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Preface

The Airplane Flying Handbook provides basic knowledge that is essential for pilots. This handbook introduces basic pilot
skillsand knowledge that are essential for piloting airplanes. It providesinformation on transition to other airplanes and the
operation of various airplane systems. It isdeveloped by the Flight Standards Service, Airman Testing Standards Branch, in
cooperation with various aviation educators and industry. This handbook is developed to assist student pilots learning
to fly airplanes. It is also beneficial to pilots who wish to improve their flying proficiency and aeronautical knowledge,
those pilots preparing for additional certificates or ratings, and flight instructors engaged in the instruction of both student
and certificated pilots. It introduces the future pilot to the realm of flight and provides information and guidance in the
performance of procedures and maneuvers required for pilot certification. Topics such as navigation and communication,
meteorology, use of flight information publications, regulations, and aeronautical decision making are available in other
Federal Aviation Administration (FAA) publications.

Occasionally theword “must” or similar languageis used wherethe desired action isdeemed critical . The use of such language
is not intended to add to, interpret, or relieve a duty imposed by Title 14 of the Code of Federal Regulations (14 CFR).

It is essentia for persons using this handbook to become familiar with and apply the pertinent parts of 14 CFR and the
Aeronautical Information Manua (AIM). The AIM is available online at www.faa.gov. The current Flight Standards
Service airman training and testing material and learning statements for all airman certificates and ratings can be obtained
from www.faa.gov.

This handbook supersedes FAA-H-8083-3A, Airplane Flying Handbook, dated 2004.

This handbook is available for download, in PDF format, from www.faa.gov.

This handbook is published by the United States Department of Transportation, Federal Aviation Administration, Airman
Testing Standards Branch, AFS-630, P.O. Box 25082, Oklahoma City, OK 73125.

Comments regarding this publication should be sent, in email form, to the following address:

AFS630comments@faa.gov

John S. Duncan
Director, Flight Standards Service
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Introduction

The overall purpose of primary and intermediate flight
training, as outlined in this handbook, is the acquisition and
honing of basic airmanship skills. [Figure 1-1] Airmanship
is a broad term that includes a sound knowledge of and
experience with the principles of flight, the knowledge,
experience, and ability to operate an airplane with
competence and precision both on the ground and in the air,
and the application of sound judgment that resultsin optimal
operational safety and efficiency. [Figure 1-2] Learning to
fly an airplane has often been likened to learning to drive an
automobile. This analogy is misleading. Since an airplane
operates in a three-dimensional environment, it requires a
depth of knowledge and type of motor skill development
that is more sensitive to this situation, such as:

e Coordination—the ability to use the hands and feet
together subconsciously and in the proper relationship
to produce desired results in the airplane.

e Timing—the application of muscular coordination at
the proper instant to make flight, and all maneuvers,
a constant, smooth process.

e Control touch—the ability to sense the action of the
airplane and knowledge to determine its probable
actions immediately regarding attitude and speed
variations by sensing the varying pressures and
resistance of the control surfaces transmitted through
the flight controls.

e Speed sense—the ability to sense and react to
reasonable variations of airspeed.
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Figure 1-1. Primary and intermediate flight training teaches basic airmanship skills and creates a good foundation for student pilots.

Anaccomplished pilot demonstratesthe knowledge and ability
to assess a situation quickly and accurately and determine
the correct procedure to be followed under the existing
circumstance. He or she is aso able to analyze accurately
the probable results of a given set of circumstances or of
a proposed procedure; to exercise care and due regard for
safety; to gauge accurately the performance of the airplane; to
recognize persond limitations and limitations of the airplane
and avoid approaching the critical points of each; and the
ability to identify, assess, and mitigate risk. The development
of airmanship skillsrequireseffort and dedication on the part of
both the student pilot and the flight instructor, beginning with
thevery first training flight where proper habit formation begins
with the student being introduced to good operating practices.

Every airplane hasitsown particular flight characteristics. The
purpose of primary and intermediate flight training; however,

isnot tolearn how to fly aparticular make and model airplane.
The underlying purpose of flight training is to develop the
knowledge, experience, skills, and safe habits that establish
afoundation and are easily transferable to any airplane. The
pilot who has acquired necessary skills during training, and
develops these skills by flying training-type airplanes with
precision and safe flying habits, is able to easily transition to
more complex and higher performance airplanes. It should
also be remembered that the goa of flight training is a safe
and competent pilot; passing required practical tests for pilot
certification is only incidental to thisgoal.

Role of the FAA

TheFederal Aviation Administration (FAA) isempowered by
the U.S. Congress to promote aviation safety by prescribing
safety standards for civil aviation. Standards are established

Figure 1-2. Good airmanship skills include sound knowledge of the principles of flight and the ability to operate an airplane with

competence and precision.
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for the certification of airmen and aircraft, aswell asoutlining
operating rules. This is accomplished through the Code of
Federa Regulations (CFR), formerly referred to as Federal
Aviation Regulations (FAR). Title 14 of the CFR (14 CFR) is

titled Aeronautics and Space with Chapter 1 dedicated to the
FAA. Subchaptersare broken down by category with numbered
parts detailing specific information. [ Figure 1-3] For ease of

' N\
Title 14 Code of Federal Regulations
Aeronautics and Space
Subchapter A Definitions and General Requirements
Part 1 Definitions and Abbreviations
Subchapter B Procedural Rules
Part 11 General Rulemaking Procedures
Part 17 Procedures for Protests and Contract Disputes
Subchapter C Aircraft
Part 21 Certification Procedures for Products and Articles
Parts 23—31 Airworthiness Standards for Various Categories of Aircraft
Part 39 Airworthiness Directives
Part 43 Maintenance, Preventive Maintenance, Rebuilding and Alteration
Part 45 Identification and Registration Marking
Subchapter D Airmen
Part 61 Certification: Pilots, Flight Instructors and Ground Instructors
Part 67 Medical Standards and Certification
Subchapter E Airspace
Part 71 Designation of Class A,B,C,D and E Airspace Areas; Air Traffic Service Routes; and Reporting Points
Part 73 Special Use Airspace
Subchapter F Air Traffic and General Operating Rules
Part 91 General Operating and Flight Rules
Part 97 Standard Instrument Procedures
Part 103 Ultralight Vehicles
Subchapter G Air Carriers and Operators for Compensation or Hire: Certification and Operations
Part 110 - 139 General and Operating Requirements @
Subchapter H Schools and Other Certificated Agencies pm:!:ﬂ; 8-
Revised as January 27, 2012 m
Part 141 Pilot Schools o)
Part 142 Training Centers Aeronautics and Space [laup]
, S|
Subchapter | Airports &
Part 150 - 169 C‘E
o)
p—
Subchapter J Navigational Facilities ;U
Part 170 - 171 OCOD:
=
Subchapter K Administrative Regulations &
=
Part 183 - 193 S
=
@

A

Figure 1-3. Title 14 CFR, Chapter 1, Aeronautics and Space and subchapters.



reference sincethe partsare numerical, theabbreviated pattern
14 CFR part ___ isused (eg., 14 CFR part 91).

While the various subchapters and parts of 14 CFR provide
genera to specific guidance regarding aviation operations
within the U.S., the topic of aircraft certification and
airworthinessis spread through several interconnected parts
of 14 CFR.

e 14 CFR part 21 prescribes procedural requirements
for issuing airworthiness certificatesand airworthiness
approvals for aircraft and aircraft parts. A standard
airworthiness certificate, FAA Form 8100-2, is
required to be displayed in the aircraft. [Figure 1-4]
Itisissued for aircraft type certificated in the normal,
utility, acrobatic, commuter or transport category, and
for manned free balloons. A standard airworthiness
certificate remains valid as long as the aircraft
meets its approved type design, isin a condition for
safe operation and maintenance, and preventative
maintenance and alterations are performed in
accordance with 14 CFR parts 21, 43, and 91.

e 14 CFR part 39 is the authority for the FAA to issue
Airworthiness Directives (ADs) when an unsafe
condition existsin aproduct, aircraft, or part, and the
conditionislikely to exist or develop in other products
of the same type design.

e 14 CFR part 45 identifies the requirements for
the identification of aircraft, engines, propellers,

certain replacement and modification parts, and the
nationality and registration marking required on U.S.-
registered aircraft.

14 CFR part 43 prescribes rules governing the
maintenance, preventive maintenance, rebuilding, and
alteration of any aircraft having a U.S. airworthiness
certificate. It also applies to the airframe, aircraft
engines, propellers, appliances, and component parts
of such aircraft.

14 CFR part 91 outlines aircraft certifications and
equipment requirements for the operation of aircraft
in U.S. airspace. It also prescribes rules governing
maintenance, preventive maintenance, and alterations.
Also found in 14 CFR part 91 is the requirement
to maintain records of maintenance, preventive
maintenance, and aterations, aswell asrecords of the
100-hour, annual, progressive, and other required or
approved inspections.

While 14 CFR part 91 outlinesthe minimum equi pment
required for flight, the Airplane Flight Manual/Pilot’s
Operating Handbook (AFM/POH) lists the equipment
required for theairplaneto beairworthy. The equipment
list found in the AFM/POH is developed during the
airplane certification process. Thislist identifiesthose
items that are required for airworthiness, optional
equipment installed in addition to the required
equipment, and any supplemental itemsor appliances.

UNITED STATES OF AMERICA
DEPARTMENT OF TRANSPORTATION-FEDERAL AVIATION ADMINISTRATION

STANDARD AIRWORTHINESS CERTIFICATE

1 NATIONALITY AND 2 MANUFACTURER AND MODEL 3 AIRCRAFT SERIAL 4 CATEGORY
REGISTRATION MARKS NUMBER
N12345 Douglas DC-6A 43219 Transport

5 AUTHORITY AND BASIS FOR ISSUANCE

Convention on International Civil Aviation, except as noted herein.
Exceptions:

None

This airworthiness certificate is issued pursuant to 49 U.S.C. § 44704 and certifies that, as of the date of issuance, the aircraft to which
issued has been inspected and found to conform to the type certificate therefore, to be in condition for safe operation, and has been
shown to meet the requirements of the applicable comprehensive and detailed airworthiness code as provided by Annex 8 to the

6 TERMS AND CONDITIONS

Unless sooner surrendered, suspended, revoked, or a termination date is otherwise established by the FAA, this airworthiness certificate
is effective as long as the maintenance, preventative maintenance, and alterations are performed in accordance with Parts 21, 43, and
91 of the Federal Aviation Regulations, as appropriate, and the aircraft is registered in the United States.

DATE OF ISSUANCE FAA REPRESENTATIVE

01/20/2000 | E.R. White E.R. White NE-XX

DESIGNATION NUMBER

Any iteration, reproduction, or misuse of this certificate may be punishable by a fine not exceeding $1,000 or imprisonment not exceeding 3 years or both.
THIS CERTIFICATE MUST BE DISPLAYED IN THE AIRCRAFT IN ACCORDANCE WITH APPLICABLE FEDERAL AVIATION REGULATIONS.

FAA Form 8100-2 (04-11) Supersedes Previous Edition

Figure 1-4. FAA Form 8100-2, Standard Airworthiness Certificate.
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Figure 1-5 shows an example of some of the required
equipment, standard or supplemental (not required
but commonly found in the airplane) and optional

14 CFR part 67 prescribes the medical standards
and certification procedures for issuing medical
certificates for airmen and for remaining eligible for

equipment list for an aircraft. Itisoriginaly issued by amedical certificate.
the manufacturer and is required to be maintained by
the Type Certificate Data Sheet (TCDS). An aircraft
and itsingtalled componentsand parts must continually
meet the requirements of the original Type Certificate

or approved altered conditions to be airworthy.

e 14 CFR part 91 contains general operating and flight
rules. The section is broad in scope and provides
general guidance in the areas of general flight rules,
visud flight rules (VFR), instrument flight rules (IFR),
and as previously discussed aircraft maintenance, and

e 14 CFR part 61 pertains to the certification of preventive maintenance and alterations.

pilots, flight instructors, and ground instructors. It

prescribes the eligibility, aeronautical knowledge, Flight Standards Service

flight proficiency training, and testing requirements  \within the FAA, the Flight Standards Service (AFS) sets
for each type of pilot certificate issued. the aviation standards for airmen and aircraft operations

' N\
Sym:
Items in this listing are coded by a symbol indicating the status of the item. These codes are:
C Required item for FAA Certification.
S Standard equipment. Most standard equipment is applicable to all airplanes. Some equipment may be replaced by optional
equipment.
O Optional equipment. Optional equipment may be installed in addition to or to replace standard equipment.

Qty: The quantity of the listed item in the airplane. A hyphen (-) in this column indicates that the equipment was not installed.

ATA ltem Description SYM QTY Part Number Unit Weight Arm
34-08 GPS 1 Antenna © 1 12744-001 0.4 136.2
34-09 GPS 2 Antenna S 1 12744-001 0.4 110.3
34-10 Transponder Antenna © 1 12739-001 0.1 105.0
34-11 VOR/LOC Antenna © 1 12742-001 0.4 331.0
34-12 Turn coordinator, modified © 1 11891-001 1.8 118.0
34-13 GMA 340 audio panel S 1 12717-050 1.5 121.5
34-14 GNS 420 (GPS/COM/NAV) (¢] 1 12718-004 5 O 121.0
34-15 GNS 420 (GPS/COM/NAV) © 1 12718-051 121.0

(0] 1

34-16 GNS 420 iGPS/COM/NAVi 12718-051 122.4

34-17  Data acquisition unit O 16692-001 118.0
34-18 * Monitor cabin harness (e} 16695-005 2 O 108.0
—
34-19 » Sky watch inverter (e} 14484-001 0.5 118.0
34-20 » Sky watch antenna nsti (6] 1 14480-001 2.3 150.5
34-21 » Sky watch track box O 1 14477-050 10.0 140.0

34-22
34-23

1 12745-050 1.7
1 12745-070 0.9

199.0
191.0

¢ Processor
¢ Antenna

‘

34-24
34-25

1 13587-001 1.6
15966-050 2.6

15963-001

1 16121-001 1.7
1 16665-501 0.2

124.9
121.0

* Mode A/C transponder
* Mode S transponder

(oNe}

* KGP 560 processor

34-27
34-28

* XM WX/radio receiver
* XM radio remote control

114.0
149.3

‘

61-01 * Hartzell propeller installation © 1 15319-00X 79.8 48.0
61-02 * McCauley propeller installation O 1 15825-00X 78.0 50.0
61-03  Propeller governor © 15524-001 3.2 61.7
—
71-01 * Upper cowl © 1 20181-003 10.5 78.4
71-02 e Lower cowl! LH © 1 20182-005 5.4 78.4
71-03 * Lower cowl RH © 1 20439-005 54 78.4
71-03 * Engine baffling installation © 1 15460-001 10.7 78.4

-

Figure 1-5. Example of some of the required, standard or supplemental and optional equipment for an aircraft.



in the United States and for American airmen and aircraft
around theworld. The AFSisheadquartered in Washington,
D.C., andisbroadly organized into divisions based on work
function (Air Transportation, Aircraft Maintenance, Flight
Technology, Training, Certification and Surveillance, a
Regulatory Support Division based in Oklahoma City, OK,
and aGenera Aviation and Commercial Division). Regional
Flight Standards division managers, oneat each of the FAA’s
nine regional offices, coordinate AFS activities within their
respective regions.

The interface between AFS and the aviation community/
genera public is the local Flight Standards District Office
(FSDO). The approximately ninety FSDOs are strategically
located across the United States, each office having
jurisdiction over aspecific geographic area. [ Figure 1-6] The
individual FSDO isresponsible for all air activity occurring
within its geographic boundaries. The individua FSDOs
are responsible for the certification and surveillance of air
carriers, air operators, flight schools/training centers, airmen
(pilots, flight instructors, mechanics and other certificate
holders). Additional dutiesthat aretasked to FSDO inspectors
is accident investigation and enforcement actions. NOTE:
Accident investigation and enforcement actionsare asmaller
part of afieldinspectorsjob than surveillance and certification.

Each FSDO is staffed by Aviation Safety Inspectors (ASIs)
whose specialties include operations, maintenance, and
avionics. General Aviation ASls are highly qualified and
experienced aviators. Once accepted for the position, an
inspector must satisfactorily completeindoctrination training
conducted at the FAA Academy that includes airman
evaluation and pilot testing techniques and procedures.
Thereafter, the inspector must complete recurrent training
on aregular basis. Among other duties, the FSDO inspector
isresponsiblefor administering FAA practical testsfor pilot
and flight instructor certificates and associated ratings. All
questions concerning pilot certification (and/or requests for
other aviation information or services) should be directed to
the FSDO having jurisdiction in the particular geographic
area. For specific FSDO locations and telephone numbers,
refer to www.faa.gov.

Role of the Pilot Examiner

Pilot and flight instructor certificates are issued by the
FAA upon satisfactory completion of required knowledge
and practical tests. The administration of these testsis an
FAA responsibility that the issuance of pilot and instructor
certificates can be carried out at the FSDO level. In order
to satisfy the public need for pilot testing and certification
services, the FAA delegates certain responsibilities, as

CONNECTIEUT

RHODE TSLAND

NEW JERSEY |

DELAWARE

MARYLAND

Figure 1-6. Flight Standards District Office locations across the United States.
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the need arises, to private individuals who are not FAA
employees. A Designated Pilot Examiner (DPE) is a
private citizen who is designated as a representative of the
FAA Administrator to perform specific (but limited) pilot
certification tasks on behalf of the FAA and may charge a
reasonablefeefor doing so. Generally, aDPE’ sauthority is
limited to accepting applications and conducting practical
tests leading to the issuance of specific pilot certificates
and/or ratings. A DPE operates under the direct supervision
of the FSDO that holds the examiner’'s designation file.
A FSDO inspector is assigned to monitor the DPE’s
certification activities. Normally, the DPE is authorized to
conduct these activitiesonly within the designating FSDO’ s
jurisdictional area.

TheFAA selectsonly highly qualified individualsto be DPEs.
These individuals must have good industry reputations for
professionalism, highintegrity, ademonstrated willingnessto
servethe public, and adhereto FAA policies and procedures
in certification matters. A DPE is expected to administer
practical tests with the same degree of professionalism,
using the same methods, procedures, and standards as an
FAA ASl. It should be remembered, however, that aDPE is
not an FAA ASI. A DPE cannot initiate enforcement action,
investigate accidents, or perform surveillance activities on
behalf of the FAA. However, the majority of FAA practical
tests at the recreational, private, and commercial pilot level
are administered by FAA DPEs.

Role of the Flight Instructor

Theflight instructor isthe cornerstone of aviation safety. The
FAA has adopted an operational training concept that places
the full responsibility for student training on the authorized
flight instructor. In this role, the instructor assumes the
total responsibility for training the student pilot in all the
knowledge areas and skills necessary to operate safely and
competently as a certificated pilot in the National Airspace
System (NAS). This training includes airmanship skills,
pilot judgment and decision-making, hazard identification,
risk analysis, and good operating practices. (See Risk
Management Handbook, FAA-H-8083-2). [ Figure 1-7]

An FAA Certificated Flight Instructor (CFl) has to meet
broad flying experience requirements, passrigid knowledge
and practical tests, and demonstrate the ability to apply
recommended teaching techniques before being certificated.
In addition, the flight instructor’s certificate must be
renewed every 24 months by showing continued success
in training pilots or by satisfactorily completing a flight
instructor’s refresher course or a practical test designed
to upgrade aeronautical knowledge, pilot proficiency, and
teaching techniques.

A pilot training program is dependent on the quality of the
ground and flight instruction the student pil ot receives. A good
flight instructor has athorough understanding of the learning
process, knowledge of the fundamentals of instruction, and
the ability to communicate effectively with the student pilot.

A good flight instructor usesa syllabus and insists on correct
techniques and procedures from the beginning of training
so that the student will develop proper habit patterns. The
syllabus should embody the “building block” method of
instruction in which the student progresses from the known
to the unknown. The course of instruction should be laid
out so that each new maneuver embodies the principles
involved in the performance of those previously undertaken.
Consequently, through each new subject introduced, the
student not only learns a new principle or technique, but
broadens his or her application of those previously learned
and has his or her deficiencies in the previous maneuvers
emphasized and made obvious. [Figure 1-8]

The flying habits of the flight instructor, both during flight
instruction and as observed by students when conducting
other pilot operations, have avital effect on safety. Students
consider their flight instructor to be a paragon of flying
proficiency whose flying habits they, consciously or
unconsciously, attempt to imitate. For this reason, a good
flight instructor meticulously observes the safety practices
taught to the students. Additionally, a good flight instructor
carefully observes all regulations and recognized safety
practices during all flight operations.

Figure 1-7. The flight instructor is responsible for teaching and
training students to become safe and competent certificated pilots.
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Stalls Student

Lesson

Date

Objective .

Content .

a stall.

Schedule

Student Practice...................
Postflight Critique

Equipment ©

Instructor’s actions O

Student’s actions °

directed.

Completion standards °

and power-off stalls.

To familiarize the student with the stall warnings and handling characteristics of the airplane as it
approaches a stall. To develop the student’s skill in recognition and recovery from stalls.

Configuration of airplane for power-on and power-off stalls.
* Observation of airplane attitude, stall warnings, and handling characteristics as it approaches

* Control of airplane attitude, altitude, and heading.
* |Initiation of stall recovery procedures.

Preflight Discussion..................
Instructor Demonstrations........

Chalkboard or notebook for preflight discussion.

Preflight—discuss lesson objective.

¢ Inflight—demonstrate elements. Demonstrate power-on and power-off stalls and recovery
procedures. Coach student practice.

¢ Postflight—critique student performance and assign study material.

Preflight—discuss lesson objective and resolve questions.
¢ Inflight—review previous maneuvers including slow flight. Perform each new maneuver as

Postflight—ask pertinent questions.

Student should demonstrate competency in controlling the airplane at airspeeds approaching
a stall. Student should recognize and take prompt corrective action to recover from power-on

This is a typical lesson plan for flight training which emphasizes stall recognition and recovery procedures.

Figure 1-8. Sample lesson plan for stall training and recovery procedures.

Generaly, the student pilot who enrollsin a pilot training
program is prepared to commit considerable time, effort,
and expensein pursuit of apilot certificate. The student may
tend to judge the effectiveness of theflight instructor and the
overall success of the pilot training program solely in terms
of being ableto passtherequisite FAA-practical test. A good
flight instructor is able to communicate to the student that
evaluation through practical testsisamere sampling of pilot
ability that is compressed into a short period of time. The
flight instructor’ sroleisto train the “total” pilot.

Sources of Flight Training

The major sources of flight training in the United States
include FAA-approved pilot schools and training centers,
non-certificated (14 CFR part 61) flying schools, and
independent flight instructors. FAA-approved schools are
those flight schools certificated by the FAA as pilot schools
under 14 CFR part 141. [Figure 1-9]

Application for certification is voluntary, and the school
must meet stringent requirements for personnel, equipment,

1-8

maintenance, and facilities. The school must operate in
accordance with an established curriculum that includes a
training course outline (TCO) approved by the FAA. The
TCO must contain student enrollment prerequisites, detailed
description of each lesson including standards and objectives,
expected accomplishments and standards for each stage of
training, and a description of the checks and tests used to
measure a student’ s accomplishments. FAA-approved pilot
school certificates must be renewed every 2 years.

Renewal is contingent upon proof of continued high quality
instruction and a minimum level of instructional activity.
Training a an FAA-certificated pilot school is structured
and because of this structured environment, the graduates
of these pilot schools are alowed to meet the certification
experience requirements of 14 CFR part 61 with less flight
time. Many FAA-certificated pilot schools have DPEs on
staff to administer FAA practical tests. Some schools have
been granted examining authority by the FAA. A school with
examining authority for aparticular course(s) hasthe authority
to recommend its graduates for pilot certificates or ratings



Figure 1-9. FAA Form 8000-4, Air Agency Certificate.
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without further testing by the FAA. A list of FAA-certificated
pilot schools and their training courses can be found at http://
av-info.faa.gov/pilotschool .asp.

FAA-approved training centersare certificated under 14 CFR
part 142. Training centers, like certificated pilot schools,
operate in a structured environment with approved courses
and curriculaand stringent standardsfor personnel, equipment,
facilities, operating procedures, and record keeping. Training
centerscertificated under 14 CFR part 142, however, specialize
in the use of flight simulation (flight simulators and flight
training devices) in their training courses.

There are a number of flying schools in the United States
that are not certificated by the FAA. These schools operate
under the provisions of 14 CFR part 61. Many of these non-
certificated flying schools offer excellent training and meet
or exceed the standards required of FAA-approved pilot
schools. Flight instructors employed by non-certificated
flying schools, as well as independent flight instructors,
must meet the same basic 14 CFR part 61 flight instructor
requirements for certification and renewa as those flight
instructors employed by FAA-certificated pilot schools. In
the end, any training program is dependent upon the quality
of the ground and flight instruction a student pilot receives.

Practical Test Standards (PTS) and Airman
Certification Standards (ACS)

Practical testsfor FAA pilot certificates and associated ratings
areadministered by FAA inspectorsand DPESsin accordance
with FAA-developed Practical Test Standards (PTS) and
Airman Certification Standards (ACS). [Figure 1-10]
14 CFR part 61 specifies the areas of operation in which
knowledge and skill must be demonstrated by the applicant.
The CFRsprovidetheflexibility to permit the FAA to publish
PTSand ACS containing the areas of operation and specific
tasksin which competence must be demonstrated. The FAA
requires that all practical tests be conducted in accordance
with the appropriate PTS and ACS and the policies set forth
in the introduction section of the PTS and ACS.

It must be emphasized that the PTS and ACS are testing
documents rather than teaching documents. Although the
pilot applicant should be familiar with these books and
refer to the standards it contains during training, the PTS
and ACS is not intended to be used as a training syllabus.
It contains the standards to which maneuvers/procedures
on FAA practical tests must be performed and the FAA
policies governing the administration of practical tests.
An appropriately rated flight instructor is responsible for
training apilot applicant to acceptable standardsin al subject
matter areas, procedures, and maneuvers included in, and

~

FAA-S-ACS-X

FLIGHT INSTRUCTOR
Practical Test Standards

for

GLIDER

Instrument Rating — Airplan

Airman Certification Standar

FAA-S-ACS-8

FAA’S’ACS-s
(Change ¢ )

FLIGHT STANDARDS SERVICE
Washington, DC 20591

FLIGHT STANDARDS SERVICE

Washington, DC 20591

A

FLIGHT sTANp,
Washing:On

RDS SERyIcE
DC 20597

Figure 1-10. Airman Certification Standards (ACS) developed by the FAA.
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encompassed by, the tasks within each area of operation in
the appropriate PTS and ACS. Flight instructors and pilot
applicants should always remember that safe, competent
piloting requires a commitment to learning, planning, and
risk management that goes beyond rote performance of
maneuvers. Descriptions of tasks and information on how to
perform maneuversand proceduresare contained in reference
and teaching documents, such as this handbook. A list of
reference documentsis contained in the introduction section
of each PTSand ACS. It is necessary that the latest version
of the PTSand ACS, with all recent changes, be referenced
for training. All recent versionsand changesto the FAA PTS
and ACS may be viewed or downloaded at www.faa.gov.

Safety of Flight Practices

In the interest of safety and good habit pattern formation,
there are certain basic flight safety practices and procedures
that must be emphasized by the flight instructor, and adhered
to by both instructor and student, beginning with the very
first dual instruction flight. Theseinclude, but are not limited
to, collision avoidance proceduresincluding proper scanning
techniques and clearing procedures, runway incursion
avoidance, stall awareness, positivetransfer of controls, and
flight deck workload management.

Collision Avoidance

All pilots must be dert to the potential for midair collision
and impending loss of separation. The general operating and
flight rulesin 14 CFR part 91 set forth the concept of “See
and Avoid.” This concept requires that vigilance shall be
maintained at all times by each person operating an aircraft
regardless of whether the operation is conducted under IFR or
VFR. Pilots should also keep in mind their responsibility for
continuously maintaining avigilant lookout regardless of the
typeof aircraft being flown and the purpose of theflight. Most
midair collision accidents and reported near midair collision
incidentsoccur ingood VFR wegther conditionsand during the
hoursof daylight. Most of these accident/incidentsoccur within
5milesof anairport and/or near navigation aids. [ Figure 1-11]

The “See and Avoid” concept relies on knowledge of the
limitations of the human eye and the use of proper visual
scanning techniquesto help compensate for these limitations.
Pilots should remain constantly aert to al traffic movement
withintheir field of vision, aswell as periodically scanning the
entirevisual field outside of their aircraft to ensure detection of
conflicting traffic. Remember that the performance capabilities
of many aircraft, in both speed and rates of climb/descent,
result in high closure rates limiting the time available for
detection, decision, and evasive action. [Figure 1-12]

The probahility of spotting apotential collision threat increases
with the time spent looking outside, but certain techniques

Fa

Figure 1-11. Most midair collision accidentsoccur in good weather.

may be used to increasethe effectiveness of thescantime. The
human eyes tend to focus somewhere, even in a featureless
sky. Inorder to be most effective, the pilot should shift glances
and refocus at intervals. Most pilots do this in the process
of scanning the instrument panel, but it is also important to
focus outside to set up the visual system for effective target
acquisition. Pilots should also realize that their eyes may
require several seconds to refocus when switching views
between items on the instrument panel and distant objects.

Proper scanning requires the constant sharing of attention
with other piloting tasks, thus it is easily degraded by such

Blind spots

Figure 1-12. Proper scanning techniques can mitigate midair
collisions. Pilots must be awar e of potential blind spotsand attempt
to clear the entire area that they are maneuvering in.
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psychological and physiological conditions, such asfatigue,
boredom, ilIness, anxiety, or preoccupation.

Effective scanning is accomplished with a series of short,
regularly-spaced eye movementsthat bring successive areas
of the sky into the central visual field. Each movement
should not exceed 10 degrees, and each area should be
observed for at least 1 second to enable detection. Although
horizontal back-and-forth eye movements seem preferred
by most pilots, each pilot should devel op a scanning pattern
that is most comfortable to them and adhere to it to assure
optimum scanning.

Peripheral vision can be most useful in spotting collision
threats from other aircraft. Each time a scan is stopped and
the eyes are refocused, the peripheral vision takes on more
importance because it is through this element that movement
is detected. Apparent movement is amost always the first
perception of acollisionthreat and probably themaost important
because it is the discovery of athreat that triggers the events
leading to proper evasive action. It is essentia to remember,
however, that if another aircraft appears to have no relative
motion, it is likely to be on a collision course with you. If
the other aircraft shows no lateral or vertical motion, but is
increasing in size, take immediate evasive action.

The importance of, and the proper techniques for, visual
scanning should be taught to a student pilot at the very
beginning of flight training. The competent flight instructor
should be familiar with the visual scanning and collision
avoidance information contained in AC 90-48, Pilots' Role
in Collision Avoidance, and the Aeronautical Information
Manual (AIM).

There are many different types of clearing procedures. Most
are centered around the use of clearing turns. The essential
ideaof the clearing turnisto be certain that the next maneuver
is not going to proceed into another airplane’s flightpath.
Some pilot training programs have hard and fast rules, such
as requiring two 90° turns in opposite directions before
executing any training maneuver. Other types of clearing
procedures may be developed by individua flight instructors.
Whatever the preferred method, the flight instructor should
teach the beginning student an effective clearing procedure
and insist on its use. The student pilot should execute the
appropriate clearing procedure before al turns and before
executing any training maneuver. Proper clearing procedures,
combined with proper visual scanning techniques, are the
most effective strategy for collision avoidance.

Runway I ncursion Avoidance

A runway incursionisany occurrenceat an airport involving
an aircraft, vehicle, person, or object on the ground that
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creates a collision hazard or results in a loss of separation
with an aircraft taking off, landing, or intending to land.
The three major areas contributing to runway incursions
are communications, airport knowledge, and flightdeck
procedures for maintaining orientation. [ Figure 1-13]

Taxi operationsrequire constant vigilance by the entireflight
crew, not just the pilot taxiing the airplane. During flight
training, the instructor should emphasize the importance
of vigilance during taxi operations. Both the student pilot
and the flight instructor need to be continually aware of the
movement and location of other aircraft and ground vehicles
on theairport movement area. Many flight training activities
are conducted at non-tower controlled airports. The absence
of an operating airport control tower creates a need for
increased vigilance on the part of pilots operating at those
airports. [Figure 1-14]

Planning, clear communications, and enhanced situational
awareness during airport surface operations reduces the
potential for surfaceincidents. Safe aircraft operationscan be
accomplished and incidentseliminated if the pilotis properly
trained early on and throughout their flying career on standard
taxi operating procedures and practices. This requires the
development of the formalized teaching of safe operating
practices during taxi operations. The flight instructor is
the key to this teaching. The flight instructor should instill
in the student an awareness of the potential for runway
incursion, and should emphasize the runway incursion
avoidance procedures. For more detailed information and a
list of additional references, refer to Chapter 14 of the Pilot’s
Handbook of Aeronautical Knowledge.

Stall Awareness

14 CFR part 61 requires that a student pilot receive and
log flight training in stalls and stall recoveries prior to solo
flight. [ Figure 1-15] During thistraining, theflight instructor
should emphasize that the direct cause of every stall is an
excessive angle of attack (AOA). The student pilot should
fully understand that there are several flight maneuvers that
may produce an increase in the wing's AOA, but the stall
doesnot occur until the AOA becomesexcessive. Thiscritical
AOA variesfrom 16°—20° depending on the airplane design.
[Figure 1-16]

The flight instructor must emphasize that low speed is not
necessary to produce a stall. The wing can be brought to an
excessive AOA at any speed. High pitch attitude is not an
absolute indication of proximity to a stall. Some airplanes
are capable of vertical flight with acorresponding low AOA.
Most airplanes are quite capable of stalling at alevel or near
level pitch attitude.
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Figure 1-13. Threemajor areas contributing to runway incursions are communicationswith air traffic control (ATC), airport knowledge,

and flight deck procedures.

The key to stall awareness is the pilot’s ability to visualize
thewing'sAOA in any particular circumstance, and thereby
be able to estimate his or her margin of safety above stall.
Thisis alearned skill that must be acquired early in flight
training and carried through the pilot’s entire flying career.

Figure 1-14. Sedona Airport isone of the many airportsthat operate
without a control tower.

The pilot must understand and appreciate factors such as
airspeed, pitch attitude, load factor, relative wind, power
setting, and aircraft configuration in order to develop a
reasonably accurate mental picture of thewing’ sAOA at any
particular time. It is essential to safety of flight that pilots
takeinto consideration thisvisualization of thewing'sAOA
prior to entering any flight maneuver. Chapter 3, Basic Flight
Maneuvers, discusses stallsin greater detail.

Use of Checklists

Checklists have been the foundation of pilot standardization
and flight deck safety for years. [ Figure 1-17] The checklist
is a memory aid and helps to ensure that critical items
necessary for the safe operation of aircraft are not overlooked
or forgotten. Checklistsneed not be“dollists.” In other words,
the proper actions can be accomplished, and then the checklist
used to quickly ensureall necessary tasksor actionshave been
completed. Emphasison the“check” in checklist. However,
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Figure 1-15. All student pilots must receive and log flight training in stalls and stall recoveries prior to their first solo flight.

checklists are of no value if the pilot is not committed to
using them. Without discipline and dedication to using the
appropriate checklists at the appropriate times, the odds
are on the side of error. Pilots who fail to take the use of
checklists seriously become complacent and begin to rely
solely on memory.

The importance of consistent use of checklists cannot be
overstated in pilot training. A major objective in primary
flight training is to establish habit patterns that will serve
pilots well throughout their entire flying career. The flight
instructor must promote a positive attitude toward the use of
checklists, and the student pilot must realize itsimportance.

s N
Tilt with respect to
horizontal plane

(\ Turbulent wake
0° !

A Y : :
Separation point

Separation point moves
slightly 'forward

Maximum lift

Separation point
jumps forward

16° Stallangle — — — — — — — — =

Separated flow region expands
and reduces AFT

Large turbulent wake
(reduced lift end large pressure drag)

A\ J

Figure 1-16. Salls occur when the airfoils angle of attack reaches
the critical point which can vary between 16° and 20°.
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At a minimum, prepared checklists should be used for the
following phases of flight. [ Figure 1-18]

*  Preflight Inspection

» Before Engine Start

e Engine Starting

e Before Taxiing

*  Before Takeoff

o After Takeoff
Cruise

e Descent

e BeforeLanding

e After Landing

e Engine Shutdown and Securing

A\

Figure 1-17. Checklists have been the foundation of pilot
standardization and flight safety for many years.



Figure 1-18. A sample before landing checklist used by pilots.

Positive Transfer of Controls

During flight training, there must always be a clear
understanding between the student and flight instructor of
who has control of the aircraft. Prior to any flight, abriefing
should be conducted that includes the procedures for the
exchange of flight controls. Thefollowing three-step process
for the exchange of flight controlsis highly recommended.

When a flight instructor wishes the student to take control
of the aircraft, he or she should say to the student, “You
have the flight controls.” The student should acknowledge
immediately by saying, “I havetheflight controls.” Theflight
instructor should then confirm by again saying, “Y ou have
theflight controls.” Part of the procedure should be avisua
check to ensure that the other person actually has the flight
controls. When returning the controlsto theflight instructor,
the student should follow the same procedure the instructor
used when giving control to the student. The student should

stay on the controls until the instructor says: “I have the
flight controls.” There should never beany doubt astowhois
flying the airplane at any onetime. Numerous accidents have
occurred dueto alack of communication or misunderstanding
as to who actually had control of the aircraft, particularly
between students and flight instructors. Establishing the
above procedure during initial training ensuresthe formation
of avery beneficial habit pattern.

Chapter Summary

This chapter discussed some of the concepts and goals of
primary and intermediate flight training. It identified and
provided an explanation of regulatory requirements and
the roles of the various entities involved. It aso offered
recommended techniques to be practiced and refined to
develop the knowledge, proficiency, and safe habits of a
competent pilot.
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Introduction

All pilots must ensure that they place a strong emphasis on
ground operations as this is where safe flight begins and
ends. At no time should a pilot hastily consider ground
operations without proper and effective thoroughness. This
phase of flight provides the first opportunity for a pilot to
safely assessthevariousfactors of flight operationsincluding
the regulatory requirements, an evaluation of the airplane’s
condition, and the pilot’ sreadinessfor their pilot in command
(PIC) responsihilities.
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Flying an airplane presentsmany new responsibilitiesthat are
not required for other forms of transportation. Focusis often
overly placed on the flying portion itself with less emphasis
placed on ground operations; it must be stressed that a pilot
should allow themselves adequate time to properly prepare
for flight and maintain effective situational awareness at all
times until the airplane is safely and securely returned to its
tie-down or hangar.

This chapter coversthe essential elementsfor the regulatory
basis of flight including an airplane’s airworthiness
requirements, important inspection itemswhen conducting a
preflight visual inspection, managing risk and resources, and
proper and effective airplane surface movements including
the use of the Airplane Flight Manual/Pilot’s Operating
Handbook (AFM/POH) and airplane checklists.

Preflight Assessment of the Aircraft

The visual preflight assessment is an important step in
mitigating airplane flight hazards. The purpose of the
preflight assessment is to ensure that the airplane meets
regulatory airworthiness standardsand isin asafe mechanical
condition prior to flight. The term “airworthy” means that
the aircraft and its component parts meet the airplane stype
design or isin a properly atered configuration and isin a
condition for safe operation. The inspection has two parts
and involvesthe pilot inspecting the airplane’ sairworthiness
status and a visual preflight inspection of the airplane
following the AFM/POH to determinetherequired itemsfor
inspection. [ Figures 2-1 through 2-3] The owner/operator is
primarily responsiblefor maintenance, but the pilot is(solely)
responsiblefor determining the airworthiness (and/or safety)
of the airplane for flight.

Each airplane has a set of logbooks that include airframe
and engine and, in some cases, propeller and appliance
logbooks, which are used to record maintenance, alteration,
and inspections performed on a specific airframe, engine,
propeller, or appliance. It is important that the logbooks

Figure 2-1. Pilots must view the aircraft’s maintenance logbook
prior to flight to ensure the aircraft is safe to fly.
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Figure 2-2. A visual inspection of the aircraft before flight is an
important step in mitigating airplane flight hazards.

be kept accurate and secure but available for inspection.
Airplane logbooks are not required, nor isit advisable, to be
kept in the airplane. It should be a matter of procedure by
the pilot to inspect the airplane logbooks or a summary of
the airworthy status prior to flight to ensure that the airplane
records of maintenance, ateration, and inspectionsare current
and correct. [Figure 2-4] The following is required:

e Annual inspection within the preceding 12-calendar
months (Title 14 of the Code of Federal Regulations
(14 CFR) part 91, section 91.409(a))

e 100-hour inspection, if theaircraft isoperated for hire
(14 CFR part 91, section 91.409(b))

e Transponder certification within the preceding
24-calendar months (14 CFR part 91, section 91.413)

e  Static system and encoder certification, within the
preceding 24-calendar months, required for instrument
flight rules (IFR) flight in controlled airspace (14 CFR
part 91, section 91.411)

e 30-day VHF omnidirectional range (VOR) equipment
check required for IFR flight (14 CFR part 91, section
91.171)

e Emergency locator transmitter (ELT) inspection
within the last 12 months (14 CFR part 91, section
91.207(d))

e ELT battery due (14 CFR part 91, section 91.207(c))

e Current statusof lifelimited parts per Type Certificate
Data Sheets(TCDS) (14 CFR part 91, section 91.417)

e Status, compliance, logbook entriesfor airworthiness
directives (ADs) (14 CFR part 91, section 91.417(a)
(V)

*  Federal Aviation Administration (FAA) Form 337,
Major Repair or Alteration (14 CFR part 91, section
91.417)

e Inoperative equipment (14 CFR part 91, section
91.213)



Figure 2-3. Airplane Flight Manual s (AFM) and the Pilot Operating
Handbook (POH) for each individual aircraft explain therequired
items for inspection.

A review determines if the required maintenance and
inspections have been performed on the airplane. Any
discrepancies must be addressed prior to flight. Oncethe pilot
has determined that the airplane’ s logbooks provide factual
assurance that the aircraft meets its airworthy requirements,
it is appropriate to visually inspect the airplane. The visual
preflight inspection of the airplane should begin while
approaching the airplane on the ramp. The pil ot should make
note of the general appearance of the airplane, looking for
discrepancies such as misalignment of the landing gear and
airplane structure. The pilot should also take note of any
distortions of the wings, fuselage, and tail, as well as skin
damage and any staining, dripping, or puddlesof fuel or ails.

It must be determined by the pilot that the following
documentsare, asappropriate, on board, attached, or affixed to
the airplane:

e Original Airworthiness Certificate (14 CFR part 91,
section 91.203)

e Origina Registration Certificate (14 CFR part 91,
section 91.203)

e Radio station license for flights outside the United
Statesor airplanesgreater than 12,500 pounds (Federa
Communications Commission (FCC) rule)

e Operating limitations, which may be in the form of
an FAA-approved AFM/POH, placards, instrument
markings, or any combination thereof (14 CFR part
91, section 91.9)

e Official weight and balance

e Compass deviation card (14 CFR part 23, section
23.1547)

e Externa dataplate (14 CFR part 45, section 45.11)

Visual Preflight Assessment

The inspection should start with the cabin door. If the door
is hard to open or close, does not fit snugly, or the door
latchesdo not engage or disengage smoothly, the surrounding
structure, such as the door post, should be inspected for
misalignment which could indicate structural damage. The
visual preflight inspection should continue to the interior of
the cabin or cockpit where carpeting should be inspected
to ensure that it is serviceable, dry, and properly affixed;
seats belts and shoulder harnesses should be inspected to
ensure that they are free from fraying, latch properly, and
are securely attached to their mounting fittings; seats should
be inspected to ensure that the seats properly latch into the
seat rails through the seat lock pins and that seat rail holes
are not abnormally worn to an oval shape; [Figure 2-5] the
windshield and windows should be inspected to ensure that
they are clean and free from cracks, and crazing. A dirty,
scratched, and/or a severely crazed window can result in
near zero visibility due to light refraction at certain angles
from the sun.

AFM/POH must be the reference for conducting the visual
preflight inspection, and each manufacturer has a specified
sequencefor conducting the actions. In general, thefollowing
items are likely to be included in the AFM/POH preflight
inspection:

* Master, alternator, and magneto switches are OFF
e Control column locks are REMOVED
e Landing gear control is DOWN

e Fuel selectors should be checked for proper operation
inall positions, including the OFF position. Stiff fuel
selectors or where the tank position is not legible or
lacking detents are unacceptable.

e Trimwhedls, whichinclude elevator and may include
rudder and aileron, are set for takeoff position.

e Avionics master OFF
e Circuit breakers checked IN

*  Flightinstruments must read correctly. Airspeed zero;
altimeter when properly set to the current barometric
setting should indicate the field elevation within 75
feet for IFR flight; the magnetic compass should
indicate the airplane’s direction accurately; and
the compass correction card should be legible and
complete. For conventional wet magnetic compasses,
the instrument face must be clear and the instrument
casefull of fluid. A cloudy instrument face, bubblesin
thefluid, or apartialy filled case rendersthe compass
unusable. The vertical speed indictor (VSI) should
read zero. If the VS| does not show a zero reading, a
small screwdriver can be used to zero the instrument.
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Figure 2-4. A sample airworthiness checklist used by pilots to inspect an aircraft.

The VSl isthe only flight instrument that a pilot has
the prerogative to adjust. All others must be adjusted
by an FAA-certificated repairman or mechanic.

e Mechanical air-driven gyro instruments must be
inspected for signs of hazing on the instrument face,
which may indicate leaks.

Ensure that seats properly latch into the seat rails
through the seat lock pins and that seat rail holes
are not abnormally worn to an oval shape.

Figure 2-5. Seats should be inspected to ensure that they are
properly latched into the seat rails and checked for damage.
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e |f theairplanehasretractable gear, landing gear down
and locked lights are checked green.

e Check thelanding gear switchisDOWN, then turnthe
master switch to the ON position and fuel qualitiesmust
be noted on the fuel quantity gaugesand comparedtoa
visual inspection of thetank level. If so equipped, fuel
pumps may be placed in the ON position to verify fuel
pressure in the proper operating range.

e Other items may include checking that lights for
both the interior and exterior airplane positions are
operating and any annunciator panel checks.

Advanced avionics aircraft have specific requirements for
testing Integrated Flight Deck (IFD) “glass-panel” avionics
and supporting systems prior to flight. IFD’s are complex
electronic systems typically integrating flight control,
navigation and communication, weather, terrain, and traffic
subsystems with the purpose to enhance a pilot’ s situational
awareness (SA), aeronautical decision-making (ADM), and
single-pilot resource management (SRM) capability. Ground-
based inspections may include verification that the flight



deck reference guideisintheaircraft and assessable, system
driven removal of “Xs’ over engine indicators, pitot/static
and attitude displays, testing of low level alarms, annunciator
panels, setting of fuel levels, and verification that the avionics
cooling fans, if equipped, are functional. [Figure 2-6] The
AFM/POH specifies how these preflight inspections are to
take place. Since an advanced avionics aircraft preflight
checklist may be extensive, pilotsshould allow extratimefor
these aircraft to ensurethat all items are properly addressed.

Outer Wing Surfaces and Tail Section

Generally, the AFM/POH specifies a sequence for the pilot
to inspect the aircraft which may sequence from the cabin
entry access opening and then in acounterclockwise direction
until the aircraft has been completely inspected. Besidesthe
AFM/POH preflight assessment, the pilot must also develop
awareness for potential areas of concern, such as signs of
deterioration or distortion of the structure, whether metal
or composite, as well asloose or missing rivets or screws.

Besides all items specified in the AFM/POH that must
be inspected, the pilot should also develop an awareness
for critical areas, such as spar lines, wing, horizontal, and
vertical attach points including wing struts and landing gear
attachment areas. The airplane skin should be inspected in

J

Figure 2-7. Example of rivet heads where black oxide film has
formed due to the rivet becoming loosein its hole.

these areas as load-related stresses are concentrated along
spar lines and attach points. Spar lines are lateral rivet lines
that extend from one side of the wing to the other, horizontal
stabilizer, or vertical stabilizer. Pilots should pay close
attention to spar lineslooking for distortion, ripples, bubbles,
dents, creases, or waves as any structural deformity may be
an indication of internal damage or failure. Inspect around
rivet heads looking for cracked paint or a black-oxide film
that forms when arivet works freeinits hole. [Figure 2-7]

Additional areas that should be scrutinized are the leading
edges of the wing, horizontal and vertical stabilizer. These
areas may be impact damaged by rocks, ice, birds, and or
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hangar rash incidents—dents and dings may render the
structure unairworthy. Some leading edge surfaces have
aerodynamic devices, such as stall fences, sots, or vortex
generators, and deicing equipment, such as weeping wings
and boots. If theseitems exist on the airplane which the pilot
intends to fly, knowledge of an acceptable level of proper
condition must be gained so that an adequate preflight
inspection may take place.

On metal airplanes, wingtips, fairings, and non-structural
covers may be fabricated out of thin fiberglass or plastic.
Theseitemsare frequently affected by cracksradiating from
screw holes or concentrated radiuses. Often, if any of these
items are cracked, it is practice to “stop-drill” the crack to
prevent crack progression. [ Figure 2-8] Extracare should be
exercised to ensure that these devices are in good condition
without cracks that may render them unairworthy. Cracks
that have continued beyond astop drilled location or any new
adjacent cracksthat haveformed may lead toin-flight failure.

Inspecting composite airplanes can be more challenging as
theairplanesgenerally havenorivetsor screwsto aid the pilot
in identifying spar lines and wing attach points; however,
delamination of spar to skin or other structural problemsmay
beidentified by bubbles, fine hair-line cracks, or changesin
sound when gently tapping on the structure with afingertip.
Anything out of place should be addressed by discussing the
issue with a properly rated aircraft mechanic.

Fuel and Qil

While there are various formulations of aviation gasoline
(AVGAS), only three grades are conventional: 80/87,
100LL, and 100/130. 100LL is the most widely available
in the United States. AVGAS is dyed with a faint color
for grade identification: 80/87 is dyed red; 100LL is dyed
blue; and 100/130 isdyed green. All AVGAS grades have a
familiar gasoline scent and texture. 100LL with its blue dye

Figure 2-8. Cracksradiating from screw holesthat have been stop-
drilled to prevent crack progression.
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issometimesdifficult to identify unlessafuel sampleisheld
up against awhite background in reasonable white lighting.

Aircraft piston engines certificated for grade 80/87 run
satisfactorily on 100LL if approved as an alternate. The
reverse is not true. Fuel of a lower grade should never be
substituted for a required higher grade. Detonation will
severely damage the engine in a very short period of time.
Detonation, as the name suggests, is an explosion of the
fuel-air mixture inside the cylinder. During detonation, the
fuel/air charge (or pocketswithin the charge) explodesrather
than burning smoothly. Because of thisexplosion, thecharge
exertsamuch higher force on the piston and cylinder, leading
toincreased noise, vibration, and cylinder head temperatures.
The violence of detonation also causes a reduction in
power. Mild detonation may increase engine wear, though
some engines can operate with mild detonation regularly.
However, severe detonation can cause engine failure in
minutes. Because of the noise that it makes, detonation is
called "engine knock™ or "pinging" in cars.

When approved for the specific airplane to be flown,
automobile gasoline is sometimes used as a substitute fuel
in certain airplanes. Its use is acceptable only when the
particular airplane has been issued a Supplemental Type
Certificate (STC) to both the airframe and engine.

Jet fuel is a kerosene-based fuel for turbine engines and a
new generation of diesel-powered airplanes. Jet fuel has a
stubborn, distinctive, non-gasoline odor and is oily to the
touch. Jet fuel is clear or straw colored, athough it may
appear dyed when mixed with AVGAS. Jet fuel hasdisastrous
consequences when introduced into AVGAS burning
reciprocating airplane engines. A reciprocating engine
operating on jet fuel may start, run, and power the airplane
for atime long enough for the airplane to become airborne
only to have the engine fail catastrophically after takeoff.

Jet fuel refueling trucks and dispensing equipment are marked
with JET-A placardsinwhite characterson ablack background.
Because of the dire consequences associated with misfueling,
fuel nozzlesare specifictothetypeof fuel. AVGASTue filler
nozzles are straight with a constant diameter. [Figure 2-9]
However, jet fuel filler nozzlesareflared at the end to prevent
insertion into AVGAS fuel tanks. [Figure 2-10]

Using the proper, approved grade of fuel is critical for safe,
reliable engine operation. Without the proper fuel quantity,
grade, and quality, the engine(s) will likely ceaseto operate.
Therefore, it isimperative that the pilot visually verify that
the airplane has the correct quantity for the intended flight
plus adequate and legal reserves, as well as inspect that the
fuel is of the proper grade and that the quality of the fuel is



Figure 2-9. An AVGASfuel filler nozzleis straight with a constant
diameter.

acceptable. The pilot should always ensure that the fuel caps
have been securely replaced following each fueling.

Many airplanes are very sensitive to its attitude when
attempting to fuel for maximum capacity. Nosewheel or main
landing gear strut extension, both high as well as low, and
the slope of the ramp can significantly alter the attitude of
theaircraft and therefore the fuel capacity. Alwayspositively
confirm the fuel quantity indicated on the fuel gauges by
visually inspecting the level of each tank.

The pilot should be aware that fuel stains anywhere on the
wing or any location where afuel tank is mounted warrants
further investigation—no matter how old the stains appear
to be. Fuel stains are a sign of probable fuel leakage. On
airplanes equipped with wet-wing fuel tanks, evidence of
fuel leakage can be found along rivet lines. [Figure 2-11]

Checking for water and other sediment contaminationisakey
preflight item. Water tends to accumulate in fuel tanks from
condensation, particularly in partialy filled tanks. Because
water isheavier thanfuel, it tendsto collect in the low points
of the fuel system. Water can aso be introduced into the

Figure 2-10. A jet fuel filler nozze is flared at the end to prevent
an inadvertent insertion into an AVGASfuel tank.

Figure 2-11. Evidence of fuel |eakage can befound along rivet lines.

fuel system from deteriorated gas cap seals exposed to rain
or from the supplier’s storage tanks and delivery vehicles.
Sediment contamination can arisefrom dust and dirt entering
the tanks during refueling or from deteriorating rubber fuel
tanks or tank sealant. Deteriorating rubber from seals and
sealant may show up inthefuel sampleassmall dark specks.

The best preventive measure is to minimize the opportunity
for water to condensein the tanks. If possible, the fuel tanks
should be completely filled with the proper grade of fuel
after each flight, or at least filled after the last flight of the
day. The more fuel that isin the tanks, the less room inside
thetank existsfor condensation to occur. Keeping fuel tanks
filled is aso the best way to slow the aging of rubber fuel
tanks and tank sealant.

Sufficient fuel should be drained from thefuel strainer quick
drain and from each fuel tank sump to check for fuel grade/
color, water, dirt, and odor. If water is present, it is usualy
in bubble or bead-like droplets, different in color (usualy
clear, sometimes muddy yellow to brown with specks of
dirt), in the bottom of the sample jar. In extreme water
contamination cases, consider the possibility that the entire
fuel sample, particularly if asmall samplewastaken, iswater.
If water isfound in the first fuel sample, continue sampling
until no water and contamination appears. Significant and/
or consistent water, sediment or contaminations are grounds
for further investigation by qualified maintenance personnel.
Each fuel tank sump should be drained during preflight and
after refueling. The order of sumping thefuel systemisoften
very important. Check the AFM/POH for specific procedures
and order to be followed.

Checking thefuel tank vent isanimportant part of apreflight

assessment. If outside air isunableto enter thetank asfuel is
drawn into the engine, the eventual result is fuel starvation
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and enginefailure. During the preflight assessment, the pilot
should look for signs of vent damage and blockage. Some
airplanesutilize vented fuel caps, fuel vent tubes, or recessed
areas under the wings where vents are located. The pilot
should use aflashlight to look at the fuel vent to ensure that
it isfree from damage and clear of obstructions. If thereisa
rush of air when the fuel tank cap is cracked, there could be
a serious problem with the vent system.

Aviation oils are available in various single/multi-grades
and mineral/synthetic-based formulations. It isimportant to
alwaysusethe approved and recommended oil for theengine.
The oil not only acts as a lubricant but also as a medium to
transfer heat as a result of engine operation and to suspend
dirt, combustion byproducts, and wear particles between
oil changes. Therefore, the proper level of oil isrequired to
ensure lubrication, effective heat transfer, and the suspension
of various contaminators. The oil level should be checked
during each preflight, rechecked with each refueling, and
maintained to not havethe oil level fall below the minimum
required during engine operation.

During the preflight assessment, if the engine is cold, oil
levels on the oil dipstick show higher levels than if the
enginewaswarm and recently shutdown after aflight. When
removing the oil dipstick, care should be taken to keep the
dipstick from coming in contact with dirty or grimy areas. The
dipstick should beinspected to verify theail level. Typically,
piston airplane engines have oil reservoirs with capacities
between four and el ght quarts, with six quarts being common.
Besides the level of ail, the ail’s color provides an insight
asto its operating condition. Oils darken in color as the ail
operating hours increase—this is common and expected
as the oil traps contaminators; however, oils that rapidly
darken in the first few hours of use after an oil change may
indicate engine cylinder problems. Piston airplane engines
consumeasmall amount of oil during normal operation. The
amount of consumption varies on many factors; however,
if consumption increases or suddenly changes, qualified
maintenance personnel should investigate.

It is suggested that the critical aspect of fuel and oil not be
left to line service personnel without oversight of the pilot
responsible for flight. While line personnel are aviation
professionals, it is the pilot who is responsible for the safe
outcome of their flight. During refueling or when oil isadded
to an engine, the pilot must monitor and ensurethat the correct
quantity, quality, and grade of fuel and ail is added and that
all fuel and oil caps have been securely replaced.

Landing Gear, Tires, and Brakes

The landing gear, tires, and brakes allow the airplane to
maneuver from and return to the ramp, taxiway, and runway
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environment in apreciseand controlled manner. Thelanding
gear, tires, and brakes must be inspected to ensure that the
airplane can be positively controlled on the ground. Landing
gear on airplanes varies from simple fixed gear to complex
retractable gear systems.

Fixed landing gear is a gear system in which the landing
gear struts, tires, and brakes are exposed and lend themselves
to relatively simple inspection. However, more complex
airplanes may have retractable landing gear with multiple
tires per landing gear strut, landing gear doors, over-center
locks, springs, and electrical squat switches. Regardless of
the system, it is imperative that the pilot follow the AFM/
POH ininspecting that the landing gear isready for operation.

On many fixed-gear airplanes, inspection of thelanding gear
system can be hindered by wheel pants, which are coversused
toreduce aerodynamic drag. Itisstill the pilot’ sresponsibility
toinspect theairplane properly. A flashlight helpsthepilotin
peering into covered areas. On low-wing airplanes, covered
or retraceablelanding gear presents additional effort required
to crouch bel ow thewing to properly inspect thelanding gear.

Thefollowing provides guidelinesfor inspecting thelanding
gear system; however, the AFM/POH must be the pilot’'s
reference for the appropriate procedures.

*  Thepilot, when approaching theairplane, should ook
at the landing gear struts and the adjacent ground for
leaking hydraulic fluid that may be coming from struts,
hydraulic lines from landing gear retraction pumps,
or from the braking system. Landing gear should be
relatively free from grease, oil, and fluid without
any undue amounts. Any amount of leaking fluid is
unacceptable. In addition, an overview of thelanding
gear provides an opportunity to verify landing gear
alignment and height consistency.

e All landing gear shock struts should also be checked
to ensure that they are properly inflated, clean, and
free from hydraulic fluid and damage. All axles,
links, collars, over-center locks, push rods, forks, and
fasteners should be inspected to ensure that they are
free from cracks, corrosion, rust, and determined to
be airworthy.

e Tires should be inspected for proper inflation, an
acceptable level of remaining tread, and normal wear
pattern. Abnormal wear patterns, sidewall cracks,
and damage, such as cuts, bulges, imbedded foreign
objects, and visible cords, render thetire unairworthy.

»  Wheel hubsshould beinspected to ensurethat they are
freefrom cracks, corrosion, and rust, that all fasteners
are secure, and that the air valve stem is straight,
capped, and in good condition.



e Brakesand brake systems should be checked to ensure
that they are free from rust and corrosion and that
all fasteners and safety wires are secure. Brake pads
should have a proper amount of material remaining
and should be secure. All brakelines should be secure,
dry, and free of signs of hydraulic leaks, and devoid
of abrasions and deep cracking.

e Ontricycle gear airplanes, a shimmy damper is used
to damp oscillations of the nose gear and must be
inspected to ensure that they are securely attached,
are free of hydraulic fluid leaks, and are in overall
good condition. Some shimmy dampeners do not
use hydraulic fluid and instead use an elastomeric
compound asthe dampening medium. Nose gear links,
collars, steering rods, and forks should be inspected
to ensure the security of fasteners, minimal free play
between torque links, crack-free components, and for
proper servicing and general condition.

e Onsome conventional gear airplanes, those airplanes
with a tailwheel or skid, the main landing gear may
have bungee cordsto help in absorbing landing loads
and shocks. The bungee cords must be inspected for
security and condition.

e Wherethelanding gear transitionsinto the airplane's
structure, the pilot should inspect the attachment
points and the airplane skin in the adjacent area—the
pilot needs to inspect for wrinkled or other damaged
skin, loose bolts, and rivets and verify that the areais
free from corrosion.

Engine and Propeller

Properly managing the risks associated with flying requires
that the pilot of the airplane identify and mitigate any
potential hazards prior to flight to prevent, to the furthest
extent possible, a hazard becoming a realized risk. The
engine and propeller make up the propulsion system of the
airplane—failure of this critical system requires a well-
trained and competent pilot to respond with significant time
constraintsto what is likely to become a major emergency.

The pilot must ensurethat the engine, propeller, and associated
systemsarefunctioning properly prior to operation. Thisstarts
with an overview of the cowling that surroundstheairplane's
engines looking for loose, worn, missing, or damaged
fasteners, rivets, and latches that secure the cowling around
theengine and to the airframe. The pilot should bevigilant as
fastenersand rivets can be numerousand surround the cowling
requiring a visual inspection from above, the sides, and the
bottom to ensurethat all areashave been inspected. Like other
areas on the airframe, rivets should be closely inspected for
looseness by looking for signs of a black oxide film around
therivet head. Pay attention to chipped or flaking paint around

rivets and other fasteners as this may be a sign of alack of
security. Any cowling security issues must be referred to a
competent and rated airplane maintenance mechanic.

From the cowling, a general inspection of the propeller
spinner, if so equipped, should be completed. Not al airplane/
propeller combinations have a spinner, so adherence to the
AFM/POH checklist is required. Spinners are subjected to
great stresses and should be inspected to be free from dents,
cracks, corrosion, and in proper alignment. Cracks may not
only occur at locations where fasteners are used but also on
therear facing spinner plate. In conditionswhereice or snow
may have entered the spinner around the propeller openings,
the pilot should inspect the area to ensure that the spinner
isinternaly free from ice. The engine/propeller/spinner is
balanced around the crankshaft and a small amount of ice
or snow can produce damaging vibrations. Cracks, missing
fasteners, or dents results in a spinner that is unairworthy.

The propeller should be checked for blade erosion, nicks,
cracks, pitting, corrosion, and security. On controllable pitch
propellers, the propeller hub should be checked for oil leaks
that tend to stream directionally from the propeller hub toward
thetip. On airplanes so equipped, the adternator/generator drive
belts should be checked for proper tension and signs of wear.

When inspecting inside the cowling, the pilot should | ook for
signs of fuel dye, which may indicate a fuel leak. The pilot
should check for oil leaks, deterioration of oil and hydraulic
lines, and to make certain that the oil cap, filter, oil cooler,
and drain plug are secure. This may be difficult to inspect
without the aid of aflashlight, so even during day operations,
a flashlight is handy when peering into the cowling. The
inside of the cowling should beinspected for il or fuel stains.
Thepilot should a so check for loose or foreign objectsinside
the cowling, such as bird nests, shop rags, and/or tools. All
visible wires and lines should be checked for security and
condition. The exhaust system should be checked for white
stains caused by exhaust |eaks at the cylinder head or cracks
in the exhaust stacks. The heat muffs, which provide cabin
heating on someairplanes, should al so be checked for general
condition and signs of cracks or leaks.

Theair filter should be checked to ensure that it isfree from
substantial dirt or restrictions, such as bugs, birds, or other
causes of airflow restrictions. In addition, air filterselements
aremadefrom various materialsand, in all cases, theelement
should be free from decomposition and properly serviced.

Risk and Resource Management

Ground operations also include the pilot’ s assessment of the
risk factors that contribute to safety of flight and the pilot’s
management of the resources, which may be leveraged to
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maximize the flight's successes. The Risk Management
Handbook (FAA-H-8083-2) should be reviewed for a
comprehensive discussion of thistopic, but presented below
are asummary of key points.

Approximately 85 percent of all aviation accidentshave been
determined by the National Transportation Safety Board
(NTSB) to have been caused by “failure of the pilot to...”
As such, a reduction of these failures is the fundamental
cornerstone to risk and resource management. The risks
involved with flying an airplane are very different from
those experienced in daily activities, such as driving to
work. Managing risks and resources requires a Conscious
effort that goes beyond the stick and rudder skills required
to pilot the airplane.

Risk Management

Risk management is a formalized structured process for
identifying and mitigating hazards and assessing the
conseguences and benefits of the accepted risk. A hazard is
acondition, event, object, or circumstance that could lead to
or contribute to an unplanned or undesired event, such asan
incident or accident. It isasource of potential danger. Some
examples of hazards are:

e Marginal weather or environmental conditions

e Lack of pilot quaification, currency, or proficiency
for the intended flight

I dentifying the Hazard

Hazard identification is the critical first step of the risk
management process. If pilots do not recognize and properly
identify a hazard and choose to continue, the consequences
of the risk involved is not managed or mitigated. In the
previous examples, the hazard identification process results
in the following assessment:

e Margina weather or environmental conditions is
an identified hazard because it may result in the
pilot having a skill level that is not adequate for
managing theweather conditionsor requiring airplane
performance that is unavailable.

e The lack of pilot training is an identified hazard
because the pilot does not have experience to either
meet thelegal requirementsor the minimum necessary
skills to safely conduct the flight.

Risk

Risk is the future impact of a hazard that is not controlled
or eliminated. It can be viewed as future uncertainty created
by the hazard.

e If the weather or environmental conditions are not
properly assessed, such asin acasewherean airplane
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may encounter inadvertent instrument conditions, loss
of airplane control may result.

e |fthepilot’slack of training is not properly assessed,
the pilot may be placed in flight regimes that exceed
the pilot’s stick and rudder capability.

Risk Assessment

Risk assessment determines the degree of risk and whether
the degree of risk isworth the outcome of the planned activity.
Once the planned activity is started, the pilot must consider
whether or not to continue. A pilot must always have viable
aternatives available in the event the original flight plan
cannot be accomplished. Thus, hazard and risk are the two
defining elements of risk management. A hazard canbeareal
or perceived condition, event, or circumstance that a pilot
encounters. Risk assessment isaquantitative value weighted
to atask, action, or event. When armed with the predicted
risk assessment of an activity, pilots are able to manage and
mitigate their risk.

In the example where marginal weather is the identified
hazard, it is relatively simple to understand that the risk
associated with flight and that the consequences of loss
of control in inadvertent meteorological conditions (IMC)
are likely to be severe for a pilot without certification,
proficiency, competency, and currency in instrument flight.
A risk assessment in this example would determine that
the risk is unacceptable and as a result, mitigation of the
risk is required. Proper risk mitigation would require that
flight be cancelled or delayed until weather conditions
were not conducive for inadvertent flight into instrument
meteorological conditions.

Risk Identification

I dentifying hazards and associated risk is key to preventing
risk and accidents. If apilot failsto searchfor risk, itislikely
that he or she will neither see it nor appreciate it for what
it represents. Unfortunately, in aviation, pilots seldom have
the opportunity to learn from their small errorsin judgment
because even small mistakes in aviation are often fatal. In
order to identify risk, the use of standard procedures is of
great assistance. Several procedures are discussed in detall
in the Risk Management Handbook (FAA-H-8083-2).

Risk Mitigation

Risk assessment is only part of the equation. After
determining the level of risk, the pilot needs to mitigate the
risk. For example, the VFR pilot flying from point A to point
B (50 miles) in margina flight conditions has severa ways
to reduce risk:

* Wait for the weather to improve to good VFR
conditions.



e Take a pilot who is more experienced or who is
certified as an instrument flight rules (IFR) pilot.

o Delay theflight.
»  Cancel theflight.

e Drive.

Resource Management

Crew resource management (CRM) and single-pilot resource
management (SRM) is the ability for the crew or pilot to
manage all available resources effectively to ensure that the
outcome of theflight issuccessful. In general aviation, SRM
ismore often than CRM. Thefocusof SRM isonthesingle-
pilot operation. SRM integrates the following:

e Situational Awareness

e Human Resource Management

e Task Management

e Aeronautical Decision-making (ADM)

Stuational Awareness

Situational awareness is the accurate perception of
operational and environmental factors that affect the flight.
It is alogical analysis based upon the airplane, externa
support, environment, and the pilot. It is awareness on what
is happening in and around the flight.

Human Resource Management

Human Resource Management requires an effective use of
all available resources: human, equipment, and information.

Human resources include the essential personnel routinely
working with the pilot to ensure safety of flight. These
people include, but are not limited to: weather briefers,
flight line personnel, maintenance personnel, crew members,
pilots, and air traffic personnel. Pilots need to effectively
communicate with these people. This is accomplished by
using the key components of the communication process:
inquiry, advocacy, and assertion. Pilots must recognize the
need to seek enough information from these resources to
make a valid decision. After the necessary information has
been gathered, the pilot’ sdecision must be passed on to those
concerned, such asair traffic controllers, crew members, and
passengers. The pilot may have to request assistance from
others and be assertive to safely resolve some situations.

Equipment in many of today’s aircraft includes automated
flight and navigation systems. These automatic systems,
while providing relief from many routine cabin or cockpit
tasks, present a different set of problems for pilots. The
automation intended to reduce pilot workload essentially
removes the pilot from the process of managing the aircraft,

thereby reducing situational awareness and leading to
complacency. Information from these systems needs to be
continually monitored to ensure proper situational awareness.
It is essential that pilots be aware not only of equipment
capabilities, but also equipment limitations in order to
manage those systems effectively and safely.

Information workloads and automated systems, such as
autopilots, need to be properly managed to ensure a safe
flight. The pilot who effectively manageshisor her workload
completes as many of these tasks as early as possible to
preclude the possibility of becoming overloaded by last
minute changes and communication priorities in the later,
more critical stages of the approach. Routine tasks delayed
until the last minute can contribute to the pilot becoming
overloaded and stressed, resulting in erosion of performance.
By planning ahead, a pilot can effectively reduce workload
during critical phases of flight.

Task Management

Pilots have a limited capacity for information. Once
information flow exceeds the pilot’'s ability to mentally
processtheinformation, any additional information becomes
unattended or displaces other tasks and information already
being processed. For example, do not become distracted
and fixate on an instrument light failure. This unnecessary
focus displaces capability and prevents the pilot’ s ability to
appreciate tasks of greater importance.

Aeronautical Decision-Making (ADM)

Flying safely requires the effective integration of three
separate sets of skills: stick-and rudder skills needed to
control the airplane; skills related to proficient operation
of aircraft systems; and ADM skills. The ADM process
addresses all aspects of decision-making in the flight deck
and identifies the steps involved in good decision-making.
While the ADM process does not eliminate errors, it helps
the pilot recogni ze errors and enablesthe pil ot to managethe
error to minimize its effects. These steps are:

» ldentifying personal attitudes hazardousto safeflight;
*  Learning behavior modification techniques;

e Learning how to recognize and cope with stress;

e Developing risk assessment skills;

e Using al resources; and

» BEvauating the effectiveness of one’'s own personal
ADM sKills.

Ground Operations

The airport ramp can be acomplex environment with airport
personnel, passengers, trucks and other vehicles, airplanes,
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helicopters, and errant animals. The pilot is responsible
for the operation of their airplane and must operate safely
at all times. Ground operations provide unique hazards,
and mitigating those hazards requires proper planning and
situationa awarenessat al timesintheground environment. A
fundamental ground operation mitigation tacticisfor the pilot
to alwayshave reviewed theairport diagram prior to operating
and have it readily available at all times. Whether departing
to or from the ramp, the pilot must maintain a high level of
awareness that requires preparation to maximize safety. This
includes being familiar and competent with the following:

e Refueling operations

»  Passenger and baggage security and loading
e Ramp and taxi operations

e Standard ramp signals

During refueling operations, it is advisable that the pilot
removeall passengersfrom aircraft during fueling operations
and witness the refueling to ensure that the correct fuel and
quantity is dispensed into the airplane and that any caps and
cowls are properly secured after refueling.

Passengers may havelittle experience with the open ramp of
anairport. The pilot must ensurethe safety of their passengers
by only allowing them to undertake freedomsfor which they
have been given direction by the pilot. At no time should
passengers be allowed to roam the ramp without an escort to
ensure their safety and ramp security. Baggage loading and
security should bedirectly supervised by the pilot. Unsecured
baggage or improperly loaded baggage may adversely affect
the center of gravity of the airplane.

Ramp traffic may vary from a deserted open space to a
complex environment with heavy corporate or military
aircraft. Powerful aircraft may produce an environment, from
exhaust blast or rotor downwash, which could easily cause a
light airplaneto become uncontrollable. Mitigating theselight
airplane hazards is important to starting off on a safe flight.

Some ramps may be staffed by personnel to assist the
pilot in managing a safe departure from the ramp to the
taxiway. These personnel use standard hand signals and the
pilot should be familiar with the meaning of those signals.
[Figure 2-12]

Engine Starting

Airplane engines vary substantially and specific procedures
for engine starting must be accomplished in reference to
approved engine start checklist as detailed in the airplane’s
AFM/POH. However, some generally accepted hazard
mitigation practices and procedures are outlined.
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Figure 2-12. Sandard hand signalsused to assist pilotsin managing
a safe departure from the ramp to the taxiway or runway.

Prior to engine start, the pilot must ensure that the ramp area
surrounding the airplaneis clear of persons, equipment, and
other hazards from coming into contact with the airplane
or the propeller. Also, an awareness of what is behind the
airplane prior to engine start is standard practice. A propeller
or other enginethrust can produce substantial velocities, result
in damage to property, and injure those on the ground. The
hazard of debris being blown into persons or property must
be mitigated by the pilot. At all times before engine start, the
anti-collision lights should beturned on. For night operations,



the position (navigation) lights should aso be on. Finaly,
just prior to starter engagement, the pilot should aways call
“CLEAR” out of the side window and wait for a response
from anyone who may be nearby before engaging the starter.

When activating the starter, thewheel brakesmust be depressed
and one hand isto be kept on the throttle to managetheinitial
starting engine speed. Ensuring that properly operating brakes
are engaged prior to starter engagement preventsthe airplane
from rapidly lunging forward. After engine start, the pilot
manipulates the throttle to set the engine revolutions per
minute (rpm) at the AFM/POH prescribed setting. In general,
1,000 rpm is recommended following engine start to alow
oil pressure to rise and minimize undue engine wear due to
insufficient lubrication at high rpm. It is important in low
temperatures that an airplane engine use the proper grade of
oil for the operating temperature range and engine preheat
when temperatures approach and descend below freezing.

Theoil pressure must be monitored after engine start to ensure
that pressure is increasing toward the AFM/POH specified
value. The AFM/POH specifies an oil pressure range for
the engine, if the limits are not reached and maintained,
seriousinternal engine damageislikely. In most conditions,
oil pressure should rise to at least the lower limit within 30
seconds. To prevent damage, the engine should be shut down
immediately if theoil pressure does not riseto the AFM/POH
values within the required time.

Engine starters are el ectric motors designed to produce rapid
rotation of the engine crankshaft for starting. These electric
motors are not designed for continuous duty and should the
engine not start readily, avoid continuous starter operation for
periods longer than 30 seconds without a cool down period
of at least 30 secondsto 1 minute (some AFM/POH specify
times greater than these given). Engine starter motorsservice
lifeisdrastically shortened from high heat through overuse.

Although quiterare, the starter motor may remain electrically
and mechanically engaged after engine start. This can be
detected by a continuous and very high current draw on the
ammeter. Someairplanesalso have astarter engaged warning
light specifically for this purpose. The engine should be shut
down immediately if this occurs.

The pilot should be attentive for sounds, vibrations, smell,
or smoke that are not consistent with normal operational
experience. Any concerns should lead to a shutdown and
further investigation.

Hand Propping

A spinning propeller can be lethal should it strike someone.
Historically, when aircraft lacked electrical systems, it was

necessary to “hand prop” an aircraft for starting. Hand
propping an aircraft is a hazardous procedure when done
perfectly. The consegquences of not mitigating the hazards
associated with hand propping can lead to serious injury,
fatalities, and runaway airplanes. All alternatives must be
considered prior to hand propping an aircraft and, when a
decision is made to do so, the procedure must be carried
out only by competent persons who have been trained to
accomplish the procedure, understand how to mitigate the
hazards, and take all the necessary precautions.

Even though today most airplanes are equipped with
electric starters, it is still helpful if a pilot is familiar with
the procedures and dangers involved in starting an aircraft
engine by turning the propeller by hand; however, a person
unfamiliar with the controlsmust never be allowed to occupy
the pilot’s seat when hand propping.

Itiscritical that the procedure never be attempted alone. Hand
propping should only be attempted when two properly trained
people, both familiar and experienced with the airplane
and hand propping techniques, are available to perform the
procedure. The first person is responsible for directing the
procedure including pulling the propeller blades through.
The second person must be seated in the airplane to ensure
that the brakes are set, and controls are properly exercised,
and to follow direction of the person pulling the propeller.

When hand propping is necessary, the ground surface near the
propeller should be stable and free of debris—loose gravel,
wet grass, mud, oil, ice, or snow might cause the person
pulling the propeller through to dip into therotating blades as
the engine starts. Unlessafirm footing is available, relocate
the airplane to mitigate this dire consequences hazard.

Both participants should discuss the procedure and agree on
voice commands and expected action. To begin the procedure,
the fuel system and engine controls (tank selector, primer,
pump, throttle, and mixture) are set for anormal start. The
ignition/magneto switch should be checked to be sure that it
isOFF. Then thedescending propeller blade should berotated
sothat it assumesaposition sightly abovethe horizontal. The
person doing the hand propping should face the descending
blade squarely and stand slightly less than one arm’ s length
from the blade. If a stance too far away were assumed,
it would be necessary to lean forward in an unbalanced
condition to reach the blade, which may cause the person to
fall forward into the rotating blades when the engine starts.

The procedure and commands for hand propping are:

e Person out front says, “GAS ON, SWITCH OFF,
THROTTLE CLOSED, BRAKES SET.”
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e Pilot seat occupant, after making sure the fuel is ON,
mixture is RICH, magneto switch is OFF, throttle
is CLOSED, and brakes are SET, says, “GAS ON,
SWITCH OFF, THROTTLE CLOSED, BRAKES
SET.”

e Personout front, after pulling the propeller through to
primetheenginesays, “BRAKESAND CONTACT.”

e Pilot seat occupant checks the brakes SET and turns
the magnetos switch ON, then says, “BRAKES AND
CONTACT.

The propeller is swung by forcing the blade downward
rapidly, pushing with the palms of both hands. If the blade
isgripped tightly with the fingers, the person’ s body may be
drawninto the propeller blades should the engine misfireand
rotate momentarily in the opposite direction. Asthebladeis
pushed down, the person should step backward, away from
thepropeller. If theenginedoes not start, the propeller should
not be repositioned for another attempt until it isverified that
the magneto switch is turned OFF.

The words CONTACT (magnetos ON) and SWITCH OFF
(magnetos OFF) are used because they are significantly
different from each other. Under noisy conditions or high
winds, thewordsCONTACT and SWITCH OFF arelesslikely
to be misunderstood than SWITCH ON and SWITCH OFF.

When removing thewheel chocks or untying thetail after the
engine starts, it is critical that everyone involved remember
that the propeller is nearly invisible. Serious injuries and
fatalities have occurred when people who have just started
an enginewalk or reach into the propeller arc to remove the
chocks, reach the cabin, or in an attempt to reach the tail
of the airplane. Before the wheel chocks are removed, the
throttle should be set to idle and the chocks approached only
from the rear of the propeller. One should never approach
the wheel chocks from the front or the side.

The procedures for hand propping should always be in
accordance with the AFM/POH and only accomplished
if no alternatives are available, and then only by persons
who are competent with hand propping procedures. The
consequences of the hazards associated with hand propping
are seriousto fatal.

Taxiing

Taxiing isthe controlled movement of the airplane under its
own power while on the surface. Since an airplaneis moved
under itsown power between aparking areaand the runway,
the pilot must thoroughly understand and be proficient in
taxi procedures.
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An essential requirement in conducting safe taxi operations
is where the pilot maintains situational awareness of the
ramp, parking areas, taxiways, runway environment, and
the persons, equipment and aircraft at all times. Without
such awareness, safety may be compromised. Depending on
the airport, parking, ramp, and taxiways may or may not be
controlled. As such, it isimportant that the pilot completely
understand the environment in which they are operating. At
small, rural airports these areas may be desolate with few
aircraft which limits the potential hazards; however, as the
complexity of the airport increases so does the potential
for hazards. Regardless of the complexity, some generally
accepted procedures are appropriate.

e The pilot should make themselves familiar with the
parking, ramp, and taxi environment. Thiscan bedone
by having an airport diagram, if available, out and in
view at al times. [Figure 2-13]

e The pilot must be vigilant of the entire area around
the airplane to ensure that the airplane clears all
obstructions. If, at any time, there is doubt about a
safe clearance from an object, the pilot should stop the
airplane and check the clearance. It may be necessary
to have the airplane towed or physically moved by a
ground crew.

e When taxiing, the pilot’s eyes should be looking
outside the airplane scanning from side to side while
looking both near and far to assess routing and
potential conflicts.

e A safetaxiing speed must be maintained. The primary
requirements for safe taxiing are positive control, the
ability to recognize any potential hazards in time to
avoid them, and the ability to stop or turn where and
when desired, without undue reliance on the brakes.
Pilots should proceed at a cautious speed on congested
or busy ramps. Normally, the speed should be at the
rate where movement of the airplane is dependent on
thethrottle. That is, slow enough so when the throttle
is closed, the airplane can be stopped promptly.

e Thepilot should accurately placetheaircraft centered
onthetaxiway at al times. Some taxiwayshave above
ground taxi lights and signage that could impact the
airplane or propellers if the pilot does not exercise
accurate control. When yellow taxiway centerline
stripes are marked, this is more easily accomplished
by the pilot visually placing the centerline stripe so it
is under the center of the airplane fuselage.

e When taxiing, the pilot must slow down before
attempting a turn. Sharp high-speed turns place
undesirable side loads on the landing gear and may
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Figure 2-13. Airport Diagram of Monterey Peninsula (MRY), Monterey, California.
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result in tire damage or an uncontrollable swerve
or a ground loop. Swerves are most likely to occur
when turning from a downwind heading toward an
upwind heading. In moderate to high-wind conditions,
the airplane may weathervane increasing the
swerving tendency.

Steering is accomplished with rudder pedals and brakes. To
turn the airplane on the ground, the pilot should apply the
rudder in the desired direction of turn and usethe appropriate
power or brake to control the taxi speed. The rudder pedal
should be held in the direction of the turn until just short of
the point where the turn is to be stopped. Rudder pressure
isthen released or opposite pressure is applied as needed.

More engine power may be required to start the airplane
moving forward, or to start aturn, than isrequired to keep it
moving inany given direction. When using additional power,
thethrottle should immediately be retarded oncetheairplane
begins moving to prevent excessive acceleration.

The brakes should be tested for proper operation as soon as
the airplane is put in motion. Applying power to start the
airplane moving forward slowly, then retarding the throttle
and simultaneously applying just enough pressure to one
side, then the other to confirm proper function and reaction
of both brakes. Thisisbest if theairplane hasindividual left/
right brakes to stop the airplane. If braking performance is
unsatisfactory, the engine should be shut down immediately.

When taxiing at appropriate speedsin no-wind conditions, the
aileron and elevator control surfaces have little or no effect
on directional control of the airplane. These controls should
not be considered steering devices and should be held in a
neutral position. [Figure 2-14]

The presence of moderateto strong headwindsand/or astrong
propeller dlipstream makes the use of the elevator necessary
to maintain control of the pitch attitude while taxiing. This
becomes apparent when considering the lifting action that
may be created on the horizontal tail surfaces by either of
those two factors. The elevator control in nosewheel-type
airplanes should be held in the neutral position, while in
tailwheel-type airplanes, it should be held in the full aft
position to hold the tail down.

Downwind taxiing usually requires less engine power after
the initial ground roll is begun, since the wind is pushing
the airplane forward. To avoid overheating the brakes and
controlling the airplane’s speed when taxiing downwind,
the pilot must keep engine power to a minimum. Rather
than continuously riding the brakes to control speed, it is
appropriate to apply brakes only occasionally. Other than
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Use up aileron on
left-hand wing and
neutral elevator

Use up aileron on
right-hand wing and
neutral elevator

Use down ailero

Figure 2-14. Control positions of the nosewheel airplane.

sharp turns at low speed, the throttle should always be at
idle before the brakes are applied. It is a common error to
taxi with apower setting that requires controlling taxi speed
with the brakes.

When taxiing with a quartering headwind, the wing on the
upwind side (the side that the wind is coming from) tendsto
belifted by the wind unlessthe aileron control isheld in that
direction (upwind aileron UP). Moving theaileroninto the UP
position reducesthe effect of thewind striking that wing, thus
reducing thelifting action. This control movement also causes
the downwind aileron to be placed in the DOWN position,
thus asmall amount of lift and drag on the downwind wing,
further reducing the tendency of the upwind wing to rise.

When taxiing with aquartering tailwind, the elevator should
be held in the DOWN position, and the upwind aileron,
DOWN. Sincethewind isstriking the airplane from behind,
these control positions reduce the tendency of the wind to
get under thetail and the wing and to nose the airplane over.
The application of these crosswind taxi corrections helpsto
minimize the weathervaning tendency and ultimately results
in making the airplane easier to steer.

Normally, al turns should be started using the rudder pedal
to steer the nosewheel. To tighten the turn after full pedal
deflection is reached, the brake may be applied as needed.
When stopping the airplane, it is advisable to always stop
with the nosewheel straight ahead to relieve any sideload on
the nosewheel and to make it easier to start moving ahead.

During crosswind taxiing, even the nosewheel-type
airplane has some tendency to weathervane. However,



the weathervaning tendency is less than in tailwheel-type
airplanes because the main wheels are located behind the
airplane’s center of gravity, and the nosewheel’s ground
friction helpsto resist the tendency. The nosewheel linkage
from therudder pedal s provides adequate steering control for
safeand efficient ground handling, and normally, only rudder
pressure is necessary to correct for a crosswind.

Taxiing checklists are sometimes specified by the AFM/POH,
and the pilot must accomplish any itemsthat are required. If
there are no specific checklist items, taxiing still provides an
opportunity to verify the operation and cross-check of the
flight instruments. In general, the flight instruments should
indicate properly with the airspeed at or near zero (depending
on taxi speed, wind speed and direction, and lower limit
sensitivity); the attitude indictor should indicate pitch and
roll level (depending on airplane attitude) with no flags; the
altimeter should indicatethe proper elevation within prescribed
limits; the turn indictor should show the correct direction of
turn with the ball movement toward the outside of the turn
with no flags; the directional gyro should be set and crossed
checked to the magnetic compass and verified accurate to the
direction of taxi; and the vertical speed indictor (V Sl) should
read zero. These checks can be accomplished on conventional
mechanical instrumented aircraft or glass cockpits.

Before-Takeoff Check

The before-takeoff check is the systematic AFM/POH
procedure for checking the engine, controls, systems,
instruments, and avionics prior to flight. Normally, the
before-takeoff checklist isperformed after taxiing to arun-up
position near the takeoff end of the runway. Many engines
require that the oil temperature reach a minimum value as
stated in the AFM/POH before takeoff power is applied.
Taxiing to the run-up position usually allows sufficient time
for the engine to warm up to at least minimum operating
temperatures, however, the pilot verifiesthat temperaturesare
in their proper range prior to the application of high power.

A suitablelocation for run-up should befirm (asmooth, paved
or turf surface if possible) and free of debris. Otherwise, the
propeller may pick up pebbles, dirt, mud, sand, or other loose
objectsand hurl them backwards. Thisdamagesthe propel ler
and may damage the tail of the airplane. Small chipsin the
leading edge of the propeller form stressrisers or high stress
concentrations. These are highly undesirable and may lead
to cracks and possible propeller blade failure. The airplane
should also be positioned clear of other aircraft and the
taxiway. There should not be anything behind theairplanethat
might be damaged by the propeller airflow blasting rearward.

Before beginning the bef ore-takeoff check, after theairplane
is properly positioned for the run-up, it should be allowed to

roll forward slightly to ensure that the nosewheel or tailwheel
isin alignment with the longitudinal axis of the airplane.

While performing the before-takeoff checklist in accordance
with the airplane’'s AFM/POH, the pilot must divide their
attention between the inside and outside of the airplane. If
the parking brake dlips, or if application of the toe brakes
is inadequate for the amount of power applied, the airplane
could rapidly moveforward and go unnoticed if pilot attention
isfixed only insidethe airplane. A good operational practice
isto split attention from one item inside to alook outside.

Air-cooled enginesgenerally aretightly cowled and equipped
with baffles that direct the flow of air to the engine in
sufficient volumes for cooling while in flight; however,
on the ground, much less air is forced through the cowling
and around the baffling. Prolonged ground operations may
cause cylinder overheating long beforethereisan indication
of rising oil temperature. To minimize overheating during
engine run-up, it is recommended that the airplane be
headed as nearly as possible into the wind and, if equipped,
engine instruments that indicate cylinder head temperatures
should be monitored. Cowl flaps, if available, should be set
according to the AFM/POH.

Each airplane has different features and equipment and the
before-takeoff checklist provided in airplane’s AFM/POH
must be used to perform the run-up. Many critical systems
are checked and set during the before-takeoff checklist. Most
airplaneshaveat | east the following systems checked and set:

e Fuel System—set per the AFM/POH and verified ON
and the proper and correct fuel tanks selected.

e Trim—set for takeoff position which includes the
elevator and may alsoincluderudder and aileron trim.

e Flight Controls—checked throughout their entire
operating range. This includes full aileron, elevator,
and rudder deflection in al directions. Often, pilots
do not exercise afull range of movement of theflight
controls, which is not acceptable.

e EngineOperation—checkedto ensurethat temperatures
and pressures are in their normal ranges; magneto or
Full Authority Digital Engine Control (FADEC)
operation on single or dua ignition are acceptable
and within limits; and, if equipped, carburetor heat is
functioning. If theairplaneis equipped with aconstant
speed or feathering propeller, that its operation is
acceptable; and at minimum idle, the engine rpm
continues to run smoothly.

* Electrical System—verified to ensure voltages are
within operating range and that the system showsthe
battery system charging.
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e Vacuum System—must show an acceptable level of
vacuum, whichistypically between 4.8 and 5.2 inches
of mercury ("Hg) at 2,000 rpm. Refer tothe AFM/POH
for the manufacturer’ svalues. It isimportant to ensure
that mechanical gyroscopic instruments have adegquate
timeto spool up to acceptablerpmin order for themto
indicate properly. A hasty and quick taxi and run-up
does not alow mechanical gyroscopic instruments
to indicate properly and a departure into instrument
meteorological conditions (IMC) is unadvisable.

e Flight Instruments—rechecked and set for the
departure. Verify that the directional gyro and the
magnetic compassarein agreement. If the directional
gyro has a heading bug, it may be set to the runway
heading that is in use or as assigned by air traffic
control (ATC).

e Avionics—set with the appropriate frequencies,
initial navigation sources and courses, autopilot
preselects, transponder codes, and other settings and
configurations based on the airplane’ s equipment and
flight requirements.

e Takeoff Briefing—made out loud by the pilot even
when no other person is there to listen. A sample
takeoff briefing may be the following:

“Thiswill benormal takeoff (usenormal, short, or soft
as appropriate) from runway (use runway assigned),
wind isfrom the (direction and speed), rotation speed
is (use the specified or calculated manufacturer’s
takeoff or rotation speed (VR)), aninitia turn to (use
planned heading) and climb to (use initial altitudein
feet). The takeoff will be rejected for engine failure
below Vg, applying appropriate braking, stopping
ahead. Engine failure after Vg and with runway
remaining, | will lower pitch to best glide speed,
land, and apply appropriate braking, stopping straight
ahead. Engine failure after Vg and with no runway
remaining, | will lower pitch to best glide speed, no
turnswill be made prior to (insert appropriate atitude),
land in the most suitable area, and apply appropriate
braking, avoiding hazards on the ground as much
possible. If time permits, fuel, ignition, and electrical
systems will be switched off.”

Takeoff Checks:

Runway numbers on paved runways agree with magnetic
compass and heading indicators before beginning takeoff
roll. The last check on engines as power is brought to full
takeoff power includes:

e |Ispower correct?
* RPM normal?
e Engine smooth?
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e Engineinstruments normal and in green ranges?
»  Doorslatched and windows closed as required?

» Controls held so rudder is used to keep airplane
parallel to centerline and ailerons are used to keep
airplane on centerline?

After-Landing

During the after-landing roll, while maintaining airplane
track over runway centerlinewith aileronsand heading down
runway with rudder pedals, the airplane should be gradually
sdowed to normal taxi speed with normal brake pressure before
turning off of the landing runway. Any significant degree of
turn at faster speeds could result in subsequent damageto the
landing gear, tires, brakes, or the airplane structure.

To give full attention to controlling the airplane during the
landing roll, the after-landing checklist should be performed
only after the airplane is brought to a complete stop beyond
therunway holding position markings. There have been many
cases where a pilot has mistakenly manipulated the wrong
handle and retracted the landing gear, instead of the flaps,
due to improper division of attention while the airplane was
moving. However, this procedure may be modified if the
manufacturer recommends that specific after-landing items
be accomplished during landing rollout. For example, when
performing a short-field landing, the manufacturer may
recommend retracting theflapson rollout to improve braking.
Inthissituation, the pilot should makeapositiveidentification
of the flap control handle before retracting the flaps.

Clear of Runway and Stopped

Because of different configurationsand egquipment in various
airplanes, the after-landing checklist within the AFM/POH
must be used. Some of the items may include:
*  Power—set to the AFM/POH values such as throttle
1,000 rpm, propeller full forward, mixture leaned.
*  Fuel—may require switching tanks and fuel pumps
switched off.

*  Flaps—set to the retracted position.

e Cowl flaps—may be opened or closed depending on
temperature conditions.

e Trim—reset to neutral or takeoff position.

* Lights—may be switched off if not needed, such as
strobe lights.

* Avionics—may be switched off or to standby,
such as the transponder and frequencies changed to
contact ground control or Common Traffic Advisory
Frequency (CTAF), asrequired.



e Install chocksand rel ease parking brakein accordance
with AFM/POH.

Parking

Unless parking in a designated, supervised area, the pilot
should select a location and heading that prevents propel ler
or jet blast of other airplanes from striking the airplane
unnecessarily. Whenever possible, the airplane should be
parked headed into the existing or forecast wind. Often
airports have airplane tie downs located on ramp areas
which may or may not be aligned with the wind or provide
a significant choice in parking location. After stopping in
the desired direction, the airplane should be allowed to roll
straight ahead enough to straighten the nosewhee! or tailwheel .

Engine Shutdown

The pilot should always use the proceduresin the airplane’s
AFM/POH shutdown checklist for shutting down the engine
and securing the airplane. Important items may include:

e Parking Brake—set to ON.

e Throttle—set to IDLE or 1,000 rpm. If turbocharged,
observe the manufacturer’s spool down procedure.

e Magneto Switch Test—turn momentarily OFF then
quickly ON again at idle rpm to check for proper
operation of switch in the OFF position.

e Propeller—set to FULL INCREASE, if equipped.
e Avionics—turn OFF.

e Alternator—turn OFF.

e Mixture—set to IDLE CUTOFF.

e Magneto Switch—turn ignition switch to OFF when
engine stops.

e Master Switch—turn to OFF.

e Secure—install control locks and anti-theft security
locks.

Post-Flight

A flightisnot complete until the engineis shut down and the
airplaneis secured. A pilot should consider this an essential
part of any flight.

Securing and Servicing

After engine shutdown and deplaning passengers, the pilot
should accomplish a post-flight ingpection. This includes a
walk around to inspect the genera condition of the aircraft.
Inspect near and around the cowling for signs of ail or fuel
stresksand around the oil breather for excessive il discharge.
Inspect under wingsand other fuel tank locationsfor fuel stains.
Inspect landing gear and tires for damage and brakes for any
leaking hydraulicfluid. Inspect cowlinginletsfor obstructions.

QOil level s shoul d be checked and quantities brought to AFM/
POH levels. Fuel should be added based on the immediate
use of the airplane. If the airplaneis going to be inactive, it
is a good operating practice to fill the fuel tanks to prevent
water condensation from forming inside the tank. If another
flight is planned, the fuel tanks should befilled based on the
flight planning requirements for that flight.

Theaircraft should be hangared or tied down, flight controls
secured, and security locks in place. The type of tie downs
may vary significantly from chains to well-worn ropes.
Chainsare not flexible and as such should not be made taught
asto dlow theairplane some movement and prevent airframe
structural damage. Tie down ropes are flexible and may be
reasonably cinched to theairplane stiedown rings. Consider
utilizing pitot tube covers, cowling inlet covers, rudder gust
locks, window sunscreens, and propeller security locks to
further enhance the safety and security of the airplane.

Hangaring is not without hazards to the airplane. The pilot
should ensure that enough space is allocated to the airplane
so it isfree from any impact to the hangar, another aircraft,
or vehicle. The airplane should be inspected after hangaring
to ensure that no damage was imparted on the airplane.

Chapter Summary

In this chapter emphasis was placed on determining the
airworthiness of the airplane, preflight visual inspection,
managing risk and pilot-available resources, safe surface-
based operations, and the adherence to and proper use of the
AFM/POH and checklists. To maximize the safety of flight
operations, apilot must recognize that flight safety begins by
properly preparing for flight and by managing the airplane,
environment, resources, and themselves until the airplaneis
returned to itstie-down or hangar at the termination of flight.
Thisis accomplished by the pilot ensuring that the airplane
isin asafe condition for flight and it meets all the regulatory
requirementsof 14 CFR part 91 by an effective and continuous
assessment of therisksand utilization of resources, and by the
pilot honestly evaluating and determining their preparedness
and continuation for acting as PIC.
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Introduction

Airplanes operate in an environment that is unlike an
automobile. Drivers tend to drive with afairly narrow field
of view and focus primarily on forward motion. Beginning
pilots tend to practice the same. Flight instructors face
the challenge of teaching beginning pilots about attitude
awareness, which requires understanding the motions of
flight. An airplane rotates in bank, pitch, and yaw while
also moving horizontally, vertically, and laterally. The four
fundamentals (straight-and-level flight, turns, climbs, and
descents) arethe principle maneuversthat control theairplane
through the six motions of flight.
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The Four Fundamentals

Tomaster any subject, one must first master thefundamentals.
An attempt to move on to advanced maneuvers prior to
mastering thefour fundamental s hindersthelearning process.
Tobeacompetent pilot first requiresthat thepilotisskilledin
thebasicsof fundamental airmanship. Thisrequiresmastery of
thefour basic flight maneuversuponwhich al flying tasksare
based: straight-and-level flight, turns, climbs, and descents.

Consider thefollowing: atakeoff isacombination of straight-
and-level and aclimb, turning on courseto thefirst navigation
fix after departure is a climb and a turn, and the landing at
the destination isacombination of airplane ground handling,
acceleration, pitch and a climb.

The flight instructor must impart competent knowledge of
these basic flight maneuvers so that the beginning pilotisable
to combine them at a performance level that at least meets
the Federal Aviation Administration (FAA) Practical Test
Standards (PTS) or Airman Certification Standards (ACS),
asappropriate. Theimportance of this phase of flight training
cannot be overstated. As the beginning pilot progresses to
more complex flight maneuvers, any deficiencies in the
mastery of thefour fundamentalsarelikely to becomebarriers
to effective and efficient learning. Many beginning pilot
difficultiesin advanced maneuversarelikely caused by alack
of understanding, training, or practiceinthefour fundamentals.

Effect and Use of the Flight Controls

The airplane flies in an environment that alowsit to travel
up and down as well as left and right. That up or down can
be relative to the flight conditions. If the airplane is right
side up relativeto the horizon, forward control stick or wheel
(elevator control) movement will result in aloss of altitude.
If the same airplane is upside down relative to the horizon
that same forward control movement will result in a gain
of atitude. In any regard, that forward movement of the
elevator control will always move the airplane in the same
direction relative to the pilot’s perspective. Therefore, the
airplane controls always function the same relative to the
pilot. Depending on the airplane’ s orientation to the Earth,
the same control actions may result in different movements
of the airplane. [Figure 3-1] The pilot is always considered
thereferenced center of effect astheflight controlsare used.
[Figure 3-2] Thefollowing isawaystrue, regardless of the
airplane’ s attitude in relation to the Earth’ s horizon.

With the pilot’s hand:

*  When pulling the elevator pitch control toward the
pilot, which is an aft movement of the aileron and
elevator controls, control stick, or sidestick controller
(referred to as adding back pressure), the airplane’s
nose will rotate backwardsrelativeto the pilot around
the pitch (lateral) axis of the airplane. Think of this
movement from the pilot’ s feet to the pilot’s head.

Q /\

Elevator pitch

Rudder Yaw Trim

Throttle

Propeller

Mixture

L%

Figure 3-1. Basic flight controls and instrument panel.
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Rudder—Yaw

Primary control surface | Airplane movement | Axes of rotation

Aileron | Roll | Longitudinal

Elevator/stabilator | Pitch | Lateral
Figure 3-2. The pilot isalways considered the referenced center of
effect as the flight controls are used.

e When pushing the elevator pitch control toward the
instrument panel, whichistheforward movement of the
aileron and elevator controls, control stick, or sidestick
controller (referred to asincreasing forward pressure),
the airplane rotates the nose forward relative to the
pilot around the pitch axis of theairplane. Think of this
movement from the pilot’s head to the pilot’ s feet.

e Whenright pressure is applied to the aileron control,
which is a clockwise rotation of aileron and elevator
controls or the right deflection of the control stick or
side stick controller, the airplane’s right wing banks
(rolls) lower in relation to the pilot. Think of this
movement from the pilot’ shead to the pilot’ sright hip.

e When left pressure is applied to the aileron control,
which is a counterclockwise rotation of aileron and
elevator controls or the left deflection of the control
stick or side stick controller, the airplane’s left wing
banks(rolls) lower inrelation to the pilot. Think of this
movement from the pilot’ s head to the pilot’ s1eft hip.

With the pilot’ s feet:

e When forward pressure is applied to the right rudder
pedal, the airplane’s nose moves (yaws) to the right
in relation to the pilot. Think of this movement from
the pilot’ s |eft shoulder to the pilot’s right shoulder.

e When forward pressure is applied to the left rudder
pedal, the airplane’ s nose moves (yaws) to theleft in

relation to the pilot. Think of thismovement from the
pilot’s right shoulder to the pilot’s left shoulder.

Whileinflight, theflight controlshave aresistancetoapilot’'s
movement due to the airflow over the airplane’s control
surfaces, and the control surfaces remain in afixed position
aslong as al forces acting upon them remain balanced. The
amount of force that the passing airflow exerts on a control
surface is governed by the airspeed and the degree that
the surface is moved out of its streamlined position. This
resistance increases as airspeed increases and decreases as
airspeed decreases. Whiletheairflow over the control surfaces
changes during variousflight maneuvers, it is not the amount
of control surface movement that is important. What is
important, isthat the pilot maneuverstheairplane by applying
sufficient flight control pressuresto obtain the desired result.

The pitch and roll flight controls (aileron and elevator
controls, stick, or side-stick control) should be held lightly
with the fingers and not grabbed or squeezed by the hand.
When flight control pressure is applied to change a control
surface position, pressure should only be exerted on the
aileron and elevator controls with the fingers. This is an
important concept and habit to learn which benefits the pilot
as they progress to greater challenges such as instrument
flying. A common error with beginning pilots is that they
grab the aileron and elevator controls with a closed palm
with such force that the sensitive feeling is lost. This must
be avoided as it prevents the development of “feel,” which
is an important aspect of airplane control.

The pilot’s feet should rest comfortably against the rudder
pedals. Both heels should support the weight of the feet
on the cockpit floor with the ball of each foot touching the
individual rudder pedals. Thelegsand feet should berelaxed.
When using the rudder pedals, pressure should be applied
smoothly and evenly by pressing with the ball of one foot.
Since the rudder pedals are interconnected through springs
or adirect mechanical linkageand act in oppositedirections,
when pressure is applied to one rudder pedal, foot pressure
on the opposite rudder pedal must berelaxed proportionately.
Remember, the ball of each foot must rest comfortably onthe
rudder pedals so that even dight pressure changes can befelt.

Insummary, during flight, itis pressurethe pilot exertson the
aileron and elevator controlsand rudder pedal sthat causesthe
airplaneto move about theroll (longitudinal), pitch (lateral),
and yaw (vertical) axes. When a control surface is moved
out of itsstreamlined position (even dlightly), theair flowing
across the surface exerts a force against that surface and it
tries to return it to its streamlined position. It is this force
that the pilot feels as resistance on the aileron and elevator
controls and the rudder pedals.
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Feel of the Airplane

The ability to sense a flight condition, such as straight-
and-level flight or a dive, without relying on cockpit
instrumentation is often called “feeling the airplane.”
Examples of this“feel” may be sounds of the airflow across
theairframe, vibrationsfelt through the controls, engine and
propeller soundsand vibrationsat variousflight attitudes, and
the sensationsfelt by the pilot through physical accelerations.

Humanssense“feel” through kinesthesis (the ability to sense
movement through the body) and proprioception (unconscious
perception of movement and spatial orientation). These
stimuli are detected by nervesand by the semicircular canals
of the inner ear. When properly developed, kinesthesis can
provide the pilot with critical information about changesin
theairplane’ sdirection and speed of motion; however, there
are limits in kinesthetic sense and when relied upon solely
without visua information, as when flying in instrument
meteorological conditions (IMC), ultimately leads to
disorientation and loss of aircraft control.

Developing this“feel” takestime and exposurein aparticular
airplane and only comeswith dedicated practice at the various
flight conditions so that a pilot’s senses are trained by the
sounds, vibrations, and forces produced by the airplane. The
following are some important examples:

e Rushing air past a cockpit creates a distinctive noise
pattern and as the level of sound increases, it likely
indicates that the airplane’s airspeed is increasing
and that the pitch attitude is decreasing. As the
noise decreases, the airplane’s pitch attitudeis likely
increasing and its airspeed decreasing.

e The sound of the engine in cruise flight is different
from that in a climb and different again when in a
dive. In fixed-pitch propeller airplanes, when the
airplane’s pitch attitude increases, the engine sound
decreases and as pitch attitude decreases, the engine
noise increases.

e Inabanked turn, the pilot is forced downward into
the seat dueto theresultant load factor. Theincreased
G force of aturn feels the same as the pull up from
adive, and the decreased G force from leveling out
feels the same as lowering the nose out of a climb.

Sources of actual “feel” are very important to the pilot. This
actual feel isthe result of acceleration, which issimply how
fast velocity is changing. Acceleration describes the rate of
change in both the magnitude and the direction of velocity.
These accelerations impart forces on the airplane and its
occupants during flight. The pilot can sense these forces
through pressuresinto or out of the seat; or shift the pilot from
sideto sidein their seat asthe airplane dips or skids. These
forces need not be strong, only perceptible by the pilot to be
useful. An accomplished pilot who has excellent “feel” for
the airplaneis able to detect even the smallest accel erations.

A flight instructor should direct the beginner pilot to be aware
of these senses and teach an awareness of their meaning and
their relationship to the various conditions of flight. To do
this effectively, the flight instructor must fully understand
the difference between perceiving and reacting to sound,
vibrations, and forces versus merely noticing them. A pilot
who developsa“fed” for theairplaneearly inflight trainingis
likely to havelessdifficulty advancing in their flight training.

Attitude Flying

Anairplane sattitudeisdetermined by theangular difference
between aspecific airplane’ saxisand the natural horizon. A
falsehorizon can occur when the natural horizon isobscured
or not readily apparent. Thisisan important concept because
it requiresthe pilot to devel op apictorial sense of thisnatural
horizon. Pitch attitude is the angle formed between the
airplane’s longitudinal axis, which extends from the nose
to the tail of the airplane, and the natural horizon. Bank
attitude is the angle formed by the airplane’s lateral axis,
which extends from wingtip to wingtip, and the natural
horizon. [Figures 3-3A and 3-3B] Angular difference about

J

Figure 3-3. (A) Pitch attitude is the angle formed between the airplane’ s longitudinal axis. (B) Bank attitude is the angle formed by the

airplane’slateral axis.
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theairplane’ svertical axis (yaw) isan attituderelativeto the
airplane’s direction of flight but not relative to the natural
horizon.

Controlling an airplane requires one of two methods to
determine the airplane’ s attitude in reference to the horizon.
When flying “visually” in visual meteorological conditions
(VMC), apilot uses their eyes and visually references the
airplane’s wings and cowling to establish the airplane’s
attitude to the natural horizon (avisible horizon). If novisible
horizon can be seen due to whiteouts, haze over the ocean,
night over a dark ocean, etc., it is IMC for practical and
safety purposes. [Figure 3-4] When flying in IMC or when
cross-checking the visual references, theairplane sattitudeis
controlled by the pilot referencing the airplane’ smechanical
or electronically generated instruments to determine the
airplane’ s attitude in relationship to the natural horizon.

Airplane attitude control is composed of four components:
pitch control, bank (roll) control, power control, and trim.

e Pitch control—controlling of the airplane’s pitch
attitude about the lateral axis by using the elevator
to raise and lower the nose in relation to the natura
horizon or to the airplan€e’ s flight instrumentation.

e Bank control—controlling of the airplane about the
airplane’ s longitudinal axis by use of the ailerons to
attain a desired bank angle in relation to the natural
horizon or to the airplane’ s instrumentation.

Pitch control

Figure 3-4. Airplane attitude is based on relative positions of the
nose and wings on the natural horizon.

* Power control—in most general aviation (GA)
airplanesiscontrolled by thethrottle and is used when
theflight situation requires a specific thrust setting or
for achange in thrust to meet a specific objective.

e Trim control—used to relieve the control pressures
held by the pilot on the flight controls after a desired
attitude has been attained.

Note: Yaw control is used to cancel out the effects of yaw
induced changes, such as adverse yaw and effects of the
propeller.

Integrated Flight Instruction

When introducing basic flight maneuvers to a beginning
pilot, it isrecommended that the“ Integrated” or “ Composite’
method of flight instruction be used. This means the use of
outside references and flight instruments to establish and
maintain desired flight attitudes and airplane performance.
[Figure 3-5] When beginning pilots use thistechnique, they
achieveamore precise and competent overall piloting ability.
Although thismethod of airplane control may become second
nature with experience, the beginning pilot must make a
determined effort to master the technique.

As the beginner pilot develops a competent skill in visual
reference flying, the flight instructor should further develop
the beginner pilot’'s effectiveness through the use of
integrated flight instruction; however, it isimportant that the
beginner pilot’s visua skills be sufficiently developed for
long-term, safe, and effective aircraft control. [ Figure 3-5]

The basic elements of integrated flight instruction are as
follows:

e The pilot visually controls the airplane’s attitude in
reference outside to the natural horizon. At least 90
percent of the pilot’s attention should be devoted to
outside visual references and scanning for airborne
traffic. The process of visualy evaluating pitch and
bank attitude is nearly an imperceptible continuous
stream of attitude information. If the attitude isfound
to be other than desired, the pilot should make precise,
smooth, and accurate flight control corrections to
return the airplane to the desired attitude. Continuous
visua checksof the outside referencesand immediate
corrections made by the pilot minimize the chance
for the airplane to deviate from the desired heading,
altitude, and flightpath.

e The airplane’s attitude is validated by referring to
flight instruments and confirming performance. If
the flight instruments display that the airplane’s
performance is in need of correction, the required
correction must be determined and then precisely,
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90 percent of the time, the pilot’s attention should be outside the flight deck.
No more than 10 percent of the pilot’s attention should be inside the flight deck.

e

Figure 3-5. Integrated flight instruction teaches pilots to use both external and cockpit attitude references.

smoothly, and accurately applied with reference
to the natural horizon. The airplane’s attitude and
performance are then rechecked by referring to flight
instruments. The pilot then maintains the corrected
attitude by reference to the natural horizon.

e The pilot should monitor the airplane’s performance
by making quick snap-shots of the flight instruments.
No morethan 10 percent of the pilot’ sattention should
beinside the cockpit. The pilot must devel op the skill
to quickly focus on the appropriate flight instruments
and then immediately return to the visual outside
references to control the airplane’s attitude.

The pilot should become familiar with the relationship
between outside visual referencesto the natural horizon and
the corresponding flight instrument indi cations. For example,
a pitch attitude adjustment may require a movement of the
pilot’s reference point of several inches in relation to the
natural horizon but correspond to a seemingly insignificant
movement of the reference bar on the airplane’s attitude
indicator. Similarly, a deviation from a desired bank angle,
whichisobviouswhen referencing the airplane’ swingtipsor
cowling relativeto the natural horizon, may beimperceptible
on the airplan€e’ s attitude indicator to the beginner pilot.

The most common error made by the beginner pilot is to
make pitch or bank corrections while till looking inside the
cockpit. It isalso common for beginner pilotsto fixate on the
flight instruments—a conscious effort is required by them to
return to outside visua references. For the first several hours
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of instruction, flight instructors may choose to use flight
instrument covers to develop a beginning pilot’s skill or to
correct apilot’ spoor habit of fixating oninstrumentsby forcing
them to use outside visual references for aircraft control.

The use of integrated flight instruction does not, and is not
intended to prepare pilots for flight in instrument weather
conditions. The most common error made by the beginning
student is to make pitch or bank corrections while still
looking inside the cockpit. Control pressure is applied, but
the beginning pilot, not being familiar with the intricacies
of flight by references to instruments, including such things
asinstrument lag and gyroscopic precession, will invariably
make excessive éttitude corrections and end up “ chasing the
instruments.” Airplane attitude by reference to the natural
horizon, however, isimmediate in its indications, accurate,
and presented many times larger than any instrument could
be. Also, the beginning pilot must be made aware that
anytime, for whatever reason, airplane attitude by referenceto
the natural horizon cannot be established and/or maintained,
the situation should be considered a bona fide emergency.

Straight-and-Level Flight

Straight-and-level flight isflight in which heading and dtitude
are constantly maintained. The four fundamentals are in
essence aderivation of straight-and-level flight. Assuch, the
need to form proper and effective skillsin flying straight and
level should not be understated. Precise mastery of straight-
and-level flight istheresult of repetition and effective practice.
Perfectionin straight-and-level flight comesonly asaresult of



the pilot understanding the effect and use of theflight controls,
properly using thevisual outsidereferences, and the utilization
of snap-shotsfrom theflight instrumentsin acontinuous|oop
of information gathering. A pilot must make effective, timely,
and proportional corrections for deviations in the airplane’s
direction and altitude from unintentional slight turns, descents,
and climbs to master straight-and-level flight.

Straight-and-level flight isamatter of consciously fixing the
relationship of a reference point on the airplane in relation
to the natural horizon. [Figure 3-6] The establishment of
reference points should be initiated on the ground as the
reference points depends on the pilot’s seating position,
height, and manner of sitting. It isimportant that the pilot sit
in a normal manner with the seat position adjusted, which
allows for the pilot to see adequately over the instrument
panel while being able to fully depress the rudder pedals to
their maximum forward position without straining or reaching.

With beginner pilots, aflight instructor will likely use adry
erase marker or removable tape to make reference lines on
thewindshield or cowling to hel p the beginner pilot establish
visual reference points. Vertical reference lines are best
established on theground, such aswhen theairplaneis placed
onamarked centerline, with the beginner pilot seated in proper
position. Horizontal reference lines are best established with
the airplane in flight, such as during slow flight and cruise

configurations. The horizon reference point is aways being
the same, no matter what altitude, sincethe point isalwayson
the horizon, athough the distanceto the horizon will befurther
as dtitude increases. There are multiple horizontal reference
lines due to the pitch attitude requirements of the maneuver;
however, these teaching aids are generally needed for only
a short period of time until the beginning pilot understands
where and when to look during the various maneuvers.

Straight Flight

Maintaining a constant direction or heading is accomplished
by visually checking the lateral level relationship of the
airplane’s wingtips to the natural horizon. Depending on
whether theairplaneisahighwing or low wing, both wingtips
should belevel and equally above or below the natural horizon.
Any necessary bank corrections are made with the pilot's
coordinated use of ailerons and rudder. [Figure 3-7] The
pilot should understand that anytime the wings are banked,
the airplane turns. The objective of straight flight isto detect
small deviations as soon as they occur, thereby necessitating
only minor flight control corrections. The bank attitude
information can aso be obtained from a quick scan of the
attitude indicator (which showsthe position of the airplane’s
wingsrelativeto the horizon) and the heading indicator (which
indicateswhether flight control pressureisnecessary to change
the bank attitude to return to straight flight).

Straight-and-level flight

Natural horizon reference point

Figure 3-6. Nose reference for straight-and-level flight.

Straight-and-level flight

Natural horizon reference point
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Figure 3-7. Wingtip reference for straight-and-level flight.

Itispossibleto maintain straight flight by simply exerting the
necessary pressure with the ailerons or rudder independently
in the desired direction of correction. However, the practice
of using the ailerons and rudder independently is not correct
and makes precise control of theairplanedifficult. The correct
bank flight control movement requiresthe coordinated use of
aileronsand rudder. Straight-and-level flight requiresalmost
no application of flight control pressures if the airplane is
properly trimmed and the air is smooth. For that reason,
the pilot must not form the habit of unnecessarily moving
the flight controls. The pilot must learn to recognize when
correctionsare necessary and then to make ameasured flight
control response precisely, smoothly, and accurately.

Pilots may tend to look out to one side continually, generally
totheleft duetothe pilot’ sleft seat position and consequently
focusattentioninthat direction. Thisnot only givesarestricted
angle from which the pilot is to observe but also causes the
pilot to exert unconscious pressure on the flight controls in
that direction. It is also important that the pilot not fixate in
any one direction and continually scan outside the airplane,
not only to ensure that the airplane’s attitude is correct, but
alsoto ensurethat the pilot isconsidering other factorsfor safe
flight. Continually observing both wingtips has advantages
other than being the only positive check for leveling thewings.
Thisincludes|ooking for aircraft traffic, terrain and weather
influences, and maintaining overall situational awareness.
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Right wingtip

Level Flight

In learning to control the airplane in level flight, it is
important that the pilot be taught to maintain a light touch
on the flight controls using fingers rather than the common
problem of a tight-fisted palm wrapped around the flight
controls. The pilot should exert only enough pressure on the
flight controlsto produce the desired result. The pilot should
learn to associate the apparent movement of the references
with the control pressureswhich produce attitude movement.
As a result, the pilot can develop the ability to adjust the
change desired in the airplane’ s attitude by the amount and
direction of pressuresapplied to theflight controlswithout the
pilot excessively referring toinstrument or outside references
for each minor correction.

Thepitch attitudefor level flight isfirst obtained by the pilot
being properly seated, selecting apoint toward theairplane’s
nose asareference, and then keeping that referencepointina
fixed positionrelativeto the natural horizon. [ Figure 3-8] The
principles of attitude flying require that the reference point
to the natural horizon position should be cross-checked
againgt theflight instrumentsto determineif the pitch attitude
is correct. If not, such as trending away from the desired
atitude, the pitch attitude should be readjusted in relation
to the natural horizon and then the flight instruments cross-
checked to determine if atitude is now being corrected or
maintained. In level flight maneuvers, the terms “increase
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Figure 3-8. Nose reference for level flight.

theback pressure” or “increase pitch attitude” impliesraising
the airplane's nose in relation to the natural horizon and
the terms “ decreasing the pitch attitude” or “decrease pitch
attitude” means lowering the nose in relation to the natural
horizon. The pilot’ s primary referenceisthe natural horizon.

For all practical purposes, the airplane’s airspeed remains
constant in straight-and-level flight if the power setting is
also constant. Intentional airspeed changes, by increasing
or decreasing the engine power, provide proficiency in
maintaining straight-and-level flight as the airplane’s
airspeed is changing. Pitching moments may also be
generated by extension and retraction of flaps, landing gear,
and other drag producing devices, such as spoilers. Exposure
to the effect of the various configurations should be covered
in any specific airplane checkout.

A common error of a beginner pilot is attempting to hold
thewingslevel by only observing the airplane’ snose. Using
this method, the nose's short horizontal reference line can
cause slight deviationsto go unnoticed; however, deviations
from level flight are easily recognizable when the pilot
references the wingtips and, as a result, the wingtips should
be the pilot’s primary reference for maintaining level bank
attitude. Thistechnique also helps eliminate the potential for
flying the airplane with onewing low and correcting heading
errors with the pilot holding opposite rudder. A pilot with a
bad habit of dragging one wing low and compensating with
opposite rudder pressure will have difficulty in mastering
other flight maneuvers.

Common errors in the performance of straight-and-level
flight are:

»  Attempting to use improper pitch and bank reference
points on the airplane to establish attitude.

»  Forgetting thelocation of presel ected reference points
on subsequent flights.

e Attempting to establish or correct airplane attitude
using flight instrumentsrather than the natural horizon.

e “Chasing” theflight instruments rather than adhering
to the principles of attitude flying.

e Mechanically pushing or pulling on theflight controls
rather than exerting accurate and smooth pressure to
affect change.

e Not scanning outside the cockpit to look for other
aircraft traffic, weather and terrain influences, and
not maintaining situational awareness.

e A tight pam grip on the flight controls resulting in
a desensitized feeling of the hand and fingers, which
results in overcontrolling the airplane.
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e Habitualy flying with one wing low or maintaining
directional control using only the rudder control.

e Failure to make timely and measured control inputs
when deviations from straight-and-level flight are
detected.

e Inadequate attention to sensory inputs in devel oping
feel for the airplane.

Trim Control

Proper trim technique is an important and often overlooked
basic flying skill. An improperly trimmed airplane requires
constant flight control pressures from the pilot, produces
tension and fatigue, distracts the pilot from outside visual
scanning, and contributes to abrupt and erratic airplane
attitude control inputs.

Trim control surfacesarerequired to offset any constant flight
control pressure inputs provided by the pilot. For example,
elevator trimisatypical triminlight GA airplanesandisused
to null the pressure exerted by the pilot on the pitch flight
control, which is being held to produce the tail down force
required for a specific angle of attack (AOA). [Figure 3-9]
This relieves the pilot from holding a constant pressure on
the flight controls to maintain a particular pitch attitude
and provides an opportunity for the pilot to divert attention
to other tasks, such as evaluating the airplane’s attitude in
relation to the natural horizon, scanning for aircraft traffic,
and maintaining situational awareness.

Because of their relatively low power, speed, and cost
constraints, not all light airplanes have a complete set
(elevator, rudder, and aileron) trim control sthat are adjustable
frominsidethe cockpit. Nearly all light airplanesare equipped
with at least a cockpit adjustable elevator trim. Asairplanes
increasein power, weight, and complexity, cockpit adjustable
trim systems for the rudder and aileron may be available.

In airplanes where multiple trim axes are available, the
rudder should be trimmed first. Rudder, elevator and then
aileron should be trimmed next in sequence; however, if
the airspeed is varying, continuous attempts to trim the
rudder and aileron produces unnecessary pilot workload and
distraction. Attemptsto trim the rudder at varying airspeeds
are impractical in many propeller airplanes because of the
built-in compensation for the effect of a propeller’s left
turning tendencies. The correct procedure is when the pilot
has established a constant airspeed and pitch attitude, the
pilot should then hold the wings level with aileron flight
control pressure while rudder control pressure is trimmed
out. Finally, aileron trim should then be adjusted to relieve
any aileron flight control pressure.
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Elevator trim wheel

Elevator trim indicator

Figure 3-9. Elevator trimisused in airplanes to null the pressure
exerted by the pilot on the pitch flight control.

A properly trimmed airplaneisan indication of good piloting
skills. Any control forces that the pilot feels should be a
result of deliberate flight control pressure inputs during a
planned change in arplane attitude, not a result of forces
being applied by the airplane. A common trim control error
isthe tendency for the pilot to overcontrol the airplane with
trim adjustments. Attempting to fly the airplane with the
trimisacommon fault in basi ¢ flying technique even among
experienced pilots. Theairplane attitude must be established
first and held with the appropriate flight control pressures,
and then the flight control pressures trimmed out so that
the airplane maintains the desired attitude without the pilot
exerting flight control pressure.

Level Turns

A turn is initiated by banking the wings in the desired
direction of the turn through the pilot’s use of the aileron
flight controls. Left aileron flight control pressure causesthe
left wing to lower in relation to the pilot. Right aileron flight
control pressure causes the right wing to lower in relation to
the pilot. In other words, to turn left, lower left wing with



aileron by left stick. Toturnright, lower right wing with right
stick. Depending on bank angle and airplane engineering, at
many bank angles, the airplane will continue to turn with
ailerons neutralized. So the sequence should be like the
following: (1) bank airplane, adding either enough power or
pitching up to compensatefor thelossof lift (changein vector
angleof lift); (2) neutralize control s as necessary to stop bank
from increasing and hold desired bank angle; (3) use the
oppositestick (aileron) to return airplaneto level; (4) thentake
that control out to again neutralize the ailerons (along with
either power or pitch reduction) for level flight. [ Figure 3-10]

A turnisthe result of the following:

e Theaileronsbank thewingsand so determinetherate
of turn for agiven airspeed. Lift is divided into both
vertical and horizontal lift components as a result of
the bank. The horizontal component of lift movesthe
airplane toward the banked direction.

e The elevator pitches the nose of the airplane up or
down in relation to the pilot and perpendicular to
the wings. If the pilot does not add power, and there
is sufficient airspeed margin, the pilot must slightly
increase the pitch to increase wing lift enough to
replace the wing lift being diverted into turning force
SO asto maintain the current altitude.

e Thevertical fin on an airplane does not produce lift.
Rather the vertical fin on an airplane is a stabilizing
surface and produces no lift if the airplane is flying

Figure 3-10. Level turnto the left.

straight ahead. The vertical fin's purpose is to keep
the aft end of the airplane behind the front end.

e The throttle provides thrust which may be used for
airspeed to tighten the turn.

e The pilot uses the rudder to offset any adverse yaw
developed by wing's differential lift and the engine/
propeller. The rudder does not turn the airplane. The
rudder is used to maintain coordinated flight.

For purposes of this discussion, turns are divided into three
classes: shallow, medium, and steep.

e Shallow turns—bank angle is approximately 20° or
less. Thisshallow bank issuch that theinherent lateral
stability of theairplane slowly levelsthewingsunless
aileron pressureinthedesired direction of bank isheld
by the pilot to maintain the bank angle.

e Mediumturns—result from adegree of bank between
approximately 20° to 45°. At medium bank angles, the
airplane’ sinherent lateral stability doesnot return the
wings to level flight. As aresult, the airplane tends
to remain at a constant bank angle without any flight
control pressureheld by thepilot. Thepilot neutralizes
theaileron flight control pressureto maintain the bank.

»  Steep turns—result from a degree of bank of
approximately 45° or more. The airplane continues
in the direction of the bank even with neutral flight
controls unless the pilot provides opposite flight
control aileron pressure to prevent the airplane from
overbanking. The amount of opposite flight control
pressuresisdependent on variousfactors, such asbank
angle and airspeed. In general, a noticeable level of
opposite aileron flight control pressureis required by
the pilot to prevent overbanking.

When an airplaneisflying straight and level, the total liftis
acting perpendicular to the wings and to the Earth. As the
airplane is banked into a turn, total lift is the resultant of
two components: vertical and horizontal. [ Figure 3-11] The
vertical lift component continuesto act perpendicular to the
Earth and opposes gravity. The horizontal lift component
actsparallel tothe Earth’ ssurface opposing centrifugal force.
These two lift components act at right angles to each other,
causing the resultant total lifting force to act perpendicular
to the banked wing of the airplane. It is the horizontal lift
component that beginsto turn the airplane and not the rudder.

In constant altitude, constant airspeed turns, it is necessary
to increase the AOA of the wing when rolling into the
turn by increasing back pressure on the elevator, as well
as the addition of power to counter the loss of speed due
to increased drag. This is required because total lift has
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Figure 3-11. When the airplane is banked into a turn, total lift is the resultant of two components: vertical and horizontal.

divided into vertical and horizontal components of lift. In
order to maintain atitude, the total lift (since tota lift acts
perpendicular to the wing) must be increased to meet the
vertical component of lift requirements (to balance weight
and load factor) for level flight.

The purpose of the rudder in aturn isto coordinate the turn.
As lift increases, so does drag. When the pilot deflects the
aileronsto bank the airplane, both lift and drag areincreased
on the rising wing and, simultaneoudly, lift and drag are
decreased on thelowering wing. [ Figure 3-12] Thisincreased
drag on the rising wing and decreased drag on the lowering
wing resultsin the airplane yawing opposite to the direction
of turn. To counteract this adverse yaw, rudder pressure is
applied simultaneously with aileron in the desired direction
of turn. Thisaction isrequired to produce acoordinated turn.
Coordinated flight is important to maintaining control of

Reduced lift

Rudder oposes adverse yaw
to coordinate the turn

J

Figure 3-12. The rudder opposes adverse yaw to help coordinate
theturn.
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the airplane. Situations can develop when a pilot is flying
in uncoordinated flight and depending on the flight control
deflections, may support pro-spin flight control inputs. Thisis
especially hazardouswhen operating at low altitudes, such as
when operating intheairport traffic pattern. Pilotsmust learn
tofly with coordinated control inputsto prevent unintentional
loss of control when maneuvering in certain situations.

During uncoordinated flight, the pilot may feel that they are
being pushed sideways toward the outside or inside of the
turn. [Figure 3-13] A skid is when the pilot may feel that
they are being pressed toward the outside of the turn and
toward the inside of the turn during a slip. The ability to
sense askid or slip is developed over time and as the “feel”
of flying devel ops, apilot should become highly sensitivetoa
slip or skid without undue reliance on the flight instruments.

Turn Radius

To understand the rel ationship between airspeed, bank, and
radius of turn, it should be noted that the rate of turn at any
given trueairspeed depends on the horizontal lift component.
The horizontal lift component varies in proportion to the
amount of bank. Therefore, therate of turn at agiven airspeed
increases asthe angle of bank isincreased. On the other hand,
when a turn is made at a higher airspeed at a given bank
angle, theinertiaisgreater and the horizontal lift component
required for the turn is greater, causing the turning rate to
become slower. [Figure 3-14] Therefore, at a given angle
of bank, a higher airspeed makes the radius of turn larger
because the airplane turns at a slower rate.

As the radius of the turn becomes smaller, a significant
difference devel ops between the airspeed of the inside wing
and the airspeed of the outside wing. Thewing on the outside
of the turn travels a longer path than the inside wing, yet
both compl ete their respective pathsin the same unit of time.
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Figure 3-13. Indications of a slip and skid.

Therefore, the outside wing travels at afaster airspeed than
the inside wing and, as a result, it develops more lift. This
creates an overbanking tendency that must be controlled
by the use of opposite aileron when the desired bank angle
is reached. [Figure 3-15] Because the outboard wing is
developing more lift, it also produces more drag. The drag
causes aslight slip during steep turns that must be corrected
by use of the rudder.
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Establishing a Turn

On most light single-engine airplanes, the top surface of
the engine cowling is fairly flat, and its horizontal surface
to the natural horizon provides a reasonable indication for
initially setting the degree of bank angle. [Figure 3-16] The
pilot should then cross-check the flight instrumentsto verify
that the correct bank angle has been achieved. Information

Figure 3-14. Angle of bank and airspeed regulate rate and radius of turn.
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Overbanking Tendency
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Figure 3-15. Overbanking tendency.

obtained from the attitude indicator shows the angle of the
wing in relation to the horizon.

The pilot’s seating position in the airplane is important as
it affects the interpretation of outside visual references. A
common problem isthat apilot may lean away from theturn
in an attempt to remain in an upright position in relation to
the horizon. Thisshould be corrected immediately if the pilot
isto properly learn to use visua references. [Figure 3-17]

Because most airplanes have side-by-side seating, a pilot
does not sit on the airplane’s longitudinal axis, which is
where the airplane rotates in roll. The pilot sits slightly off
tooneside, typically theleft, of thelongitudinal axis. Dueto
parallax error, this makes the nose of the airplane appear to
risewhen making aleft turn (dueto pilot lowering in relation
to the longitudinal axis) and the nose of the airplane appear
to descend when making right turns (due to pilot elevating
in relation to the longitudinal axis). [ Figure 3-18]

Beginning pilots should not use large aileron and rudder
control inputs. Thisis because large control inputs produce
rapid roll ratesand alowslittle timefor the pilot to evaluate
and make corrections. Smaller flight control inputs result
in slower roll rates and provide for more time to accurately
complete the necessary pitch and bank corrections.

Some additional considerations for initiating turns are the
following:

e |f the airplan€’ s nose starts to move before the bank
starts, the rudder is being applied too soon.

» |If the bank starts before the nose starts turning or the
nose moves in the opposite direction, the rudder is
being applied too late.

* |If the nose moves up or down when entering a bank,
excessive or insufficient elevator back pressure is
being applied.

After thebank hasbeen established, all flight control pressures
applied to theaileronsand rudder may berelaxed or adjusted,
depending on the established bank angle, to compensate for
the airplane’ s inherent stability or overbanking tendencies.
Theairplane should remain at the desired bank anglewith the
proper application of aileron pressures. If the desired bank
angleisshallow, the pilot needsto maintain asmall amount
of aileron pressureinto the direction of bank including rudder
to compensate for yaw effects. For medium bank angles,
the ailerons and rudder should be neutralized. Steep bank
angles require opposite aileron and rudder to prevent the
bank from steepening.

Back pressure on the elevator should not be relaxed as the
vertical component of lift must bemaintainedif dtitudeisto be
maintained. Throughout theturn, the pilot should referencethe
natural horizon, scanfor aircraft traffic, and occasionally cross-
check theflight instrumentsto verify performance. A reduction
in airspeed istheresult of increased drag but is generally not
significant for shallow bank angles. In steeper turns, additional

Reference angle

Figure 3-16. Visual reference for angle of bank.
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Correct posture
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Incorrect posture

Figure 3-17. Correct and incorrect posture while seated in the airplane.

power may be required to maintain airspeed. If atitudeis not
being maintained during the turn, the pitch attitude should be
corrected in relation to the natural horizon and cross-checked
with the flight instruments to verify performance.

Steep turnsrequire accurate, smooth, and timely flight control
inputs. Minor correctionsfor pitch attitude are accomplished
with proportional elevator back pressurewhilethe bank angle
is held constant with the ailerons. However, during steep
turns, it is not uncommon for apilot to allow the nose to get
excessively low resulting in a significant loss in altitude in
avery short period of time. The recovery sequence requires
that the pilot first reduce the angle of bank with coordinated
use of opposite aileron and rudder and then increase the pitch
attitude by increasing elevator back pressure. If recovery from
an excessively nose-low, steep bank condition is attempted
by use of the elevator only, it only causes a steepening of
the bank and unnecessary stress on the airplane. Steep turn

performance can be improved by an appropriate application
of power to overcome the increase in drag and trimming
additional elevator back pressure as the bank angle goes
beyond 30°. This tends to reduce the demands for large
control inputs from the pilot during the turn.

Since the airplane continues turning as long as there is any
bank, therollout from the turn must be started before reaching
the desired heading. The amount of lead required to rollout
on the desired heading depends on the degree of bank used
in the turn. A rule of thumb is to lead by one-half the angle
of bank. For example, if the bank is 30°, lead the rollout by
15°. Therollout from aturnissimilar to theroll-in except the
flight controls are applied in the opposite direction. Aileron
and rudder are applied inthe direction of therollout or toward
the high wing. As the angle of bank decreases, the elevator
pressure should be relaxed as necessary to maintain altitude.
Asthewingsbecomelevel, theflight control pressures should

Figure 3-18. Parallax view.

Pilot moves lower relative to roll axis

Natural horizon reference

Pilot moves higher relative to roll axis

Natural horizon reference
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be smoothly relaxed so that the controlsare neutralized asthe
airplanereturnsto straight-and-level flight. If trim was used,
such as during a steep turn, forward elevator pressure may
be required until the trim can be adjusted. Astherollout is
being compl eted, attention should be given to outside visual
references, aswell astheflight instrumentsto determine that
the wings are being leveled and the turn stopped.

For outside references, select the horizon and another point
ahead. If those two points stay in aignment, the airplane
is tracking to that point as long as there is not a crosswind
requiring acrab angle. It would also beagood ideato include
VFR references for heading as well and pitch. A pilot holds
coursein VFR by tracking to apoint infront of the compass,
with only glances at the compass to ensure he or sheis still
on course. This reliance on a surface point does not work
when flying over water or flat snow covered surfaces. In
these conditions, the pilot must rely on the compass or gyro-
heading indicator.

Becausethe elevator and aileronsare on one control, practice
isrequired to ensurethat only theintended pressureisapplied
to the intended flight control. For example, a beginner pilot
islikely to unintentionally add pressure to the pitch control
when the only bank wasintended. Thiscross-coupling may be
diminished or enhanced by the design of the flight controls;
however, practice is the appropriate measure for smooth,
precise, and accurate flight control inputs. For example,
diving when turning right and climbing when turning left in
airplanesiscommonwith stick controls, becausethearm tends
to rotate from the elbow joint, which induces asecondary arc
control motionif the pilotisnot extremely careful. Likewise,
lowering the noseislikely to induce aright turn, and raising
the nose to climb tends to induce a left turn. These actions
would apply for apilot using the right hand to movethe stick.
Airplanes with a control wheel may be less prone to these
inadvertent actions, depending on control positions and pilot
seating. In any case, the pilot must retain the proper sight
picture of the nose following the horizon, whether up, down,
left or right and isolate undesired motion. It is essential that
flight control coordination be devel oped becauseit isthevery
basis of al fundamental flight maneuvers.

Common errorsin level turns are:

e Failureto adequately clear in the direction of turn for
aircraft traffic.

e Gaining or losing altitude during the turn.
¢ Not holding the desired bank angle constant.

e Attempting to execute the turn solely by instrument
reference.

e Leaning away from the direction of the turn while
seated.
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» Insufficient feel for the airplane as evidenced by the
inability to detect slips or skids without reference to
flight instruments.

» Attempting to maintain a constant bank angle by
referencing only the airplane’ s nose.

* Making skidding flat turns to avoid banking the
airplane.

» Holding excessive rudder in the direction of turn.
e Gaining proficiency in turnsin only one direction.
»  Failureto coordinate the controls.

Climbs and Climbing Turns

When an airplane entersaclimb, it changesitsflightpath from
level flight to a climb attitude. In a climb, weight no longer
actsin adirection solely perpendicular to theflightpath. When
an airplane enters a climb, excess lift must be developed to
overcometheweight or gravity. Thisrequirement to develop
more lift results in more induced drag, which either results
in decreased airspeed and/or an increased power setting to
maintain a minimum airspeed in the climb. An airplane can
only sustain a climb when there is sufficient thrust to offset
increased drag; therefore, climb rateislimited by the excess
thrust available.

The pilot should know the engine power settings, natural
horizon pitch attitudes, and flight instrument indi cations that
produce the following types of climb:

Normal climb—performed at an airspeed recommended by
the airplane manufacturer. Normal climb speed is generally
higher than the airplane’ s best rate of climb. The additional
airspeed provides for better engine cooling, greater control
authority, and better visibility over the nose of the airplane.
Normal climb is sometimes referred to as cruise climb.

Best rate of climb (Vy)—jproduces the most altitude gained
over agiven amount of time. Thisairspeed istypically used
wheninitially departing arunway without obstructionsuntil it
issafeto transition to anormal or cruise climb configuration.
Best angle of climb (Vy)—performed at an airspeed that
produces the most altitude gain over a given horizontal
distance. The best angle of climb resultsin a steeper climb,
although the airplane takes more time to reach the same
atitudethan it would at best rate of climb airspeed. The best
angle of climb isused to clear obstacles, such as a strand of
trees, after takeoff. [ Figure 3-19]

It should be noted that as altitude increases, the airspeed
for best angle of climb increases and the airspeed for best
rate of climb decreases. Performance charts contained in
the Airplane Flight Manual or Pilot’s Operating Handbook



Best angle-of-climb airspeed (V,)
gives the greatest altitude gain in
the shortest horizontal distance.

Figure 3-19. Best angle of climb verses best rate of climb.

(AFM/POH) must be consulted to ensure that the correct
airspeed is used for the desired climb profile at the given
environmental conditions. Thereisapoint at which the best
angle of climb airspeed and the best rate of climb airspeed
intersect. This occurs at the absolute ceiling at which the
airplane isincapable of climbing any higher. [ Figure 3-20]

Establishing a Climb

A straight climb is entered by gently increasing back
pressure on the elevator flight control to the pitch attitude
referencing the airplane’s nose to the natural horizon while
simultaneously increasing engine power to the climb power
setting. Thewingtips should be referenced in maintaining the
climb attitude while cross-checking the flight instrumentsto
verify performance. In many airplanes, aspower isincreased,
anincreasein dipstream over the horizontal stabilizer causes
the airplane’ s pitch attitude to increase greater than desired.
The pilot should be prepared for slipstream effects but also
for the effect of changing airspeed and changesin lift. The
pilot should be prepared to use the required flight control
pressures to achieve the desired pitch attitude.

If aclimbisstarted from cruiseflight, the airspeed gradually
decreases as the airplane enters a stabilized climb attitude.
Thethrust required to maintain straight-and-level flight at a
given airspeed isnot sufficient to maintain the same airspeed
inaclimb. Increasedrag in aclimb stemsfrom increased lift
demands made upon the wing to increase altitude. Climbing
requiresan excess of lift over that necessary to maintain level
flight. Increased lift will generate more induced drag. That
increase in induced drag is why more power is needed and
why a sustained climb requires an excess of thrust.

For practical purposes gravity or weight is a constant.
Even using a vector diagram to show where more lift is
necessary because thelift vector from thewingsisno longer
perpendicular to thewings, therefore morelift isneeded from
the wings which requires more thrust from the powerplant.

Best rate-of-climb airspeed (V,)
gives the greatest altitude gain

in the shortest time.

The power should be advanced to the recommended climb
power. On airplanes equipped with an independently
controllable-pitch propeller, this requires advancing the
propeller control prior to increasing engine power. Some
airplanes may be equipped with cowl flaps to facilitate
effective engine cooling. The position of the cowl flaps
should be set to ensure cylinder head temperatures remain
within the manufacturer’s specifications.

Engines that are normally aspirated experience a reduction
of power as dtitude is gained. As altitude increases, air
density decreases, which results in a reduction of power.
The indications show a reduction in revolutions per minute
(rpm) for airplanes with fixed pitch propellers; airplanes
that are equipped with controllable propellers show a
decrease in manifold pressure. The pilot should reference
the engine instruments to ensure that climb power is being
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Figure 3-21. Climb indications.

maintained and that pressures and temperatures are within
the manufacturer’ slimits. As power decreases in the climb,
the pilot must continually advancethethrottle or power lever
to maintain specified climb settings.

The propeller effects during a climb and high power settings
must be understood by the pilot. The propeller in most
airplanes rotates clockwise when seen from the pilot’s
position. Aspitch attitudeisincreased, the center of thrust from
the propeller moves to the right and becomes asymmetrical.
Thisasymmetric condition is often called “P-factor.” Thisis
the result of the increased AOA of the descending propeller
blade, which istheright side of the propeller disc when seen
from the cockpit. Asthe center of propeller thrust moves to
theright, aleft turning yawing moment movesthe nose of the
airplaneto theleft. Thisis compensated by the pilot through
right rudder pressure. In addition, torquethat actsoppositeto
the direction of propeller rotation causes the airplaneto roll
to theleft. Under these conditions, torque and P-factor cause
the airplane to roll and yaw to the left. To counteract this,
right rudder and aileron flight control pressures must be used.
During the initial practice of climbs, this may initially seem
awkward; however, after some experience the correction for
propeller effects becomes instinctive.

Asthe airspeed decreases during the climb’s establishment,
the airplane’s pitch attitude tends to lower unless the pilot
increasestheelevator flight control pressure. Nose-up €l evator
trim should be used so that the pitch attitude can be maintained
without the pilot holding back elevator pressure. Throughout
the climb, since the power should befixed at the climb power
setting, airspeed is controlled by the use of elevator pressure.
The pitch attitude to the natural horizon determines if the
pitch attitude is correct and should be cross-checked to the
flight instrumentsto verify climb performance. [ Figure 3-21]

To return to straight-and-level flight from a climb, it is
necessary to begin leveling-off prior to reaching the desired
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atitude. Level-off should begin at approximately 10 percent
of therate of climb. For example, if the airplaneis climbing
at 500 feet per minute (fpm), leveling off should begin 50 feet
prior to reaching the desired altitude. The pitch attitude must
be decreased smoothly and slowly to alow for the airspeed
to increase; otherwise, aloss of altitude results if the pitch
attitudeis changed too rapidly without allowing the airspeed
to increase proportionately.

After the airplane is established in level flight at a constant
altitude, climb power should be retained temporarily so
that the airplane accelerates to the cruise airspeed. When
the airspeed reaches the desired cruise airspeed, the throttle
setting and the propeller control, if equipped, should be set
to the cruise power setting and the airplane re-trimmed.

Climbing Turns
In the performance of climbing turns, the following factors
should be considered.

*  Withaconstant power setting, the same pitch attitude
and airspeed cannot be maintained in a bank as
in a straight climb due to the increase in the total
lift required.

e The degree of bank should not be too steep. A steep
bank significantly decreases the rate of climb. The
bank should always remain constant.

e |t is necessary to maintain a constant airspeed and
constant rate of turn in both right and left turns. The
coordination of al flight controlsisaprimary factor.

e At aconstant power setting, the airplane climbs at a
dightly shallower climb angle because some of the
lift is being used to turn the airplane.

All thefactorsthat affect theairplaneduringlevel congtant altitude
turns affect the airplane during climbing turns. Compensation
for theinherent stability of theairplane, overbanking tendencies,



adverse yaw, propeller effects, reduction of the vertical
component of lift, and increased drag must be managed by the
pilot through the manipulation of the flight controls.

Climbing turns may be established by entering the climb
first and then banking into the turn or climbing and turning
simultaneoudly. During climbing turns, asin any turn, theloss
of verticd lift must be compensated by an increase in pitch
attitude. When aturniscoupled with aclimb, theadditiona drag
and reduction in the vertical component of lift must be further
compensated for by an additional increase in elevator back
pressure. When turns are sSimultaneous with aclimb, it ismost
effectiveto limit theturnsto shallow bank angles. Thisprovides
for an efficient rate of climb. If amedium or steep banked turn
isused, climb performanceisdegraded or possibly non-existent.

Common errors in the performance of climbs and climbing
turns are:

e Attempting to establish climb pitch attitude by
primarily referencing the airspeed indicator resulting
in the pilot chasing the airspeed.

e Applying elevator pressuretoo aggressively resulting
in an excessive climb angle.

e |nadequate or inappropriate rudder pressure during
climbing turns.

e Allowing the airplane to yaw during climbs usually
due to inadequate right rudder pressure.

e Fixation ontheairplane' snoseduring straight climbs,
resulting in climbing with one wing low.

e Failure to properly initiate a climbing turn with a
coordinated use of the flight controls, resulting in no
turn but rather a climb with one wing low.

e Improper coordination resulting in a slip that
counteracts the rate of climb, resulting in little or no
altitude gain.

* Inability to keep pitch and bank attitude constant
during climbing turns.

e Attempting to exceed the airplane’ s climb capability.

*  Applying forward elevator pressure too aggressively
during level-off resulting in a loss of altitude or
G-force substantially less than one G.

Descents and Descending Turns

When an airplane enters a descent, it changes its flightpath
from level flight to a descent attitude. [Figure 3-22] In a
descent, weight no longer acts solely perpendicular to the
flightpath. Sinceinduced drag isdecreased aslift isreducedin
order to descend, excessthrust will provide higher airspeeds.
The weight/gravity force is about the same. This causes an
increase in total thrust and a power reduction is required to
balance the forces if airspeed is to be maintained.

The pilot should know the engine power settings, natural
horizon pitch attitudes, and flight instrument i ndi cations that
produce the following types of descents:

Partial power descent—the normal method of losing altitude
is to descend with partial power. This is often termed
cruise or en route descent. The airspeed and power setting
recommended by the AFM/POH for prolonged descent
should be used. The target descent rate should be 500 fpm.
The desired airspeed, pitch attitude, and power combination
should be preselected and kept constant.

Descent at minimum safe airspeed—a nose-high, power-
assisted descent condition principally used for clearing

Figure 3-22. Descent indications.
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obstacles during a landing approach to a short runway. The
airspeed used for this descent condition is recommended by
the AFM/POH andisnormally no greater than 1.3V 5. Some
characteristics of the minimum safe airspeed descent are a
steeper-than-normal descent angle, and the excessive power
that may be required to produce accel eration at low airspeed
should “mushing” and/or an excessive rate of descent be
allowed to develop.

Emergency descent—some airplanes have a specific
procedurefor rapidly losing atitude. The AFM/POH specifies
the procedure. In general, emergency descent proceduresare
high drag, high airspeed procedures requiring a specific
airplane configuration (such as power to idle, propellers
forward, landing gear extended, and flaps retracted) and a
specific emergency descent airspeed. Emergency descent
maneuvers often include turns.

Glides

A glide is a basic maneuver in which the airplane loses
altitudein acontrolled descent with little or no engine power;
forward motion ismaintained by gravity pulling theairplane
along an inclined path and the descent rate is controlled by
the pilot balancing the forces of gravity and lift. To level off
from a partial power descent using a 1,000 feet per minute
descent rate, use 10 percent (100 feet) as the lead point to
begin raising the nose to stop descent and increasing power
to maintain airspeed.

Although glides are directly related to the practice of power-
off accuracy landings, they have aspecific operationd purpose
innormal landing approaches, and forced landings after engine
failure. Therefore, it is necessary that they be performed
more subconsciously than other maneuvers because most of
the time during their execution, the pilot will be giving full
attention to details other than the mechanics of performing the
maneuver. Sinceglidesareusualy performed relatively close
to the ground, accuracy of their execution and the formation
of proper technique and habits are of specia importance.

The glide ratio of an airplane is the distance the airplane
travelsin relation to the altitude it loses. For example, if an
airplanetravels 10,000 feet forward while descending 1,000
feet, itsglideratiois 10 to 1.

The best glide airspeed is used to maximize the distance
flown. Thisairspeed isimportant when a pilot is attempting
to fly during an engine failure. The best airspeed for gliding
is one at which the airplane travels the greatest forward
distance for a given loss of altitude in still air. This best
glide airspeed occurs at the highest lift-to-drag ratio (L/D).
[Figure 3-23] When gliding at airspeed above or below the
best glideairspeed, drag increases. Any changeinthegliding
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airspeed resultsin aproportional changein thedistanceflown.
[Figure3-24] Astheglideairspeedisincreased or decreased
from the best glide airspeed, the glide ratio is lessened.

Variations in weight do not affect the glide angle provided
the pilot usesthe proper airspeed. SinceitistheL/D ratio that
determines the distance the airplane can glide, weight does
not affect the distance flown; however, a heavier airplane
must fly at a higher airspeed to obtain the same glide ratio.
For example, if two airplanes having the same L/D ratio but
different weights start a glide from the same altitude, the
heavier airplane gliding at a higher airspeed arrives at the
sametouchdown point in ashorter time, Both airplanes cover
thesamedistance, only thelighter airplanetakesalonger time.

Sincethehighest glideratio occursat maximum L/D, certain
considerations must be given for drag producing components
of the airplane, such as flaps, landing gear, and cow! flaps.
When drag increases, a corresponding decrease in pitch
attitude is required to maintain airspeed. As the pitch is
lowered, the glide path steepens and reduces the distance
traveled. To maximize the distance traveled during a glide,
all drag producing components must beeiminated if possible.

Wind affects the gliding distance. With a tailwind, the
airplane glides farther because of the higher groundspeed.
Conversely, with aheadwind, the airplane does not glide as
far because of the slower groundspeed. Thisisimportant for
apilot to understand and manage when dealing with engine-
related emergencies and any subsequent forced landing.

Certain considerations must be givento gliding flight. These
considerations are caused by the absence of the propeller
slipstream, compensation for p-factor in the airplane’s
design, and the effectiveness of airplane control surfaces
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Figure 3-24. Best glide speed providesthe greatest forward distance
for a given loss of altitude.

at sow speeds. With the absent propeller effects and the
subsequent compensation for these effects, which isdesigned
into many airplanes, itislikely that, during glides, slight left
rudder pressure is required to maintain coordinated flight.
In addition, the deflection of the flight controls to effect
changeis greater due to the relatively slow airflow over the
control surfaces.

Minimum sink speed is used to maximize the time that the
airplane remains in flight. It results in the airplane losing
altitude at the lowest rate. Minimum sink speed occurs at an
airspeed less than the best glide speed. It is important that
pilotsrealizethat flight at the minimum sink airspeed results
in less distance traveled. Minimum sink speed is useful in
flight situations where time in flight is more important than
distance flown. An example is ditching an airplane at sea.
Minimum sink speed is not an often published airspeed but
generally is afew knots less than best glide speed.

In an emergency, such as an engine failure, attempting to
apply elevator back pressure to stretch a glide back to the
runway is likely to lead the airplane landing short and may
even lead to loss of control if the airplane stalls. This leads
to acardinal rule of airplane flying that a student pilot must
understand and appreciate: The pilot must never attempt to
“stretch” a glide by applying back-elevator pressure and
reducing the airspeed below the airplane’ srecommended best
glide speed. The purpose of pitch control during the glideis
to maintain the maximum L/D, which may require fore or
aft flight control pressure to maintain best glide airspeed.

To enter a glide, the pilot should close the throttle and,
if equipped, advance the propeller lever forward. With
back pressure on the elevator flight control, the pilot
should maintain altitude until the airspeed decreases to
the recommended best glide speed. In most airplanes, as
power is reduced, propeller sipstream decreases over the
horizontal stabilizer, which decreases the tail-down force,
and the airplane’ snose tendsto lower immediately. To keep
pitch attitude constant after a power change, the pilot must
counteract the pitch down with a simultaneous increase in
elevator back pressure. If the pitch attitude is allowed to
decrease during glide entry, excess airspeed is carried into
the glide and retards the attainment of the correct glideangle

and airspeed. Speed should be allowed to dissipate before the
pitch attitudeis decreased. Thispoint is particularly important
for fast airplanes asthey do not readily lose their airspeed—
any dlight deviation of the airplane’ snose downwardsresults
in an immediate increase in airspeed. Once the airspeed has
dissipated to best glide speed, the pitch attitude should be set
to maintain that airspeed. This should be done with reference
to the natural horizon and with aquick referenceto theflight
instruments. When the airspeed has stabilized, the airplane
should be trimmed to eliminate any flight control pressures
held by the pilot. Precisionisrequired in maintaining the best
glide airspeed if the benefits are to be realized.

A stabilized, power-off descent at the best glide speed is
often referred to asnormal glide. The beginning pilot should
memorize the airplane’s attitude and speed with reference
to the natural horizon and noting the sounds made by the
air passing over the airplane’ s structure, forces on the flight
controls, and the feel of the airplane. Initially, the beginner
pilot may be unableto recognize slight variationsin airspeed
and angle of bank by vision or by the pressure required on
the flight controls. The instructor should point out that an
increase in sound levels denotes increasing speed, while a
decrease in sound levels indicates decreasing speed. When
asound level changeis perceived, a beginning pilot should
cross-check thevisual and pressurereferences. The beginning
pilot must use all three airspeed references (sound, visual,
and pressure) consciously until experienceisgained, and then
must remain alert to any variation in attitude, feel, or sound.

After asolid comprehension of the normal glide is attained,
the beginning pilot should be instructed in the differences
between normal and abnormal glides. Abnormal glides are
those glides conducted at speeds other than the best glide
speed. Glide airspeedsthat aretoo slow or too fast may result
in the airplane not being able to make the intended landing
spot, flat approaches, hard touchdowns, floating, overruns,
and possibly stalls and an accident.

Gliding Turns

The absence of the propeller slipstream, loss of effectiveness
of the various flight control surfaces at lower airspeeds, and
designed-in aerodynamic corrections complicates the task of
flight control coordination in comparison to powered flight for
theinexperienced pilot. These principlesshould bethoroughly
explained by the flight instructor so that the beginner pilot
may be aware of the necessary differencesin coordination.

Three elements in gliding turns that tend to force the nose
down and increase glide speed are:

e Decreaseinlift duetothedirection of thelifting force

»  Excessive rudder inputs as a result of reduced flight
control pressures
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e The normal stability and inherent characteristics of
the airplane to nose-down with the power off

These three factors make it necessary to use more back
pressure on the elevator than is required for a straight
glide or alevel turn; and therefore, have a greater effect on
control coordination. In rolling in or out of a gliding turn,
the rudder is required to compensate for yawing tendencies;
however, the required rudder pedal pressures are reduced as
result of the reduced forces acting on the control surfaces.
Because the rudder forces are reduced, the pilot may apply
excessive rudder pedal pressures based on their experience
with powered flight and overcontrol the aircraft causing slips
and skids rather than coordinated flight. Thismay resultina
much greater deflection of therudder resulting in potentially
hazardous flight control conditions.

Some examples of this hazard:

e Alow-level gliding steep turn during an enginefailure
emergency. If the rudder is excessively deflected in
the direction of the bank while the pilot is increasing
elevator back pressure in an attempt to retain atitude,
thesituation can rapidly turninto an unrecoverable spin.

e During a power-off landing approach. The pilot
depressesthe rudder pedal with excessive pressurethat
leads to increased lift on the outside wing, banking
the airplane in the direction of the rudder deflection.
The pilot may improperly apply the opposite aileron
to prevent the bank from increasing while applying
elevator back pressure. If allowed to progress, this
situation may resultin afully developed cross-control
condition. A stall in this situation almost certainly
resultsin arapid and unrecoverable spin.

Level-off from a glide is redly two different maneuvers
depending on the type of glide:

1. Intheevent of acomplete power failure, the best glide
speed should be held until necessary to reconfigure for
thelanding, with planning for a steeper approach than
usua when partial power is used for the approach to
landing. A 10 percent lead (100 feet if the decent rateis
1,000 feet per minute) factor should be sufficient. That
iswhat is given in the Instrument flying Handbook,
so that should be the genera rule of thumb for all
publications.

2. Inthe case of a quicker descent or simulated power
failure training, power should be applied as the 10%
lead value appears on the atimeter to allow a slow
but positive power application to maintain or increase
airspeed while raising the nose to stop the descent.
Retrim as necessary.
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Thelevel-off from aglide must be started before reaching the
desired altitude because of the airplane’s downward inertia.
The amount of lead depends on the rate of descent and what
airspeed is desired upon completion of the level off. For
example, assume the aircraft isin a500 fpm rate of descent,
and the desired final airspeed is higher than the glide speed.
The altitude lead should begin at approximately 100 feet
above the target altitude and at the lead point, power should
be increased to the appropriate level flight cruise power
setting when the desired final airspeed ishigher than theglide
speed. At the lead point, power should be increased to the
appropriate level flight cruise power setting. The airplane’s
nose tends to rise as airspeed and power increases and the
pilot must smoothly control the pitch attitude so that the
level-off is completed at the desired altitude and airspeed.
When recovery is being made from a gliding turn, the back
pressure on the elevator control, which was applied during
the turn, must be decreased or the airplane’ s nose will pitch
up excessively high resulting in arapid loss of airspeed. This
error requires considerable attention and conscious control
adjustment before the normal glide can be resumed.

Common errors in the performance of descents and
descending turns are:

» Failure to adequately clear for aircraft traffic in the
turn direction or descent.

* Inadequate elevator back pressure during glide entry
resulting in an overly steep glide.

»  Failureto dow theairplaneto approximate glide speed
prior to lowering pitch attitude.

e Attemptingto establish/maintain anormal glidesolely
by reference to flight instruments.

» Inability to sense changes in airspeed through sound
and feel.

e Inability to stahilize the glide (chasing the airspeed
indicator).

e Attempting to “stretch” the glide by applying back-
elevator pressure.

e Skidding or slipping during gliding turns due to
inadequate appreciation of the difference in rudder
forces as compared to turns with power.

e Failuretolower pitch attitude during gliding turn entry
resulting in adecrease in airspeed.

e Excessive rudder pressure during recovery from
gliding turns.

e |nadequate pitch control during recovery from straight
glide.



e Cross-controlling during gliding turns near the ground.

e Failureto maintain constant bank angle during gliding
turns.

Chapter Summary

The four fundamental maneuvers of straight-and-level
flight, turns, climbs, and descents are the foundation of basic
airmanship. Effort and continued practice are required to
master the fundamentals. It isimportant that a pilot consider
the six motions of flight: bank, pitch, yaw and horizontal,
vertical, and lateral displacement. In order for an airplaneto
fly from onelocation to another, it pitches, banks, and yaws
whileit movesover and above, in relationship to the ground,
to reach its destination. The airplane must be treated as an
aerodynamic vehicle that is subject to rigid aerodynamic
laws. A pilot must understand and apply the principles of
flight in order to control an airplane with the greatest margin
of mastery and safety.
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Introduction

A pilot’s fundamental responsibility is to prevent a loss
of control (LOC). Loss of control in-flight (LOC-I) is the
leading cause of fatal general aviation accidentsin the U.S.
and commercial aviation worldwide. LOC-I is defined
as a significant deviation of an aircraft from the intended
flightpath and it often results from an airplane upset.
Maneuvering isthe most common phase of flight for general
aviation LOC-I accidentsto occur; however, LOC-1 accidents
occur in al phases of flight.

To prevent LOC-I accidents, it is important for pilots to
recognize and maintain aheightened awareness of situations
that increase the risk of loss of control. Those situations
include: uncoordinated flight, equipment malfunctions,
pilot complacency, distraction, turbulence, and poor
risk management — like attempting to fly in instrument
meteorological conditions (IMC) when the pilot is not
qualified or proficient. Sadly, thereare also LOC-I accidents
resulting from intentional disregard or recklessness.
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To maintain aircraft control when faced with these or other
contributing factors, the pilot must beaware of situationswhere
LOC-I can occur, recognize when an airplane is approaching
astall, hasstalled, or isin an upset condition, and understand
and execute the correct procedures to recover the aircraft.

Defining an Airplane Upset

The term “upset” was formally introduced by an industry
work group in 2004 in the “Pilot Guide to Airplane Upset
Recovery,” which is one part of the “Airplane Upset
Recovery Training Aid.” The working group was primarily
focused on large transport airplanes and sought to come up
with one term to describe an “unusual attitude” or “loss of
control,” for example, and to generally describe specific
parametersaspart of itsdefinition. Consistent with the Guide,
the FAA hasdefined an upset as an event that unintentionally
exceeds the parameters normally experienced in flight or
training. These parameters are:

e Pitch attitude greater than 25°, nose up
e Pitch attitude greater than 10°, nose down
e Bank angle greater than 45°

¢ Within the above parameters, but flying at airspeeds
inappropriate for the conditions.

Thereference to inappropriate ai rspeeds describes anumber
of undesired aircraft states, including stalls. However, stalls
aredirectly related to angle of attack (AOA), not airspeed.

To develop the crucia skillsto prevent LOC-I, a pilot must
receive upset prevention and recovery training (UPRT), which
shouldinclude: dow flight, stalls, spins, and unusual attitudes.

Upset training has placed more focus on prevention—
understanding what can lead to an upset so a pilot does not
find himself or herself in such a situation. If an upset does
occur, however, upset training a so reinforces proper recovery
techniques. A more detailed discussion of UPRT to include
its core concepts, what the training should include, and what
airplanes or kinds of simulation can be used for the training
can be found later in this chapter.

Coordinated Flight

Coordinated flight occurs whenever the pilot is proactively
correcting for yaw effects associated with power (engine/
propeller effects), aileroninputs, how an airplane reactswhen
turning, and airplanerigging. The airplaneisin coordinated
flight when the airplane’s nose is yawed directly into the
relativewind and the ball iscentered in the dlip/skid indicator.
[Figure 4-1]

A pilot should develop asensitivity to sideloadsthat indicate
the noseisnot yawed into therelative wind, and the airplane
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Figure 4-1. Coordinated flight in a turn.

isnot slipping or skidding. A correction should be made by
applying rudder pressure on the side toward which onefeels
aleaning sensation. Thiswill be the same side to which the
ball in the slip/skid indicator has slewed (i.e., the old saying
“step on the ball”).

Angle of Attack

Theangle of attack (AOA) isthe angle at which the chord of
thewing meetstherelativewind. Thechordisastraight line
from the leading edge to the trailing edge. At low angles of
attack, the airflow over the top of the wing flows smoothly
and produces lift with arelatively small amount of drag. As
the AOA increases, lift as well as drag increases; however,
above awing'scritical AOA, the flow of air separates from
the upper surface and backfills, burbles and eddies, which
reduces lift and increases drag. This condition is a stall,
which can lead to loss of control if the AOA is not reduced.

Itisimportant for the pilot to understand that astall istheresult
of exceeding the critical AOA, not of insufficient airspeed.
Theterm “stalling speed” can be misleading, asthisspeedis
often discussed when assuming 1G flight at aparticular weight
and configuration. Increased load factor directly affects
stall speed (aswell as do other factors such as gross weight,
center of gravity, and flap setting). Therefore, it is possible
to stall thewing at any airspeed, at any flight attitude, and at
any power setting. For example, if apilot maintains airspeed
and rollsinto a coordinated, level 60° banked turn, the load
factor is 2Gs, and the airplane will stall at a speed that is 40
percent higher than the straight-and-level stall speed. In that
2G leve turn, the pilot has to increase AOA to increase the
lift required to maintain atitude. At this condition, the pilot
is closer to the critical AOA than during level flight and



therefore closer to the higher speed that the airplane will stall
at. Because “ stalling speed” is not a constant number, pilots
must understand the underlying factors that affect it in order
to maintain aircraft control in all circumstances.

Slow Flight

Slow flight is when the airplane AOA is just under the AOA
which will cause an aerodynamic buffet or awarning from a
stall warning deviceif equipped with one. A small increasein
AOA may resultinanimpending stall, whichincreasestherisk
of an actua stall. In most normal flight operationsthe airplane
would not be flown close to the stall-warning AOA or critical
AOA, but because the airplane is flown at higher AOAs, and
thus reduced speeds in the takeoff/departure and approach/
landing phases of flight, learning to fly at reduced airspeedsis
essentid. Inthese phasesof flight, theairplane' sclose proximity
to the ground would make loss of control catastrophic;
therefore, the pilot must be proficient in sow flight.

The objective of maneuveringin slow flight isto understand
theflight characteristicsand how theairplane sflight controls
feel near its aerodynamic buffet or stall-warning. It also
helps to develop the pilot’s recognition of how the airplane
feels, sounds, and looks when a stall is impending. These
characteristics include, degraded response to control inputs
and difficulty maintaining dtitude. Practicing slow flight will
help pilotsrecognize an imminent stall not only from thefeel
of the controls, but also from visual cues, aural indications,
and instrument indications.

For pilot training and testing purposes, slow flight includes
two main elements:

1. Slowing to, maneuvering at, and recovering from
an airspeed at which the airplane is still capable of
maintaining controlled flight without activating the
stall warning—o5 to 10 knots above the 1G stall speed
isagood target; and

2. Performing slow flight in configurations appropriate
to takeoffs, climbs, descents, approaches to landing,
and go-arounds.

Slow flight should be introduced with the airspeed
sufficiently above the stall to permit safe maneuvering, but
close enough to the stall warning for the pilot to experience
the characteristics of flight at avery low airspeed. One way
to determine the target airspeed isto slow the airplaneto the
stall warning when in the desired slow flight configuration,
pitch the nose down slightly to eliminate the stall warning,
add power to maintain atitude and note the airspeed.

When practicing slow flight, apilot learnsto divide attention
between aircraft control and other demands. How theairplane

feels at the slower airspeeds aids the pilot in learning that
as airspeed decreases, control effectiveness decreases. For
instance, reducing airspeed from 30 knots to 20 knots above
the stalling speed will result in acertain loss of effectiveness
of flight control inputs because of less airflow over the
control surfaces. As airspeed is further reduced, the control
effectivenessisfurther reduced and the reduced airflow over
the control surfaces results in larger control movements
being required to create the sameresponse. Pilots sometimes
refer to the feel of thisreduced effectiveness as* sloppy” or
“mushy” controls.

When flying above minimum drag speed (L/Dyax), even
a small increase in power will increase the speed of the
airplane. Whenflying at speedsbelow L/Dyax, also referred
to as flying on the back side of the power curve, larger
inputs in power or reducing the AOA will be required for
theairplaneto be ableto accelerate. Since slow flight will be
performed well below L/Dyax, the pilot must be aware that
large power inputs or a reduction in AOA will be required
to prevent the aircraft from decelerating. It is important to
note that when flying on the backside of the power curve,
as the AOA increases toward the critical AOA and the
airplane’s speed continues to decrease, small changes in
the pitch control result in disproportionally large changesin
induced drag and therefore changesin airspeed. Asaresult,
pitch becomes a more effective control of airspeed when
flying below L/Dyax and power is an effective control of
the altitude profile (i.e., climbs, descents, or level flight)

It is also important to note that an airplane flying below
L/Duax, exhibitsacharacteristic known as* speed instability”
and the airspeed will continue to decay without appropriate
pilot action. For example, if the airplane is disturbed by
turbulence and the airspeed decreases, the airspeed may
continue to decrease without the appropriate pilot action of
reducing the AOA or adding power. [Figure 4-2]
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Performing the Slow Flight Maneuver

Slow flight should be practiced in straight-and-level
flight, straight-ahead climbs and climbing medium-banked
(approximately 20 degrees) turns, and strai ght-ahead power-
off gliding descents and descending turns to represent the
takeoff and landing phases of flight. Slow flight training
should include slowing the airplane smoothly and promptly
from cruising to approach speeds without changesin atitude
or heading, and understanding the required power and
trim settings to maintain slow flight. It should also include
configuration changes, such as extending the landing gear
and adding flaps, while maintaining heading and altitude.
Slow flight in a single-engine airplane should be conducted
so the maneuver can be completed no lower than 1,500 feet
AGL, or higher, if recommended by the manufacturer. In
all cases, practicing slow flight should be conducted at an
adequate height above the ground for recovery should the
airplane inadvertently stall.

To begin the slow flight maneuver, clear the area and
gradually reduce thrust from cruise power and adjust the
pitch to allow the airspeed to decrease while maintaining
altitude. Asthe speed of the airplane decreases, noteachange
inthe sound of the airflow around the airplane. Asthe speed
approachesthetarget slow flight speed, whichisan airspeed
just above the stall warning in the desired configuration
(i.e., approximately 5-10 knots above the stall speed for
that flight condition), additional power will be required to
maintain altitude. During these changing flight conditions, it
isimportant to trim the airplaneto compensate for changesin
control pressures. If theairplaneremainstrimmed for cruising
speed (alower AOA), strong aft (back) control pressure is
needed on the elevator, which makes precise control difficult
unless the airplaneis retrimmed.

Slow flight is typically performed and evaluated in the
landing configuration. Therefore, both the landing gear
and the flaps should be extended to the landing position.
It is recommended the prescribed before-landing checks
be completed to configure the airplane. The extension of
gear and flaps typically occurs once cruise power has been
reduced and at appropriate airspeeds to ensure limitations
for extending those devices are not exceeded. Practicing this
maneuver in other configurations, such as aclean or takeoff
configuration, is also good training and may be evaluated
on the practical test.

With an AOA just under the AOA which may cause an
aerodynamic buffet or stall warning, the flight controls
are less effective. [Figure 4-3] The elevator control isless
responsive and larger control movements are necessary to
retain control of the airplane. In propeller-driven airplanes,
torque, slipstream effect, and P-factor may produce astrong
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Slow Flight

Low airspeed,
high angle of attack,
high power setting, and
constant altitude.

Figure 4-3. Sow flight—ow airspeed, high angle of attack, high
power, and constant altitude.

left yaw, which requires right rudder input to maintain
coordinated flight. The closer the airplaneisto the 1G stall,
the greater the amount of right rudder pressure required.

Maneuvering in Slow Flight

When the desired pitch attitude and airspeed have been
established in straight-and-level slow flight, the pilot must
maintain awareness of outside references and continually
cross-check the airplane’s instruments to maintain control.
Thepilot should notethefeel of theflight controls, especially
the airspeed changes caused by small pitch adjustments,
and the altitude changes caused by power changes. The
pilot should practice turns to determine the airplane’s
controllability characteristics at this low speed. During the
turns, it will be necessary to increase power to maintain
atitude. Abrupt or rough control movements during slow
flight may result in astall. For instance, abruptly raising the
flaps while in slow flight can cause the plane to stall.

The pilot should also practice climbs and descents by
adjusting the power when stabilized in straight-and-level
slow flight. The pilot should note the increased yawing
tendency at high power settings and counter it with rudder
input as needed.

To exit the slow flight maneuver, follow the same procedure
as for recovery from a stall: apply forward control pressure
toreducethe AOA, maintain coordinated flight and level the
wings, and apply power as necessary to return to the desired
flightpath. As airspeed increases, clean up the airplane by
retracting flaps and landing gear if they were extended. A
pilot should anticipate the changesto the AOA asthelanding
gear and flaps are retracted to avoid a stall.

Common errors in the performance of low flight are:
» Failureto adequately clear the area

*  |nadequate back-elevator pressure aspower isreduced,
resulting in altitude loss



e Excessiveback-elevator pressure aspower isreduced,
resulting in a climb followed by arapid reduction in
airspeed

e Insufficient right rudder to compensate for left yaw

e Fixation on the flight instruments

e Failure to anticipate changes in AOA as flaps are
extended or retracted

e Inadequate power management

e Inability to adequately divide attention between
airplane control and orientation

e Failureto properly trim the airplane
e Failureto respond to astall warning

Stalls

A stall is an aerodynamic condition which occurs when
smooth airflow over the airplane’s wings is disrupted,
resulting in loss of lift. Specifically, astall occurs when the
AOA—the angle between the chord line of thewing and the
relativewind—exceedsthewing' scritical AOA. Itispossible
to exceed the critical AOA at any airspeed, at any attitude,
and at any power setting. [ Figure 4-4]

For these reasons, it is important to understand factors and
situations that can lead to a stall, and develop proficiency in
stall recognition and recovery. Performing intentional stalls
will familiarize the pilot with the conditions that result in a
stall, assist in recognition of animpending stall, and develop
the proper corrective response if a stall occurs. Stalls are
practiced to two different levels:

e Impending Stall—an impending stall occurswhen the
AOA causes a stall warning, but has not yet reached
the critical AOA. Indications of an impending stall
can include buffeting, stick shaker, or aural warning.

e Full Stall—afull stall occurs when the critical AOA
is exceeded. Indications of a full stall are typically
that an uncommanded nose-down pitch cannot be
readily arrested, and this may be accompanied by an

uncommanded rolling motion. For airplanes equipped
with stick pushers, its activation is also a full stall
indication.

Although it depends on the degree to which a stall has
progressed, somelossof altitudeis expected during recovery.
The longer it takes for the pilot to recognize an impending
stall, themorelikely it isthat afull stall will result. Intentional
stalls should therefore be performed at an altitude that
provides adequate height above the ground for recovery and
return to normal level flight.

Stall Recognition

A pilot must recognize the flight conditions that are
conducive to stalls and know how to apply the necessary
correctiveaction. Thislevel of proficiency requireslearning
to recognize an impending stall by sight, sound, and feel.

Stallsare usually accompanied by acontinuous stall warning
for airplanes equipped with stall warning devices. These
devices may include an aural aert, lights, or a stick shaker
all which alert the pilot when approaching the critical AOA.
Certification standards permit manufacturers to provide
the required stall warning either through the inherent
aerodynamic qualities of the airplane or through a stall
warning devicethat givesaclear indication of theimpending
stall. However, most vintage airplanes, and many types of
light sport and experimental airplanes, do not have stall
warning devicesinstalled.

Other sensory cues for the pilot include:

»  Feel—the pilot will feel control pressures change as
speed isreduced. With progressively lessresistanceon
the control surfaces, the pilot must use larger control
movements to get the desired airplane response. The
pilot will noticetheairplane’ sreaction timeto control
movement increases. Just before the stall occurs,
buffeting, uncommanded rolling, or vibrations may
begin to occur.

Figure 4-4. Critical angle of attack and stall.
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e Vision—since the airplane can be stalled in any
attitude, vision is not a foolproof indicator of
an impending stall. However, maintaining pitch
awarenessis important.

e Hearing—as speed decreases, the pilot should notice
achange in sound made by the air flowing along the
airplane structure.

e Kinesthesia—the physical sensation (sometimes
referred to as* seat of thepants’ sensations) of changes
in direction or speed is an important indicator to the
trained and experienced pilot in visual flight. If this
sensitivity isproperly developed, it can warn the pilot
of an impending stall.

Pilotsin training must remember that alevel-flight 1G stalling
speed isvalid only:

e Inunaccelerated 1G flight
e Incoordinated flight (slip-skid indicator centered)
e Atoneweight (typically maximum gross weight)

e At aparticular center of gravity (CG) (typically
maximum forward CG)

Angle of Attack I ndicators

Learning to recognize stalls without relying on stall warning
devices is important. However, airplanes can be equipped
with AOA indicators that can provide a visua indication of
theairplane sproximity tothecritical AOA. Thereare several
different kinds of AOA indicators with varying methods for
calculating AOA, therefore proper installation and training on
theuse of these devicesisimportant. AOA indicatorsmeasure
several parameters simultaneously, determine the current
AOA, and provideavisua image of the proximity tothecritical
AOA. [Figure4-5] Some AOA indicators also provide aural
indications, which can provide awarenessto achangein AOA
that istrending towardsthecritical AOA prior toinstalled stall
warning systems. It’s important to note that some indicators
take flap position into consideration, but not al do.

Understanding what type of AOA indicator isinstalled onan
airplane, how the particular device determines AOA, what the
display isindicating and when the critical AOA is reached,
and what the appropriate response is to those indications
are all important components to AOA indicator training. It
is also encouraged to conduct in-flight training to see the
indications throughout various maneuvers, like slow flight,
stalls, takeoffs, and landings, and to practice the appropriate
responsesto thoseindications. It isal so important to note that
someitems may limit the effectiveness of an AOA indicator
(e.g., calibration techniques, wing contamination, unheated
probes/vanes). Pilots flying an airplane equipped with an
AOA indicator should refer to the pil ot handbook information
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or contact the manufacturer for specific limitations applicable
to that indicator type.

Stall Characteristics

Different airplane designs can result in different stall
characteristics. The pilot should know the stall characteristics
of the airplane being flown and the manufacturer’'s
recommended recovery procedures. Factors that can affect
the stall characteristics of an airplane include its geometry,
CG, wing design, and high-lift devices. Engineering design
variationsmakeitimpossibleto specifically describethe stall
characteristics for all airplanes; however, there are enough
similaritiesin small general aviation training-type airplanes
to offer broad guidelines.

Most training airplanes are designed so that the wings stall
progressively outward from the wing roots (where the wing
attaches to the fuselage) to the wingtips. Some wings are
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Figure 4-5. A conceptual representation of an AOA indicator. It
is important to become familiar with the equipment installed in a
specific airplane.



manufactured with a certain amount of twist, known as
washout, resulting in the outboard portion of thewingshaving
adightly lower AOA thanthewing roots. Thisdesign feature
causesthewingtipsto haveasmaller AOA during flight than
thewing roots. Thus, thewing roots of an airplane exceed the
critical AOA beforethewingtips, meaning thewing rootsstall
first. Therefore, when the airplane is in a stalled condition,
theaileronsshould still have adegree of control effectiveness
until/unless stalled airflow migrates outward along thewings.
Although airflow may still be attached at the wingtips, a
pilot should exercise caution using the ailerons prior to the
reduction of the AOA because it can exacerbate the stalled
condition. For example, if the airplane rolls |eft at the stall
(“rolls-off"), and the pil ot appliesright aileron to try to level
the wing, the downward-deflected aileron on the left wing
producesagreater AOA (and moreinduced drag), and amore
completestall at thetip asthecritical AOA isexceeded. This
can causethewingtoroll even moreto theleft, whichiswhy
it isimportant to first reduce the AOA before attempting to
roll the airplane.

The pilot must also understand how the factors that affect
stalls are interrelated. In a power-off stall, for instance, the
cues (buffeting, shaking) are less noticeable than in the
power-on stall. In the power-off, 1G stall, the predominant
cue may be the elevator control position (full up elevator
against the stops) and a high descent rate.

Fundamentals of Stall Recovery

Depending on the complexity of the airplane, stall recovery
could consist of asmany assix steps. Even so, the pilot should
remember the most important action to an impending stall or
afull stall isto reduce the AOA. There have been numerous
situationswhere pilotsdid not first reduce AOA, and instead
prioritized power and maintaining altitude, which resulted
in a loss of control. This section provides a generic stall
recovery procedurefor light general aviation aircraft adapted
from atemplate devel oped by major airplane manufacturers
and can be adjusted appropriately for the aircraft used.

[Figure 4-6] However, a pilot should always follow the
aircraft-specific manufacturer’s recommended procedures
if published and current.

Therecovery actions should be madein aprocedural manner;
they can be summarized in Figure 4-6. The following
discussion explains each of the six steps:

1. Disconnect thewingleveler or autopilot (if equipped).
Manual control is essential to recovery in all
situations. Disconnecting this equipment should be
done immediately and allow the pilot to move to the
next crucial step quickly. Leaving thewing leveler or
autopilot connected may result ininadvertent changes
or adjustments to the flight controls or trim that may
not be easily recognized or appropriate, especialy
during high workload situations.

2. &) Pitch nose-down control. Reducing the AOA is
crucia for al stall recoveries. Push forward on the
flight controls to reduce the AOA below the critical
AOA until the impending stall indications are
eliminated before proceeding to the next step.

b) Trim nose-down pitch. If the elevator does not
provide the needed response, pitch trim may be
necessary. However, excessive use of pitch trim may
aggravate the condition, or may resultinlossof control
or high structural loads.

3. Rall wingslevel. This orientsthe lift vector properly
for an effective recovery. It is important not to be
tempted to control the bank angle prior to reducing
AOA. Bothroll stability and roll control will improve
considerably after getting thewingsflying again. Itis
also imperativefor the pilot to proactively cancel yaw
with proper use of the rudder to prevent a stall from
progressing into a spin.

4. Add thrust/power. Power should be added as needed,
asstallscan occur at high power or low power settings,
or at high airspeeds or low airspeeds. Advance the

~

Stall Recovery Template

1. Wing leveler or autopilot
2. a) Pitch nose-down

b) Trim nose-down pitch
3. Bank
4. Thrust/Power

5. Speed brakes/spoilers

6. Return to the desired flight path

1. Disconnect

2. a) Apply until impending stall indications are eliminated
b) As needed

3. Wings Level

4. As needed

5. Retract

Figure 4-6. Sall recovery template.
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throttle promptly, but smoothly, as needed while
using rudder and elevator controlsto stop any yawing
motion and prevent any undesirabl e pitching motion.
Adding power typically reduces the loss of altitude
during astall recovery, but it doesnot eliminateastall.
The reduction in AOA is imperative. For propeller-
driven airplanes, power application increases the
airflow around the wing, assisting in stall recovery.

5. Retract speedbrakes/spoilers (if equipped). This will
improve lift and the stall margin.

6. Return to the desired flightpath. Apply smooth and
coordinated flight control movements to return the
airplane to the desired flightpath being careful to
avoid asecondary stall. The pilot should, however, be
situationally aware of the proximity to terrain during
the recovery and take the necessary flight control
action to avoid contact with it.

The above procedure can be adapted for the type of aircraft
flown. For example, asingle-enginetraining airplane without
an autopilot would likely only use four of the six steps. The
first step is not needed therefore reduction of the AOA until
the stall warning is eliminated is first. Use of pitch trim is
less of aconcern because most pilots can overpower thetrim
in these airplanes and any mistrim can be corrected when
returning to the desired flightpath. The next step is rolling
thewingslevel followed by the addition of power as needed
all while maintaining coordinated flight. The airplaneis not
equipped with speedbrakes or spoilerstherefore thisstep can
be skipped and the recovery will conclude with returning to
the desired flightpath.

Similarly, aglider pilot does not have an autopilot therefore
the first step isthe reduction of AOA until the stall warning
is eliminated. The pilot would then roll wings level while
maintaining coordinated flight. There is no power to add
therefore this step would not apply. Retracting speedbrakes
or spoilerswould be the next step for aglider pilot followed
by returning to the desired flightpath.

Stall Training

Practice in both power-on and power-off stallsisimportant
because it simulates stall conditions that could occur
during normal flight maneuvers. It isimportant for pilotsto
understand the possibleflight scenariosinwhich astall could
occur. Stall accidentsusually result from an inadvertent stall
at alow altitude, with the recovery not completed prior to
ground contact. For example, power-on stalls are practiced
to develop the pilot’s awareness of what could happen if
the airplane is pitched to an excessively nose-high attitude
immediately after takeoff, during a climbing turn, or when
trying to clear an obstacle. Power-off turning stalls develop
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the pilot’s awareness of what could happen if the controls
are improperly used during a turn from the base leg to the
final approach. The power-off straight-ahead stall simulates
the stall that could occur when trying to stretch a glide after
the engine has failed, or if low on the approach to landing.

Asinal maneuversthat involve significant changesin altitude
or direction, the pilot must ensurethat the areaisclear of other
air traffic at and below their dtitude and that sufficient altitude
isavailablefor arecovery before executing the maneuver. Itis
recommended that stallsbe practiced at an atitudethat allows
recovery no lower than 1,500 feet AGL for single-engine
arplanes, or higher if recommended by the AFM/POH. Losing
dtitude during recovery from astal isto be expected.

Approaches to Stalls (Impending Stalls), Power-On
or Power-Off

An impending stall occurs when the airplane is approaching,
but doesnot exceed thecritical AOA. Thepurposeof practicing
impending stallsis to learn to retain or regain full control of
the airplaneimmediately upon recognizing thet it isnearing a
stall, or that a stall islikely to occur if the pilot does not take
appropriate action. Pilot training should emphasize teaching
thesamerecovery techniquefor impending stallsand full stalls.

The practice of impending stalls is of particular value in
developing the pilot’ s sense of feel for executing maneuvers
in which maximum airplane performance isrequired. These
maneuvers require flight in which the airplane approaches
astal, but the pilot initiates recovery at the first indication,
such as by a stall warning device activation.

Impending stalls may be entered and performed in the
same attitudes and configurations as the full stalls or other
maneuvers described in this chapter. However, instead of
allowing the airplane to reach the critical AOA, the pilot
must immediately reduce AOA once the stall warning
device goes off, if installed, or recognizes other cues such
as buffeting. Hold the nose down control input as required
to eliminate the stall warning. Then level thewings maintain
coordinated flight, and then apply whatever additional power
IS necessary to return to the desired flightpath. The pilot
will have recovered once the airplane has returned to the
desired flightpath with sufficient airspeed and adequate flight
control effectiveness and no stall warning. Performance of
the impending stall maneuver is unsatisfactory if afull stall
occurs, if anexcessively low pitch attitudeisattained, or if the
pilot fails to take timely action to avoid excessive airspeed,
excessive loss of atitude, or aspin.

Full Stalls, Power-Off
The practice of power-off stalls is usually performed with
normal landing approach conditionsto simul ate an accidental



stall occurring during approach to landing. However, power-
off stalls should be practiced at al flap settings to ensure
familiarity with handling arising from mechanical failures,
icing, or other abnormal situations. Airspeed in excess of
the normal approach speed should not be carried into a stall
entry sinceit could result in an abnormally nose-high attitude.

To set up the entry for a straight-ahead power-off stall,
airplanes equipped with flaps or retractable landing gear
should be in the landing configuration. After extending the
landing gear, applying carburetor heat (if applicable), and
retarding the throttle to idle (or normal approach power),
hold theairplane at aconstant altitudein level flight until the
airspeed decel eratesto normal approach speed. Theairplane
should then be smoothly pitched down to anormal approach
attitude to maintain that airspeed. Wing flaps should be
extended and pitch attitude adjusted to maintain the airspeed.

When the approach attitude and airspeed have stabilized, the
pilot should smoothly raisethe airplane’ snoseto an attitude
that inducesastall. Directional control should be maintained
and wings held level by coordinated use of the ailerons and
rudder. Once the airplane reaches an attitude that will lead
to astal, the pitch attitude is maintained with the elevator
until the stall occurs. The stall isrecognized by the full-stall
cues previously described.

Recovery from the stall is accomplished by reducing the
AOA, applying as much nose-down control input asrequired
to eliminatethe stall warning, leveling thewings, maintaining
coordinated flight, and then applying power asneeded. Right
rudder pressure may be necessary to overcome the engine
torque effects as power is advanced and the nose is being
lowered. [Figure 4-7] If simulating an inadvertent stall on
approach to landing, the pilot should initiate a go-around
by establishing a positive rate of climb. Once in a climb,
the flaps and landing gear should be retracted as necessary.

Recovery from power-off stallsshould al so be practiced from
shallow banked turnsto simulate an inadvertent stall during
aturn from base leg to final approach. During the practice

of these stalls, take care to ensure that the airplane remains
coordinated and the turn continues at a constant bank angle
until thefull stall occurs. If theairplaneisallowed to develop
a dlip, the outer wing may stall first and move downward
abruptly. The recovery procedure is the same, regardless
of whether one wing rolls off first. The pilot must apply as
much nose down control input as necessary to eliminate the
stall warning, level thewings with ailerons, coordinate with
rudder, and add power as needed. In the practice of turning
stalls, no attempt should be made to stall or recover the
airplane on apredetermined heading. However, to simulate a
turn from baseto final approach, the stall normally should be
made to occur within aheading change of approximately 90°.

Full Stalls, Power-On

Power-on stall recoveries are practiced from straight climbs
and climbing turns (15° to 20° bank) to help the pilot recognize
the potential for an accidental stall during takeoff, go around,
climb, or when trying to clear an obstacle. Airplanesequipped
with flaps or retractable landing gear should normally bein
the takeoff configuration; however, power-on stalls should
also be practiced with the airplane in a clean configuration
(flapsand gear retracted) to ensure practice with all possible
takeoff and climb configurations. Power for practicing the
takeoff stall recovery should be maximum power, although
for some airplanes it may be reduced to a setting that will
prevent an excessively high pitch attitude.

To set up the entry for power-on stalls, establish the airplane
in the takeoff or climb configuration. Slow the airplane to
normal lift-off speed while continuing to clear the area of
other traffic. Upon reaching the desired speed, set takeoff
power or the recommended climb power for the power-on
stall (oftenreferred to asadeparture stall) while establishing a
climb attitude. The purpose of reducing the airspeed to lift-of f
airspeed before the throttle is advanced to the recommended
setting is to avoid an excessively steep nose-up attitude for
along period before the airplane stalls.

After establishing the climb attitude, smoothly raise the nose
toincreasethe AOA, and hold that attitude until the full stall

Power-Off Stall and Recovery

When stall occurs,
reduce angle of
attack, roll wings level,
and add power as needed.

Establish normal
approach.

Raise nose,
maintain heading.

returns, stop descent
and establish a climb.

Return to the

As flying speed
desired flightpath.

Maintain climb airspeed,
raise landing gear and

flaps, and trim.

Figure 4-7. Power-off stall and recovery.
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When stall occurs,
reduce AOA, roll
wings level, and add
power as needed.

Slow to lift-off speed,

Set takeoff power,
maintain altitude.

raise nose.

Return to the

As flying speed returns,
desired flightpath.

stop descent and
establish a climb.

Maintain climb airspeed,
raise landing gear and
flaps, and trim.

Figure 4-8. Power-on stall.

occurs. Asdescribed in connection with thestall characteristics
discussion, continua adjustments must be made to aileron
pressure, elevator pressure, and rudder pressure to maintain
coordinated flight while holding the attitude until thefull stall
occurs. In most airplanes, as the airspeed decreases the pilot
must move the elevator control progressively further back
while simultaneously adding right rudder and maintaining
the climb attitude until reaching the full stall.

Thepilot must promptly recognizewhen the stall hasoccurred
and take action to prevent aprolonged stalled condition. The
pilot should recover from the stall by immediately reducing
the AOA and applying as much nose-down control input as
required to eliminate the stall warning, level the wings with
ailerons, coordinate with rudder, and smoothly advance the
power as needed. Since the throttle is aready at the climb
power setting, this step may simply mean confirming the
proper power setting. [Figure 4-8]

Thefinal stepistoreturntheairplaneto the desired flightpath
(e.g., straight and level or departure/climb attitude). With
sufficient airspeed and control effectiveness, return the
throttle to the appropriate power setting.

Secondary Stall

A secondary stall isso named becauseit occurs after recovery
fromapreceding stall. It istypically caused by abrupt control
inputs or attempting to return to the desired flightpath too

quickly and the critical AOA is exceeded a second time. It
can also occur when the pilot does not sufficiently reduce
the AOA by lowering the pitch attitude or attempts to break
the stall by using power only. [Figure 4-9]

When asecondary stall occurs, the pilot should again perform
thestall recovery procedures by applying nose-down el evator
pressure as required to eliminate the stall warning, level
the wings with ailerons, coordinate with rudder, and adjust
power as needed. When the airplaneisno longer in astalled
condition the pilot can return the airplane to the desired
flightpath. For pilot certification, thisisademonstration-only
maneuver; only flight instructor applicants may be required
to perform it on a practical test.

Accelerated Stalls

The objectives of demonstrating an accelerated stall are to
determinethe stall characteristics of theairplane, experience
stallsat speeds greater than the +1G stall speed, and develop
the ability to instinctively recover at the onset of such stalls.
Thisisamaneuver only commercial pilot and flight instructor
applicants may be required to perform or demonstrate on a
practical test. However, al pilotsshould be familiar with the
situationsthat can cause an accel erated stall, how to recognize
it, and the appropriate recovery action should one occur.

At the same gross weight, airplane configuration, CG
location, power setting, and environmental conditions,

Secondary Stall

Figure 4-9. Secondary stall.
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a given airplane consistently stalls at the same indicated
airspeed provided the airplane is at +1G (i.e., steady-state
unaccel erated flight). However, the airplane can also stall at
ahigher indicated airspeed when the airplaneis subject to an
acceleration greater than +1G, such aswhen turning, pulling
up, or other abrupt changesin flightpath. Stalls encountered
any time the G-load exceeds +1G are called “accelerated
maneuver stalls’. The accelerated stall would most frequently
occur inadvertently during improperly executed turns, stall
and spin recoveries, pullouts from steep dives, or when
overshooting a base to final turn. An accelerated stall is
typically demonstrated during steep turns.

A pilot should never practice accelerated stalls with wing
flapsin the extended position due to the lower design G-load
limitationsinthat configuration. Accelerated stallsshould be
performed with abank of approximately 45°, andin no caseat
aspeed greater than the airplane manufacturer’ srecommended
airspeed or the specified design maneuvering speed (V).

It is important to be familiar with V, how it relates to
accelerated stalls, and how it changes depending on the
airplane’ s weight. V, is the maximum speed at which the
maximum positive design load limit can be imposed either
by gustsor full one-sided deflection with one control surface
without causing structural damage. Performing accelerated
stallsat or below V , alowsthe airplane to reach the critical
AOA, which unloads the wing before it reaches the load
limit. At speedsaboveV 4, thewing can reach the design load
limit at an AOA less than the critical AOA. Thismeansitis
possible to damage the airplane before reaching the critical
AOA and an accelerated stall. Knowing what V  is for the
weight of the airplane being flown is critical to prevent
exceeding theload limit of the airplane during the maneuver.

There are two methods for performing an accelerated stall.
The most common accelerated stall procedure starts from
straight-and-level flight at an airspeed at or below V4.
Roll the airplane into a coordinated, level-flight 45° turn
and then smoothly, firmly, and progressively increase the
AOA through back elevator pressure until a stall occurs.
Alternatively, roll the airplane into a coordinated, level-
flight 45° turn at an airspeed above V. After the airspeed
reaches V,, or at an airspeed 5 to 10 percent faster than the
unaccelerated stall speed, progressively increase the AOA
through back elevator pressure until a stall occurs. The
increased back elevator pressure increases the AOA, which
increases the lift and thus the G load. The G load pushes
the pilot’s body down in the seat. The increased lift also
increases drag, which may cause the airspeed to decrease.
It is recommended that you know the published stall speed
for 45° of bank, flaps up, before performing the maneuver.
This speed is typically published in the AFM.

An airplane typically stalls during alevel, coordinated turn
similar to the way it does in wings level flight, except that
the stall buffet can be sharper. If the turn is coordinated at
the time of the stall, the airplane’s nose pitches away from
thepilot just asit doesin awingslevel stall since both wings
will tend to stall nearly simultaneously. If the airplaneisnot
properly coordinated at the time of stall, the stall behavior
may include a change in bank angle until the AOA has been
reduced. It is important to take recovery action at the first
indication of astall (if impending stall training/checking) or
immediately after the stall has fully developed (if full stall
training/checking) by applying forward elevator pressure
as required to reduce the AOA and to eliminate the stall
warning, level the wings using ailerons, coordinate with
rudder, and adjust power as necessary. Stalls that result
from abrupt maneuvers tend to be more aggressive than
unaccelerated, +1G stalls. Because they occur at higher-
than-normal airspeedsor may occur at |ower-than-anticipated
pitch attitudes, they can surprise an inexperienced pilot. A
prolonged accelerated stall should never be allowed. Failure
to takeimmediate stepstoward recovery may resultinaspin
or other departure from controlled flight.

Cross-Control Stall

The objective of the cross-control stall demonstration is to
show the effects of uncoordinated flight on stall behavior
and to emphasi ze theimportance of maintai ning coordinated
flight while making turns. This is a demonstration-only
maneuver; only flight instructor applicants may be required
to perform it on a practical test. However, all pilots should
befamiliar with the situationsthat can lead to across-control
stall, how to recognizeit, and the appropriate recovery action
should one occur.

The aerodynamic effects of the uncoordinated, cross-control
stall can surprise the unwary pilot because it can occur with
very little warning and can be deadly if it occurs close to
the ground. The nose may pitch down, the bank angle may
suddenly change, and the airplane may continue to roll to an
inverted position, which is usually the beginning of aspin. It
istherefore essential for the pilot to follow the stall recovery
procedure by reducing the AOA until the stall warning hasbeen
eliminated, thenroll wingslevel using ailerons, and coordinate
with rudder inputs before the airplane enters a spiral or spin.

A cross-control stall occurswhenthecritical AOA isexceeded
with aileron pressure applied in one direction and rudder
pressure in the opposite direction, causing uncoordinated
flight. A skidding cross-control stall is most likely to occur
in the traffic pattern during a poorly planned and executed
base-to-final approach turnin which the airplane overshoots
the runway centerline and the pilot attempts to correct back
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to centerline by increasing the bank angle, increasing back
elevator pressure, and applying rudder in the direction of the
turn (i.e., inside or bottom rudder pressure) to bring the nose
around further to align it with the runway. The difference
in lift between the inside and outside wing will increase,
resulting in an unwanted increasein bank angle. At the same
time, the nose of the airplane slices downward through the
horizon. The natural reaction to this may be for the pilot to
pull back on theelevator control, increasing the AOA toward
critical. Should a stall be encountered with these inputs, the
airplane may rapidly enter a spin. The safest action for an
“overshoot” isto perform ago-around. At therelatively low
altitude of a base-to-final approach turn, a pilot should be
reluctant to use angles of bank beyond 30 degreesto correct
back to runway centerline.

Before performing thisstall, establish asafealtitudefor entry
and recovery intheevent of aspin, and clear the areaof other
traffic while slowly retarding the throttle. The next stepisto
lower the landing gear (if equipped with retractable gear),
close the throttle, and maintain atitude until the airspeed
approachesthenormal glide speed. To avoid the possibility of
exceeding the airplane’ slimitations, do not extend the flaps.
Whilethe gliding attitude and airspeed are being established,
theairplane should beretrimmed. Oncethe glideis stabilized,
the airplane should be rolled into a medium-banked turn to
simulate afinal approach turn that overshoots the centerline
of the runway.

During the turn, smoothly apply excessive rudder pressure
in the direction of the turn but hold the bank constant by
applying oppositeaileron pressure. At the sametime, increase
back elevator pressureto keep the nose from lowering. All of
these control pressures should beincreased until theairplane
stalls. When the stall occurs, recover by applying nose-down
elevator pressure to reduce the AOA until the stall warning
has been eliminated, remove the excessive rudder input and
level the wings, and apply power as needed to return to the
desired flightpath.

Configure for landing,
establish normal glide speed
while straight-and-level,
then trim nose-up.

Apply maximum allowable
power to simulate a go-around.
Allow the nose to rise.

Elevator Trim Stall

Elevator Trim Stall

Theelevator trim stall demonstration showswhat can happen
when the pilot applies full power for a go-around without
maintaining positive control of theairplane. [Figure4-10] This
is a demonstration-only maneuver; only flight instructor
applicants may be required to perform it on a practical test.
However, all pilots should be familiar with the situationsthat
can cause an elevator trim stall, how to recognize it, and the
appropriate recovery action should one occur.

Thissituation may occur during ago-around procedurefrom
a normal landing approach or a simulated, forced-landing
approach, or immediately after atakeoff, with thetrim set for
anormal landing approach glide at idle power. The objective
of the demonstration is to show the importance of making
smooth power applications, overcoming strong trim forces,
maintaining positive control of theairplaneto hold safeflight
attitudes, and using proper and timely trim techniques. It
also develops the pilot’s ahility to avoid actions that could
result inthisstall, to recognize when an elevator trim stall is
approaching, and to take prompt and correct action to prevent
afull stall condition. It isimperativeto avoid the occurrence
of an elevator trim stall during an actual go-around from an
approach to landing.

At asafe dtitude and after ensuring that the areais clear of
other air traffic, the pilot should slowly retard the throttle
and extend the landing gear (if the airplaneis equipped with
retractable gear). The next step isto extend the flaps to the
one-half or full position, close the throttle, and maintain
atitude until the airspeed approachesthe normal glide speed.

When the normal glide is established, the pilot should trim
the airplane nose-up for the normal landing approach glide.
During thissimulated final approach glide, thethrottleisthen
advanced smoothly to maximum allowable power, just as it
would be adjusted to perform a go-around.

The combined effects of increased propwash over thetail and
elevator trim tend to makethe noserise sharply and turnto the

Return to the
desired flightpath.
Prior to a full stall, apply forward pressure,

eliminate stall warning, establish a normal climb
attitude, and re-trim.

Figure 4-10. Elevator trim stall.
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left. With thethrottlefully advanced, the pitch attitudeincreases
above the normal climbing attitude. When it is apparent the
airplaneis approaching a stall, the pilot must apply sufficient
forward elevator pressure to reduce the AOA and eliminate
the stall warning before returning the airplane to the normal
climbing attitude. The pilot will need to adjust trim to relieve
the heavy control pressures and then complete the normal go-
around proceduresand returnto the desired flightpath. If taken
to thefull stall, recovery will require asignificant nose-down
attitude to reduce the AOA below itscritical AOA, elong with
a corresponding significant loss of altitude.

Common Errors
Common errorsin the performance of intentional stalls are:

e Failureto adequately clear the area

e Over-reliance on the airspeed indicator and slip-skid
indicator while excluding other cues

e Inadvertent accelerated stall by pulling too fast on the
controls during a power-off or power on stall entry

*  Inability to recognize an impending stall condition

e Failure to take timely action to prevent a full stall
during the conduct of impending stalls

e Failure to maintain a constant bank angle during
turning stalls

e Failureto maintain proper coordination with therudder
throughout the stall and recovery

e Recovering before reaching the critical AOA when
practicing the full stall maneuver

e Not disconnecting the wing leveler or autopilot, if
equipped, prior to reducing ACA

e Recovery is attempted without recognizing the
importance of pitch control and AOA

e Not maintaining a nose down control input until the
stall warning is eliminated

e Pilot attemptsto level thewingsbeforereducing AOA

«  Pilot attemptsto recover with power before reducing
AOA

e Failureto roll wings level after AOA reduction and
stall warning is eliminated

e Inadvertent secondary stall during recovery

e Excessiveforward-elevator pressure during recovery
resulting in low or negative G load
e Excessive airspeed buildup during recovery

e Losing situational awareness and failing to return to
desired flightpath or follow ATC instructions after
recovery.

Spin Awareness

A spinisan aggravated stall that typically occurs from afull
stall occurring with the airplane in a yawed state and results
in the airplane following adownward corkscrew path. Asthe
arplanerotatesaround avertical axis, the outboardwingisless
stalled than theinboard wing, which createsarolling, yawing,
and pitching motion. The airplane is basically descending
due to gravity, rolling, yawing, and pitching in a spiral path.
[Figure4-11] Therotationresultsfrom anunegqua AOA onthe
arplane swings. Theless-stalled rising wing hasadecreasing
AOA, wheretherelativelift increases and the drag decreases.
Meanwhile, the descending wing has an increasing AOA,
which resultsin decreasing relative lift and increasing drag.

A spin occurswhen the airplane’ swings exceed their critical
AOA (stall) with asideslip or yaw acting ontheairplaneat, or
beyond, theactual stall. Anairplanewill yaw not only because
of incorrect rudder application but because of adverse yaw
created by aileron deflection; engine/prop effects, including
p-factor, torque, spiraling slipstream, and gyroscopic
precession; and wind shear, including wake turbulence. If
the yaw had been created by the pilot because of incorrect

Figure 4-11. Spin—an aggravated stall and autorotation.
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rudder use, the pilot may not be awarethat acritical AOA has
been exceeded until the airplane yaws out of control toward
the lowering wing. A stall that occurs while the airplane is
in aslipping or skidding turn can result in a spin entry and
rotation in the direction of rudder application, regardless of
which wingtip is raised. If the pilot does not immediately
initiate stall recovery, the airplane may enter a spin.

Maintaining directional control and not allowing the noseto
yaw beforestall recovery isinitiated iskey to averting aspin.
The pilot must apply the correct amount of rudder to keep the
nose from yawing and the wings from banking.

Modern airplanestend to be more reluctant to spin compared
to older designs, however it is not impossible for them to
spin. Mishandling the controls in turns, stalls, and flight
at minimum controllable airspeeds can put even the most
reluctant airplanes into an accidental spin. Proficiency in
avoiding conditionsthat could |ead to an accidental stall/spin
situation, and in promptly taking the correct actionsto recover
tonormal flight, isessential. An airplane must be stalled and
yawed in order to enter aspin; therefore, continued practicein
stall recognition and recovery hel psthe pilot develop amore
instinctiveand prompt reactionin recognizing an approaching
spin. Upon recognition of a spin or approaching spin, the
pilot should immediately execute spin recovery procedures.

Spin Procedures

The first rule for spin demonstration is to ensure that the
airplaneisapproved for spins. Please note that thisdiscussion
addresses generic spin procedures; it does not cover special
spin procedures or techniques required for a particular
airplane. Safety dictates careful review of the AFM/POH
and regulations before attempting spinsin any airplane. The
review should include the following items:

* The airplane’s AFM/POH limitations section,
placards, or type certification datato determineif the
airplane is approved for spins

e Weight and balance limitations
e Recommended entry and recovery procedures

e Thecurrent 14 CFR Part 91 parachute requirements

Also essentia isathorough airplane preflight inspection, with
special emphasison excess or looseitemsthat may affect the
weight, center of gravity, and controllability of the airplane.
It is aso important to ensure that the airplane is within any
CG limitations as determined by the manufacturer. Slack
or loose control cables (particularly rudder and elevator)
could prevent full anti-spin control deflections and delay or
preclude recovery in some airplanes.
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Prior to beginning spin training, clear the flight area above
and below the airplane for other traffic. This task may be
accomplished while slowing the airplane for the spin entry.
Inaddition, all spintraining should beinitiated at an altitude
high enough to completerecovery at or above 1,500 feet AGL.

It may be appropriate to introduce spin training by first
practicing both power-on and power-off stalls in a clean
configuration. This practice helps familiarize the pilot with
theairplane’ s specific stall and recovery characteristics. Inall
phases of training, the pilot should take care with handling of
the power (throttle), and apply carburetor heat, if equipped,
according to the manufacturer’ s recommendations.

There are four phases of a spin: entry, incipient, developed,
and recovery. [Figure 4-12]

Entry Phase

In the entry phase, the pilot intentionally or accidentally
provides the necessary elements for the spin. The entry
procedure for demonstrating a spin is similar to a power-off
stall. During the entry, the pil ot should Slowly reduce power to
idle, while simultaneously raising the nose to a pitch attitude
that ensuresastall. Astheairplane approachesastall, smoothly
apply full rudder in the direction of the desired spin rotation
while applying full back (up) elevator to the limit of travel.
Always maintain the ailerons in the neutral position during
the spin procedure unless AFM/POH specifies otherwise.

Incipient Phase

The incipient phase occurs from the time the airplane stalls
and starts rotating until the spin has fully developed. This
phase may take two to four turns for most airplanes. In this
phase, the aerodynamic and inertial forceshave not achieved
a balance. As the incipient phase develops, the indicated
airspeed will generally stabilize at alow and constant airspeed
and the symbolic airplane of theturnindicator should indicate
thedirection of the spin. The dlip/skid ball isunreliablewhen

spinning.

The pilot should initiate incipient spin recovery procedures
prior to completing 360° of rotation. The pilot should apply
full rudder opposite the direction of rotation. The turn
indicator shows a deflection in the direction of rotation if
disoriented.

Incipient spinsthat are not allowed to develop into asteady-
state spin are the most commonly used maneuver in initial
spin training and recovery techniques.
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Figure 4-12. Spin entry and recovery.

Developed Phase

The developed phase occurs when the airplane’s angular
rotation rate, airspeed, and vertical speed are stabilized in
a flightpath that is nearly vertical. In the developed phase,
aerodynamic forces and inertial forces are in balance, and
the airplane's attitude, angles, and self-sustaining motions
about the vertical axisare constant or repetitive, or nearly so.
The spinisin equilibrium. It isimportant to note that some
training airplanes will not enter into the developed phase
but could transition unexpectedly from the incipient phase
into aspiral dive. In aspiral divethe airplane will not bein
equilibrium but instead will be accelerating and G load can
rapidly increase as a resullt.

Recovery Phase

Therecovery phase occurswhen rotation ceasesand the AOA
of thewingsis decreased below the critical AOA. Thisphase
may last for as little as a quarter turn or up to several turns
depending upon the airplane and the type of spin.

To recover, the pilot applies control inputs to disrupt the
spin equilibrium by stopping the rotation and unstalling
the wing. To accomplish spin recovery, always follow the
manufacturer’ s recommended procedures. In the absence of
the manufacturer’ s recommended spin recovery procedures
and techniques, use the spin recovery procedures in
Figure 4-13. If the flaps and/or retractable landing gear are
extended prior to the spin, they should be retracted as soon
as practicable after spin entry.

1. Reducethe Power (Throttle) to Idie

2. Position the Aileronsto Neutral

3. Apply Full Opposite Rudder against the Rotation
4

Apply Positive, Brisk, and Straight Forward Elevator
(Forward of Neutral)

Neutralize the Rudder After Spin Rotation Stops

6. Apply Back Elevator Pressure to Return to Level
Flight

o
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Spin Recovery Template

1. Reduce the power (throttle) to idle
2. Position the ailerons to neutral

3. Apply full opposite rudder against the rotation

5. Neutralize the rudder after spin rotation stops

6. Apply back elevator pressure to return to level flight

4. Apply positive, brisk, and straight forward elevator (forward of neutral)

Figure 4-13. Spin recovery template.

The following discussion explains each of the six steps:

1
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Reducethe Power (Throttle) to I dle. Power aggravates
spin characteristics. It can result in a flatter spin
attitude and usually increases the rate of rotation.

Position the Ailerons to Neutral. Ailerons may have
an adverse effect on spin recovery. Aileron control
in the direction of the spin may accelerate the rate
of rotation, steepen the spin attitude and delay the
recovery. Aileron control opposite the direction of
the spin may cause flattening of the spin attitude and
delayed recovery; or may even be responsible for
causing an unrecoverable spin. The best procedureis
to ensure that the ailerons are neutral.

Apply Full Opposite Rudder against the Rotation.
Apply and hold full opposite rudder until rotation
stops. Rudder tends to be the most important control
for recovery in typical, single-engine airplanes, and
itsapplication should be brisk and full oppositeto the
direction of rotation. Avoid slow and overly cautious
opposite rudder movement during spin recovery,
which can allow theairplaneto spinindefinitely, even
with anti-spin inputs. A brisk and positive technique
resultsin amore positive spin recovery.

Apply Positive, Brisk, and Straight Forward Elevator
(Forward of Neutral). This step should be taken
immediately after full rudder application. Do not wait
for the rotation to stop before performing this step.
The forceful movement of the elevator decreases the
AOA and drivestheairplanetoward unstalled flight. In
some cases, full forward elevator may be required for
recovery. Hold the controls firmly in these positions
until the spinning stops. (Note: If the airspeed is
increasing, the airplane is no longer in a spin. In a
spin, theairplaneisstalled, and theindicated airspeed
should therefore be relatively low and constant and
not be accelerating.)

5.

6.

Neutralize the Rudder After Spin Rotation Stops.
Failure to neutralize the rudder at this time, when
airspeed isincreasing, causesayawing or sideslipping
effect.

Apply Back Elevator Pressure to Return to Level
Flight. Be careful not to apply excessive back elevator
pressure after the rotation stops and the rudder has
been neutralized. Excessive back elevator pressure
can cause a secondary stall and may result in another
spin. The pilot must also avoid exceeding the G-load
limits and airspeed limitations during the pull out.

Again, it is important to remember that the spin recovery
procedures and techniques described above are recommended
for useonly in the absence of the manufacturer’ s procedures.
The pilot must always be familiar with the manufacturer’s
procedures for spin recovery.

Intentional Spins

If the manufacturer does not specifically approvean airplane
for spins, intentional spins are not authorized by the CFRs
or by this handbook. The official sources for determining
whether the spin maneuver is approved are:

Type Certificate Data Sheets or the Aircraft
Specifications

The limitation section of the FAA-approved AFM/
POH. The limitation section may provide additional
specific requirements for spin authorization, such as
limiting gross weight, CG range, and amount of fuel.

On aplacard located in clear view of the pilot in the
airplane (e.g., “NO ACROBATIC MANEUVERS
INCLUDING SPINS APPROVED”). In airplanes
placarded against spins, there is no assurance that
recovery from afully developed spin is possible.



Unfortunately, accident records show occurrences in which
pilots intentionally ignored spin restrictions. Despite the
installation of placards prohibiting intentional spins in
these airplanes, some pilots and even someflight instructors
attempt to justify the maneuver, rationalizing that the spin
restriction results from a“technicality” in the airworthiness
standards. They believe that if the airplane was spin tested
during its certification process, no problem should result
from demonstrating or practicing spins.

Such pilots overlook the fact that certification of a normal
category airplane only requires the airplane to recover from
a one-turn spin in not more than one additional turn or
three seconds, whichever takes longer. In other words, the
airplane may never bein afully developed spin. Therefore,
in airplanes placarded against spins, there is absolutely
no assurance that recovery from a fully developed spin is
possible under any circumstances. The pilot of an airplane
placarded against intentional spins should assume that the
airplane could become uncontrollable in a spin.

Weight and Balance Requirements Related to Spins
In airplanes that are approved for spins, compliance with
weight and balance requirements is important for safe
performance and recovery from the spin maneuver. Pilots
must be aware that even minor weight or balance changes
can affect the airplane’ s spin recovery characteristics. Such
changes can either degrade or enhance the spin maneuver
and/or recovery characteristics. For example, the addition of
weight in the aft baggage compartment, or additional fuel,
may still permit the airplane to be operated within CG, but
could seriously affect the spin and recovery characteristics.
An airplane that may be difficult to spin intentionally in the
utility category (restricted aft CG and reduced weight) could
have less resistance to spin entry in the normal category
(less restricted aft CG and increased weight). This situation
arises from the airplane’s ability to generate a higher AOA.
An airplane that is approved for spinsin the utility category
but loaded in accordance with the normal category may not
recover fromaspinthat isallowed to progressbeyond oneturn.

Common Errors
Common errorsin the performance of intentional spins are:

e Failureto apply full rudder pressure (to the stops) in
the desired spin direction during spin entry

e Failureto apply and maintain full up-elevator pressure
during spin entry, resulting in a spiral

e Failure to achieve a fully-stalled condition prior to
spin entry

e Failure to apply full rudder (to the stops) briskly
against the spin during recovery

e Failure to apply sufficient forward-elevator during
recovery

»  Waiting for rotation to stop before applying forward
elevator

*  Failure to neutralize the rudder after rotation stops,
possibly resulting in a secondary spin

* Slow and overly cautious control movements during
recovery

»  Excessive back elevator pressure after rotation stops,
possibly resulting in secondary stall

» Insufficient back elevator pressure during recovery
resulting in excessive airspeed

Upset Prevention and Recovery

Unusual Attitudes Versus Upsets

Anunusual attitudeiscommonly referenced as an unintended
or unexpected attitude in instrument flight. These unusual
attitudesareintroduced to apilot during student pilot training
as part of basic attitude instrument flying and continue to be
trained and tested as part of certification for an instrument
rating, aircraft type rating, and an airline transport pilot
certificate. A pilot is taught the conditions or situations
that could cause an unusual attitude, with focus on how to
recognize one, and how to recover from one.

Asdiscussed at the beginning of thischapter, theterm “ upset”
isinclusive of unusual attitudes. An upset is defined as an
event that unintentionally exceeds the parameters normally
experienced in flight or training. These parameters are:

e  Pitch attitude greater than 25°, nose up
e Pitch attitude greater than 10°, nose down
*  Bank angle greater than 45°

e Within the above parameters, but flying at airspeeds
inappropriate for the conditions.

(Note: The reference to inappropriate airspeeds describes
a number of undesired aircraft states, including stalls.
However, stalls are directly related to AOA, not airspeed.)

Given the upset definition, there are a few key distinctions
between an unusual attitude and an upset. First, an upset
includesstall eventswhere unusual attitudetraining typically
does not. Second, an upset can include overspeeds or other
inappropriate speeds for a given flight condition, which is
also not considered part of unusual attitudetraining. Finaly,
an upset has defined parameters; an unusual attitude does not.
For example, for training purposes an instructor could place
theairplanein a30° bank with anose up pitch attitude of 15°
and ask the student to recover and that would be considered
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anunusual attitude, but would not meet the upset parameters.
Whiletheinformation that followsin this section could apply
to unusual attitudes, the focus will be on UPRT.

Thetop four causal and contributing factors that have led to
an upset and resulted in LOC-1 accidents are:

Environmental factors
Mechanical factors
Human factors
Stall-related factors

A w DN P

With the exception of stall-related factors, which were covered
inthe previous section, the remaining causal and contributing
factorsto LOC-I accidents will be discussed further below.

Environmental Factors

Turbulence, or alarge variationin wind vel ocity over ashort
distance, can cause upset and LOC-1. Maintain awareness of
conditionsthat can lead to various types of turbulence, such
as clear air turbulence, mountain waves, wind shear, and
thunderstormsor microbursts. In addition to environmentally-
induced turbulence, wake turbulence from other aircraft can
lead to upset and LOC-I.

Icing can destroy the smooth flow of air over the airfoil and
increase drag while decreasing the ability of the airfoil to
create lift. Therefore, it can significantly degrade airplane
performance, resulting in astall if not handled correctly.

Mechanical Factors

Modern airplanes and equipment are very reliable, but
anomalies do occur. Some of these mechanical failures
can directly cause a departure from normal flight, such as
asymmetrical flaps, malfunctioning or binding flight contrals,
and runaway trim.

Upsets can also occur if there is a malfunction or misuse of
the autoflight system. Advanced automation may tend to
mask the cause of the anomaly. Disengaging the autopilot
and the autothrottles allows the pilot to directly control the
airplane and possibly eliminate the cause of the problem. For
thesereasonsthe pilot must maintain proficiency to manually
fly the airplanein all flight conditions without the use of the
autopilot/autothrottles.

Although these and other inflight anomalies may not
be preventable, knowledge of systems and AFM/POH
recommended procedures helps the pilot minimize their
impact and prevent an upset. In the case of instrument
failures, avoiding an upset and subsequent LOC-1 may
depend on the pilot’s proficiency in the use of secondary
instrumentation and partial panel operations.
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Human Factors
VMCtoIMC

Unfortunately, accident reportsindicate that continued VFR
flight from visual meteorological conditions (VMC) into
marginal VMC and IMC is a factor contributing to LOC
I. A loss of the natural horizon substantially increases the
chances of encountering vertigo or spatial disorientation,
which can lead to upset.

IMC

When operating in IMC, maintain awareness of conditions
and use the fundamental instrument skills—cross-check,
interpretation, and control—to prevent an upset.

Diversion of Attention

In addition to its direct impact, an inflight anomaly or
malfunction can also lead to an upset if it divertsthe pilot's
attention from basic airplane control responsibilities. Failing
to monitor the automated systems, over-reliance on those
systems, or incomplete knowledge and experience with
those systems can lead to an upset. Diversion of attention
can aso occur simply from the pilot’ s efforts to set avionics
or navigation equipment while flying the airplane.

Task Saturation

The margin of safety is the difference between task
requirements and pilot capabilities. An upset and eventual
LOC-I can occur whenever requirements exceed capabilities.
For example, an airplane upset event that requires rolling
an airplane from a near-inverted to an upright attitude
may demand piloting skills beyond those learned during
primary training. In another example, a fatigued pilot who
inadvertently encountersIMC at night coupled with avacuum
pump failure, or apilot failsto engage pitot heat whileflying
in IMC, could become disoriented and lose control of the
airplane dueto the demands of extended—and unpracticed—
partial panel flight. Additionally, unnecessary low-altitude
flying and impromptu demonstrations for friends or others
on the ground often lead pilots to exceed their capabilities,
with fatal results.

Sensory Overload/Deprivation

A pilot’s ability to adequately correlate warnings,
annunciations, instrument indications, and other cues from
the airplane during an upset can belimited. Pilots faced with
upset situations can be rapidly confronted with multiple
or simultaneous visual, auditory, and tactile warnings.
Conversely, sometimes expected warnings are not provided
when they should be; this situation can distract a pilot as
much as multiple warnings can.



The ability to separate time-critical information from
distractionstakes practice, experience and knowledge of the
airplaneand its systems. Cross-checksare necessary not only
to corroborate other information that has been presented, but
also to determineif information might be missing or invalid.
For example, a stall warning system may fail and therefore
not warn a pilot of close proximity to a stall, other cues
must be used to avert astall and possible LOC-1. These cues
include aerodynamic buffet, lossof roll authority, or inability
to arrest a descent.

Spatial Disorientation

Spatial disorientation has been a significant factor in
many airplane upset accidents. Accident data from 2008
to 2013 shows nearly 200 accidents associated with spatial
disorientation with more than 70% of those being fatal. All
pilots are susceptibleto fal se sensory illusionswhileflying
at night or in certain weather conditions. These illusions
can lead to a conflict between actual attitude indications
and what the pilot sensesisthe correct attitude. Disoriented
pilots may not always be aware of their orientation error.
Many airplane upsets occur while the pilot is engaged
in some task that takes attention away from the flight
instruments or outside references. Others perceive aconflict
between bodily senses and the flight instruments, and allow
the airplane to divert from the desired flightpath because
they cannot resolve the conflict.

A pilot may experience spatial disorientation or perceivethe
situation in one of three ways:

1. Recognized spatial disorientation: the pilot recognizes
the devel oping upset or the upset condition andisable
to safely correct the situation.

2. Unrecognized spatial disorientation: the pilot is
unaware that an upset event is developing, or has
occurred, and failsto make essential decisionsor take
any corrective action to prevent LOC-I.

3. Incapacitating spatial disorientation: the pilot isunable
to affect arecovery due to some combination of: (@)
not understanding the events as they are unfolding,
(b) lacking the skills required to alleviate or correct
the situation, or (c) exceeding psychological or
physiological ahility to cope with what is happening.

For detailed information regarding causal factors of
spatial disorientation, refer to Aerospace Medicine
Spatial Disorientation and Aerospace Medicine Reference
Collection, which provides spatial disorientation videos.
This collection can be found online at: www.faa.gov/about/
office_org/ headquarters_offices/avs/offices/aam/cami/
library/online_libraries/aerospace_medicine/sd/videos/.

Startle Response

Startle is an uncontrollable, automatic muscle reflex, raised
heart rate, blood pressure, etc., elicited by exposure to a
sudden, intense event that violates a pilot’ s expectations.

Surprise Response
Surprise is an unexpected event that violates a pilot’s
expectations and can affect the mental processes used to
respond to the event.

This human response to unexpected events has traditionally
been underestimated or even ignored during flight training.
The reality is that untrained pilots often experience a state
of surprise or a startle response to an airplane upset event.
Startle may or may not lead to surprise. Pilots can protect
themselves against a debilitating surprise reaction or startle
response through scenario-based training, and in such
training, instructors can incorporate realistic distractions to
help provoke startle or surprise. To be effective the controlled
training scenarios must have a perception of risk or threat
of consequences sufficient to elevate the pilot’s stress
levels. Such scenarios can help prepare a pilot to mitigate
psychological/physiological reactions to an actual upset.

Upset Prevention and Recovery Training (UPRT)
Upsets are not intentional flight maneuvers, except
in maneuver-based training; therefore, they are often
unexpected. Thereaction of aninexperienced or inadequately
trained pilot to an unexpected abnormal flight attitude is
usually instinctiverather than intelligent and deliberate. Such
a pilot often reacts with abrupt muscular effort, which is
without purpose and even hazardousin turbulent conditions,
at excessive speeds, or at low altitudes.

Without proper upset recovery training on interpretation and
airplane control, the pilot can quickly aggravate an abnormal
flight attitude into a potentially fatal LOC-1 accident.
Consequently, UPRT is intended to focus education and
training on the prevention of upsets, and on recovering from
these eventsiif they occur. [Figure 4-14]

e Upset prevention refers to pilot actions to avoid a
divergencefrom the desired airplane state. Awareness
and prevention training serve to avoid incidents;
early recognition of an upset scenario coupled with
appropriate preventive action often can mitigate a
situation that could otherwise escalate into a LOC-I
accident.
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for pilots to reduce surprise and it mitigates confusion
during unexpected upsets. The goal isto equip the pilot to
promptly recognize an escal ating threat pattern or sensory
overload and quickly identify and correct an impending
upset.

UPRT stresses that the first step is recognizing any time
the airplane beginsto diverge from the intended flightpath
or airspeed. Pilots must identify and determine what, if
any, action must be taken. As a general rule, any time
visual cues or instrument indications differ from basic
flight maneuver expectations, the pilot should assume an
upset and cross-check to confirm the attitude, instrument
error or instrument malfunction.

To achieve maximum effect, it is crucial for UPRT
concepts to be conveyed accurately and in a non-
threatening manner. Reinforcing concepts through
positive experiences significantly improves a pilot’s
depth of understanding, retention of skills, and desire for
continued training. Also, training in acarefully structured
environment allows for exposure to these events and can
help the pilot react more quickly, decisively, and calmly
when the unexpected occurs during flight. However, like
many other skills, the skills needed for upset prevention

Figure 4-14. Maneuversthat better preparea pilot for understanding
unusual attitudesand situationsarerepresentative of upset training.

e Recovery refersto pilot actionsthat return an airplane
that is diverging in atitude, airspeed, or attitude to a
desired state from a developing or fully developed
upset. Learn to initiate recovery to a normal flight
modeimmediately upon recognition of thedevel oping
upset condition. Ensurethat control inputs and power
adjustments applied to counter an upset are in direct
proportion to the amount and rates of change of roll,
yaw, pitch, or airspeed so asto avoid overstressing the
airplane unlessground contact isimminent. Recovery
training serves to reduce accidents as a result of an
unavoidable or inadvertently encountered upset event.

UPRT Core Concepts

Airplane upsets are by nature time-critical events; they can
also place pilots in unusual and unfamiliar attitudes that
sometimes require counterintuitive control movements.
Upsets havethe potential to put apilot into alife-threatening
situation compounded by panic, diminished mental capacity,
and potentially incapacitating spatial disorientation. Because
real-world upset situations often provide very little time to
react, exposure to such events during training is essential
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and recovery are perishable and thus require continuous
reinforcement through training.

UPRT in the airplane and flight simulation training
device (FSTD) should be conducted in both visual and
simulated instrument conditions to allow pilots to practice
recognition and recovery under both situations. UPRT
should allow them to experience and recognize some of the
physiological factorsrelated to each, such asthe confusion
and disorientation that can result from visual cues in an
upset event. Training that includes recovery from bank
angles exceeding 90 degrees could further add to a pilot’s
overall knowledge and skills for upset recognition and
recovery. For such training, additional measures should be
taken to ensure the suitability of the airplane or FSTD and
that instructors are appropriately qualified.

Upset prevention and recovery training is different from
aerobatic training. [Figure 4-15] In aerobatic training, the
pilot knows and expectsthe maneuver, so effects of startle or
surprise are missing. The main goal of aerobatic training is
to teach pilots how to intentionally and precisely maneuver
an aerobatic-capable airplane in three dimensions. The
primary goal of UPRT is to help pilots overcome sudden
onsetsof stressto avoid, prevent, and recover from unplanned
excursions that could lead to LOC-I.



Aerobatics vs. UPRT Flight Training Methods

ASPECT OF TRAINING AEROBATICS

Primary Objective Precision maneuvering capability
Secondary Outcome
Aerobatic Maneuvering Primary mode of training

Academics Supporting role

Training Resources Utilized = Aircraft (few exceptions)

Improved manual aircraft handling skills

UPSET PREVENTION AND RECOVERY TRAINING
Safe, effective recovery from aircraft upsets
Improved manual aircraft handling skills
Supporting mode of training

Fundamental component

Aircraft or a full-flight simulator

Figure 4-15. Some differences between aerobatic training and upset prevention and recovery training.

Comprehensive UPRT builds on three mutually supportive
components: academics, airplane-based training and,
typicaly at the transport category type-rating training level,
use of FSTDs. Each has unique benefits and limitations
but, when implemented cohesively and comprehensively
throughout a pilot’s career, the components can offer
maximum preparation for upset awareness, prevention,
recognition, and recovery.

Academic Material (Knowledge and Risk
Management)

Academics establish the foundation for development of
situational awareness, insight, knowledge, and skills. Asin
practical skill devel opment, academic preparation should move
from the general to specific while emphasizing the significance
of each basic concept. Although academic preparation is
crucia and does offer a level of mitigation of the LOC-I
threat, long-term retention of knowledgeisbest achieved when
applied and correlated with practical hands-on experience.

The academic material needs to build awareness in the
pilot by providing the concepts, principles, techniques, and
procedures for understanding upset hazards and mitigating
strategies. Awareness of the relationship between AOA,
G-load, lift, energy management, and the consequences of
their mismanagement, is essential for assessing hazards,
mitigating therisks, and acquiring and employing prevention
skills. Training maneuvers should be designed to provide
awareness of situations that could lead to an upset or LOC.
With regard to the top four causal and contributing factors
to LOC-I accidents presented earlier in this chapter, training
should include scenarios that place the airplane and pilot in
asimulated situation/environment that can lead to an upset.

The academics portion of UPRT should also address the
prevention concepts surrounding Aeronautical Decision
Making (ADM) and risk management (RM), and proportional
counter response.

Prevention Through ADM and Risk Management

This element of prevention routinely occurs in a time-
scale of minutes or hours, revolving around the concept
of effective ADM and risk management through analysis,
awareness, resource management, and interrupting the error
chain through basic airmanship skills and sound judgment.
For instance, imagine a situation in which a pilot assesses
conditions at an airport prior to descent and recognizes
those conditions as being too severe to safely land the
airplane. Using situational awareness to avert a potentially
threatening flight condition is an example of prevention of
aL OC-I situation through effective risk management. Pilots
should evaluate the circumstances for each flight (including
the eguipment and environment), looking specifically for
scenariosthat may requireahigher level of risk management.
These include situations which could result in low-altitude
maneuvering, steep turnsin the pattern, uncoordinated flight,
or increased load factors.

Anocther part of ADM is crew resource management (CRM)
or Single Pilot Resource Management (SRM). Both are
relevant to the UPRT environment. When available, a
coordinated crew response to potential and devel oping upsets
can provide added benefits such as increased situational
awareness, mutual support, and an improved margin of
safety. Since an untrained crewmember can be the most
unpredictable element in an upset scenario, initial UPRT
for crew operations should be mastered individually before
being integrated into a multi-crew, CRM environment. A
crew must be able to accomplish the following:

e Communicate and confirm the situation clearly and
concisely;

e Transfer control to the most situationally aware
crewmember;

» Using standardized interactions, work as a team to
enhance awareness, manage stress, and mitigate fear.
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Prevention through Proportional Counter-Response
In simple terms, proportional counter responseisthetimely
manipulation of flight controls and thrust, either as the
sole pilot or crew as the situation dictates, to manage an
airplane flight attitude or flight envel ope excursion that was
unintended or not commanded by the pilot.

Thetime-scale of thiselement of prevention typically occurs
on the order of seconds or fractions of seconds, with the
goa being able to recognize a developing upset and take
proportionally appropriate avoidance actions to preclude
the airplane entering a fully developed upset. Due to the
sudden, surprising nature of this level of developing upset,
there exists a high risk for panic and overreaction to ensue
and aggravate the situation.

Recovery

Last but not least, the academics portion lays the foundation
for development of UPRT skillsby instilling the knowledge,
procedures, and techniques required to accomplish a safe
recovery. The airplane and FSTD-based training elements
presented below serve to trandate the academic material
into structured practice. This can start with classroom
visualization of recovery procedures and continue with
repetitive skill practiced in an airplane, and then potentially
further developed in the simulated environment.

In the event looking outside does not provide enough
situational awareness of the airplane attitude, apilot can use
theflight instrumentsto recognize and recover from an upset.
To recover from nose-high and nose-low attitudes, the pilot
should follow the procedures recommended in the AFM/
POH. In general, upset recovery procedures are summarized
in Figure 4-16.

Upset Recovery Template

1. Disconnect the wing leveler or autopilot
2. Apply forward column or stick pressure to unload the airplane
3. Aggressively roll the wings to the nearest horizon

4. Adjust power as necessary by monitoring airspeed

5. Return to level flight

Figure 4-16. Upset recovery template.

Common Errors
Common errors associated with upset recoveries include
the following:

e Incorrect assessment of what kind of upset theairplane
isin
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»  Failureto disconnect the wing leveler or autopilot
e Failureto unload the airplane, if necessary
* Failuretoroll in the correct direction

*  |nappropriate management of the airspeed during the
recovery

Roles of FSTDs and Airplanes in UPRT

Training devices range from aviation training devices
(e.g., basic and advanced) to FSTDs (e.g., flight training
devices (FTD) and full flight simulators (FFS)) and have
a broad range of capabilities. While al of these devices
have limitations relative to actual flight, only the higher
fidelity devices (i.e., Level C and D FFS) are a satisfactory
substitution for developing UPRT skills in the actual
aircraft. Except for these higher fidelity devices, initial skill
development should be accomplished in asuitable airplane,
and the accompanying training device should be used to build
upon these skills. [Figure 4-17]

Airplane-Based UPRT

Ultimately, the morerealistic the training scenario, the more
indeliblethelearning experience. Although creating avisual
scene of a 110° banked attitude with the nose 30° below
the horizon may not be technically difficult in a modern
simulator, the learning achieved while viewing that scene
from the security of the simulator is not as complete aswhen
viewing the same scene in an airplane. Maximum learning
is achieved when the pilot is placed in the controlled, yet
adrenaline-enhanced, environment of upsets experienced

Figure 4-17. ALevel D full-flight simulator could be used for UPRT.



while in flight. For these reasons, airplane-based UPRT
improves a pilot’s ability to overcome fear in an airplane
upset event.

However, airplane-based UPRT does have limitations.
The level of upset training possible may be limited by the
maneuvers approved for the particular airplane, aswell asby
the flight instructor’s own UPRT capabilities. For instance,
UPRT conducted in the normal category by a typical CFl
will necessarily be different from UPRT conducted in the
aerobatic category by a CFI with expertise in aerobatics.

When considering upset training conducted in an aerobatic-
capable airplane in particular, the importance of employing
instructors with specialized UPRT experience in those
airplanes cannot be overemphasized. Just as instrument or
tailwheel instruction requires specific skill sets for those
operations, UPRT demands that instructors possess the
competence to oversee trainee progress, and the ability to
intervene as necessary with consistency and professionalism.
Asinany areaof training, theimproper delivery of stall, spin
and upset recovery training often resultsin negativelearning,
which could have severe consequences not only during the
training itself, but in the skills and mindset pilots take with
them into the cockpits of airplanes where the lives of others
may be at stake.

All-Attitude/All-Envelope Flight Training Methods

Sound UPRT encompasses operation in a wide range of
possible flight attitudes and coversthe airplane’ slimit flight
envelope. This training is essential to prepare pilots for
unexpected upsets. As stated at the outset, the primary focus
of acomprehensive UPRT program isthe avoidance of, and
saferecovery from, upsets. Much like basicinstrument skills,
which can be applied to flying avast array of airplanes, the
majority of skillsand techniquesrequired for upset recovery
arenot airplane specific. Just asbasicinstrument skillslearned
inlighter and lower performing airplanesare applied to more
advanced airplanes, basic upset recovery techniques provide
lessonsthat remain with pilotsthroughout their flying careers.

FSTD-based UPRT

UPRT can be effective in high fidelity devices (i.e. Level C
and D FFS), however instructors and pilots must be mindful
of the technical and physiological boundaries when using
a particular FSTD for upset training. The FSTD must be
qualified by the FAA National Simulator Program for UPRT;
and, if the training is required for pilots by regulation, the
course must also be FAA approved.

Spiral Dive
A spiral dive, anoselow upset, isadescending turn during
which airspeed and G-load can increase rapidly and often

results from a botched turn. In a spiral dive, the airplane
isflying very tight circles, in anearly vertical attitude and
will be accelerating because it is no longer stalled. Pilots
typically get into a spiral dive during an inadvertent IMC
encounter, most often when the pilot relies on kinesthetic
sensations rather than on the flight instruments. A pilot
distracted by other sensations can easily enter a slightly
nose low, wing low, descending turn and, at least initially,
fail to recognize this error. Especially in IMC, it may be
only the sound of increasing speed that makes the pilot
aware of therapidly devel oping situation. Upon recognizing
the steep nose down attitude and steep bank, the startled
pilot may react by pulling back rapidly on the yoke while
simultaneously rolling to wings level. This response can
create aerodynamic loads capable of causing airframe
structural damage and /or failure.

1. Reduce Power (Throttle) to Idle
Apply Some Forward Elevator

Roll Wings Level

Gently Raise the Nose to Level Flight
Increase Power to Climb Power
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The following discussion explains each of the five steps:

1. ReducePower (Throttle) to Idle. Immediately reduce
power to idle to slow the rate of acceleration.

2. Apply Some Forward Elevator. Prior to rolling the
wings level, it is important to unload the G-load on
theairplane (“unload thewing”). Thisisaccomplished
by applying some forward elevator pressure to return
to about +1G. Apply just enough forward elevator to
ensure that you are not aggravating the spiral with aft
elevator. While generally asmall input, this push has
several benefits prior to rolling the wings level in the
next step — the push reduces the AOA, reduces the
G-load, and slows the turn rate while increasing the
turnradius, and preventsarolling pullout. Thedesign
limit of theairplaneislower during arolling pullout, so
failure to reduce the G-load prior to rolling the wings
level could result in structural damage or failure.

3. Roll Wings Level. Roll to wings level using
coordinated aileron and rudder inputs. Even though
the airplane is in a nose-low attitude, continue the
roll until the wings are completely level again before
performing step four.

4. Gently RaisetheNoseto Level Flight. Itispossiblethat
theairplanein aspiral dive might be at or even beyond
Ve (never exceed speed) speed. Therefore, the pilot
must make all control inputs slowly and gently at this
point to prevent structural failure. Raise the nose to a
climb attitude only after speed decreasesto safelevels.
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Spiral Dive Recovery Template

1. Reduce power (throttle) to idle

2. Apply some forward elevator

3. Roll wings level

4. Gently raise the nose to level flight

5. Increase power to climb power

Figure 4-18. Spiral dive recovery template.

5. Increase Power to Climb Power. Once the airspeed
has stabilized to Vy, apply climb power and climb
back to a safe altitude.

In general, spiral dive recovery procedures are summarized
in Figure 4-18.

Common errorsin the recovery from spiral dives are:
e Failureto reduce power first
e Mistakenly adding power

e Attempting to pull out of dive without rolling wings
level

e Simultaneoudly pulling out of divewhilerollingwings
level

e Not unloading the Gs prior to rolling level
e Not adding power once climb is established

UPRT Summary

A significant point to noteisthat UPRT skillsareboth complex
and perishable. Repetition is needed to establish the correct
mental models, and recurrent practice/training isnecessary as
well. The context inwhich UPRT procedures areintroduced
and implemented isalso animportant consideration. The pilot
must clearly understand, for example, whether a particular
procedure has broad applicability, or is type-specific.
To attain the highest levels of learning possible, the best
approach starts with the broadest form of agiven procedure,
then narrows it down to type-specific requirements.
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Chapter Summary

A pilot’ smost fundamental and important responsibility isto
maintain aircraft control. Initial flight training thus provides
skillsto operate an airplanein asafe manner, generally within
normal “expected” environments, with the addition of some
instruction in upset and stall situations.

This chapter discussed the elements of basic aircraft control,
withemphasison AOA. It offered adiscussion of circumstances
and scenarios that can lead to LOC-I, including stalls and
airplane upsets. It discussed the importance of developing
proficiency in dow flight, stalls, and stall recoveries, spin
awareness and recovery, upset prevention and recovery, and
spiral dive recovery.

Pilots need to understand that primary training cannot cover
all possible contingencies that an airplane or pilot may
encounter, and thereforethey should seek recurrent/additional
training for their normal areas of operation, aswell asto seek
appropriate training that devel ops the aeronautical skill set
beyond the requirements for initial certification.

For additional considerations on performing some of
these maneuvers in multiengine airplanes and jet powered
airplanes, refer to Chapters 12 and 15, respectively.

Additional advisory circular (AC) guidance is available at
www.faa.gov:

* AC 61-67 (as revised), Stall and Spin Awareness
Training;

e AC 120-109 (as revised), Stall Prevention and
Recovery Training; and

e AC 120-111 (as revised), Upset Prevention and
Recovery Training.



Introduction

A review of aircraft accident data shows that about twenty
percent of al general aviation (GA) accidents occur during
takeoff and departure climbs. Further breakdown of the data
indicates that more than half of those accidents were the
result of some sort of failure of the pilot, and twenty percent
of themishapsaretheresult of lossin control of theairplane.
When compared to the entire profile of anormal flight, this
phase of aflight isrelatively short, but the pilot workload is
greatest. Thischapter discussestakeoffsand departure climbs
in airplanes under normal conditions and under conditions
that require maximum performance.
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Though it may seem relatively simple, the takeoff often
presents the most hazards of any part of a flight. The
importance of thorough knowledge of procedures and
techniques coupled with proficiency in performance cannot
be overemphasized.

The discussion in this chapter is centered on airplanes
with tricycle landing gear (nose-wheel). Procedures for
conventional gear airplanes (tail-wheel) are discussed in
Chapter 14. The manufacturer’s recommended procedures
pertaining to airplane configuration, airspeeds, and other
information relevant to takeoffs and departure climbsin a
specific make and model airplane are contained in the Federal
Aviation Administration (FAA) approved Airplane Flight
Manual and/or Pilot’s Operating Handbook (AFM/POH)
for that airplane. If any of the information in this chapter
differs from the airplane manufacturer’s recommendations
as contained in the AFM/POH, the airplane manufacturer’s
recommendations take precedence.

Terms and Definitions
Although the takeoff and climb is one continuous maneuver,
it will be divided into three separate steps for purposes of

explanation: 1. takeoff roll, 2. lift-off, and 3. initial climb
after becoming airborne. [ Figure 5-1]

e Takeoff roll (ground roll) isthe portion of the takeoff
procedure during which the airplane is accelerated
fromastandstill to an airspeed that provides sufficient
lift for it to become airborne.

»  Lift-off iswhenthewingsarelifting the weight of the
airplane off the surface. In most airplanes, thisisthe
result of the pilot rotating the nose up to increase the
angle of attack (AOA).

e Theinitial climb begins when the airplane leaves the
surface and aclimb pitch attitude has been established.
Normally, it isconsidered complete when theairplane
has reached a safe maneuvering altitude or an en route
climb has been established.

Prior to Takeoff

Before going to the airplane, the pilot should check the
POH/AFM performance charts to determine the predicted
performance and decide if the airplane is capable of a
safe takeoff and climb for the conditions and location.
[Figure 5-2] High density altitudes reduce engine and
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Figure 5-2. Performance chart examples.

propeller performance, increase takeoff rolls and decrease
climb performance. A more detailed discussion of density
altitude and how it affects airplane performance can be
found in the Pilot’s Handbook of Aeronautical Knowledge
(FAA-H-8083-25, as revised).

All run up and pre-takeoff checklist items should be
completed before taxiing onto the runway or takeoff area.
Asaminimum before every takeoff, all engine instruments
should be checked for proper and usual indications, and
all controls should be checked for full, free, and correct
movement. In addition, the pilot must make certain that the
approach and takeoff paths are clear of other aircraft. At
nontowered airports, pilots should announce their intentions
on the common traffic advisory frequency (CTAF) assigned
to that airport. When operating from a towered airport,
pilots must contact the tower operator and receive a takeoff
clearance before taxiing onto the active runway.

It isnot recommended to take off immediately behind another
aircraft, particularly large, heavily loaded transport airplanes,
because of the wake turbulence that is generated. If an
immediate takeoff isnecessary, plan to minimizethe chances
of flying through an aircraft’s wake turbulence by avoiding
the other aircraft’s flightpath or rotate prior to the point at
which the preceding aircraft rotated. While taxiing onto the
runway, select ground reference pointsthat are aligned with
therunway direction to aid in maintaining directional control
and alignment with the runway center line during the climb
out. These may be runway centerline markings, runway
lighting, distant trees, towers, buildings, or mountain peaks.

Normal Takeoff

A normal takeoff isonein which the airplane is headed into
the wind; there are times that a takeoff with a tail wind is
necessary. However, the pilot must consult the POH/AFM
to ensure the aircraft is approved for a takeoff with a tall
wind and that there is sufficient performance and runway
length for the takeoff. Also, the takeoff surfaces are firm
and of sufficient length to permit the airplane to gradually
accelerate to normal lift-off and climb-out speed, and there
are no obstructions along the takeoff path.

There are two reasons for making a takeoff as nearly into
the wind as possible. First, since the airplane depends on
airspeed, a headwind provides some of that airspeed even
beforetheairplane beginsto accelerateinto thewind. Second,
aheadwind decreases the ground speed necessary to achieve
flying speed. Slower ground speedsyield shorter ground roll
distances and alow use of shorter runways while reducing
wear and stress on the landing gear.

Takeoff Roll

For takeoff, use the rudder pedals in most general aviation
airplanes to steer the airplane’ s nose wheel onto the runway
centerline to align the airplane and nose wheel with the
runway. After releasing the brakes, advance the throttle
smoothly and continuously to takeoff power. An abrupt
application of power may cause the airplane to yaw sharply
to the left because of the torque effects of the engine and
propeller. Thisismost apparent in high horsepower engines.
Asthe airplane startsto roll forward, assure both feet are on
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the rudder pedals so that the toes or balls of the feet are on
the rudder portions, not on the brake. At all times, monitor
the engineinstrumentsfor indications of amalfunction during
the takeoff roll.

In nose-wheel type airplanes, pressures on the elevator
control are not necessary beyond those needed to steadly it.
Applying unnecessary pressure only aggravates the takeoff
and preventsthe pilot from recognizing when elevator control
pressure is actually needed to establish the takeoff attitude.

As the airplane gains speed, the elevator control tends to
assume aneutral positionif theairplaneiscorrectly trimmed.
At the sametime, therudder pedalsare used to keep the nose
of the airplane pointed down the runway and parallel to the
centerline. The effects of engine torque and P-factor at the
initial speeds tend to pull the nose to the left (Torque and
P-Factor will be discussed in greater detail in later chapter).
The pilot must use whatever rudder pressure is needed to
correct for these effects or winds. Use aileron controls into
any crosswind to keep the airplane centered on the runway
centerline. The pilot should avoid using the brakes for
steering purposes as this will slow acceleration, lengthen
the takeoff distance, and possibly result in severe swerving.

As the speed of the takeoff roll increases, more and more
pressure will be felt on the flight controls, particularly the
elevators and rudder. If the tail surfaces are affected by the
propeller slipstream, they become effectivefirst. Asthe speed
continuesto increase, all of theflight controlswill gradually
become effective enough to maneuver the airplane about its
three axes. At this point, the airplane is being flown more
than it isbeing taxied. Asthis occurs, progressively smaller
rudder deflections are needed to maintain direction.

The feel of resistance to the movement of the controls and
the airplane’s reaction to such movements are the only
real indicators of the degree of control attained. This feel
of resistance is not a measure of the airplane’'s speed, but
rather of its controllability. To determine the degree of
controllability, the pilot must be conscious of the reaction
of the airplane to the control pressures and immediately
adjust the pressures as needed to control the airplane. The
pilot must wait for the reaction of the airplane to the applied
control pressures and attempt to sense the control resistance
to pressure rather than attempt to control the airplane by
movement of the controls.

A student pilot does not normally have a full appreciation
of the variations of control pressures with the speed of the
airplane. The student may tend to move the controlsthrough
wide ranges seeking the pressures that are familiar and
expected and, as a consequence, overcontrol the airplane.
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The situation may be aggravated by the sluggish reaction of
the airplane to these movements. The flight instructor must
help the student learn proper response to control actionsand
airplanereactions. Theinstructor should always stress using
the proper outside reference to judge airplane motion. For
takeoff, the student should always be looking far down the
runway at two points aligned with the runway. The flight
instructor should have the student pilot follow through lightly
on the controls, feel for resistance, and point out the outside
references that provide the clues for how much control
movement is needed and how the pressure and response
changes as airspeed increases. With practice, the student
pilot should become familiar with the airplane’ sresponse to
acceleration to lift off speed, corrective control movements
needed, and the outside references necessary to accomplish
the takeoff maneuver.

Lift-Off

Since agood takeoff depends on the proper takeoff attitude,
it isimportant to know how this attitude appears and how it
isattained. Theideal takeoff attitude requiresonly minimum
pitch adjustments shortly after the airplane lifts off to attain
the speed for the best rate of climb (Vy). [Figure 5-3] The
pitch attitude necessary for the airplane to accelerate to
Vy speed should be demonstrated by the instructor and
memorized by the student. Flight instructors should be aware
that initially, the student pilot may have atendency to hold
excessive back-elevator pressure just after lift-off, resulting
in an abrupt pitch-up.

Figure 5-3. Initial roll and takeoff attitude.



Each type of airplane has abest pitch attitude for normal lift-
off; however, varying conditionsmay makeadifferenceinthe
required takeoff technique. A rough field, a smooth field, a
hard surface runway, or ashort or soft, muddy field al call for
adightly different technique, aswill smooth air in contrast to
astrong, gusty wind. Thedifferent techniquesfor those other-
than-normal conditions are discussed later in this chapter.

When al the flight controls become effective during the
takeoff roll in a nose-whedl type airplane, the pilot should
gradually apply back-elevator pressure to raise the nose-
wheel dlightly off the runway, thus establishing the takeoff
or lift-off attitude. Thisisthe“rotation” for lift off and climb.
Astheairplanelifts off the surface, the pitch attitude to hold
the climb airspeed should be held with elevator control and
trimmed to maintain that pitch attitude without excessive
control pressures. The wings should be leveled after lift-off
and the rudder used to ensure coordinated flight.

After rotation, the slightly nose-high pitch attitude should
be held until the airplane lifts off. Rudder control should be
used to maintain the track of the airplane along the runway
centerline until any required crab angle in level flight is
established. Forcing it into the air by applying excessive
back-elevator pressure would only result in an excessively
high-pitch attitude and may delay the takeoff. As discussed
earlier, excessive and rapid changesin pitch attituderesult in
proportionate changes in the effects of torque, thus making
the airplane more difficult to control.

Although the airplane can be forced into the air, this is
considered an unsafe practice and should be avoided under
normal circumstances. If the airplane is forced to leave the
ground by using too much back-elevator pressure before
adequate flying speed is attained, the wing’'s AOA may
become excessive, causing the airplane to settle back to the
runway or evento stall. On the other hand, if sufficient back-
elevator pressure is not held to maintain the correct takeoff
attitude after becoming airborne, or the nose is allowed to
lower excessively, the airplane may also settle back to the
runway. This would occur because the AOA is decreased
and lift diminished to the degree where it will not support
theairplane. It isimportant, then, to hold the correct attitude
constant after rotation or lift-off.

As the airplane leaves the ground, the pilot must keep the
wingsin alevel attitude and hold the proper pitch attitude.
Outside visual scansmust beintensified at this critical point
to attain/maintain proper airplane pitch and bank attitude.
Due to the minimum airspeed, the flight controls are not as
responsive, requiring more control movement to achieve
an expected response. A novice pilot often has a tendency
to fixate on the airplane’s pitch attitude and/or the airspeed

indicator and neglect bank control of the airplane. Torque
from the engine tends to impart arolling force that is most
evident asthe landing gear is leaving the surface.

During takeoffsin a strong, gusty wind, it is advisable that
an extra margin of speed be obtained before the airplane is
allowed to leave the ground. A takeoff at the normal takeoff
speed may result in alack of positive control, or astall, when
theairplane encountersasudden [ull in strong, gusty wind, or
other turbulent air currents. Inthis case, the pilot should allow
theairplaneto stay on the ground longer to attain more speed;
then make a smooth, positive rotation to leave the ground.

Initial Climb

Upon lift-off, the airplane should be flying at approximately
the pitch attitude that allows it to accelerate to Vy. Thisis
the speed at which the airplane gainsthe most altitudein the
shortest period of time.

If the airplane has been properly trimmed, some back-elevator
pressure may be required to hold thisattitude until the proper
climb speed is established. Relaxation of any back-elevator
pressure before this time may result in the airplane settling,
even to the extent that it contacts the runway.

The airplane’s speed will increase rapidly after it becomes
airborne. Once a positive rate of climb is established, the
pilot should retract the flaps and landing gear (if equipped).
It is recommended that takeoff power be maintained until
reaching an atitude of at least 500 feet abovethe surrounding
terrain or obstacles. The combination of V' and takeoff power
assures the maximum altitude gained in a minimum amount
of time. This gives the pilot more atitude from which the
airplane can be safely maneuvered in case of an enginefailure
or other emergency. A pilot should also consider flying at
Vy versus a lower pitch for a cruise climb requires much
quicker pilot response in the event of a powerplant failure
to preclude a stall.

Sincethepower ontheinitial climbisset at the takeoff power
setting, theairspeed must be controlled by making slight pitch
adjustments using the elevators. However, the pilot should
not fixate on the airspeed indicator when making these pitch
changes, but should continue to scan outside to adjust the
airplane’s attitude in relation to the horizon. In accordance
with the principles of attitude flying, the pilot should first
make the necessary pitch changewith referenceto the natural
horizon and hold the new attitude momentarily, and then
glance at the airspeed indicator to verify if the new attitude
is correct. Due to inertia, the airplane will not accelerate or
decelerateimmediately asthe pitchischanged. It takesalittle
timefor the airspeed to change. If the pitch attitude has been
over or under corrected, the airspeed indicator will show a
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speed that is higher or lower than that desired. When this
occurs, the cross-checking and appropriate pitch-changing
process must be repeated until the desired climbing attitude
is established. Pilots must remember the climb pitch will be
lower whentheairplaneisheavily loaded, or power islimited
by density altitude.

When the correct pitch attitude has been attained, the pilot
should hold it constant while cross-checking it against the
horizon and other outside visual references. The airspeed
indicator should be used only as a check to determineif the
attitude is correct.

After the recommended climb airspeed has been established
and a safe maneuvering altitude has been reached, the pilot
should adjust the power to the recommended climb setting
and trim the airplane to relieve the control pressures. This
makes it easier to hold a constant attitude and airspeed.

During initial climb, it is important that the takeoff path
remain aligned with the runway to avoid drifting into
obstructions or into the path of another aircraft that may be
taking off from aparallel runway. A flight instructor should
hel p the student identify two pointsinline ahead of therunway
to useasatracking reference. Aslong asthosetwo pointsare
inline, the airplaneisremaining on the desired track. Proper
scanning techniques are essential to asafe takeoff and climb,
not only for maintaining attitude and direction, but also for
avoiding collisions near the airport.

When the student pilot nearsthe solo stage of flight training,
it should be explained that the airplane’ stakeoff performance
will be much different when the instructor is not in the
airplane. Due to decreased load, the airplane will become
airborne earlier and climb more rapidly. The pitch attitude
that the student haslearned to associate with initial climb may
also differ due to decreased weight, and the flight controls
may seem more sensitive. If the situation is unexpected,
it may result in increased tension that may remain until
after the landing. Frequently, the existence of this tension
and the uncertainty that develops due to the perception of
an “abnormal” takeoff results in poor performance on the
subsequent landing.

Common errors in the performance of normal takeoffs and
departure climbs are:

e Failureto review AFM/POH and performance charts
prior to takeoff.

e Failure to adequately clear the area prior to taxiing
into position on the active runway.

e Abrupt use of the throttle.
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* Failure to check engine instruments for signs of
malfunction after applying takeoff power.

e Failure to anticipate the airplane’s left turning
tendency on initial acceleration.

*  Overcorrecting for left turning tendency.

» Relying solely on the airspeed indicator rather than
developing an understanding of visual referencesand
tracking clues of airplane airspeed and controllability
during acceleration and lift-off.

*  Failureto attain proper lift-off attitude.

»  |nadequate compensation for torque/P-factor during
initial climb resulting in asidedlip.

e Overcontrol of elevators during initial climb-out and
lack of elevator trimming.

» Limiting scan to areas directly ahead of the airplane
(pitch attitude and direction), causing awing (usually
the left) to drop immediately after lift-off.

»  Failureto attain/maintain best rate-of-climb airspeed
(Vy) or desired climb airspeed.

e Failure to employ the principles of attitude flying
during climb-out, resulting in “chasing” the airspeed
indicator.

Crosswind Takeoff

While it is usually preferable to take off directly into the
wind whenever possible or practical, there are many instances
when circumstances or judgment indicate otherwise.
Therefore, the pilot must be familiar with the principles and
techniques involved in crosswind takeoffs, as well as those
for normal takeoffs. A crosswind affectsthe airplane during
takeoff much asit doesduring taxiing. With thisin mind, the
pilot should be aware that the technique used for crosswind
correction during takeoffs closely parallels the crosswind
correction techniques used for taxiing.

Takeoff Roll

The technique used during the initial takeoff roll in a
crosswind is generally the same as the technique used in a
normal takeoff roll, except that the pilot must apply aleron
pressure into the crosswind. This raises the aleron on the
upwind wing, imposing a downward force on the wing
to counteract the lifting force of the crosswind; and thus
preventing the wing from rising. The pilot must remember
that since the ailerons and rudder are deflected, drag will
increase; therefore, less initial takeoff performance should
be expected until the airplane is wings-level in coordinated
flight in the climb.



Apply full aileron into wind
Rudder as needed for direction

Hold aileron into wind
Roll on upwind wheel
Rudder as needed

Figure 5-4. Crosswind roll and takeoff climb.

While taxiing into takeoff position, it is essential that the
pilot check the windsock and other wind direction indicators
for the presence of a crosswind. If a crosswind is present,
the pilot should apply full aileron pressure into the wind
while beginning the takeoff roll. The pilot should maintain
this control position, as the airplane accelerates, until the
ailerons become effective in maneuvering the airplane about
its longitudinal axis. As the ailerons become effective, the
pilot will feel an increase in pressure on the aileron control.

While holding aileron pressure into the wind, the pilot
should use the rudder to maintain a straight takeoff path.
[Figure 5-4] Since the airplane tends to weathervane into
the wind while on the ground, the pilot will typically apply
downwind rudder pressure. When the pilot increases power
for takeoff, the resulting P-factor causesthe airplaneto yaw
to the left. While this yaw may be sufficient to counteract
the airplane’s tendency to weathervane into the wind in a
crosswind to theright, it may aggravate this tendency in a
crosswind to the left. In any case, the pilot should apply
rudder pressure in the appropriate direction to keep the
airplane rolling straight down the runway.

As the forward speed of the airplane increases, the pilot
should only apply enough aileron pressure to keep the
airplane laterally aligned with the runway centerline. The
rudders keep the airplane pointed parallel with the runway
centerline, while the ailerons keep the airplane laterally
aligned with the centerline. The crosswind component

Hold aileron into wind
Bank into wind
Rudder as needed to keeping heading

down runway

Transition from take-off slip to crab,
and begin coordinated flight

Wings level with a
wind correction angle
Rudder for coordinated
flight

effect will not completely vanish; therefore, the pilot must
maintain some aileron pressure throughout the takeoff roll
to keep the crosswind from raising the upwind wing. If the
upwind wing rises, the amount of wing surface exposed to
the crosswind will increase, which may cause the airplane
to"skip." [Figure 5-5]

m
|

Figure 5-5. Crosswind effect.
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This“skipping” isusually indicated by aseries of very small
bounces caused by the airplane attempting to fly and then
settling back onto the runway. During these bounces, the
crosswind also tends to move the airplane sideways, and
these bounces devel op into side-skipping. Thisside-skipping
imposes severe side stresses on the landing gear and may
result in structural failure.

During a crosswind takeoff roll, it isimportant that the pilot
hold sufficient aileron pressureinto thewind not only to keep
the upwind wing from rising but to hold that wing down so
that the airplane sideslipsinto the wind enough to counteract
drift immediately after lift-off.

Lift-Off

Asthe nose-wheel raises off of the runway, the pilot should
hold aileron pressure into the wind. This may cause the
downwind wing to rise and the downwind main wheel to lift
off the runway first, with the remainder of the takeoff roll
being made on that one main wheel. Thisis acceptable and
is preferable to side-skipping.

If asignificant crosswind exists, thepilot should hold themain
wheelson the ground slightly longer than in anormal takeoff
so that a smooth but very definite lift-off can be made. This
allows the airplane to leave the ground under more positive
control and helpsit remain airbornewhilethe pil ot establishes
the proper amount of wind correction. More importantly,
this procedure avoids imposing excessive side-loads on the
landing gear and prevents possible damage that would result
from the airplane settling back to the runway while drifting.

Asboth main wheelsleave therunway, the airplane beginsto
drift sideways with the wind as ground friction is no longer
a factor in preventing lateral movement. To minimize this
lateral movement and to keep the upwind wing from rising,
the pilot must establish and maintain the proper amount of
crosswind correction prior to lift-off by applying aileron
pressure into the wind. The pilot must also apply rudder
pressure, as needed, to prevent weathervaning.

Initial Climb

If a proper crosswind correction is applied, the aircraft will
maintain alignment with the runway while accelerating to
takeoff speed and then maintain that alignment once airborne.
Astakeoff acceleration occurs, the efficiency of the up-aileron
will increase with aircraft speed causing the upwind wing to
produce greater downward force and, as a result, counteract
the effect of the crosswind. The yoke, having been initially
turned into the wind, can be relaxed to the extent necessary
to keep the aircraft aligned with the runway. Asthe aircraft
becomes flyable and airborne, the wing that is upwind will
have atendency to be lower relative the other wing requiring
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simultaneous rudder input to maintain runway aignment.
Thiswill initialy result in the aircraft to sidedlip. However,
asthe aircraft establishesits climb, the nose should be turned
into the wind to offset the crosswind, wings brought to level,
and rudder input adjusted to maintain runway alignment
(crabbing). [Figure 5-6] Firm and positive use of the rudder
may be required to keep the airplane pointed down the
runway or parallel to the centerline. Unlike landing, the
runway alignment (staying over the runway and its extended
centerline) is paramount to keeping the aircraft parallel to the
centerline. The pilot must then apply rudder pressure firmly
and aggressively to keep the airplane headed straight down the
runway. However, becausethe force of acrosswind may vary
markedly within a few hundred feet of the ground, the pilot
should check the ground track frequently and adjust thewind
correction angle, as necessary. The remainder of the climb
technique is the same used for normal takeoffs and climbs.

The most common errors made while performing crosswind
takeoffsinclude the following:

* Failureto review AFM/POH performance and charts
prior to takeoff.

» Failure to adequately clear the area prior to taxiing
onto the active runway.

Figure 5-6. Crosswind climb flightpath.



e Using less than full alleron pressure into the wind
initially on the takeoff roll.

e Mechanical use of aileron control rather than judging
lateral position of airplane on runway from visual
clues and applying sufficient aileron to keep airplane
centered laterally on runway.

e Side-skipping due to improper aileron application.

e Inadequaterudder control to maintain airplane parallel
to centerline and pointed straight ahead in alignment
with visual references.

e Excessiveaileroninputinthelatter stage of thetakeoff
roll resulting in a steep bank into the wind at lift-off.

e Inadequate drift correction after lift-off.

Ground Effect on Takeoff

Ground effect is a condition of improved performance
encountered when the airplane is operating very closeto the
ground. Ground effect can be detected and normally occurs
up to an altitude equal to one wingspan above the surface.
[Figure 5-7] Ground effect is most significant when the
airplane maintains a constant attitude at low airspeed at low
altitude (for example, during takeoff when the airplane lifts
off and accelerates to climb speed, and during the landing
flare before touchdown).

When thewing isunder theinfluence of ground effect, there
is areduction in upwash, downwash, and wingtip vortices.
Asaresult of the reduced wingtip vortices, induced drag is
reduced. When the wing is at a height equal to % the span,
the reduction in induced drag is about 25 percent. When
the wing is at a height equal to %o the span, the reduction
in induced drag is about 50 percent. At high speeds where
parasite drag dominates, induced drag is asmall part of the
total drag. Consequently, ground effect is a greater concern
during takeoff and landing.

At takeoff, the takeoff roll, lift-off, and the beginning of the
initial climb are accomplished within the ground effect area.

The ground effect causes local increases in static pressure,
which cause the airspeed indicator and altimeter to indicate
slightly lower values than they should and usually cause
the vertical speed indicator to indicate a descent. As the
airplane lifts off and climbs out of the ground effect area,
the following occurs:

e Theairplanerequiresanincreasein AOA to maintain
lift coefficient.

e Theairplane experiences an increase in induced drag
and thrust required.

e The airplane experiences a pitch-up tendency and
requiresless elevator travel because of anincreasein
downwash at the horizontal tail.

e Theairplane experiences areduction in static source
pressure and a corresponding increase in indicated
airspeed.

Due to the reduced drag in ground effect, the airplane may
seem to be ableto take off below the recommended airspeed.
However, asthe airplane climbs out of ground effect below
the recommended climb speed, initial climb performance
will be much less than at Vy or even Vx. Under conditions
of high-density altitude, high temperature, and/or maximum
gross weight, the airplane may be able to lift off but will
be unable to climb out of ground effect. Consequently, the
airplane may not be ableto clear obstructions. Lift off before
attaining recommended flight airspeed incurs more drag,
which requires more power to overcome. Since the initial
takeoff and climb is based on maximum power, reducing
dragistheonly option. To reducedrag, pitch must be reduced
which meanslosing altitude. Pilots must remember that many
airplanes cannot safely takeoff at maximum gross weight at
certain atitudes and temperatures, dueto lack of performance.
Therefore, under marginal conditions, it isimportant that the
airplane takes off at the speed recommended for adequate
initial climb performance.

Ground effect isimportant to normal flight operations. If the
runway islong enough or if no obstacles exist, ground effect

Takeoff in Ground Effect Area

Accelerate in ground
effect to Vy or Vy

Ground effect decreases

Airplane may fly at lower
induced drag

indicated airspeed

Figure 5-7. Takeoff in-ground effect area.

Ground effect decreases
quickly with height
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can be used to the pilot’s advantage by using the reduced
drag to improveinitial acceleration.

When taking off from an unsatisfactory surface, the pilot
should apply as much weight to the wings as possible during
the ground run and lift off, using ground effect as an aid,
prior to attaining true flying speed. The pilot should reduce
AOA to attain normal airspeed before attempting to fly out
of the ground effect areas.

Short-Field Takeoff and Maximum
Performance Climb

When performing takeoffs and climbs from fieldswhere the
takeoff areais short or the avail able takeoff areaisrestricted
by obstructions, the pilot should operate the airplane at the
maximum limit of its takeoff performance capabilities. To
depart from such an area safely, the pilot must exercise
positive and precise control of airplane attitude and airspeed
so that takeoff and climb performance result in the shortest
ground roll and the steepest angle of climb. [Figure5-8] The
pilot should consult and follow the performance section of the
AFM/POH to obtain the power setting, flap setting, airspeed,
and procedures prescribed by the airplane’ s manufacturer.

The pilot must have adequate knowledge in the use and
effectiveness of the best angle-of-climb speed (V) and
the best rate-of-climb speed (V) for the specific make and
model of airplane being flown in order to safely accomplish
atakeoff at maximum performance.

V isthe speed at which theairplane achievesthe greatest gain
in altitude for agiven distance over the ground. It is usually
dightly less than Vy, which is the greatest gain in altitude
per unit of time. The specific speeds to be used for a given
airplane are stated in the FAA-approved AFM/POH. The
pilot should be aware that, in some airplanes, adeviation of
5 knots from the recommended speed may result in a
significant reduction in climb performance; therefore, the
pilot must maintain precise control of the airspeed to ensure
the maneuver is executed safely and successfully.

Rotate at
approximately Vy

Takeoff Roll

Taking off from ashort field requires the takeoff to be started
from the very beginning of the takeoff area. At this point, the
arplaneisaligned with theintended takeoff path. If theairplane
manufacturer recommends the use of flaps, they are extended
the proper amount before beginning the takeoff roll. This
alowsthepilot to devotefull attention to the proper technique
and the airplan€’ s performance throughout the takeoff.

The pilot should apply takeoff power smoothly and
continuously, without hesitation, to accelerate the airplane
asrapidly as possible. Some pilots prefer to hold the brakes
until the maximum obtai nable engine revol utions per minute
(rpm) are achieved before allowing the airplane to begin its
takeoff run. However, it has not been established that this
procedure resultsin a shorter takeoff runinal light, single-
engine airplanes. The airplane is allowed to roll with its
full weight on the main wheels and accelerate to the lift-of f
speed. As the takeoff roll progresses, the pilot must adjust
theairplane’ spitch attitude and AOA to attain minimum drag
and maximum acceleration. In nose-wheel typeairplanes, this
involves little use of the elevator control since the airplane
isaready in alow drag attitude.

Lift-Off

As Vy approaches, the pilot should apply back-elevator
pressure until reaching the appropriate Vy attitude to ensure
a smooth and firm lift-off, or rotation. Since the airplane
accelerates more rapidly after lift-off, the pilot must apply
additional back-elevator pressureto hold aconstant airspeed.
After becoming airborne, the pilot will maintain a wings-
level climb at Vx until all obstacles have been cleared or; if
no obstacles are present, until reaching an altitude of at least
50 feet above the takeoff surface. Thereafter, the pilot may
lower the pitch attitude slightly and continuetheclimb at Vy
until reaching a safe maneuvering atitude. The pilot must
always remember that an attempt to pull the airplane off the
ground prematurely, or to climb too steeply, may cause the
airplane to settle back to the runway or make contact with
obstacles. Even if the airplane remains airborne, until the
pilot reaches Vy, the initial climb will remain flat, which

Figure 5-8. Short-field takeoff.
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diminishes the pilot's ability to successfully perform the
climb and/or clear obstacles. [ Figure 5-9]

The objective isto rotate to the appropriate pitch attitude at
(or near) V. The pilot should be aware that some airplanes
have a natural tendency to lift off well before reaching V.
In these airplanes, it may be necessary to allow the airplane
to lift-off in ground effect and then reduce pitch attitude to
level until the airplane accelerates to Vy with the wheels
just clear of the runway surface. This method is preferable
toforcing the airplaneto remain on the ground with forward-
elevator pressure until Vy is attained. Holding the airplane
on the ground unnecessarily puts excessive pressure on the
nose-wheel and may result in “wheel barrowing.” It also
hinders both acceleration and overall airplane performance.

Initial Climb

On short-field takeoffs, the landing gear and flaps should
remain in takeoff position until the airplane is clear of
obstacles (or as recommended by the manufacturer) and Vy
has been established. Until all obstacles have been cleared,
the pilot must maintain focus outside the airplane instead of
reaching for landing gear or flap controlsor looking inside the
airplanefor any reason. Whentheairplaneisstabilized at Vv,
thelanding gear (if retractable) and flaps should beretracted.
Itisusually advisableto raisetheflapsinincrementsto avoid
sudden loss of lift and settling of the airplane. Next, reduce
the power to the normal climb setting or as recommended
by the airplane manufacturer.

Common errors in the performance of short-field takeoffs
and maximum performance climbs are:

e Failureto review AFM/POH and performance charts
prior to takeoff.

e Failureto adequately clear the area.
e Failureto utilize al available runway/takeoff area.

e Failureto havetheairplane properly trimmed prior to
takeoff.

e Premature lift-off resulting in high drag.

increases drag, _
decreases acceleration,
and increases takeoff distance

Figure 5-9. Effect of premature lift-off.

*  Holdingtheairplane on the ground unnecessarily with
excessive forward-elevator pressure.

»  Inadequate rotation resulting in excessive speed after
lift-off.

* |Inability to attain/maintain V.
»  Fixationontheairspeed indicator duringinitial climb.
*  Prematureretraction of landing gear and/or wing flaps.

Soft/Rough-Field Takeoff and Climb

Takeoffs and climbs from soft fields require the use of
operational techniques for getting the airplane airborne as
quickly aspossibleto eliminate the drag caused by tall grass,
soft sand, mud, and snow and may require climbing over an
obstacle. The technique makesjudicious use of ground effect
to reduce landing gear drag and requires an understanding
of the airplane’s slow speed characteristics and responses.
These sametechniques are also useful on arough field where
the pilot should get the airplane off the ground as soon as
possible to avoid damaging the landing gear.

Taking off from asoft surface or through soft surfacesor long,
wet grass reduces the airplane’ s ability to accelerate during
the takeoff roll and may prevent the airplane from reaching
adequate takeoff speed if the pilot applies normal takeoff
techniques. The pilot must be aware that the correct takeoff
procedure for soft fields is quite different from the takeoff
procedures used for short fields with firm, smooth surfaces.
To minimize the hazards associated with takeoffs from soft
or rough fields, the pilot should transfer the support of the
airplane’s weight as rapidly as possible from the wheels to
the wings as the takeoff roll proceeds by establishing and
maintaining arelatively high AOA or nose-high pitch attitude
asearly aspossible. Thepilot should lower thewing flaps prior
to starting the takeoff (if recommended by the manufacturer)
to provide additional lift and to transfer the airplane’ sweight
from the wheels to the wings as early as possible. The pilot
should maintain a continuous motion with sufficient power
while lining up for the takeoff roll as stopping on a soft
surface, such as mud or snow, might bog the airplane down.

Airplane may settle
back to the ground
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Takeoff Roll

As the airplane is aligned with the takeoff path, the pilot
should apply takeoff power smoothly and as rapidly as the
powerplant can accept without faltering. As the airplane
accelerates, the pilot should apply enough back-elevator
pressureto establish apositive AOA and to reducethe weight
supported by the nose-wheel.

When the airplaneis held at a nose-high attitude throughout
the takeoff run, the wingsincreasingly relieve the wheels of
the airplane’s weight as speed increases and lift develops,
thereby minimizing the drag caused by surfaceirregularities
or adhesion. If this attitude is accurately maintained, the
airplane virtually flies itself off the ground, becoming
airborne but at an airspeed slower than a safe climb speed
because of ground effect. [ Figure 5-10]

Lift-Off

After the airplane becomes airborne, the pilot should gently
lower the nose with the wheels clear of the surfaceto allow
the airplane to accelerate to Vv, or Vy if obstacles must be
cleared. Immediately after the airplane becomes airborne
and whileit accel erates, the pilot should be awarethat, while
transitioning out of the ground effect area, the airplane will
have a tendency to settle back onto the surface. An attempt
to climb prematurely or too steeply may cause the airplane
to settle back to the surface as a result of the loss of ground
effect. During thetransition out of the ground effect area, the
pilot should not attempt to climb out of ground effect before
reaching the sufficient climb airspeed, asthismay result inthe
airplane being unable to climb further, even with full power
applied. Therefore, it is essentia that the airplane remain
in ground effect until at least V is reached. This requires
a good understanding of the control pressures, aircraft
responses, visual clues, and acceleration characteristics of
that particular airplane.

Initial Climb

After apositiverate of climb is established, and the airplane
hasaccelerated to V', the pilot should retract the landing gear
and flaps, if equipped. If departing from an airstrip with wet
snow or slush on the takeoff surface, the gear should not be

retracted immediately so that any wet snow or slush to be
air-dried. In the event an obstacle must be cleared after a
soft-field takeoff, the pilot should perform the climb-out at
V until the obstacle has been cleared. The pilot should then
adjust the pitch attitude to Vy and retract the gear and flaps.
The power can then be reduced to the normal climb setting.
The pilot may then reduce power to normal climb setting.

Common errorsin the performance of soft/rough field takeoff
and climbs are:

» Failureto review AFM/POH and performance charts
prior to takeoff.

* Failureto adequately clear the area.

e Insufficient back-elevator pressure during initial
takeoff roll resulting in inadequate AOA.

e Failure to cross-check engine instruments for
indications of proper operation after applying power.
»  Poor directional control.

e Climbing too high after lift-off and not leveling off
low enough to maintain ground effect altitude.

e Abrupt and/or excessive elevator control while
attempting to level off and accelerate after liftoff.

e Allowing theairplaneto “mush” or settleresulting in
an inadvertent touchdown after lift-off.

*  Attempting to climb out of ground effect area before
attaining sufficient climb speed.

*  Failure to anticipate an increase in pitch attitude as
the airplane climbs out of ground effect.

Rejected Takeoff/Engine Failure

Emergency or abnormal situations can occur during atakeoff
that require a pilot to reject the takeoff while still on the
runway. Circumstances such asamalfunctioning powerplant,
inadequate acceleration, runway incursion, or air traffic
conflict may be reasons for arejected takeoff.

Prior to takeoff, the pilot should identify a point along the
runway at which the airplane should be airborne. If that

Soft-field Takeoff

Figure 5-10. Soft-field takeoff.
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point is reached and the airplane is not airborne, immediate
action should be taken to discontinue the takeoff. Properly
planned and executed, the airplane can be stopped on the
remaining runway without using extraordinary measures,
such asexcessive braking that may resultinlossof directional
control, airplane damage, and/or personal injury.

Inthe event atakeoff isrejected, the power isreduced toidle
and maximum braking applied while maintai ning directional
control. If it is necessary to shut down the engine due to
a fire, the mixture control should be brought to the idle
cutoff position and the magnetos turned off. In all cases, the
manufacturer’s emergency procedure should be followed.

Urgency characterizes all power loss or engine failure
occurrences after lift-off. In most instances, the pilot hasonly
afew seconds after an engine failure to decide what course
of action to take and to executeit.

In the event of an engine failure on initial climb-out, the
pilot’ sfirst responsibility isto maintain aircraft control. At a
climb pitch attitude without power, theairplaneisat or near a
stalling AOA. At the sametime, the pilot may still be holding
right rudder. The pilot must immediately lower the nose to
prevent astall while moving the rudder to ensure coordinated
flight. Attempting to turn back to the takeoff runway should
not be attempted. The pilot should establish acontrolled glide
toward a plausible landing area, preferably straight ahead.

Noise Abatement

Aircraft noise problems are a major concern at many
airports throughout the country. Many local communities
have pressured airports into developing specific operational
procedures that help limit aircraft noise while operating
over nearby areas. As a result, noise abatement procedures
have been developed for many of these airports that include
standardized profiles and procedures to achieve these lower
noise goals.

Airports that have noise abatement procedures provide
information to pilots, operators, air carriers, air traffic
facilities, and other specia groups that are applicable to
their airport. These procedures are available to the aviation
community by variousmeans. Most of thisinformation comes
from the Chart Supplements, local and regional publications,
printed handouts, operator bulletin boards, safety briefings,
and local air traffic facilities.

At arports that use noise abatement procedures, reminder
signs may be installed at the taxiway hold positions for
applicable runwaysto remind pilots to use and comply with
noise abatement procedures on departure. Pilotswho are not
familiar with these procedures should ask the tower or air
traffic facility for the recommended procedures. In any case,
pilots should be considerate of the surrounding community
while operating their airplane to and from such an airport.
This includes operating as quietly, and safely as possible.

Chapter Summary

The takeoff and initial climb are relatively short phases
required for every flight and are often taken for granted,
yet 1 out of 5 accidents occur during this phase and half the
mishaps are the result of pilot error. Becoming proficient in
and applying the techniques and principles discussed in this
chapter help pilots reduce their susceptibility to becoming
amishap statistic. The POH/AFM ground roll distances for
take-off and landing added together provide agood estimate
of the total runway needed to accelerate and then stop.
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Chapter b

bround Reference Maneuvers

Introduction

Initial pilot training requires that a pilot understand the
relationship of the various flight controls pressure inputs to
the resulting attitudes of the airplane. This alows a pilot to
develop asense of feel and understand the variousindications
of airplane performance, such aspitch, roll, and yaw attitudes.
With sufficient competency in this environment, the pilot is
ready to apply these skills and place the airplane, not only
in the correct attitude and power configuration, but also in
orientation to specific ground-based references. These skills
arethebasisfor traffic patterns, survey, photographic, sight-
seeing, aeria application (crop dusting) and various other
flight profiles requiring specific flightpaths referenced to
points on the surface.
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A pilot must develop the proper coordination, timing, and
attention to accurately and safely maneuver the airplane with
regard to therequired attitudes and ground references. Ground
reference maneuvers are the principle flight maneuvers that
combine the four fundamentals (straight-and-level, turns,
climbs, and descents) into a set of integrated skills that the
pilot usesintheir everyday flight activity. A pilot must develop
the skills necessary to accurately control, through the effect
and use of the flight controls, the flightpath of the airplane
in relationship to the ground. From every takeoff to every
landing, apilot exercisesthese skillsin controlling theairplane.

The pilot should be introduced by their instructor to ground
reference maneuvers as soon as the pilot shows proficiency
in the four fundamentals. Accomplishing the ground
reference maneuvers requires that the pilot competently
manipulate the flight controls without any undue attention
to mechanical flight control inputs—the pilot applies the
necessary flight control pressures to affect the airplane’s
attitude and position by using the outside natural horizon
and ground-based references with brief periods of scanning
the flight instruments.

Maneuvering by Reference to Ground
Objects

The purpose of ground reference maneuversisto train pilots
to accurately place the airplane in relationship to specific
references and maintain a desired ground track. Such
precision requires that a pilot simultaneously evaluate the
airplane’s attitude, reference points along the desired path,
and the natura horizon. Vision is the most utilized sense
in maneuvering in orientation to ground-based references;
however, all senses are actively involved at different levels.
For example, touch provides tactile feedback as to the
required flight control pressures to overcome flight control
surfaceforcesthat indirectly indicate the airplane sairspeed
and aerodynamic load.

Itisacommon error for beginning pilotsto fixate on aspecific
reference, such as a single location on the ground or the
natural horizon. To be effective, the pilot must scan between
several visual referencesto determinerelative motion and to
determineif theairplaneismaintaining, or drifting to or from,
thedesired ground track. A pilot fixating on any onereference
eliminates the ability to determine rate, which significantly
degrades a pilot’s performance. Visual scanning across
several references allows the pilot to develop the important
skill of determining the rate of closure to a specific point.
Consider askilled automobiledriver inasimpleintersection
turn; the driver does not merely turn the steering wheel some
degree and hope that it will work out. The skilled driver
picks out several references, such as an island to their side,
apainted laneline, or the opposing curb, and they use those
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references to make almost imperceptible adjustments to the
amount of deflection on the steering wheel, as well as the
pressure on the accelerator pedal to smoothly join the lane
into which they are turning. In the same manner, multiple
references are required to precisely control the airplane in
reference to the ground.

Not all ground-based referencesare visually equal and some
understanding of those differences is important for their
selection and use. For example, larger objects or references
may appear closer than they actually are when compared to
smaller objectsor references. Also, prevailing visibility hasa
significant effect on the pilot’ s perception of thedistancetoa
reference. Excellent visibilitieswith clear skiestend to make
an object or reference appear closer than when compared
to a hazy day with poor visibility. Another example is that
rain can alter the visual image in a manner that an illusion
of being at a higher atitude may be perceived, and brighter
objectsor references may appear closer than dimmer objects.
Being aware of typical visual illusionshelpsapilot select the
best references for ground reference maneuvers. It is best,
however sometimes impracticable, to find ground-based
references that are similar in size and proportion.

Ground-based references can be numerous. Excellent
examples are breakwaters, canals, fence lines, field
boundaries, highways, railroad tracks, roads, pipe lines,
power lines, water-tanks, and others; however, choicescan be
limited by geography, population density, infrastructure, or
structures. Selecting aground-based reference requires prior
consideration, such asthetype of maneuver being performed,
atitude at which the maneuver will be performed, emergency
landing requirements, density of structures, wind direction,
visibility, and the type of airspace.

Division of attention is an important skill that a pilot must
develop. A pilot must be able to fly the airplane affecting
the flight controls in a manner they will place the airplane
in the needed attitude while tracking a specific path over
the ground. In addition, the pilot must be able to scan for
hazards such asother aircraft, beimmediately prepared for an
emergency landing should the need arise, and scan theflight
and engine instruments at regular intervals to ensure that a
pending situation, such as decreasing oil pressure, does not
turn into an unexpected incident.

Safety is paramount in all aspects of flying. Awareness and
practice of safety-enhancing procedures must be constantly
exercised. Ground reference maneuversplacetheairplanein
an environment where heightened awarenessis needed. Pilots
should be looking for other aircraft, including helicopters,
radio towers, and assessing locations for emergency
landings. Pilots should always clear the area with two 90°



clearing turns looking to the left and the right, as well as
above and below the airplane. The maneuver area should
not cause disturbances and be well away from groups of
people, livestock, or communities. Before performing any
maneuver, the pilot should complete the required checklist
items, make any radio announcements (such ason apractice
areafrequency), and safety clearing turns. Asageneral note,
aground reference maneuver should not exceed abank angle
of 45° or an airspeed greater than maneuvering speed. As
part of preflight planning, the pilot should determine the
predicted (POH/AFM) stall speed at 50° or the highest bank
angle planned plus some margin for error in maneuvering

Drift and Ground Track Control

Wind direction and velocity variations are the primary
effects requiring corrections of the flightpath during ground
reference maneuvers. Unlike an automobile, but similar to a
boat or ship, wind directly influencesthe path that the airplane
travelsin reference to the ground. Whenever the airplane is
in flight, the movement of the air directly affects the actual
ground track of the airplane.

For example, an airplaneistraveling at 90 knots (90 nautical
miles per hour) and the wind is blowing from right to left at
10 knots. Theairplane continuesforward at 90 knotsbut also
travelsleft 10 nautical milesfor every hour of flight time. If
the airplane, in this example doubles its speed to 180 knots,
it till driftslaterally to theleft 10 nautical milesevery hour.
The airplane travels within an often moving body of air, so
traveling to apoint on the surface requires compensation for
the movement of the air mass.

Ground reference maneuversare generally flown at altitudes

between 600 and 1,000 feet above ground level (AGL).
The pilot must consider the following when selecting the
maneuvering altitude:

e The lower the maneuvering atitude, the faster the
airplane appears to travel in relation to the ground.

e Drift should be easily recognizable from both sides
of the airplane.

e Theadltitude should provide obstruction clearance of
no less than 500 feet vertically above the obstruction
and 2,000 feet horizontally.

e In case of an engine failure, the pilot must plan,
consider, and be alert for forced landing areas while
understanding that the lower the airplane’s altitude,
the less time there is to configure the airplane for an
emergency landing and the shorter the glide distance.

* Any specific altitude required by test standards.

Correcting Drift During Straight-and-Level Flight

When flying straight and level and following a selected
straight-line direct ground track, the preferred method of
correcting for wind drift is to angle the airplane sufficiently
into thewind to cancel the effect of the sideways drift caused
by the wind. The wind's speed, the angle between the wind
directionand the airplane’ slongitudinal axis, and the airspeed
of the airplane determinesthe required wind correction angle.
For example, an airplane with an airspeed of 100 knots, a 20
knot wind at 90° to the airplane’ slongitudinal axis, and a12°
angle into the wind is required to cancel the airplane’ s drift.
If the wind in the above example is only 10 knots, the wind
correction angle required to cancel the drift is six degrees.
Whenthedrift hasbeen neutralized by heading theairplaneinto
thewind, the airplanewill fly the direct straight ground track.

To further illustrate this point, if a boat is crossing a river
andtheriver’scurrentiscompletely still, the boat could head
directly to a point on the opposite shore on a straight course
to that opposite point without any drift; however, riverstend
to have adownstream current that must be considered if the
captain wants the boat to arrive at the opposite shore using
a direct straight path. Any downstream current pushes the
boat sideways and downstream at the speed of the current.
To counteract this downstream movement, the boat must
move upstream at the same speed as the river is moving the
boat downstream. Thisis accomplished by angling the boat
upstream sufficiently to counteract the downstream flow. If
this is done, the boat follows a direct straight track across
the river to the intended destination point. The amount of
anglerequired isdependent on the forward speed of the boat
and the speed of the current. The slower the forward speed
of the boat and/or the faster speed of the current, the greater
the angle must be to counteract the drift. The converse is
alsotrue. [Figure 6-1]

As soon as an airplane lifts off the surface and levels the
wings, if there is any crosswind, the airplane will begin
tracking sideways with the wind. Any wind not directly on
thenoseor tail of theairplanewill drift the airplane sideways
at aspeed up to the speed of thewind. A wind that isdirectly
to the right or the left (at a 90° angle) drifts the airplane
sideways at the speed of the wind; when thewind is halfway
between the side and the nose of the airplane (at a45° angle),
it drifts the airplane sideways at just over 70 percent of the
speed of the wind. It should be understood that pilots do
not calculate the required drift correction angles for ground
reference maneuvers; they merely use the references and
adjust the airplane’ srelationship to thosereferencesto cancel
any drift. The groundspeed of the airplane is also affected
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No current, no drift.

No wind, no drift.

With a current, the boat drifts
downstream unless corrected.

With any wind, the airplane drifts
downwind unless corrected.
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With proper correction, the boat
stays on intended course.
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With proper correction, the airplane
stays on intended course.

Figure 6-1. Wind drift.

by the wind. Asthe wind direction becomes parallel to the
airplane’s longitudinal axis, the magnitude of the wind’s
effect on the groundspeed is greater; as the wind becomes
perpendicular to the longitudinal axis, the magnitude of the
wind's effect on the groundspeed is less. In genera, When
thewind isblowing straight into the nose of the airplane, the
groundspeed will belessthan theairspeed. Whenthewindis
blowing from directly behind the airplane, the groundspeed
will be faster than the airspeed. In other words, when the
airplane is headed upwind, the groundspeed is decreased;
when headed downwind, the groundspeed is increased.

Constant Radius During Turning Flight

Inano-wind condition, the pilot can perform aground-based
constant radius turn by accurately maintaining a constant
bank angle throughout the turn; however, with any wind the
complexities of maintaining a ground-based constant radius
turnincrease. Whenwind is present, during ground reference
maneuvers involving turns, the pilot must correct for wind
drift. [Figure6-2] Throughout theturn, thewindisacting on
theairplanefrom aconstantly changing angle—increasing or
decreasing the groundspeed in a manner similar to straight
flight. Tofollow acircular, constant radius ground track, the
bank angle must vary to compensate for wind drift throughout
theturn. The airplane' s ground-based turn radiusis affected
by the airplane's groundspeed: the faster the groundspeed,
the steeper the airplane must be banked to maintain aground-
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based constant radius turn. The converse is aso true: the
slower the groundspeed, the shallower the airplane needs to
be banked to maintain a ground-based constant radius turn.

For agiven true airspeed, the radius of turn in the air varies
proportionally with the bank angle. To maintain the constant
radius over the ground, the bank angle is proportional to
ground speed. For example, an airplane is in the downwind
position at 100 knotsgroundspeed. Inthisexample, thewindis
10knots, meaning that the airplaneisat an airspeed of 90 knots
(for this discussion, we ignore true, calibrated, and indicate
airspeed and assume that they are al the same). If the pilot
starts adownwind turn with a45° “steepest” bank angle, the
turnradiusisapproximately 890 feet. Let’ sassumetheairplane
is now upwind with a groundspeed of 80 knots. In order to
maintain the 890-foot radius, the pilot must reduce the bank
angle to a shalowest bank of approximately 33°. In another
example, if the downwind isflown at an airspeed of 90 knots
in a 10 knot tailwind with adesired turn radius of 2,000 feet,
the “steepest” bank angle needs to be at approximately 24°
and theupwind “ shallowest” bank angle at approximately 16°.

To demonstrate the effect that wind has on turns, the pilot
should select a straight-line ground reference, such as a
road or railroad track. [ Figure 6-3] Choosing astraight-line
ground reference that is parallel to the wind, the airplane
would be flown into the wind and directly over the selected



Actual ground path
Intended ground path

Figure 6-2. Effect of wind during a turn.

straight-line ground reference. Once a straight-line ground
reference is established, the pilot makes a 360° constant
medium banked turn. As the airplane completes the 360°
turn, it should return directly over the straight-line ground
reference but downwind from the starting point. Choosing a
straight-line ground reference that hasacrosswind, and using
the same 360° constant medium-banked turn, demonstrates
how the airplane drifts away from the reference even as the

pilot holds aconstant bank angle. In both examples, the path
over theground isan elongated circle, although in reference
to the air, the airplane flew a perfect continuous radius.

In order to compensate for the elongated, somewhat circular
path over the ground, the pilot must adjust the bank angle
as the groundspeed changes throughout the turn. Where
groundspeed is the fastest, such as when the airplane is

Figure 6-3. Effect of wind during turn.




headed downwind, the turn bank angle must be steepest;
where groundspeed isthe slowest, such aswhen the airplane
is headed upwind, the turn bank angle must be shallow. Itis
necessary to increase or decrease the angle of bank, which
increases or decreasestherate of turn, to achieve the desired
constant radius track over the ground.

Ground reference maneuvers should aways be entered from
a downwind position. This allows the pilot to establish the
steepest bank angle required to maintain a constant radius
ground track. If the bank is too steep, the pilot should
immediately exit the maneuver and re-establish a lateral
position that is further from the ground reference. The pilot
should avoid bank anglesin excess of 45°dueto theincreased
stalling speed.

Tracking Over and Parallel to a Straight Line

The pilot should first be introduced to ground reference
maneuvers by correcting for the effects of acrosswind over a
straight-line ground reference, such asroad or railroad tracks.
If astraight road or railroad track is unavailable, the pil ot will
choose multiple references (three minimum) which, when
an imaginary visual reference line is extended, represents
astraight line. The reference should be suitably long so the
pilot has sufficient time to understand the concepts of wind
correction and practicethe maneuver. Initialy, the maneuver
should be flown directly over the ground reference with the
pilot angling the airplane’s longitudinal axis into the wind
sufficiently such as to cancel the effect of drift. The pilot
should scan between far ahead and close to the airplane to
practice tracking multiple references.

When proficiency has been demonstrated by flying directly
over the ground referenceline, the pilot should then practice
flying a straight parallel path that is offset from the ground
reference. The offset parallel path should not be more than
three-fourths of amilefrom thereferenceline. The maneuver
should be flown offset from the ground references with the
pilot angling the airplane’s longitudinal axis into the wind
sufficiently to cancel the effect of drift while maintaining a
parallel track.

Rectangular Course

A principle ground reference maneuver is the rectangular
course. [Figure 6-4] The rectangular course is a training
maneuver in which the airplane maintains an equal distance
from all sides of the selected rectangular references. The
maneuver is accomplished to replicate the airport traffic
pattern that an airplane typically maneuvers while landing.
While performing the rectangular course maneuver, the pilot
should maintain a constant altitude, airspeed, and distance
from the ground references. The maneuver assists the pilot
in practicing the following:
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* Maintaining a specific relationship between the
airplane and the ground.

» Dividing attention between the flightpath, ground-
based references, manipulating the flight controls,
and scanning for outside hazards and instrument
indications.

e Adjusting the bank angle during turns to correct for
groundspeed changes in order to maintain constant
radius turns.

* Rolling out from a turn with the required wind
correction angle to compensate for any drift cause by
the wind.

»  Establishing and correcting thewind correction angle
in order to maintain the track over the ground.

»  Preparing the pilot for the airport traffic pattern and
subsequent landing pattern practice.

First, a square, rectangular field, or an area with suitable
ground referenceson all four sides, as previously mentioned
should be selected consistent with safe practices. The
airplane should be flown parallel to and at an equal distance
between one-half to three-fourths of a mile away from
the field boundaries or selected ground references. The
flightpath should be positioned outside the field boundaries
or selected ground references so that the references may be
easily observed from either pilot seat. It is not practicable
to fly directly above the field boundaries or selected
ground references. The pilot should avoid flying close to
the references, as this will require the pilot to turn using
very steep bank angles, thereby increasing aerodynamic
load factor and the airplane’s stall speed, especially in the
downwind to crosswind turn.

The entry into the maneuver should be accomplished
downwind. This places the wind on the tail of the airplane
and resultsin an increased groundspeed. There should be no
wind correction angle if the wind is directly on the tail of
the airplane; however, areal-world situation resultsin some
drift correction. The turn from the downwind leg onto the
base leg is entered with arelatively steep bank angle. The
pilot should roll the airplaneinto asteep bank with rapid, but
not excessive, coordinated aileron and rudder pressures. As
the airplane turns onto the following base leg, the tailwind
|essens and becomes a crosswind; the bank angleisreduced
gradually with coordinated aileron and rudder pressures. The
pilot should be prepared for the lateral drift and compensate
by turning more than 90° angling toward the inside of the
rectangular course.

The next leg is where the airplane turns from a base leg
position to the upwind leg. Ideally, the wind is directly on
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Figure 6-4. Rectangular course.

the nose of the airplane resulting in a direct headwind and
decreased groundspeed; however, a real-world situation
results in some drift correction. The pilot should roll the
airplaneinto amedium banked turn with coordinated aileron
and rudder pressures. Asthe airplane turns onto the upwind
leg, the crosswind lessens and becomes a headwind, and the
bank angleisgradually reduced with coordinated aileron and
rudder pressures. Because the pilot was angled into thewind
on the base leg, the turn to the upwind leg is|ess than 90°.

The next leg iswhere the airplane turns from an upwind leg
position to the crosswind leg. The pilot should slowly roll
the airplane into a shallow-banked turn, as the developing
crosswind driftstheairplaneinto theinside of the rectangular
coursewith coordinated aileron and rudder pressures. Asthe
airplane turns onto the crosswind leg, the headwind lessens
and becomes a crosswind. As the turn nears completion, the
bank angle is reduced with coordinated aileron and rudder
pressures. To compensate for the crosswind, the pilot must
angle into the wind, toward the outside of the rectangular
course, which requires the turn to be less than 90°.

Enter 45° to downwind

Complete turn at boundary

r-
Y = . Turn more than 90°
||/ ||/ . ||/ i
\ S |
Start turn at boundary

No wind correction B S8

Turn less than

90° rollout with

wind correction
established

The final turn is back to the downwind leg, which requires
a medium-banked angle and a turn greater than 90°. The
groundspeed will be increasing as the turn progresses and
the bank should be held and then rolled out in a rapid, but
not excessive, manner using coordinated aileron and rudder
pressures.

For the maneuver to be executed properly, the pilot must
visually utilize the ground-based, nose, and wingtip
references to properly position the airplane in attitude and
in orientation to the rectangular course. Each turn, in order
to maintain a constant ground-based radius, requires the
bank angle to be adjusted to compensate for the changing
groundspeed—the higher the groundspeed, the steeper the
bank. If the groundspeedisinitially higher and then decreases
throughout the turn, the bank angle should progressively
decrease throughout the turn. The converse is also true,
if the groundspeed is initially slower and then increases
throughout the turn, the bank angle should progressively
increase throughout the turn until rollout is started. Also,
the rate for rolling in and out of the turn should be adjusted
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to prevent drifting in or out of the course. When thewind is
from adirection that could drift the airplane into the course,
the banking roll rate should be slow. When the wind isfrom
adirection that could drift the airplane to the outside of the
course, the banking roll rate should be quick.

The following are the most common errors made while
performing rectangular courses:

e Failure to adequately clear the area above, below,
and on either side of the airplane for safety hazards,
initially and throughout the maneuver.

e Failureto establish a constant, level atitude prior to
entering the maneuver.

e Failureto maintain altitude during the maneuver.
e Failureto properly assess wind direction.

e Failure to establish the appropriate wind correction
angle.

e Failure to apply coordinated aileron and rudder
pressure, resulting in slips and skids.

e Failure to manipulate the flight controls in a smooth
and continuous manner.

e Failureto properly divide attention between controlling
the airplane and maintaining proper orientation with
the ground references.

»  Failure to execute turns with accurate timing.

Turns Around a Point

Turns around a point are a logical extension of both the
rectangular course and S-turns across aroad. The maneuver
is a 360° constant radius turn around a single ground-
based reference point. [Figure 6-5] The principles are the
same in any turning ground reference maneuver—higher
groundspeedsrequire steeper banks and slower ground speeds
require shallower banks. The objectives of turns around a
point are as follows:

e Maintaining a specific relationship between the
airplane and the ground.

¢ Dividing attention between the flightpath, ground-
based references, manipulating of the flight controls,
and scanning for outside hazards and instrument
indications.

¢ Adjusting the bank angle during turns to correct for
groundspeed changes in order to maintain a constant
radius turn; steeper bank angles for higher ground
speeds, shallow bank anglesfor slower groundspeeds.

¢ Improving competency in managing the quickly
changing bank angles.

e Establishing and adjusting the wind correction angle
in order to maintain the track over the ground.

¢ Developing the ability to compensate for drift in
quickly changing orientations.

e Developing further awarenessthat theradius of aturn
is correlated to the bank angle.

v\

Shallowest bank

)

-

Steepest bank

M

" Satower bk

Figure 6-5. Turns around a point.
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To perform a turn around a point, the pilot must complete
at least one 360° turn; however, to properly assess wind
direction, velocity, bank required, and other factors related
to turns in wind, the pilot should complete two or more
turns. Asin other ground reference maneuvers, whenwindis
present, the pilot must aconstantly adjust the airplane’ sbank
and wind correction angle to maintain a constant radiusturn
around apoint. In contrast to the ground reference maneuvers
discussed previously in which turns were approximately
limited to either 90° or 180°, turns around a point are
consecutive 360° turns where, throughout the maneuver, the
pilot must constantly adjust the bank angle and the resulting
rate of turn in proportion to the groundspeed as the airplane
sequences through the various wind directions. The pilot
should make these adjustments by applying coordinated
aileron and rudder pressure throughout the turn.

When performing a turn around a point, the pilot should
select a prominent, ground-based reference that is easily
distinguishable yet small enough to present a precise
reference. [ Figure 6-6] The pilot should enter the maneuver
downwind, where the groundspeed is at its fastest, at the
appropriate radius of turn and distance from the selected
ground-based reference point. In a high-wing airplane, the
lowered wing may block the view of the ground reference
point, especially in airplaneswith side-by-side seating during
aleft turn (assuming that the pil ot isflying from thel eft seat).
To prevent this, the pilot may need to changethe maneuvering
altitude or the desired turn radius. The pilot should ensure
that the reference point isvisible at all times throughout the
maneuver, even with the wing lowered in a bank.

Shallowest bank (2

Steepest bank

osere bk o

Upon entering the maneuver, depending on thewind’ s speed,
it may be necessary torall into theinitial bank at arapid rate
so that the steepest bank is set quickly to prevent theairplane
from drifting outside of the desired turn radius. Thisis best
accomplished by repeated practiceand ng therequired
roll inrate. Thereafter, thepilot should gradually decreasethe
angle of bank until the airplane is headed directly upwind.
As the upwind becomes a crosswind and then a downwind,
the pilot should gradually steepen the bank to the steepest
angle upon reaching the initial point of entry.

During the downwind half of the turn, the pilot should
progressively adjust the airplane’s heading toward the
inside of the turn. During the upwind half, the pilot should
progressively adjust the airplane’s heading toward the
outside of the turn. Recall from the previous discussion on
wind correction angle that the airplane’ s heading should be
ahead of its position over the ground during the downwind
half of the turn behind its position during the upwind half.
Remember that the goal is to make a constant radius turn
over the ground and, because the airplane is flying through
amoving air mass, the pilot must constantly adjust the bank
angle to achieve this goal.

Thefollowing arethe most common errorsin the performance
of turns around a point:

e Failure to adequately clear the area above, below,
and on either side of the airplane for safety hazards,
initially and throughout the maneuver.

— Steepest bank
(B

i

-

i

Figure 6-6. Sturns.



e Failure to establish a constant, level altitude prior to
entering the maneuver.

e Failure to maintain altitude during the maneuver.
e Failureto properly assess wind direction.
e Failureto properly execute constant radius turns.

e Failure to manipulate the flight controls in a smooth
and continuous manner.

e Failure to establish the appropriate wind correction
angle.

e Failure to apply coordinated aileron and rudder
pressure, resulting in slips or skids.

S-Turns

S-turns is a ground reference maneuver in which the
airplane’s ground track resembles two opposite but equal
half-circles on each side of aselected ground-based straight-
linereference. [ Figure 6-6] Thisground reference maneuver
presents a practical application for the correction of wind
during a turn. The objectives of S-turns across a road are
asfollows:

e Maintaining a specific relationship between the
airplane and the ground.

« Dividing attention between the flightpath, ground-
based references, manipulating the flight controls,
and scanning for outside hazards and instrument
indications.

e Adjusting the bank angle during turns to correct for
groundspeed changes in order to maintain a constant
radius turn—steeper bank angles for higher ground
speeds, shallow bank anglesfor slower groundspeeds.

¢ Rolling out from a turn with the required wind
correction angle to compensate for any drift cause by
the wind.

e Establishing and correcting thewind correction angle
in order to maintain the track over the ground.

* Developing the ability to compensate for drift in
quickly changing orientations.

e Arriving at specific points on required headings.

With the airplane in the downwind position, the maneuver
consists of crossing a straight-line ground reference at a 90°
angle and immediately beginning a 180° constant radius
turn. The pilot will then adjust the roll rate and bank angle
for drift effectsand changesin groundspeed, and re-crossthe
straight-line ground reference in the opposite direction just
asthefirst 180° constant radiusturn is completed. The pilot
will then immediately begin a second 180° constant radius
turnin the opposite direction, adjusting theroll rate and bank
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anglefor drift effects and changesin groundspeed, again re-
crossing the straight-line ground reference asthe second 180°
constant radiusturn is completed. If the straight-line ground
reference is of sufficient length, the pilot may complete as
many as can be safely accomplished.

In the same manner as the rectangular course, it is standard
practice to enter ground-based maneuvers downwind where
groundspeed is greatest. As such, theroll into the turn must
be rapid, but not aggressive, and the angle of bank must be
steepest when initiating the turn. As the turn progresses,
the bank angle and the rate of rollout must be decreased as
the groundspeed decreases to ensure that the turn’s radius
is constant. During the first turn, when the airplane is at the
90° paint, it will bedirectly crosswind. In additiontotherate
of rollout and bank angle, the pilot must control the wind
correction angle throughout the turn.

Controlling the wind correction angle during a turn can be
complex to understand. The concept is best understood by
comprehending the difference between the number of degrees
that theairplane hasturned over the ground versesthe number
of degreesthat theairplane hasturned inthe air. For example,
if the airplane is exactly crosswind, meaning directly at a
point that is 90° to the straight-lined ground reference. If the
wind, in this example, requires a 10° wind correction angle
(for this example, thisis aleft turn with the crosswind from
the | eft) the airplane would be at a heading that is 10° ahead
when directly over the 90° ground reference point. In other
words, the first 90° track over the ground would result in a
heading change of 100° and thelast 90° track over the ground
would result in 80° of heading change.

As the turn progresses from a downwind position to an
upwind position, the pilot must gradually decrease the bank
anglewith coordinated aileron and rudder pressure. The pilot
should referencethe airplane’ snose, wingtips, and the ground
references and adjust the rollout timing so that the airplane
crosses the straight-line ground reference with the wings
level, and at the proper heading, altitude, and airspeed. As
the airplane re-crosses the straight-lined ground reference,
the pilot should immediately begin the opposite turn—there
should be no delay in rolling out from one turn and rolling
into the next turn. Because the airplane is now upwind, the
roll in should be smooth and gentle and theinitial bank angle
should be shallow. Astheturn progresses, the wind changes
from upwind, to crosswind, to downwind. Inasimilar manner
described above, the pilot should adjust the bank angle to
correct for changes in groundspeed. As the groundspeed
increases, the pil ot should increase the bank angleto maintain
a constant radius turn. At the 90° crosswind position, the
airplane should also have the correct wind correction angle.
Astheairplane turns downwind, the groundspeed increases;



the bank angle should be increased so that the rate of turnis
used to maintain a constant radius turn.

The following are the most common errors made while
performing S-turns across a road:

e Failure to adequately clear the area above, below,
and on either side of the airplane for safety hazards,
initially and throughout the maneuver.

e Failure to establish a constant, level altitude prior to
entering the maneuver.

e Failure to maintain altitude during the maneuver.
e Failureto properly assess wind direction.
e Failureto properly execute constant radius turns.

e Failure to manipulate the flight controls in a smooth
and continuous manner when transitioning into turns.

e Failure to establish the appropriate wind correction
angle.

e Failure to apply coordinated aileron and rudder
pressure, resulting in slips or skids.

Elementary Eights

Elementary eights are afamily of maneuversin which each
individual maneuver isonethat theairplanetracksapath over
the ground similar to the shape of afigure eight. There are
varioustypesof eights, progressing from the elementary types
tovery difficult typesin the advanced maneuvers. Each eight
is intended to develop a pilot’s flight control coordination
skills, strengthen their awareness relative to the selected
ground references, and enhance division of attention so that
flying becomes more instinctive than mechanical. Eights
require a greater degree of focused attention to the selected
ground references; however, the real significance of eights
isthat pilot must strive for flight precision.

Elementary eightsinclude eightsalong aroad, eightsacrossa
road, and eightsaround pylons. Each of these maneuversisa
variation of aturn around apoint. Each eight usestwo ground
reference points about which the airplane turns first in one
direction and then the oppositedirection—likeafigure eight.

Eights maneuvers are designed for the following purposes:

e Further development of thepilot’ sskill in maintaining
a specific relationship between the airplane and the
ground references.

e Improving the pilot’s ability to divide attention
between the flightpath and ground-based references,
manipulation of the flight controls, and scanning for
outside hazards and instrument indi cations during both
turning and straight-line flight.

»  Developingthepilot’ sskillsto visualize each specific
segment of the maneuver and the maneuver asawhole,
prior to execution.

» Developing apilot’s ability to intuitively manipulate
flight controlsto adjust the bank angle during turnsto
correct for groundspeed changesin order to maintain
constant radiusturnsand proper ground track between
ground references.

Eights Along a Road

Eightsalong aroad isaground reference maneuver inwhich
the ground track consists of two opposite 360° adjacent turns
with the center of each 360° turn and the adjacent turn point
perpendicular or parallel to the straight-line ground reference
(road, railroad tracks, fenceline, pipelineright-of-way, etc.).
[Figure 6-7] Likethe other ground reference maneuvers, its
objective is to further develop division of attention while
compensating for drift, maintaining orientation with ground
references, and maintaining a constant altitude.

Although eights along a road may be performed with the
wind blowing parallel or perpendicular to the straight-line
ground reference, only the perpendicular wind situation is
explained sincethe principlesinvolved are common to each.
Thepilot should select astraight-line ground referencethat is
perpendicular to the wind and position the airplane parallel
to and directly above the straight-line ground reference.
Since this places the airplane in a crosswind position, the
pilot must compensate for the wind drift with an appropriate
wind correction angle.

The following description is illustrated in Figure 6-7. The
airplaneisinitially in acrosswind position, perpendicular to
thewind, and over the ground-based reference. Thefirst turn
should be a left turn toward a downwind position starting
with asteeping bank. When the entry ismadeinto theturn, it
requiresthat theturn begin with amedium bank and gradually
steepen to its maximum bank angle when the airplane is
directly downwind. As the airplane turns from downwind
to crosswind, the bank angle needs to be gradually reduced
since groundspeed is decreasing; however, the groundspeed
only decreases by ¥ of its velocity during the first % of the
turn from downwind to crosswind.

The pilot must control the bank angle as well as the rate at
which the bank angleis reduced so that the wind correction
angle is correct. Assuming that the wind is coming from
the right side of the airplane, the airplane heading should
be dlightly ahead of its position over the ground. When the
airplane completesthefirst 180° of ground track, itisdirectly
crosswind, and the airplane should be at the maximum wind
correction angle.
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Figure 6-7. Eights along a road.

As the turn is continued toward the upwind, the airplane's
groundspeed isdecreasing, which requiresthe pilot to reduce
the bank angle to slow the rate of turn. If the pilot does not
reduce the bank angle, the continued high rate of turn would
cause the turn to be completed prematurely. Another way
to explain this effect is—the wind is drifting the airplane
downwind at the same time its groundspeed is slowing; if
the airplane has a steeper than required bank angle, its rate
of turn will be too fast and the airplane will complete the
turn before it has had time to return to the ground reference.

When the airplane is directly upwind, which is at 270° into
the first turn, the bank angle should be shallow with no
wind correction. As the airplane turns crosswind again, the
airplane’ sgroundspeed beginsincreasing; therefore, thepilot
should adjust the bank angle and corresponding rate of turn
proportionately in order to reach the ground reference at the
completion of the 360° ground track. The pilot may vary
the bank angle to correct for any previous errors made in
judging the returning rate and closure rate. The pilot should
timetherollout so that the airplaneis straight-and-level over
the starting point with enough drift correction to hold it over
the straight-line ground reference. Assuming that the wind
is now from the | eft, the airplane should be banked at a left
wind correction angle.

After momentarily flying straight-and-level with the
established wind correction, along the ground reference, the
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pilot should roll the airplane into a medium bank turnin the
opposite direction to begin the 360° turn on the upwind side
of the ground reference. Thewind will decreasetheairplane’'s
groundspeed and drift the airplane back toward the ground
reference; therefore, the pilot must decrease the bank slowly
during the first 90° of the upwind turn in order to establish a
constant radius. During the next 90° of turn, the pilot should
increase the bank angle, sincethe groundspeed isincreasing,
to maintain a constant radius and establish the proper wind
correction angle before reaching the 180° upwind position.

Asthe remaining 180° of turn continues, the wind becomes
atailwind and then a crosswind. Consistent with previous
downwind and crosswind descriptions, the pilot must increase
the bank angle asthe airplane reachesthe downwind position
and decrease the bank angle as the airplane reaches the
crosswind position. Further, the rate of roll in and roll out
should be consistent with how fast the groundspeed changes
during theturn. Remember, when turning from an upwind or
downwind position to acrosswind position, the groundspeed
changesby % during thefirst 7z of the 90° turn. Thefinal ¥ of
the groundspeed changesin thelast % of theturn. In contrast,
when turning from a crosswind position to an upwind or
downwind position, the groundspeed changes by ¥ during
the first % of the 90° turn. The final ¥z of the groundspeed
changes in the last % of the turn.



To successfully perform eights along a ground reference,
the pilot must be able to smoothly and accurately coordinate
changes in bank angle to maintain a constant radius turn and
counteract drift. The speed in which the pilot can anticipate
these corrections directly affects the accuracy of the overall
maneuver and the amount of attention that can be directed
toward scanning for outside hazardsand instrument indications.

Eights Across A Road

This maneuver is a variation of eights along a road and
involves the same principles and techniques. The primary
differenceisthat at the completion of each loop of thefigure
eight, the airplane should cross an intersection of a specific
ground reference point. [ Figure 6-8]

The loops should be across the road and the wind should be
perpendicular to theloops. Each timethereferenceis crossed,
the crossing angle should be the same, and the wings of the
airplane should be level. The eights may also be performed
by rolling from one bank immediately to the other, directly
over the reference.

Eights Around Pylons

Eights around pylons is a ground-reference maneuver with
the same principles and techniques of correcting for wind drift
as used in turns around a point and the same objectives as
other ground track maneuvers. Eightsaround pylonsutilizes
two ground reference points caled “pylons.” Turns around
each pylon aremadein oppositedirectionsto follow aground
track in the form of afigure 8. [Figure 6-9]
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Figure 6-8. Eights across a road.

The pattern involves flying downwind between the pylons
and upwind outside of the pylons. It may include a short
period of straight-and-level flight while proceeding
diagonally from one pylon to the other. The pylons should
be on aline perpendicular to the wind. The maneuver should
be started with the airplane on a downwind heading when
passing equally between the pylons. The distance between
the pylons and thewind velocity determinestheinitial angle
of bank required to maintain a constant turn radius from the
pylonsduring each turn. The steepest banks are necessary just
after each turn entry and just before therollout from each turn
wheretheairplaneisheaded downwind and the groundspeed
is highest; the shallowest banks are when the airplane is
headed directly upwind and the groundspeed is lowest.

Asin other ground reference maneuvers, the rate at which
the bank angle must change depends on thewind velocity. If
the airplane proceeds diagonally from one turn to the other,
the rollout from each turn must be completed on the proper
heading with sufficient wind correction angle to ensure that
after brief straight-and-level flight, the airplane arrivesat the
point where a turn of the same radius can be made around
the other pylon. The straight-and-level flight segments must
be tangent to both circular patterns.

Common errorsin the performance of elementary eightsare:

e Failure to adequately clear the area above, below,
and on either side of the airplane for safety hazards,
initially and throughout the maneuver.

e Poor selection of ground references.
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Figure 6-9. Eights around pylons.

e Failure to establish a constant, level altitude prior to
entering the maneuver.

e Failure to maintain adequate altitude control during
the maneuver.

e Failureto properly assess wind direction.
e Failureto properly execute constant radius turns.

e Failure to manipulate the flight controls in a smooth
and continuous manner.

e Failure to establish the appropriate wind correction
angles.

e Failure to apply coordinated aileron and rudder
pressure, resulting in slips or skids.

* Failure to maintain orientation as the maneuver
progresses.

Eights-on-Pylons

The eights-on-pylons is the most advanced and difficult of
the ground reference maneuvers. Because of the techniques
involved, the eights-on-pylonsare unmatched for developing
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intuitive control of the airplane. Similar to eights around
pylons except altitude is varied to maintain a specific visual
reference to the pivot points.

The goal of the eights-on-pylonsisto have animaginary line
that extendsfrom the pilot’ seyesto the pylon. Thisline must
beimagined to lwaysbeparallel totheairplane’ slaterd axis.
Alongthisline, theairplane appearsto pivot asit turnsaround
the pylon. In other words, if ataut string extended from the
airplanetothe pylon, the stringwould remain parallel tolateral
axisastheairplaneturned around the pylon. At no time should
the string be at an angle to the lateral axis. [Figure 6-10] In
explaining the performance of eights-on-pylons, the term
“wingtip” is frequently considered as being synonymous
with the proper visual reference line or pivot point on the
airplane. Thisinterpretation isnot always correct. High-wing,
low-wing, sweptwing, and tapered wing airplanes, aswell as
thosewith tandem or side-by-side seating, all present different
angles from the pilot’s eye to the wingtip. [ Figure 6-11]
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Figure 6-10. Eights on pylons.

Thevisua referenceline, while not necessarily onthewingtip
itself, may be positioned in relation to the wingtip (ahead,
behind, above, or below), and differsfor each pilot and from
each seat in the airplane. This is especially true in tandem
(fore and aft) seat airplanes. In side-by-side type airplanes,
there is very little variation in the visua reference lines for
different persons, if those persons are seated with their eyes
at approximately the same level. Therefore, in the correct
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performance of eights-on-pylons, as in other maneuvers
requiring a lateral reference, the pilot should use a visual
reference line that, from eye level, parallels the lateral axis
of the airplane.

Thealtitudethat isappropriate for eights-on-pylonsiscalled
the “pivotal atitude” and is determined by the airplane's
groundspeed. In previous ground-track maneuvers, the

| Too high, pylon ahead I

Line of sight

Too low, pylon behind

Lateral axis

Figure 6-11. Line of sight.
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airplaneflies a prescribed path over the ground and the pilot
attempts to maintain the track by correcting for the wind.
With eights-on-pylons, the pilot maintains|ateral orientation
to a specific spot on the ground. This develops the pilot’'s
ability to maneuver the airplane accurately while dividing
attention between the flightpath and the selected pylons on
the ground.

An explanation of the pivotal atitudeisalso essential. First,
agood rule of thumb for estimating the pivotal altitudeisto
sguare thegroundspeed, then divide by 15 (if the groundspeed
isinmiles per hour) or divide by 11.3 (if the groundspeed is
in knots), and then add the mean sealevel (MSL) atitude of
the ground reference. The pivotal altitude is the altitude at
which, for agiven groundspeed, the projection of the visual
referencelineto the pylon appearsto pivot. [ Figure6-12] The
pivotal altitude does not vary with the angle of bank unless
the bank is steep enough to affect the groundspeed.

Distance from the pylon affects the angle of bank. At any
altitude above that pivotal altitude, the projected reference
line appearsto moverearwardinacircular pathinrelationto
the pylon. Conversely, when the airplaneisbelow the pivotal
altitude, the projected reference line appearsto moveforward
inacircular path. [ Figure 6-13] To demonstratethis, thepilot
will fly at maneuvering speed and at an altitude below the
pivotal altitude, and then placed in a medium-banked turn.
The projected visual reference line appearsto move forward
along the ground (pylon moves back) as the airplane turns.
The pilot then executes a climb to an altitude well above the
pivotal altitude. When the airplane is again at maneuvering
speed, it is placed in a medium-banked turn. At the higher
altitude, the projected visual reference line appears to move
backward across the ground (pylon moves forward).

After demonstrating the maneuver at ahigh altitude, the pilot
should reduce power and begin a descent at maneuvering
speed in a continuing medium bank turn around the pylon.
The apparent backward movement of the projected visual
reference line with respect to the pylon will slow down as
altitude is lost and will eventually stop for an instant. If the

Groundspeed Approximate
Pivotal Altitude
87 100 670
91 105 735
96 110 810
100 115 885
104 120 960
109 125 1050
113 130 1130

Figure 6-12. Speed versus pivotal altitude.
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pilot continues the descent below the pivotal dtitude, the
projected visual reference line with respect to the pylon will
begin to move forward.

The dtitude at which the visual reference line ceases to
move across the ground isthe pivotal altitude. If the airplane
descends below the pivotal altitude, the pilot should increase
power to maintain airspeed while regaining altitude to the
point at which the projected reference line moves neither
backward nor forward but actually pivotson thepylon. Inthis
way, the pilot can determinethe pivotal atitudeof theairplane.

The pivota atitude is critical and changes with variations
in groundspeed. Since the headings throughout turns
continuously vary from downwind to upwind, thegroundspeed
constantly changes. Thisresultsin the proper pivotal atitude
varying slightly throughout the turn. The pilot should adjust
for this by climbing or descending, as necessary, to hold the
visual reference line on the pylons. This change in altitude
is dependent on the groundspeed.

Selecting proper pylon isanimportant factor of successfully
performing eights-on-pylons. They should be sufficiently
prominent so the pilot can view them when completing the
turn around one pylon and heading for the next. They should
also be adequately spaced to provide time for planning the
turns but not spaced so far apart that they cause unnecessary
straight-and-level flight between the pylons. The selected
pylons should also be at the same el evation, since differences
of over few feet necessitate climbing or descending between
each turn. The pilot should select two pylonsaong alinethat
lies perpendicular to the direction of the wind. The distance
between the pylons should alow for the straight-and-level
flight segment to last from 3 to 5 seconds.

Thepilot should estimate the pivotal atitude during preflight
planning. Weather reports and consultation with other pilots
flying in the area may provide both the wind direction and
velocity. If the references are previously known (many
flight instructors already have these ground-based reference
selected), the sectional chart will provide the MSL of the
references, the Pilot’ s Operating Handbook (POH) provides
the range of maneuvering airspeeds (based on weight), and
thewind direction and velocity can be estimated to calcul ate
the appropriate pivotal altitudes. The pilot should calculate
the pivotal altitude for each position: upwind, downwind,
and crosswind.

The pilot should begin the eight-on-pylons maneuver by
flying diagonally crosswind between the pylons to a point
downwind from the first pylon so that the first turn can be
made into the wind. As the airplane approaches a position
where the pylon appears to be just ahead of the wingtip, the
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Figure 6-13. Effect of different altitudes on pivotal altitude.

pilot should begin the turn by lowering the upwind wing so that the airplane arrives at a point downwind from the
to the point where the visual reference line aligns with the  second pylon that is equal in distance from the pylon as the
pylon. Thereferenceline should appear to pivot onthepylon.  corresponding point wasfrom thefirst pylon at the beginning
As the airplane heads upwind, the groundspeed decreases, of the maneuver.

which lowersthe pivotal altitude. Asaresult, the pilot must

descend to hold the visual reference line on the pylon. As At this point, the pilot should begin a turn in the opposite
theturn progresses on the upwind side of the pylon, thewind  direction by lowering the upwind wing to the point where the
becomes more of acrosswind. Sincethismaneuver doesnot  visual reference line aligns with the pylon. The pilot should
requirethe turn to be completed at aconstant radius, thepilot  then continuetheturnthe sameway the corresponding turnwas
does not need to apply drift correction to completetheturn.  performed around thefirst pylon but in the opposite direction.

If the visua reference line appears to move ahead of the With prompt correction, and a very fine control pressures,
pylon, the pilot should increase dltitude. If thevisual reference it ispossible to hold the visual reference line directly on the
line appears to move behind the pylon, the pilot should pylonevenin strong winds. The pilot may make corrections
decrease altitude. Deflecting the rudder to yaw the airplane  for temporary variations, such as those caused by gusts
and forcethewing and reference lineforward or backwardto  or inattention by reducing the bank angle slightly to fly
the pylon places the airplane in uncoordinated flight, at low  relatively straight to bring forward alagging visual reference
altitude, with steep bank angles and must not be attempted.  lineor by increasing the bank angle temporarily to turn back

avisual reference line that has moved ahead. With practice,
Asthe airplane turns toward a downwind heading, the pilot  these corrections may become slight enough to be barely
should rollout from the turn to allow the airplaneto proceed  noticeable. It is important to understand that variations in
diagonally to a point tangent on the downwind side of the pylon position are according to the apparent movement of the
second pylon. The pilot should complete the rollout with  visual reference line. Attempting to correct pivotal atitude
the proper wind correction angle to correct for wind drift, by the use of the altimeter isineffective.
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Eights-on-pylonsare performed at bank anglesranging from
shallow to steep. [ Figure 6-14] The pilot should understand
that the bank chosen does not alter the pivotal atitude. As
proficiency is gained, the instructor should increase the
complexity of the maneuver by directing the student to enter
at a distance from the pylon that results in a specific bank
angle at the steepest point in the pylon turn.

The most common error in attempting to hold a pylon is
incorrect use of the rudder. When the projection of the visual
referenceline movesforward with respect to the pylon, many
pilots tend to apply inside rudder pressure to yaw the wing
backward. When the reference line moves behind the pylon,
they tend to apply outside rudder pressure to yaw the wing
forward. The pilot should usetherudder only for coordination.

Other common errors in the performance of eights-on-
pylons are:

e Failure to adequately clear the area above, below,
and on either side of the airplane for safety hazards,
initially and throughout the maneuver.

e Poor selection of ground references.

e Failure to establish a constant, level altitude prior to
entering the maneuver.

e Failure to maintain adequate altitude control during
the maneuver.

e Failureto properly assess wind direction.

e Failureto properly execute constant radius turns.

e Failure to manipulate the flight controls in a smooth
and continuous manner.

e Failure to establish the appropriate wind correction
angles.

e Failure to apply coordinated aileron and rudder
pressure, resulting in slips or skids.

e Failure to maintain orientation as the maneuver
progresses.

Chapter Summary

At the completion of ground reference maneuvers, the pilot
should not only be able to command the airplane to specific
pitch, roll, and yaw attitudes but, while correcting for the
effectsof wind drift, also control theairplane’ sorientationin
relation to ground-based references. It should be reinforced
that safety is paramount in all aspects of flying. Ground
reference maneuvers require planning and high levels of
vigilanceto ensure that the practice and performance of these
maneuvers are executed where the saf ety to groups of people,
livestock, communities, and the pilot is not compromised.
To master ground reference maneuvers, apilot must develop
coordination, timing, and division of attention to accurately
maneuver the airplane in reference to flight attitudes and
specific ground references. With these enhanced skills, the
pilot significantly strengthenstheir competency in everyday
flight maneuvers, such as straight-and-level, turns, climbs,
and descents.
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Figure 6-14. Bank angle versus pivotal altitude.

6-18




Chapter

Introduction

Airport traffic patterns are devel oped to ensure that air traffic
isflown into and out of an airport safely. Each airport traffic
patternisestablished based onthelocal conditions, including
the direction and placement of the pattern, the altitude at
which it isto be flown, and the procedures for entering and
exiting the pattern. It isimperative that pilotsare taught correct
traffic pattern procedures and exercise constant vigilance in
the vicinity of airports when entering and exiting the traffic
pattern. Information regarding the procedures for a specific
airport can be found in the Chart Supplements. Additional
information on airport operations and traffic patterns can be
found in the Aeronautical Information Manual (AIM).

Airport Traffic Patterns
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Airport Traffic Patterns and Operations

Just as roads and streets are essential for operating
automobiles, airports or airstrips are essential for operating
airplanes. Every flight begins and ends at an airport or other
suitablelanding field; therefore, it isessential that pilotslearn
thetraffic rules, traffic procedures, and traffic pattern layouts
that may bein use at various airports.

When an automobile is driven on congested city streets, it
can be brought to a stop to give way to conflicting traffic;
however, anairplane can only speed up, climb, descend, and be
sdowed down. Consequently, traffic patternsand traffic control
procedures have been established for use at airports. Traffic
patterns provide proceduresfor takeoffs, departures, arrivals,
and landings. The exact nature of each airport traffic pattern
is dependent on the runway in use, wind conditions (which
determine the runway in use), obstructions, and other factors.

Control towers and radar facilities provide a means of
adjusting the flow of arriving and departing aircraft and
render assistance to pilots in busy termina areas. Airport
lighting and runway marking systems are used frequently to
alert pilots to abnormal conditions and hazards so arrivals
and departures can be made safely.

Airports vary in complexity from small grass or sod strips
to major terminals with paved runways and taxiways.
Regardlessof thetype of airport, apilot must know and abide
by the rules and general operating procedures applicable to
the airport being used. The objective is to keep air traffic
moving with maximum safety and efficiency. Information
on traffic patterns and operating procedures for an airport
is documented in the Chart Supplements, as well as visual
markings on the airport itself. The use of any traffic
pattern, service, or procedure does not diminish the pilot’s
responsibility to see and avoid other aircraft during flight.

Standard Airport Traffic Patterns

Toassurethat air traffic flowsinto and out of anairportinan
orderly manner, an airport traffic pattern is established based
on thelocal conditions, to include the direction and altitude
of the pattern and the procedures for entering and leaving the
pattern. Unlesstheairport displaysapproved visual markings
indicating that turns should be made to the right, the pilot
should make all turnsin the pattern to the left.

When operating at an airport with an operating control tower,
the pilot receives a clearance to approach or depart, as well
as pertinent information about the traffic pattern by radio. If
there isnot a control tower, it isthe pilot’s responsibility to
determine the direction of thetraffic pattern, to comply with
the appropriatetraffic rules, and to display common courtesy
toward other pilots operating in the area.
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A pilot is not expected to have extensive knowledge of
al traffic patterns at all airports, but if the pilot is familiar
with the basic rectangular pattern, it is easy to make proper
approaches and departures from most airports, regardless
of whether or not they have control towers. At airports with
operating control towers, the tower operator can instruct
pilots to enter the traffic pattern at any point or to make a
straight-in approach without flying the usual rectangular
pattern. Many other deviations are possible if the tower
operator and the pilot work together in an effort to keep traffic
moving smoothly. Jets or heavy airplanes will frequently
fly wider and/or higher patterns than lighter airplanes, and
in many cases, will make a straight-in approach for landing.

Compliancewith the basic rectangular traffic pattern reduces
the possibility of conflicts at airports without an operating
control tower. It isimperative that a pilot form the habit of
exercising constant vigilancein the vicinity of airportseven
when the air traffic appears to be light. Midair collisions
usually occur on clear days with unlimited visibility. Never
assumeyou havefound all of theair traffic and stop scanning.

Figure 7-1 shows a standard rectangular traffic pattern.
The traffic pattern atitude is usually 1,000 feet above the
elevation of theairport surface. The use of acommon altitude
at agiven airport is the key factor in minimizing the risk of
collisions at airports without operating control towers.

When operating in the traffic pattern at an airport without an
operating control tower, the pilot should maintain an airspeed
of no more than 200 knots (230 miles per hour (mph)) as
required by Title 14 of the Code of Federal Regulations (14
CFR) part 91. In any case, the pilot should adjust the airspeed,
when necessary, so that it is compatible with the airspeed of
the other airplanesin the pattern.

When entering the traffic pattern at an airport without an
operating control tower, inbound pilots are expected to
observeother aircraft already in the pattern and to conformto
thetraffic patternin use. If thereare no other aircraft present,
the pilot should check traffic indicators on the ground and
wind indicatorsto determine which runway and traffic pattern
direction to use. [ Figure 7-2] Many airports have L-shaped
traffic pattern indicators displayed with a segmented circle
adjacent to the runway. The short member of the L shows
the direction in which the traffic pattern turns are made
when using the runway parallel to the long member. The
pilot should check the indicators from a distance or altitude
well away from any other airplanesthat may beflyinginthe
traffic pattern. Upon identifying the proper traffic pattern,
the pilot should enter into the traffic pattern at a point well
clear of the other airplanes.



Figure 7-1. Traffic patterns.

When approaching an airport for landing, thetraffic patternis
normally entered at a45° angleto the downwind leg, headed
toward a point abeam the midpoint of the runway to be used
for landing. When arriving, the pilot should be aware of the
proper traffic pattern altitude before entering the pattern and
remain clear of thetraffic flow until established on the entry

leg. Entries into traffic patterns while descending create
specific collision hazards and should always be avoided.

The pilot should ensure that the entry leg is of sufficient
length to provide a clear view of the entire traffic pattern
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Figure 7-2. Traffic pattern indicators.

and to allow adequate time for planning the intended path in
the pattern and the landing approach.

The downwind leg is a course flown parallel to the landing
runway, but in a direction opposite to the intended landing
direction. This leg is flown approximately %2 to 1 mile out
from the landing runway and at the specified traffic pattern
altitude. When flying on the downwind leg, the pilot should
complete al before landing checks and extend the landing
gear if the airplane is equipped with retractable landing
gear. Pattern atitude is maintained until at least abeam the
approach end of the landing runway. At this point, the pilot
should reduce power and begin a descent. The pilot should
continue the downwind leg past a point abeam the approach
end of the runway to a point approximately 45° from the
approach end of the runway, and make a medium bank turn
onto the base leg. Pilots should consider tailwinds and not
descend too much on the downwind, so as to have a very
low base leg altitude.

The base leg is the transitional part of the traffic pattern
between the downwind leg and the final approach leg.
Depending on the wind condition, the pilot should establish
the base leg at a sufficient distance from the approach end
of the landing runway to permit a gradual descent to the
intended touchdown point. The ground track of the airplane
while on the base leg is perpendicular to the extended
centerline of the landing runway, athough the longitudinal
axisof theairplane may not be aligned with the ground track
when it isnecessary to turn into the wind to counteract drift.
While on the base leg, the pilot must ensure, before turning
onto the final approach, that there is no danger of colliding
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with another aircraft that is already established on the final
approach. Pilotsmust not attempt an overly steep turntofinal,
especially uncoordinated! If in doubt, go around.

Thefinal approach legisadescending flightpath starting from
the completion of the base-to-final turn and extending to the
point of touchdown. Thisis probably the most important leg of
theentire pattern, because of the sound judgment and precision
required to accurately control the airspeed and descent angle
while approaching the intended touchdown point.

14 CFR part 91, states that aircraft, while on final approach
to land or while landing, have the right-of-way over other
aircraft in flight or operating on the surface. When two or
more aircraft are approaching an airport for the purpose of
landing, the aircraft at the lower atitude has the right-of-
way. Pilots should not take advantage of this rule to cut in
front of another aircraft that is on final approach to land or
to overtake that aircraft.

The upwind leg is a course flown parallel to the landing
runway in the same direction aslanding traffic. The upwind
legisflown at controlled airports and after go-arounds.

When necessary, the upwind leg is the part of the traffic
pattern in which the pilot will transition from the final
approach totheclimb altitudeto initiate ago-around. When a
safedltitudeisattained, the pilot should commence ashallow
bank turn to the upwind side of the airport. Thisallows better
visihbility of the runway for departing aircraft.

Thedepartureleg of therectangular patternisastraight course
aligned with, and leading from, the takeoff runway. Thisleg
beginsat the point the airplaneleavesthe ground and continues
until the pilot begins the 90° turn onto the crosswind leg.

On the departure leg after takeoff, the pilot should continue
climbing straight ahead and, if remaining in the traffic
pattern, commence a turn to the crosswind leg beyond the
departure end of the runway within 300 feet of the traffic
pattern altitude. If departing the traffic pattern, the pilot
should continue straight out or exit with a 45° turn (to the
left when in aleft-hand traffic pattern; to the right when in
aright-hand traffic pattern) beyond the departure end of the
runway after reaching the traffic pattern altitude.

The crosswind leg is the part of the rectangular pattern that
is horizontally perpendicular to the extended centerline of
the takeoff runway. The pilot should enter the crosswind
leg by making approximately a 90° turn from the upwind
leg. The pilot should continue on the crosswind leg, to the
downwind leg position.



Sinceinmost casesthetakeoff ismadeinto thewind, thewind
will now be approximately perpendicular to the airplane's
flightpath. As a result, the pilot should turn or head the
airplane dightly into the wind while on the crosswind leg to
maintain a ground track that is perpendicular to the runway
centerline extension.

Non-Towered Airports

Non towered airports traffic patterns are always entered at
pattern altitude. How you enter the pattern depends upon
the direction of arrival. The preferred method for entering
from the downwind leg side of the pattern is to approach
the pattern on a course 45° to the downwind leg and join the
pattern at midfield.

Thereare severa waysto enter the pattern if you are coming
from the upwind legs side of the airport. One method of entry
from the opposite side of the pattern is to announce your
intentions and cross over midfield at least 500 feet above
pattern altitude (normally 1,500 feet AGL.) However, if large
or turbine aircraft operate at your airport, it isbest to remain
2,000 feet AGL so you're not in conflict with their traffic
pattern. When well clear of the pattern—approximately
2 miles—scan carefully for traffic, descend to pattern

2. Fly clear of
traffic pattern

F (approx. 2 mi.)
‘e
4

L
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traffic and :
enter i
l
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midfield =
downwind

at 45°

3. Descend to
pattern altitude,
"\ thenturn
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altitude, then turn right to enter at 45° to the downwind leg
at midfield. [Figure 7-4A] An alternate method is to enter
on a midfield crosswind at pattern atitude, carefully scan
for traffic, announce your intentions and then turned down
downwind. [ Figure 7-4B] Thistechnique should not be used
if the pattern is busy.

Always remember to give way to aircraft on the preferred
45° entry and to aircraft already established on downwind.
In either case, it is vital to announce your intentions, and
remember to scan outside. Before joining the downwind
leg, adjust your course or speed to blend into the traffic.
Adjust power on the downwind leg, or sooner, to fit into
the flow of traffic. Avoid flying too fast or too slow. Speeds
recommended by the airplane manufacturer should be used.
They will generally fall between 70 to 80 knotsfor fixed-gear
singles, and 80 to 90 knotsfor high-performanceretractable.

Safety Considerations

According to the National Transportation Safety Board
(NTSB), the most probable cause of mid-air collisions is
the pilot failing to see and avoid other aircraft. When in
the traffic, pilots must continue to scan for other aircraft
and check blind spots caused by fixed aircraft structures,

Yield to the preferred
45° and downwind
traffic, then turn
downwind

Figure 7-4. Preferred entry from upwind leg side of airport (A). Alternate midfield entry from upwind leg side of airport (B).
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such as doorposts and wings. High-wing airplanes have
restricted visibility above while low-wing airplanes have
limited visibility below. The worst-case scenario is a low-
wing airplane flying above a high-wing airplane. Banking
from time to time can uncover blind spots. The pilot should
also occasionally look to the rear of the airplane to check
for other aircraft. Figure 7-5 depicts the greatest threat area
for mid-air collisionsin the traffic pattern. Listed below are
important facts regarding mid-air collisions:
e Mid-air collisions generally occur during daylight
hours; 56 percent of the accidents occur in the

afternoon, 32 percent occur in the morning, and 2
percent occur at night, dusk, or dawn.

e Most mid-air collisions occur under good visibility.

e A mid-air collision is most likely to occur between
two aircraft going in the same direction.

e The mgjority of pilotsinvolved in mid-air collisions
are not on aflight plan.

e Nearly all accidents occur at or near uncontrolled
airports and at atitudes below 1,000 feet.

e Pilotsof al experiencelevelsareinvolved in mid-air
collisions.

Distribution of Mid-Air Collisions
in the Airport Traffic Pattern
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Runway

Figure 7-5. Location distribution of mid-air collisionsintheairport
traffic pattern.
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The following are some important procedures that all pilots
should be follow when flying in a traffic pattern or in the
vicinity of an airport.

e Tuneand verify radio frequencies before entering the
airport traffic area.

*  Report your position 10 milesout and listen for reports
from other inbound traffic.

* Report when you are entering downwind, turning
downwind to base, and base to final. Thisis a good
practice at a non-towered airport.

»  Descendto traffic pattern altitude before entering the
pattern.

e Maintain a constant visual scan for other aircraft.

e Tune and monitor the correct Common Traffic
Advisory Frequency (CTAF) frequency.

» Be aware that there may be aircraft in the pattern
without radios.

e Use exterior lights to improve the chances of being
seen.

Chapter Summary

The volume of traffic at an airport can create a hazardous
environment. Airport traffic patterns are procedures that
improve the flow of traffic at an airport and when properly
executed enhance safety. Most reported mid-air collisions
occur during thefinal or short final approach leg of theairport
traffic pattern.



Introduction

There is a saying that while takeoff is optional, landing is
mandatory. Unfortunately, a review of accident statistics
indicatesthat over 45 percent of al general aviation accidents
occur during the approach and landing phases of a flight.
A closer look shows that the cause of over 90 percent of
those cases was pilot related and loss of control was aso a
major contributing factor in 33 percent of the cases. While
the requirement to maneuver close to the ground cannot
be eliminated, pilots can develop the skills and follow
established proceduresto reduce thelikelihood of an accident
or mishap. This chapter focuses on the approach to landing,
factors that affect landings, types of landings, and aspects
of faulty landings.
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Normal Approach and Landing

A normal approach and landinginvolvestheuseof procedures
for what isconsidered anormal situation; that is, when engine
power isavailable, thewind islight, or the final approachis
made directly into the wind, the final approach path has no
obstaclesand thelanding surfaceisfirm and of amplelength
togradually bring theairplaneto astop. The selected landing
point is normally beyond the runway’s approach threshold
but within the first ¥ portion of the runway.

The factors involved and the procedures described for the
normal approach and landing also have applications to the
other-than-normal approachesand landings and are discussed
later in this chapter. This being the case, the principles of
normal operations are explained first and must be understood
before proceeding to the more complex operations. To help
thepilot better understand the factorsthat influence judgment
and procedures, the last part of the approach pattern and the
actua landing is divided into five phases:

1. the base leg

2. the final approach
3. theround out (flare)
4. the touchdown

5. the after-landing roll

It must beremembered that the manufacturer’ srecommended
procedures, including airplane configuration and airspeeds,
and other information relevant to approachesand landingsina
specific make and model airplane are contained in the Federal
Aviation Administration (FAA)-approved Airplane Flight
Manual and/or Pilot’s Operating Handbook (AFM/POH)
for that airplane. If any of the information in this chapter
differs from the airplane manufacturer’s recommendations
as contained in the AFM/POH, the airplane manufacturer’s
recommendations take precedence.

Base Leg

The placement of the base leg is one of the more important
judgments made by the pilot in any landing approach.
[Figure 8-1] The pilot must accurately judge the atitude
and distance from which agradual, stabilized descent results
in landing at the desired spot. The distance depends on the
atitude of the base leg, the effect of wind, and the amount
of wing flaps used. When there is a strong wind on final
approach or the flaps are used to produce a steep angle
of descent, the base leg must be positioned closer to the
approach end of the runway than would be required with a
light wind or no flaps. Normally, thelanding gear isextended
and the before-landing check completed prior to reaching
the base leg.

After turning onto the baseleg, start the descent with reduced
power and airspeed of approximately 1.4 Vg5, which isthe

Figure 8-1. Base leg and final approach.
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stalling speed with power off, landing gear and flaps down.
For example, if V 55 is60 knots, the speed should be 1.4 times
60 or 84 knots. Landing flaps may be partialy lowered, if
desired, at thistime. Full flaps are not recommended until the
final approach isestablished. A drift correctionisestablished
and maintained to follow a ground track perpendicular to
the extension of the centerline of the runway on which the
landing is to be made. Since the final approach and landing
are normally made into the wind, there is somewhat of a
crosswind during the baseleg. Thisrequiresthat the airplane
be angled sufficiently into thewind to prevent drifting farther
away from the intended landing spot.

The base leg is continued to the point where a medium to
shallow-banked turn aligns the airplane’ s path directly with
the centerline of thelanding runway. Thisdescendingturnis
completed at a safe atitude and dependent upon the height
of the terrain and any obstructions along the ground track.
Theturntothefinal approachissufficiently abovetheairport
elevation to permit afinal approach long enough to accurately
estimate the resultant point of touchdown while maintaining
the proper approach airspeed. Thisrequires careful planning
asto the starting point and the radius of theturn. Normally, it
isrecommended that the angle of bank not exceed amedium
bank because the steeper the angle of bank, the higher the
airspeed at which the airplane stalls. Since the base-to-final
turn is made at arelatively low altitude, it isimportant that
astall not occur at this point. If an extremely steep bank is
needed to prevent overshooting the proper final approach
path, it is advisable to discontinue the approach, go around,
and plan to start the turn earlier on the next approach rather
than risk a hazardous situation.

Final Approach
After the base-to-final approach turn is completed, the
longitudinal axisof theairplaneisaligned with the centerline

of the runway or landing surface so that drift (if any) is
recognized immediately. On a normal approach, with no
wind drift, the longitudinal axis is kept aligned with the
runway centerline throughout the approach andlanding. (The
proper way to correct for acrosswind is explained under the
section, Crosswind Approach and Landing. For now, only
an approach and landing where thewind is straight down the
runway are discussed.)

After aligning the airplane with the runway centerline, the
final flap setting is completed and the pitch attitude adjusted
asrequired for the desired rate of descent. Slight adjustments
in pitch and power may be necessary to maintain the descent
attitude and the desired approach airspeed. In the absence of
the manufacturer’ srecommended airspeed, a speed equal to
1.3V g should be used. If Vo5 is60 knots, the speed should
be 78 knots. When the pitch attitude and airspeed have been
stabilized, the airplaneisre-trimmed to relieve the pressures
being held on the controls.

A stabilized descent angle is controlled throughout the
approach so that the airplane lands in the center of the first
third of the runway. The descent angleisaffected by all four
fundamental forcesthat act on an airplane (lift, drag, thrust,
and weight). If al the forces are constant, the descent angle
is constant in a no-wind condition. The pilot controls these
forces by adjusting the airspeed, attitude, power, and drag
(flaps or forward slip). Thewind also playsaprominent part
in the gliding distance over the ground [Figure 8-2]; the
pilot does not have control over the wind but corrects for
its effect on the airplane’ s descent by appropriate pitch and
power adjustments.

Considering the factors that affect the descent angle on the
final approach, for all practical purposes at a given pitch
attitude thereis only one power setting for one airspeed, one

Figure 8-2. Effect of headwind on final approach.



flap setting, and one wind condition. A changein any one of
these variables requires an appropriate coordinated change
in the other controllable variables. For example, if the pitch
attitude is raised too high without an increase of power, the
airplane settles very rapidly and touches down short of the
desired spot. For this reason, never try to stretch a glide by
applying back-elevator pressure alone to reach the desired
landing spot. This shortens the gliding distance if power is
not added simultaneously. The proper angle of descent and
airspeed ismaintained by coordinating pitch attitude changes
and power changes.

The objective of a good, stabilized final approach is to
descend at an angle and airspeed that permitsthe airplaneto
reach the desired touchdown point at an airspeed that results
in minimum floating just before touchdown; in essence, a
semi-stalled condition. To accomplish this, it is essential
that both the descent angle and the airspeed be accurately
controlled. Since on anormal approach the power setting is
not fixed as in a power-off approach, the power and pitch
attitude are adjusted simultaneously as necessary to control
the airspeed and the descent angle, or to attain the desired
altitudes along the approach path. By lowering the nose and
reducing power to keep approach airspeed constant, adescent
at a higher rate can be made to correct for being too high in
the approach. Thisis one reason for performing approaches
with partial power; if the approach istoo high, merely lower
the nose and reduce the power. When the approach is too
low, add power and raise the nose.

Use of Flaps

Thelift/drag factorsarevaried by the pilot to adjust the descent
through the use of landing flaps. [ Figures 8-3 and 8-4] Flap
extension during landings provides several advantages by:

e Producing greater lift and permitting lower landing
speed,

with: constant airspeed
constant power

Figure 8-3. Effect of flaps on the landing point.

8-4

»  Producing greater drag, permitting a steeper descent
angle without airspeed increase, and

* Reducing the length of the landing roll.

Flap extension has a definite effect on the airplane’s pitch
behavior. The increased camber from flap deflection
produces lift primarily on the rear portion of thewing. This
produces anose-down pitching moment; however, the change
intail loads from the downwash deflected by the flaps over
the horizontal tail has a significant influence on the pitching
moment. Consequently, pitch behavior dependson thedesign
features of the particular airplane.

Flap deflection of up to 15° primarily produces lift with
minimal drag. Theairplane hasatendency to balloon up with
initial flap deflection because of thelift increase. The nose-
down pitching moment, however, tendsto offset the balloon.
Flap deflection beyond 15° producesalargeincreasein drag.
Also, deflection beyond 15° produces a significant nose-up
pitching moment in high-wing airplanes because theresulting
downwash increases the airflow over the horizontal tail.

The time of flap extension and the degree of deflection
are related. Large flap deflections at one single point in
the landing pattern produce large lift changes that require
significant pitch and power changes in order to maintain
airspeed and descent angle. Consequently, there is an
advantage to extending flaps in increments while in the
landing pattern. Incremental deflection of flapson downwind,
base leg, and final approach allow smaller adjustments of
pitch and power compared to extension of full flaps all at
onetime.

When the flaps are lowered, the airspeed decreases unless
the power isincreased or the pitch attitude lowered. Onfinal
approach, the pilot must estimate where the airplane lands




with: constant airspeed
constant power

Figure 8-4. Effect of flaps on the approach angle.

through judgment of the descent angle. If it appears that the
airplaneisgoing to overshoot the desired landing spot, more
flaps are used, if not fully extended, or the power reduced
further and the pitch attitude lowered. Thisresultsin asteeper
approach. If thedesired landing spot isbeing undershot and a
shallower approach is needed, both power and pitch attitude
are increased to readjust the descent angle. Never retract
the flaps to correct for undershooting since that suddenly
decreases the lift and causes the airplane to sink rapidly.

The airplane must be re-trimmed on the final approach to
compensate for the change in aerodynamic forces. With
the reduced power and with a slower airspeed, the airflow
produces less lift on the wings and less downward force on
the horizontal stabilizer resulting in asignificant nose-down
tendency. The elevator must then be trimmed more nose-up.

The round out, touchdown, and landing roll are much easier
to accomplish when they are preceded by a proper fina
approach consisting of precise control of airspeed, attitude,
power, and drag resulting in a stabilized descent angle.

Estimating Height and Movement

During the approach, round out, and touchdown; vision is
of primeimportance. To provide awide scope of vision and
to foster good judgment of height and movement, the pilot’s
head should assume anatural, straight-ahead position. Visual
focusis not fixed on any one side or any one spot ahead of
the airplane. Instead, it is changed slowly from a point just
over the airplane’ s nose to the desired touchdown zone and
back again. This is done while maintaining a deliberate
awareness of distance from either side of the runway using
your peripheral field of vision.

Accurate estimation of distance is, besides being a matter
of practice, dependent upon how clearly objects are seen. It

requires that the vision be focused properly in order that the
important objects stand out as clearly as possible.

Speed blurs objects at close range. For example, most
everyone has noted this in an automobile moving at high
speed. Nearby objects seem to merge together in a blur,
while objects farther away stand out clearly. The driver
subconsciously focusesthe eyes sufficiently far ahead of the
automobile to see objects distinctly.

The distance at which the pilot’ s vision isfocused should be
proportionate to the speed at which the airplaneis traveling
over the ground. Thus, as speed is reduced during the round
out, the distance ahead of the airplane at which it ispossible
to focusis brought closer accordingly.

If the pilot attempts to focus on a reference that istoo close
or looks directly down, the reference becomes blurred,
[Figure 8-5] and thereaction is either too abrupt or too | ate.
In this case, the pilot’s tendency is to over-control, round
out high, and make full-stall, drop-in landings. If the pilot
focuses too far ahead, accuracy in judging the closeness of
the ground is lost and the consequent reaction is too slow
since there does not appear to be a necessity for action. This
resultsin the airplane flying into the ground nose first. The
change of visua focusfrom along distanceto ashort distance
requires a definite time interval and, even though the time
isbrief, the airplane’ s speed during thisinterval is such that
the airplane travels an appreciable distance, both forward
and downward toward the ground.

If the focus is changed gradually, being brought progressively

closer as speed is reduced, the time interval and the pilot’s
reaction arereduced and thewholelanding processsmoothed out.
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Figure 8-5. Focusing too close blurs vision.

Round Out (Flare)

The round out is a slow, smooth transition from a normal
approach attitude to a landing attitude, gradually rounding
out the flightpath to one that is parallel with, and within a
very few inches above, the runway. When the airplane, in a
normal descent, approaches within what appearsto be 10 to
20 feet above the ground, the round out or flare is started.
Thisisacontinuous process until the airplane touches down
on the ground.

As the airplane reaches a height above the ground where a
change into the proper landing attitude can be made, back-
elevator pressure is gradually applied to sowly increase the
pitch attitude and angle of attack (AOA). [Figure 8-6] This
causestheairplane’ snoseto gradually risetoward the desired
landing attitude. The AOA isincreased at aratethat allowsthe
airplaneto continue settling s owly asforward speed decreases.

Increase angle of attack

0 knots

Figure 8-6. Changing angle of attack during roundout.
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Whenthe AOA isincreased, theliftismomentarily increased
and this decreases therate of descent. Since power normally
is reduced to idle during the round out, the airspeed also
gradually decreases. This causes lift to decrease again and
necessitates raising the nose and further increasing the AOCA.
During theround out, the airspeed is decreased to touchdown
speed whiletheliftiscontrolled so the airplane settles gently
onto the landing surface. Theround out is executed at arate
that the proper landing attitude and the proper touchdown
airspeed are attained simultaneously just as the wheels
contact the landing surface.

The rate at which the round out is executed depends on the
airplane’ s height above the ground, the rate of descent, and
the pitch attitude. A round out started excessively high must
be executed more slowly than one from a lower height to
alow the airplane to descend to the ground while the proper
landing attitude is being established. The rate of rounding
out must also be proportionate to the rate of closure with
the ground. When the airplane appears to be descending
very slowly, the increase in pitch attitude must be made at a
correspondingly slow rate.

Visua cuesareimportant in flaring at the proper atitude and
maintaining the wheels a few inches above the runway until
eventual touchdown. Flare cues are primarily dependent on
the angle at which the pilot’s central vision intersects the
ground (or runway) ahead and dightly to the side. Proper depth
perception isafactor in asuccessful flare, but the visual cues
used most are those related to changes in runway or terrain
perspective and to changesin the size of familiar objects near
the landing area, such as fences, bushes, trees, hangars, and
even sod or runway texture. Focus direct central vision at a
shallow downward angle from 10° to 15° toward the runway
astheround out/flareisinitiated. [ Figure8-7] Maintaining the
same viewing angle causesthe point of visua interception with

Increase angle of attack
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Figure 8-7. To obtain necessary visual cues, the pilot should look toward the runway at a shallow angle.

the runway to move progressively rearward as the airplane
losesdtitude. Thisisan important visual cuein assessing the
rate of altitude loss. Conversely, forward movement of the
visual interception point indicates an increase in atitude and
meansthat the pitch anglewasincreased too rapidly, resulting
in an over flare. Location of the visual interception point
in conjunction with assessment of flow velocity of nearby
off-runway terrain, aswell asthe similarity of appearance of
height abovethe runway ahead of theairplane (in comparison
to the way it looked when the airplane was taxied prior to
takeoff), is also used to judge when the wheelsarejust afew
inches above the runway.

The pitch attitude of the airplane in a full-flap approach is
considerably lower than in a no-flap approach. To attain
the proper landing attitude before touching down, the nose
must travel through a greater pitch change when flaps are
fully extended. Since the round out is usually started at
approximately the same height above the ground regardless of
the degree of flaps used, the pitch attitude must be increased
at afaster rate when full flaps are used; however, the round
outisstill beexecuted at arate proportionateto theairplane’s
downward motion.

Once the actual process of rounding out is started, do not
push the elevator control forward. If too much back-elevator
pressurewas exerted, thispressureiseither dightly relaxed or
held constant, depending on the degree of the error. In some
cases, it may be necessary to advance the throttle slightly to
prevent an excessive rate of sink or a stall, either of which
resultsin a hard, drop-in type landing.

It isrecommended that a pilot form the habit of keeping one
hand on the throttle throughout the approach and landing
should a sudden and unexpected hazardous situation require
an immediate application of power.

Touchdown

Thetouchdown isthe gentle settling of the airplane onto the
landing surface. The round out and touchdown are normally
made with the engine idling and the airplane at minimum
controllable airspeed so that the airplane touches down on
themain gear at approximately stalling speed. Astheairplane
settles, the proper landing attitude is attained by application
of whatever back-elevator pressure is necessary.

Some pilots try to force or fly the airplane onto the ground
without establishing the proper landing attitude. Theairplane
should never be flown on the runway with excessive speed.
A common technique to making a smooth touchdown is to
actually focus on holding the wheels of the aircraft a few
inches off the ground aslong as possible using the elevators
while the power is smoothly reduced to idle. In most cases,
when the wheels are within 2 or 3 feet off the ground, the
airplane is still settling too fast for a gentle touchdown;
therefore, this descent must be retarded by increasing back-
elevator pressure. Since the airplane is aready close to
its stalling speed and is settling, this added back-elevator
pressure only slows the settling instead of stopping it. At
the sametime, it resultsin the airplane touching the ground
in the proper landing attitude and the main wheels touching
down first so that little or no weight is on the nose wheel.
[Figure 8-8]

After the main wheels make initial contact with the ground,
back-elevator pressure is held to maintain a positive AOA
for aerodynamic braking and to hold the nose wheel off
the ground until the airplane decelerates. As the airplane’s
momentum decreases, back-elevator pressure is gradually
relaxed to alow the nose wheel to gently settle onto the
runway. This permits steering with the nose wheel. At the
sametime, it decreasesthe AOA and reduceslift onthewings



15 feet

Near zero rate of descent

Figure 8-8. A well-executed roundout results in attaining the proper landing attitude.

to prevent floating or skipping and allows the full weight of
the airplane to rest on the wheels for better braking action.

It is extremely important that the touchdown occur with the
airplane’ slongitudinal axis exactly parallel to the direction
in which the airplane is moving along the runway. Failure
to accomplish thisimposes severe side loads on the landing
gear. To avoid these side stresses, do not allow the airplane
to touch down while turned into the wind or drifting.

After-Landing Roll

Thelanding process must never be considered complete until
the airplane decelerates to the normal taxi speed during the
landing roll or has been brought to acompl ete stop when clear
of the landing area. Numerous accidents occur as a result
of pilots abandoning their vigilance and failing to maintain
positive control after getting the airplane on the ground.

A pilot must be alert for directional control difficulties
immediately upon and after touchdown due to the ground
friction on the wheels. Loss of directional control may lead
to an aggravated, uncontrolled, tight turn on the ground, or
aground loop. The combination of centrifugal force acting
on the center of gravity (CG) and ground friction of the
main wheels resisting it during the ground loop may cause
the airplane to tip or lean enough for the outside wingtip to
contact theground. Thisimposesasideward forcethat could
collapse the landing gear.

The rudder serves the same purpose on the ground as it
does in the air—it controls the yawing of the airplane. The
effectiveness of therudder isdependent on theairflow, which
depends on the speed of the airplane. Asthe speed decreases
and the nose wheel has been lowered to the ground, the
steerable nose provides more positive directional control.

The brakes of an airplane serve the same primary purpose as

the brakes of an automobile—to reduce speed on the ground.
Inairplanes, they arealso used asan aid in directional control
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when more positive control isrequired than could be obtained
with rudder or nose wheel steering alone.

To use brakes, on an airplane equipped with toe brakes, the
pilot slides the toes or feet up from the rudder pedals to the
brake pedals. If rudder pressure is being held at the time
braking action isneeded, that pressureisnot to bereleased as
the feet or toes are being slid up to the brake pedals because
control may be lost before brakes can be applied.

Putting maximum weight on the wheel safter touchdown isan
important factor in obtai ning optimum braking performance.
During the early part of rollout, some lift continues to be
generated by the wing. After touchdown, the nose wheel
is lowered to the runway to maintain directional control.
During deceleration, the nose may pitch down by braking
and the weight transferred to the nose wheel from the main
wheels. Thisdoesnot aid in braking action, so back pressure
is applied to the controls without lifting the nose wheel off
the runway. This enables directional control while keeping
weight on the main wheels.

Careful application of the brakes is initiated after the nose
wheel ison the ground and directional control is established.
Maximum brake effectivenessisjust short of the point where
skidding occurs. If the brakes are applied so hard that skidding
takesplace, braking becomesineffective. Skidding isstopped
by releasing the brake pressure. Braking effectivenessis not
enhanced by alternately applying, releasing, and reapplying
brake pressure. The brakes are applied firmly and smoothly
as necessary.

During theground rall, the airplane’ sdirection of movement
can be changed by carefully applying pressure on one brake
or uneven pressures on each brake in the desired direction.
Caution must be exercised when applying brakes to
avoid overcontrolling.



The ailerons serve the same purpose on the ground as they
do in the air—they change the lift and drag components of
thewings. During the after-landing roll, they are used to keep
thewingslevel in much the sameway they areused inflight.
If awing startsto rise, aileron control is applied toward that
wing to lower it. The amount required depends on speed
because as the forward speed of the airplane decreases, the
ailerons becomeless effective. Proceduresfor using ailerons
in crosswind conditions are explained further in this chapter,
in the Crosswind Approach and Landing section.

After theairplaneison the ground, back-elevator pressureis
gradually relaxed to place weight on the nose wheel to aid in
better steering. If available runway permits, the speed of the
airplane is allowed to dissipate in a norma manner. Once
the airplane has slowed sufficiently and hasturned on to the
taxiway and stopped, retract the flaps and perform the after-
landing checklist. Many accidents have occurred as a result
of the pilot unintentionally operating the landing gear control
and retracting the gear instead of the flap control when the
airplane was till rolling. The habit of positively identifying
both of these controls, before actuating them, must be formed
from the very beginning of flight training and continued in
all future flying activities.

Stabilized Approach Concept

A stabilized approach is one in which the pilot establishes
and maintains a constant angle glide path towards a
predetermined point on the landing runway. It is based on
the pilot’s judgment of certain visual clues and depends on
the maintenance of a constant final descent airspeed and
configuration.

An airplane descending on final approach at a constant rate
and airspeed istraveling in astraight linetoward aspot on the
ground ahead. This spot is not the spot on which the airplane

touches down because some float occursduring the round out
(flare). [Figure 8-9] Neither isit the spot toward which the
airplane’ snose is pointed because the airplaneisflying at a
fairly high AOA, and the component of lift exerted parallel
to the Earth’ ssurface by thewingstendsto carry theairplane
forward horizontally.

The point toward which theairplaneis progressing istermed
the“aiming point.” [Figure 8-9] It isthe point ontheground
at which, if the airplane maintains a constant glide path and
was not flared for landing, it would strike the ground. To a
pilot moving straight ahead toward an object, it appearsto be
stationary. It does not appear to move under the nose of the
aircraft and does not appear to move forward away from the
aircraft. Thisishow the aiming point can be distingui shed—it
does not move. However, objectsin front of and beyond the
aiming point do appear to move asthedistanceisclosed, and
they appear to movein oppositedirections. During instruction
in landings, one of the most important skills a pilot must
acquireishow to usevisua cuesto accurately determinethe
true aiming point from any distance out on final approach.
From this, the pilot is not only able to determine if the glide
path results in either an under or overshoot but, taking into
account float during round out, the pilot isableto predict the
touchdown point to within afew feet.

For a constant angle glide path, the distance between the
horizon and the aiming point remains constant. If a final
approach descent is established and the distance between the
perceived aiming point and the horizon appears to increase
(aiming point moving down away from the horizon), then
the true aiming point, and subsequent touchdown point,
is farther down the runway. If the distance between the
perceived aiming point and the horizon decreases, meaning
that the aiming point is moving up toward the horizon, the
true aiming point is closer than perceived.

Figure 8-9. Stabilized approach.
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3° approach angle
400 feet x 100 feet runway
1,600 feet from threshold
105 feet altitude

Same runway, same approach angle
800 feet from threshold
52 feet altitude

Same runway, same approach angle
400 feet from threshold
26 feet altitude

Figure 8-10. Runway shape during stabilized approach.

Whentheairplaneisestablished on final approach, the shape
of the runway image a so presents clues as to what must be
done to maintain a stabilized approach to a safe landing.

Obviously, runway is normally shaped in the form of an
elongated rectangle. When viewed from the air during the
approach, the phenomenon known as perspective causesthe
runway to assume the shape of atrapezoid with the far end
looking narrower than the approach end and the edge lines
converging ahead.

As an airplane continues down the glide path at a constant
angle (stabilized), theimage the pilot seesis still trapezoidal
but of proportionately larger dimensions. In other words,
during a stabilized approach, the runway shape does not
change. [Figure 8-10]

If the approach becomes shallow, the runway appears to
shorten and become wider. Conversely, if the approach
is steepened, the runway appears to become longer and
narrower. [ Figure 8-11]

The objective of a stabilized approach is to select an
appropriate touchdown point on the runway, and adjust
the glide path so that the true aiming point and the desired
touchdown point basically coincide. Immediately after rolling

out on final approach, adjust the pitch attitude and power so
that the airplane is descending directly toward the aiming
point at the appropriate airspeed, in thelanding configuration,
and trimmed for “hands off” flight. With the approach set
up in this manner, the pilot is free to devote full attention
toward outside references. Do not stare at any one place,
but rather scan from one point to another, such as from the
aiming point to the horizon, to the trees and bushes along
the runway, to an areawell short of the runway, and back to
theaiming point. Thismakesit easier to perceive adeviation
from the desired glide path and determine if the airplaneis
proceeding directly toward the aiming point.

If thereisany indication that the aiming point on the runway
isnot wheredesired, an adjustment must be madeto the glide
path. Thisin turn moves the aiming point. For instance, if
the aiming point is short of the desired touchdown point
and results in an undershoot, an increase in pitch attitude
and engine power is warranted. A constant airspeed must
be maintained. The pitch and power change, therefore,
must be made smoothly and simultaneously. Thisresultsin
ashallowing of the glide path with the aiming point moving
towards the desired touchdown point. Conversely, if the
aiming point is farther down the runway than the desired
touchdown point resulting in an overshoot, the glide path is
steepened by a simultaneous decrease in pitch attitude and

Too high

Proper descent angle

Figure 8-11. Change in runway shape if approach becomes narrow or steep.
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power. Once again, the airspeed must be held constant. It
is essentia that deviations from the desired glide path be
detected early so that only slight and infrequent adjustments
to glide path are required.

The closer the airplane gets to the runway, the larger and
more frequent the required corrections become, resulting in
an unstabl e approach. Common errorsin the performance of
normal approaches and landings are:

e Inadequate wind drift correction on the base leg.

e Overshooting or undershooting the turn onto fina
approach resulting in too steep or too shallow aturn
onto final approach.

e Flat or skidding turns from base leg to final approach
as a result of overshooting/inadequate wind drift
correction.

e Poor coordination during turn from base to final
approach.

e Failure to complete the landing checklist in atimely
manner.

e Unstable approach.
e Failure to adequately compensate for flap extension.
e Poor trim technique on final approach.

e Attempting to maintain altitude or reach the runway
using elevator alone.

»  Focusing too close to the airplane resulting in a too
high round out.

e Focusing too far from the airplane resulting in a too
low round out.

e Touching down prior to attaining proper landing
attitude.

e Failureto hold sufficient back-elevator pressure after
touchdown.

e Excessive braking after touchdown.
e Lossof aircraft control during touchdown and roll out.

Intentional Slips

A dlip occurs when the bank angle of an airplaneistoo steep
for the existing rate of turn. Unintentional slips are most
often the result of uncoordinated rudder/aileron application.
Intentional slips, however, are used to dissipate atitude
without increasing airspeed and/or to adjust airplane ground
track during a crosswind. Intentional slips are especialy
useful in forced landings and in situations where obstacles
must be cleared during approaches to confined areas. A dlip
can also be used as an emergency means of rapidly reducing
airspeed in situations where wing flaps are inoperative or
not installed.

A dlip isacombination of forward movement and sideward
(with respect to the longitudinal axis of the airplane)
movement, the lateral axis being inclined and the sideward
movement being toward the low end of thisaxis (low wing).
Anairplaneinadlipisin fact flying sideways, which results
in achangein the direction that the relative wind strikes the
airplane. Slipsare characterized by amarked increasein drag
and corresponding decrease in airplane climb, cruise, and
glide performance. It is the increase in drag, however, that
makesit possible for an airplanein aslip to descend rapidly
without an increase in airspeed.

Most airplanes exhibit the characteristic of positive static
directional stability and, therefore, have a natural tendency
to compensate for sipping. An intentiona dlip, therefore,
requires deliberate cross-controlling ailerons and rudder
throughout the maneuver.

A “sidedlip” isentered by lowering awing and applying just
enough opposite rudder to prevent aturn. In a sideslip, the
airplane’ s longitudinal axis remains parallel to the original
flightpath, but the airplane no longer flies straight ahead.
Instead, the horizontal component of wing lift forces the
airplane also to move somewhat sideways toward the low
wing. [Figure 8-12] The amount of dlip, and therefore the

Sideslip

Figure 8-12. Sdedlip.
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rate of sideward movement, is determined by the bank
angle. The steeper the bank is, the greater the degree of
dlip. As bank angle is increased additional opposite rudder
isrequired to prevent turning. Sideslips are frequently used
when landing with a crosswind to keep the aircraft aligned
with the runway centerline while stopping any drift left or
right of the centerline.

A “forward dip” is one in which the airplane's direction
of motion continues the same as before the slip was begun.
Assuming the airplane is originally in straight flight, the
wing on the side toward which the slip isto be made should
be lowered by use of the ailerons. Simultaneously, the
airplane’s nose must be yawed in the opposite direction by
applying opposite rudder so that the airplane’ s longitudinal
axisisat anangletoitsoriginal flightpath. [Figure8-13] The
degree to which the nose is yawed in the opposite direction
from the bank should be such that the original ground track
is maintained. In a forward dlip, the amount of dlip, and
therefore the sink rate, is determined by the bank angle. The
steeper the bank is, the steeper the descent.

In most light airplanes, the steepness of adlip islimited by
the amount of rudder travel available. In both sideslips and
forward dlips, the point may be reached where full rudder
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Forward slip

Figure 8-13. Forward dlip.
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is required to maintain heading even though the ailerons
are capable of further steepening the bank angle. This is
the practical slip limit because any additional bank would
cause the airplane to turn even though full opposite rudder
isbeing applied. If thereis aneed to descend more rapidly,
even though the practical slip limit has been reached,
lowering the nose not only increases the sink rate but also
increasesairspeed. Theincreasein airspeed increases rudder
effectiveness permitting a steeper dip. Conversely, whenthe
nose is raised, rudder effectiveness decreases and the bank
angle must be reduced.

Discontinuing a dlip is accomplished by leveling the wings
and simultaneously releasing the rudder pressure while
readjusting the pitch attitude to the normal glide attitude.
If the pressure on the rudder is released abruptly, the nose
swingstoo quickly into lineand the airplane tendsto acquire
excess speed. Because of the location of the pitot tube and
static vents, airspeed indicators in some airplanes may have
considerable error when the airplane isin a slip. The pilot
must be aware of this possibility and recognize a properly
performed slip by the attitude of the airplane, the sound of
the airflow, and the feel of the flight controls. Unlike skids,
however, if an airplanein adlip is made to stall, it displays
very little of the yawing tendency that causesaskidding stall
to develop into a spin. The airplane in a dlip may do little
more than tend to roll into awings level attitude. In fact, in
some airplanes stall characteristics may even be improved.

Go-Arounds (Rejected Landings)

Whenever landing conditions are not satisfactory, a go-
around is warranted. There are many factors that can
contribute to unsatisfactory landing conditions. Situations
such as air traffic control (ATC) requirements, unexpected
appearance of hazards on the runway, overtaking another
airplane, wind shear, wake turbulence, mechanical failure,
and/or an unstable approach are all examples of reasons to
discontinue alanding approach and make another approach
under more favorable conditions. The assumption that an
aborted landing is invariably the consequence of a poor
approach, which in turn is due to insufficient experience or
skill, isafalacy. The go-around isnot strictly an emergency
procedure. It is a normal maneuver that is also used in an
emergency situation. Like any other normal maneuver,
the go-around must be practiced and perfected. The flight
instructor needs to emphasize early on, and the pilot must
be made to understand, that the go-around maneuver is an
aternative to any approach and/or landing.

Although the need to discontinue alanding may arise at any
point in the landing process, the most critical go-around
is one started when very close to the ground. The earlier a
condition that warrants a go-around is recognized, the safer



the go-around/rejected landing is. The go-around maneuver
is not inherently dangerous in itself. It becomes dangerous
only when delayed unduly or executed improperly. Delay in
initiating the go-around normally stems from two sources:

1. Landing expectancy or set—the anticipatory belief that
conditions are not as threatening as they are and that
the approach is surely terminated with asafe landing,

2. Pride—the mistaken belief that the act of going
around is an admission of failure—failure to execute
the approach properly. Theimproper execution of the
go-around maneuver stemsfrom alack of familiarity
with the three cardinal principles of the procedure:
power, attitude, and configuration.

Power

Power isthepilot’ sfirst concern. Theinstant apilot decidesto
go around, full or maximum allowabl e takeoff power must be
applied smoothly and without hesitation and held until flying
speed and controllability arerestored. Applying only partia
power in ago-around isnever appropriate. The pilot must be
aware of the degree of inertiathat must be overcome before
an airplane that is settling towards the ground can regain
sufficient airspeed to become fully controllable and capable
of climbing or turning safely. The application of power is
smooth, aswell aspositive. Abrupt movements of thethrottle
insomeairplanes causesthe engineto falter. Carburetor heat
isturned off to obtain maximum power.

Attitude

Attitudeisawayscritical when closeto theground, and when
power is added, a deliberate effort on the part of the pilot
is required to keep the nose from pitching up prematurely.
The airplane executing a go-around must be maintained in
an attitude that permits a buildup of airspeed well beyond
the stall point before any effort is made to gain altitude or
to execute a turn. Raising the nose too early could result in

Timely decision to
make go-around

Apply max power,
adjust pitch attitude,
and allow airspeed Assume climb attitude

to increase flaps to intermediate

Figure 8-14. Go-around procedure.

climb, retract gear,

astall from which the airplane could not be recovered if the
go-around is performed at alow altitude.

A concern for quickly regaining altitude during ago-around
produces a natural tendency to pull the nose up. A pilot
executing a go-around must accept the fact that an airplane
cannot climb until it can fly, and it cannot fly below stall
speed. In some circumstances, it is desirable to lower the
nose briefly to gain airspeed. As soon as the appropriate
climb airspeed and pitch attitude are attained, “rough trim”
the airplane to relieve any adverse control pressures. More
precise trim adj ustments can be made when flight conditions
have stabilized.

Configuration

After establishing the proper climb attitude and power
settings, be concerned first with flaps and secondly with the
landing gear (if retractable). When the decision is made to
perform a go-around, takeoff power is applied immediately
and the pitch attitude changed so as to slow or stop the
descent. After the descent has been stopped, the landing
flaps are partially retracted or placed in the takeoff position
asrecommended by the manufacturer. Caution must be used
in retracting the flaps. Depending on the airplane’ s altitude
and airspeed, it is wise to retract the flaps intermittently in
small incrementsto allow time for the airplane to accelerate
progressively asthey arebeing raised. A sudden and complete
retraction of the flaps could cause a loss of lift resulting in
the airplane settling into the ground. [ Figure 8-14]

Unless otherwise specified in the AFM/POH, it is generally
recommended that the flaps be retracted (at least partialy)
before retracting the landing gear for two reasons. First, on
most airplanesfull flaps produce more drag than thelanding
gear; and second, in case the airplane inadvertently touches
down as the go-around is initiated; it is most desirable to

Positive rate of

climb at V.,
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have the landing gear in the down-and-locked position.
After apositive rate of climb is established, the landing gear
isretracted.

When takeoff power is applied, it is usually necessary to
hold considerable pressure on the controls to maintain
straight flight and a safe climb attitude. Since the airplane
is trimmed for the approach (alow power and low airspeed
condition), application of maximum allowable power requires
considerable control pressure to maintain a climb pitch
attitude. The addition of power tendsto raise the airplane’s
nose suddenly and veer to theleft. Forward elevator pressure
must be anticipated and applied to hold the nose in a safe
climb attitude. Right rudder pressure must be increased to
counteract torque and P-factor and to keep the nose straight.
The airplane must be held in the proper flight attitude
regardless of the amount of control pressurethat isrequired.
Trimisappliedto relieve adverse control pressuresand assist
in maintaining a proper pitch attitude. On airplanes that
produce high control pressureswhen using maximum power
on go-arounds, use caution when reaching for theflap handle.
Airplane control iscritical during this high-workload phase.

Thelanding gear isretracted only after theinitial or roughtrim
isaccomplished and whenitiscertaintheairplanewill remain
airborne. During the initial part of an extremely low go-
around, itispossiblefor theairplaneto settle onto the runway
and bounce. This situation is not particularly dangerous
provided theairplaneiskept straight and aconstant, safe pitch
attitude is maintained. With the application of power, the
airplane attains a safe flying speed rapidly and the advanced
power cushions any secondary touchdown.

If the pitch attitude is increased excessively in an effort
to keep the airplane from contacting the runway, it may
cause the airplane to stall. Thisislikely to occur if no trim
correction is made and the flaps remain fully extended. Do
not attempt to retract the landing gear until after arough trim
is accomplished and a positive rate of climb is established.

Ground Effect

Ground effect isafactor in every landing and every takeoff
in fixed-wing airplanes. Ground effect can also be an
important factor in go-arounds. If the go-around is made
closeto the ground, the airplane may be in the ground effect
area. Pilots are often [ulled into a sense of false security by
the apparent “cushion of air” under the wings that initially
assistsin thetransition from an approach descent to aclimb.
This “cushion of air,” however, isimaginary. The apparent
increasein airplane performanceis, infact, dueto areduction
in induced drag in the ground effect area. It is “borrowed”
performance that must be repaid when the airplane climbs
out of the ground effect area. The pilot must factor in ground
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effect when initiating a go-around close to the ground. An
attempt to climb prematurely may result in the airplane not
being able to climb or even maintain atitude at full power.

Common errors in the performance of go-arounds (rejected
landings) are:

e Failure to recognize a condition that warrants a
rejected landing

e Indecision
e Delay ininitiating a go-around

»  Failureto apply maximum allowable power in atimely
manner

*  Abrupt power application

e Improper pitch attitude

»  Failureto configure the airplane appropriately

e Attemptingto climb out of ground effect prematurely
e Failureto adequately compensate for torque/P factor
* Lossof aircraft control

Crosswind Approach and Landing

Many runwaysor landing areas are such that landings must be
made whilethewind isblowing acrossrather than parallel to
thelanding direction. All pilots must be prepared to copewith
these situations when they arise. The same basic principles
and factorsinvolved in anormal approach and landing apply
to a crosswind approach and landing; therefore, only the
additional procedures required for correcting for wind drift
are discussed here.

Crosswind landings are a little more difficult to perform
than crosswind takeoffs, mainly due to different problems
involved in maintaining accurate control of theairplanewhile
its speed is decreasing rather than increasing as on takeoff.

There are two usual methods of accomplishing a crosswind
approach and landing—the crab method and the wing-low
(sideslip) method. Although the crab method may be easier
for the pilot to maintain during final approach, it requires a
high degree of judgment and timing in removing the crab
immediately prior to touchdown. The wing-low method is
recommended in most cases, athough acombination of both
methods may be used.

Crosswind Final Approach

Thecrab method is executed by establishing aheading (crab)
toward the wind with the wings level so that the airplane’s
ground track remains aligned with the centerline of the
runway. [Figure 8-15] This crab angle is maintained until
just prior to touchdown, when the longitudinal axis of the
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Figure 8-15. Crabbed approach.

airplane must be aligned with the runway to avoid sideward
contact of thewheelswiththerunway. If along final approach
isbeing flown, one optionisto usethe crab method until just
before the round out is started and then smoothly change to
the wing-low method for the remainder of the landing.

Thewing-low (sidedip) method compensatesfor acrosswind
from any angle, but more important, it keeps the airplane's
ground track and longitudinal axis aligned with the runway
centerline throughout the final approach, round out,
touchdown, and after-landing roll. Thispreventstheairplane
from touching down in a sideward motion and imposing
damaging side loads on the landing gear.

To use the wing-low method, align the airplane’s heading
with the centerline of the runway, note the rate and direction
of drift, and promptly apply drift correction by lowering
the upwind wing. [Figure 8-16] The amount the wing must
be lowered depends on the rate of drift. When the wing
is lowered, the airplane tends to turn in that direction. To
compensate for the turn, it is necessary to simultaneously
apply sufficient oppositerudder pressureto keeptheairplane's
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Figure 8-16. Sdeslip approach.

longitudinal axisaligned withthe runway. In other words, the
drift is controlled with aileron and the heading with rudder.
Theairplaneisnow sidedipping into thewind just enough that
both the resultant flightpath and the ground track are aligned
with the runway. If the crosswind diminishes, this crosswind
correction is reduced accordingly, or the airplane begins
slipping away from the desired approach path. [ Figure 8-17]

To correct for strong crosswind, the dlip into the wind is
increased by lowering the upwind wing a considerable
amount. As aconseguence, thisresultsin agreater tendency
of the airplane to turn. Since turning is not desired,
considerable opposite rudder must be applied to keep the
airplane’ slongitudinal axisaligned with therunway. In some
airplanes, there may not be sufficient rudder travel available
to compensate for the strong turning tendency caused by the
steep bank. If the required bank is such that full opposite
rudder does not prevent a turn, the wind is too strong to
safely land the airplane on that particular runway with those
wind conditions. Sincethe airplane’ s capability isexceeded,
itisimperativethat the landing be made on amorefavorable
runway either at that airport or at an alternate airport.

Flaps are used during most approaches sincethey tend to have
astahilizing effect on the airplane. The degreeto which flaps
areextended vary with the airplane’ shandling characteristics,
aswell asthe wind velocity.

Crosswind Round Out (Flare)

Generally, the round out is made like a normal landing
approach, but the application of a crosswind correction is
continued as necessary to prevent drifting.

Sincethe airspeed decreases asthe round out progresses, the
flight controls gradually become less effective. As aresult,
the crosswind correction being held becomes inadequate.
When using thewing-low method, it isnecessary to gradually
increase the deflection of the rudder and aileronsto maintain
the proper amount of drift correction.

Do not level the wings and keep the upwind wing down
throughout the round out. If the wings are leveled, the
airplane begins drifting and the touchdown occurs while
drifting. Remember, the primary objective is to land the
airplane without subjecting it to any side loads that result
from touching down while drifting.

Crosswind Touchdown

If the crab method of drift correction is used throughout the
final approach and round out, the crab must be removed the
instant before touchdown by applying rudder to align the
airplane’ slongitudinal axiswith its direction of movement.
This requires timely and accurate action. Failure to
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Figure 8-17. Crosswind approach and landing.

accomplish this results in severe side loads being imposed
on the landing gear.

If the wing-low method is used, the crosswind correction
(aileron into the wind and opposite rudder) is maintained
throughout the round out, and the touchdown made on the
upwind main wheel. During gusty or high wind conditions,
prompt adjustments must be madein the crosswind correction
to assure that the airplane does not drift as the airplane
touches down. As the forward momentum decreases after
initia contact, theweight of the airplane causesthe downwind
main wheel to gradually settle onto the runway.

Inthose airplanes having nose-wheel steering interconnected
with therudder, the nose wheel isnot aligned with the runway
as the wheel s touch down because opposite rudder is being
held in the crosswind correction. To prevent swerving in
the direction the nose wheel is offset, the corrective rudder
pressure must be promptly relaxed just as the nose wheel
touches down.

Crosswind After-Landing Roll

Particularly during the after-landing roll, specia attention
must be given to maintaining directional control by the use
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of rudder or nose-wheel steering, while keeping the upwind
wing from rising by the use of aileron. When an airplane
is arborne, it moves with the air mass in which it is flying
regardless of the airplane’s heading and speed. When an
airplane is on the ground, it is unable to move with the air
mass (crosswind) because of theresistance created by ground
friction on the wheels.

Characteristically, an airplane has a greater profile or side
area behind the main landing gear than forward of the gear.
With the main wheels acting as a pivot point and the greater
surface area exposed to the crosswind behind that pivot point,
the airplane tends to turn or weathervane into the wind.

Wind acting on an airplane during crosswind landingsisthe
result of two factors. One is the natural wind, which acts
in the direction the air mass is traveling, while the other
is induced by the forward movement of the airplane and
acts parallel to the direction of movement. Conseguently,
a crosswind has a headwind component acting along the
airplane’s ground track and a crosswind component acting
90° toitstrack. The resultant or relative wind is somewhere
between the two components. As the airplane’s forward
speed decreases during the after landing roll, the headwind



component decreases and the relative wind has more of a
crosswind component. The greater the crosswind component,
the more difficult it is to prevent weathervaning.

Maintaining control on the ground is a critical part of the
after-landing roll because of the weathervaning effect of
the wind on the airplane. Additionally, tire side load from
runway contact whiledrifting frequently generatesroll-overs
in tricycle-geared airplanes. The basic factors involved are
cornering angle and side load.

Cornering angleistheangular difference between the heading
of atireand its path. Whenever aload bearing tire’ spath and
heading diverge, asideload is created. It isaccompanied by
tire distortion. Although side load differs in varying tires
and air pressures, it is completely independent of speed,
and through a considerable range, isdirectly proportional to
the cornering angle and the weight supported by thetire. As
little as 10° of cornering angle creates a side load equal to
half the supported weight; after 20°, the side load does not
increasewith increasing cornering angle. For each high-wing,
tricycle-geared airplane, thereis a cornering angle at which
roll-over isinevitable. The roll-over axisis the line linking
the nose and main wheels. At lesser angles, the roll-over
may be avoided by use of alerons, rudder, or steerable nose
wheel but not brakes.

While the airplane is decelerating during the after-landing
roll, more and more aileron is applied to keep the upwind
wing from rising. Since the airplane is slowing down, there
is less airflow around the ailerons and they become less
effective. At the sametime, the relative wind becomes more
of a crosswind and exerting a greater lifting force on the
upwind wing. When the airplane is coming to a stop, the
aileron control must be held fully toward the wind.

Maximum Safe Crosswind Velocities

Takeoffs and landings in certain crosswind conditions are
inadvisable or even dangerous. [ Figure8-18] If thecrosswind
is great enough to warrant an extreme drift correction, a
hazardous landing condition may result. Therefore, the
takeoff and landing capabilities with respect to the reported
surface wind conditions and the available landing directions
must be considered.

Beforean airplaneistype certificated by the Federal Aviation
Administration (FAA), it must be flight tested and meet
certain requirements. Among these is the demonstration of
being satisfactorily controllable with no exceptional degree
of skill or alertness on the part of the pilot in 90° crosswinds
up to avelocity equal to 0.2 V. This means a windspeed
of two-tenths of the airplane’ s stalling speed with power off
and landing gear/flaps down. Regulations require that the
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Figure 8-18. Crosswind chart.

demonstrated crosswind velocity be included on a placard
in airplanes certificated after May 3, 1962.

The headwind component and the crosswind component for
agiven situation is determined by reference to a crosswind
component chart. [Figure 8-19] It is imperative that pilots
determine the maximum crosswind component of each
airplane they fly and avoid operations in wind conditions
that exceed the capability of the airplane.

Common errorsin the performance of crosswind approaches
and landings are:

e Attempting to land in crosswinds that exceed the
airplane’s maximum demonstrated crosswind
component

* Inadequate compensation for wind drift on the
turn from base leg to final approach, resulting in
undershooting or overshooting

* Inadequate compensation for wind drift on final
approach

*  Unstable approach
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Figure 8-19. Crosswind component chart.

e Failure to compensate for increased drag during
sideslip resulting in excessive sink rate and/or too low
an airspeed

e Touchdown while drifting
e Excessive airspeed on touchdown

e Failure to apply appropriate flight control inputs
during rollout

¢ Failureto maintain direction control on rollout
e Excessive braking

e Lossof arcraft control

Turbulent Air Approach and Landing

For landing in turbulent conditions, use apower-on approach
at an airspeed dlightly above the normal approach speed. This
providesfor more positive control of the airplanewhen strong
horizonta wind gusts, or up and down drafts, are experienced.
Like other power-on approaches, acoordinated combination
of both pitch and power adjustmentsisusually required. Asin
most other landing approaches, the proper approach attitude
and airspeed require aminimum round out and should result
in little or no floating during the landing.

To maintain control during an approach in turbulent air
with gusty crosswind, use partial wing flaps. With less than
full flaps, the airplane isin a higher pitch attitude. Thus, it
requireslessof apitch changeto establish thelanding attitude
and touchdown at a higher airspeed to ensure more positive
control. Excessive speed causesthe airplaneto float past the
desired landing area.
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One procedure is to use the normal approach speed plus
one-half of the wind gust factors. If the normal speed is
70 knots, and the wind gusts are 15 knots, an increase of
airspeed to 77 knotsis appropriate. In any case, the airspeed
and the number of flaps used should conform to airplane
manufacturer recommendations in the AFM/POH.

Use an adequate amount of power to maintain the proper
airspeed and descent path throughout the approach, and
retard the throttle to idling position only after the main
wheels contact the landing surface. Care must be exercised
in closing thethrottle before the pilot isready for touchdown.
In turbulent conditions, the sudden or premature closing of
the throttle may cause a sudden increase in the descent rate
that resultsin ahard landing.

When landing from power approaches in turbulence, the
touchdown is made with the airplane in approximately level
flight attitude. The pitch attitude at touchdown would be only
enough to prevent the nose wheel from contacting the surface
before the main wheels have touched the surface. After
touchdown, avoid the tendency to apply forward pressureon
theyoke, asthismay result in wheel barrowing and possible
loss of control. Allow the airplane to decelerate normally,
assisted by careful use of wheel brakes. Avoid heavy braking
until thewingsare devoid of lift and theairplane’ sfull weight
isresting on the landing gear.

Short-Field Approach and Landing

Short-field approaches and landings require the use of
procedures for approaches and landings at fields with
a relatively short landing area or where an approach is
made over obstacles that limit the available landing area.
[Figures 8-20 and 8-21] Asin short-field takeoffs, it isone
of themost critical of the maximum performance operations.
Short field operations require the pilot fly the airplane at
one of itscrucial performance capabilitieswhile closeto the
ground in order to safely land within confined areas. This
low-speed type of power-on approach is closely related to
the performance of flight at minimum controllable airspeeds.

To land within a short-field or a confined area, the pilot
must have precise, positive control of therate of descent and
airspeed to produce an approach that clears any obstacles,
result inlittle or no floating during the round out, and permit
the airplane to be stopped in the shortest possible distance.

The procedures for landing in a short-field or for landing
approaches over obstacles as recommended in the AFM/
POH should be used. A stabilized approach is essential.
[Figures8-22 and 8-23] These proceduresgeneraly involve
the use of full flaps and the final approach started from an
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Figure 8-20. Landing over an obstacle.

Effective runway \ength

Figure 8-21. Landing on a short-field.

Stabilized

Figure 8-22. Stabilized approach.
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nstabilized

Figure 8-23. Unstabilized approach.

altitude of at least 500 feet higher than thetouchdown area. A
wider than normal patternisnormally used so that theairplane
can be properly configured and trimmed. In the absence of
the manufacturer’ s recommended approach speed, a speed
of not morethan 1.3V g isused. For example, inan airplane
that stalls at 60 knots with power off, and flaps and landing
gear extended, an approach speed no higher than 78 knots
is used. In gusty air, no more than one-half the gust factor
is added. An excessive amount of airspeed could result in
atouchdown too far from the runway threshold or an after-
landing roll that exceeds the available landing area.

After the landing gear and full flaps have been extended,
simultaneously adjust the power and the pitch attitude to
establish and maintain the proper descent angleand airspeed. A
coordinated combination of both pitch and power adjustments
isrequired. When thisis done properly, very little changein
the airplane’ s pitch attitude and power setting is necessary to
make corrections in the angle of descent and airspeed.

The short-field approach and landing isin reality an accuracy
approach to aspot landing. The procedures previously outlined
in the section on the stabilized approach concept are used. If it
appearsthat the obstacl e clearanceisexcessive and touchdown
occurswell beyond the desired spot |eaving insufficient room
to stop, power is reduced while lowering the pitch attitude to
steepen the descent path and increase the rate of descent. If it
appearsthat the descent angle does not ensure safe clearance
of obstacles, power isincreased while simultaneously raising
the pitch attitude to shallow the descent path and decreasethe
rate of descent. Care must be taken to avoid an excessively
low airspeed. If the speed is allowed to become too slow, an
increasein pitch and application of full power may only result
in afurther rate of descent. This occurs when the AOA isso
great and creating so much drag that the maximum available
power isinsufficient to overcomeit. Thisisgeneraly referred
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to asoperating intheregion of reversed command or operating
on the back side of the power curve. When there is doubt
regarding the outcome of the approach, makeago around and
try again or divert to amore suitable landing area.

Because the final approach over obstacles is made at a
relatively steep approach angle and close to the airplane’s
stalling speed, the initiation of the round out or flare must be
judged accurately to avoid flying into the ground or stalling
prematurely and sinking rapidly. A lack of floating during
the flare with sufficient control to touch down properly is
verification that the approach speed was correct.

Touchdown should occur at the minimum controllable
airspeed with the airplanein approximately the pitch attitude
that results in a power-off stall when the throttle is closed.
Care must be exercised to avoid closing the throttle too
rapidly, as closing the throttle may result in an immediate
increase in the rate of descent and a hard landing.

Upon touchdown, the airplane is held in this positive pitch
attitude as long as the elevators remain effective. This
provides aerodynamic braking to assist in deceleration.
Immediately upon touchdown and closing the throttle,
appropriate braking is applied to minimize the after-landing
roll. The airplane is normally stopped within the shortest
possible distance consistent with saf ety and controllability. If
the proper approach speed has been maintained, resulting in
minimum float during the round out and the touchdown made
at minimum control speed, minimum braking is required.

Common errorsin the performance of short-field approaches
and landings are:

» Failure to allow enough room on final to set up the
approach, necessitating an overly steep approach and
high sink rate



e Unstable approach
e Unduedelay ininitiating glide path corrections

e Too low an airspeed on final resulting in inability to
flare properly and landing hard

e Too highanairspeed resulting in floating on round out

e Prematurely reducing power to idle on round out
resulting in hard landing

¢ Touchdown with excessive airspeed
e Excessiveand/or unnecessary braking after touchdown
e Failureto maintain directional control

e Failure to recognize and abort a poor approach that
cannot be completed safely

Soft-Field Approach and Landing

Landing on fields that are rough or have soft surfaces, such
assnow, sand, mud, or tall grass, require unique procedures.
When landing on such surfaces, the objectiveisto touch down
as smooth as possible and at the slowest possible landing
speed. A pilot must control the airplane in amanner that the
wings support the weight of the airplane aslong as practical
to minimize drag and stresses imposed on the landing gear
by the rough or soft surface.

Theapproach for the soft-field landing issimilar tothenormal
approach used for operating into long, firm landing areas.
Themajor difference between thetwo isthat during the soft-
fieldlanding, theairplaneisheld 1 to 2 feet off the surfacein
ground effect aslong aspossible. Thispermitsamoregradual
dissipation of forward speed to allow the wheels to touch
down gently at minimum speed. This technique minimizes
the nose-over forces that suddenly affect the airplane at the
moment of touchdown. Power isused throughout the level -of f
and touchdown to ensure touchdown at the slowest possible
airspeed, and the airplane is flown onto the ground with the
weight fully supported by the wings. [ Figure 8-24]

The use of flaps during soft-field landings aids in touching
down at minimum speed and is recommended whenever
practical. Inlow-wing airplanes, the flaps may suffer damage
from mud, stones, or slush thrown up by the wheels. If flaps
areused, itisgenerally inadvisableto retract them during the
after-landing roll because the need for flap retraction isless
important than the need for total concentration on maintaining
full control of the airplane.

The final-approach airspeed used for short-field landingsis
equally appropriate to soft-field landings. The use of higher
approach speeds may result in excessive float in ground
effect, and floating makes a smooth, controlled touchdown
even more difficult. Thereis no reason for a steep angle of
descent unless obstacles are present in the approach path.

Touchdown on a soft or rough field is made at the lowest
possible airspeed with the airplane in a nose-high pitch
attitude. In nose-wheel type airplanes, after the main wheels
touch the surface, hold sufficient back-elevator pressure to
keep the nose wheel off the surface. Using back-elevator
pressure and engine power, the pilot can control the rate
at which the weight of the airplane is transferred from the
wings to the wheels.

Field conditions may warrant that the pilot maintain aflight
condition in which the main wheels are just touching the
surface but the weight of the airplaneisstill being supported
by the wings until a suitable taxi surface isreached. At any
time during this transition phase, before the weight of the
airplane is being supported by the wheels, and before the
nose wheel is on the surface, the ability is retained to apply
full power and perform a safe takeoff (obstacle clearance
and field length permitting) should the pilot elect to abandon
the landing. Once committed to a landing, the pilot should
gently lower the nose wheel to the surface. A dlight addition
of power usually aids in easing the nose wheel down.

Figure 8-24. Soft/rough field approach and landing.
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The use of brakes on a soft field is not needed and should
be avoided as this may tend to impose a heavy load on the
nose gear due to premature or hard contact with the landing
surface, causing the nose wheel to dig in. The soft or rough
surface itself provides sufficient reduction in the airplane’s
forward speed. Often upon landing on a very soft field, an
increase in power is required to keep the airplane moving
and from becoming stuck in the soft surface.

Common errorsin the performance of soft-field approaches
and landings are:

e Excessive descent rate on final approach

e Excessive airspeed on final approach

e Unstable approach

e Round out too high above the runway surface

e Poor power management during round out and
touchdown

¢ Hard touchdown

e Inadequate control of theairplaneweight transfer from
wings to wheels after touchdown

e Allowing the nose wheel to “fall” to the runway after
touchdown rather than controlling its descent

Power-Off Accuracy Approaches

Power-off accuracy approaches are approaches and landings
made by gliding with the engine idling, through a specific
pattern to a touchdown beyond and within 200 feet of a
designated line or mark on the runway. The objective is to
ingtill in the pilot the judgment and procedures necessary for
accurately flying the airplane, without power, to asafelanding.

The ability to estimate the distance an airplane glides to a
landing isthereal basis of al power-off accuracy approaches
and landings. This largely determines the amount of
maneuvering that may be done from a given altitude. In
additiontotheability to estimate distance, it requiresthe ability
to maintain the proper glide while maneuvering the airplane.

With experience and practice, altitudes up to approximately
1,000 feet can be estimated with fair accuracy; while above
thislevel theaccuracy injudgment of height abovetheground
decreases, since al features tend to merge. The best aid in
perfecting the ability to judge height above this atitude is
through theindications of the altimeter and associating them
with the general appearance of the Earth.

Thejudgment of dtitudein feet, hundredsof feet, or thousands
of feet isnot asimportant asthe ability to estimategliding angle
and itsresultant distance. A pilot who knowsthe normal glide
angle of the airplane can estimate with reasonable accuracy,
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the approximate spot along a given ground path at which the
airplanelands, regardless of atitude. A pilot who also hasthe
ability to accurately estimate atitude, can judge how much
maneuvering is possible during the glide, which isimportant
to the choice of landing areasin an actual emergency.

The objective of a good final approach is to descend at an
angle that permits the airplane to reach the desired landing
areaand at an airspeed that resultsin minimum floating just
beforetouchdown. To accomplishthis, itisessential that both
the descent angle and the airspeed be accurately controlled.

Unlikeanormal approach when the power setting isvariable,
on apower-off approach the power isfixed at theidle setting.
Pitch attitude is adjusted to control the airspeed. This also
changes the glide or descent angle. By lowering the nose
to keep the approach airspeed constant, the descent angle
steepens. If the airspeed istoo high, raisethe nose, and when
the airspeed is too low, lower the nose. If the pitch attitude
israised too high, the airplane settles rapidly due to a slow
airspeed and insufficient lift. For this reason, never try to
stretch a glide to reach the desired landing spot.

Uniform approach patterns, such as the 90°, 180°, or 360°
power-off approaches are described further in this chapter.
Practice in these approaches provides a pilot with a basis
on which to develop judgment in gliding distance and in
planning an approach.

The basic procedure in these approaches involves closing
the throttle at a given atitude and gliding to a key position.
This position, like the pattern itself, must not be allowed
to become the primary objective; it is merely a convenient
point in the air from which the pilot can judge whether the
glide safely terminates at the desired spot. The selected key
position should be one that is appropriate for the available
altitude and the wind condition. From the key position, the
pilot must constantly evaluate the situation.

It must be emphasized that, although accurate spot
touchdowns are important, safe and properly executed
approachesand landingsarevital. A pilot must never sacrifice
agood approach or landing just to land on the desired spot.

90° Power-Off Approach

The 90° power-off approach is made from a base leg and
requiresonly a90° turn onto thefinal approach. Theapproach
path may be varied by positioning the base leg closer to or
farther out from the approach end of the runway according
to wind conditions. [Figure 8-25] The glide from the key
position on the base leg through the 90° turn to the final
approach isthefinal part of all accuracy landing maneuvers.
The 90° power-off approach usually begins from a



Figure 8-25. Plan the base leg for wind conditions.

rectangular pattern at approximately 1,000 feet above the
ground or at normal traffic pattern altitude. The airplane
is flown on a downwind leg at the same distance from the
landing surface as in a normal traffic pattern. The before
landing checklist should be completed on the downwind
leg, including extension of the landing gear if the airplane
is equipped with retractable gear.

After amedium-banked turn onto the base leg is compl eted,
the throttle is retarded slightly and the airspeed alowed to
decrease to the normal base-leg speed. [ Figure 8-26] Onthe
base leg, the airspeed, wind drift correction, and atitude are
maintai ned while proceeding to the 45° key position. At this
position, the intended landing spot appears to be on a 45°
angle from the airplane’s nose.

The pilot can determinethe strength and direction of thewind
from the amount of crab necessary to hold the desired ground
track onthe baseleg. Thishelpsin planning theturn onto the
final approach and in lowering the correct number of flaps.

At the 45° key position, the throttle is closed completely,
the propeller control (if equipped) advanced to the full
increase revolution per minute (rpm) position, and altitude
maintained until the airspeed decreasesto the manufacturer’s
recommended glide speed. In the absence of arecommended
speed, use 1.4 V 5o When this airspeed is attained, the nose
is lowered to maintain the gliding speed and the controls
trimmed. The base-to-final turnisplanned and accomplished

Set up closest base for
steeper glideslope on final

Set up closer base for
steeper glideslope on final

3. Light Wind

Set up normal base for
normal final

so that upon rolling out of the turn, the airplane is aligned
with the runway centerline. When on final approach, the
wing flaps are lowered and the pitch attitude adjusted, as
necessary, to establish the proper descent angle and airspeed
(1.3 Vgp), then the controls trimmed. Slight adjustmentsin
pitch attitude or flaps setting are used as necessary to control
theglideangle and airspeed. However, never try to stretch the
glideor retract theflapsto reach the desired landing spot. The
final approach may be made with or without the use of dlips.

After the final-approach glide has been established, full
attention isthen given to making agood, safe landing rather
than concentrating on the selected landing spot. The base-
leg position and the flap setting already determined the
probability of landing on the spot. In any event, it isbetter to
execute agood landing 200 feet from the spot than to make
apoor landing precisely on the spot.

180° Power-Off Approach

The 180° power-off approach is executed by gliding with
the power off from a given point on a downwind leg to a
preselected landing spot. [ Figure 8-27] It isan extension of
the principles involved in the 90° power-off approach just
described. The objective is to further develop judgment in
estimating distances and glide ratios, in that the airplane is
flown without power from a higher altitude and through a
90° turn to reach the base-leg position at a proper atitude
for executing the 90° approach.
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Power reduced base leg speed

Close throttle establish 1.4 V

Base key position

Lower partial
flaps maintain
1.4V,

Lower full flaps (as needed) establish 1.3 V

Figure 8-26. 90° power-off approach.

The 180° power-off approach requires more planning and
judgment than the 90° power-off approach. In the execution
of 180° power-off approaches, the airplane is flown on a
downwind heading parallel to the landing runway. The
atitude from which this type of approach is started varies

Close throttle, normal glide speed
|

Medium or steeper bank

\2

with the type of airplane, but should usually not exceed
1,000 feet above the ground, except with large airplanes.
Greater accuracy in judgment and maneuvering is required
at higher altitudes.

Lower full flaps (as needed), establish 1.3V

Lower partial flaps, maintain 1.4 V

Figure 8-27. 180° power-off approach.
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When abreast of or opposite the desired landing spot, the
throttleis closed and altitude maintained while decelerating
to the manufacturer’ s recommended glide speed or 1.4 V 5.
The point at which the throttle is closed is the downwind
key position.

Theturn from the downwind leg to the baseleg isa uniform
turn with a medium or dlightly steeper bank. The degree of
bank and amount of this initial turn depend upon the glide
angle of the airplane and the velocity of the wind. Again,
the base leg is positioned as needed for the altitude or wind
condition. Position the base leg to conserve or dissipate
altitude so as to reach the desired landing spot.

Theturn onto the base leg ismade at an altitude high enough
and close enough to permit the airplaneto glideto what would
normally bethe basekey positionina90° power-off approach.

Although the key position is important, it must not be
overemphasized nor considered as a fixed point on the
ground. Many inexperienced pilots may gain a conception
of it as a particular landmark, such as a tree, crossroad, or
other visual reference, to be reached at a certain altitude.
This misconception leaves the pilot at atotal loss any time
such objects are not present. Both altitude and geographical
location should be varied asmuch asis practical to eliminate
any such misconceptions. After reaching the base key
position, the approach and landing are the same asin the 90°
power-off approach.

|

Normal glide speed

360° Power-Off Approach

The 360° power-off approach is one in which the airplane
glides through a 360° change of direction to the preselected
landing spot. The entire pattern is designed to be circular,
but the turn may be shallow, steepened, or discontinued at
any point to adjust the accuracy of the flightpath.

The 360° approach is started from a position over the
approach end of thelanding runway or slightly to the side of
it, with the airplane headed in the proposed landing direction
and the landing gear and flaps retracted. [Figure 8-28] It
is usually initiated from approximately 2,000 feet or more
above the ground—where the wind may vary significantly
from that at lower altitudes. This must be taken into account
when maneuvering the airplane to a point from which a 90°
or 180° power-off approach can be completed.

After thethrottleis closed over theintended point of landing,
the proper glide speed is immediately established, and a
medium-banked turn made in the desired direction so as to
arrive at the downwind key position opposite the intended
landing spot. At or just beyond the downwind key position,
the landing gear is extended if the airplane is equipped with
retractable gear. The atitude at the downwind key position
should be approximately 1,000 to 1,200 feet above the ground.

After reaching that point, the turn is continued to arrive at a
base-leg key position, at an atitude of about 800 feet above
the terrain. Flaps may be used at this position, as necessary,

Normal glide speed
| 4

Close throttle, retract flaps

Key position

a
= P
'

>

-

|
/ =

=7

Key position

Figure 8-28. 360° power-off approach.

Lower partial flaps, maintain 1.4 V

Lower flaps as needed, establish 1.3V
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but full flaps are not used until established on the final
approach. The angle of bank is varied as needed throughout
the pattern to correct for wind conditions and to align the
airplane with thefinal approach. Theturn-to-final should be
completed at aminimum dtitude of 300 feet abovetheterrain.

Common errors in the performance of power-off accuracy
approaches are:

e Downwindlegistoo far fromtherunway/landing area

e Overextension of downwind leg resulting from a
tailwind

e Inadequate compensation for wind drift on base leg
e Skiddingturnsinan effort to increase gliding distance

e Failure to lower landing gear in retractable gear
airplanes

e Attemptingto“stretch” the glide during an undershoot
e Premature flap extension/landing gear extension

e Useof throttleto increase the glide instead of merely
clearing the engine

e Forcing theairplane onto the runway in order to avoid
overshooting the designated landing spot

Emergency Approaches and Landings
(Simulated)

During dual training flights, the instructor should give
simulated emergency landings by retarding the throttle and
calling “simulated emergency landing.” The objective of
these simulated emergency landings is to develop a pilot’s
accuracy, judgment, planning, procedures, and confidence
when little or no power isavailable. A simulated emergency
landing may be given with the airplanein any configuration.
When the instructor calls “simulated emergency landing,”
immediately establish a glide attitude and ensure that the
flapsand landing gear arein the proper configuration for the
existing situation. When the proper glide speed is attained,
the nose can then be lowered and the airplane trimmed to
maintain that speed.

A constant gliding speed is maintained because variations of
gliding speed nullify all attemptsat accuracy in judgment of
gliding distance and the landing spot. The many variables,
such as altitude, obstruction, wind direction, landing
direction, landing surface and gradient, and landing distance
requirements of the airplane, determines the pattern and
approach procedures to use.

Use any combination of normal gliding maneuvers, from

wings level to spiralsto eventualy arrive at the normal key
position at a normal traffic pattern altitude for the selected
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landing area. From the key point on, the approachisanormal
power-off approach. [ Figure 8-29]

Withthe greater choice of fieldsafforded by higher altitudes,
the inexperienced pilot may be inclined to delay making
a decision, and with considerable altitude in which to
maneuver, errors in maneuvering and estimation of glide
distance may develop.

All pilots must learn to determine the wind direction and
estimate its speed from the windsock at the airport, smoke
from factories or houses, dust, brush fires, and windmills.

Once a field has been selected, a pilot should always
be required to indicate the proposed landing area to the
instructor. Normally, the pilot should be required to plan
and fly a pattern for landing on the field first elected until
the instructor terminates the simulated emergency landing.
This provides the instructor an opportunity to explain and
correct any errors; it also gives the pilot an opportunity to
see the results of the errors. However, if the pilot realizes
during the approach that a poor field has been selected—one
that would obviously result in disaster if alanding wereto be
made—and thereisamore advantageousfield within gliding
distance, a change to the better field should be permitted.
The hazards involved in these last-minute decisions, such
as excessive maneuvering at very low altitudes, must be
thoroughly explained by the instructor.

Instructors must stress slipping the airplane, using flaps,
varying the position of the base leg, and varying the turn
onto final approach as ways of correcting for misjudgment
of atitude and glide angle.

Eagerness to get down is one of the most common faults of
inexperienced pilots during simulated emergency landings.
They forget about speed and arrive at the edge of the field
with too much speed to permit a safe landing. Too much
speed isjust as dangerous astoo little; it resultsin excessive
floating and overshooting thedesired landing spot. Instructors
must stress during their instruction that pilots cannot dive at
afield and expect to land on it.

During all simulated emergency landings, keep the engine
warm and cleared. During a ssmulated emergency landing,
either the instructor or the pilot should have complete
control of the throttle. There must be no doubt asto who has
control since many near accidents have occurred from such
misunderstandings.

Every simulated emergency landing approach is terminated
as soon asit can be determined whether a safe landing could
have been made. In no case should it be continued to a point
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Base key point lower flaps

Figure 8-29. Remain over intended landing area.

whereit creates an undue hazard or an annoyance to persons
or property on the ground.

In addition to flying the airplane from the point of simulated
engine failure to where a reasonable safe landing could
be made, a pilot should also receive instruction on certain
emergency cockpit procedures. The habit of performing these
cockpit procedures must be devel oped to such an extent that,
when an engine failure actually occurs, a pilot checks the
critical items that are necessary to get the engine operating
again while selecting a field and planning an approach.
Combining the two operations—accomplishing emergency
procedures and planning and flying the approach—are
difficult during the early training in emergency landings.

There are definite steps and procedures to be followed
in a simulated emergency landing. Although they may
differ somewhat from the procedures used in an actual
emergency, they must be learned thoroughly and each step
called out to theinstructor. The use of achecklist isstrongly
recommended. Most airplane manufacturers provide a
checklist of the appropriate items. [ Figure 8-30]

Critical items to be checked include the position of the
fuel tank selector, the quantity of fuel in the tank selected,
the fuel pressure gauge to see if the electric fuel pump is
needed, the position of the mixture control, the position of
the magneto switch, and the use of carburetor heat. Many

4—‘ Spiral over landing field
[ o
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actual emergency landings have been made and later found
to be the result of the fuel selector valve being positioned to
an empty tank while the other tank had plenty of fuel. It may
be wiseto change the position of thefuel selector valve even
though the fuel gaugeindicatesfuel in all tanks because fuel
gauges can be inaccurate. Many actual emergency landings
could have been prevented if the pilots had developed the
habit of checking these critical items during flight training
to the extent that it carried over into later flying.

Instruction in emergency procedures is not limited to
simulated emergency landings caused by power failures.
Other emergencies associated with the operation of the
airplane should be explained, demonstrated, and practiced
if practicable. Among these emergencies are fire in flight,
electrical or hydraulic system malfunctions, unexpected
severe weather conditions, engine overheating, imminent
fuel exhaustion, and the emergency operation of airplane
systems and equipment.

Faulty Approaches and Landings

Low Final Approach

When the base leg is too low, insufficient power is used,
landing flaps are extended prematurely or the vel ocity of the
wind ismigudged, sufficient atitudeislost, which causesthe
airplane to be well below the proper final approach path. In
such asituation, the pilot would have to apply considerable
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1. AlTSPTe™

65 KIAS (flaps DOWN)
2. Mixture—IDLE CUT-OFF
3. Fuel selector valve—OFF
4. Ignition switch—OFF
5. Wing flaps—AS REQUIRED
6. Master switch—OFF

ENGINE FAILURE DURING FLIGHT (RE
1. Airspeed—70 KIAS
2. Carburetor heat—ON
3. Fuel selector valve—BOTH
4. Mixture—RICH
5. Ignition switch—BOTH (or
6. Primer—IN and LOCKED

EMERGENCY LANDING
1. Airspeed—79 KIAS (flaps UP)
65 KIAS (flaps DOWN)
2. Mixture—IDLE CUT-OFF
3. Fuel selector valve—OFF
nition switch—OFF
45.. l\;!\‘Iing flaps—AS REQUIRED (30°
6. Master switch—OFF
7.
8.
9.

Touchdown—SLlGHTLY TAIL LOW
Brakes——APPLY HEAVILY

START PROCEDURES)

START if propeller is stopped)

WITHOUT ENGINE POWER

RECOMMENDED)

N
DoorS—UNLATCH PRIOR TO TOUCHDOW

somianaRY | ANDING WITH ENGINE POWER

Figure 8-30. Sample emergency checklist.

power to fly theairplane (at an excessively low atitude) upto
therunway threshold. When it isrealized the runway cannot
be reached unless appropriate action istaken, power must be
applied immediately to maintain the airspeed whilethe pitch
attitude israised to increase lift and stop the descent. When
the proper approach path has been intercepted, the correct
approach attitude is reestablished and the power reduced
and a stabilized approach maintained. [Figure 8-31] Do
not increase the pitch attitude without increasing the power

becausetheairplane deceleratesrapidly and may approach the
critical AOA and stall. Do not retract the flaps; this suddenly
decreases|ift and causestheairplaneto sink morerapidly. If
thereisany doubt about the approach being safely completed,
it is advisable to execute an immediate go-around.

High Final Approach

When the final approach is too high, lower the flaps as
required. Further reduction in power may be necessary,
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whilelowering the nose simultaneously to maintain approach
airspeed and steepen the approach path. [ Figure 8-32] When
the proper approach path isintercepted, adjust the power as
required to maintain astabilized approach. When steepening
the approach path, care must be taken that the descent does
not result in an excessively high sink rate. If a high sink
rate is continued close to the surface, it may be difficult to
slow to a proper rate prior to ground contact. Any sink rate
in excess of 800—1,000 feet per minute (fpm) is considered

excessive. A go-around should be initiated if the sink rate
becomes excessive.

Slow Final Approach

Onthefinal approach, whentheairplaneisflown at aslower
than normal airspeed, the pilot’ sjudgment of the rate of sink
(descent) and the height of round out is difficult. During an
excessively slow approach, the wing is operating near the
critical AOA and, depending on the pitch attitude changes



Intercept normal glidepath, resume normal approach

Add power nose up hold altitude

Wrong (dragging it in with high
power/high pitch altitude)

Figure 8-31. Right and wrong methods of correction for low final approach.

and control usage, the airplane may stall or sink rapidly,
contacting the ground with a hard impact.

Whenever a slow speed approach is noted, apply power to
acceleratethe airplane and increasethelift to reduce the sink
rate and to prevent a stall. Thisis done while still at a high
enough altitude to reestablish the correct approach airspeed
and attitude. If too slow and too low, it is best to execute a
go-around.

Use of Power

Power can be used effectively during the approach and round
out to compensate for errors in judgment. Power is added
to accelerate the airplane to increase lift without increasing
the AOA and the descent slowed to an acceptable rate. If
the proper landing attitude is attained and the airplane is
only dlightly high, the landing attitude is held constant and
sufficient power applied to help ease the airplane onto the
ground. After the airplane has touched down, close the

|

throttle so the additional thrust and lift are removed and the
airplane remains on the ground.

High Round Out

Sometimes when the airplane appears to temporarily stop
moving downward, the round out has been made too rapidly
and the airplane is flying level, too high above the runway.
Continuing the round out further reduces the airspeed and
increases the AOA to the critical angle. This results in the
airplane stalling and dropping hard onto the runway. To
prevent this, the pitch attitude is held constant until the
airplane decel erates enough to again start descending. Then
the round out is continued to establish the proper landing
attitude. This procedure is only used when there is adequate
airspeed. It may be necessary to add aslight amount of power
to keep the airspeed from decreasing excessively and to avoid
losing lift too rapidly.

Increased rate of descent

Figure 8-32. Change in glidepath and increase in descent rate for high final approach.
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Although back-elevator pressure may be relaxed slightly,
the nose should not be lowered to make the airplane descend
when fairly close to the runway unless some power is added
momentarily. The momentary decreasein lift that resultsfrom
lowering the nose and decreasing the AOA might cause the
airplane to contact the ground with the nose wheel first and
result in the nose wheel collapsing.

When the proper landing attitude is attained, the airplaneis
approaching a stall because the airspeed is decreasing and
the critical AOA isbeing approached, even though the pitch
attitude is no longer being increased. [ Figure 8-33]

It is recommended that a go-around be executed any time it
appears the nose must be lowered significantly or that the
landing isin any other way uncertain.

Late or Rapid Round Out

Starting the round out too late or pulling the elevator control
back too rapidly to prevent the airplane from touching down
prematurely canimpose a heavy load factor on thewing and
cause an accelerated stall.

Suddenly increasing the AOA and stalling the airplaneduring
around out is a dangerous situation since it may cause the
airplane to land extremely hard on the main landing gear
and then bounce back into the air. As the airplane contacts
the ground, the tail isforced down very rapidly by the back-
elevator pressure and by inertiaacting downward on thetail.

Recovery from this situation requires prompt and positive
application of power prior to occurrence of the stall. This
may be followed by a normal landing if sufficient runway
is available—otherwise the pilot should execute a go-
around immediately.

If theround out islate, the nose wheel may strikethe runway
first, causing the nose to bounce upward. Do not attempt to
forcetheairplane back onto the ground; execute ago-around
immediately.

Floating During Round Out

If theairspeed onfinal approachisexcessive, it usualy results
intheairplanefloating. [ Figure 8-34] Beforetouchdown can
be made, the airplane may be well past the desired landing
point and the available runway may be insufficient. When
diving the airplane on final approach to land at the proper
point, thereisan appreciableincreasein airspeed. The proper
touchdown attitude cannot be established without producing
an excessive AOA and lift. This causesthe airplaneto gain
altitude or balloon.

Any time the airplane floats, judgment of speed, height,
and rate of sink must be especially acute. The pilot must
smoothly and gradually adjust the pitch attitude as the
airplane decel erates to touchdown speed and startsto settle,
so the proper landing attitude is attained at the moment of
touchdown. Thedightest error in judgment and timing results
in either ballooning or bouncing.

Therecovery fromfloating is dependent upon the amount of
floating and the effect of any crosswind, aswell asthe amount
of runway remaining. Since prolonged floating utilizes
considerable runway length, it must be avoided especially on
short runwaysor in strong crosswinds. If alanding cannot be
made on the first third of the runway, or the airplane drifts
sideways, execute a go-around.

Ballooning During Round Out

If the pilot migudges the rate of sink during a landing and
thinkstheairplaneisdescending faster than it should, thereis
atendency toincreasethe pitch attitude and AOA too rapidly.

Figure 8-33. Rounding out too high.
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Figure 8-34. Floating during roundout.

Thisnot only stopsthe descent, but actually startstheairplane
climbing. This climbing during the round out is known as
ballooning. [ Figure 8-35] Ballooning is dangerous because
the height above the ground isincreasing and the airplaneis
rapidly approaching a stalled condition. The altitude gained
in each instance depends on the airspeed or the speed with
which the pitch attitude is increased.

Depending on the severity of ballooning, theuse of throttleis
helpful in cushioning the landing. By adding power, thrust is
increased to keep the airspeed from decel erating too rapidly
and the wings from suddenly losing lift, but throttle must
be closed immediately after touchdown. Remember that
torque is created as power is applied, and it is necessary to
use rudder pressure to keep the airplane straight as it settles
onto the runway.

When ballooning is excessive, it is best to execute a go-
around immediately; do not attempt to salvage the landing.

Power must be applied before the airplane enters a stalled
condition.

The pilot must be extremely cautious of ballooning when
thereisacrosswind present because the crosswind correction
may be inadvertently released or it may become inadequate.
Because of thelower airspeed after ballooning, the crosswind
affects the airplane more. Consequently, the wing has to be
lowered even further to compensate for the increased drift. It
isimperativethat the pilot makes certain that the appropriate
wing isdown and that directional control is maintained with
opposite rudder. If there is any doubt, or the airplane starts
to drift, execute a go-around.

Bouncing During Touchdown

When the airplane contactsthe ground with asharp impact as
theresult of animproper attitude or an excessiverate of sink,
it tendsto bounceback into theair. Though theairplane' stires
and shock struts provide some springing action, the airplane

Figure 8-35. Ballooning during roundout.
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does not bounce like arubber ball. Instead, it reboundsinto
the air because the wing’'s AOA was abruptly increased,
producing a sudden addition of lift. [ Figure 8-36]

The abrupt change in AOA is the result of inertia instantly
forcing the airplane’ s tail downward when the main wheels
contact the ground sharply. The severity of the bounce
depends on the airspeed at the moment of contact and the
degree to which the AOA or pitch attitude was increased.

Since abounce occurs when the airplane makes contact with
the ground before the proper touchdown attitude is attained,
it is amost invariably accompanied by the application of
excessive back-elevator pressure. Thisis usualy the result
of the pilot realizing too late that the airplane is not in the
proper attitude and attempting to establish it just asthe second
touchdown occurs.

The corrective action for a bounce is the same as for
ballooning and similarly depends on its severity. Wheniitis
very dlight and there is no extreme change in the airplane’s
pitch attitude, a follow-up landing may be executed by
applying sufficient power to cushion the subsequent
touchdown and smoothly adjusting the pitch to the proper
touchdown attitude.

Intheevent avery dight bounceisencountered whilelanding
with a crosswind, crosswind correction must be maintained
while the next touchdown is made. Remember that since
the subsequent touchdown is made at a slower airspeed, the
upwind wing hasto be lowered even further to compensate
for drift.

Extreme caution and alertness must be exercised any time a
bounce occurs, but particularly when there is a crosswind.
Inexperienced pilots almost invariably release the crosswind

Small angle of attack

Figure 8-36. Bouncing during touchdown.

8-32

correction. When one main wheel of the airplane strikes
the runway, the other wheel touches down immediately
afterwards, and the wings becomes level. Then, with no
crosswind correction astheairplane bounces, thewind causes
the airplane to roll with the wind, thus exposing even more
surfacetothecrosswind and drifting theairplanemorerapidly.

When abounce is severe, the safest procedure is to execute
a go-around immediately. Do not attempt to salvage the
landing. Apply full power while simultaneously maintaining
directional control and lowering the nose to a safe climb
attitude. The go-around procedure should be continued even
though the airplane may descend and another bounce may be
encountered. Itisextremely foolish to attempt alanding from
a bad bounce since airspeed diminishes very rapidly in the
nose-high attitude, and astall may occur before a subsequent
touchdown could be made.

Porpoising

Inabounced landing that isimproperly recovered, theairplane
comesin nosefirst initiating a series of motions that imitate
thejumpsand divesof aporpoise. [ Figure8-37] Theproblem
isimproper airplane attitude at touchdown, sometimes caused
by inattention, not knowing where the ground is, miss-
trimming or forcing the airplane onto the runway.

Ground effect decreases elevator control effectiveness and
increases the effort required to raise the nose. Not enough
elevator or stabilator trim can result in a nose low contact
with the runway and a porpoise develops.

Porpoising can also be caused by improper airspeed control.
Usually, if an approach istoo fast, the airplane floats and the
pilot tries to force it on the runway when the airplane still
wantsto fly. A gust of wind, abump in therunway, or evena
slight tug on the control wheel sendsthe airplane aloft again.

Normal angle of attack

Rapid increase in angle of attack



Decreasing angle of attack
Normal angle
of attack

Rapid increase in
angle of attack

Figure 8-37. Porpoising.

The corrective action for a porpoise is the same as for a
bounce and similarly dependsonitsseverity. Whenitisvery
dight and there is no extreme change in the airplane’ s pitch
attitude, a follow-up landing may be executed by applying
sufficient power to cushion the subsequent touchdown and
smoothly adjusting the pitch to the proper touchdown attitude.

When aporpoiseis severe, the safest procedureisto execute
ago-around immediately. In asevere porpoise, theairplane’s
pitch oscillations can become progressively worse until the
airplane strikes the runway nosefirst with sufficient forceto
collapsethe nose gear. Attemptsto correct asevere porpoise
with flight control and power inputsis most likely untimely
and out of sequence with the oscillations and only make the
situation worse. Do not attempt to salvage thelanding. Apply
full power while simultaneously maintaining directional
control and lowering the nose to a safe climb attitude.

Wheel Barrowing

When a pilot permits the airplane weight to become
concentrated about the nose wheel during the takeoff or
landing roll, a condition known as wheel barrowing occurs.
Wheel barrowing may cause loss of directional control
during the landing roll because braking action isineffective,
and the airplane tends to swerve or pivot on the nose wheel,
particularly in crosswind conditions. One of the most
common causes of wheel barrowing during the landing roll
is a simultaneous touchdown of the main and nose wheel
with excessive speed, followed by application of forward
pressure on the elevator control. Usually, the situation can
be corrected by smoothly applying back-elevator pressure.

If wheel barrowing is encountered and runway and other
conditions permit, it is advisable to promptly initiate a go-
around. Wheel barrowing does not occur if the pilot achieves
and maintains the correct landing attitude, touches down at

Decreasing angle of attack

. . Normal angle of attack
Rapid increase in
angle of attack

the proper speed, and gently lowers the nose wheel while
losing speed on rollout. If the pilot decides to stay on the
ground rather than attempt a go-around or if directional
control islost, close the throttle and adjust the pitch attitude
smoothly but firmly to the proper landing attitude.

Hard Landing

When the airplane contacts the ground during landings, its
vertical speedisinstantly reduced to zero. Unless provisions
are made to slow this vertical speed and cushion the impact
of touchdown, the force of contact with the ground may be
so great it could cause structural damage to the airplane.

The purpose of pneumatic tires, shock absorbing landing
gear, and other devices is to cushion the impact and to
increase the time in which the airplane’s vertical descent is
stopped. The importance of this cushion may be understood
from the computation that a 6-inch free fal on landing is
roughly equal to a 340 fpm descent. Within a fraction of a
second, the airplane must be slowed from thisrate of vertical
descent to zero without damage.

During this time, the landing gear, together with some aid
from the lift of the wings, must supply whatever force is
needed to counteract the force of the airplane’sinertia and
weight. The lift decreases rapidly as the airplane’s forward
speed isdecreased, and theforce onthelanding gear increases
by the impact of touchdown. When the descent stops, the
lift is practically zero, leaving the landing gear aone to
carry both the airplane’ s weight and inertia force. The load
imposed at the instant of touchdown may easily be three or
four timesthe actual weight of the airplane depending on the
severity of contact.
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Touchdown in a Drift or Crab

At times, it isnecessary to correct for wind drift by crabbing
on the final approach. If the round out and touchdown are
made while the airplane is drifting or in a crab, it contacts
the ground while moving sideways. This imposes extreme
side loads on the landing gear and, if severe enough, may
cause structural failure.

The most effective method to prevent drift is the wing-low
method. This technique keeps the longitudinal axis of the
airplane aligned with both the runway and the direction of
motion throughout the approach and touchdown.

There are three factors that cause the longitudinal axis and
the direction of motion to be misaligned during touchdown:
drifting, crabbing, or a combination of both.

If the pilot does not take adequate corrective action to avoid
drift during acrosswind landing, the main wheels' tiretread
offers resistance to the airplane's sideward movement in
respect to the ground. Consequently, any sidewise velocity
of theairplaneisabruptly decelerated, resulting in the aircraft
being shifted to the right due to the inertia force which is
shown in Figure 8-38. This creates a moment around the
main wheel when it contacts the ground, tending to overturn
or tip the airplane. If the windward wingtip is raised by the
action of thismoment, all the weight and shock of landingis
borne by onemainwhedl. This could cause structural damage.
Not only are the same factors present that are attempting
to raise a wing, but the crosswind is also acting on the
fuselage surface behind the main wheels, tending to yaw
(weathervane) the airplane into the wind. This often results
inaground loop.

Ground Loop

A ground loop isan uncontrolled turn during ground operation
that may occur while taxiing or taking off, but especially
during the after-landing roll. Drift or weathervaning does
not always cause a ground loop, although these things may
causetheinitial swerve. Carelessuse of therudder, an uneven
ground surface, or a soft spot that retards one main wheel of
the airplane may also cause aswerve. In any case, theinitial

Force resisting
side motion g

Figure 8-38. Drifting during touchdown.
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swerve tendsto make the airplane ground loop, whether itis
atailwheel-type or nose-wheel type. [ Figure 8-39]

Nose-wheel type airplanes are somewhat less prone to

ground loop than tailwheel-type airplanes. Since the center
of gravity (CG) islocated forward of the main landing gear
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Figure 8-39. Sart of a ground loop.



on these airplanes, any time a swerve develops, centrifugal
force acting on the CG tends to stop the swerving action.

If the airplane touches down while drifting or in a crab,
apply aileron toward the high wing and stop the swerve with
the rudder. Brakes are used to correct for turns or swerves
only when the rudder is inadequate. Exercise caution when
applying corrective brake action because it is very easy to
over control and aggravate the situation.

If brakesare used, sufficient brakeisapplied onthelow-wing
whee! (outside of theturn) to stop the swerve. When thewings
areapproximately level, the new direction must be maintained
until the airplane has slowed to taxi speed or has stopped.

In nose-wheel airplanes, a ground loop is almost always a
result of wheel barrowing. A pilot must be aware that even
though the nose-wheel type airplane is less prone than the
taillwheel-type airplane, virtually every type of airplane,
including large multi-engineairplanes, can be madeto ground
loop when sufficiently mishandled.

Wing Rising After Touchdown

When landing in a crosswind, there may be instances when
a wing rises during the after-landing roll. This may occur
whether or not thereisaloss of directional control, depending
ontheamount of crosswind and the degree of correctiveaction.

Any timean airplaneisrolling on the ground in a crosswind
condition, the upwind wing is receiving a greater force
from the wind than the downwind wing. This causes a lift
differential. Also, as the upwind wing rises, there is an
increase in the AOA, which increases lift on the upwind
wing, rolling the airplane downwind.

When the effects of these two factors are great enough, the
upwind wing may rise even though directional control is
maintained. If no correction isapplied, it is possible that the
upwind wing rises sufficiently to cause the downwind wing
to strike the ground.

In the event a wing starts to rise during the landing roll,
immediately apply more aileron pressure toward the high
wing and continue to maintain direction. The sooner the
aileron control isapplied, themore effectiveit is. Thefurther
awing isallowed to rise before taking corrective action, the
moreairplane surfaceisexposed to theforce of the crosswind.
This diminishes the effectiveness of the aileron.

Hydroplaning

Hydroplaning is a condition that can exist when an airplane
has landed on arunway surface contaminated with standing
water, slush, and/or wet snow. Hydroplaning can have

serious adverse effects on ground controllability and
braking efficiency. The three basic types of hydroplaning
are dynamic hydroplaning, reverted rubber hydroplaning,
and viscous hydroplaning. Any one of the three can render
anairplane partialy or totally uncontrollable anytime during
the landing roll.

Dynamic Hydroplaning

Dynamic hydroplaning isarel atively high-speed phenomenon
that occurs when thereis afilm of water on the runway that
is at least one-tenth of an inch deep. As the speed of the
airplane and the depth of the water increase, the water layer
builds up an increasing resistance to displacement, resulting
in the formation of a wedge of water beneath the tire. At
some speed, termed the hydroplaning speed (Vp), the water
pressure equalstheweight of theairplane, and thetireislifted
off the runway surface. In this condition, the tires no longer
contribute to directional control and braking action is nil.

Dynamic hydroplaningisrelated to tireinflation pressure. Data
obtained during hydroplaning tests have shown the minimum
dynamic hydroplaning speed (Vp) of atire to be 8.6 times
the square root of thetire pressure in pounds per squareinch
(PSl). For an airplane with amain tire pressure of 24 pounds,
the calculated hydroplaning speed would be approximately
42 knots. It is important to note that the calculated speed
referred to above is for the start of dynamic hydroplaning.
Oncehydroplaning has started, it may persist to asignificantly
slower speed depending on the type being experienced.

Reverted Rubber Hydroplaning

Reverted rubber (steam) hydroplaning occurs during heavy
braking that resultsin aprolonged locked-wheel skid. Only a
thin film of water on the runway isrequired to facilitate this
type of hydroplaning. Thetire skidding generatesenough heat
to cause the rubber in contact with the runway to revert to
its original uncured state. The reverted rubber acts as a seal
between the tire and the runway and delays water exit from
the tire footprint area. The water heats and is converted to
steam, which supports the tire off the runway.

Reverted rubber hydroplaning frequently follows an
encounter with dynamic hydroplaning, during which timethe
pilot may have the brakes locked in an attempt to slow the
airplane. Eventually the airplane slows enough to where the
tires make contact with the runway surface and the airplane
begins to skid. The remedy for this type of hydroplane is
to release the brakes and alow the wheels to spin up and
apply moderate braking. Reverted rubber hydroplaning is
insidious in that the pilot may not know when it begins, and
it can persist to very slow ground speeds (20 knots or |ess).

8-35



Viscous Hydroplaning

Viscous hydroplaning is due to the viscous properties of
water. A thinfilm of fluid no morethan one thousandth of an
inch in depth isal that is needed. The tire cannot penetrate
the fluid and the tire rolls on top of the film. This can
occur at amuch lower speed than dynamic hydroplane, but
requires a smooth or smooth acting surface, such as asphalt
or a touchdown area coated with the accumulated rubber
of past landings. Such a surface can have the same friction
coefficient aswet ice.

When confronted with the possibility of hydroplaning,
it is best to land on a grooved runway (if available).
Touchdown speed should be as slow as possible consistent
with safety. After the nose wheel islowered to the runway,
moderate braking is applied. |If deceleration is not detected
and hydroplaning is suspected, raise the nose and use
aerodynamic drag to decelerate to a point where the brakes
do become effective.

Proper braking techniqueis essential. The brakes are applied
firmly until reaching apoint just short of askid. Atthefirstsign
of askid, release brake pressure and allow the wheelsto spin
up. Directional control is maintained as far as possible with
the rudder. Remember that in a crosswind, if hydroplaning
occurs, the crosswind causes the airplane to simultaneously
weathervane into the wind, as well as slide downwind.

Chapter Summary

Accident statistics show that a pilot is at most risk for an
accident during the approach and landing than any other
phase of aflight. There are many factors that contribute to
accidentsin this phase, but an overwhelming percentage of
accidents are caused from pilot’s lack of proficiency. This
chapter presents proceduresthat, when learned and practiced,
are a key to attaining proficiency. Additional information
on aerodynamics, airplane performance, and other aspects
affecting approachesand landings can befoundinthePilot’s
Handbook of Aeronautical Knowledge (FAA-H-8083-25, as
revised). For information concerning risk assessment as a
means of preventing accidents, refer to the Risk Management
Handbook (FAA-H-8083-2). Both of these publications are
available at www.faa.gov/library/manual S/aviation.
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Introduction

Flight maneuvers that are initially taught to pilots are
designed to be basic and relatively simple: straight-and-level,
turns, climbs and descents. However, as a pilot continues
through their flight training, additional maneuversare needed
to devel op beyond the fundamental s. Performance maneuvers
areintended to enhance apilot’ s proficiency inflight control
application, maneuver planning, situational awareness, and
division of attention. To further that intent, performance
maneuvers are generally designed so that the application of
flight control pressures, attitudes, airspeeds, and orientations
are constantly changing throughout the maneuver.
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Performance maneuvers also allow for an effective
assessment of a pilot’s ability to apply the fundamentals;
weakness in executing performance maneuvers is likely
due to a pilot’s lack of understanding or a deficiency of
fundamental skills. It isadvisablethat performance maneuver
training should not take place until sufficient competency
in the fundamentals is consistently demonstrated by the
pilot. Further, initial training for performance maneuvers
should always begin with a detailed ground lesson for each
maneuver, so that the technicalities are understood prior to
flight. In addition, performance maneuver training should be
segmented into comprehensi ble building blocks of instruction
so as to alow the pilot an appropriate level of repetition to
develop the required skills.

Performance maneuvers, once grasped by the pilot, are very
satisfying and rewarding. As the pilot develops skills in
executing performance maneuvers, they may likely see an
increased smoothnessin their flight control application and a
higher ability to sense the airplane’ s attitude and orientation
without significant conscious effort.

Steep Turns

Steep turns consist of singleto multiple 360° to 720° turns, in
either or both directions, using a bank angle between 45° to
60°. The objective of thesteep turnisto develop apilot’ sskill
inflight control smoothness and coordination, an awareness
of theairplane’ s orientation to outside references, division of

attention between flight control application, and the constant
need to scan for hazards. [Figure 9-1]

When steep turns are first demonstrated, the pilot will be
in an unfamiliar environment when compared to what
was previously experienced in shalow bank angled turns;
however, thefundamental concepts of turnsremain the same
in the execution of steep turns. When performing steep turns,
pilots will be exposed to higher load factors, the airplane’s
inherent overbanking tendency, theloss of vertical component
of lift when the wings are steeply banked, the need for
substantial pitch control pressures, and the need for additional
power to maintain altitude and airspeed during the turn.

Asdiscussed in previous chapters, when an airplaneisbanked,
thetotal liftiscomprised of avertical component of lift and a
horizontal component of lift. In order to not lose altitude, the
pilot must increasethewing’ sangle of attack (AOA) to ensure
that the vertical component of lift is sufficient to maintain
altitude. In a steep turn, the pilot will need to increase pitch
with elevator back pressures that are greater than what has
been previoudly utilized. Total lift must increase substantially
to balancetheload factor or G-force (G). Theload factor isthe
vector resultant of gravity and centrifugal force. For example,
inaleve altitude, 45° banked turn, the resulting load factor
is1.4; inalevel atitude, 60° banked turn, the resulting load
factor is 2.0. To put thisin perspective, with aload factor of
2.0, the effective weight of the aircraft will double. Pilots

Figure 9-1. Steep turns.
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should realize load factors increase dramatically beyond
60°. Most general aviation airplanes are designed for aload
limit of 3.8Gs. Regardless of the airspeed or what airplaneis
involved, for a given bank angle in alevel dtitude turn, the
same load factor will always be produced. A light, general
aviation airplane in alevel atitude, 45° angle of bank turn
will experience aload factor of 1.4 just asalarge commercial
airliner will inthe samelevel atitude, 45° angle of bank turn.

Because of the higher load factors, steep turns should be
performed at an airspeed that does not exceed the airplane’s
design maneuvering speed (V) or the manufacturer’s
recommended speed. Maximum turning performance is
accomplished when an airplane hasboth afast rate of turn and
minimum radius of turn, which is effected by both airspeed
and angle of bank. Each airplane’s turning performance
is limited by structural and aerodynamic design, as well
as available power. The airplane’s limiting load factor
determines the maximum bank angle that can be maintained
in level flight without exceeding the airplane’s structural
limitations or stalling. Asthe load factor increases, so does
the stalling speed. For example, if an airplane stallsin level
flight at 50 knots, it will stall at 60 knotsin alevel atitude,
45° banked turn and at 70 knotsin alevel dtitude, 60° banked
turn. Stalling speed increases at the sguare root of the load
factor. Asthe bank angleincreasesin level flight, themargin
between stalling speed and maneuvering speed decreases—an
important concept for a pilot to remain cognizant.

In addition to the increased load factors, the airplane will
exhibit what is called “ overbanking tendency.” Recall from a
previous chapter on the discussion of overbanking tendency.
In most flight maneuvers, bank angles are shallow enough
that the airplane exhibits positive or neutral stability about
the longitudinal axis; however, as bank angles steepen,
the airplane will exhibit the behavior to continue rolling
in the direction of the bank unless deliberate and opposite
aileron pressureis held against the bank. Also, pilots should
be mindful of the various left turning tendencies, such as
P-factor, which requires effective rudder aileron coordination.

Before starting any practice maneuver, the pilot must ensure
that the areais clear of air traffic and other hazards. Further,
distant references such asamountain peak or road should be
chosento allow the pilot to assesswhen to begin rollout from
theturn. After establishing the manufacturer’ srecommended
entry speed or the design maneuvering speed, the airplane
should be smoothly rolled into the desired bank angle
somewhere between 45° to 60°. As the bank angleis being
established, generally prior to 30° of bank, elevator back
pressure should be smoothly applied to increase the AOA.
After the selected bank angle has been reached, the pilot will
find that considerableforceisrequired on the elevator control

to hold the airplane in level flight—to maintain atitude.
Pilots should keep in mind that as the AOA increases, so
does drag. Conseguently, power must be added to maintain
atitude and airspeed.

Steep turns can be conducted more easily by the use of
elevator trim and power asthe maneuver isentered. In many
light general aviation airplanes, asthe bank angletransitions
from medium to steep, increasing elevator up trim and adding
asmall increasein engine power minimizes control pressure
reguirements. Pilots must not forget to remove both the trim
and power inputs as the maneuver is compl eted.

To maintain bank angle, altitude, as well as orientation,
requires an awareness of the relative position of the horizon
to the nose and the wings. The pilot who references the
aircraft’s attitude by observing only the nose will have
difficulty maintaining altitude. A pilot who observes both
the nose and the wings relative to the horizon is likely able
to maintain altitude within performance standards. Altitude
deviations are primary errors exhibited in the execution of
steep turns. If thealtitude doesincrease or decrease, changing
elevator back pressure could be used to alter the altitude;
however, a more effective method is a slight increase or
decreasein bank angleto control small altitude deviations. If
atitudeisdecreasing, reducing the bank angle afew degrees
helps recover or stop the atitude loss trend; also, if atitude
isincreasing, increasing the bank angle afew degrees helps
recover or stop the altitude increase trend—all bank angle
changes should be accomplished with coordinated use of
aileron and rudder.

The rollout from the steep turn should be timed so that the
wingsreach level flight when the airplaneison heading from
which the maneuver was started. A good rule of thumb isto
begin the rollout at % the number of degrees of bank prior
to reaching the terminating heading. For example, if aright
steep turn was begun on a heading of 270° and if the bank
angleis60°, the pilot should begin the rollout 30° prior or at
aheading of 240°. Whiletherollout is being made, elevator
back pressure, trim, and power should be gradually reduced,
as necessary, to maintain the altitude and airspeed.

Common errors when performing steep turns are:
* Not clearing the area
e Inadequate pitch control on entry or rollout
e Gaining dtitude or losing altitude
*  Failure to maintain constant bank angle
»  Poor flight control coordination

e Ineffective use of trim
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e Ineffective use of power
e Inadequate airspeed control
e Becoming disoriented

e Performing by referenceto theflight instrument rather
than visual references

e Failureto scan for other traffic during the maneuver
e Attemptsto start recovery prematurely
e Failureto stop the turn on designated heading

Steep Spiral

The objective of the steep spiral is to provide a flight
maneuver for rapidly dissipating substantial amounts of
altitudewhileremaining over aselected spot. Thismaneuver
is especially effective for emergency descents or landings.
A steep spiral is a gliding turn where the pilot maintains
a constant radius around a surface-based reference point
while rapidly descending—similar to the turns around a
point maneuver. Sufficient altitude must be gained prior
to practicing the maneuver so that at least three 360° turns
are completed. [Figure 9-2] The maneuver should not be
allowed to continue below 1,500 feet above ground level
(AGL) unless an actual emergency exists.

The steep spiral isinitiated by properly clearing the airspace
for air traffic and hazards. In general, the throttleis closed to
idle, carburetor heat isapplied if equipped, and gliding speed

R

Figure 9-2. Seep spiral.
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isestablished. Oncethe proper airspeed is attained, the pitch
should belowered and the airplanerolled to the desired bank
angle as the reference point is reached. The steepest bank
should not exceed 60°. The gliding spiral should be a turn
of constant radius while maintaining the airplane’ s position
to the reference. This can only be accomplished by proper
correction for wind drift by steepening the bank on downwind
headings and shallowing the bank on upwind headings, just
as in the maneuver, turns around a point. During the steep
spiral, the pilot must continually correct for any changesin
wind direction and velocity to maintain a constant radius.

Operating the engine at idle speed for any prolonged period
during the glide may result in excessive engine cooling, spark
plug fouling, or carburetor ice. To assist in avoiding these
issues, the throttle should be periodically advanced to normal
cruise power and sustained for a few seconds. If equipped,
monitoring cylinder head temperatures provides a pilot with
additional information on engine cooling. When advancing
thethrottle, the pitch attitude must be adjusted to maintain a
constant airspeed and, preferably, this should be done when
headed into the wind.

Maintaining a constant airspeed throughout the maneuver
isan important skill for apilot to develop. Thisis necessary
because the airspeed tends to fluctuate as the bank angleis
changed throughout the maneuver. The pilot should anticipate
pitch corrections as the bank angleis varied throughout the



maneuver. During practice of the maneuver, thepilot should Chandelle
execute threeturnsand roll out toward adefinite object or on
a specific heading. During rollout, the smooth and accurate
application of theflight controlsallow theairplaneto recover
toawing’slevel glidewith no changein airspeed. Recovering
to normal cruiseflight would proceed after the establishment
of awing'slevel glide.

A chandelleisamaximum performance, 180° climbing turn
that begins from approximately straight-and-level flight
and concludes with the airplane in awings-level, nose-high
attitude just above stall speed. [Figure 9-3] The goa is
to gain the most atitude possible for a given bank angle
and power setting; however, the standard used to judge
the maneuver is not the amount of atitude gained, but by
the pilot’s proficiency as it pertains to maximizing climb
* Not clearing the area performance for the power and bank selected, aswell asthe
+  Inadequate pitch control on entry or rollout skill demonstrated.

Common errors when performing steep spirals are:

*  Gaining altitude A chandelle is best described in two specific phases: the

*  Not correcting the bank angleto compensatefor wind  first 90° of turn and the second 90° of turn. The first 90° of
turn is described as constant bank and changing pitch; and
the second 90° as constant pitch and changing bank. During
thefirst 90°, the pilot will set the bank angle, increase power
e Inadequate airspeed control and pitch at a rate so that maximum pitch-up is set at the
completion of the first 90°. If the pitch is not correct, the
airplane’ sairspeed is either above stall speed or the airplane
e Performing by referenceto theflight instrument rather may aerodynamically stall prior to the completion of the

than visual references maneuver. Starting at the 90° point, the pilot begins a slow
«  Not scanning for other traffic during the maneuver and coordinated constant rate rollout so asto have the wings
level whentheairplaneisat the 180° point while maintaining
the constant pitch attitude set in the first 90°. If the rate of
rollout is too rapid or sluggish, the airplane either does not

e Poor flight control coordination
e |neffective use of trim

e Becoming disoriented

e Not completing the turn on designated heading or
reference

. Complete rollout to wings level
at 180° point

. Airspeed Vsl

. Maintain coordinated flight

. Hold airspeed without stalling 1. Continue smooth rollout 1. Maintain 30° bank until

2. Hold pitch this point and then begin

3. Maintain coordinated flight gradual rollout.

2. Maximum pitch should be

reached. No further

changes in pitch

B wWN

. Roll into 30° bank
. Neuralize ailerons
2. V, or manufacturer's . Begin increasing pitch
recommended speed A/‘ toward climbing at'titude
3. No lower than 1,500 " < 4. Apply full power without
5.

1. Clear area

WN -

feet AGL exceeding limits
4. Trim Increase rudder pressure

Figure 9-3. Chandelle.

9-5



complete or exceeds the 180° turn as the wings come level
to the horizon.

Prior to starting the chandelle, the flaps and landing gear (if
retractable) should be in the UP position. The chandelle is
initiated by properly clearing the airspace for air traffic and
hazards. The maneuver should be entered from straight-and-
level flight or ashallow dive at an airspeed recommended by
the manufacturer—in most casesthisisthe airplane’s design
maneuvering speed (V »). [ Figure 9-3A] After the appropriate
entry airspeed hasbeen established, the chandelleis started by
smoothly entering a coordinated turn to the desired angle of
bank; once the bank angle is established, which is generally
30°, aclimbing turn should be started by smoothly applying
elevator back pressure at aconstant rate while simultaneously
increasing engine power to the recommended setting. In
airplaneswith afixed-pitch propeller, thethrottle should be set
S0 as to not exceed rotations per minute (rpm) limitations; in
airplaneswith constant-speed propellers, power may be set at
thenormal cruiseor climb setting asappropriate. [ Figure 9-3B]

Since the airspeed is constantly decreasing throughout the
chandelle, the effects of left turning tendencies, such as
P-factor, becomes more apparent. As airspeed decreases,
right-rudder pressureis progressively increased to ensure that
the airplane remains in coordinated flight. The pilot should
maintain coordinated flight by sensing slipping or skidding
pressures applied to the controls and by quick glancesto the
ball in the turn-and-dlip or turn coordinator.

At the 90° point, the pilot should begin to smoothly roll out of
thebank at aconstant rate while maintaining the pitch attitude
setinthefirst 90°. Whilethe angle of bank isfixed during the
first 90°, recall that as airspeed decreases, the overbanking
tendency increases. [ Figure 9-3C] Asaresult, proper use of
the ailerons allows the bank to remain at a fixed angle until
rollout is begun at the start of the final 90°. As the rollout
continues, the vertical component of lift increases; therefore,
asdlight release of elevator back pressureisrequired to keep
the pitch attitude from increasing.

When the airspeed is slowest, near the completion of the
chandelle, right rudder pressureissignificant, especially when
rolling out from aleft chandelle due to | eft adverse yaw and
left turning tendencies, such asP-factor. [ Figure 9-3D] When
rolling out from aright chandelle, the yawing moment isto
the right, which partially cancels some of the left turning
tendency’s effect. Depending on the airplane, either very
little left rudder or a reduction in right rudder pressure is
required during the rollout from a right chandelle. At the
completion of 180° of turn, the wings should be leveled to
the horizon, the airspeed should bejust above stall speed, and
theairplane’ s pitch high attitude should be held momentarily.
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[Figure 9-3E] Once demonstrated that the airplane is in
controlled flight, the pitch attitude may be reduced and the
airplane returned to straight-and-level cruise flight.

Common errors when performing chandelles are:
e Not clearing the area
e Initial bank istoo shallow resulting in a stall

e |nitial bank is too steep resulting in failure to gain
maximum performance

* Allowing the bank angle to increase after initial
establishment

*  Not starting the recovery at the 90° point in the turn

*  Allowing the pitch attitude to increase as the bank is
rolled out during the second 90° of turn

* Leveling the wings prior to the 180° point being
reached

e Pitchattitudeislow on recovery resulting in airspeed
well above stall speed

* Application of flight control pressuresis not smooth
e Poor flight control coordination
e Stalling at any point during the maneuver

e Execution of a steep turn instead of a climbing
maneuver

*  Not scanning for other traffic during the maneuver

*  Performing by referenceto theflight instrument rather
than visual references

Lazy Eight

The lazy eight is a maneuver that is designed to develop
the proper coordination of the flight controls across awide
range of airspeeds and attitudes. It isthe only standard flight
training maneuver that, at no time, flight control pressures
are constant. In an attempt to simplify the discussion about
thismaneuver, thelazy eight can beloosely described by the
ground reference maneuver, S-turns across the road. Recall
that S-turns across the road are made of opposing 180°
turns. For example, first a 180° turn to the right, followed
immediately by a 180° turn to the left. The lazy eight adds
both aclimb and descent to each 180° segment. Thefirst 90°
isaclimb; the second 90° is a descent. [ Figure 9-4]

To ad in the performance of the lazy eight’s symmetrical
climbing/descending turns, prominent reference points must
be selected on the natural horizon. The reference points
selected should be at 45°, 90°, and 135° from the direction
inwhich themaneuver isstarted for each 180° turn. With the
general concept of climbing and descending turns grasped,
specifics of the lazy eight can then be discussed.



90° point

1. Bank 30° (approximate)
2. Minimum speed

3. Maximum altitude

4. Level pitch attitude

135° point
1. Maximum pitch-down
2. Bank 15° (approximate)

45° point
1. Maximum pitch-up attitude
2. Bank 15° (approximate)

Figure 9-4. Lazy eight.

Shown in Figure 9-4A, from level flight agradual climbing
turn is begun in the direction of the 45° reference point; the
climbing turn should be planned and controlled so that the
maximum pitch-up attitude is reached at the 45° point with
an approximate bank angleof 15°. [ Figure 9-4B] Asthe pitch
attitude is raised, the airspeed decreases, which causes the
rate of turn to increase. As such, the lazy eight must begin
with a slow rate of roll as the combination of increasing
pitch and increasing bank may causetherate of turn to be so
rapid that the 45° reference point will be reached before the
highest pitch attitude is attained. At the 45° reference point,
the pitch attitude should be at the maximum pitch-up sel ected
for the maneuver while the bank angle is slowly increasing.
Beyond the 45° reference point, the pitch-up attitude should
begin to decrease slowly toward the horizon until the 90°
reference point is reached where the pitch attitude should
be momentarily level.

The lazy eight requires substantial skill in coordinating
the aileron and rudder; therefore, some discussion about
coordination iswarranted. As pilots understand, the purpose
of the rudder is to maintain coordination; slipping or
skidding isto be avoided. Pilots should remember that since
the airspeed is still decreasing as the airplane is climbing;
additional right rudder pressure must be applied to counteract
left turning tendencies, such as P-factor. As the airspeed
decreases, right rudder pressure must be gradually applied
to counteract yaw at the apex of the lazy eight in both the

180° point

1. Level flight

2. Entry airspeed

3. Altitude same as entry altitude

1. Level flight
2. Maneuvering or cruise speed (whichever is
less or manufacturer’s recommended speed)

right and | eft turns; however, additional right rudder pressure
is required when turning or rolling out to the right than | eft
because left adverse yaw augments with the left yawing
P-factor in an attempt to yaw the nose to the left. Correction
isneeded to prevent these additiveleft yawing momentsfrom
decreasing a right turn’s rate. In contrast, in left climbing
turns or rolling to the left, the left yawing P-factor tends to
cancel the effects of adverse yaw to the right; conseguently,
lessright rudder pressureis required. These concepts can be
difficult to remember; however, to simplify, rolling right at
low airspeeds and high-power settings requires substantial
right rudder pressures.

At thelazy eight’ s90° reference point, the bank angle should
a so have reached its maximum angle of approximately 30°.
[Figure 9-4C] The airspeed should be at its minimum, just
about 5to 10 knots above stall speed, withtheairplane spitch
attitude passing through level flight. Coordinated flight at this
point requiresthat, in someflight conditions, aslight amount
of opposite aileron pressure may be required to prevent the
wings from overbanking while maintaining rudder pressure
to cancel the effects of left turning tendencies.

The pilot should not hesitate at the 90° point but should
continue to maneuver the airplane into a descending turn.
The rollout from the bank should proceed slowly while
the airplane’s pitch attitude is alowed to decrease. When
the airplane has turned 135°, the airplane should be in
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its lowest pitch attitude. [Figure 9-4D] Pilots should
remember that the airplane’s airspeed is increasing as the
airplane’s pitch attitude decreases; therefore, to maintain
proper coordination will require a decrease in right rudder
pressure. As the airplane approaches the 180° point, it is
necessary to progressively relax rudder and aileron pressure
while simultaneously raising pitch and roll to level flight.
Astherollout is being accomplished, the pilot should note
the amount of turn remaining and adjust the rate of rollout
and pitch change so that the wings and nose are level at the
original airspeed just as the 180° point is reached.

Upon arriving at 180° point, aclimbing turn should be started
immediately inthe opposite direction toward the presel ected
reference pointsto complete the second half of thelazy eight
in the same manner as the first half. [Figure 9-4E]

Power should be set so as not to enter the maneuver at an
airspeed that would exceed manufacturer’ srecommendations,
whichisgenerally no greater than V ,. Power and bank angle
have significant effect on the altitude gained or lost; if excess
power isused for agiven bank angle, atitudeisgained at the
completion of the maneuver; however, if insufficient power
isused for agiven bank angle, dtitudeislost.

Common errors when performing lazy eights are:
¢ Not clearing the area
e Maneuver is not symmetrical across each 180°

e Inadequate or improper selection or use of 45°, 90°,
135° references

* Ineffective planning
e Gainor loss of altitude at each 180° point

e Poor control at thetop of each climb segment resulting
in the pitch rapidly falling through the horizon

e Airspeed or bank angle standards not met
e Control roughness

e Poor flight control coordination

o Stalling at any point during the maneuver

e Execution of a steep turn instead of a climbing
maneuver

e Not scanning for other traffic during the maneuver

e Performing by referenceto theflight instrument rather
than visua references
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Chapter Summary

Performance maneuvers are used to develop apilot’s skills
in coordinating the flight control’s use and effect while
enhancing the pilot’s ability to divide attention across the
various demands of flight. Performance maneuvers are
also designed to further develop a pilot’s application and
correlation of the fundamentals of flight and integrate
developing skills into advanced maneuvers. Developing
highly-honed skills in performance maneuvers allows the
pilot to effectively progress toward the mastery of flight.
Mastery is developed as the mechanics of flight become
a subconscious, rather than a conscious, application of
the flight controls to maneuver the airplane in attitude,
orientation, and position.



Introduction

The mechanical operation of an airplane at night is no
different than operating the sameairplane during theday. The
airplane does not know if it is being operated in the dark or
bright sunlight. It performs and respondsto control inputs by
the pilot. The pilot, however, is affected by various aspects
of night operations and must take them into consideration
during night flight operations. Some are actual physical
limitations affecting all pilotswhile others, such asequipment
requirements, procedures, and emergency situations, must
also be considered.

According to Title 14 of the Code of Federal Regulations
(14 CFR) part 1, Definitions and Abbreviations, night is
defined as the time between the end of evening civil twilight
and the beginning of morning civil twilight. To explain
further, morning civil twilight begins when the geometric
center of the sunis6° below the horizon and ends at sunrise.
Evening civil twilight begins at sunset and ends when the
geometric center of the sun reaches 6° bel ow the horizon.
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For 14 CFR part 61 operations, the term night refersto 1 hour
after sunset and ending 1 hour before sunrise as 14 CFR part
61 explains that between those hours no person may act as
pilot in command (PIC) of an aircraft carrying passengers
unless within the preceding 90 days that person has made at
least three takeoffs and three landings to a full stop during
that night period.

Night flying operations should not be encouraged or
attempted except by certificated pilots with knowledge of
and experience in the topics discussed in this chapter.

Night Vision

Generaly, most pilotsare poorly informed about night vision.
Human eyes never function aseffectively at night asthe eyes
of animals with nocturnal habits, but if humans learn how
to use their eyes correctly and know their limitations, night
vision can be improved significantly.

The brain and eyes act as a team for a person to see well;
both must be used effectively. Due to the physiology of
the eye, limitations on sight are experienced in low light
conditions, such asat night. To seeat night, theeyesare used
differently than during the day. Therefore, it is important
to understand the eye's construction and how the eye is
affected by darkness. Innumerable light-sensitive nerves
called “cones’ and “rods’ are located at the back of the eye
or reting, alayer upon which all images are focused. These
nerves connect to the cells of the optic nerve, which transmits
messages directly to the brain. The cones are located in the
center of the retina, and the rods are concentrated in aring
around the cones. [Figure 10-1]

The function of the cones is to detect color, details, and
faraway objects. The rods function when something is seen
out of the corner of the eye or peripheral vision. They detect
objects, particularly those that are moving, but do not give
detail or color—only shades of gray. Both the cones and the
rods are used for vision during daylight.

Although thereisnot aclear-cut division of function, the rods
make night vision possible. The rods and cones function in
daylight and in moonlight, but in the absence of normal light,
theprocessof night visionisplaced almost entirely ontherods.
Therodsaredistributed in aband around the cones and do not
liedirectly behind the pupils, which makes off-center viewing
(looking to one side of an object) important during night flight.
During daylight, an object can be seen best by looking directly
at it, but at night thereisablind spot in the center of thefield
of vision, the night blind spot. If an object isin this area, it
may not be seen. The size of this blind spot increases as the
distance between the eye and the object increases asillustrated
in Figure 10-1. Therefore, the night blind spot can hide
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Figure 10-1. Rods and cones.

larger objects as the distance between the pilot and an object
increases. Use of a scanning procedure to permit off-center
viewing of the object is more effective. Conscioudly practice
this scanning procedure to improve night vision.

The eye’ sadaptation to darknessis another important aspect
of night vision. When adark roomisentered, itisdifficult to
see anything until the eyes become adjusted to the darkness.
Almost everyone experiences this when entering adarkened
movie theater. In this process, the pupils of the eyes first



enlargeto receive as much of the available light as possible.
After approximately 5 to 10 minutes, the cones become
adjusted to the dim light and the eyes become approximately
100 times more sensitiveto thelight than they were beforethe
dark room was entered. Much moretime, about 30 minutes, is
needed for the rodsto become adjusted to darkness, but when
they do adjust, they are about 100,000 times more sensitiveto
light than they werein the lighted area. After the adaptation
process is complete, much more can be seen, especially if
scanning techniques are used correctly.

After the eyes have adapted to the dark, the entire process
isreversed when entering a lighted room. The eyes are first
dazzled by the brightness, but become completely adjusted
inavery few seconds, thereby losing their adaptation to the
dark. Now, if the dark room is re-entered, the eyes again go
through the long process of adapting to the darkness.

Before and during night flight, the adaptation process of
the eyes must be considered. First, adapt to the low level of
light and then stay adapted. After the eyes are adapted to the
darkness, avoid exposing them for more than one second to
any bright white light as that causes temporary blindness.
If exposed to abright light source, such as search lights and
landing lights, remember that each eye adapts to the dark
independently. By closing or covering one eye when exposed
tolight, somenight vision acuity isretained in the closed eye.

Temporary blindness, caused by an unusually bright light,
may result inillusions or after images until the eyes recover
from the brightness. The brain creates these illusions
reported by the eyes. Thisresultsin misjudging or incorrectly
identifying objects, such as mistaking slanted cloudsfor the
horizon or populated areas for a landing field. Vertigo is
experienced asafeeling of dizziness and imbalance that can
create or increaseillusions. Theillusions seem very real and
pilots at every level of experience and skill can be affected.
Recognizing that the brain and eyes can play tricks in this
manner is the best protection for flying at night.

Good eyesight depends upon physical condition. Fatigue,
colds, vitamin deficiency, alcohol, stimulants, smoking, or
medication can serioudy impair vision. Keep these facts in
mind and take adequate precautionsto safeguard night vision.
Inadditionto the principles previoudy discussed, thefollowing
itemsaid in increasing night vision effectiveness.

e Adapt the eyes to darkness prior to flight and keep
them adapted. About 30 minutes is needed to adjust
the eyes to maximum efficiency after exposure to a
bright light.

e If oxygenisavailable, useit during night flying. Keep
in mind that asignificant deterioration in night vision
can occur at cabin altitudes as low as 5,000 feet.

»  Close one eye when exposed to bright light to help
avoid the blinding effect.

* Do not wear sunglasses after sunset as this impairs
night vision.

*  Movethe eyes more slowly than in daylight.
*  Blink the eyesif they become blurred.
e Concentrate on seeing objects.

e Force the eyes to view off center using scanning
techniques.

e Maintain good physical condition.

e Avoid smoking, drinking, and using drugs that may
be harmful.

Night lllusions

In addition to night vision limitations, night illusions can
cause confusion and distractions during night flying. The
following discussion covers some of the common situations
that cause illusions associated with night flying.

On aclear night, distant stationary lights can be mistaken
for starsor other aircraft. Cloud layers or even the northern
lights can confuse apilot and indicate afal se visual horizon.
Certain geometrical patterns of ground lights, such as a
freeway, runway, approach, or even lights on a moving
train, can cause confusion. Dark nights tend to eliminate
referenceto avisual horizon. Asaresult, pilotsneed torely
less on outside references at night and more on flight and
navigation instruments.

Visual autokinesis can occur when staring at a single light
source for several seconds on adark night. Theresult isthat
the light appears to be moving. The autokinesis effect will
not occur if the visual field is expanded through scanning
techniques. A good scanning procedure reduces the
probability of vision becoming fixed on one source of light.

Distractions and problems can result from a flickering light
in the flightdeck, anti-collision light, or other aircraft lights
and can cause flicker vertigo. If continuous, the possible
physical reactions can be nausea, dizziness, grogginess,
unconsciousness, headaches, or confusion. Try to eliminate
any light source causing blinking or flickering problemsin
the flightdeck.

A black-hole approach occurs when the landing is made
from over water or non-lighted terrain where the runway
lights are the only source of light. Without peripheral visual
cues to help, orientation is difficult. The runway can seem
out of position (down-sloping or up-sloping) and in the
worst case, results in landing short of the runway. If an
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electronic glide slope or visual approach slope indicator
(VASI) is available, it should be used. If navigation aids
(NAVAIDs) are unavailable, use the flight instruments to
assist in maintaining orientation and a normal approach.
Anytime position in relation to the runway or adtitude isin
doubt, execute a go-around.

Bright runway and approach lighting systems, especially
where few lights illuminate the surrounding terrain, may
create the illusion of being lower or having less distance to
the runway. In this situation, the tendency is to fly a higher
approach. Also, flying over terrain with only a few lights
makes the runway recede or appear farther away. With
this situation, the tendency is to fly a lower-than-normal
approach. If the runway has acity in the distance on higher
terrain, the tendency isto fly alower-than-normal approach.
A good review of the airfield layout and boundaries before
initiating any approach hel psmaintain asafe approach angle.

[llusions created by runway lights result in a variety
of problems. Bright lights or bold colors advance the
runway, making it appear closer. Night landings are further
complicated by the difficulty of judging distance and the
possibility of confusing approach and runway lights. For
example, when a double row of approach lights joins the
boundary lights of the runway, there can be confusion where
the approach lightsterminate and runway lights begin. Under
certain conditions, approach lights can make the aircraft
seem higher in aturn to final, than when itswings are level.

Pilot Equipment

Before beginning a night flight, carefully consider personal
equipment that should bereadily available during theflight to
include aflashlight, aeronautical chartsand pertinent datafor
theflight, and aflightdeck checklist containing proceduresfor
the following tasks, which can be found in 14 CFR part 91:

*  Before starting engines
»  Before takeoff

* Cruise

e Beforelanding

e After landing

e Stopping engines

e Emergencies

At least one reliable flashlight is recommended as standard
equipment on all night flights. A reliable incandescent or
light-emitting diode (LED) flashlight ableto produce white/
red light and blue for chart reading is preferable. The flash
light should be large enough to be easily located in the
event it is needed. The whitelight is used while performing
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the preflight visual inspection of the airplane, and the red
light is used when performing cockpit operations. It is aso
recommended to have aspare set of batteriesfor theflashlight
readily available.

Since the red light is non-glaring, it will not impair night
vision. Some pilots prefer two flashlights, one with awhite
light for preflight and the other a penlight type with a red
light. Thelatter can be suspended by astring from around the
neck to ensurethelight isalwaysreadily available. Oneword
of caution: if ared light is used for reading an aeronautical
chart, the red features of the chart will not show up.

Aeronautical charts are essential for night cross-country
flight and, if theintended courseisnear the edge of the chart,
the adjacent chart should also be available. The lights of
cities and towns can be seen at surprising distances at night,
and if this adjacent chart is not available to identify those
landmarks, confusion could result. These checklist itemsare
not just for night flying, they arerequired for day light flying
also. Regardless of the equipment used, organization of the
flightdeck eases the burden and enhances safety. Organize
equipment and chartsand place them within easy reach prior
to taxiing.

Airplane Equipment and Lighting

Title 14 of the Code of Federal Regulations (14 CFR) part
91 specifies the basic minimum airplane equipment that is
required for night flight. This equipment includesonly basic
instruments, lights, electrical energy source, and spare fuses.

The standard instruments required by 14 CFR part 91 for
instrument flight are a valuable asset for aircraft control at
night. Title 14 CFR part 91 specifies that during the period
from sunset to sunrise operating aircraft arerequired to havea
functioning anti-collision light system, including aflashing or
rotating beacon and position lights. The anti-collision lights
however need not belighted when the pilot in command (PIC)
determinesthat, because of operating conditions, it would be
intheinterest of safety toturnthelightsoff. Airplane position
lights are arranged similar to those of boats and ships. A red
light is positioned on the left wingtip, a green light on the
right wingtip, and awhite light on the tail. [ Figure 10-2]

Thisarrangement provides ameansto determinethe general
direction of movement of other airplanes in flight. If both
ared and green light of another aircraft are observed, and
the red light is on the left and the green to the right, the
airplaneisflying the same direction. Care must be taken not
to overtake the other aircraft and maintain clearance. If red
were on the right and green to the left, the airplane could be
on acollision course.



Figure 10-2. Position lights.

Landing lights are not only useful for taxi, takeoffs, and
landings, but also provide a means by which airplanes can
be seen at night by other pilots. Pilots are encouraged to turn
on their landing lights when operating within 10 miles of an
airport and below 10,000 feet. Operation lights on applies
to both day and night or in conditions of reduced visibility.
This should also be donein areas where flocks of birds may
be expected.

Although turning on aircraft lights supports the “ see and be
seen” concept, do not become complacent about keeping a
sharp lookout for other aircraft. Most aircraft lights blend
in with the stars or the lights of the cities at night and go
unnoticed unless a conscious effort is made to distinguish
them from other lights.

Airport and Navigation Lighting Aids

Thelighting systemsused for airports, runways, obstructions,
and other visual aids at night are other important aspects of
night flying. Lighted airports located away from congested
areasareidentified readily at night by thelightsoutlining the
runways. Airportslocated near or within large citiesare often
difficult toidentify astheairport lightstend to blend with the
city lights. Itisimportant not to only know the exact location
of anairport relativeto the city, but also to be abletoidentify
these airports by the characteristics of their lighting pattern.

Aeronautical lights are designed and installed in a variety
of colors and configurations, each having its own purpose.
Although some lights are used only during low ceiling and
vigibility conditions, thisdiscussionincludesonly thelightsthat
are fundamentadl to visua flight rules (VFR) night operation.

Itisrecommended that prior to anight flight, and particularly
a cross-country night flight, that a check of the availability
and status of lighting systems at the destination airport is
made. Thisinformation can be found on aeronautical charts
and in the Chart Supplements. The status of each facility
can be determined by reviewing pertinent Noticesto Airmen
(NOTAMS).

Most airports have rotating beacons. The beacon rotates at
a constant speed, thus producing a series of light flashes at
regular intervals. These flashes may consist of awhite flash
and one or two different colors that are used to identify
various types of landing areas. For example:

* Lighted civilian land airports—alternating white and
green lights

» Lighted civilian water airports—alternating white and
yellow lights

*  Lighted military airports—alternating white and green
lights, but are differentiated from civil airportsby dual
peaked (two quick) white flashes, then green

Beacons producing red flashesindicate obstructions or areas
considered hazardous to aerial navigation. Steady-burning
red lights are used to mark obstructions on or near airports
and sometimes to supplement flashing lights on en route
obstructions. High-intensity, flashing white lights are used
to mark some supporting structures of overhead transmission
lines that stretch across rivers, chasms, and gorges. These
high-intensity lights are also used to identify tall structures,
such as chimneys and towers.

Asaresult of technological advancements, runway lighting
systems have become quite sophisticated to accommodate
takeoffs and landings in various weather conditions.
However, if flying islimited to VFR only, it isimportant to
be familiar with the basic lighting of runways and taxiways.

The basic runway lighting system consists of two straight
parallel linesof runway edgelightsdefining thelateral limitsof
therunway. Theselightsare aviation white, although aviation
yellow may be substituted for a distance of 2,000 feet from
thefar end of the runway to indicate a caution zone. At some
airports, theintensity of therunway edgelightscan beactivated
and adjusted by radio control. The control system consists
of a 3-step control responsive to 7, 5, and/or 3 microphone
clicks. This 3-step control turns on lighting facilities capable
of either 3-step, 2-step, or 1-step operation. The 3-step and
2-step lighting facilities can be altered in intensity, while the
1-step cannot. All lighting is illuminated for a period of 15
minutes from the most recent time of activation and may not
be extinguished prior to end of the 15-minute period. Suggested
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useistodwaysinitialy key themike 7 times; thisassuresthat
all controlled lights are turned on to the maximum available
intensity. If desired, adjustment can then be made, where the
capahility isprovided, to alower intensity by keying 5 and/or
3times. Dueto the close proximity of airports using the same
frequency, radio-controlled lighting receivers may be set at a
low sensitivity requiring the aircraft to be relatively close to
activate the system. Consequently, even when lights are on,
alwayskey the mike as directed when overflying an airport of
intended landing or just prior to entering thefinal segment of an
approach. Thisassuresthe aircraft is close enough to activate
the system and afull 15-minute lighting duration isavailable.

The length limits of the runway are defined by straight lines
of lightsacrosstherunway ends. At someairports, the runway
threshold lights are aviation green, and the runway end lights
areaviationred. At many airports, thetaxiwaysareasolighted.
A taxiway edge lighting system consists of blue lights that
outline the usable limits of taxi paths.

Training for Night Flight

Learning to safely fly at night takestime and your proficiency
will improve with experience. Pilot’s should practice the
following maneuvers at night and acquire competency in
straight-and-level flight, climbs and descents, level turns,
climbing and descending turns, and steep turns. Practicing
recovery from unusual attitudes should only be done with
a flight instructor. Practice these maneuvers with al the
flightdeck lights turned OFF, as well as ON. This blackout
training simulates an electrical or instrument light failure.
Include using the navigation equipment and local NAVAIDs
during thetraining. In spite of fewer references or checkpoints,
night cross-country flights do not present particular problemsif
pre-planning isadequate. Continuously monitor position, time
estimates, and fuel consumed. Use NAVAIDs, if available, to
assist in monitoring en route progress.

Preparation and Preflight

Night flying requires that pilots are aware of, and operate
within, their abilities and limitations. Although careful
planning of any flight isessential, night flying demands more
attention to the details of preflight preparation and planning.

Preparation for a night flight includes a thorough review of
the available weather reports and forecasts with particular
attention given to temperature/dew point spread. A narrow
temperature/dew point spread may indicate the possibility
of fog. Emphasis should aso be placed on wind direction
and speed, sinceits effect on the airplane cannot be aseasily
detected at night as during the day.

On night cross-country flights, select and use appropriate
aeronautical charts to include the appropriate adjacent
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charts. Course lines should be drawn in black to be more
distinguishable in low-light conditions. Note prominently
lighted checkpoints along the prepared course. Rotating
beacons at airports, lighted obstructions, lights of cities or
towns, and lights from major highway traffic all provide
excellent visual checkpoints. If aglobal positioning system
(GPS) isbeing used for navigation, ensurethat it isworking
properly before the flight. All necessary waypoints should
be loaded properly before the flight and the database should
be checked for accuracy prior to taking off and then checked
again once in flight. The use of radio navigation aids and
communication facilities add significantly to the safety and
efficiency of night flying.

Check all personal equipment prior to flight to ensure
proper functioning and operation. All airplane lights should
be checked for operation by turning them on momentarily
during the preflight inspection. Position lights can be checked
for loose connections by tapping the light fixture. If the
lights blink while being tapped, determine the cause prior
to flight. Parking ramps should be checked with aflashlight
prior to entering the airplane. During the day, it is quite easy
to see stepladders, chuckholes, wheel chocks, and other
obstructions, but at night, it is more difficult and a check of
the area can prevent taxiing mishaps.

Starting, Taxiing, and Runup

Once seated in the airplane and prior to starting the engine,
arrange all items and materialsto be used during the flight so
they will bereadily available and convenient to use. Takeextra
caution at night to assure the propeller areais clear. Turning
therotating beacon ON, or flashing the airplane position lights
servesto alert persons nearby to remain clear of the propeller.
Toavoid excessivedrain of electrical current fromthe battery,
it is recommended that unnecessary electrical equipment be
turned OFF until after the engine has been started.

After starting the engine and when ready to taxi, turn the
taxi or landing light ON. Be aware that continuous use of the
landing light with revolutions per minute (rpm) power settings
normally used for taxiing may place an excessive drain onthe
airplane’ s electrical system. Also, overheating of the landing
light is possible because of inadequate airflow to carry the heat
away. Uselanding lightsonly as necessary whiletaxiing. When
using lights, consideration should be given to not blinding
other pilots. Taxi dowly, particularly in congested areas. If
taxi lines are painted on the ramp or taxiway, follow the lines
to ensure a proper path along the route.

Use the checklist for the before takeoff and run-up checks
and procedures. During the day, forward movement of the
airplane can be detected easily. At night, the airplane could
creep forward without being noticed unless the pilot is alert



for thispossibility. Hold or lock the brakes during the run-up
and bealert for any forward movement. Aninstrument check
should be done while taxiing to check for proper and correct
operation prior to takeoff.

Takeoff and Climb

Night flying is very different from day flying and demands
more attention of the pilot. The most noticeable difference
is the limited availability of outside visual references.
Therefore, flight instruments should be used to a greater
degree in controlling the airplane. This is particularly true
on night takeoffs and climbs. Adjust the flightdeck lights to
aminimum brightnessthat allow reading theinstrumentsand
switches but not hinder outside vision. This also eliminates
light reflections on the windshield and windows.

After ensuring that thefinal approach and runway are clear of
other air traffic, or when cleared for takeoff by the air traffic
controller, turn the landing and taxi lights ON and line the
airplane up with the centerline of the runway. If the runway
does not have centerline lighting, use the painted centerline
and therunway edgelights. After theairplaneisaligned, note
the heading indicator and set to correspond to the known
runway direction. To begin the takeoff, release the brakes
and advance the throttle smoothly to maximum allowable
power. Asthe airplane accelerates, it should be kept moving
straight ahead between and parallel to the runway edgelights.

The procedure for night takeoffs is the same as for normal
daytimetakeoffsexcept that many of the runway visual cuesare
not available. Check theflight instrumentsfrequently during the
takeoff to ensurethe proper pitch attitude, heading, and airspeed
are being attained. As the airspeed reaches the normal lift-off
speed, adjust the pitch attitude to establish a normal climb.
Accomplish thisby referring to both outside visual references,
such aslights, and to the flight instruments. [ Figure 10-3]

Figure 10-3. Establish a positive climb.

After becoming airborne, the darkness of night often makes
it difficult to note whether the airplaneis getting closer to or
farther from the surface. To ensure the airplane continuesin
apositive climb, be sure aclimb isindicated on the attitude
indicator, vertical speed indicator (VSl), and atimeter. Itis
also important to ensure the airspeed is at best climb speed.

Make necessary pitch and bank adjustments by referencing
the attitude and heading indicators. It is recommended
that turns not be made until reaching a safe maneuvering
altitude. Although the use of the landing lights is helpful
during thetakeoff, they becomeineffective after theairplane
has climbed to an atitude where the light beam no longer
extends to the surface. The light can cause distortion when
it is reflected by haze, smoke, or clouds that might exist in
the climb. Therefore, when the landing light is used for the
takeoff, turnit off after the climbiswell established provided
itisnot being used for collision avoidance.

Orientation and Navigation

Generally, at night, it isdifficult to see cloudsand restrictions
to visibility, particularly on dark nights or under overcast.
When flying under VFR, pilots must exercise caution to
avoid flying into clouds. Usually, the first indication of
flying into restricted visibility conditions is the gradual
disappearance of lights on the ground. If the lights begin
to take on an appearance of being surrounded by a halo or
glow, use caution in attempting further flight in that same
direction. Such a halo or glow around lights on the ground
isindicative of ground fog. Remember that if adescent must
be made through clouds, smoke, or haze in order to land,
the horizontal visibility is considerably less when looking
through the restriction than it iswhen looking straight down
through it from above. Under no circumstances should a
VFR night flight be made during poor or marginal weather
conditions unless both the pilot and aircraft are certificated
and equipped for flight under instrument flight rules (IFR).

Crossing large bodies of water at night in single-engine
airplanes could be potentially hazardous, in the event of an
engine failure, the pilot may not have any option than to
land (ditch) the airplane in the water. Another hazard faced
by pilots of al aircraft, due to limited or no lighting, is that
the horizon blends with the water. During poor visibility
conditionsover water, the horizon becomes obscure and may
result in aloss of orientation. Even on clear nights, the stars
may be reflected on the water surface, which could appear
as a continuous array of lights, thus making the horizon
difficult to identify.
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Lighted runways, buildings, or other objects may cause
illusions to the pilot when seen from different altitudes. At
an atitude of 2,000 feet, agroup of lights on an object may
be seen individually, while at 5,000 feet or higher, the same
lights could appear to be one solid light mass. Theseillusions
may become quite acute with atitude changes and, if not
overcome, could present problemsin respect to approaches
to lighted runways.

Approaches and Landings

When approaching the airport to enter the traffic pattern and
land, it isimportant that the runway lights and other airport
lighting beidentified asearly aspossible. If theairport [ayout
is unfamiliar, sighting of the runway may be difficult until
very close-in due to the maze of lights observed in the area.
[Figure 10-4] Fly toward therotating beacon until the lights
outlining the runway are distinguishable. To fly a traffic
pattern of proper size and direction, the runway threshold
and runway-edge lights must be positively identified. Once
theairport lights are seen, these lights should be kept in sight
throughout the approach.

Distance may be deceptive at night due to limited lighting
conditions. A lack of intervening references on the ground
and theinability to comparethe size and location of different
ground objects causethis. Thisalso appliesto the estimation
of altitude and speed. Consequently, more dependence must
be placed on flight instruments, particularly the altimeter
and the airspeed indicator. When entering the traffic pattern,
always give yourself plenty of time to complete the before

landing checklist. If the heading indicator containsaheading
bug, setting it to the runway heading isan excellent reference
for the pattern legs.

Maintain the recommended airspeeds and execute the
approach and landing in the same manner as during the
day. A low, shallow approach is definitely inappropriate
during a night operation. The altimeter and VS| should be
constantly cross-checked against the airplane’ sposition along
the base leg and final approach. A visua approach slope
indicator (VASI) isan indispensable aid in establishing and
maintaining a proper glide path. [ Figure 10-5]

After turning onto the final approach and aligning the
airplane midway between the two rows of runway-edge
lights, note and correct for any wind drift. Throughout the
final approach, use pitch and power to maintain astabilized
approach. Flaps are used the same asin anormal approach.
Usually, halfway through the final approach, the landing
light is turned on. Earlier use of the landing light may be
necessary because of “Operation Lights ON” or for local
traffic considerations. The landing light is sometimes
ineffective since the light beam will usually not reach
the ground from higher altitudes. The light may even be
reflected back into the pilot’s eyes by any existing haze,
smoke, or fog. This disadvantage is overshadowed by the
safety considerations provided by using the “Operation
Lights ON” procedure around other traffic.

The round out and touchdown is made in the same manner as
in day landings. At night, the judgment of height, speed, and
sink rate isimpaired by the scarcity of observable objectsin
thelanding area. Aninexperienced pilot may have atendency

{ Below glidepath [ On glidepath I Above glidepath

Near Bar

| Near Bar

If the far bar is red
and the near bar is
white, you are on the
glidepath.

The memory aid “red
over white, you're all
right,” is helpful in
recalling the correct
sequence of light.

If you see red over
red, you are below
glidepath.

If both light bars are
white, you are too
high.

Figure 10-4. Use light patterns for orientation.
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to round out too high until attaining familiarity with the proper
height for the correct round out. To aid in determining the
proper round out point, continue a constant approach descent
until thelanding lightsreflect ontherunway andtire markson
the runway can be seen clearly. At this point, the round out is
started smoothly and the throttle gradually reduced to idle as
theairplaneistouching down. [ Figure 10-6] During landings
without the use of landing lights, the round out may be started
when therunway lightsat thefar end of therunway first appear
to berising higher than the nose of the airplane. Thisdemands
asmooth and very timely round out and requiresthat the pilot
fedl for the runway surface using power and pitch changes,
as necessary, for the airplane to settle owly to the runway.
Blackout landings should always be included in night pilot
training as an emergency procedure.

Figure 10-6. Roundout when tire marks are visible.

Night Emergencies

Perhaps the greatest concern about flying a single-engine
airplaneat night isthe possibility of acomplete enginefailure
and the subsequent emergency landing. Thisis alegitimate
concern, even though continuing flight into adverse weather
and poor pilot judgment account for most serious accidents.

If the engine fails at night, there are several important
procedures and considerations to keep in mind. They are
asfollows:

e Maintain positive control of the airplane and
establish the best glide configuration and airspeed.
Turn the airplane towards an airport or away from
congested areas.

e Check to determinethe cause of the enginemalfunction,
such asthe position of fuel selectors, magneto switch, or
primer. If possible, the cause of the malfunction should
be corrected immediately and the engine restarted.

e Announcethe emergency situation to air traffic control
(ATC) or Universal Communications (UNICOM). If
already in radio contact with afacility, do not change
frequencies unless instructed to change.

» |f the condition of the nearby terrain is known and is
suitablefor aforced landing, turntowardsan unlighted
portion of the area and plan an emergency forced
landing to an unlighted portion.

» Consider an emergency landing area close to public
accessif possible. This may facilitate rescue or help,
if needed.

e Maintain orientation with the wind to avoid a
downwind landing.

e Complete the before landing checklist, and check
the landing lights for operation at atitude and turn
ON in sufficient time to illuminate the terrain or
obstacles along the flightpath. The landing should
be completed in the normal landing attitude at the
slowest possible airspeed. If the landing lights
are unusable and outside visual references are not
available, theairplane should beheld inlevel-landing
attitude until the ground is contacted.

o After landing, turn off all switches and evacuate the
airplane as quickly as possible.
Chapter Summary

Night operations present additional risks that must be
identified and assessed. Night flying operations should
not be encouraged or attempted, except by pilots that are
certificated, current, and proficient in night flying. Prior to
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attempting night operations, pilots should receivetraining and
befamiliar with therisksassociated with night flight and how
they differ from daylight operations. Even for experienced
pilots, night VFR operations should only be conducted in
unrestricted visibility, favorable winds, both on the surface
and aloft, and no turbulence. Additional information on pilot
vision andillusions can befound in FAA brochure AM-400-
98/2 and also Chapters 2 and 17 of the Pilot’s Handbook of
Aeronautical Knowledge (FAA-H-8083-25A) at www.faa.
gov. Additional information on lighting aids can befound in
Chapter 2 of the Aeronautical Information Manua (AIM),
which can be accessed at www.faa.gov.
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Chapter I

Iransition to
Gomplex Airplanes

Introduction

A high-performanceairplaneisdefined asan airplanewith an
engine capable of developing more than 200 horsepower. A
complex airplaneisan airplanethat has aretractablelanding
gear, flaps, and a controllable pitch propeller. In lieu of a
controllable pitch propeller, the aircraft could also have an
engine control system consisting of a digital computer and
associated accessories for controlling the engine and the
propeller. A seaplanewould still be considered complex if it
meets the description above except for having floats instead
of aretractable landing gear system.

11-1



Straight

F s

Elliptical

Tapered

Sweptback

Figure 11-1. Airfoil types.

Transition to a complex airplane, or a high-performance
airplane, can be demanding for most pilots without previous
experience. Increased performance and complexity both
require additional planning, judgment, and piloting skills.
Transition to these types of airplanes, therefore, should be
accomplished in a systematic manner through a structured
courseof training administered by aqualified flight instructor.

Airplanes can be designed to fly through a wide range of
airspeeds. High speed flight requires smaller wing areas and
moderately cambered airfoils whereas low speed flight is
obtained with airfoilswith a greater camber and larger wing
area. [Figure 11-1] Many compromises are often made by
designers to provide for higher speed cruise flight and low
speeds for landing. Flaps are a common design effort to
increase an airfoil’s camber and the wing's surface area for
lower speed flight. [Figure 11-2]

Sinceanairfoil cannot havetwo different cambersat the same
time, one of two things must be done. Either the airfoil can
be a compromise, or a cruise airfoil can be combined with
a device for increasing the camber of the airfoil for low-
speed flight. Camber is the asymmetry between the top and
the bottom surfaces of an airfoil. One method for varying
an airfoil’s camber is the addition of trailing-edge flaps.
Engineers call these devices a high-lift system.

Function of Flaps

Flaps work primarily by changing the camber of the airfoil
which increases the wing's lift coefficient and with some
flap designs the surface area of the wing is also increased.
Flap deflection does not increase the critical (stall) angle of
attack (AOA) and, in some cases, flap deflection actually
decreases the critical AOA. Deflection of awing's control
surfaces, such asailerons and flaps, alters both lift and drag.
With aileron deflection, there is asymmetrical lift which
imparts a rolling moment about the airplane’s longitudinal
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axis. Wing flaps acts symmetrically about the longitudinal
axisproducing no rolling moment; however, both lift and drag
increase aswell as a pitching moment about the lateral axis.
Lift isafunction of several variablesincluding air density,
velocity, surface area, and lift coefficient. Sinceflapsincrease
an airfoil’ s lift coefficient, lift isincreased. [ Figure 11-3]

As flaps are deflected, the aircraft may pitch nose up, nose
down or have minimal changes in pitch attitude. Pitching
moment is caused by the rearward movement of the
wing's center of pressure; however, that pitching behavior
depends on several variables including flap type, wing
position, downwash behavior, and horizontal tail location.

Increased camber

Mean camber line

Stalled airfoil
C_max flapped [~ = = = = = = = = - - - -]

N

C,_ max normal

Angle of attack

Figure 11-2. Coefficient of lift comparison for flap extended and
retracted positions.



L=1pv2sc
L = Lift produced 2 L
P = Air density
V = Velocity relative to the air
S = Surface area of the wing

C, = lift coefficient which is determined by the camber of the airfoil used, the chord of the wing and AOA

Plain flap

Figure 11-3. Lift equation.

Consequently, pitch behavior dependson the design features
of the particular airplane.

Flap deflection of up to 15° primarily produces lift with
minimal increasesin drag. Deflection beyond 15° produces a
largeincreaseindrag. Drag fromflap deflectionisparasitedrag
and, as such, is proportional to the square of the speed. Also,
deflection beyond 15° produces asignificant nose-up pitching
moment in most high-wing airplanes because the resulting
downwash increases the airflow over the horizontal tail.

Flap Effectiveness

Flap effectiveness depends on a number of factors, but the
most noticeable are size and type. For the purpose of this
chapter, trailing edge flaps are classified as four basic types:
plain (hinge), split, slotted, and Fowler. [Figure 11-4]

The plain or hinge flap is a hinged section of the wing. The
structure and function are comparable to the other control
surfaces—ailerons, rudder, and elevator. The split flap is
more complex. It is the lower or underside portion of the
wing; deflection of the flap leaves the upper trailing edge
of the wing undisturbed. It is, however, more effective
than the hinge flap because of greater lift and less pitching
moment, but there is more drag. Split flaps are more useful
for landing, but the partially deflected hinge flaps have the
advantage in takeoff. The split flap has significant drag at
small deflections, whereas the hinge flap does not because
airflow remains “ attached” to the flap.

The dlotted flap has a gap between the wing and the leading
edge of the flap. The slot allows high-pressure airflow on
the wing undersurface to energize the lower pressure over
the top, thereby delaying flow separation. The slotted flap
has greater lift than the hinge flap but less than the split flap;
but, because of ahigher lift-drag ratio, it gives better takeoff
and climb performance. Small deflections of the slotted flap
give ahigher drag than the hinge flap but |ess than the split.
This allows the slotted flap to be used for takeoff.

The Fowler flap deflects down and aft to increase the wing
area. Thisflap can bemulti-d otted making it themost complex
of thetrailing-edge systems. This system does, however, give
the maximum lift coefficient. Drag characteristics at small

Figure 11-4. Four basic types of flaps.

deflections are much like the dlotted flap. Fowler flaps are
most commonly used on larger airplanes because of their
structural complexity and difficulty in sealing the slots.

Operational Procedures

It would beimpossibleto discussall the many airplanedesign
and flap combinations. Thisemphasizestheimportance of the
Federal Aviation Administration (FAA) approved Airplane
Flight Manual and/or Pilot’s Operating Handbook (AFM/
POH) for a given airplane. While some AFM/POHSs are
specific as to operational use of flaps, others leave the use
of flapsto pilot discretion. Hence, flap operation makes pilot
judgment of critical importance. Sinceflap operationisused
for landings and takeoffs, during which theairplaneisin close
proximity to the ground where the margin for error is small.

Since the recommendations given in the AFM/POH are
based on the airplane and the flap design, the pilot must
relate the manufacturer’ s recommendation to aerodynamic
effects of flaps. This requires basic background knowledge
of flap aerodynamics and geometry. With thisinformation,
a decision as to the degree of flap deflection and time of
deflection based on runway and approach conditionsrelative
to the wind conditions can be made.
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Thetimeof flap extension and degree of deflection arerelated.
Large flap deflections at one single point in the landing
pattern produce large lift changes that require significant
pitch and power changes in order to maintain airspeed and
glide slope. Incremental deflection of flaps on downwind,
base, and final approach alow smaller adjustment of pitch
and power compared to extension of full flapsall at onetime.
This procedure facilitates a more stahilized approach.

While al landings should be accomplished at the slowest
speed possible for a given situation, a soft or short-field
landing requires minimal speed at touchdown while a short
field obstacle approach requires minimum speed and a steep
approach angle. Flap extension, particularly beyond 30°, results
in significant levels of drag. As such, large angles of flap
deployment require higher power settingsthan used with partial
flaps. When steep approach angles and short fields combine
with power to offset the drag produced by theflaps, thelanding
flare becomes critical. The drag produces ahigh sink rate that
must be controlled with power, yet failureto reduce power at a
rate so that the power isidle at touchdown allowsthe airplane
to float down the runway. A reduction in power too early can
result in ahard landing and damage or loss of control.

Crosswind component is another factor to be considered in
the degree of flap extension. The deflected flap presents a
surface areafor the wind to act on. With flaps extended in a
crosswind, thewing on the upwind sideis more affected than
thedownwind wing. Theeffect isreduced to adlight extent in
the crabbed approach sincetheairplaneismore nearly aligned
with thewind. When using awing-low approach, thelowered
wing partialy blocks the upwind flap. The dihedral of the
wing combined with the flap and wind make lateral control
moredifficult. Lateral control becomes moredifficult asflap
extension reaches maximum and the crosswind becomes
perpendicular to the runway.

With flaps extended, the crosswind effects on the wing
become more pronounced asthe airplane comes closer to the
ground. The wing, flap, and ground form a*“ container” that
isfilled with air by the crosswind. Since the flap is located
behind the main landing gear when the wind strikes the
deflected flap and fusel age side, the upwind wing tendstorise
and the airplane tends to turn into the wind. Proper control
position is essential for maintaining runway alignment.
Depending on the amount of crosswind, it may be necessary
to retract the flaps soon after touchdown in order to maintain
control of the airplane.

The go-around is another factor to consider when making
a decision about degree of flap deflection and about where
in the landing pattern to extend flaps. Because of the nose
down pitching moment produced with flap extension, trim

11-4

is used to offset this pitching moment. Application of full
power in the go-around increases the airflow over the wing.
This produces additional lift causing significant changesin
pitch. The pitch-up tendency does not diminish completely
with flap retraction because of the trim setting. Expedient
retraction of flaps is desirable to eliminate drag; however,
the pilot must be prepared for rapid changesin pitch forcesas
theresult of trim and theincreasein airflow over the control
surfaces. [Figure 11-5]

The degree of flap deflection combined with design
configuration of the horizontal tail relativeto thewing require
carefully monitoring of pitch and airspeed, carefully control
flap retraction to minimize altitude loss, and properly use
the rudder for coordination. Considering these factors, it is
good practice to extend the same degree of flap deflection at
the same point in the landing pattern for each landing. This
reguiresthat aconsistent traffic pattern be used. Thisallows
for apreplanned go-around sequence based ontheairplane’s
position in the landing pattern.

There is no single formula to determine the degree of flap
deflection to be used on landing because alanding involves
variables that are dependent on each other. The AFM/POH
for the particular airplane contains the manufacturer’s
recommendations for some landing situations. On the other
hand, AFM/POH information on flap usage for takeoff is
more precise. The manufacturer’s requirements are based
on the climb performance produced by a given flap design.
Under no circumstances should a flap setting given in the
AFM/POH be exceeded for takeoff.

Controllable-Pitch Propeller

Fixed-pitch propellers are designed for best efficiency
at one speed of rotation and forward speed. This type of
propeller provides suitable performance in a narrow range
of airspeeds; however, efficiency would suffer considerably
outside this range. To provide high-propeller efficiency
through awide range of operation, the propeller blade angle
must be controllable. The most effective way of controlling
the propeller blade angle is by means of a constant-speed
governing system.

Constant-Speed Propeller

The constant-speed propeller keeps the blade angle adjusted
for maximum efficiency for most conditions of flight. The
pilot controls the engine revolutions per minute (rpm)
indirectly by means of a propeller control in the flightdeck,
which is connected to a propeller governor. For maximum
takeoff power, the propeller control is moved al the way
forward to thelow pitch/high rpm position, and thethrottleis
moved forward to the maximum allowable manifold pressure
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Figure 11-5. Flaps extended pitching moment.

position. [ Figure 11- 6] To reduce power for climb or cruise,  the propeller control causesthe propeller bladesto moveto a
manifold pressure is reduced to the desired value with the  higher angle. Increasing the propeller blade angle (of attack)
throttle, and theengine rpmisreduced by movingthepropeller  results in an increase in the resistance of the air. This puts
control back toward the high pitch/low rpm position until the  a load on the engine so it slows down. In other words, the
desired rpm is observed on the tachometer. Pulling back on  resistance of the air at the higher blade angle is greater than

High pitch — Low RPM Low pitch — High RPM

Figure 11-6. Controllable pitch propeller pitch angles.
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thetorque, or power, delivered to the propeller by theengine,
so it lows down to a point where forces are in balance.

When an aircraft engine is running at constant speed, the
torque (power) exerted by the engine at the propeller shaft
must equal the opposing load provided by theresistance of the
air. Therpm is controlled by regulating the torque absorbed
by the propeller—in other words by increasing or decreasing
the resistance offered by the air to the propeller. This is
accomplished with a constant-speed propeller by means of a
governor. Thegovernor, in most cases, isgeared to theengine
crankshaft and thus is sensitive to changes in engine rpm.

When an airplane is nosed up into aclimb from level flight,
the enginetendsto slow down. Sincethe governor issensitive
to small changesin engine rpm, it decreases the blade angle
just enough to keep the engine speed from falling off. If the
airplane is nosed down into a dive, the governor increases
the blade angle enough to prevent the engine from over-
speeding. Thisallowsthe engine to maintain a constant rpm
thereby maintaining the power output. Changes in airspeed
and power can be obtained by changing rpm at a constant
manifold pressure; by changing the manifold pressure at a
constant rpm; or by changing both rpm and manifold pressure.
The constant-speed propeller makes it possible to obtain an
infinite number of power settings.

Takeoff, Climb, and Cruise

During takeoff, when the forward motion of the airplane
is at low speeds and when maximum power and thrust are
required, the constant-speed propeller setsup alow propeller

blade angle (pitch). The low blade angle keeps the AOA,
with respect to the relative wind, small and efficient at the
low speed. [Figure 11-7]

At the sametime, it allows the propeller to handle asmaller
mass of air per revolution. Thislight load allows the engine
to turn at maximum rpm and develop maximum power.
Although the mass of air per revolution is small, the number
of rpm is high. Thrust is maximum at the beginning of the
takeoff and then decreases as the airplane gains speed and
the airplane drag increases. Due to the high slipstream
velocity during takeoff, the effective lift of the wing behind
the propeller(s) isincreased.

Astheairspeed increases after lift-off, theload on the engine
is lightened because of the small blade angle. The governor
sensesthisand increases the blade angle dightly. Again, the
higher blade angle, with the higher speeds, keeps the AOA
with respect to the relative wind small and efficient.

For climb after takeoff, the power output of the engine is
reduced to climb power by decreasing the manifold pressure
and lowering rpm by increasing the blade angle. At the higher
(climb) airspeed and the higher blade angle, the propeller is
handling agreater massof air per second at alower dipstream
velocity. This reduction in power is offset by the increase
in propeller efficiency. The AOA isagain kept small by the
increase in the blade angle with an increase in airspeed.

At cruising dtitude, when the airplaneisin level flight, less
power is required to produce a higher airspeed than is used

A
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Figure 11-7. Propeller blade angle.
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in climb. Conseguently, engine power is again reduced by
lowering the manifold pressure and increasing the blade angle
(to decrease rpm). The higher airspeed and higher blade angle
enable the propeller to handle a still greater mass of air per
second at still smaller slipstream velocity. At normal cruising
speeds, propel ler efficiency isat or near maximum efficiency.

Blade Angle Control

Once the rpm settings for the propeller are selected, the
propeller governor automatically adjusts the blade angle to
maintain the selected rpm. It does this by using oil pressure.
Generally, the oil pressure used for pitch change comes
directly from the engine lubricating system. When agovernor
isemployed, engine ail is used and the il pressureis usualy
boosted by a pump that is integrated with the governor. The
higher pressure providesaquicker blade anglechange. Therpm
at which the propeller isto operate is adjusted in the governor
head. The pilot changes this setting by changing the position
of the governor rack through the flightdeck propeller control.

On some constant-speed propellers, changes in pitch are
obtained by the use of an inherent centrifugal twisting
moment of the blades that tends to flatten the blades toward
low pitch and oil pressure applied to a hydraulic piston
connected to the propeller blades which movesthem toward
high pitch. Another type of constant-speed propeller uses
counterweights attached to the blade shanks in the hub.
Governor oil pressure and the blade twisting moment move
the blades toward the low pitch position, and centrifugal
force acting on the counterweights moves them (and the
blades) toward the high pitch position. In thefirst case above,
governor oil pressure moves the blades towards high pitch
and in the second case, governor oil pressure and the blade
twisting moment move the blades toward low pitch. A loss
of governor oil pressure, therefore, affects each differently.

Governing Range

The blade angle range for constant-speed propellers varies
from about 11%2° to 40°. The higher the speed of theairplane,
the greater the blade angle range. [Figure 11-8]

Therange of possible blade anglesistermed the propeller’s
governing range. The governing range is defined by the

P
Aircraft Type Design Speed (mph)
Fixed gear 160
Retractable 180
Turbo retractable 225/240
Turbine retractable 250/300
Transport retractable 325

limits of the propeller blades travel between high and low
blade angle pitch stops. Aslong asthe propeller blade angle
is within the governing range and not against either pitch
stop, aconstant enginerpmismaintained. However, oncethe
propeller blade reaches its pitch-stop limit, the engine rpm
increases or decreaseswith changesin airspeed and propeller
load similar to afixed-pitch propeller. For example, once a
specificrpmisselected, if the airspeed decreases enough, the
propeller blades reduce pitch in an attempt to maintain the
selected rpm until they contact their low pitch stops. From
that point, any further reductionin airspeed causestheengine
rpm to decrease. Conversely, if the airspeed increases, the
propeller blade angle increases until the high pitch stop is
reached. The engine rpm then beginsto increase.

Constant-Speed Propeller Operation

The engine is started with the propeller control in the low
pitch/high rpm position. This position reducestheload or drag
of the propeller and theresult is easier starting and warm-up
of the engine. During warm-up, the propeller blade changing
mechanism is operated slowly and smoothly through a full
cycle. Thisisdone by moving the propeller control (with the
manifold pressure set to produce about 1,600 rpm) to the high
pitch/low rpm position, allowing therpm to stabilize, and then
moving the propeller control back to the low pitch takeoff
position. Thisisdone for two reasons: to determine whether
the system is operating correctly and to circulate fresh warm
il through the propeller governor system. Remember the
oil has been trapped in the propeller cylinder since the last
time the engine was shut down. There is a certain amount
of leakage from the propeller cylinder, and the oil tends to
congeal, especialy if the outside air temperature is low.
Consequently, if the propeller isnot exercised before takeoff,
thereisapossibility that the engine may overspeed on takeoff.

An airplane equipped with a constant-speed propeller has
better takeoff performancethan asimilarly powered airplane
equipped with a fixed-pitch propeller. This is because with
a constant-speed propeller, an airplane can develop its
maximum rated horsepower (red line on the tachometer)
whilemotionless. An airplanewith afixed-pitch propeller, on
the other hand, must accel erate down the runway to increase
airspeed and aerodynamically unload the propeller so that

22°

26°
34°
40°
50/55°

Figure 11-8. Blade angle range (values are approximate).
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rpm and horsepower can steadily build up to their maximum.
With a constant-speed propeller, the tachometer reading
should come up to within 40 rpm of the red line as soon as
full power is applied and remain there for the entire takeoff.
Excessive manifold pressure raises the cylinder combustion
pressures, resulting in high stresses within the engine.
Excessive pressure al so produces high-engine temperatures.
A combination of high manifold pressure and low rpm
can induce damaging detonation. In order to avoid these
situations, the following sequence should be followed when
making power changes.

*  When increasing power, increase the rpm first and
then the manifold pressure

*  When decreasing power, decrease the manifold
pressure first and then decrease the rpm

The cruise power charts in the AFM/POH should be
consulted when selecting cruise power settings. Whatever
the combinations of rpm and manifold pressure listed in
these charts—they have been flight tested and approved
by engineers for the respective airframe and engine
manufacturer. Therefore, if there are power settings, such as
2,100 rpmand 24 inches manifold pressurein the power chart,
they are approved for use. With a constant-speed propeller,
a power descent can be made without over-speeding the
engine. The system compensates for the increased airspeed
of the descent by increasing the propeller blade angles. If the
descent is too rapid or is being made from a high altitude,
the maximum blade anglelimit of the bladesis not sufficient
to hold the rpm constant. When this occurs, the rpm is
responsive to any change in throttle setting.

Although the governor responds quickly to any change in
throttle setting, a sudden and large increase in the throttle
setting causes a momentary over-speeding of the engine
until the blades become adjusted to absorb the increased
power. If an emergency demanding full power should arise
during approach, the sudden advancing of thethrottle causes
momentary over-speeding of the engine beyond the rpm for
which the governor is adjusted.

Some important points to remember concerning constant-
speed propeller operation are:

e The red line on the tachometer not only indicates
maximum allowable rpm; it aso indicates the rpm
reguired to obtain the engine' s rated horsepower.

e A momentary propeller overspeed may occur when
the throttle is advanced rapidly for takeoff. This is
usualy not serious if the rated rpm is not exceeded
by 10 percent for more than 3 seconds.
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*  Thegreen arc on the tachometer indicates the normal
operating range. When devel oping power inthisrange,
the engine drives the propeller. Below the green arc,
however, it is usually the windmilling propeller that
powers the engine. Prolonged operation below the
green arc can be detrimental to the engine.

e Ontakeoffsfromlow elevation airports, the manifold
pressure in inches of mercury may exceed the rpm.
This is normal in most cases, but the pilot should
always consult the AFM/POH for limitations.

e All power changes should be made smoothly and
slowly to avoid over-boosting and/or over-speeding.

Turbocharging

The turbocharged engine allows the pilot to maintain
sufficient cruise power at high altitudes where there is
less drag, which means faster true airspeeds and increased
range with fuel economy. At the same time, the powerplant
has flexibility and can be flown at a low altitude without
the increased fuel consumption of a turbine engine. When
attached to the standard powerplant, the turbocharger does
not take any horsepower from the engine to operate; it
is relatively simple mechanically, and some models can
pressurize the cabin as well.

The turbocharger is an exhaust-driven device that raises the
pressure and density of the induction air delivered to the
engine. It consists of two separate components: acompressor
and aturbine connected by acommon shaft. The compressor
supplies pressurized air to the engine for high-altitude
operation. The compressor and its housing are between the
ambient air intake and theinduction air manifold. Theturbine
and its housing are part of the exhaust system and utilize the
flow of exhaust gasesto drivethe compressor. [ Figure 11-9]

Theturbinehasthe capability of producing manifold pressure
in excess of the maximum allowablefor the particular engine.
In order not to exceed the maximum alowable manifold
pressure, a bypass or waste gate is used so that some of the
exhaust is diverted overboard before it passes through the
turbine.

The position of the waste gate regulates the output of the
turbine and therefore, the compressed air available to the
engine. When the waste gate is closed, all of the exhaust
gases pass through and drive the turbine. As the waste gate
opens, some of the exhaust gases are routed around the
turbine through the exhaust bypass and overboard through
the exhaust pipe.
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Figure 11-9. Turbocharging system.

The waste gate actuator is a spring-loaded piston operated
by engineoil pressure. The actuator, which adjuststhe waste
gate position, isconnected to the waste gate by amechanical
linkage.

The control center of the turbocharger system isthe pressure
controller. This device simplifies turbocharging to one
control: the throttle. Once the desired manifold pressure is
set, virtually no throttle adjustment is required with changes
in altitude. The controller senses compressor discharge
requirements for various altitudes and controls the oil
pressure to the waste gate actuator, which adjusts the waste
gate accordingly. Thus the turbocharger maintains only the
manifold pressure called for by the throttle setting.

Ground Boosting Versus Altitude Turbocharging

Altitude turbocharging (sometimes called “normalizing”)
is accomplished by using a turbocharger that maintains
maximum allowable sea level manifold pressure (normally
29-30"Hg) up to acertain dtitude. Thisaltitudeis specified
by the airplane manufacturer and is referred to as the
airplane’s critical altitude. Above the critical atitude, the
manifold pressure decreases as additional atitudeis gained.
Ground boosting, on the other hand, is an application of
turbocharging where more than the standard 29 inches of
manifold pressure is used in flight. In various airplanes

using ground boosting, takeoff manifold pressures may go
ashigh as45 "Hg.

Although a sea level power setting and maximum rpm
can be maintained up to the critical atitude, this does not
mean that the engine is developing sea level power. Engine
power is not determined just by manifold pressure and rpm.
Induction air temperature is also a factor. Turbocharged
induction air is heated by compression. This temperature
rise decreases induction air density, which causes a power
loss. Maintaining the equivalent horsepower output requires
asomewhat higher manifold pressure at agiven atitude than
if the induction air were not compressed by turbocharging.
If, on the other hand, the system incorporates an automatic
density controller which, instead of maintaining a constant
manifold pressure, automatically positions the waste gate
S0 as to maintain constant air density to the engine, a near
constant horsepower output results.

Operating Characteristics

First and foremost, all movements of the power controls on
turbocharged engines should be slow and smooth. Aggressive
and/or abrupt throttle movementsincrease the possibility of
over-boosting. Carefully monitor engine indications when
making power changes.
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When the waste gate is open, the turbocharged engine reacts
the same as a normally aspirated engine when the rpm is
varied. That is, when the rpm is increased, the manifold
pressure decreases slightly. When the engine rpm is
decreased, the manifold pressureincreasesdightly. However,
when the waste gate is closed, manifold pressure variation
with enginerpm isjust the opposite of the normally aspirated
engine. An increase in engine rpm results in an increase in
manifold pressure, and a decrease in engine rpm resultsin a
decrease in manifold pressure.

Above the critical atitude, where the waste gate is closed,
any changein airspeed resultsin a corresponding change in
manifold pressure. This is true because the increase in ram
air pressure with anincreasein airspeed is magnified by the
compressor resulting in an increase in manifold pressure.
Theincreasein manifold pressure creates ahigher massflow
through the engine, causing higher turbine speeds and thus
further increasing manifold pressure.

When running at high atitudes, aviation gasoline may tend
to vaporize prior to reaching the cylinder. If thisoccursin the
portion of thefuel system between thefuel tank and the engine-
driven fuel pump, an auxiliary positive pressure pump may
be needed in the tank. Since engine-driven pumps pull fuel,
they are easily vapor locked. A boost pump provides positive
pressure—pushesthe fuel—reducing thetendency to vaporize.

Heat Management

Turbocharged engines must be thoughtfully and carefully
operated with continuous monitoring of pressures and
temperatures. There aretwo temperaturesthat are especially
important—turbine inlet temperature (TIT) or, in some
installations, exhaust gas temperature (EGT) and cylinder
head temperature. TIT or EGT limits are set to protect the
elementsin the hot section of the turbocharger, while cylinder
head temperature limits protect the engine' sinterna parts.

Due to the heat of compression of the induction air, a
turbocharged engine runs at higher operating temperatures
than a non-turbocharged engine. Because turbocharged
engines operate at high atitudes; their environment is less
efficient for cooling. At altitude, the air is less dense and,
therefore, coolslessefficiently. Also, thelessdenseair causes
the compressor to work harder. Compressor turbine speeds
can reach 80,000—100,000 rpm, adding to the overall engine
operating temperatures. Turbocharged engines are also
operated at higher power settingsagreater portion of thetime.

High heat is detrimental to piston engine operation. Its
cumulative effects can lead to piston, ring, and cylinder
head failure and place thermal stress on other operating
components. Excessive cylinder head temperature can lead to
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detonation, whichinturn can cause catastrophic enginefailure.
Turbocharged engines are especially heat sensitive. The key
to turbocharger operation is effective heat management.

Monitor the condition of aturbocharged enginewith manifold
pressure gauge, tachometer, exhaust gas temperature/turbine
inlet temperature gauge, and cylinder head temperature.
Manage the “heat system” with the throttle, propeller rpm,
mixture, and cowl flaps. At any given cruise power, themixture
isthe most influentia control over the exhaust gas/TIT. The
throttle regulates total fuel flow, but the mixture governs the
fuel to air ratio. The mixture, therefore, controls temperature.

Exceeding temperature limits in an after takeoff climb is
usualy not a problem since a full rich mixture cools with
excess fuel. At cruise, power is normally reduced and
mixture adjusted accordingly. Under cruise conditions,
monitor temperature limits closely because that is when the
temperatures are most likely to reach the maximum, even
though the engine is producing less power. Overheating in
an en route climb, however, may require fully open cowl
flaps and a higher airspeed.

Since turbocharged engines operate hotter at altitude than do
normally aspirated engines, they are more prone to damage
from cooling stress. Gradual reductionsin power and careful
monitoring of temperatures are essential in the descent
phase. Extending the landing gear during the descent may
help control the airspeed while maintaining a higher engine
power setting. Thisallowsthe pilot to reduce power in small
increments which allows the engine to cool slowly. It may
also be necessary to lean the mixture slightly to eliminate
roughness at the lower power settings.

Turbocharger Failure

Because of the high temperatures and pressures produced
in the turbine exhaust systems, any malfunction of the
turbocharger must be treated with extreme caution. In
all cases of turbocharger operation, the manufacturer’s
recommended procedures should be followed. This is
especially so in the case of turbocharger malfunction.
However, in those instances where the manufacturer’s
procedures do not adequately describe the actions to be
taken in the event of a turbocharger failure, the following
procedures should be used.

Over-Boost Condition

If an excessive rise in manifold pressure occurs during
normal advancement of the throttle (possibly owing to faulty
operation of the waste gate):

e Immediately retard the throttle smoothly to limit the
manifold pressure below the maximum for the rpm
and mixture setting



e Operate the engine in such a manner as to avoid a
further over-boost condition

Low Manifold Pressure

Although this condition may be caused by a minor fault,
it is quite possible that a serious exhaust leak has occurred
creating a potentially hazardous situation:

e Shut down the engine in accordance with the
recommended engine failure procedures, unless a
greater emergency exists that warrants continued
engine operation.

e If continuing to operate the engine, use the lowest
power setting demanded by the situation and land as
soon as practicable.

It isvery important to ensure that corrective maintenanceis
undertaken following any turbocharger malfunction.

Retractable Landing Gear

The primary benefits of being ableto retract thelanding gear
areincreased climb performance and higher cruise airspeeds
dueto theresulting decreasein drag. Retractablelanding gear
systems may be operated either hydraulically or electrically
or may employ a combination of the two systems. Warning
indicators are provided in the flightdeck to show the pilot
when the wheels are down and locked and when they are up
and locked or if they are in intermediate positions. Systems
for emergency operation are also provided. The complexity
of the retractable landing gear system requires that specific
operating procedures be adhered to and that certain operating
limitations not be exceeded.

Landing Gear Systems

An electrical landing gear retraction system utilizes an
electrically-driven motor for gear operation. The system is
basically an electrically-driven jack for raising and lowering
the gear. When aswitch in theflightdeck ismoved to the UP
position, the electric motor operates. Through a system of
shafts, gears, adapters, an actuator screw, and atorque tube,
aforceistransmitted to thedrag strut linkages. Thus, the gear
retractsand locks. Strutsare al so activated that open and close
the gear doors. If the switchismoved to the DOWN position,
the motor reverses and the gear moves down and locks. Once
activated, the gear motor continues to operate until an up or
down limit switch on the motor’ s gearbox is tripped.

A hydraulic landing gear retraction system utilizes pressurized
hydraulicfluid to actuate linkagesto raise and lower the gear.
When aswitch in the flightdeck is moved to the UP position,
hydraulic fluid is directed into the gear up line. The fluid
flows through sequenced valves and down locks to the gear
actuating cylinders. A similar process occurs during gear

extension. The pump that pressurizes the fluid in the system
can be either engine driven or electrically powered. If an
electrically-powered pump isused to pressurize thefluid, the
systemisreferred to asan electrohydraulic system. Thesystem
alsoincorporatesahydraulic reservoir to contain excessfluid
and to provide a means of determining system fluid level.

Regardless of its power source, the hydraulic pump is
designed to operate within a specific range. When a sensor
detects excessive pressure, a relief valve within the pump
opens, and hydraulic pressureisrouted back to thereservoir.
Another type of relief valve prevents excessive pressure that
may result from thermal expansion. Hydraulic pressure is
also regulated by limit switches. Each gear has two limits
switches—one dedicated to extension and one dedicated to
retraction. These switches de-energize the hydraulic pump
after the landing gear has completed its gear cycle. In the
event of limit switch failure, a backup pressure relief valve
activates to relieve excess system pressure.

Controls and Position Indicators

Landing gear position is controlled by a switch on the
flightdeck panel. Inmost airplanes, the gear switch is shaped
like awheel in order to facilitate positive identification and
to differentiate it from other flightdeck controls.

Landing gear positionindicatorsvary with different makeand
model airplanes. However, the most common types of landing
gear position indicators utilize a group of lights. One type
consistsof agroup of threegreen lights, whichilluminatewhen
thelanding gear isdown and locked. [ Figure 11-10] Another
type consists of one green light to indicate when the landing
gear is down and an amber light to indicate when the gear is
up. [Figure 11-11] Still other systems incorporate a red or
amber light to indicate when the gear isin transit or unsafefor
landing. [ Figure11-12] Thelightsare usually of the“ pressto
test” type, and the bulbs are interchangeable. [ Figure 11-10]

Other types of landing gear position indicators consist of
tab-type indicators with markings “UP” to indicate the gear
isup and locked, adisplay of red and white diagonal stripes
to show when the gear is unlocked, or a silhouette of each
gear to indicate when it locks in the DOWN position.

Landing Gear Safety Devices

Most airplanes with a retractable landing gear have a gear
warning horn that sounds when the airplane is configured
for landing and the landing gear is not down and locked.
Normally, the horn is linked to the throttle or flap position
and/or the airspeed indicator so that when the airplane is
below acertain airspeed, configuration, or power setting with
the gear retracted, the warning horn sounds.
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Landing gear indicator (top) illuminated (red)

Landing gear indicator
(bottom) illuminated
(green)—related gear
down and locked

LANDING GEAR

LIMIT (1AS)
OPERATING
EXTEND 270—.8M
RETRACT 235K
EXTENDED 320—.82K

FLAPS LIMIT (IAS)

Landing gear lever

Override
trigger

Landing gear limit
speed placard

AN J

Figure 11-10. Typical landing gear switchwiththreelight indicator.

Accidental retraction of a landing gear may be prevented
by such devices as mechanical down locks, safety switches,
and ground locks. Mechanical down locks are built-in
components of a gear retraction system and are operated
automatically by the gear retraction system. To prevent
accidental operation of the down locks and inadvertent
landing gear retraction while the airplane is on the ground,
electrically-operated safety switches are installed.

A landing gear safety switch, sometimesreferred to asasquat
switch, isusually mounted in abracket on one the main gear
shock struts. [Figure 11-12] When the strut is compressed
by the weight of the airplane, the switch opensthe electrical
circuit to the motor or mechanism that powersretraction. In
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thisway, if thelanding gear switch intheflightdeck is placed
in the RETRACT position when weight is on the gear, the
gear remains extended, and the warning horn may sound as
an aert to the unsafe condition. Once the weight is off the
gear, however, such as on takeoff, the safety switch releases
and the gear retracts.

Many airplanes are equipped with additional safety devices
to prevent collapse of the gear when the airplane is on the
ground. These devicesare called ground locks. One common
typeisapininstalled in aligned holes drilled in two or more
units of the landing gear support structure. Another type is
a spring-loaded clip designed to fit around and hold two or
more units of the support structure together. All types of
ground locksusually havered streamers permanently attached
to them to readily indicate whether or not they are installed.

Emergency Gear Extension Systems

Theemergency extension system lowersthelanding gear if the
main power system fails. Some airplanes have an emergency
release handle in the flightdeck, which is connected through
amechanical linkage to the gear up locks. When the handle
is operated, it releases the up locks and allows the gear to
freefall or extend under their own weight. [ Figure 11-13]

On other airplanes, release of the up lock is accomplished
using compressed gas, which is directed to up lock release
cylinders. In some airplanes, design configurations make
emergency extension of the landing gear by gravity and air
loads alone impossible or impractical. In these airplanes,
provisions are included for forceful gear extension in an
emergency. Some installations are designed so that either
hydraulic fluid or compressed gas provides the necessary
pressure, while others use a manual system, such as a
hand crank for emergency gear extension. [Figure 11-14]
Hydraulic pressure for emergency operation of the landing
gear may be provided by an auxiliary hand pump, an
accumulator, or an €electrically-powered hydraulic pump
depending on the design of the airplane.

Operational Procedures
Preflight

Because of their complexity, retractable landing gear
demands a close inspection prior to every flight. The
inspection should begin inside the flightdeck. First, make
certain that the landing gear selector switch isin the GEAR
DOWN position. Then, turn on the battery master switch and
ensurethat the landing gear position indicators show that the
gear isDOWN and locked.

External inspection of the landing gear consists of checking
individual system components. [ Figure 11-14] The landing
gear, wheel well, and adjacent areas should be clean and free



Figure 11-11. Landing gear handles and single and multiple light indictor.

of mud and debris. Dirty switchesand valvesmay causefalse
safe light indications or interrupt the extension cycle before
the landing gear is completely down and locked. The wheel
wells should be clear of any obstructions, as foreign objects
may damage the gear or interfere with its operation. Bent
gear doors may be an indication of possible problems with
normal gear operation.

Ensure shock struts are properly inflated and that the pistons
are clean. Check main gear and nose gear up lock and down
lock mechanisms for genera condition. Power sources and
retracting mechanisms are checked for general condition,
ohviousdefects, and security of attachment. Check hydraulic

linesfor signsof chafing and leakage at attach points. Warning
system micro switches (squat switches) are checked for
cleanliness and security of attachment. Actuating cylinders,
sprockets, universal joints, drive gears, linkages, and any
other accessible components are checked for condition and
obvious defects. The airplane structure to which the landing
gear isattached is checked for distortion, cracks, and general
condition. All bolts and rivets should be intact and secure.

Takeoff and Climb

Normally, the landing gear is retracted after lift-off when
the airplane has reached an atitude where, in the event of an
enginefailureor other emergency requiring an aborted takeoff,

Lock release solenoid

Lock-pin

Safety switch

Landing gear selector valve

Figure 11-12. Landing gear safety switch.

Safety switch
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Figure 11-13. Typical emergency gear extension systems. Figure 11-14. Retractable landing gear inspection checkpoints.
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the airplane could no longer be landed on the runway. This
procedure, however, may not apply to all situations. Preplan
landing gear retraction taking into account the following:

e Length of the runway
e Climb gradient
e Obstacle clearance requirements

e Thecharacteristicsof theterrain beyond the departure
end of the runway

e Theclimb characteristics of the particular airplane.

For example, in some situations it may be preferable, in the
event of an enginefailure, to makean off airport forced landing
with the gear extended in order to take advantage of the energy
absorbing qualities of theterrain (see Chapter 19, “ Emergency
Procedures”). In which case, adelay in retracting the landing
gear after takeoff from a short runway may be warranted. In
other situations, obstacles in the climb path may warrant a
timely gear retraction after takeoff. Also, in someairplanesthe
initial climb pitch attitudeis such that any view of the runway
remaining isblocked, making an assessment of thefeasibility
of touching down on the remaining runway difficult.

Avoid premature landing gear retraction and do not retract
the landing gear until a positive rate of climb is indicated
on the flight instruments. If the airplane has not attained
a positive rate of climb, there is always the chance it may
settle back onto the runway with the gear retracted. Thisis
especially so in cases of premature lift-off. Remember that
leaning forward to reach the landing gear selector may result
in inadvertent forward pressure on the yoke, which causes
the airplane to descend.

As the landing gear retracts, airspeed increases and the
airplane’s pitch attitude may change. The gear may take
several secondsto retract. Gear retraction and locking (and
gear extension and locking) is accompanied by sound and
feel that are unique to the specific make and model airplane.
Become familiar with the sound and feel of normal gear
retraction so that any abnormal gear operation can bereadily
recognized. Abnormal landing gear retractionismost oftena
clear sign that the gear extension cyclewill also beabnormal.

Approach and Landing

The operating loads placed on the landing gear at higher
airspeeds may cause structural damage due to the forces of
the airstream. Limiting speeds, therefore, are established for
gear operation to protect the gear components from becoming
overstressed during flight. These speeds may not be found
on the airspeed indicator.

They are published in the AFM/POH for the particular
airplane and are usually listed on placards in the flightdeck.
[Figure 11-15] The maximum landing extended speed (V  g)
is the maximum speed at which the airplane can be flown
with the landing gear extended. The maximum landing gear
operating speed (V| o) is the maximum speed at which the
landing gear may be operated through its cycle.

The landing gear is extended by placing the gear selector
switch in the GEAR DOWN position. As the landing gear
extends, the airspeed decreases and the pitch attitude may
change. During the several seconds it takes for the gear to
extend, be attentiveto any abnormal soundsor feel. Confirm
that the landing gear has extended and locked by the normal
sound and feel of the system operation, aswell asby the gear
positionindicatorsin the flightdeck. Unlessthe landing gear
has been previously extended to aid in a descent to traffic
pattern altitude, the landing gear should be extended by the
timethe airplane reaches apoint on the downwind leg that is
opposite the point of intended landing. Establish a standard
procedure consisting of aspecific position on the downwind
leg at whichto lower thelanding gear. Strict adherenceto this
procedure aids in avoiding unintentional gear up landings.

Operation of an airplane equipped with aretractablelanding
gear requires the deliberate, careful, and continued use of
an appropriate checklist. When on the downwind leg, make
it a habit to complete the before landing checklist for that
airplane. This accomplishes two purposes. It ensures that
action has been taken to lower the gear and establishes
awareness so that the gear down indicators can be rechecked
prior to landing.

Unlessgood operating practicesdictate otherwise, thelanding
roll should be completed and the airplane should be clear
of the runway before any levers or switches are operated.

Figure 11-15. Placarded gear speedsin the cockpit.
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This technique greatly reduces the chance of inadvertently
retracting the landing gear while on the ground. Wait until
after rollout and clearing the runway to focus attention on
the after landing checklist. This practice allows for positive
identification of the proper controls.

When transitioning to retractable gear airplanes, it is
important to consider some frequent pilot errors. These
include pilots that have:

*  Neglected to extend landing gear

e Inadvertently retracted landing gear

e Activated gear but failed to check gear position
e Misused emergency gear system

e Retracted gear prematurely on takeoff

e Extended gear too late

These mistakes are not only committed by pilots who have
just transitioned to complex aircraft, but also by pilots who
have developed a sense of complacency over time. In order
to minimize the chances of alanding gear-related mishap:

e Usean appropriate checklist. (A condensed checklist
mounted in view is a reminder for its use and easy
reference can be especially helpful.)

e Be familiar with, and periodically review, the
landing gear emergency extension proceduresfor the
particular airplane.

e Be familiar with the landing gear warning horn and
warning light systems for the particular airplane.
Use the horn system to cross-check the warning light
system when an unsafe condition is noted.

e Review the procedurefor replacing light bulbsin the
landing gear warning light displaysfor the particular
airplane, so that you can properly replace a bulb to

determineif the bulb(s) in the display is good. Check
toseeif sparebulbsare availableintheairplane spare
bulb supply as part of the preflight inspection.

e Befamiliar with and aware of the sounds and feel of
aproperly operating landing gear system.

Transition Training

Transition to a complex airplane or a high-performance
airplane should be accomplished through astructured course
of training administered by a competent and qualified flight
instructor. Thetraining should be accomplished in accordance
with a ground and flight training syllabus. [ Figure 11-16]

Thissamplesyllabusfor transition training isan example. The
arrangement of the subject matter may be changed and the
emphasis shifted to fit the qualifications of the transitioning
pilot, the airplane involved, and the circumstances of the
training situation. The goal isto ensure proficiency standards
are achieved. These standards are contained in the Practical
Test Standards (PTS) or Airmen Certification Standard
(ACS) asappropriatefor the certificate that thetransitioning
pilot holds or is working towards.

Thetraining timesindicated inthe syllabusarefor illustration
purposes. Actual times must be based on the capabilities of
the pilot. The time periods may be minimal for pilots with
higher qualifications or increased for pilots who do not meet
certification requirements or have had little recent flight
experience.

Chapter Summary

Flying a complex or high-performance airplane requires a
pilot to further divide his or her attention during the most
critical phasesof flight: take-off and landing. Theknowledge,
judgment, and piloting skills required to fly these airplanes
must be developed. It is essential that adequate training is

Ground Instruction

Flight Instruction

One hour
1. Operations sections of flight manual
2. Line inspection
3. Cockpit familiarization
One hour
1. Aircraft loading, limitations and servicing
2. instruments, radio and special equipment
3. Aircraft systems
One hour
1. Performance section of flight manual
2. Cruise control
3. Review

One hour
1. Flight training maneuvers
2. Takeoffs, landings and go-arounds

One hour
1. Emergency operations
. Control by reference to instruments
3. Use of radio and autopilot

N

One hour
1. Short and soft-field takeoffs and landings

N

. Maximum performance operations

Figure 11-16. Sample transition training syllabus.
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received to ensure a complete understanding of the systems,
their operation (both normal and emergency), and operating
limitations.
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Introduction

This chapter is devoted to the factors associated with the
operation of small multiengine airplanes. For the purpose
of this handbook, a “small” multiengine airplane is a
reciprocating or turbopropeller-powered airplane with a
maximum certificated takeoff weight of 12,500 pounds or
less. Thisdiscussion assumesaconventional designwithtwo
engines—one mounted on each wing. Reciprocating engines
are assumed unless otherwise noted. The term “light-twin,”
although not formally defined in the regulations, is used
herein as a small multiengine airplane with a maximum
certificated takeoff weight of 6,000 pounds or less.

There are several unique characteristics of multiengine
airplanes that make them worthy of a separate class rating.
Knowledge of thesefactorsand proficient flight skillsareakey
to safeflight in these airplanes. Thischapter dealsextensively
with the numerous aspects of one engine inoperative (OEI)
flight. However, pilots are strongly cautioned not to place
undue emphasis on mastery of OEl flight as the sole key to
flying multiengine airplanes safely. The inoperative engine
information that followsisextensive only becausethis chapter
emphasizes the differences between flying multiengine
airplanes as contrasted to single-engine airplanes.
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The modern, well-equipped multiengine airplane can be
remarkably capable under many circumstances. But, as
with single-engine airplanes, it must be flown prudently by
acurrent and competent pilot to achieve the highest possible
level of safety.

This chapter contains information and guidance on the
performance of certain maneuvers and procedures in small
multiengine airplanes for the purposes of flight training
and pilot certification testing. The airplane manufacturer
is the final authority on the operation of a particular make
and model airplane. Flight instructors and students should
use the Federal Aviation Administration’s Approved Flight
Manual (AFM) and/or the Pilot’ s Operating Handbook (POH)
but redlize that the airplane manufacturer’s guidance and
procedures take precedence.

General

The basic difference between operating a multiengine
airplaneand asingle-engineairplaneisthe potential problem
involving an enginefailure. The penaltiesfor lossof an engine
are twofold: performance and control. The most obvious
problem is the loss of 50 percent of power, which reduces
climb performance 80 to 90 percent, sometimes even more.
The other is the control problem caused by the remaining
thrust, which is now asymmetrical. Attention to both these
factors is crucial to safe OEI flight. The performance and
systems redundancy of a multiengine airplane is a safety
advantage only to atrained and proficient pilot.

Terms and Definitions

Pilotsof single-engineairplanesareaready familiar with many
performance “V” speeds and their definitions. Twin-engine
airplanes have several additional V-speeds unique to OEI
operation. These speedsaredifferentiated by the notation“ SE”
for singleengine. A review of somekey V-speedsand several
new V-speedsuniqueto twin-engineairplanesarelisted below.

e Vr—rotation speed—speed at which back pressureis
applied to rotate the airplane to a takeoff attitude.

e V| o—lift-off speed—speed at whichtheairplaneleaves
the surface. (NOTE: Some manufacturers reference
takeoff performance datato Vg, othersto V| or.)

e Vy—best angle of climb speed—speed at which the
airplane gainsthe greatest altitude for agiven distance
of forward travel.

e Vyg—best angle-of-climb speed with OEI.

e Vy—best rate of climb speed—speed at which the
airplane gainsthemost altitude for agiven unit of time.

e Vyg—bhest rate of climb speed with OEI. Marked
with a blue radial line on most airspeed indicators.
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Abovethe single-engine absoluteceiling, Vy e yields
the minimum rate of sink.

*  Vggsdfe, intentional OEI speed—originally known
as safe single-engine speed, now formally defined in
Title 14 of the Code of Federal Regulations (14 CFR)
part 23, Airworthiness Standards, and required to be
established and published in the AFM/POH. It isthe
minimum speed to intentionally render the critical
engine inoperative.

e Vge—reference landing speed—an airspeed used
for final approach, which adjust the normal approach
speed for windsand gusty conditions. V ggris1.3times
the stall speed in the landing configuration.

e Vyc—minimum control speed with thecritical engine
inoperative—marked with a red radial line on most
airspeed indicators. The minimum speed at which
directional control can be maintained under a very
specific set of circumstances outlined in 14 CFR part
23, Airworthiness Standards. Under the small airplane
certification regulations currently in effect, the flight
test pilot must be able to (1) stop the turn that results
when the critical engineissuddenly madeinoperative
within 20° of the original heading, using maximum
rudder deflection and a maximum of 5° bank, and
(2) thereafter, maintain straight flight with not more
than a 5° bank. There is no requirement in this
determination that the airplane be capable of climbing
at this airspeed. V¢ only addresses directional
control. Further discussion of Vy,c as determined
during airplane certification and demonstrated in pil ot
training follows in minimum control airspeed (V)
demonstration. [ Figure 12-1]

Unless otherwise noted, when V-speeds are given in the
AFM/POH, they apply to sealevel, standard day conditions
at maximum takeoff weight. Performance speeds vary with
aircraft weight, configuration, and atmospheric conditions.
The speeds may be stated in statute miles per hour (mph)
or knots (kt), and they may be given as calibrated airspeeds
(CAYS) or indicated airspeeds (IAS). As a general rule, the
newer AFM/POHSs show V-speedsin knotsindicated airspeed
(KIAS). Some V-speeds are also stated in knots calibrated
airspeed (KCAS) to meet certain regulatory requirements.
Whenever available, pilots should operate the airplane from
published indicated airspeeds.

With regard to climb performance, the multiengine airplane,
particularly in the takeoff or landing configuration, may be
considered to be asingle-engineairplane with its powerplant
divided into two units. There is nothing in 14 CFR part 23
that requiresamultiengine airplaneto maintain altitude while
in the takeoff or landing configuration with OEI. In fact,
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Figure 12-1. Airspeed indicator markings for a multiengine
airplane.

many twins are not required to do thisin any configuration,
even at sealevel.

Thecurrent 14 CFR part 23 single-engine climb performance
requirements for reciprocating engine-powered multiengine
airplanes are as follows.

e More than 6,000 pounds maximum weight and/or
Vo more than 61 knots: the single-engine rate of
climb in feet per minute (fpm) at 5,000 feet mean
sealevel (MSL) must be equal to at least .027 V5 2.
For airplanes type certificated February 4, 1991, or
thereafter, the climb requirement isexpressed in terms
of aclimb gradient, 1.5 percent. The climb gradient
is not a direct equivalent of the .027 V g5 2 formula
Do not confuse the date of type certification with the
airplane’ smodel year. The type certification basis of
many multiengine airplanes dates back to the Civil
Aviation Regulations (CAR) 3.

* 6,000 pounds or less maximum weight and Vo
61 knots or less: the single-engine rate of climb at
5,000 feet MSL must simply be determined. Therate
of climb could be a negative number. There is no
regquirement for asingle-engine positive rate of climb
at 5,000 feet or any other altitude. For light-twins
type certificated February 4, 1991, or thereafter, the
single-engine climb gradient (positive or negative) is
simply determined.

Rate of climbisthealtitude gain per unit of time, whileclimb
gradient isthe actual measure of altitude gained per 100 feet
of horizontal travel, expressed as a percentage. An atitude
gain of 1.5 feet per 100 feet of travel (or 15 feet per 1,000,
or 150 feet per 10,000) isaclimb gradient of 1.5 percent.

Thereisadramatic performanceloss associated with theloss
of an engine, particularly just after takeoff. Any airplane’s
climb performanceisafunction of thrust horsepower, which
isin excessof that required for level flight. In ahypothetical
twin with each engine producing 200 thrust horsepower,
assume that the total level flight thrust horsepower required
is 175. In this situation, the airplane would ordinarily have
areserve of 225 thrust horsepower availablefor climb. Loss
of one engine would leave only 25 (200 minus 175) thrust
horsepower availablefor climb, adrastic reduction. Sealevel
rate of climb performancelosses of at least 80 to 90 percent,
even under ideal circumstances, are typical for multiengine
airplanesin OElI flight.

Operation of Systems

This section deals with systems that are generally found on
multiengine airplanes. Multiengine airplanes share many
features with complex single-engine airplanes. There are
certain systems and features covered that are generally unique
to airplanes with two or more engines.

Propellers

The propellers of the multiengine airplane may outwardly
appear to be identical in operation to the constant-speed
propellers of many single-engine airplanes, but thisisnot the
case. The propellersof multiengine airplanesarefeatherable,
to minimizedrag in the event of an enginefailure. Depending
upon single-engine performance, this feature often permits
continued flight to a suitable airport following an engine
failure. To feather apropeller isto stop engine rotation with
the propeller blades streamlined with the airplane’ srelative
wind, thus to minimize drag. [ Figure 12-2]

Feathering is necessary because of the change in parasite
drag with propeller blade angle. [Figure 12-3] When the
propeller blade angleisin the feathered position, the change
in parasite drag isat aminimum and, in the case of atypical
multiengine airplane, the added parasite drag from a single
feathered propeller is a relatively small contribution to the
airplane total drag.

At the smaller blade angles near the flat pitch position, the
drag added by the propeller isvery large. At these small blade
angles, the propeller windmilling at high rates per minute
(rpm) can create such atremendous amount of drag that the
airplane may be uncontrollable. The propeller windmilling
at high speed in the low range of blade angles can produce
an increase in parasite drag, which may be as great as the
parasite drag of the basic airplane.
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Figure 12-2. Feathered propeller.

As a review, the constant-speed propellers on amost all
single-engine airplanes are of the non-feathering, oil-
pressure-to-increase-pitch design. In this design, increased
oil pressure from the propeller governor drives the blade
angle towards high pitch, low rpm.

In contrast, the constant-speed propellers installed on most
multiengine airplanes are full feathering, counterweighted,
oil-pressure-to-decrease-pitch designs. In this design,
increased oil pressure from the propeller governor drives
the blade angle towards low pitch, high rpm—away from
the feather blade angle. In effect, the only thing that keeps
these propellersfrom feathering isaconstant supply of high-
pressure engine oil. Thisis a necessity to enable propeller
feathering in the event of aloss of oil pressure or apropeller
governor failure.

The aerodynamic forces alone acting upon a windmilling
propeller tend to drive the blades to low pitch, high rpm.
Counterweights attached to the shank of each blade tend
to drive the blades to high pitch, low rpm. Inertia, or
apparent force (called centrifugal force) acting through
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Figure 12-3. Propeller drag contribution.

the counterweights, is generally slightly greater than the
aerodynamicforces. Qil pressurefrom the propeller governor
isused to counteract the counterweights and drivesthe blade
angles to low pitch, high rpm. A reduction in oil pressure
causes the rpm to be reduced from the influence of the
counterweights. [ Figure 12-4]

Tofeather the propeller, the propeller control isbrought fully
aft. All oil pressure is dumped from the governor, and the
counterweightsdrive the propeller bladestowardsfeather. As
centrifugal force acting on the counterweights decays from
decreasing rpm, additional forces are needed to completely
feather the blades. This additional force comes from either
a spring or high-pressure air stored in the propeller dome,
which forcesthe bladesinto thefeathered position. Theentire
process may take up to 10 seconds.

Feathering a propeller only alters blade angle and stops
engine rotation. To completely secure the engine, the pilot
must still turn off the fuel (mixture, electric boost pump,
and fuel selector), ignition, alternator/generator, and close
the cowl flaps. If the airplaneis pressurized, there may also
bean air bleed to close for the failed engine. Some airplanes
are equipped with firewall shutoff valvesthat secure several
of these systems with a single switch.

Completely securing a failed engine may not be necessary
or even desirable depending upon the failure mode, altitude,
andtimeavailable. The position of thefuel controls, ignition,
and alternator/generator switches of the failed engine hasno
effect on aircraft performance. There is aways the distinct
possibility of manipulating the incorrect switch under
conditions of haste or pressure.

To unfeather a propeller, the engine must be rotated so that
oil pressure can be generated to move the propeller blades



Counterweight action

Hydraulic force
Aerodynamic force

Nitrogen pressure or spring force, and counterweight action

=

@ High-pressure ol enters the cylinder through the center of
the propeller shaft and piston rod. The propeller control
regulates the flow of high-pressure oil from a governor.

-
@ The forks push the pitch-change pin of each blade toward
the front of the hub causing the blades to twist toward the

low-pitch position.

. A hydraulic piston in the hub of the propeller is connected )
to each blade by a piston rod. This rod is attached to forks
that slide over the pitch-change pin mounted in the root of
each blade. )

~
‘ The oil pressure moves the piston toward the front of the
cylinder, moving the piston rod and forks forward.

B

. A nitrogen pressure charge or mechanical spring in the
front of the hub opposes the oil pressure and causes the

propeller to move toward high-pitch. )

. Counterweights also cause the blades to move toward the\
high-pitch and feather positions. The counterweights
counteract the aerodynamic twisting force that tries to
move the blades toward a low-pitch angle.

B

Figure 12-4. Pitch change forces.

from thefeathered position. Theignitionisturned on prior to
engine rotation with the throttle at low idle and the mixture
rich. With the propeller control in a high rpm position, the
starter is engaged. The engine begins to windmill, start,
and run as oil pressure moves the blades out of feather. As
the engine starts, the propeller rpm should be immediately
reduced until the engine has had several minutesto warm up;
the pilot should monitor cylinder head and oil temperatures.

In any event, the AFM/POH procedures should be followed
for the exact unfeathering procedure. Both feathering and
starting a feathered reciprocating engine on the ground are
strongly discouraged by manufacturers due to the excessive
stress and vibrations generated.

Asjust described, aloss of oil pressure from the propeller
governor alows the counterweights, spring, and/or dome
charge to drive the blades to feather. Logically then, the
propeller blades should feather every time an engineis shut
down as oil pressure fallsto zero. Y et, this does not occur.
Preventing thisisasmall pinin the pitch changing mechanism
of the propeller hub that does not alow the propeller blades
to feather once rpm drops below approximately 800. The

pin sensesalack of centrifugal force from propeller rotation
and fals into place, preventing the blades from feathering.
Therefore, if a propeller is to be feathered, it must be done
before engine rpm decays bel ow approximately 800. On one
popular model of turboprop engine, the propeller blades do,
in fact, feather with each shutdown. This propeller is not
equipped with such centrifugally-operated pins due to a
unique engine design.

An unfeathering accumulator isadevicethat permits starting
a feathered engine in flight without the use of the electric
starter. An accumulator is any device that stores a reserve
of high pressure. On multiengine airplanes, the unfeathering
accumulator stores a small reserve of engine oil under
pressurefrom compressed air or nitrogen. To start afeathered
engine in flight, the pilot moves the propeller control out of
the feather position to rel ease the accumul ator pressure. The
oil flows under pressure to the propeller hub and drives the
blades toward the high rpm, low pitch position, whereupon
the propeller usually beginsto windmill. (On someairplanes,
an assist from the el ectric starter may be necessary toinitiate
rotation and completely unfeather the propeller.) If fuel and
ignition are present, the engine starts and runs. For airplanes
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used in training, this saves much electric starter and battery
wear. High oil pressurefrom the propeller governor recharges
the accumulator just moments after engine rotation begins.

Propeller Synchronization

Many multiengine airplanes have a propeller synchronizer
(prop sync) installed to eliminate the annoying “drumming”
or “beat” of propellerswhoserpm are close, but not precisely
the same. To use prop sync, the propeller rpm is coarsely
matched by the pilot and the system is engaged. The prop
sync adjusts the rpm of the “slave” engine to precisely
match the rpm of the “master” engine and then maintains
that relationship.

The prop sync should be disengaged when the pilot selectsa
new propeller rpm and then re-engaged after the new rpmis
set. The prop sync should always be off for takeoff, landing,
and single-engine operation. The AFM/POH should be
consulted for system description and limitations.

A variation on the propeller synchronizer is the propeller
synchrophaser. Prop synchrophase acts much like a
synchronizer to precisely match rpm, but the synchrophaser
goes one step further. It not only matches rpm but actually
compares and adjusts the positions of the individual blades
of the propellers in their arcs. There can be significant
propeller noise and vibration reductions with a propeller
synchrophaser. From the pilot’s perspective, operation of
a propeller synchronizer and a propeller synchrophaser are
very smilar. A synchrophaser isalso commonly referred to as
prop sync, although that is not entirely correct nomenclature
from atechnical standpoint.

Asapilot aid to manually synchronizing the propellers, some
twinshave asmall gauge mounted in or by the tachometer(s)
with a propeller symbol on a disk that spins. The pilot
manually finetunesthe engine rpm so asto stop disk rotation,
thereby synchronizing the propellers. Thisisauseful backup
to synchronizing engine rpm using the audible propeller
beat. This gauge is also found installed with most propeller
synchronizer and synchrophase systems. Some synchrophase
systems use a knob for the pilot to control the phase angle.

Fuel Crossfeed

Fuel crossfeed systems are also unique to multiengine
airplanes. Using crossfeed, an engine can draw fuel from a
fuel tank located in the opposite wing.

On most multiengine airplanes, operation in the crossfeed
mode is an emergency procedure used to extend airplane
range and endurance in OEl flight. There are afew models
that permit crossfeed as a normal, fuel balancing technique
in normal operation, but these are not common. The AFM/

12-6

POH describes crossfeed limitationsand proceduresthat vary
significantly among multiengine airplanes.

Checking crossfeed operation on the ground with a quick
repositioning of the fuel selectors does nothing more than
ensure freedom of motion of the handle. To actually check
crossfeed operation, acomplete, functional crossfeed system
check should be accomplished. To dothis, each engine should
be operated fromits crossfeed position during the run-up. The
engines should be checked individually and allowed to run at
moderate power (1,500 rpm minimum) for at least 1 minute
to ensurethat fuel flow can be established from the crossfeed
source. Upon completion of the check, each engine should be
operated for at least 1 minute at moderate power fromthemain
(takeoff) fuel tanks to reconfirm fuel flow prior to takeoff.

This suggested check is not required prior to every flight.
Crossfeed lines are ideal places for water and debris to
accumulate unless they are used from time to time and
drained using their external drainsduring preflight. Crossfeed
is ordinarily not used for completing single-engine flights
when an alternate airport is readily at hand, and it is never
used during takeoff or landings.

Combustion Heater

Combustion heaters are common on multiengine airplanes.
A combustion heater isbest described asasmall furnace that
burns gasoline to produce heated air for occupant comfort
and windshield defogging. Most arethermostatically operated
and have a separate hour meter to record time in service
for maintenance purposes. Automatic over temperature
protection is provided by athermal switch mounted on the
unit that cannot be accessed in flight. Thisrequires the pilot
or mechanic to actually visually inspect the unit for possible
heat damage in order to reset the switch.

When finished with the combustion heater, a cool-down
period is required. Most heaters require that outside air be
permitted to circul ate through the unit for at least 15 seconds
inflight or that the ventilation fan can be operated for at least
2 minutes on the ground. Failureto provide an adequate cool
down usually tripsthethermal switch and rendersthe heater
inoperative until the switch is reset.

Flight Director/Autopilot

Flight director/autopilot (FD/AP) systemsare common onthe
better-equipped multiengineairplanes. The systemintegrates
pitch, roll, heading, altitude, and radio navigation signalsin
a computer. The outputs, called computed commands, are
displayed on a flight command indicator (FCI). The FCI
replacesthe conventional attitudeindicator on theinstrument
panel. The FCI isoccasionaly referred to asaflight director
indicator (FDI) or as an attitude director indicator (ADI).



The entire flight director/autopilot system is sometimes
called an integrated flight control system (IFCS) by some
manufacturers. Others may use the term automatic flight
control system (AFCS).

The FD/AP system may be employed at the following
different levels:

e Off (raw data)
e Flight director (computed commands)
e Autopilot

With the system off, the FCI operates as an ordinary attitude
indicator. On most FCl's, the command barsare biased out of
view when the FD is off. The pilot maneuvers the airplane
as though the system were not installed.

To maneuver the airplane using the FD, the pilot enters the
desired modes of operation (heading, atitude, navigation
(NAV) intercept, and tracking) on the FD/AP mode
controller. The computed flight commandsare then displayed
to the pilot through either a single-cue or dual-cue system
in the FCI. On a single-cue system, the commands are
indicated by “V” bars. On adual-cue system, the commands
are displayed on two separate command bars, one for pitch
and one for roll. To maneuver the airplane using computed
commands, the pilot “flies’ the symbolic airplane of the FCI
to match the steering cues presented.

On most systems, to engage the autopilot the FD must first
be operating. At any time thereafter, the pilot may engage
the autopilot through the mode controller. The autopilot then
maneuvers the airplane to satisfy the computed commands
of the FD.

Like any computer, the FD/AP system only does what it
istold. The pilot must ensure that it has been programmed
properly for the particular phase of flight desired. The
armed and/or engaged modes are usually displayed on the
mode controller or separate annunciator lights. When the
airplane is being hand-flown, if the FD is not being used at
any particular moment, it should be off so that the command
bars are pulled from view.

Prior to system engagement, all FD/AP computer and trim
checks should be accomplished. Many newer systems
cannot be engaged without the completion of a self-test.
The pilot must also be very familiar with various methods
of disengagement, both normal and emergency. System
details, including approvals and limitations, can be found
in the supplements section of the AFM/POH. Additionally,
many avionics manufacturers can provide informative pilot
operating guides upon request.

Yaw Damper

Theyaw damper isaservo that movestherudder in response
toinputsfrom agyroscope or accelerometer that detectsyaw
rate. The yaw damper minimizes motion about the vertical
axis caused by turbulence. (Yaw dampers on swept wing
airplanes provide another, more vital function of damping
dutch roll characteristics.) Occupants feel a smoother ride,
particularly if seated intherear of theairplane, whentheyaw
damper isengaged. Theyaw damper should be off for takeoff
and landing. There may be additional restrictions against its
use during single-engine operation. Most yaw dampers can
be engaged independently of the autopilot.

Alternator/Generator

Alternator or generator paralleling circuitry matches the
output of each engine's alternator/generator so that the
electrical system load is shared equally between them. Inthe
event of an alternator/generator failure, the inoperative unit
can beisolated and the entire electrical system powered from
the remaining one. Depending upon the electrical capacity
of the alternator/generator, the pilot may need to reduce the
electrical load (referred to asload shedding) when operating
onasingleunit. The AFM/POH contains system description
and limitations.

Nose Baggage Compartment

Nose baggage compartments are common on multiengine
airplanes (and are even found on a few single-engine
airplanes). There is nothing strange or exotic about a nose
baggage compartment, and the usual guidance concerning
observation of load limitsapplies. Pilots occasionally neglect
to secure thelatches properly. When improperly secured, the
door opens and the contents may be drawn out, usually into
the propeller arc and just after takeoff. Even when the nose
baggage compartment is empty, airplanes have been lost
when the pilot became distracted by the open door. Security
of the nose baggage compartment latchesand locksisavital
preflight item.

Most airplanes continueto fly with anose baggage door open.
Theremay be some buffeting from the disturbed airflow, and
thereis an increase in noise. Pilots should never become so
preoccupied with an open door (of any kind) that they fail
to fly the airplane.

Inspection of the compartment interior is aso an important
preflight item. More than one pilot hasbeen surprisedtofind a
supposedly empty compartment packed to capacity or loaded
with ballast. Thetow bars, engineinlet covers, windshield sun
screens, oil containers, spare chocks, and miscellaneous small
hand tools that find their way into baggage compartments
should be secured to prevent damage from shifting in flight.
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Anti-Icing/Deicing

Anti-icing/deicing equipment is frequently installed on
multiengine airplanes and consists of a combination of
different systems. These may be classified as either anti-
icing or deicing, depending upon function. The presence
of anti-icing and deicing egquipment, even though it may
appear elaborate and complete, does not necessarily mean
that the airplane is approved for flight in icing conditions.
The AFM/POH, placards, and even the manufacturer should
be consulted for specific determination of approvals and
limitations. Anti-icing equipment is provided to prevent
ice from forming on certain protected surfaces. Anti-icing
equipment includes heated pitot tubes, heated or non-
icing static ports and fuel vents, propeller blades with
electrothermal boots or alcohol slingers, windshields with
alcohol spray or electrical resistance heating, windshield
defoggers, and heated stall warning lift detectors. On many
turboprop engines, the “lip” surrounding the air intake is
heated either electrically or with bleed air. In the absence of
AFM/POH guidance to the contrary, anti-icing equipment
should be actuated prior to flight into known or suspected
icing conditions.

Deicing equipment isgenerally limited to pneumatic bootson
wing and tail leading edges. Deicing equipment is installed
to removeicethat has already formed on protected surfaces.
Upon pilot actuation, the boots inflate with air from the
pneumatic pumps to break off accumulated ice. After afew
seconds of inflation, they are deflated back to their normal
position with the assistance of avacuum. The pilot monitors
thebuildup of iceand cyclesthebootsasdirected inthe AFM/
POH. Anicelight on the left engine nacelle allows the pilot
to monitor wing ice accumulation at night.

Other airframe equipment necessary for flight in icing
conditions includes an aternate induction air source and an
alternate static system source. | ce tolerant antennas are also
installed.

In the event of impact ice accumulating over normal engine
air induction sources, carburetor heat (carbureted engines)
or alternateair (fuel injected engines) should be selected. Ice
buildup on normal induction sources can be detected by a
loss of engine rpm with fixed-pitch propellers and a loss of
manifold pressure with constant-speed propellers. On some
fuel injected engines, an alternate air sourceisautomatically
activated with blockage of the normal air source.

An alternate static system provides an alternate source of
static air for the pitot-static system in the unlikely event
that the primary static source becomes blocked. In non-
pressurized airplanes, most alternate static sources are
plumbed to the cabin. On pressurized airplanes, they are
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usually plumbed to a non-pressuri zed baggage compartment.
Thepilot must activate the alternate static source by opening
avalve or afitting in the flightdeck. Upon activation, the
airspeed indicator, altimeter, and the vertical speed indicator
(V) is affected and reads somewhat in error. A correction
tableis frequently provided in the AFM/POH.

Anti-icing/deicing equipment only eliminates ice from the
protected surfaces. Significant ice accumulations may form
on unprotected areas, even with proper use of anti-ice and
deice systems. Flight at high angles of attack (AOA) or even
normal climb speeds permit significant ice accumulations on
lower wing surfaces, which are unprotected. Many AFM/
POHs mandate minimum speeds to be maintained in icing
conditions. Degradation of all flight characteristicsand large
performance losses can be expected with ice accumul ations.
Pilots should not rely upon the stall warning devices for
adequate stall warning with ice accumulations.

Ice accumulates unevenly on the airplane. It adds weight
and drag (primarily drag) and decreasesthrust and lift. Even
wing shape affects ice accumulation; thin airfoil sections
are more prone to ice accumulation than thick, highly-
cambered sections. For this reason, certain surfaces, such
asthe horizontal stabilizer, are more prone to icing than the
wing. With ice accumulations, landing approaches should
be made with a minimum wing flap setting (flap extension
increases the AOA of the horizontal stabilizer) and with an
added margin of airspeed. Sudden and large configuration
and airspeed changes should be avoided.

Unless otherwise recommended in the AFM/POH, the
autopilot should not be used in icing conditions. Continuous
use of the autopilot masks trim and handling changes that
occur withice accumulation. Without this control feedback,
the pilot may not be aware of ice accumulation building to
hazardous levels. The autopilot suddenly disconnects when
it reaches design limits, and the pilot may find the airplane
has assumed unsatisfactory handling characteristics.

The installation of anti-ice/deice equipment on airplanes
without AFM/POH approval for flight into icing conditions
isto facilitate escape when such conditions are inadvertently
encountered. Even with AFM/POH approval, the prudent
pilot avoids icing conditions to the maximum extent
practicable and avoids extended flight in any icing conditions.
No multiengine airplane is approved for flight into severe
icing conditions and none are intended for indefinite flight
in continuous icing conditions.



Performance and Limitations

Discussion of performance and limitations requires the
definition of the following terms.

e Accelerate-stop distanceisthe runway length required
to accelerateto aspecified speed (either Vg or V| o, as
specified by the manufacturer), experience an engine
failure, and bring the airplane to a complete stop.

e Accelerate-go distance is the horizontal distance
required to continue the takeoff and climb to 50 feet,
assuming an enginefailureat Vg or V_oF, asspecified
by the manufacturer.

e Climb gradient is a slope most frequently expressed
in terms of altitude gain per 100 feet of horizontal
distance, whereupon it is stated as a percentage. A
1.5 percent climb gradient is an atitude gain of one
and one-half feet per 100 feet of horizontal travel.
Climb gradient may also be expressed as a function
of altitude gain per nautical mile(NM), or asaratio of
the horizontal distance to the vertical distance (50:1,
for example). Unlike rate of climb, climb gradient is
affected by wind. Climb gradient is improved with
a headwind component and reduced with a tailwind
component. [Figure 12-5]

e The all-engine service ceiling of multiengine
airplanesisthe highest altitude at which the airplane
can maintain a steady rate of climb of 100 fpm with

—=< Brake release

— Brake release
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both engines operating. The airplane has reached its
absolute ceiling when climb is no longer possible.

* Thesingle-engineservice ceiling isreached when the
multiengine airplane can no longer maintain a50 fpm
rate of climb with OEI, and its single-engine absolute
ceiling when climb is no longer possible.

The takeoff in a multiengine airplane should be planned in
sufficient detail so that the appropriate action istaken in the
event of an engine failure. The pilot should be thoroughly
familiar with the airplane’s performance capabilities and
limitations in order to make an informed takeoff decision
as part of the preflight planning. That decision should be
reviewed as the last item of the “before takeoff” checklist.

In the event of an engine failure shortly after takeoff, the
decision is basically one of continuing flight or landing,
even off-airport. If single-engine climb performance is
adequate for continued flight, and the airplane has been
promptly and correctly configured, the climb after takeoff
may be continued. If single-engine climb performance is
such that climb is unlikely or impossible, a landing has to
be made in the most suitable area. To be avoided above all
is attempting to continue flight when it is not within the
airplane’ s performance capability to do so. [Figure 12-6]

500 feet

5,000 feet

Figure 12-5. Accelerate-stop distance, accelerate-go distance, and climb gradient.
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Takeoff planning factorsincludeweight and balance, airplane
performance (both single and multiengine), runway length,
dlope and contamination, terrain and obstacles in the area,
weather conditions, and pilot proficiency. Most multiengine
airplanes have AFM/POH performance charts and the pilot
should be highly proficient in their use. Prior to takeoff,
the multiengine pilot should ensure that the weight and
balance limitations have been observed, the runway length
is adequate, and the normal flightpath clears obstacles and
terrain. A clear and definite course of action to follow in the
event of enginefailureis essential.

The regulations do not specifically require that the runway
length be equal to or greater than the accel erate-stop distance.
Most AFM/POHSs publish accelerate-stop distances only as
an advisory. It becomes a limitation only when published
in the limitations section of the AFM/POH. Experienced
multiengine pilots, however, recognize the safety margin
of runway lengths in excess of the bare minimum required
for normal takeoff. They insist on runway lengths of at
least accelerate-stop distance as amatter of safety and good
operating practice.

Themultiengine pilot must keepin mind that the accel erate-go
distance, aslong asit s, has only brought the airplane, under
ideal circumstances, to apoint amere 50 feet abovethetakeoff
elevation. To achieve even thismeager climb, the pilot had to
instantaneously recognize and react to an unanticipated engine
failure, retract thelanding gear, identify and feather the correct
engine, all the while maintaining precise airspeed control
and bank angle as the airspeed is nursed to Vyge. ASsuming
flawless airmanship thus far, the airplane has now arrived
at a point little more than one wingspan above the terrain,
assuming it was absolutely level and without obstructions.

For the purpose of illustration, with a near 150 fpm rate of
climb at a 90-knot Vv, it takes approximately 3 minutes
to climb an additional 450 feet to reach 500 feet AGL. In
doing o, theairplane hastraveled an additional 5 NM beyond

—_Brake release

Figure 12-6. Area of decision for engine failure after lift-off.
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the original accelerate-go distance, with aclimb gradient of
about 1.6 percent. Any turn, such asto return to the airport,
seriously degrades the already marginal climb performance
of the airplane.

Not all multiengine airplanes have published accelerate-
go distances in their AFM/POH and fewer still publish
climb gradients. When such information is published, the
figures have been determined under ideal flight testing
conditions. Itisunlikely that this performanceisduplicatedin
service conditions.

The point of the previous discussion is to illustrate the
marginal climb performance of a multiengine airplane that
suffers an engine failure shortly after takeoff, even under
ideal conditions. The prudent multiengine pilot should pick a
decision point inthe takeoff and climb sequencein advance.
If an engine fails before this point the takeoff should be
rejected, even if airborne, for alanding on whatever runway
or surface lies essentially ahead. If an engine fails after this
point, the pilot should promptly execute the appropriate
enginefailure procedure and continuethe climb, assuming the
performance capability exists. Asagenera recommendation,
if thelanding gear has not been selected up, the takeoff should
be rejected, even if airborne.

As a practical matter for planning purposes, the option of
continuing the takeoff probably does not exist unless the
published single-enginerate-of-climb performanceisat | east
100to 200 fpm. Thermal turbulence, wind gusts, engine and
propeller wear, or poor techniquein airspeed, bank angle, and
rudder control can easily negate even a200 fpm rate of climb.

A pre-takeoff safety brief clearly defines al pre planned
emergency actions to all crewmembers. Even if operating
theaircraft alone, the pilot should review and befamiliar with
takeoff emergency considerations. Indecision at the moment
an emergency occurs degrades reaction time and the ability
to make a proper response.




Weight and Balance

The weight and balance concept is no different than that of
asingle-engine airplane. The actual execution, however, is
almost invariably more complex due to a number of new
loading areas, including nose and aft baggage compartments,
nacellelockers, main fuel tanks, auxiliary fuel tanks, nacelle
fuel tanks, and numerous seating options in a variety of
interior configurations. The flexibility in loading offered by
the multiengine airplane places a responsibility on the pilot
to address weight and balance prior to each flight.

The terms empty weight, licensed empty weight, standard
empty weight, and basic empty weight asthey appear onthe
manufacturer’s original weight and balance documents are
sometimes confused by pilots.

In 1975, the General Aviation Manufacturers Association
(GAMA) adopted a standardized format for AFM/POHS.
It was implemented by most manufacturers in model year
1976. Airplaneswhose manufacturers conformto the GAMA
standards utilize the following terminology for weight and
balance:

standard empty weight + optional equipment = basic empty
weight

Standard empty weight istheweight of the standard airplane,
full hydraulic fluid, unusable fuel, and full oil. Optional
equipment includes the weight of all equipment installed
beyond standard. Basic empty weight is the standard empty
weight plusoptiona equipment. Notethat basic empty weight
includes no usable fuel, but full oil.

Airplanes manufactured prior to the GAMA format generally
utilize the following terminology for weight and balance,
although the exact terms may vary somewhat:

empty weight + unusable fuel = standard empty weight

standard empty weight + optional equipment = licensed
empty weight

Empty weight is the weight of the standard airplane, full
hydraulic fluid, and undrainable oil. Unusablefuel isthe fuel
remaining intheairplane not availableto theengines. Standard
empty weight isthe empty weight plus unusable fuel. When
optional equipment is added to the standard empty weight,
the result is licensed empty weight. Licensed empty weight,
therefore, includesthe standard airplane, optional equipment,
full hydraulic fluid, unusable fuel, and undrainable oil.

The major difference between the two formats (GAMA
and the old) is that basic empty weight includes full oil and

licensed empty weight does not. Oil must always be added
to any weight and balance utilizing alicensed empty weight.

When the airplane is placed in service, amended weight
and balance documents are prepared by appropriately-
rated maintenance personnel to reflect changes in installed
equipment. The old weight and balance documents are
customarily marked “superseded” and retained in the AFM/
POH. Maintenance personnel are under no regulatory
obligation to utilize the GAMA terminology, so weight
and balance documents subsequent to the original may
use a variety of terms. Pilots should use care to determine
whether or not il has to be added to the weight and balance
calculationsor if itisalready included in thefigures provided.

The multiengine airplane iswhere most pilots encounter the
term“zero fuel weight” for thefirst time. Not all multiengine
airplanes have a zero fuel weight limitation published in
their AFM/POH, but many do. Zero fuel weight is simply
the maximum allowable weight of the airplane and payload,
assuming thereisno usablefuel on board. Theactua airplane
is not devoid of fuel at the time of loading, of course. This
is merely a calculation that assumes it was. If a zero fuel
weight limitation is published, then al weight in excess of
that figure must consist of usable fuel. The purpose of azero
fuel weight is to limit load forces on the wing spars with
heavy fuselage loads.

Assume a hypothetical multiengine airplane with the
following weights and capacities:

Basicempty weight . ....................... 3,2001b
Zerofud weight. . ... 4,400 Ib
Maximum takeoff weight. . .................. 5,200 Ib
Maximumusablefuel ...................... 180 gd
1. Calculate the useful load:

Maximum takeoff weight. .. ................. 5,200 1b
Basicemptyweight . ....................... -3,2001b
Useful load. .. ........ ..ot 2,000 Ib

The useful load is the maximum combination of usablefuel,
passengers, baggage, and cargo that the airplane is capable
of carrying.

2. Calculate the payload:

Zerofuel weight. .......... ... ... ... ... 4,4001b
Basicemptyweight . ....................... -3,2001b
Payload. ........... ... .. 1,2001b

12-11



The payload is the maximum combination of passengers,
baggage, and cargo that the airplane is capable of carrying.
A zero fuel weight, if published, isthe limiting weight.

3. Calculatethefud capacity at maximum payload (1,200 |b):

Maximum takeoff weight. .. .................. 5,2001b
Zerofuel weight. . ... .. ... ... oL —4,4001b
Fuel allowed. ........ ... ... o i 8001b

Assuming maximum payload, the only weight permitted in
excess of the zero fuel weight must consist of usablefuel. In
this case, 133.3 gallons (gal).

4, Calculatethe payload at maximum fuel capacity (180 gal):

Basicemptyweight . ........................ 3,2001b
Maximumusablefuel ...................... +1,0801b
Weight withmax. fuel ....................... 4,2801b
Maximum takeoff weight. .. .................. 5,2001b
Weight withmax. fuel ...................... —4,2801b
Payload allowed. .. ........ ... .. ... ... ... 9201b

Assuming maximum fuel, the payload is the difference
between the weight of the fueled airplane and the maximum
takeoff weight.

Some multiengine airplanes have aramp weight, whichisin
excess of the maximum takeoff weight. The ramp weight is
an alowance for fuel that would be burned during taxi and
run-up, permitting atakeoff at full maximum takeoff weight.
The airplane must weigh no more than maximum takeoff
weight at the beginning of the takeoff roll.

A maximum landing weight is a limitation against landing
at aweight in excess of the published value. This requires
preflight planning of fuel burn to ensure that the airplane
weight upon arrival at destination is at or below the
maximum landing weight. In the event of an emergency
requiring an immediate landing, the pilot should recognize
that the structural margins designed into the airplane are not
fully available when over landing weight. An overweight
landing inspection may be advisable—the service manual
or manufacturer should be consulted.

Although the foregoing problems only dealt with weight,
the balance portion of weight and balance is equally vital.
The flight characteristics of the multiengine airplane vary
significantly with shifts of the center of gravity (CG) within
the approved envelope.

At forward CG, the airplane is more stable, with a sightly
higher stalling speed, a dightly slower cruising speed, and
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favorable stall characteristics. At aft CG, the airplane is
less stable, with a dlightly lower stalling speed, a dlightly
faster cruising speed, and less desirable stall characteristics.
Forward CG limitsare usually determined in certification by
elevator/stabilator authority in the landing roundout. Aft CG
limitsare determined by the minimum acceptablelongitudinal
stability. It iscontrary to the airplane’ s operating limitations
and 14 CFR to exceed any weight and balance parameter.

Some multiengine airplanes may require ballast to remain
within CG limits under certain loading conditions. Several
models require ballast in the aft baggage compartment with
only astudent and instructor on board to avoid exceeding the
forward CG limit. When passengers are seated in the aft-most
seats of some models, ballast or baggage may be required
in the nose baggage compartment to avoid exceeding the aft
CG limit. The pilot must direct the seating of passengersand
placement of baggage and cargo to achieve a CG within the
approved envelope. Most multiengine airplanes have genera
|oading recommendations in the weight and balance section
of the AFM/POH. When ballast isadded, it must be securely
tied down, and it must not exceed the maximum allowable
floor loading.

Some airplanes make use of a special weight and balance
plotter. It consists of several movable parts that can be
adjusted over a plotting board on which the CG envelope
is printed. The reverse side of the typical plotter contains
general loading recommendationsfor the particular airplane.
A pencil line plot can be made directly on the CG envelope
imprinted on theworking side of the plotting board. Thisplot
can easily be erased and recalculated anew for each flight.
Thisplotter isto be used only for the make and model airplane
for which it was designed.

Ground Operation

Good habitslearned with single-engine airplanes are directly
applicable to multiengine airplanes for preflight and engine
start. Upon placing the airplane in motion to taxi, the new
multiengine pilot notices several differences, however.
The most obvious is the increased wingspan and the need
for even greater vigilance while taxiing in close quarters.
Ground handling may seem somewhat ponderous and the
multiengine airplane is not as nimble as the typical two- or
four-place single-engine airplane. Asalways, use care not to
ride the brakes by keeping engine power to aminimum. One
ground handling advantage of the multiengine airplane over
single-engine airplanes is the differential power capability.
Turning with an assist from differential power minimizes
both the need for brakes during turns and the turning radius.

The pilot should be aware, however, that making a sharp
turn assisted by brakes and differential power can cause the



airplaneto pivot about astationary inboard wheel and landing
gear. Thisis abuse for which the airplane was not designed
and should be guarded against. Unless otherwise directed by
the AFM/POH, all ground operations should be conducted
with the cowl flaps fully open. The use of strobe lights is
normally deferred until taxiing onto the active runway.

Normal and Crosswind Takeoff and Climb

With the Before Takeoff checklist, which includes a pre-
takeoff safety brief complete and air traffic control (ATC)
clearancereceived, theairplane should betaxied into position
ontherunway centerline. If departing from an airport without
an operating control tower, a careful check for approaching
aircraft should be made along with aradio advisory on the
appropriate frequency. Sharp turns onto the runway combined
with arolling takeoff are not a good operating practice and
may be prohibited by the AFM/POH due to the possibility
of “unporting” afuel tank pickup. (Thetakeoff itself may be
prohibited by the AFM/POH under any circumstances below
certain fuel levels.) Theflight controls should be positioned
for a crosswind, if present. Exterior lights, such as landing
and taxi lights, and wingtip strobes should be illuminated
immediately prior toinitiating thetakeoff roll, day or night. If
holding intakeoff position for any length of time, particularly
at night, the pilot should activate all exterior lights upon
taxiing into position.

Takeoff power should be set as recommended in the
AFM/POH. With normally aspirated (non-turbocharged)
engines, thisisfull throttle. Full throttleis also used in most
turbocharged engines. There are some turbocharged engines,
however, that requirethe pilot to set a specific power setting,
usualy just below red line manifold pressure. This yields
takeoff power with lessthan full throttletravel. Turbocharged
engines often require special consideration. Throttle motion
with turbocharged engines should be exceptionally smooth
and deliberate. It isacceptable, and may even bedesirable, to
hold the airplane in position with brakes as the throttles are
advanced. Brakerel ease customarily occurs after significant
boost from the turbocharger is established. This prevents
wasting runway with slow, partia throttle acceleration as
the engine power isincreased. If runway length or obstacle
clearance is critical, full power should be set before brake
release as specified in the performance charts.

As takeoff power is established, initial attention should
be divided between tracking the runway centerline and
monitoring the engine gauges. Many novice multiengine
pilots tend to fixate on the airspeed indicator just as soon as
the airplane begins its takeoff roll. Instead, the pilot should
confirm that both engines are devel oping full-rated manifold
pressure and rpm, and that as the fuel flows, fuel pressures,
exhaust gas temperatures (EGTSs), and oil pressures are

matched in their normal ranges. A directed and purposeful
scan of the engine gauges can be accomplished well before
the airplane approaches rotation speed. If a crosswind is
present, the aileron displacement in the direction of the
crosswind may be reduced as the airplane accelerates. The
elevator/stabilator control should be held neutral throughout.

Full rated takeoff power should be used for every takeoff.
Partial power takeoffs are not recommended. There is no
evidence to suggest that the life of modern reciprocating
enginesisprolonged by partial power takeoffs. Paradoxically,
excessive heat and engine wear can occur with partial power
asthefuel metering system failsto deliver the dlightly over-
rich mixture vital for engine cooling during takeoff.

Thereare several key airspeedsto be noted during the takeoff
and climb sequence in any twin. The first speed to consider
isVc. If anenginefailsbelow Vy,c whiletheairplaneison
the ground, the takeoff must be rejected. Directional control
can only bemaintained by promptly closing both throttlesand
using rudder and brakes asrequired. If an engine fails below
Vvc While airborne, directional control is not possible with
the remaining engine producing takeoff power. On takeoffs,
therefore, the airplane should never be airborne before the
airspeed reaches and exceeds V. Pilots should use the
manufacturer’ srecommended rotation speed (V) or lift-off
speed (V| o). If no such speeds are published, a minimum
of Ve plus 5 knots should be used for V.

The rotation to a takeoff pitch attitude is performed with
smooth control inputs. With a crosswind, the pilot should
ensure that the landing gear does not momentarily touch
the runway after the airplane has lifted off, asaside drift is
present. The rotation may be accomplished more positively
and/or at ahigher speed under these conditions. However, the
pilot should keep in mind that the AFM/POH performance
figures for accelerate-stop distance, takeoff ground roll,
and distance to clear an obstacle were calculated at the
recommended Vg and/or V| o speed.

After lift-off, the next consideration is to gain altitude as
rapidly as possible. To assist the pilot in takeoff and initial
climb profile, some AFM/POHsgivea*“50-foot” or *50-foot
barrier” speed to use as atarget during rotation, lift-off, and
acceleration to Vy. Prior to takeoff, pilots should review
the takeoff distance to 50 feet above ground level (AGL)
and the stopping distance from 50 feet AGL and add the
distance together. If the runway is no longer than the total
value, the odds are very good that if anything fails, it will be
an off-runway landing at the least. After leaving the ground,
atitude gain is more important than achieving an excess
of airspeed. Experience has shown that excessive speed
cannot be effectively converted into atitude in the event
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of an engine failure. Additional atitude increases the time
availableto recognize and respond to any aircraft abnormality
or emergency during the climb segment.

Excessive climb attitudes can be just as dangerous as
excessive airspeed. Steep climb attitudes limit forward
visibility and impede the pilot’s ability to detect and avoid
other traffic. The airplane should be allowed to accelerate
in a shallow climb to attain Vv, the best all-engine rate-
of-climb speed. Vy should then be maintained until a safe
single-engine maneuvering altitude, considering terrain
and obstructions is achieved. Any speed above or below
Vy reduces the performance of the airplane. Even with all
enginesoperating normally, terrain and obstruction clearance
during theinitial climb after takeoff isan important preflight
consideration. Most airliners and most turbine powered
airplanesclimb out at an attitude that yiel dsbest rate of climb
(Vy) usualy utilizing a flight management system (FMYS).

When to raise the landing gear after takeoff depends on
several factors. Normally, the gear should be retracted when
there is insufficient runway available for landing and after
a positive rate of climb is established as indicated on the
altimeter. If an excessive amount of runway is available, it
would not be prudent to leave the landing gear down for an
extended period of time and sacrifice climb performance
and acceleration. Leaving the gear extended after the point
at which alanding cannot be accomplished on the runway is
ahazard. In somemultiengine airplanes, operatingin ahigh-
density altitude environment, a positive rate of climb with
thelanding gear down isnot possible. Waiting for apositive
rate of climb under these conditions is not practicable. An
important point to remember is that raising the landing gear
as early as possible after liftoff drastically decreases the
drag profile and significantly increases climb performance
should an enginefailure occur. An equally important point to
remember isthat leaving the gear down to land on sufficient
runway or overrun isamuch better option than landing with
the gear retracted. A general recommendation isto raise the
landing gear not later than V' g airspeed, and once the gear
is up, consider it a GO commitment if climb performance
is available. Some AFM/POHSs direct the pilot to apply the
wheel brakesmomentarily after lift-off to stop wheel rotation
prior to landing gear retraction. If flaps were extended for
takeoff, they should be retracted as recommended in the
AFM/POH.

Once a safe, single-engine maneuvering atitude has been
reached, typically a minimum of 400-500 feet AGL, the
transition to an en route climb speed should be made.
This speed is higher than Vy and is usually maintained to
cruising altitude. En route climb speed givesbetter visibility,
increased engine cooling, and ahigher groundspeed. Takeoff
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power can bereduced, if desired, asthetransition to en route
climb speed is made.

Some airplanes have a climb power setting published in
the AFM/POH as a recommendation (or sometimes as a
limitation), which should then be set for en route climb. If
there is no climb power setting published, it is customary,
but not a requirement, to reduce manifold pressure and rpm
somewhat for en route climb. The propellers are usually
synchronized after the first power reduction and the yaw
damper, if installed, engaged. The AFM/POH may also
recommend leaning the mixtures during climb. The Climb
checklist should be accomplished as traffic and work load
alow. [Figure 12-7]

Level Off and Cruise

Upon leveling off at cruising altitude, the pilot should allow
the airplane to accelerate at climb power until cruising
airspeed is achieved, and then cruise power and rpm should
be set. To extract the maximum cruise performance from
any airplane, the power setting tables provided by the
manufacturer should be closely followed. If the cylinder
head and oil temperatures are within their normal ranges,
the cowl flaps may be closed. When the enginetemperatures
have stahilized, the mixtures may be leaned per AFM/POH
recommendations. The remainder of the Cruise checklist
should be completed by this point.

Fuel management in multiengine airplanes is often more
complex than in single-engine airplanes. Depending upon
system design, the pilot may need to select between main
tanks and auxiliary tanks or even employ fuel transfer from
onetank to another. In complex fuel systems, limitationsare
often found restricting the use of some tanks to level flight
only or requiring a reserve of fuel in the main tanks for
descent and landing. Electric fuel pump operation can vary
widely among different modelsal so, particularly during tank
switching or fuel transfer. Some fuel pumps are to be on for
takeoff and landing; others are to be off. Thereissimply no
substitute for thorough systems and AFM/POH knowledge
when operating complex aircraft.

Normal Approach and Landing

Given the higher cruising speed (and frequently atitude) of
multiengine airplanes over most single-engine airplanes, the
descent must be planned in advance. A hurried, last minute
descent with power at or near idle is inefficient and can
cause excessive engine cooling. It may also lead to passenger
discomfort, particularly if theairplaneisunpressurized. Asarule
of thumb, if terrain and passenger conditionspermit, amaximum
of a 500 fpm rate of descent should be planned. Pressurized
airplanes can plan for higher descent rates, if desired.



500 feet

1. Accelerate to cruise climb

2. Set climb power
3. Climb checklist

Positive rate—gear up
Climb at v,

Figure 12-7. Takeoff and climb profile.

In adescent, some airplanesrequireaminimum EGT or may
have a minimum power setting or cylinder head temperature
to observe. In any case, combinations of very low manifold
pressure and high rpm settings are strongly discouraged by
engine manufacturers. If higher descent rates are necessary,
the pilot should consider extending partial flaps or lowering
thelanding gear before retarding the power excessively. The
Descent checklist should be initiated upon leaving cruising
altitude and completed before arrival in the termina area.
Upon arrival intheterminal area, pilotsare encouraged to turn
on their landing and recognition lights when operating bel ow
10,000 feet, day or night, and especially when operating within
10 miles of any airport or in conditions of reduced visibility.

The traffic pattern and approach are typically flown at
somewhat higher indicated airspeeds in a multiengine
airplane contrasted to most single-engine airplanes. The
pilot may alow for thisthrough an early start on the Before
Landing checklist. This provides time for proper planning,
spacing, and thinking well ahead of the airplane. Many
multiengine airplanes have partial flap extension speeds
above Vg, and partial flaps can be deployed prior to traffic
pattern entry. Normally, the landing gear should be selected
and confirmed down when abeam the intended point of
landing as the downwind leg is flown. [ Figure 12-8]

The FAA recommends a stabilized approach concept. Tothe
greatest extent practical, on final approach and within 500
feet AGL, theairplane should be on speed, intrim, configured

Lift-off
Published V, or V . if not published, V, . + 5 knots

for landing, tracking the extended centerline of the runway,
and established in a constant angle of descent towards an
aim point in the touchdown zone. Absent unusual flight
conditions, only minor corrections are required to maintain
this approach to the round out and touchdown.

The fina approach should be made with power and at a
speed recommended by the manufacturer; if arecommended
speed is not furnished, the speed should be no slower than
the single-engine best rate-of-climb speed (Vy se) until short
final with thelanding assured, but in no case lessthan critical
engine-out minimum control speed (Vyc). Somemultiengine
pilots prefer to delay full flap extension to short final with
the landing assured. This is an acceptable technique with
appropriate experience and familiarity with the airplane.

In the round out for landing, residua power is gradually
reduced toidle. With the higher wing loading of multiengine
airplanes and with thedrag from two windmilling propellers,
there is minimal float. Full stall landings are generally
undesirableintwins. Theairplane should be held off aswith a
high performance single-engine model, allowing touchdown
of the main wheels prior to afull stall.

Under favorable wind and runway conditions, the nosewheel
can be held off for best aerodynamic braking. Even as the
nosewheel is gently lowered to the runway centerline,
continued elevator back pressure greatly assists the wheel
brakes in stopping the airplane.
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Approaching Traffic Pattern

1. Descent checklist

2. Reduce to traffic pattern
airspeed and altitude

Final
1. Gear—check down
2. Flaps—landing position

Airspeed-1.3 Vg or
manufacturers recommended

Figure 12-8. Normal two-engine approach and landing.

If runway length is critical, or with a strong crosswind,
or if the surface is contaminated with water, ice or snow,
it is undesirable to rely solely on aerodynamic braking
after touchdown. The full weight of the airplane should
be placed on the wheels as soon as practicable. The wheel
brakes are more effective than aerodynamic braking alone
in decelerating the airplane.

Once on the ground, elevator back pressure should be used
to place additional weight on the main wheels and to add
additional drag. When necessary, wing flap retraction also
adds additional weight to the wheels and improves braking
effectivity. Flap retraction during the landing rollout is
discouraged, however, unlessthereisaclear, operational need.
It should not be accomplished as routine with each landing.

Some multiengine airplanes, particularly those of the
cabin class variety, can be flown through the round out
and touchdown with a small amount of power. Thisis an
acceptabletechniqueto prevent high sink ratesand to cushion
thetouchdown. The pilot should keep in mind, however, that
the primary purpose in landing is to get the airplane down
and stopped. Thistechnique should only be attempted when
there is a generous margin of runway length. As propeller
blast flows directly over the wings, lift as well as thrust is
produced. The pilot should taxi clear of the runway as soon
as speed and safety permit, and then accomplish the After
Landing checklist. Ordinarily, no attempt should be made
to retract the wing flaps or perform other checklist duties
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Downwind

1. Flaps—approach position
2. Gear down

3. Before landing checklist

Base Leg
1. Gear—check down
2. Check for conflicting traffic

until the airplane has been brought to a halt when clear
of the active runway. Exceptions to this would be the rare
operational needs discussed above, to relieve the weight
from the wings and place it on the wheels. In these cases,
AFM/POH guidance should be followed. The pilot should
not indiscriminately reach out for any switch or control on
landing rollout. Aninadvertent landing gear retraction while
meaning to retract the wing flaps may result.

Crosswind Approach and Landing

Themultiengineairplaneisoften easier tolandinacrosswind
than a single-engine airplane due to its higher approach
and landing speed. In any event, the principles are no
different between singles and twins. Prior to touchdown, the
longitudinal axis must be aligned with the runway centerline
to avoid landing gear side loads.

The two primary methods, crab and wing-low, aretypically
used in conjunction with each other. Assoon asthe airplane
rolls out onto final approach, the crab angle to track the
extended runway centerlineisestablished. Thisiscoordinated
flight with adjustments to heading to compensate for wind
drift either left or right. Prior to touchdown, the transition
to a sidedlip is made with the upwind wing lowered and
opposite rudder applied to prevent a turn. The airplane
touches down on the landing gear of the upwind wing first,
followed by that of the downwind wing, and then the nose
gear. Follow-through with the flight controls involves an



increasing application of aleron into the wind until full
control deflection is reached.

Thepoint at which thetransitionfromthecrabtothesidedipis
made isdependent upon pilot familiarity with theairplaneand
experience. With high skill and experiencelevels, thetransition
can be made during the round out just before touchdown.
With lesser skill and experience levels, the transition is made
at increasing distances from the runway. Some multiengine
airplanes (as some single-engine airplanes) have AFM/POH
limitations against dipsin excess of acertain time period; 30
seconds, for example. Thisisto prevent engine power lossfrom
fuel starvation asthefuel inthetank of thelowered wing flows
towards the wingtip, away from the fuel pickup point. This
timelimit must be observed if thewing-low methodis utilized.

Some multiengine pilots prefer to use differential power
to assist in crosswind landings. The asymmetrical thrust
produces ayawing moment little different from that produced
by the rudder. When the upwind wing is lowered, power on
the upwind engineisincreased to prevent the airplane from
turning. Thisalternate techniqueiscompletely acceptable, but
most pilots feel they can react to changing wind conditions
quicker with rudder and aileron than throttle movement.
This is especially true with turbocharged engines where
the throttle response may lag momentarily. The differentia
power technique should be practiced with aninstructor before
being attempted alone.

Short-Field Takeoff and Climb

The short-field takeoff and climb differs from the normal
takeoff and climb in the airspeeds and initia climb profile.
Some AFM/POHSs give separate short-field takeoff procedures
and performance charts that recommend specific flap
settings and airspeeds. Other AFM/POHSs do not provide
separate short-field procedures. In the absence of such
specific procedures, the airplane should be operated only as
recommended in the AFM/POH. No operations should be
conducted contrary to the recommendationsin the AFM/POH.

On short-field takeoffs in general, just after rotation and
lift-off, the airplane should be alowed to accelerate to Vy,
making theinitial climb over obstaclesat Vi andtransitioning
to Vy as obstacles are cleared. [ Figure 12-9]

When partial flapsarerecommended for short-field takeoffs,
many light-twins have astrong tendency to becomeairborne
prior to V¢ plus 5 knots. Attempting to prevent premature
lift-off with forward elevator pressure results in wheel
barrowing. To prevent this, allow the airplane to become
airborne, but only afew inches above the runway. The pilot
should be prepared to promptly abort the takeoff and land in
the event of engine failure on takeoff with landing gear and
flaps extended at airspeeds below V.

Engine failure on takeoff, particularly with obstructions, is
compounded by the low airspeeds and steep climb attitudes
utilized in short-field takeoffs. Vy and Vg are often
perilously closeto V,c, leaving scant margin for error inthe
event of enginefailureasV y g isassumed. If flapswere used
for takeoff, the engine failure situation becomes even more
critical dueto theadditional dragincurred. If Vy islessthan 5
knots higher than V¢, give strong consideration to reducing
useful load or using another runway in order to increase the
takeoff margins so that ashort-field techniqueisnot required.

Short-Field Approach and Landing

The primary elements of a short-field approach and landing
do not differ significantly from a normal approach and
landing. Many manufacturers do not publish short-field
landing techniques or performance chartsin the AFM/POH.
In the absence of specific short-field approach and landing
procedures, the airplane should be operated asrecommended
in the AFM/POH. No operations should be conducted
contrary to the AFM/POH recommendations.

The emphasis in a short-field approach is on configuration
(full flaps), a stabilized approach with a constant angle of
descent, and precise airspeed control. As part of a short-

Figure 12-9. Short-field takeoff and climb.
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field approach and landing procedure, some AFM/POHs
recommend aslightly slower than normal approach airspeed.
If no such slower speed is published, use the AFM/POH-
recommended normal approach speed.

Full flaps are used to provide the steepest approach angle.
If obstacles are present, the approach should be planned so
that no drastic power reductions are required after they are
cleared. The power should be smoothly reduced to idle in
theround out prior to touchdown. Pilots should keepinmind
that the propeller blast blows over the wings providing some
lift in addition to thrust. Reducing power significantly, just
after obstacle clearance, usually results in a sudden, high
sink rate that may lead to a hard landing. After the short-
field touchdown, maximum stopping effort is achieved by
retracting thewing flaps, adding back pressureto the elevator/
stabilator, and applying heavy braking. However, if the
runway length permits, the wing flaps should be left in the
extended position until the airplane has been stopped clear
of therunway. Thereisalwaysasignificant risk of retracting
thelanding gear instead of thewing flapswhen flap retraction
is attempted on the landing rollout.

Landing conditionsthat involve ashort-field, high-winds, or
strong crosswinds are just about the only situations where
flap retraction on the landing rollout should be considered.
When there is an operational need to retract the flaps just
after touchdown, it must be done deliberately with the flap
handle positively identified before it is moved.

Go-Around

When the decision to go around is made, the throttles should
be advanced to takeoff power. With adequate airspeed, the
airplane should be placed in a climb pitch attitude. These
actions, which are accomplished simultaneously, arrest the
sink rate and place the airplane in the proper attitude for
transition to aclimb. Theinitial target airspeed isVy or Vx
if obstructionsare present. With sufficient airspeed, theflaps
should beretracted from full to an intermediate position and

Timely decision to

__make go-around Apply max power

\\\ adjust pitch attitude

_to arrest sink rate

Figure 12-10. Go-around procedure.
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the landing gear retracted when there is a positive rate of
climb and no chance of runway contact. The remaining flaps
should then be retracted. [ Figure 12-10]

If the go-around wasinitiated due to conflicting traffic on the
ground or aloft, the pilot should maneuver to the side so asto
keep the conflicting trafficinsight. Thismay involveashallow
bank turn to offset and then parallel the runway/landing area.

If theairplanewasin trim for the landing approach when the
go-around was commenced, it soon requires a great deal of
forward elevator/stabil ator pressure asthe airplane accel erates
away inaclimb. The pilot should apply appropriate forward
pressure to maintain the desired pitch attitude. Trim should
be commenced immediately. The Balked Landing checklist
should be reviewed as work load permits.

Flaps should be retracted before the landing gear for two
reasons. First, on most airplanes, full flaps produce moredrag
than the extended landing gear. Secondly, the airplane tends
to settle somewhat with flap retraction, and the landing gear
should be down in the event of an inadvertent, momentary
touchdown.

Many multiengine airplanes have a landing gear retraction
speed significantly lessthan the extension speed. Care should
be exercised during the go-around not to exceed theretraction
speed. If thepilot desiresto return for alanding, it isessential
to re-accomplish the entire Before Landing checklist. An
interruption to a pilot’s habit patterns, such as a go-around,
isaclassic scenario for a subsequent gear up landing.

The preceding discussion about doing a go-around assumes
that the maneuver wasinitiated from normal approach speeds
or faster. If the go-around wasinitiated from alow airspeed,
theinitial pitch up to aclimb attitude must be tempered with
the necessity of maintai ning adequate flying speed throughout
the maneuver. Examples of where this applies include a
go-around initiated from the landing round out or recovery




from a bad bounce, as well as a go-around initiated due to
aninadvertent approachto astall. Thefirst priority isalways
to maintain control and obtain adequate flying speed. A few
moments of level or near level flight may be required as the
airplane accelerates up to climb speed.

Rejected Takeoff

A takeoff can be rgjected for the same reasons a takeoff ina
single-engineairplanewould berg ected. Oncethedecisionto
reject atakeoff ismade, the pilot should promptly close both
throttles and maintain directional control with the rudder,
nosewheel steering, and brakes. Aggressive use of rudder,
nosewheel steering, and brakes may be required to keep the
airplane on the runway. Particularly, if an engine failureis
not immediately recognized and accompanied by prompt
closure of both throttles. However, the primary objective is
not necessarily to stop the airplanein the shortest distance, but
to maintain control of the airplane as it decelerates. In some
situations, it may be preferable to continue into the overrun
area under control, rather than risk directional control |oss,
landing gear collapse, or tire/brake failure in an attempt to
stop the airplane in the shortest possible distance.

Engine Failure After Lift-Off

A takeoff or go-around is the most critical time to suffer
an engine failure. The airplane will be slow, close to the
ground, and may even have landing gear and flaps extended.
Altitude and time is minimal. Until feathered, the propeller
of thefailed engine iswindmilling, producing agreat deal of

drag and yawing tendency. Airplane climb performance is
marginal or even non-existent, and obstructionsmay lie ahead.
An emergency contingency plan and safety brief should be
clearly understood well before the takeoff roll commences.
An engine failure before a predetermined airspeed or point
resultsin an aborted takeoff. An enginefailure after acertain
airspeed and point, with the gear up, and climb performance
assured result in a continued takeoff. With loss of an engine,
it isparamount to maintain airplane control and comply with
the manufacturer’s recommended emergency procedures.
Complete failure of one engine shortly after takeoff can be
broadly categorized into one of three following scenarios.

Landing Gear Down

If the enginefailure occurs prior to selecting the landing gear
tothe UP position [ Figure 12-11] : Keep the nose as straight
as possible, close both throttles, allow the nose to maintain
airspeed and descend to the runway. Concentrate on anormal
landing and do not force the aircraft on the ground. Land
on the remaining runway or overrun. Depending upon how
quickly the pilot reacts to the sudden yaw, the airplane may
run off the side of the runway by the time action is taken.
There are really no other practical options. As discussed
earlier, the chances of maintaining directional control while
retracting theflaps (if extended), landing gear, feathering the
propeller, and accelerating are minimal. On some airplanes
with a single-engine-driven hydraulic pump, failure of that
engine means the only way to raise the landing gear is to
allow the engine to windmill or to use a hand pump. Thisis
not a viable alternative during takeoff.

If engine failure occurs at or before lift-off, abort the takeoff

If failure of engine occurs after lift-off:
1. Maintain directional control
2. Close both throttles

Figure 12-11. Engine failure on takeoff, landing gear down.
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Figure 12-12. Engine failure on takeoff, inadequate climb performance.

Landing Gear Control Selected Up, Single-Engine
Climb Performance Inadequate

When operating near or above the single-engine ceiling and
an enginefailureisexperienced shortly after lift-off, alanding
must be accomplished on whatever essentialy lies ahead.
[Figure12-12] Thereisalsotheoption of continuing ahead, in
adescent at V' e With the remaining engine producing power,
aslong asthe pilot is not tempted to remain airborne beyond
the airplane’s performance capability. Remaining airborne
and bleeding off airspeed in a futile attempt to maintain
altitude is almost invariably fatal. Landing under control is
paramount. The greatest hazard in a single-engine takeoff
is attempting to fly when it is not within the performance
capability of the airplane to do so. An accident isinevitable.

Analysis of engine failures on takeoff reveals a very high
successrate of off-airport engineinoperativelandingswhenthe
airplaneislanded under control. Analysis also revealsavery
highfatality ratein stall spin accidentswhen the pilot attempts
flight beyond the performance capability of the airplane.

As mentioned previously, if the airplane’s landing gear
retraction mechanism is dependent upon hydraulic pressure
from acertain engine-driven pump, failure of that engine can
mean aloss of hundreds of feet of altitude asthe pilot either
windmills the engine to provide hydraulic pressure to raise
the gear or raises it manually with a backup pump.

Landing Gear Control Selected Up, Single-Engine

Climb Performance Adequate

If the single-enginerate of climb isadequate, the procedures
for continued flight should befollowed. [ Figure 12-13] There
arefour areas of concern: control, configuration, climb, and
checklist.

Control

Thefirst consideration following enginefailure during takeoff
isto maintain control of theairplane. Maintaining directional
control with prompt and often aggressive rudder application
and STOPPING THE YAW iscritical to the safety of flight.
Ensure that airspeed stays above V. If the yaw cannot be
controlled with full rudder applied, reducing thrust on the

Obstruction Clearance Altitude or Above

1. Maintain directional control-V, .,

heading, bank into operating engine
2. Power—increase or set for takeoff

Figure 12-13. Landing gear up—adequate climb performance.
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3. Drag—reduce - gear, flaps
4. |dentify—inoperative engine

5. Verify—inoperative engine
6. Feather—inoperative engine

If failure of engine occurs after Iifto

At 500 or obstruction clearance altitude:
7. Engine failure checklist circle and land




operativeengineisthe only alternative. Attempting to correct
the roll with aileron without first applying rudder increases
drag and adverse yaw and further degrades directional
control. After rudder is applied to stop the yaw, a dlight
amount of aileron should be used to bank the airplane toward
the operative engine. Thisisthe most efficient way to control
the aircraft, minimize drag, and gain the most performance.
Control forces, particularly on the rudder, may be high. The
pitch attitude for Vy g hasto be lowered from that of Vy. At
least 5° of bank should be used initialy to stop the yaw and
maintain directional control. Thisinitial bank input is held
only momentarily, just long enough to establish or ensure
directional control. Climb performance suffers when bank
angles exceed approximately 2 or 3°, but obtaining and
maintaining Vy g and directional control are paramount. Trim
should be adjusted to lower the control forces.

Configuration

The memory items from the Engine Failure After Takeoff
checklist should be promptly executed to configure the
airplane for climb. [ Figure 12-14] The specific procedures
to follow are found in the AFM/POH and checklist for the
particular airplane. Most direct the pilot to assume Vy o, Set
takeoff power, retract the flaps and landing gear, identify,
verify, and feather thefailed engine. (On someairplanes, the
landing gear isto be retracted before the flaps.)

The “identify” step is for the pilot to initially identify the
failed engine. Confirmation on the engine gauges may or
may not be possible, depending upon the failure mode.
| dentification should be primarily through the control inputs
required to maintain straight flight, not the engine gauges.
The“verify” step directsthe pilot to retard the throttle of the
engine thought to have failed. No change in performance

e N\
Engine Failure After Takeoff

Airspeed Maintain V,
MIXEUFES ... RICH
Propellers...........cooooiiiiiiiiiieceee e HIGH RPM
Throttles ..........ccovviiii e FULL POWER
FIAPS ..o uUpP
Landing gear.............cccoiiiiiiiiii UP
Identify............... Determine failed engine
Verify ... Close throttle of failed engine
Propeller............ccooviiiiiiiiiiiieee e FEATHER
THM 1ADS e ADJUST
Failed engine.........ccccooviiviiiiiiiiic SECURE
As S00N @s Practical..........ccveviiiiiieiiciie e LAND
Bold-faced items require immediate action and are to be
accomplished from memory.

Figure 12-14. Typical “ engine failure after takeoff” emergency
checklist.

when the suspected throttle is retarded is verification
that the correct engine has been identified as failed. The
corresponding propeller control should be brought fully aft
to feather the engine.

Climb

Assoon asdirectional control isestablished and theairplane
configured for climb, the bank angle should be reduced to that
producing best climb performance. Without specific guidance
for zero sidedlip, abank of 2° and one-third to one-half ball
deflection on the dlip/skid indicator is suggested. Vyg IS
maintained with pitch control. Asturning flight reducesclimb
performance, climb should be made straight ahead or with
shallow turnsto avoid obstaclesto an altitude of at |east 400
feet AGL before attempting a return to the airport.

Checklist

Having accomplished the memory items from the Engine
Failure After Takeoff checklist, the printed copy should
be reviewed as time permits. The Securing Failed Engine
checklist should then be accomplished. [ Figure 12-15] Unless
the pilot suspects an enginefire, the remaining items should
be accomplished deliberately and without undue haste.
Airplane control should never be sacrificed to execute the
remaining checklists. The priority items have already been
accomplished from memory.

Other than closing the cowl flap of the failed engine, none of
these items, if left undone, adversely affects airplane climb
performance. There is a distinct possibility of actuating an
incorrect switch or control if the procedure is rushed. The
pilot should concentrate on flying the airplane and extracting
maximum performance. If an ATC facility is available, an
emergency should be declared.

The memory items in the Engine Failure After Takeoff
checklist may be redundant with the airplane’s existing
configuration. For example, in the third takeoff scenario,
the gear and flaps were assumed to already be retracted,
yet the memory items included gear and flaps. Thisis not
an oversight. The purpose of the memory itemsis to either
initiate the appropriate action or to confirm that a condition
exists. Action on each item may not be required in all cases.
Thememory itemsalso apply to morethan one circumstance.
In an engine failure from a go-around, for example, the
landing gear and flaps would likely be extended when the
failure occurred.

Thethree preceding takeoff scenariosall includethe landing
gear as a key element in the decision to land or continue.
With the landing gear selector in the DOWN position, for
example, continued takeoff and climb is not recommended.
This situation, however, is not justification to retract the
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Securing Failed Engine

Mixture........
Magnetos
ARBINATON. ...t
Cowl flap

Boost pump
Fuel selector.

Prop SYNC ..o
Electrical [0ad..........cooviiiieeeiiiiee e Reduce

CroSSfEEA.....cccueeece e Consider

Figure 12-15. Typical “ securing failed engine” emergency checklist.

landing gear the moment the airplane lifts off the surface
on takeoff as a normal procedure. The landing gear should
remain selected down as long as there is usable runway or
overrun availabletoland on. The use of wing flapsfor takeoff
virtually eliminates the likelihood of a single-engine climb
until the flaps are retracted.

There are two time-tested memory aids the pilot may find
useful in dealing with engine-out scenarios. Thefirst, “dead
foot—dead engine’ is used to assist in identifying the failed
engine. Depending on the failure mode, the pilot will not
be able to consistently identify the failed engine in atimely
manner from the engine gauges. In maintaining directional
control, however, rudder pressureis exerted on the side (1 eft
or right) of the airplane with the operating engine. Thus,
the “dead foot” is on the same side as the “dead engine.”
Variations on this saying include “idle foot—idle engine”
and “working foot—-working engine.”

The second memory aid has to do with climb performance.
The phrase “raise the dead” isareminder that the best climb
performance is obtained with avery shallow bank, about 2°
toward the operating engine. Therefore, the inoperative, or
“dead” engine should be “raised” with avery dlight bank.

Not all engine power lossesare completefailures. Sometimes
thefailure modeis such that partial power may be available.
If thereisaperformancelosswhen thethrottle of the affected
engineisretarded, the pilot should consider allowingitto run
until altitude and airspeed permit safe single-engine flight,
if this can be done without compromising safety. Attempts
to save a malfunctioning engine can lead to a loss of the
entire airplane.

Engine Failure During Flight

Enginefailureswell abovethe ground are handled differently
than those occurring at lower speeds and altitudes. Cruise
airspeed allows better airplane control and altitude, which
may permit time for a possible diagnosis and remedy of
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the failure. Maintaining airplane control, however, is till
paramount. Airplanes have been lost at altitude due to
apparent fixation on the engine problem to the detriment of
flying the airplane.

Not all engine failures or malfunctions are catastrophic in
nature (catastrophic meaning amajor mechanical failurethat
damagesthe engine and precludes further engine operation).
Many cases of power loss are related to fuel starvation,
where restoration of power may be made with the selection
of another tank. An orderly inventory of gaugesand switches
may reveal the problem. Carburetor heat or alternate air
can be selected. The affected engine may run smoothly on
just one magneto or at a lower power setting. Altering the
mixture may help. If fuel vapor formation is suspected, fuel
boost pump operation may be used to eliminate flow and
pressure fluctuations.

Although it isanatural desire among pilotsto save an ailing
engine with a precautionary shutdown, the engine should be
left running if there is any doubt asto needing it for further
safe flight. Catastrophic failure accompanied by heavy
vibration, smoke, blistering paint, or large trails of ail, on
the other hand, indicate a critical situation. The affected
engine should be feathered and the Securing Failed Engine
checklist completed. The pilot should divert to the nearest
suitable airport and declare an emergency with ATC for
priority handling.

Fuel crossfeed is a method of getting fuel from a tank on
one side of the airplane to an operating engine on the other.
Crossfeed is used for extended single-engine operation.
If a suitable airport is close at hand, there is no need to
consider crossfeed. If prolonged flight on a single-engine
is inevitable due to airport non-availability, then crossfeed
allows use of fuel that would otherwise be unavailable to
the operating engine. It also permits the pilot to balance the
fuel consumption to avoid an out-of-balance wing heaviness.

The AFM/POH procedures for crossfeed vary widely.
Thorough fuel system knowledge is essential if crossfeed
is to be conducted. Fuel selector positions and fuel boost
pump usage for crossfeed differ greatly among multiengine
airplanes. Prior to landing, crossfeed should be terminated
and the operating enginereturned to itsmain tank fuel supply.

If the airplane is above its single-engine absolute ceiling at
the time of engine failure, it slowly loses atitude. The pilot
should maintain Vy g to minimize the rate of altitude loss.
This “drift down” rate is greatest immediately following
the failure and decreases as the single-engine ceiling is
approached. Due to performance variations caused by
engine and propeller wear, turbulence, and pilot technique,



the airplane may not maintain altitude even at its published
single-engine ceiling. Any further rate of sink, however,
would likely be modest.

An engine failure in a descent or other low power setting
can be deceiving. The dramatic yaw and performance loss
is absent. At very low power settings, the pilot may not
even be aware of afailure. If afailureis suspected, the pilot
should advance both engine mixtures, propellers, and throttles
significantly, to the takeoff settingsif necessary, to correctly
identify thefailed engine. The power on the operative engine
can always be reduced | ater.

Engine Inoperative Approach and Landing

The approach and landing with OEI is essentially the same
as a two-engine approach and landing. The traffic pattern
should be flown at similar altitudes, airspeeds, and key
positions as a two-engine approach. The differences are
the reduced power available and the fact that the remaining
thrust is asymmetrical. A higher-than-normal power setting
is necessary on the operative engine.

With adequate airspeed and performance, the landing gear
can still be extended on the downwind leg. In which case it
should be confirmed DOWN no later than abeam theintended
point of landing. Performance permitting, initial extension of
wing flaps (typically 10°) and adescent from pattern atitude
can also be initiated on the downwind leg. The airspeed
should be no slower than Vyge. The direction of the traffic
pattern, and therefore theturns, isof no consequence asfar as
airplane controllability and performance are concerned. It is
perfectly acceptable to make turns toward the failed engine.

On the base leg, if performance is adequate, the flaps may
be extended to an intermediate setting (typically 25°). If the
performanceisinadequate, as measured by decay inairspeed
or high sink rate, delay further flap extension until closer to
the runway. Vv g is still the minimum airspeed to maintain.

On final approach, a normal, 3° glidepath to a landing is
desirable. Visua approach slope indicator (VASI) or other
vertical path lighting aids should be utilized if available.
Slightly steeper approaches may be acceptable. However, a
long, flat, low approach should be avoided. Large, sudden
power applications or reductions should also be avoided.
Maintain Vyge until the landing is assured, then slow to 1.3
V go Or the AFM/POH recommended speed. The final flap
setting may be delayed until the landing is assured or the
airplane may be landed with partial flaps.

The airplane should remain in trim throughout. The pilot
must be prepared, however, for a rudder trim change as
the power of the operating engine is reduced to idle in the

round out just prior to touchdown. With drag from only one
windmilling propeller, the airplane tends to float more than
on atwo-engine approach. Precise airspeed control therefore
is essential, especially when landing on a short, wet, and/or
slippery surface.

Some pilotsfavor resetting the rudder trim to neutral onfinal
and compensating for yaw by holding rudder pressurefor the
remainder of the approach. This eliminates the rudder trim
change close to the ground as the throttle is closed during
the round out for landing. This technique eliminates the
need for groping for the rudder trim and manipulating it to
neutral during final approach, which many pilots find to be
highly distracting. AFM/POH recommendations or personal
preference should be used.

A single-engine go-around must be avoided. As a practical
matter in single-engine approaches, once the airplane is on
final approach with landing gear and flaps extended, it is
committed to land on theintended runway, on another runway,
ataxiway, or grassy infield. Thelight-twin does not have the
performance to climb on one engine with landing gear and
flaps extended. Considerable dtitudeislost while maintaining
Vy s and retracting landing gear and flaps. Losses of 500 feet
or moreare not unusud . If thelanding gear has been lowered
with an alternate means of extension, retraction may not be
possible, virtually negating any climb capability.

Engine Inoperative Flight Principles

Best single-engine climb performance is obtained at Vv g
with maximum available power and minimum drag. After the
flaps and landing gear have been retracted and the propeller
of the failed engine feathered, a key element in best climb
performance is minimizing sideslip.

With asingle-engine airplane or amultiengine airplane with
both engines operative, sidedipiseliminated when the ball of
the turn and bank instrument is centered. Thisisacondition
of zero sidedlip, and the airplane is presenting its smallest
possibleprofiletotherelativewind. Asaresult, dragisat its
minimum. Pilots know this as coordinated flight.

In a multiengine airplane with an inoperative engine, the
centered ball is no longer the indicator of zero sideslip due
to asymmetrical thrust. In fact, there is no instrument at
all that directly tells the pilot the flight conditions for zero
sidedlip. In the absence of ayaw string, minimizing sideslip
is amatter of placing the airplane at a predetermined bank
angle and ball position. The AFM/POH performance charts
for single-engine flight were determined at zero sidedlip. If
this performanceiseven to be approximated, the zero sidedlip
technique must be utilized.
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There are two different control inputs that can be used to
counteract the asymmetrical thrust of afailed engine:

1. Yaw from the rudder

2. Thehorizontal component of lift that resultsfrom bank
with the ailerons.

Used individually, neither is correct. Used together in the
proper combination, zero sidedlip and best climb performance
are achieved.

Three different scenarios of airplane control inputs are
presented below. Neither of the first two is correct. They
are presented to illustrate the reasons for the zero sideslip
approach to best climb performance.

1. Engine inoperative flight with wings level and ball
centered requires large rudder input towards the
operative engine. [Figure 12-16] The result is a
moderate sideslip towards the inoperative engine.
Climb performanceisreduced by themoderate sidedlip.
With wings level, V¢ is significantly higher than
published as there is no horizontal component of lift
availableto hel p therudder combat asymmetrical thrust.

2. Engineinoperativeflight using aileronsalonerequires
an 8-10° bank angle towards the operative engine.
[Figure 12-17] This assumes no rudder input. The
ball is displaced well towards the operative engine.
The result is a large sidedlip towards the operative
engine. Climb performance is greatly reduced by the
large sidedlip.

3. Rudder and ailerons used together in the proper
combination result in a bank of approximately 2°
towards the operative engine. The ball is displaced
approximately one-third to one-half towards the
operative engine. The result is zero sideslip and
maximum climb performance. [Figure 12-18] Any
attitude other than zero sideslip increases drag,
decreasing performance. V¢ under thesecircumstances
is higher than published, as less than the 5° bank
certification limit is employed.

The precise condition of zero sidedlip (bank angle and ball
position) varies slightly from model to model and with
available power and airspeed. If the airplaneis not equipped
with counter-rotating propellers, it also varies slightly with
theenginefailed dueto P-factor. Theforegoing zero sideslip
recommendations apply to reciprocating engine multiengine
airplanesflown at Vy g with theinoperative enginefeathered.
The zero sideslip ball position for straight flight is also the
zero sideslip position for turning flight.
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Fin effect due
to sideslip

Wings level, ball centered, airplane slips toward dead engine.
Results: high drag, large control surface deflections required,
and rudder and fin in opposition due to sideslip.

5

Figure 12-16. Wings level engine-out flight.

When bank angleis plotted against climb performancefor a
hypothetical twin, zero sidedlip resultsin the best (however
marginal) climb performance or the least rate of descent.
Zero bank (all rudder to counteract yaw) degrades climb
performance as a result of moderate sideslip. Using bank
angleaone (no rudder) severely degrades climb performance
asaresult of alarge sidedlip.

Theactual bank anglefor zero sidedlip variesamong airplanes
from one and one-half to two and one-half degrees. The
position of the ball variesfrom one-third to one-half of aball
width from instrument center.



Excess bank toward operating engine, no rudder input.
Result: large sideslip toward operating engine and greatly
reduced climb performance.

Figure 12-17. Excessive bank engine-out flight.

For any multiengine airplane, zero sideslip can be confirmed
through the use of a yaw string. A yaw string is a piece of
string or yarn approximately 18 to 36 inchesin length taped to
the base of the windshield or to the nose near the windshield
along the airplane centerline. In two-engine coordinated
flight, the relative wind causes the string to align itself with
the longitudinal axis of the airplane, and it positions itself
straight up the center of the windshield. Thisis zero sidedlip.
Experimentation with dlips and skids vividly displays the
location of therelativewind. Adequate atitudeand flying speed
must be maintained while accomplishing these maneuvers.

With an engine set to zero thrust (or feathered) and the
airplane slowed to Vygg, a climb with maximum power on
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Bank toward operating engine, no sideslip.
Results: much lower drag and smaller control surface
deflections.
]
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Figure 12-18. Zero sideslip engine-out flight.

the remaining engine reveals the precise bank angle and
ball deflection required for zero sideslip and best climb
performance. Zero sideslip is again indicated by the yaw
stringwhenit alignsitself vertically onthewindshield. There
arevery minor changesfrom thisattitude depending upon the
engine failed (with non-counter-rotating propellers), power
available, airspeed and weight; but without more sensitive
testing equipment, these changes are difficult to detect.
The only significant difference would be the pitch attitude
required to maintain Vyge under different density altitude,
power available, and weight conditions.
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If ayaw string isattached to the airplane at thetime of aV ¢
demonstration, it is noted that V¢ occurs under conditions
of sidedlip. V¢ Was not determined under conditions of zero
sidedlip during aircraft certification and zero sidedlip is not
part of a V¢ demonstration for pilot certification.

To review, there are two different sets of bank angles used
in OElI flight.

1. To maintain directional control of a multiengine
airplane suffering an engine failure at low speeds
(such as climb), momentarily bank at least 5° and a
maximum of 10° towards the operative engine as the
pitch attitudefor Vy e isset. Thismaneuver should be
instinctiveto the proficient multiengine pilot and take
only 1to 2 secondsto attain. Itisheld just long enough
to assure directional control as the pitch attitude for
Vy e isassumed.

2. To obtain the best climb performance, the airplane
must beflown at Vy g and zero sidedlip with thefailed
engine feathered and maximum available power from
the operating engine. Zero sidedlip isapproximately 2°
of bank toward the operating engine and a one-third
to one-half ball deflection also toward the operating
engine. The precisebank angleand ball position varies
somewhat with makeand model and power available. If
abovetheairplane ssingle-engine ceiling, thisattitude
and configuration resultsin the minimum rate of sink.

In OEI flight at low altitudes and airspeeds such as the
initial climb after takeoff, pilots must operate the airplane
S0 as to guard against the three major accident factors: (1)
loss of directional control, (2) loss of performance, and (3)
loss of flying speed. All have equal potential to be lethal.
Loss of flying speed is not a factor, however, when the
airplane is operated with due regard for directional control
and performance.

Slow Flight

There is nothing unusual about maneuvering during slow
flightinamultiengineairplane. Slow flight may be conducted
in straight-and-level flight, turns, climbs, or descents. It
can also be conducted in the clean configuration, landing
configuration, or at any other combination of landing gear
and flaps. Slow flight in a multiengine airplane should be
conducted so the maneuver can be completed no lower
than 3,000 feet AGL or higher if recommended by the
manufacturer. In all cases, practicing slow flight should
be conducted at an adequate height above the ground for
recovery should the airplane inadvertently stall.

Pilots should closely monitor cylinder head and oil
temperatures during slow flight. Some high performance
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multiengine airplanes tend to heat up fairly quickly under
some conditions of slow flight, particularly in the landing
configuration. Simulated engine failures should not be
conducted during slow flight. Theairplanewill bewell below
V sge and very closeto V. Stability, stall warning, or stall
avoidance devices should not be disabled while maneuvering
during slow flight.

Stalls

Stall characteristics vary among multiengine airplanes just
as they do with single-engine airplanes, and therefore, a
pilot must be familiar with them. Yet, the most important
stall recovery step in a multiengine airplane is the same as
itisin al airplanes: reduce the angle of attack (AOA). For
reference, the stall recovery procedure described in Chapter
4isincluded in Figure 12-19.

Following areductioninthe AOA and the stall warning being
eliminated, thewings should berolled level and power added
as needed. Immediate full application of power in astalled
condition has an associated risk due to the possibility of
asymmetric thrust. In addition, single-engine stalls or stalls
with significantly more power on one engine than the other
should not be attempted due to the likelihood of a departure
from controlled flight and possible spin entry. Similarly,
simulated engine failures should not be performed during
stall entry and recovery.

It is recommended that stalls be practiced at an altitude
that allows recovery no lower than 3,000 feet AGL for
multiengine airplanes, or higher if recommended by the
AFM/POH. Losing altitude during recovery from a stall is
to be expected.

Power-Off Approach to Stall (Approach and
Landing)

A power-off approach to stall is trained and checked to
simulate problematic approach and landing scenarios. A
power-off approach to stall may be performed with wings
level, or from shallow and medium banked turns (20 degrees
of bank). To initiate a power-off approach to stall maneuver,
the area surrounding the airplane should first be cleared for
possible traffic. The airplane should then be slowed and
configured for an approach and landing. A stabilized descent
should be established (approximately 500 fpm) and trim
adjusted. A turn should be initiated at this point, if desired.
The pilot should then smoothly increase the AOA to induce
astall warning. Power is reduced further during this phase,
and trimming should cease at speeds slower than takeoff.

When theairplane reachesthe stall warning (e.g., aural alert,
buffet, etc.), the recovery is accomplished by first reducing



Stall Recovery Template

1. Wing leveler or autopilot
2. a) Nose-down pitch control
b) Nose-down pitch trim

3. Bank
4. Thrust/Power

5. Speed brakes/spoilers

6. Return to the desired flight path

1. Disconnect

2. a) Apply until impending stall indications are eliminated
b) As needed

3. Wings Level

4. As needed

5. Retract

Figure 12-19. Stall recovery procedure.

the AOA until the stall warning iseliminated. The pilot then
rolls the wings level with coordinated use of the rudder and
smoothly applies power asrequired. The airplane should be
accelerated to V (if simulated obstacles are present) or Vv
during recovery and climb. Considerable forward elevator/
stabilator pressure will be required after the stall recovery
as the airplane accelerates to Vy or Vy. Appropriate trim
input should be anticipated. The flap setting should be
reduced from full to approach, or as recommended by the
manufacturer. Then, with apositiverate of climb, thelanding
gear isselected up. Theremaining flaps are then retracted as
apositive rate-of-climb continues.

Power-On Approach to Stall (Takeoff and Departure)
A power-on approach to stall is trained and checked to
simulate problemati ¢ takeoff scenarios. A power-on approach
to stall may be performed from straight-and-level flight
or from shallow and medium banked turns (20 degrees of
bank). To initiate a power-on approach to stall maneuver,
the area surrounding the airplane should always be cleared
to look for potential traffic. The airplane is slowed to the
manufacturer’s recommended lift-off speed. The airplane
should be configured in thetakeoff configuration. Trim should
be adjusted for this speed. Engine power is then increased
to that recommended in the AFM/POH for the practice of
power-on approach to stall. In the absence of arecommended
setting, use approximately 65 percent of maximum available
power. Begin a turn, if desired, while increasing AOA to
induce a stall warning (e.g., aural aert, buffet, etc.). Other
specified (reduced) power settings may be used to simulate
performance at higher gross weights and density altitudes.

When the airplane reaches the stall warning, the recovery
is made first by reducing the AOA until the stall warning is
eliminated. Thepilot thenrollsthewingslevel with coordinated
use of the rudder and applying power as needed. However,
if smulating limited power available for high gross weight
and density atitude situations, the power during the recovery
should be limited to that specified. The landing gear should

beretracted when apositiverate of climbisattained, and flaps
retracted, if flaps were set for takeoff. The target airspeed on
recovery isVy if (Smulated) obstructions are present, or V.
The pilot should anticipate the need for nose-down trim asthe
airplane acceleratesto Vy or Vy after recovery.

Full Stall

It is not recommended that full stalls be practiced unless a
qualified flight instructor is present. A power-off or power-on
full stall should only be practiced in astructured lesson with
clear learning objectives and cautions discussed. The goals
of the training are (a) to provide the pilots the experience
of the handling characteristics and dynamic cues (e.g.,
buffet, roll off) near and at full stall and (b) to reinforce the
proper application of the stall recovery procedures. Given
the associated risk of asymmetric thrust at high angles of
attack and low rudder effectiveness due to low airspeeds,
this reinforces the primary step of first lowering the AOA,
which allows all control surfacesto become more effective
and allowsfor roll to be better controlled. Thrust should only
be used as needed in the recovery.

Accelerated Approach to Stall

Accelerated approach to stall should be performed with abank
of approximately 45°, and in no case at a speed greater than
the airplane manufacturer’s recommended airspeed or the
specified design maneuvering speed (V). Theentry atitude
for this maneuver should be no lower than 5,000 feet AGL.

The entry method for the maneuver is no different than
for a single-engine airplane. Once at an appropriate speed,
begin increasing the back pressure on the elevator while
maintaining a coordinated 45° turn. A good speed reduction
rate is approximately 3-5 knots per second. Once a stall
warning occurs, recover promptly by reducing the AOA
until the stall warning stops. Then roll the wings level with
coordinated rudder and add power as necessary to return to
the desired flightpath.
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Spin Awareness

No multiengine airplaneisapproved for spins, and their spin
recovery characteristicsaregenerally very poor. Itistherefore
necessary to practice spin avoidance and maintain a high
awareness of situationsthat can result in an inadvertent spin.

In order to spin any airplane, it must first be stalled. At the
stall, ayawing moment must beintroduced. Inamultiengine
airplane, the yawing moment may be generated by rudder
input or asymmetrical thrust. It follows, then, that spin
awarenessbeat itsgreatest during Vy,c demonstrations, stall
practice, slow flight, or any condition of high asymmetrical
thrust, particularly at low speed/high AOA. Single-engine
stalls are not part of any multiengine training curriculum.

No engine failure should ever be introduced below safe,
intentional one-engine inoperative speed (Vgse). If N0 Vg
is published, use Vyge. Other than training situations, the
multiengine airplane is only operated below Vg for mere
secondsjust after lift-off or during the last few dozen feet of
altitude in preparation for landing.

For spin avoidance when practicing enginefailures, theflight
instructor should pay strict attention to the maintenance
of proper airspeed and bank angle as the student executes
the appropriate procedure. The instructor should also be
particularly alert during stall and slow flight practice. Forward
center-of-gravity positions result in favorable stall and spin
avoidance characteristics, but do not eliminate the hazard.

When performing aV ¢ demonstration, theinstructor should
also be dlert for any sign of an impending stall. The student
may be highly focused on the directional control aspect of
themaneuver to the extent that impending stall indicationsgo
unnoticed. If aV ¢ demonstration cannot be accomplished
under existing conditions of density altitude, it may, for
training purposes, be done utilizing the rudder blocking
technique described in the following section.
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As very few twins have ever been spin-tested (none are
required to), the recommended spin recovery techniques
are based only on the best information available. The
departure from controlled flight may be quite abrupt and
possibly disorienting. The direction of an upright spin can
be confirmed from the turn needle or the symbolic airplane
of the turn coordinator, if necessary. Do not rely on the ball
position or other instruments.

If a spin is entered, most manufacturers recommend
immediately retarding both throttles to idle, applying full
rudder opposite the direction of rotation, and applying full
forward elevator/stabilator pressure (with ailerons neutral).
These actions should be taken as near simultaneously as
possible. The controls should then be held in that position
until the spin has stopped. At that point adjust rudder pressure,
back elevator pressure, and power as necessary to return to
the desired flight path. Pilots should be aware that a spin
recovery will take considerable altitudethereforeitiscritical
that corrective action be taken immediately.



Introduction

Due to their design and structure, tailwheel airplanes
(tailwheels) exhibit operational and handling characteristics
different from those of tricycle-gear airplanes (nosewheels).
[Figure13-1] Ingeneral, tailwheelsarelessforgiving of pilot
error while in contact with the ground than are nosewheels.
Thischapter focuses on the operational differencesthat occur
during ground operations, takeoffs, and landings.

Although still termed “conventional-gear airplanes,”
tailwheel designs are most likely to be encountered today
by pilots who have first learned in nosewheels. Therefore,
tailwheel operations are approached asthey appear to apilot
making atransition from nosewheel designs.
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Figure 13-1. The Piper Super Cub on the left is a popular tailwheel airplane. The airplane on the right is a Mooney M20, which is a

nosewheel (tricycle gear) airplane.

Landing Gear

The main landing gear forms the principal support of the
airplane on the ground. The tailwheel also supports the
airplane, but steering and directional control are its primary
functions. With thetailwheel-typeairplane, thetwo main struts
are attached to the airplane dightly ahead of the airplane’s
center of gravity (CG), so that the plane naturally restsin a
nose-high attitude on the triangle created by the main gear and
the tailwhedl. This arrangement is responsible for the three
major handling differences between nosewheel and tailwheel
airplanes. They center on directiona instability, angle of attack
(AOA), and crosswind weathervaning tendencies.

Proper usage of the rudder pedalsis crucial for directional
control while taxiing. Steering with the pedals may be
accomplished through the forces of airflow or propeller
slipstream acting on the rudder surface or through a
mechanical linkage acting through springs to communicate
steering inputsto thetailwheel. Initialy, the pilot should taxi
with the heels of the feet resting on the floor and the balls of
the feet on the bottom of the rudder pedals. The feet should
be slid up onto the brake pedals only when it is necessary to
depressthe brakes. This permitsthe simultaneous application
of rudder and brake whenever needed. Some models of
tailwheel airplanesare equipped with heel brakesrather than
toebrakes. Asin nosewheel airplanes, brakesare used to slow
and stop the aircraft and to increase turning authority when
tailwheel steering inputs proveinsufficient. Whenever used,
brakes should be applied smoothly and evenly.

Instability

Because of the relative placement of the main gear and the
CG, taillwheel aircraft areinherently unstable on the ground.
Astaxi turnsare started, the aircraft beginsto pivot on oneor
the other of the main wheels. From that point, with the CG aft
of that pivot point, the forward momentum of the plane acts
to continue and even tighten the turn without further steering
inputs. In consequence, removal of rudder pressure does not
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stop aturn that has been started, and it is necessary to apply
an oppositeinput (opposite rudder) to bring the aircraft back
to straight-line travel.

If theinitial rudder input is maintained after aturn has been
started, the turn continues to tighten, an unexpected result
for pilots accustomed to a nosewheel. In consequence, it is
common for pilots making the transition between the two
typesto experience difficulty in early taxi attempts. Aslong
as taxi speeds are kept low, however, no serious problems
result, and pilotstypically adjust quickly to the technique of
using rudder pressure to start a turn, then neutralizing the
pedals as the turn continues, and finally using an opposite
pedal input to stop the turn and regain straight line travel.

Because of thisinbuilt instability, the most important lesson
that can be taught in tailwheel airplanesisto taxi and make
turns at slow speeds.

Angle of Attack

A second strong contrast to nosewheel airplanes, tailwheel
aircraft make lift while on the ground any time there is a
relative headwind. The amount of lift obviously dependson
the wind speed, but even at slow taxi speeds, the wings and
aileronsaredoing their best to aid inliftoff. This phenomenon
reguires care and management, especially during the takeoff
and landing rolls, and isagain unexpected by nosewhesd! pilots
making the transition.

Taxiing

On most tailwheel-type airplanes, directional control while
taxiing is facilitated by the use of a steerable tailwheel,
which operates along with the rudder. The tailwheel steering
mechanism remains engaged when the tailwheel is operated
through an arc of about 30° each side of center. Beyond that
limit, thetailwheel bresksfree and becomesfull swiveling. In
full swivel mode, the airplane can be pivoted within its own



length, if desired. Whiletaxiing, the steerabletailwheedl should
be used for making normal turns and the pilot’s feet kept off
the brake pedal's to avoid unnecessary wear on the brakes.

When beginning to taxi, the brakes should be tested
immediately for proper operation. This is done by first
applying power to start the airplane moving slowly forward,
then retarding the throttle and simultaneously applying
pressure smoothly to both brakes. If braking action is
unsatisfactory, the engine should be shut down immediately.

To turn the airplane on the ground, the pilot should apply
rudder inthe desired direction of turn and usewhatever power
or brake necessary to control thetaxi speed. At very low taxi
speeds, directional response is sluggish as surface friction
acting on the tailwheel inhibits inputs trough the steering
springs. At normal taxi speeds, rudder inputs alone should
be sufficient to start and stop most turns. During taxi, the
AOA built in to the structure gives control placement added
importance when compared to nosewheel models.

When taxiing in aquartering headwind, the upwind wing can
easily be lifted by gusting or strong winds unless ailerons
are positioned to “kill” lift on that side (stick held into the
wind). At the same time, elevator should be held full back
to add downward pressure to the tailwheel assembly and
improvetailwheel steering response. Thisisstandard control
positioning for both nosewhedl and tailwhedl airplanes, so
the difference lies only in the added tailwheel vulnerability
created by the fusel age pitch attitude.

When taxiing with a quartering tailwind, this fuselage
angle reduces the tendency of the wind to lift either wing.
Nevertheless, the basic vulnerability to surface winds
common to all tailwheel airplanes makes it essential to be
aware of wind direction at al times, so holding the stick away
from the cross wind is good practice (left aileron in aright
quartering tailwind).

Elevator positioning in tailwinds is a bit more complex.
Standard teaching tends to recommend full forward stick in
any degree of tailwind, arguing that a tailwind striking the
elevator when it is deflected full down increases downward
pressure on the tailwheel assembly and increases directional
control. Equally important, if the elevator were to remain
deflected up, a strong tailwind can get under the control
surface and lift the tail with unfortunate consequences for
the propeller and engine.

While stick-forward positioning is essential in strong
tailwinds, itisnot likely to be an appropriate response when
winds are light. The propeller wash in even lightly-powered
airplanes is usually strong enough to overcome the effects

of light tailwinds, producing a net headwind over the tail.
This in turn suggests that back stick, not forward, does the
most to help with directional control. If in doubt, it isbest to
sample the wind as you taxi and position the elevator where
it will do the most good.

Weathervaning

Tailwheel airplanes have an exaggerated tendency to
weathervane, or turn into the wind, when operated on the
ground in crosswinds. Thistendency is greatest when taxing
with a direct crosswind, a factor that makes maintaining
directional control moredifficult, sometimes requiring use of
the brakes when tailwheel steering alone proves inadequate
to counteract the weathervane effect.

Visibility

In the normal nose-high attitude, the engine cowling may be
high enough to restrict the pilot’s vision of the area directly
ahead of the airplane while on the ground. Consequently,
objectsdirectly ahead are difficult, if not impossible, to see.
Inaircraft that are completely blind ahead, all taxi movements
should be started with a small turn to ensure no other plane
or ground vehicle has positioned itself directly under the
nose while the pilot’s attention was distracted with getting
ready to takeoff. In taxiing such an airplane, the pilot should
alternately turn the nose from one side to the other (zigzag)

or makeaseriesof short S-turns. Thisshould bedoneslowly,
smoothly, positively, and cautiougly.

Directional Control

After absorbing all the information presented to this point,
the transitioning pilot may conclude that the best approach
to maintaining directional control is to limit rudder inputs
from fear of overcontrolling. Although intuitive, this is
an incorrect assumption: the disadvantages built in to the
tailwheel design sometimes require vigorous rudder inputs
tomaintain or retain directional control. Thebest approachis
to understand thefact that tailwheel aircraft are not damaged
from the use of too much rudder, but rather from rudder
inputs held for too long.

Normal Takeoff Roll

Wing flaps should belowered prior to takeoff if recommended
by the manufacturer. After taxiing onto the runway, the
airplane should be aligned with theintended takeoff direction,
and thetailwheel positioned straight or centered. In airplanes
equipped with a locking device, the tailwheel should be
locked in the centered position. After releasing the brakes,
the throttle should be smoothly and continuously advanced
to takeoff power. At all times on the takeoff roll, care must
be taken to avoid applying brake pressure.
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After abrief period of acceleration, positiveforward elevator
should be applied to smoothly lift the tail. The goal is to
achieve a pitch attitude that improves forward visibility
and produces a smooth transition to climbing flight as the
aircraft continues to accelerate. If the attitude chosen is
excessively steep, weight transfers rapidly to the wings,
making crosswind control more difficult. If the attitude is
too flat, crosswind control is also diminished, a counter-
intuitive result that is discussed in the Crosswind section of
this chapter.

It is important to note that nose-down pitch movement
produces left yaw, the result of gyroscopic precession
created by the propeller. The amount of force created by this
precession is directly related to the rate the propeller axisis
tilted when the tail israised, so it is best to avoid an abrupt
pitch change. Whether smooth or abrupt, the need to react
to this yaw with rudder inputs emphasizes the increased
directional demands common to tailwheel airplanes, a
demand likely to be unanticipated by pilots transitioning
from nosewheel models.

As speed is gained on the runway, the added authority of
the elevator naturally continues to pitch the nose forward.
During this stage, the pil ot should concentrate on maintaining
a constant-pitch attitude by gradually reducing elevator
deflection. At the same time, directional control must be
maintai ned with smooth, prompt, positive rudder corrections.
All this activity emphasizes the point that tailwheel planes
start to “fly” long before leaving the runway surface.

Liftoff

When the appropriate pitch attitude is maintained throughout
the takeoff roll, liftoff occurs when the AOA and airspeed
combineto produce the necessary lift without any additional
“rotation” input. The ideal takeoff attitude requires only
minimum pitch adjustments shortly after the airplane lifts
off to attain the desired climb speed.

All modern tailwheel aircraft can be lifted off in the three-
point attitude. That is, the AOA with all three wheels on the
ground does not exceed the critical AOA, and thewingswill
not be stalled. Whileinstructive, thistechnique resultsin an
unusually high pitch attitude and an AOA excessively close
to stall, both inadvisable circumstances when flying only
inches from the ground.

As the airplane leaves the ground, the pilot must continue
to maintain straight flight and hold the proper pitch attitude.
During takeoffs in strong, gusty winds, it is advisable to
add an extramargin of speed before the airplaneis alowed
to leave the ground. A takeoff at the normal takeoff speed
may result in alack of positive control, or a stall, when the
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airplane encounters a sudden Iull in strong, gusty wind or
other turbulent air currents. In this case, the pilot should
hold the airplane on the ground longer to attain more speed,
then make a smooth, positive rotation to leave the ground.

Crosswind Takeoff

It is important to establish and maintain proper crosswind
corrections prior to lift-off; that is, application of aileron
deflection into the wind to keep the upwind wing fromrising
and rudder deflection as needed to prevent weathervaning.

Takeoffs made into strong crosswinds are the reason for
maintaining a positive AOA (tail-low attitude) while
accelerating on the runway. Because the wings are making
lift during the takeoff roll, astrong upwind aileron deflection
can bank the airplane into the wind and provide positive
crosswind correction beforetheaircraft liftsfrom therunway.
Theremainder of thetakeoff roll isthen made on the upwind
mainwheel. Astheaircraft leavesthe runway, the wings can
beleveled asappropriate drift correction (crab) isestablished.

Short-Field Takeoff

With the exception of flap settingsand initial climb speed as
recommended by the manufacturer, thereislittle difference
between the techni ques described above for normal takeoffs.
After liftoff, the pitch attitude should be adjusted as required
for obstacle clearance.

Soft-Field Takeoff

Wing flaps may be lowered prior to starting the takeoff (if
recommended by the manufacturer) to provide additional lift
andtransfer theairplane’ sweight from thewheelstothewings
as early as possible. The airplane should be taxied onto the
takeoff surface without stopping on a soft surface. Stopping
onasoft surface, such asmud or snow, might bog the airplane
down. The airplane should be kept in continuous motion with
sufficient power while lining up for the takeoff roll.

As the airplane is aligned with the proposed takeoff path,
takeoff power is applied smoothly and as rapidly as the
powerplant will accept without faltering. The tail should be
kept very low to maintain the inherent positive AOA and to
avoid any tendency of the airplane to nose over as a result
of soft spots, tall grass, or deep snow.

When the airplaneis held at a nose-high attitude throughout
thetakeoff run, thewings progressively relievethe wheel s of
more and more of the airplane’ sweight, thereby minimizing
the drag caused by surface irregularities or adhesion. Once
airborne, theairplane should be allowed to accel erateto climb
speed in ground effect.



Landing

The difference between nosewheel and tailwheel airplanes
becomes apparent when discussing the touchdown and the
period of deceleration to taxi speed. In the nosewheel design,
touchdown isfollowed quite naturally by areductionin pitch
attitude to bring the nosewheel tire into contact with the
runway. This pitch change reduces AOA, removes almost
all wing lift, and rapidly transfersaircraft weight to thetires.

In tailwheel designs, this reduction of AOA and weight
transfer are not practical and, as noted in the section on
Takeoffs, it is rare to encounter tailwheel planes designed
so that the wings are beyond critical AOA in the three-point
attitude. In conseguence, the airplane continues to “fly” in
the three-point attitude after touchdown, requiring careful
attention to heading, roll, and pitch for an extended period.

Touchdown

Tailwheel airplanes are less forgiving of crosswind landing
errorsthan nosewheel models. It isimportant that touchdown
occurs with the airplane’s longitudinal axis parallel to
the direction the airplane is moving along the runway.
[Figure 13-2] Failureto accomplish thisimposes Side loads
on the landing gear which leads to directional instability.
To avoid side stresses and directional problems, the pilot
should not allow the airplane to touch down while in acrab
or while drifting.

There are two significantly different techniques used to
manage tailwheel aircraft touchdowns: three-point and wheel
landings. In the first, the airplane is held off the surface of
the runway until the attitude needed to remain al oft matches
the geometry of the landing gear. When touchdown occurs
at this point, the main gear and the tailwheel make contact
at the same time. In the second technique (wheel landings),

Start roundout
to landing altitude

Figure 13-2. Tailwheel touchdown.

the airplane is allowed to touch down earlier in the process
in alower pitch attitude, so that the main gear touch while
the tail remains off the runway.

Three-Point Landing

Aswith all landings, success beginswith an orderly arrival:
airspeed, alignment, and configuration well in hand crossing
thethreshold. Round out (level-off) should be made with the
main wheels about one foot off the surface. From that point
forward, the technique is essentially the same that is used
in nosewheels: agentle increase in AOA to maintain flight
while slowing. In a tailwheel aircraft, however, the god is
to attain a much steeper fuselage angle than that commonly
used in nosewheel models; one that touches the tailwheels
at the same time as the mainwheels.

With the tailwheel on the surface, afurther increasein pitch
attitude is impossible, so the plane remains on the runway,
abeit tenuoudly. With decel eration, weight shiftsincreasingly
from wings to wheels, with the final result that the plane
once again becomes a ground vehicle after shedding most
of its speed.

There are two potential errors in attempting a three-point
landing. In the first, the mainwheels are allowed to make
runway contact a little early with the tail still in the air.
With the CG aft of the mainwheels, the tail naturally drops
when the mainwhedl s touch, AOA increases, and the plane
becomes airborne again. This “skip” is easily managed by
re-flaring and again trying to hold the plane off until reaching
the three-point attitude.

In the second error, the plane is held of f the ground a bit too
long so that the in-flight pitch attitude is steeper than the
three-point attitude. When touchdown ismadein thisattitude,

Main gear and tailwheel
touch down simultaneously

Hold elevator
full up

13-5



the tail makes contact first. Provided this happens from no
more than a foot off the surface, the result is undramatic:
the tail touches, the plane pitches forward dightly onto the
mainwheels, and rollout proceeds normally.

In every case, once the tailwheel makes contact, the elevator
control should be eased fully back to press the tailwheel on
the runway. Without this elevator input, the AOA of the
horizontal stabilizer devel ops enough lift to lighten pressure
on thetailwheel and render it uselessasadirectional control
with possibly unwelcome consequences. This after-landing
elevator input is quite foreign to nosewheel pilots and must
be stressed during transition training.

NOTE: Before the tailwheedl is on the ground, application of
full back elevator during theflarelowersthetail, increasesthe
AOA, and quite naturally puts the plane in climbing flight.

Wheel Landing

In somewind conditions, the need to retain control authority
may make it desirable to make contact with the runway at
a higher airspeed than that associated with the three-point
attitude. Thisnecessitateslanding in aflatter pitch attitude on
the mainwheels only, with the tailwheel still off the surface.
[Figure 13-3] Asnoted, if thetail is off the ground, it tends
to drop and put the plane airborne, so asoft touchdown and a
dlight relaxation of back elevator just after the wheelstouch
are key ingredients to a successful wheel landing.

If thetouchdown ismadeat too high arate of descent, thetail is
forced down by itsown weight, resulting in asudden increase
in lift. If the pilot now pushes forward in an attempt to again
make contact with the surface, a potentially dangerous pilot-
induced oscillation may develop. It isfar better to respond to
a bounced wheel landing attempt by initiating a go-around
or converting to athree-point landing if conditions permit.

Start roundout
to landing altitude

the runway.

Figure 13-3. Wheel landing.
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Hold the airplane in
level flight attitude
until the main wheels
touch. The tailwheel

should be held clear of

Once the mainwheels are on the surface, the tail should be
permitted to drop onits own accord until it too makes ground
contact. At this point, the elevator should be brought to the
full aft position and decel eration shoul d be allowed to proceed
asin athree-point landing.

NOTE: The only difference between three-point and wheel
landings is the timing of the touchdown (early and later).
There is no difference between the approach angles and
airspeeds in the two techniques.

Crosswinds

As noted, it is highly desirable to eliminate crab and drift
at touchdown. By far the best approach to crosswind
management isaside-slip or wing-low touchdown. Landing
in this attitude, only one mainwheel makes initial contact,
either in concert with the tailwheel in three-point landings
or by itself in wheel landings.

After-Landing Roll

The landing process must never be considered complete
until the airplane decel eratesto the normal taxi speed during
the landing roll or has been brought to a complete stop
when clear of the landing area. The pilot must be alert for
directional control difficulties immediately upon and after
touchdown, and the elevator control should be held back as
far as possible and as firmly as possible until the airplane
stops. This provides more positive control with tailwheel
steering, tendsto shorten the after-landing roll, and prevents
bouncing and skipping.

Any difference between the direction the airplaneistraveling
andthedirectionitisheaded (drift or crab) producesamoment
about the pivot point of the wheels, and the airplane tends to
swerve. Lossof directional control may lead to an aggravated,
uncontrolled, tight turn on the ground, or aground loop. The

Immediately but
smoothly retard the throttle,
and hold sufficient forward

elevator pressure to hold the main

wheels on the ground.

As the airplane’s speed
continues to decrease,
the tail may be allowed to
slowly touch the ground.




combination of inertiaacting on the CG and ground friction of
themain wheelsduring the ground |oop may causetheairplane
to tip enough for the outside wingtip to contact the ground and
may even impose a sideward force that could collapse one
landing gear leg. [Figure 13-4] In general, this combination
of eventsiseliminated by landing straight and avoiding turns
at higher than normal running speed.

To use the brakes, the pilot should slide the toes or feet up
from the rudder pedals to the brake pedals (or apply heel
pressure in airplanes equipped with heel brakes). If rudder
pressure is being held at the time braking action is needed,
that pressure should not be released as the feet or toes are
being slid up to the brake pedals because control may be
lost before brakes can be applied. During the ground roll,
the airplan€’s direction of movement may be changed by
carefully applying pressure on one brake or uneven pressures
on each brake in the desired direction. Caution must be
exercised when applying brakes to avoid overcontrolling.

If awing starts to rise, aileron control should be applied
toward that wing to lower it. The amount required dependson
speed because astheforward speed of the airplane decreases,
the ailerons become less effective.

If available runway permits, the speed of the airplane should
be allowed to dissipate in a normal manner by the friction
and drag of the wheels on the ground. Brakes may be used if
needed to help slow the airplane. After the airplane has been
slowed sufficiently and has been turned onto a taxiway or
clear of thelanding area, it should be brought to a complete
stop. Only after thisis done should the pilot retract the flaps
and perform other checklist items.

Figure 13-4. Effect of CG on directional control.

Crosswind After-Landing Roll

Particularly during the after-landing roll, special attention
must be given to maintaining directional control by the use
of rudder and tailwheel steering while keeping the upwind
wing from rising by the use of aileron. Characteristically, an
airplane has a greater profile or side area behind the main
landing gear than forward of it. With the main wheels acting
as a pivot point and the greater surface area exposed to the
crosswind behind that pivot point, theairplanetendsto turn or
weathervaneinto thewind. [ Figure 13-5] Thisweathervaning
tendency ismore prevalent in the tailwheel -type because the
airplane’ ssurface areabehind themain landing gear isgreater
than in nosewheel -type airplanes.

Pilots should be familiar with the crosswind component of
each airplanethey fly and avoid operationsin wind conditions
that exceed the capability of the airplane, as well as their
own limitations. While the airplane is decelerating during
the after-landing roll, more aileron must be applied to keep
the upwind wing from rising. Since the airplane is slowing
down, there is less airflow around the ailerons and they
become less effective. At the sametime, therelativewindis
becoming more of acrosswind and exerting agreater lifting
force on the upwind wing. Consequently, when the airplane
is coming to a stop, the aileron control must be held fully
toward the wind.

Short-Field Landing

Upon touchdown, the airplane should be firmly held in a
three-point attitude. This provides aerodynamic braking
by the wings. Immediately upon touchdown and closing
the throttle, the brakes should be applied evenly and firmly
to minimize the after-landing roll. The airplane should be
stopped within the shortest possible distance consistent
with safety.

Profile behind
pivot point

Figure 13-5. Weathervaning tendency.
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Soft-Field Landing

The tailwheel should touchdown simultaneously with or
just before the main wheels and should then be held down
by maintaining firm back-elevator pressure throughout the
landing roll. This minimizes any tendency for the airplane
to nose over and provides aerodynamic braking. The use of
brakes on asoft field is not needed because the soft or rough
surface itself provides sufficient reduction in the airplane’s
forward speed. Often, it is found that upon landing on a
very soft field, the pilot needs to increase power to keep the
airplane moving and from becoming stuck in the soft surface.

Ground Loop

A ground loop is an uncontrolled turn during ground
operations that may occur during taxi, takeoff, or during
the after-landing roll. Ground loops start with a swerve that
is allowed to continue for too long. The swerve may be
the result of side-load on landing, a taxi turn started with
too much groundspeed, overcorrection, or even an uneven
ground surface or a soft spot that retards one main wheel of
the airplane.

Duetotheinbuilt instability of thetailwheel design, theforces
that lead to a ground loop accumulate as the angle between
the fuselage and inertia, acting from the CG, increase. If
allowed to develop, these forces may become great enough
to tip the airplane to the outside of the turn until one wing
strikes the ground.
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To counteract the possibility of an uncontrolled turn, the pilot
should counter any swervewith firm rudder input. In stronger
swerves, differential braking isessential astailwheel steering
proves inadequate. It isimportant to note, however, that as
corrections begin to become apparent, rudder and braking
inputs need to be removed promptly to avoid starting yet
another departure in the opposite direction.

Chapter Summary

This chapter focuses on the operational differences between
tailwheel and nosewheel airplanesthat occur during ground
operations, takeoffs, and landings. The chapter covers
specific topics, such as landing gear, taxiing, visibility,
liftoff, and landing. Comparisons are given as to how each
react during the takeoff and landing, as well as situations
that should be avoided. Pilots who use proper rudder control
techniques should be ableto transition to tailwheel airplanes
without too much difficulty.



Introduction

The turbopropeller-powered airplane flies and handles just
like any other airplane of comparable size and weight. The
aerodynamics are the same. The major differences between
flying aturboprop and other non-turbine-powered airplanes
arefound inthe handling of the airplane’ s powerplant and its
associated systems. The powerplant isdifferent and requires
operating procedures that are unique to gas turbine engines.
But so, too, are other systems, such aselectrical, hydraulics,
environmental, flight control, rain and ice protection, and
avionics. The turbopropeller-powered airplane also has the
advantage of being equipped with a constant speed, full
feathering and reversing propeller—something normally not
found on piston-powered airplanes.
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Gas Turbine Engine

Both piston (reciprocating) engines and gas turbine engines
are internal combustion engines. They have a similar
cycle of operation that consists of induction, compression,
combustion, expansion, and exhaust. In a piston engine,
each of these eventsisaseparate distinct occurrencein each
cylinder. Alsoinapiston engine, anignition event must occur
during each cycle in each cylinder. Unlike reciprocating
engines, in gas turbine engines these phases of power occur
simultaneously and continuously instead of successively
one cycle at atime. Additionally, ignition occurs during the
starting cycle and is continuous thereafter. The basic gas
turbine engine contains four sections. intake, compression,
combustion, and exhaust. [ Figure 14-1]

To start the engine, the compressor section is rotated
by an electrical starter on small engines or an air-driven
starter on large engines. As compressor rates per minute
(rpm) accelerates, air is brought in through the inlet
duct, compressed to a high pressure, and delivered to the
combustion section (combustion chambers). Fuel is then
injected by afuel controller through spray nozzlesand ignited
by igniter plugs. (Not all of the compressed air is used to
support combustion. Some of the compressed air bypasses
the burner section and circulateswithin the engineto provide
internal cooling, enhanced thrust, and noise abatement. In
turbojet engines, by-pass airflow may be augmented by
the action of afan located at the engine sintake.) The fuel/
air mixture in the combustion chamber is then burned in a
continuous combustion process and produces a very high
temperature, typically around 4,000° Fahrenheit (F), which
heatsthe entire air massto 1,600 — 2,400 °F. The mixture of
hot air and gases expands and is directed to the turbine blades
forcing the turbine section to rotate, which in turn drivesthe
compressor by means of adirect shaft, a concentric shaft, or
a combination of both. After powering the turbine section,
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the high velocity excess exhaust exitsthetail pipe or exhaust
section. (The exhaust section of a turbojet engine may also
incorporate a system of moving doors to redirect airflow
for the purpose of slowing an airplane down after landing
or back-powering it away from a gate. They are referred to
asthrust reversers). Once the turbine section is powered by
gases from the burner section, the starter is disengaged, and
the igniters are turned off. Combustion continues until the
engineis shut down by turning off the fuel supply.

NOTE: Because compression produces heat, some pneumatic
aircraft systemstap into the source of hot (480 °F) compressed
air from the engine compressor (bleed air) and use it for
engine anti-ice, airfoil anti-ice, aircraft pressurization, and
other ancillary systems after further conditioning itsinternal
pressure and temperature.

High-pressure exhaust gases can be used to providejet thrust
asin aturbojet engine. Or, the gases can be directed through
an additional turbine to drive a propeller through reduction
gearing, asin aturbopropeller (turboprop) engine.

Turboprop Engines

The turbojet engine excels the reciprocating engine in
top speed and altitude performance. On the other hand,
the turbojet engine has limited takeoff and initial climb
performance as compared to that of areciprocating engine.
In the matter of takeoff and initial climb performance, the
reciprocating engine is superior to the turbojet engine.
Turbojet engines are most efficient at high speeds and
high altitudes, while propellers are most efficient at slow
and medium speeds (less than 400 miles per hour (mph)).
Propellers also improve takeoff and climb performance.
The development of the turboprop engine was an attempt to
combine in one engine the best characteristics of both the
turbojet and propeller-driven reciprocating engine.
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Figure 14-1. Basic components of a gas turbine engine.
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The turboprop engine offers several advantages over other
types of engines, such as.

e Lightweight

e Mechanical reliability due to relatively few moving
parts

e Simplicity of operation

e Minimum vibration

e High power per unit of weight

e Useof propeller for takeoff and landing

Turboprop engines are most efficient at speeds between 250
and 400 mph and altitudes between 18,000 and 30,000 feet.
They aso performwell at the s ow speedsrequired for takeoff
and landing and arefuel efficient. The minimum specific fuel
consumption of theturboprop engineisnormally availablein
the altitude range of 25,000 feet up to the tropopauise.

The power output of a piston engine is measured in
horsepower andisdetermined primarily by rpm and manifold
pressure. The power of a turboprop engine, however, is
measured in shaft horsepower (shp). Shaft horsepower is
determined by the rpm and the torque (twisting moment)
applied to the propeller shaft. Since turboprop engines
are gas turbine engines, some jet thrust is produced by
exhaust leaving the engine. This thrust is added to the shaft
horsepower to determine thetotal engine power or equivalent
shaft horsepower (eshp). Jet thrust usually accounts for less
than 10 percent of the total engine power.

Although the turboprop engine is more complicated and
heavier than aturbojet engine of equivalent size and power,
it delivers more thrust at low subsonic airspeeds. However,
the advantages decrease as flight speed increases. In normal
cruising speed ranges, the propulsive efficiency (output
divided by input) of aturboprop decreases as speed increases.

The propeller of atypical turboprop engine is responsible
for roughly 90 percent of the total thrust under sea level
conditionson astandard day. The excellent performance of a
turboprop during takeoff and climb istheresult of the ability
of the propeller to accelerate a large mass of air while the
airplaneismoving at arelatively low ground and flight speed.
“Turboprop,” however, should not be confused with “turbo
supercharged” or similar terminology. All turbine engines
have a similarity to normally aspirated (non-supercharged)
reciprocating engines in that maximum available power
decreases almost as a direct function of increased atitude.

Although power decreases as the airplane climbs to
higher altitudes, engine efficiency in terms of specific
fuel consumption (expressed as pounds of fuel consumed

per horsepower per hour) is increased. Decreased specific
fuel consumption plus the increased true airspeed at higher
dtitudes is a definite advantage of aturboprop engine.

All turbine engines, turboprop or turbojet, are defined by
limiting temperatures, rotational speeds, and (in the case
of turboprops) torque. Depending on the installation, the
primary parameter for power setting might be temperature,
torque, fuel flow, or rpm (either propeller rpm, gas generator
(compressor) rpm, or both). In cold weather conditions,
torque limits can be exceeded while temperature limits are
still within acceptablerange. Whilein hot weather conditions,
temperature limits may be exceeded without exceeding
torque limits. In any weather, the maximum power setting
of a turbine engine is usually obtained with the throttles
positioned somewhat aft of the full forward position. The
transitioning pilot must understand the importance of
knowing and observing limits on turbine engines. An over
temperature or over torque condition that lastsfor morethan a
few secondscan literally destroy internal engine components.

Turboprop Engine Types

Fixed Shaft

Onetype of turboprop engineisthefixed shaft constant speed
type, such asthe Garrett TPE331. [Figure 14-2] Inthistype
engine, ambient air is directed to the compressor section
through the engine inlet. An acceleration/diffusion process
inthetwo stage compressor increasesair pressure and directs
it rearward to a combustor. The combustor is made up of a
combustion chamber, atransition liner, and aturbine plenum.
Atomized fuel isadded to the air in the combustion chamber.
Air also surrounds the combustion chamber to provide for
cooling and insulation of the combustor.

The gas mixture is initialy ignited by high-energy igniter
plugs, and the expanding combustion gases flow to the
turbine. The energy of the hot, high-velocity gases is
converted to torque on the main shaft by the turbine rotors.
Thereduction gear convertsthe high rpm—Ilow torque of the
main shaft to low rpm—nhigh torque to drive the accessories
and the propeller. The spent gases leaving the turbine are
directed to the atmosphere by the exhaust pipe.

Only about 10 percent of the air that passes through the
engine is actually used in the combustion process. Up to
approximately 20 percent of the compressed air may be bled
off for the purpose of heating, cooling, cabin pressurization,
and pneumatic systems. Over half the engine power is
devoted to driving the compressor, and it is the compressor
that can potentially produce very high drag in the case of a
failed, windmilling engine.
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Figure 14-2. Fixed shaft turboprop engine.

In the fixed shaft constant-speed engine, the engine rpm
may be varied within a narrow range of 96 percent to 100
percent. During ground operation, the rpm may be reduced
to 70 percent. In flight, the engine operates at a constant
speed that is maintained by the governing section of the
propeller. Power changes are made by increasing fuel flow
and propeller blade angle rather than engine speed. An
increase in fuel flow causes an increase in temperature and
a corresponding increase in energy available to the turbine.
The turbine absorbs more energy and transmits it to the
propeller in the form of torque. The increased torque forces
the propeller blade angle to be increased to maintain the
constant speed. Turbine temperature is a very important
factor to be considered in power production. It is directly
related to fuel flow and thusto the power produced. It must
be limited because of strength and durability of the material
in the combustion and turbine section. The control system
schedules fuel flow to produce specific temperatures and to
limit those temperatures so that the temperature tolerances
of the combustion and turbine sections are not exceeded. The
engineisdesigned to operatefor itsentirelife at 100 percent.
All of itscomponents, such as compressors and turbines, are
most efficient when operated at or near the rpm design point.

Powerplant (engine and propeller) control is achieved by
means of apower lever and acondition lever for each engine.
[Figure 14-3] Thereis no mixture control and/or rpm lever
as found on piston-engine airplanes.

On the fixed shaft constant-speed turboprop engine, the
power lever is advanced or retarded to increase or decrease
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forward thrust. The power lever is also used to provide
reversethrust. The condition lever setsthedesired enginerpm
within a narrow range between that appropriate for ground
operations and flight.

Powerplant instrumentation in a fixed shaft turboprop
engine typically consists of the following basic indicators.
[Figure 14-4]

»  Torque or horsepower

e Interturbine temperature (ITT)
o Fuel flow

 RPM

Figure 14-3. Powerplant controls—fixed shaft turboprop engine.
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Figure 14-4. Powerplant instrumentati on—fixed shaft turboprop engine.

Torque developed by the turbine section is measured by a
torque sensor. Thetorque isthen reflected on the instrument
panel horsepower gauge calibrated in horsepower times 100.
ITT is a measurement of the combustion gas temperature
between thefirst and second stages of the turbine section. The
gaugeis calibrated in degrees Celsius (°C). Propeller rpm is
reflected on atachometer as a percentage of maximum rpm.
Normally, a vernier indicator on the gauge dial indicates
rpmin 1 percent graduationsaswell. Thefuel flow indicator
indicates fuel flow rate in pounds per hour.

Propeller feathering in afixed shaft constant-speed turboprop
engine is normally accomplished with the condition lever.
An engine failure in this type engine, however, resultsin a
seriousdrag condition dueto thelarge power requirements of
the compressor being absorbed by the propeller. This could
create a serious airplane control problem in twin-engine
airplanes unless the failure is recognized immediately and
the affected propeller feathered. For this reason, the fixed
shaft turboprop engine is equipped with negative torque
sensing (NTS).

NTSisacondition wherein propeller torque drivestheengine,
and the propeller is automatically driven to high pitch to
reduce drag. The function of the negative torque sensing
system isto limit the torque the engine can extract from the
propeller during windmilling and thereby prevent largedrag
forceson the airplane. The NTS system causes a movement

of the propeller blades automatically toward their feathered
position should the engine suddenly lose power while in
flight. The NTS system is an emergency backup system in
the event of sudden engine failure. It is not a substitution
for the feathering device controlled by the condition lever.

Split Shaft/ Free Turbine Engine

In afree power-turbine engine, such asthe Pratt & Whitney
PT-6 engine, the propeller is driven by a separate turbine
through reduction gearing. The propeller is not on the
same shaft as the basic engine turbine and compressor.
[Figure 14-5] Unlike the fixed shaft engine, in the split
shaft engine the propeller can befeathered in flight or onthe
ground with the basic engine still running. The free power-
turbine design allows the pilot to select a desired propeller
governing rpm, regardless of basic engine rpm.

A typical free power-turbine engine has two independent
counter-rotating turbines. One turbine drivesthe compressor,
while the other drives the propeller through a reduction
gearbox. The compressor in the basic engine consists of
three axial flow compressor stages combined with a single
centrifugal compressor stage. Theaxia and centrifugal stages
are assembled on the same shaft and operate asasingle unit.

Inlet air enters the engine via a circular plenum near the

rear of the engine and flows forward through the successive
compressor stages. The flow is directed outward by the
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Figure 14-5. Split shaft/free turbine engine.

centrifugal compressor stage through radial diffusers before
entering the combustion chamber, where the flow direction
is actually reversed. The gases produced by combustion
are once again reversed to expand forward through each
turbine stage. After leaving the turbines, the gases are
collected in a peripheral exhaust scroll and are discharged
to the atmosphere through two exhaust ports near the front
of the engine.

A pneumatic fuel control system schedules fuel flow to
maintain the power set by the gas generator power lever.
Except in the betarange, propeller speed within thegoverning
range remains constant at any selected propeller control lever
position through the action of a propeller governor.

The accessory drive at the aft end of the engine provides
power to drive fuel pumps, fuel control, oil pumps, astarter/
generator, and a tachometer transmitter. At this point, the
speed of the drive (N,) is the true speed of the compressor
side of the engine, approximately 37,500 rpm.

Powerplant (engine and propeller) operation is achieved
by three sets of controls for each engine: the power lever,
propeller lever, and condition lever. [Figure 14-6] The
power lever serves to control engine power in the range
from idle through takeoff power. Forward or aft motion of
the power lever increases or decreases gas generator rpm
(N,) and thereby increases or decreases engine power. The
propeller lever is operated conventionally and controls the
constant-speed propellersthrough the primary governor. The
propeller rpm range is normally from 1,500 to 1,900. The
condition lever controls the flow of fuel to the engine. Like
the mixturelever in apiston-powered airplane, the condition
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lever is located at the far right of the power quadrant. But
the condition lever on a turboprop engine is really just an
on/off valve for delivering fuel. There are HIGH IDLE and
LOW IDLE positions for ground operations, but condition
levers have no metering function. Leaning is not requiredin
turbine engines; thisfunction is performed automatically by
adedicated fuel control unit.

Engine instruments in a split shaft/free turbine engine
typically consist of the following basic indicators.
[Figure 14-7]

e |ITT indicator

e Torquemeter

*  Propeller tachometer

* N (gas generator) tachometer
*  Fuel flow indicator

e Qil temperature/pressure indicator

TheITT indicator gives an instantaneous reading of engine
gas temperature between the compressor turbine and the
power turbines. The torquemeter responds to power lever
movement and gives an indication in foot-pounds (ft/Ib)
of the torque being applied to the propeller. Because in the
free turbine engine the propeller is not attached physically
to the shaft of the gas turbine engine, two tachometers are
justified—onefor the propeller and onefor the gas generator.
The propeller tachometer is read directly in revolutions per
minute. The N4 or gas generator is read in percent of rpm.
In the Pratt & Whitney PT-6 engine, it is based on afigure
of 37,000 rpm at 100 percent. Maximum continuous gas
generator islimited to 38,100 rpm or 101.5 percent Nj.



Figure 14-6. Powerplant controls—split shaft/free turbine engine.

The ITT indicator and torquemeter are used to set takeoff
power. Climb and cruise power are established with the
torquemeter and propeller tachometer while observing ITT
limits. Gas generator (N;) operation is monitored by the gas
generator tachometer. Proper observation and interpretation
of these instruments provide an indication of engine
performance and condition.

Reverse Thrust and Beta Range
Operations

Thethrust that apropeller providesisafunction of theangle
of attack (AOA) at which the air strikes the blades, and the

Figure 14-7. Engine instruments—split shaft/free turbine engine.

speed at which this occurs. The AOA varies with the pitch
angle of the propeller.

So called “flat pitch” isthe blade position offering minimum
resistance to rotation and no net thrust for moving the
airplane. Forward pitch produces forward thrust—higher
pitch angles being required at higher airplane speeds.

The*"feathered” positionisthe highest pitch angle obtainable.
[Figure 14-8] The feathered position produces no forward
thrust. The propeller is generally placed in feather only in
case of in-flight engine failure to minimize drag and prevent
the air from using the propeller as aturbine.

Inthe“reverse” pitch position, the engine/propeller turnsin
the same direction asin the normal (forward) pitch position,
but the propeller blade angleis positioned to the other side of
flat pitch. [Figure 14-8] Inreverse pitch, air is pushed away
from the airplane rather than being drawn over it. Reverse
pitch results in braking action, rather than forward thrust
of the airplane. It is used for backing away from obstacles
when taxiing, controlling taxi speed, or to aid in bringing the
airplaneto astop during the landing roll. Reverse pitch does
not mean reverse rotation of the engine. The engine delivers
power just the same, no matter which side of flat pitch the
propeller blades are positioned.
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Figure 14-8. Propeller pitch angle characteristics.

With a turboprop engine, in order to obtain enough power
for flight, the power lever is placed somewhere between
flight idle (in some engines referred to as “high idle”) and
maximum. The power lever directs signalsto afuel control
unit to manually select fuel. The propeller governor selects
the propeller pitch needed to keep the propeller/engine
on speed. This is referred to as the propeller governing or
“alpha’ mode of operation. When positioned aft of flight
idle, however, the power lever directly controls propeller
blade angle. Thisis known asthe “beta’ range of operation.
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Thebetarange of operation consists of power lever positions
from flight idle to maximum reverse. Beginning at power
lever positions just aft of flight idle, propeller blade pitch
angles become progressively flatter with aft movement of
the power lever until they go beyond maximum flat pitch
and into negative pitch, resulting in reversethrust. Whileina
fixed shaft/constant-speed engine, the engine speed remains
largely unchanged as the propeller blade angles achieve
their negative values. On the split shaft PT-6 engine, asthe
negative 5° position is reached, further aft movement of the
power lever also resultsin a progressive increase in engine
(N4) rpm until a maximum value of about negative 11° of
blade angle and 85 percent N, are achieved.

Operating in the beta range and/or with reverse thrust
requires specific techniques and procedures depending on the
particular airplane make and model. There are also specific
engine parameters and limitations for operations within
this area that must be adhered to. It is essential that a pilot
transitioning to turboprop airplanes become knowledgeable
and proficient in these areas, which are unique to turbine-
engine powered airplanes.

Turboprop Airplane Electrical Systems

The typical turboprop airplane electrical system is a 28-volt
direct current (DC) system, which receives power from one
or more batteries and a starter/generator for each engine. The
batteries may either be of the lead-acid type commonly used
on piston-powered airplanes, or they may be of the nickel-
cadmium (NiCad) type. The NiCad battery differs from the
lead-acid typeinthat itsoutput remainsat rel atively high power
levels for longer periods of time. When the NiCad battery is
depleted, however, itsvoltage drops of f very suddenly. When
this occurs, its ability to turn the compressor for engine start
is greatly diminished, and the possibility of engine damage
dueto ahot start increases. Therefore, it is essential to check
thebattery’ s condition before every engine start. Compared to
lead-acid beatteries, high-performance NiCad beatteries can be
recharged very quickly. But thefaster the battery isrecharged,
themore heat it produces. Therefore, NiCad battery-equipped
airplanes are fitted with battery overheat annunciator lights
signifying maximum safe and critical temperature thresholds.

The DC generators used in turboprop airplanes double as
starter motorsand are called “ starter/generators.” The starter/
generator uses el ectrical power to produce mechanical torque
to start the engine and then uses the engine’s mechanical
torqueto produce el ectrical power after the engineisrunning.
Some of the DC power produced is changed to 28 volt 400
cycle alternating current (AC) power for certain avionic,
lighting, and indicator synchronization functions. This is
accomplished by an electrical component called an inverter.



Thedistribution of DC and AC power throughout the system
isaccomplished through the use of power distribution buses.
These “buses” as they are called are actually common
terminals from which individual electrical circuits get their
power. [Figure 14-9]

Buses are usually named for what they power (avionics
bus, for example) or for where they get their power (right
generator bus, battery bus). The distribution of DC and AC
power isoften divided into functional groups (buses) that give
priority to certain equipment during normal and emergency
operations. Main buses serve most of theairplane’ selectrical
equipment. Essential buses feed power to equipment having
top priority. [ Figure 14-10]

Multiengine turboprop airplanesnormally have severa power
sources—abattery and at |east one generator per engine. The
electrical systemsare usually designed so that any buscan be
energized by any of the power sources. For example, atypical
system might have aright and left generator buses powered
normally by the right and left engine-driven generators.
Thesebusesare connected by anormally open switch, which
isolatesthem from each other. If one generator fails, power is
lost to its bus, but power can berestored to that bus by closing
abustie switch. Closing this switch connects the buses and
allows the operating generator to power both.
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Power Distribution Bus

Figure 14-9. Typical individual power distribution bus.

Power distribution buses are protected from short circuits
and other malfunctions by a type of fuse called a current
limiter. In the case of excessive current supplied by any
power source, the current limiter opensthecircuit and thereby
isolates that power source and alows the affected bus to
become separated from the system. The other buses continue
to operate normally. Individual electrical components are
connected to the buses through circuit breakers. A circuit
breaker is a device that opens an electrical circuit when an
excess amount of current flows.

Operational Considerations

Aspreviously stated, aturboprop airplanefliesjust like any
other piston engine airplane of comparable size and weight.
It is the operation of the engines and airplane systems that
makestheturboprop airplane different from its piston engine
counterpart. Pilot errorsin engine and/or systems operation
are the most common cause of aircraft damage or mishap.
The time of maximum vulnerability to pilot error in any gas
turbine engine is during the engine start sequence.

Turbine engines are extremely heat sensitive. They cannot
tolerate an over temperature condition for more than avery
few seconds without serious damage being done. Engine
temperatures get hotter during starting than at any other time.
Thus, turbine engines have minimum rotational speeds for
introducing fuel into the combustion chambers during startup.
Vigilant monitoring of temperature and acceleration on the
part of the pilot remain crucial until theengineisrunning at a
stable speed. Successful engine starting depends on assuring
the correct minimum battery voltage beforeinitiating start or
employing a ground power unit (GPU) of adequate output.

After fuel is introduced to the combustion chamber during
the start sequence, “light-off” and its associated heat rise
occur very quickly. Engine temperatures may approach the
maximum in a matter of 2 or 3 seconds before the engine
stabilizes and temperatures fall into the normal operating
range. During thistime, the pilot must watch for any tendency
of the temperatures to exceed limitations and be prepared to
cut off fuel to the engine.

An enginetendency to exceed maximum starting temperature
limits is termed a hot start. The temperature rise may be
preceded by unusually high initial fuel flow, which may be
the first indication the pilot has that the engine start is not
proceeding normally. Serious engine damage occurs if the
hot start is allowed to continue.

A condition where the engine is accelerating more slowly

than normal is termed a hung start or false start. During a
hung start/false start, the engine may stabilize at an engine
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Figure 14-10. Smplified schematic of turboprop airplane electrical system.

rpm that is not high enough for the engine to continue to run
without help from the starter. This is usualy the result of
low battery power or the starter not turning the engine fast
enough for it to start properly.

Takeoffsinturboprop airplanesare not made by automatically
pushing the power lever full forward to the stops. Depending
on conditions, takeoff power may belimited by either torque
or by enginetemperature. Normally, the power lever position
on takeoff is somewhat aft of full forward.

Takeoff and departure in a turboprop airplane (especidly a
twin-engine cabin-class airplane) should be accomplished
in accordance with a standard takeoff and departure
“profile” developed for the particular make and model.
[Figure 14-11] The takeoff and departure profile should be
inaccordance with the airplane manufacturer’ srecommended
proceduresasoutlined inthe Federal Aviation Administration
(FAA)-approved Airplane Flight Manual and/or the Pilot’s
Operating Handbook (AFM/POH). Theincreased complexity
of turboprop airplanesmakesthe standardization of procedures
anecessity for safe and efficient operation. The transitioning
pilot should review the profile procedures before each takeoff
toformamental picture of the takeoff and departure process.

For any given high horsepower operation, the pilot can expect
that the engine temperature will climb as altitude increases
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at a constant power. On a warm or hot day, maximum
temperature limits may be reached at a rather low altitude,
making it impossible to maintain high horsepower to higher
altitudes. Also, the engine's compressor section has to
work harder with decreased air density. Power capability is
reduced by high-density altitude and power use may have
to be modulated to keep engine temperature within limits.

In aturboprop airplane, the pilot can close the throttles(s) at
any time without concern for cooling the enginetoo rapidly.
Consequently, rapid descentswith the propellersin low pitch
can be dramatically steep. Like takeoffs and departures,
approach and landing should be accomplished in accordance
with astandard approach and landing profile. [ Figure 14-12]

A stabilized approach is an essential part of the approach
and landing process. In a stabilized approach, the airplane,
depending ondesign and type, is placed in astabilized descent
on aglidepath ranging from 2.5to0 3.5°. The speed isstabilized
a some reference from the AFM/POH—usually 1.25 to 1.30
timesthe stall speed in approach configuration. The descent rate
is stabilized from 500 fpm to 700 fpm until the landing flare.

Landing some turboprop airplanes (as well as some piston
twins) can resultin ahard, prematuretouchdown if theengines
areidled too soon. Thisis because large propellers spinning
rapidly inlow pitch create considerabledrag. In such airplanes,
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Figure 14-11. Example of a typical turboprop airplane takeoff and departure profile.

it may be preferableto maintain power throughout the landing
flare and touchdown. Once firmly on the ground, propeller
betarange operation dramatically reducesthe need for braking
in comparison to piston airplanes of similar weights.

Training Considerations

The medium and high atitudes at which turboprop airplanes
areflown provide an entirely different environment in terms
of regulatory requirements, airspace structure, physiological
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reguirements, and even meteorology. The pilot transitioning
toturboprop airplanes, particularly thosewho are not familiar
with operations in the high/medium altitude environment,
should approach turboprop transition training with this in
mind. Thorough ground training should cover all aspects of
high/medium altitudeflight, including theflight environment,
wesather, flight planning and navigation, physiological aspects
of high-altitude flight, oxygen and pressurization system
operation, and high-altitude emergencies.

NOTE: These are merely typical procedures.
The pilot maintains his or her prerogative to
modify configuration and airspeeds as required
by existing conditions, as long as compliance
with the FAA-approved Airplane Flight Manual
is assured.
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Figure 14-12. Example of a typical turboprop airplane arrival and landing profile.
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Flight

training should prepare the pilot to demonstrate a

comprehensive knowledge of airplane performance, systems,
emergency procedures, and operating limitations, along
with a high degree of proficiency in performing all flight
maneuversand in-flight emergency procedures. Thetraining
outline below covers the minimum information needed by
pilots to operate safely at high altitudes.

Ground Training

1
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High-Altitude Flight Environment
a.  Airspace and Reduced Vertical Separation
Minimum (RV SM) Operations

b. Title 14 Code of Federal Regulations (14 CFR)
part 91, section 91.211, Requirementsfor Use of
Supplemental Oxygen

Weather

a.  Atmosphere

b. Windsand clear air turbulence

c. lcing

Flight Planning and Navigation

a.  Flight planning

b. Wesather charts

¢. Navigation

d. Navigation aids (NAVAIDs)

e. High Altitude Redesign (HAR)

f.  RNAV/Required Navigation Performance (RNP)
and Receiver Autonomous I ntegrity Monitoring
(RAIM) prediction

Physiological Training

a.  Respiration

b. Hypoxia

c. Effectsof prolonged oxygen use

d. Decompression sickness

e. Vision

f.  Altitude chamber (optional)

High-Altitude Systems and Components

a.  Oxygen and oxygen equipment

b. Pressurization systems

c. High-dltitude components

Aerodynamics and Performance Factors

a.  Acceleration and decel eration
b. Gravity (G)-forces

¢. MACH Tuck and MACH Critical (turbojet
airplanes)

d. Swept wing concept
Emergencies

a. Decompression

b. Donning of oxygen masks

c. Failure of oxygen mask or complete loss of
oxygen supply/system

d. In-flightfire
e. Flight into severe turbulence or thunderstorms
f. Compressor stalls

Flight Training

1.
2.

Preflight Briefing

Preflight Planning

a.  Weather briefing and considerations
b. Course plotting

c. Airplane Flight Manual (AFM)

d. Flight plan

Preflight Inspection

a  Functiona test of oxygen system, including the
verification of supply and pressure, regulator
operation, oxygen flow, mask fit, and pilot and
air traffic control (ATC) communication using
mask microphones

Engine Start Procedures, Runup, Takeoff, and Initial
Climb

Climbto High Altitude and Normal Cruise Operations
While Operating Above 25,000 Feet Mean Sea L evel
(MSL)

Emergencies

a Simulated rapid decompression, including the
immediate donning of oxygen masks

b. Emergency descent
Planned Descents
Shutdown Procedures
Postflight Discussion



Chapter Summary

Transitioning from a non-turbopropeller airplane to a
turbopropeller-powered airplaneis discussed in this chapter.
The major differences are introduced specifically handling,
powerplant, and the associated systems. Turbopropeller
electrical systems and operational considerations are
explained toinclude starting procedures and high temperature
considerations. Training considerations are also discussed
and a sample training syllabus is given to show the topics
that a pilot should become proficient in when transitioning
to aturbopropeller-powered airplane.
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Introduction

This chapter contains an overview of jet powered airplane
operations. Theinformation contained in this chapter is meant
to be a useful preparation for, and a supplement to, formal
and structured jet airplane qualification training. Theintent of
thischapter isto provideinformation on themajor differences
a pilot will encounter when transitioning to jet powered
airplanes. In order to achieve thisin alogical manner, the
major differences between jet powered airplanes and piston
powered airplanes have been approached by addressing two
distinct areas: differencesin technology, or how theairplane
itself differs; and differences in pilot technique, or how the
pilot addresses the technological differences through the
application of different techniques. For airplane-specific
information, a pilot should refer to the FAA-approved
Airplane Flight Manual for that airplane.
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Jet Engine Basics

A jet engine is a gas turbine engine. A jet engine develops
thrust by accelerating a relatively small mass of air to very
high velocity, as opposed to a propeller, which develops
thrust by accelerating a much larger mass of air to a much
slower velocity.

Piston and gas turbine engines are internal combustion
engines and have a similar basic cycle of operation; that
is, induction, compression, combustion, expansion, and
exhaust. Air istaken in and compressed, and fuel isinjected
and burned. The hot gases then expand and supply asurplus
of power over that required for compression and are finally
exhausted. In both piston and jet engines, the efficiency of
the cycle isimproved by increasing the volume of air taken
in and the compression ratio.

Part of the expansion of the burned gases takes place in the
turbine section of the jet engine providing the necessary
power to drive the compressor, while the remainder of the
expansion takes place in the nozzle of the tail pipe in order
to accelerate the gasto ahigh velocity jet thereby producing
thrust. [Figure 15-1]

Intheory, thejet engineissimpler and moredirectly converts
thermal energy (the burning and expansion of gases) into
mechanical energy (thrust). The piston or reciprocating
engine, with all of itsmoving parts, must convert the thermal
energy into mechanical energy and then finally into thrust
by rotating a propeller.

One of the advantages of thejet engine over the piston engine
is the jet engine's capability of producing much greater
amounts of thrust horsepower at the high atitudes and high
speeds. In fact, turbojet engine efficiency increases with
altitude and speed.

Although the propeller-driven airplaneisnot nearly asefficient
as the jet, particularly at the higher altitudes and cruising
speedsrequired in modern aviation, one of thefew advantages
the propeller-driven airplane has over thejet isthat maximum
thrust isavailable almost at the start of the takeoff roll. Initial
thrust output of the jet engine on takeoff is relatively lower
and does not reach peak efficiency until the higher speeds. The
fanjet or turbofan engine was devel oped to help compensate
for this problem and is, in effect, a compromise between the
pure jet engine (turbojet) and the propeller engine.

Like other gas turbine engines, the heart of the turbofan
engine is the gas generator—the part of the engine that
producesthe hot, high-velocity gases. Similar to turboprops,
turbofans have alow-pressure turbine section that uses most
of the energy produced by the gasgenerator. Thelow pressure
turbine is mounted on a concentric shaft that passes through
the hollow shaft of the gas generator, connecting it to aducted
fan at the front of the engine. [ Figure 15-2]

Air enters the engine, passes through the fan, and splits into
two separate paths. Some of it flows around—Dbypasses the
enginecore, henceitsname, bypassair. Theair drawnintothe
engine for the gas generator is the core airflow. The amount
of air that bypasses the core compared to the amount drawn
into the gas generator determines a turbofan’s bypass ratio.
Turbofans efficiently convert fuel into thrust because they
produce low-pressure energy spread over alargefan disk area.
While aturbojet engine usesthe entire gas generator’ s output
to produce thrust in the form of a high-velocity exhaust gas
jet, cool, low-vel ocity bypassair produces between 30 percent
and 70 percent of the thrust produced by a turbofan engine.

Thefan-jet concept increasesthetotal thrust of thejet engine,
particularly at the lower speeds and altitudes. Although
efficiency at the higher atitudesislost (turbofan enginesare
subject to alarge lapsein thrust with increasing altitude), the
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Figure 15-1. Basic turbojet engine.
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Figure 15-2. Turbofan engine.

turbofan engineincreases accel eration, decreases the takeoff
roll, improves initia climb performance, and often has the
effect of decreasing specific fuel consumption. Specific fuel
consumptionisaratio of the fuel used by an engine and the
amount of thrust it produces.

Operating the Jet Engine

In ajet engine, thrust is determined by the amount of fuel
injected into the combustion chamber. The power controls
on most turbojet-and turbofan-powered airplanes consist of
just one thrust lever for each engine, because most engine
control functions are automatic. The thrust lever is linked
to a fuel control and/or electronic engine computer that
meters fuel flow based upon revolutions per minute (rpm),
internal temperatures, ambient conditions, and other factors.
[Figure 15-3]

In ajet engine, each major rotating section usually has a
separate gauge devoted to monitoring its speed of rotation.
Depending on the make and model, ajet engine may have an
N gauge that monitors the low-pressure compressor section
and/or fan speed in turbofan engines. The gas generator
section may be monitored by an N, gauge, whiletriple spool
engines may have an N3 gauge as well. Each engine section
rotates at many thousands of rpm. Their gaugesthereforeare
calibrated in percent of rpm rather than actual rpm, for ease
of display and interpretation. [ Figure 15-4]

The temperature of turbine gases must be closely monitored
by the pilot. As in any gas turbine engine, exceeding

temperaturelimits, even for avery few seconds, may resultin
serious heat damage to turbine blades and other components.
Depending on the make and model, gas temperatures can be
measured at anumber of different locationswithin theengine.
The associated engine gaugestherefore have different names
according to their location. For instance:

» Exhaust Gas Temperature (EGT)—the temperature
of the exhaust gases as they enter the tail pipe after
passing through the turbine.

Figure 15-3. Jet engine power controls.
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Figure 15-4. Jet engine RPM gauges.

e Turbinelnlet Temperature (TIT)—the temperature of
the gases from the combustion section of theengineas
they enter thefirst stage of theturbine. The TIT isthe
highest temperature inside a gas turbine engine and
isone of the limiting factors of the amount of power
the engine can produce. TIT, however, is difficult to
measure. Therefore, EGT, which relates to TIT, is
normally the parameter measured.

e Interstage Turbine Temperature (ITT)—the
temperature of the gases between the high-pressure
and low-pressure turbine wheels.

e TurbineOutlet Temperature (TOT)—Ilike EGT, turbine
outlet temperature istaken aft of the turbine wheel(s).

Jet Engine Ignition

Most jet engine ignition systems consist of two igniter
plugs, which are used during the ground or air starting of
the engine. Once the start is completed, this ignition either
automatically goes off or is turned off, and from this point
on, the combustion in the engine is a continuous process.

Continuous Ignition

An engine is sensitive to the flow characteristics of the air
that enters the intake of the engine nacelle. So long as the
flow of air issubstantially normal, the engine continuesto run
smoothly. However, particularly with rear-mounted engines
that are sometimes in a position to be affected by disturbed
airflow from the wings, there are some abnormal flight
situationsthat could cause acompressor stall or flameout of
the engine. These abnormal flight conditions would usually
be associated with abrupt pitch changes such as might be
encountered in severe turbulence or a stall.
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In order to avoid the possibility of engine flameout from the
above conditions, or from other conditions that might cause
ingestion problems, such as heavy rain, ice, or possible
bird strike, most jet engines are equipped with a continuous
ignition system. This system can be turned on and used
continuously whenever the need arises. In many jets, as an
added precaution, thissystem isnormally used during takeoffs
and landings. Many jets are al so equipped with an automatic
ignition system that operates both igniters whenever the
airplane stall warning or stick shaker is activated.

Fuel Heaters

Because of the high altitudes and extremely cold outside air
temperaturesinwhichthejet flies, it is possible to supercool
the jet fuel to the point that the small particles of water
suspended in the fuel can turn to ice crystals and clog the
fuel filtersleading to the engine. For thisreason, jet engines
are normally equipped with fuel heaters. The fuel heater
may be of the automatic type that constantly maintains the
fuel temperature above freezing, or they may be manually
controlled by the pilot.

Setting Power

Onsomejet airplanes, thrust isindicated by an engine pressure
ratio (EPR) gauge. EPR can bethought of asbeing equivalent
to the manifold pressure on the piston engine. EPR is the
difference between turbine discharge pressure and engineinlet
pressure. It isan indication of what the engine has done with
the raw air scooped in. For instance, an EPR setting of 2.24
meansthat the discharge pressurerelativeto theinlet pressure
is2.24:1. On these airplanes, the EPR gauge is the primary
reference used to establish power settings. [ Figure 15-5]



CAB.LIGHT

FUEL VALVE 1 OP
FUEL VALVE 2 OP
FUEL VALVE 3 OP
FUEL VALVE 4 OP
ELEC GEN 1 ON
ELEC GEN 2 ON
ELEC GEN 3 ON
ELEC GEN 4 ON
HYDR SYS 1
HYDR SYS 2
HYDR SYS 3
HYDR SYS 4

TRIM 0.0

TOTAL FUEL 335.0 LBS x 1000

Figure 15-5. EPR gauge.

Fan speed (N,) is the primary indication of thrust on most
turbofan engines. Fuel flow provides a secondary thrust
indication, and cross-checking for proper fuel flow can help
in spotting a faulty N, gauge. Turbofans also have a gas
generator turbine tachometer (N,). They are used mainly for
engine starting and some system functions.

In setting power, it is usually the primary power reference
(EPR or N,) that is most critical and is the gauge that first
limits the forward movement of the thrust levers. However,
there are occasions where the limits of either rpm or
temperature can be exceeded. The ruleis: movement of the
thrust levers must be stopped and power set at whichever the
limits of EPR, rpm, or temperature is reached first.

Thrust To Thrust Lever Relationship

In a piston-engine, propeller-driven airplane, thrust is
proportional to rpm, manifold pressure, and propeller blade
angle, with manifold pressure being the most dominant
factor. At a constant rpm, thrust is proportional to throttle
lever position. In a jet engine, however, thrust is quite
disproportional to thrust lever position. Thisisan important
difference that the pilot transitioning into jet-powered
airplanes must become accustomed to.

On ajet engine, thrust is proportional to rpm (massflow) and
temperature (fuel/air ratio). These are matched and a further
variation of thrust results from the compressor efficiency at
varying rpm. The jet engine is most efficient at high rpm,
wherethe engineisdesigned to be operated most of thetime.

As rpm increases, mass flow, temperature, and efficiency
also increase. Therefore, much more thrust is produced per
increment of throttle movement near the top of the range
than near the bottom.

Onething that seemsdifferent to the piston pilot transitioning
into jet-powered airplanes is the rather large amount of
thrust lever movement between the flight idle position and
full power as compared to the small amount of movement
of the throttle in the piston engine. For instance, an inch of
throttle movement on a piston may be worth 400 horsepower
wherever thethrottle may be. On ajet, aninch of thrust lever
movement at alow rpm may be worth only 200 pounds of
thrust, but at a high rpm that same inch of movement might
amount to closer to 2,000 pounds of thrust. Because of this,
in a situation where significantly more thrust is needed and
the jet engine is at low rpm, it does not do much good to
merely “inchthethrust lever forward.” Substantial thrust lever
movement isin order. Thisis not to say that rough or abrupt
thrust lever action is standard operating procedure. If the
power settingisalready high, it may take only asmall amount
of movement. However, there are two characteristics of the
jet engine that work against the normal habits of the piston-
engine pilot. Oneisthe variation of thrust with rpm, and the
other isthe relatively slow acceleration of the jet engine.

Variation of Thrust with RPM

Whereas piston engines normally operate in the range of
40 percent to 70 percent of available rpm, jets operate most
efficiently in the 85 percent to 100 percent range, with a
flight idle rpm of 50 percent to 60 percent. The range from
90 percent to 100 percent in jets may produce as much thrust
asthetotal available at 70 percent. [Figure 15-6]
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Figure 15-6. Variation of thrust with rpm.
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Slow Acceleration of the Jet Engine

In a propeller-driven airplane, the constant speed propeller
keeps the engine turning at a constant rpm within the
governing range, and power is changed by varying the
manifold pressure. Acceleration of the piston from idle to
full power isrelatively rapid, somewhere onthe order of 3to
4 seconds. The acceleration on the different jet engines can
vary considerably, but it is usually much slower.

Efficiency in ajet engine is highest at high rpm where the
compressor is working closest to its optimum conditions.
At low rpm, the operating cycle is generaly inefficient. If
the engine is operating at normal approach rpm and there
is a sudden requirement for increased thrust, the jet engine
responds immediately and full thrust can be achieved in
about 2 seconds. However, at a low rpm, sudden full-
power application tends to over fuel the engine resulting in
possible compressor surge, excessive turbine temperatures,
compressor stall and/or flameout. To prevent this, various
limiters, such as compressor bleed valves, are contained in
the system and serve to restrict the engine until it is at an
rpm at which it can respond to arapid acceleration demand
without distress. Thiscritical rpm ismost noticeable when the
engineisat idlerpm, and thethrust lever israpidly advanced
to ahigh-power position. Engine accelerationisinitially very
slow, but can change to very fast after about 78 percent rpm
isreached. [Figure 15-7]

Even though engine acceleration is nearly instantaneous
after about 78 percent rpm, total time to accelerate from
idle rpm to full power may take as much as 8 seconds. For
this reason, most jets are operated at a relatively high rpm

8

o

78%

Time to Achieve Full Thrust (sec.)

60% 100%

RPM

Figure 15-7. Typical jet engine acceleration times.
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during thefinal approach to landing or at any other time that
immediate power may be needed.

Jet Engine Efficiency

Maximum operating altitudes for general aviation turbojet
airplanes now reach 51,000 feet. The efficiency of the jet
engineat high-altitudesisthe primary reason for operating in
the high-altitude environment. The specific fuel consumption
of jet engines decreases as the outside air temperature
decreases for constant engine rpm and true airspeed (TAS).
Thus, by flying at ahigh altitude, the pilot is able to operate
at flight levelswherefuel economy is best and with the most
advantageous cruise speed. For efficiency, jet airplanes are
typically operated at high altitudes where cruise is usually
very close to rpm or EGT limits. At high altitudes, little
excess thrust may be available for maneuvering. Therefore,
it is often impossible for the jet airplane to climb and turn
simultaneously, and all maneuvering must be accomplished
within the limits of available thrust and without sacrificing
stability and controllability.

Absence of Propeller Effect

The absence of a propeller has a significant effect on the
operation of jet-powered airplanes that the transitioning
pilot must become accustomed to. The effect is due to the
absence of lift from the propeller slipstream and the absence
of propeller drag.

Absence of Propeller Slipstream

A propeller produces thrust by accelerating a large mass of
air rearwards, and (especially with wing-mounted engines)
thisair passes over a comparatively large percentage of the
wing area. On a propeller-driven airplane, the lift that the
wing develops is the sum of the lift generated by the wing
area not in the wake of the propeller (as aresult of airplane
speed) and the lift generated by the wing area influenced
by the propeller dlipstream. By increasing or decreasing
the speed of the dlipstream air, it is possible to increase or
decreasethetotal lift on thewing without changing airspeed.

For example, a propeller-driven airplane that is allowed
to become too low and too slow on an approach is very
responsive to aquick blast of power to salvage the situation.
In addition to increasing lift at a constant airspeed, stalling
speed is reduced with power on. A jet engine, on the other
hand, also produces thrust by accelerating a mass of air
rearward, but thisair doesnot pass over thewings. Therefore,
thereisno lift bonus at increased power at constant airspeed
and no significant lowering of power-on stall speed.



In not having propellers, the jet-powered airplane is minus
two assets:

e |tisnot possibleto produceincreased lift instantly by
simply increasing power.

e It is not possible to lower stall speed by simply
increasing power. The 10-knot margin (roughly the
difference between power-off and power-on stall
speed on a propeller-driven airplane for a given
configuration) islost.

Add the poor acceleration response of the jet engine, and it
becomes apparent that there are three ways in which the jet
pilot isworse off than the propeller pilot. For these reasons,
thereisamarked difference between the approach qualities of
apiston-engineairplaneand ajet. In apiston-engineairplane,
there is some room for error. Speed is not too critical and
a burst of power salvages an increasing sink rate. In a jet,
however, thereislittle room for error.

If an increasing sink rate develops in a jet, the pilot must
remember two points in the proper sequence:

1. Increased lift can be gained only by accelerating
airflow over the wings, and this can be accomplished
only by accelerating the entire airplane.

2. The arplane can be accelerated, assuming altitude
loss cannot be afforded, only by arapid increase in
thrust, and here, the slow acceleration of thejet engine
(possibly up to 8 seconds) becomes afactor.

Salvaging an increasing sink rate on an approach in a jet
can be a very difficult maneuver. The lack of ability to
produceinstant liftin thejet, along with the slow acceleration
of the engine, necessitates a “stabilized approach” to a
landing where full landing configuration, constant airspeed,
controlled rate of descent, and relatively high power settings
are maintained until over the threshold of the runway. This
allows for almost immediate response from the engine in
making minor changes in the approach speed or rate of
descent and makes it possible to initiate an immediate go-
around or missed approach if necessary.

Absence of Propeller Drag

When the throttles are closed on a piston-powered airplane,
the propellers create a vast amount of drag, and airspeed is
immediately decreased or altitudelost. Theeffect of reducing
power to idle on the jet engine, however, produces no such
drag effect. In fact, at an idle power setting, the jet engine
still produces forward thrust. The main advantage isthat the
jet pilot isno longer faced with a potential drag penalty of a
runaway propeller or areversed propeller. A disadvantage,
however, isthe“freewheding” effect forwardthrust at idle has
on the jet. While this occasionally can be used to advantage

(suchasinalong descent), it isahandicap whenit isnecessary
to lose speed quickly, such as when entering aterminal area
or when in alanding flare. The lack of propeller drag, along
with the aerodynamically clean airframe of the jet, are new
to most pilots, and slowing the airplane down is one of the
initial problems encountered by pilotstransitioning into jets.

Speed Margins

The typical piston-powered airplane had to deal with two
maximum operating speeds:

e Vyo—maximumstructural cruising speed, represented
on the airspeed indicator by the upper limit of the
green arc. It is, however, permissible to exceed Vo
and operatein the caution range (yellow arc) in certain
flight conditions.

*  Vyg—hever-exceed speed, represented by ared line
on the airspeed indicator.

These speed margins in the piston airplanes were never of
much concern during normal operations because the high
drag factors and relatively low cruise power settings kept
speeds well below these maximum limits.

Maximum speedsin jet airplanesare expressed differently and
always define the maximum operating speed of the airplane,
whichiscomparableto the Vg of the piston airplane. These
maximum speedsin ajet airplane are referred to as:

e Vyo—maximum operating speed expressed in terms
of knots.

e My o—maximum operating speed expressed interms
of adecimal of Mach speed (speed of sound).

To observe both limits Vo and My,o, the pilot of a jet
airplane needs both an airspeed indicator and a Machmeter,
each with appropriate red lines. In some general aviation jet
airplanes, these are combined into a single instrument that
containsapair of concentricindicators: onefor theindicated
airspeed and the other for indicated Mach number. Each is
provided with an appropriate red line. [ Figure 15-8]

It looks much like a conventional airspeed indicator but has
a“barber pole” that automatically moves so asto display the
applicable speed limit at al times.

Because of the higher available thrust and very low drag
design, the jet airplane can very easily exceed its speed
margin even in cruising flight and, in fact, in some airplanes
inashallow climb. The handling qualitiesin ajet can change
drastically when the maximum operating speeds are exceeded.
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Figure 15-8. Jet airspeed indicator.

High-speed airplanes designed for subsonic flight are limited
to some Mach number bel ow the speed of sound to avoid the
formation of shock wavesthat beginto develop astheairplane
nears Mach 1.0. These shock waves (and the adverse effects
associated with them) can occur when the airplane speed is
substantially below Mach 1.0. The Mach speed at which some
portion of the airflow over the wing first equals Mach 1.0
is termed the critical Mach number (Mcr). Thisis aso the
speed at which a shock wave first appears on the airplane.

Thereisno particular problem associated with the acceleration
of the airflow up to Mach Cirit, the point where Mach 1.0 is
encountered; however, a shock wave is formed at the point
where the airflow suddenly returns to subsonic flow. This
shock wave becomes more severe and moves aft on the wing
asgpeed of thewing isincreased and eventually flow separation
occurs behind the well-devel oped shock wave. [ Figure 15-9]

If allowed to progresswell beyond the My, for the airplane,
this separation of air behind the shock wave can result in
severe buffeting and possible loss of control or “upset.”
Because of the changing center of lift of the wing resulting
from the movement of the shock wave, the pilot experiences
pitch change tendencies as the airplane moves through the
transonic speeds up to and exceeding My o. [ Figure 15-10]
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Asthegraphin Figure 15-10illustrates, initially as speed is
increased up to Mach .72, the wing develops an increasing
amount of lift requiring anose-down force or trimto maintain
level flight. With increased speed and the aft movement of
the shock wave, the wing's center of pressure also moves
aft causing the start of a nose-down tendency or “tuck.” By
Mach .9, the nose-down forces are well developed to apoint
where atotal of 70 pounds of back pressure are required to
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Figure 15-9. Transonic flow patterns.
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Figure 15-10. Example of Sick Forces versus Mach Number in a
typical jet airplane.

hold the nose up. If alowed to progress unchecked, Mach
tuck may eventually occur. Although Mach tuck develops
gradually, if itisallowed to progress significantly, the center
of pressure can move so far rearward that there is no longer
enough elevator authority available to counteract it, and the
airplane could enter asteep, sometimes unrecoverable, dive.

An alert pilot would have observed the high airspeed
indications, experienced the onset of buffeting, and responded
to aura warning deviceslong before encountering the extreme
stick forces shown. However, in the event that corrective
actionisnot taken and the noseisallowed to drop, increasing
airspeed even further, the situation could rapidly become
dangerous. Asthe Mach speedincreasesbeyond theairplane’ s
Mwmo: the effects of flow separation and turbulence behind
the shock wave become more severe. Eventually, the most
powerful forcescausing Mach tuck arearesult of the buffeting
and lack of effective downwash on the horizontal stabilizer
because of the disturbed airflow over the wing. Thisis the
primary reason for the development of the T-tail configuration
on some jet airplanes, which places the horizontal stabilizer
as far as practical from the turbulence of the wings. Also,
because of the critical aspects of high-altitude/high-Mach
flight, most jet airplanes capable of operating in the Mach
speed ranges are designed with some form of trim and
autopilot Mach compensating device (stick puller) to alert the
pilot to inadvertent excursions beyond its certificated My o.

Recovery From Overspeed Conditions

A pilot must be aware of al the conditions that could lead
to exceeding the airplane’s maximum operating speeds.

Good attitude instrument flying skills and good power
control are essential.

The pilot should be aware of the symptoms that will be
experienced in the particular airplane asthe Vo or My ois
being approached. These may include:

e Nose-down tendency and need for back pressure or
trim.

e Mild buffeting as airflow separation begins to occur
after critical Mach speed.

e Activation of an overspeed warning or high speed
envelope protection.

The pilot’s response to an overspeed condition should be
to immediately slow the airplane by reducing the power
to flight idle. It will also help to smoothly and easily raise
the pitch attitude to help dissipate speed. The use of speed
brakes can also aid in slowing the airplane. If, however, the
nose-down stick forces have progressed to the extent that
they are excessive, some speed brakes will tend to further
aggravate the nose-down tendency. Under most conditions,
this additional pitch down force is easily controllable, and
since speed brakes can normally be used at any speed, they
areavery real asset. If thefirst two optionsare not successful
in slowing the airplane, a last resort option would be to
extend the landing gear, if possible. This creates enormous
drag and possibly some nose up pitch. This would be
considered an emergency maneuver. The pilot transitioning
into jet airplanes must be familiar with the manufacturers
recommended procedures for dealing with overspeed
conditions contained in the FAA-approved Airplane Flight
Manual for the particular make and model airplane.

Mach Buffet Boundaries

Thus far, only the Mach buffet that results from excessive
speed has been addressed. The transitioning pilot, however,
should be aware that Mach buffet is a function of the speed
of the airflow over the wing— not necessarily the airspeed
of theairplane. Anytimethat too great alift demand ismade
on the wing, whether from too fast an airspeed or from too
high an angle of attack (AOA) near the Mo, the“high speed
buffet” will occur. However, there are also occasions when
the buffet can be experienced at much slower speeds known
as“low speed Mach buffet.”

The most likely situations that could cause the low speed
buffet would be when an airplane is flown at too slow of a
speed for its weight and altitude causing a high AOA. This
very high AOA would have the same effect of increasing
airflow over the upper surface of the wing to the point that
all of the same effects of the shock waves and buffet would
occur asin the high speed buffet situation.
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The AOA of the wing has the greatest effect on inducing
the Mach buffet, or pre-stall buffet, at either the high or
low speed boundaries for the airplane. The conditions that
increase the AOA, hence the speed of the airflow over the
wing and chances of Mach buffet are:

e High atitudes—The higher the airplane flies, the
thinner the air and the greater the AOA required to
produce the lift needed to maintain level flight.

e Heavy weights—Theheavier theairplane, the greater
thelift required of thewing, and all other thingsbeing
equal, the greater the AOA.

e “G" loading—An increase in the “G” loading of the
wing results in the same situation as increasing the
weight of theairplane. It makes no difference whether
theincrease in “G” forcesis caused by aturn, rough
control usage, or turbulence. The effect of increasing
thewing’'s AOA isthe same.

An airplane’s indicated airspeed decreases in relation to
true airspeed as altitude increases. Astheindicated airspeed
decreases with altitude, it progressively merges with the
low speed buffet boundary where pre-stall buffet occurs for
the airplane at a load factor of 1.0 G. The point where the
high speed Mach indicated airspeed and low speed buffet
boundary indicated airspeed mergeisthe airplane’ s absolute
or aerodynamic ceiling. This is where if an airplane flew
any slower it would exceed its stalling AOA and experience
low speed buffet. Additionaly, if it flew any faster it would
exceed My, o, potentially leading to high speed buffet. This
critical area of the airplane’s flight envelope is known as
“coffin corner.” All airplanes are equipped with some form
of stall warning system. Crews must be aware of systems
installed on their airplanes (stick pushers, stick shakers,
audio alarms, etc.) and their intended function. In a high
altitude environment, airplane buffet issometimestheinitial
indicator of problems.

Mach buffet occurs as a result of supersonic airflow on the
wing. Stall buffet occurs at angles of attack that produce
airflow disturbances (burbling) over the upper surface of
the wing which decreases lift. As density altitude increases,
the AOA that is required to produce an airflow disturbance
over thetop of thewingisreduced until the density altitudeis
reached where M ach buffet and stall buffet converge (coffin
corner). When this phenomenon is encountered, serious
conseguences may result causing loss of airplane control.

Increasing either gross weight or load factor (G factor) will
increase the low speed buffet and decrease Mach buffet
speeds. A typical jet airplane flying at 51,000 feet atitude
at 1.0 G may encounter Mach buffet dlightly above the
airplane’s My, (0.82 Mach) and low speed buffet at 0.60
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Mach. However, only 1.4 G (an increase of only 0.4 G) may
bring on buffet at the optimum speed of 0.73 Mach and any
change in airspeed, bank angle, or gust loading may reduce
thisstraight-and-level flight 1.4 G protection to no protection
at all. Consequently, a maximum cruising flight altitude
must be selected which will allow sufficient buffet margin
for necessary maneuvering and for gust conditions likely to
be encountered. Therefore, it is important for pilots to be
familiar with the use of charts showing cruise maneuver and
buffet limits. [Figure 15-11]

The transitioning pilot must bear in mind that the
maneuverability of the jet airplane is particularly critical,
especialy at the high altitudes. Some jet airplanes have a
narrow span between the high and low speed buffets. One
airspeed that the pilot should have firmly fixed in memory
is the manufacturer’s recommended gust penetration speed
for the particular make and model airplane. This speed is
normally the speed that would give the greatest margin
between the high and low speed buffets, and may be
considerably higher than design maneuvering speed (V).
This means that, unlike piston airplanes, there are times
when ajet airplane should be flown in excess of V5 during
encounterswith turbulence. Pilots operating airplanesat high
speeds must be adequately trained to operate them safely.
Thistraining cannot be complete until pilots are thoroughly
educated in the critical aspects of the aerodynamic factors
pertinent to Mach flight at high altitudes.

Low Speed Flight

The jet airplane wing, designed primarily for high speed
flight, has relatively poor low speed characteristics. As
opposed to the normal piston powered airplane, the jet wing
haslessarearelative to the airplane’ sweight, alower aspect
ratio (long chord/short span), and thin airfoil shape—all
of which amount to the need for speed to generate enough
lift. The sweptwing is additionally penalized at low speeds
because its effective lift is proportional to airflow speed
that is perpendicular to the leading edge. Thisairflow speed
is always less than the airspeed of the airplane itself. In
other words, the airflow on the sweptwing has the effect of
persuading the wing into believing that it is flying slower
thanit actualy is.

Thefirst real consequence of poor lift at low speedsisahigh
stall speed. The second consequence of poor lift at low speeds
isthemanner inwhichlift and drag vary at those low speeds.
Asajet airplane is slowed toward its minimum drag speed
(Vmp or L/Dyax), tota drag increases at amuch greater rate
than the changes in lift, resulting in a sinking flightpath. If
the pilot attempts to increase lift by increasing the AOA,
airspeed will befurther reduced resulting in afurther increase
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Figure 15-11. Mach buffet boundary chart.

in drag and sink rate as the airplane dlides up the back side
of the power-required curve. The sink rate can be arrested
in one of two ways.

e Pitch attitude can be substantially reduced to reduce
the AOA and allow the airplane to accelerate to a
speed above V\yp, Where steady flight conditions
can be reestablished. This procedure, however, will
invariably result in a substantial loss of altitude.

e Thrust can be increased to accelerate the airplane
to a speed above V\p to reestablish steady flight
conditions. The amount of thrust must be sufficient to
accelerate the airplane and regain altitude lost. Also,
if the airplane has dlid along way up the back side of
the power required (drag) curve, drag will bevery high
and avery large amount of thrust will be required.

In a typical piston engine airplane, Vyp in the clean
configuration is normally at a speed of about 1.3 VS.
[Figure 15-12] Flight below V,p on apiston engine airplane
iswell identified and predictable. In contrast, inajet airplane
flight in the area of Vyp (typically 1.5 — 1.6 V) does not
normally produce any noticeable changesin flying qualities
other than a lack of speed stability—a condition where a
decrease in speed leads to an increase in drag which leadsto
afurther decrease in speed and hence a speed divergence. A
pilot who is not cognizant of a devel oping speed divergence
may find a serious sink rate developing at a constant power
setting, and a pitch attitude that appears to be normal. The

fact that drag increases more rapidly than lift, causing a
sinking flightpath, is one of the most important aspects of
jet airplane flying qualities.

Stalls

Thestalling characteristics of the sweptwing jet airplane can
vary considerably from those of the normal straight wing
airplane. The greatest difference that will be noticeable to
the pilot isthelift developed vs. angle of attack. Anincrease
in angle of attack of the straight wing produces a substantial
and constantly increasing lift vector up to its maximum
coefficient of lift, and soon thereafter flow separation (stall)
occurs with arapid deterioration of lift.

By contrast, the sweptwing produces a much more gradual
buildup of lift with alesswell-defined maximum coefficient.
Thisless-defined peak also meansthat aswept wing may not
have as dramatic loss of lift at angles of attack beyond its
maximum lift coefficient. However, these high-lift conditions
are accompanied by high drag, which resultsin a high rate
of descent. [Figure 15-13]

The differences in the stall characteristics between a
conventional straight wing/low tailplane (non T-tail) airplane
and asweptwing T-tail airplane center around two main aress.

»  Thebasicpitching tendency of theairplane at the stall.

e Tail effectivenessin stall recovery.
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On a conventional straight wing/low tailplane airplane, the
weight of the airplane acts downwards forward of the lift
acting upwards, producing aneed for abalancing force acting
downwards from thetailplane. As speed isreduced by gentle
up elevator deflection, the static stability of the airplane
causes anose-down tendency. Thisiscountered by further up
elevator to keep the nose coming up and the speed decreasing.
As the pitch attitude increases, the low set tail isimmersed
in the wing wake, which is slightly turbulent, low energy
air. The accompanying aerodynamic buffeting serves as a
warning of impending stall. Thereduced effectiveness of the
tail preventsthe pilot from forcing the airplane into a deeper
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Figure 15-13. Stall versus angle of attack—sweptwing versus
straight wing.
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stall. [ Figure 15-14] The conventiond straight wing airplane
conformsto the familiar nose-down pitching tendency at the
stall and gives the entire airplane a fairly pronounced nose-
down pitch. At the moment of stall, the wing wake passes
more or less straight rearward and passes above thetail. The
tail isnow immersed in high energy air whereit experiences
a sharp increase in positive AOA causing upward lift. This
lift then assists the nose-down pitch and decrease in wing
AOA essential to stall recovery.

In a sweptwing jet with a T-tail and rear fuselage mounted
engines, the two qualities that are different from its straight
wing low tailplane counterpart are the pitching tendency
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Figure 15-14. Sall progression—typical straight wing airplane.




of the airplane as the stall develops and the loss of tail
effectiveness at the stall. The handling qualities down to the
stall are much the same as the straight wing airplane except
that the high, T-tail remains clear of the wing wake and
provideslittle or no warning intheform of apre-stall buffet.
Also, the tail is fully effective during the speed reduction
towards the stall, and remains effective even after the wing
has begun to stall. This enables the pilot to drive the wing
into a deeper stall at amuch greater AOCA.

At the stall, two distinct things happen. After the stall, the
sweptwing T-tail airplanetendsto pitch up rather than down,
and the T-tail can become immersed in the wing wake,
which is low energy turbulent air. This greatly reduces tail
effectiveness and the airplane’ s ability to counter the nose-
up pitch. Also, if the AOA increases further, the disturbed,
relatively slow air behind the wing may sweep acrossthetail
at such alarge angle that the tail itself stalls. If this occurs,
the pilot loses all pitch control and will be unable to lower
thenose. Thepitch up just after the stall isworsened by large
reduction in lift and alarge increase in drag, which causes a
rapidly increasing descent path, thus compounding the rate
of increase of thewing’'s AOA. [Figure 15-15]

A dlight pitch up tendency after the stall isacharacteristic of
a swept or tapered wings. With these types of wings, there
is a tendency for the wing to develop a spanwise airflow
towardsthe wingtip whenthewingisat high angles of attack.
This leads to a tendency for separation of airflow, and the
subsequent stall, to occur at thewingtipsfirst. [ Figure 15-16]

Prestall

Stalled

Figure 15-15. Stall progression—sweptwing airplane.

In an unmodified swept wing, the tips first stall, resultsin a
shift of the center of lift of the wing in a forward direction
relative to the center of gravity of the airplane, causing a
tendency for the noseto pitch up. A disadvantage of atipfirst
stall isthat it can involve the ailerons and erode roll control.
To satisfy certification criteria, airplane manufacturers may
havetotailor theairfoil characteristicsof awing asit proceeds
fromtheroot to thetip so that apilot can still maintain wings
level flight with normal use of the controls. Still, more
aileron will be required near stall to correct roll excursion
than in normal flight, asthe effectiveness of the aileronswill
be reduced and feel mushy. This change in feel can be an
important recognition cue that the airplane may be stalled.

As previously stated, when flying at a speed near VMD, an
increasein AOA causes drag to increase faster than lift and
the airplane beginsto sink. It is essential to understand that
thisincreasing sinking tendency, at aconstant pitch attitude,
resultsin arapid increasein AOA asthe flightpath becomes
deflected downwards. [Figure 15-17] Furthermore, once
the stall has developed and a large amount of lift has been
lost, the airplane will begin to sink rapidly and this will be
accompanied by acorresponding rapidincreasein AOA. This
isthe beginning of what is termed a deep stall.

As an airplane enters a deep stall, increasing drag reduces
forward speed to well below normal stall speed. The sink
rate may increase to many thousands of feet per minute. It
must be emphasized that this situation can occur without an
excessively nose-high pitch attitude. On some airplanes, it
can occur at an apparently normal pitch attitude, and it isthis
quality that can mislead the pilot becauseit appearssimilar to
the beginning of anormal stall recovery. It canalso occur at a
negative pitch attitude, that is, with the nose pointing towards
the ground. In such situations, it seems counterintuitive to
apply the correct recovery action, which is to push forward
on the pitch control to reduce the AOA, as this action will
al so cause the nose to point even further towards the ground.
But, that isthe right thing to do.

Deep stallsmay be unrecoverable. Fortunately, they areeasily
avoided aslong as published limitations are observed. Onthose
airplanes susceptible to deep stalls (not al swept or tapered
wing airplanes are), sophisticated stall warning systems such
asstick shakers are standard equipment. A stick pusher, asits
nameimplies, actsto automatically reducetheairplane SAOA
before the airplane reaches a dangerous stall condition, or it
may aid in recoveringtheairplanefromastdl if anairplane’s
natural aerodynamic characteristics do so weakly.

Pilots undergoing training in jet airplanes are taught to

recover at thefirst sign of animpending stall instead of going
beyond thoseinitial cuesand into afull stall. Normally, this

15-13



Spanwise flow of boundary
layer develops at high C

| Area of tip stall enlarges

| Initial flow separation at or near tip |

| Stall area progresses inboard

Figure 15-16. Sweptwing stall characteristics.

isindicated by aural stall warning devices or activation of
the airplane’s stick shaker. Stick shakers normally activate
around 107 percent of the actual stall speed. In response to
a stall warning, the proper action is for the pilot to apply a
nose-down input until the stall warning stops (pitch trim may
be necessary). Then, the wings are rolled level, followed
by adjusting thrust to return to normal flight. The elapsed
time will be small between these actions, particularly at
low altitude where a significant available thrust exists. Itis
important to understand that reducing AOA eliminates the
stall, but applying thrust will allow the descent to be stopped
once the wing is flying again.

At high atitudes the stall recovery technique is the same. A
pilot will need to reduce the AOA by lowering the nose until
the stall warning stops. However, after the AOA has been
reduced to wherethewing isagain devel oping efficient lift, the
airplanewill il likely need to accel erate to adesired airspeed.
At high atitudes where the available thrust is significantly
less than at lower altitudes, the only way to achieve that
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acceleration isto pitch the nose downwards and use gravity.
Assuch, several thousand feet or more of atitudelossmay be
needed to recover completely. The above discussion covers
most airplanes, however, the stall recovery procedures for
a particular make and model airplane may differ slightly,
as recommended by the manufacturer, and are contained in
the FAA-approved Airplane Flight Manua for that airplane.

Drag Devices

To the pilot transitioning into jet airplanes, going faster is
seldom a problem. It is getting the airplane to slow down
that seemsto causethe most difficulty. Thisisbecause of the
extremely clean aerodynamic design and fast momentum of
the jet airplane and because the jet lacks the propeller drag
effects that the pilot has been accustomed to. Additionally,
evenwith the power reduced to flight idle, thejet engine still
producesthrust, and decel eration of thejet airplaneisasiow
process. Jet airplaneshave aglide performancethat isdouble
that of piston-powered airplanes, and jet pilots often cannot
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Figure 15-17. Deep stall progression.

comply with an ATC request to go down and slow down at
the same time. Therefore, jet airplanes are equipped with
drag devices, such as spoilers and speed brakes.

The primary purpose of spoilers is to spoil lift. The most
common type of spoiler consists of one or more rectangular
plates that lie flush with the upper surface of each wing.
They are installed approximately paralel to the lateral axis
of the airplane and are hinged along the leading edges.
When deployed, spoilers deflect up against the relative
wind, which interferes with the flow of air about the
wing. [Figure 15-18] Thisboth spoilslift and increasesdrag.
Spoilers are usually installed forward of the flaps but not in
front of the ailerons so as not to interfere with roll control.

Deploying spoilers results in a substantial sink rate with
little decay in airspeed. Some airplanes exhibit a nose-up
pitch tendency when the spoilers are deployed, which the
pilot must anticipate.

When spoilers are deployed on landing, most of the wing's
lift is destroyed. This action transfers the airplane’ s weight to
the landing gear so that the wheel brakes are more effective.
Another beneficia effect of deploying spoilersonlandingisthat
they create consderabledrag, adding to the overall aerodynamic
braking. The real value of spoilers on landing, however, is
creating the best circumstances for using wheel brakes.

Figure 15-18. Spoilers.

The primary purpose of speed brakes is to produce drag.
Speed brakes are found in many sizes, shapes, and locations
ondifferent airplanes, but they all have the same purpose—to
assist in rapid deceleration. The speed brake consists of a
hydraulically-operated board that, when deployed, extends
into the airstream. Deploying speed brakes resultsin arapid
decreaseinairspeed. Typically, speed brakes can be deployed
at any timeduring flight in order to help control airspeed, but
they are most often used only when arapid decel eration must
be accomplished to dow downto landing gear and flap speeds.
There is usualy a certain amount of noise and buffeting
associated with the use of speed brakes, along with an obvious
penalty infuel consumption. Proceduresfor theuse of spoilers
and/or speed brakesin various situations are contained in the
FAA-approved AFM for the particular airplane.

Thrust Reversers

Jet airplanes have high kinetic energy during the landing
roll because of weight and speed. This energy isdifficult to
dissipate because a jet airplane has low drag with the nose
wheel on the ground, and the engines continue to produce
forward thrust with the power levers at idle. While wheel
brakes normally can cope, there is an obvious need for
another speed retarding method. This need is satisfied by
the drag provided by reverse thrust.

A thrust reverser is a device fitted in the engine exhaust
system that effectively reversestheflow of the exhaust gases.
The flow does not reverse through 180°; however, the fina
path of the exhaust gases is about 45° from straight ahead.
This, together withthelossesin thereverseflow paths, results
in anet efficiency of about 50 percent. It produces even less
if the engine rpm isless than maximum in reverse.

Normally, ajet engine hasoneof two typesof thrust reversers:
atarget reverser or acascadereverser. [Figure 15-19] Target
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Figure 15-19. Thrust reversers.

reversers are ssmple clamshell doors that swivel from the
stowed position at the engine tailpipe to block al of the
outflow and redirect some component of the thrust forward.

Cascade reversers are more complex. They are normally
found on turbofan engines and are often designed to reverse
only the fan air portion. Blocking doors in the shroud
obstructs forward fan thrust and redirectsit through cascade
vanes for some reverse component. Cascades are generally
less effective than target reversers, particularly those that
reverse only fan air, because they do not affect the engine
core, which continues to produce forward thrust.
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On most installations, reverse thrust is obtained with the
thrust lever at idle by pulling up thereverselever to adetent.
Doing so positions the reversing mechanisms for operation
but leaves the engine at idle rpm. Further upward and
backward movement of the reverse lever increases engine
power. Reverse is cancelled by closing the reverse lever
to the idle reverse position, then dropping it fully back to
the forward idle position. This last movement operates the
reverser back to the forward thrust position.

Reversethrust is much more effective at high airplane speed
than at low airplane speedsfor two reasons:. the net amount of



reverse thrust increases with speed; and the power produced
is higher at higher speeds because of the increased rate of
doing work. In other words, the kinetic energy of theairplane
isbeing destroyed at ahigher rate at the higher speeds. To get
maximum efficiency from reversethrust, therefore, it should
be used as soon asis prudent after touchdown.

When considering the proper time to apply reverse thrust
after touchdown, the pilot should remember that some
airplanes tend to pitch nose up when reverse is selected on
landing and this effect, particularly when combined with the
nose-up pitch effect from the spoilers, can causetheairplane
to leave the ground again momentarily. On these types, the
airplane must be firmly on the ground with the nose wheel
down before reverse is selected. Other types of airplanes
have no change in pitch, and reverse idle may be selected
after the main gear is down and before the nose wheel is
down. Specific procedures for reverse thrust operation for a
particular airplane/engine combination are contained in the
FAA-approved AFM for that airplane.

There is a significant difference between reverse pitch on
a propeller and reverse thrust on a jet. Idle reverse on a
propeller produces about 60 percent of the reverse thrust
availableat full power reverseand istherefore very effective
at thissetting when full reverseisnot needed. On ajet engine,
however, selecting idle reverse produces very little actual
reversethrust. In ajet airplane, the pilot must not only select
reverse as soon as reasonabl e, but then must open up to full
power reverse as soon as possible. Within AFM limitations,
full power reverse should be held until the pilot is certain
the landing roll is contained within the distance available.

Inadvertent deployment of thrust reversers while airborneis
avery seriousemergency situation. Therefore, thrust reverser
systems are designed with this prospect in mind. The systems
normally contain several lock systems. oneto keep reversers
from operating in the air, another to prevent operation with
the thrust levers out of the idle detent, and/or an “ auto-stow”
circuit to command reverser stowage any timethrust reverser
deployment would beinappropriate, such asduring takeoff and
while airborne. It is essentia that pilots understand not only
the normal procedures and limitations of thrust reverser use,
but a so the proceduresfor coping with uncommanded reverse.
Those emergenciesdemand immediate and accurate response.

Pilot Sensations in Jet Flying

There are usually three general sensations that the pilot
transitioning into jets will immediately become aware of.
Theseare: response differences, increased control sensitivity,
and amuch increased tempo of flight.

In many flight conditions, airspeed changes can occur more
slowly thanin apropeller airplane. Thisarisesfrom different
effects. At high altitudes, the ability to accelerate lessensdue
tothereductionin availablethrust. Another effect isthelong
spool-up time required from low throttle settings. Some
aircraft can take on the order of 8-10 seconds to develop
full thrust when starting from an idle condition. Finally, the
clean aerodynamic design of ajet can result in smaller than
expected decel erations when thrust is reduced to idle.

Thelack of propeller effect is also responsible for the lower
drag increment at the reduced power settings and resultsin
other changesthat the pilot will have to become accustomed
to. These include the lack of effective dlipstream over the
lifting surfaces and control surfaces, and lack of propeller
torque effect.

The aft mounted engines will cause a different reaction to
power application and may result in a slightly nosedown
pitching tendency with the application of power. On the
other hand, power reduction will not cause pitch changes to
the same extent the pilot is used to in a propeller airplane.
Although neither of these characteristics are radical enough
to cause transitioning pilots much of a problem, they must
be compensated for.

Power settings required to attain a given performance are
amost impossible to memorizein the jets, and the pilot who
feels the necessity for having an array of power settings for
al occasions will initially feel at aloss. The only way to
answer the question of “how much power is needed?’ is
by saying, “whatever is required to get the job done.” The
primary reason that power settings vary so much is because
of the great changesin weight asfuel isconsumed during the
flight. Therefore, the pilot will have to learn to use power as
needed to achieve the desired performance.

In time, the pilot will find that the only reference to power
instruments will be that required to keep from exceeding
limits of maximum power settings or to synchronize rpm.

Proper power management isone of theinitial problem areas
encountered by the pilot transitioning into jet airplanes.
Although smooth power applications are still the rule, the
pilot will be aware that a greater physical movement of the
power leversis required as compared to throttle movement
in the piston engines. The pilot will aso have to learn to
anticipate and lead the power changes more than in the past
and must keep in mind that the last 30 percent of enginerpm
represents the majority of the engine thrust, and below that
the application of power hasvery little effect. In slowing the
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airplane, power reduction must be made sooner becausethere
isno longer any propeller drag and the pil ot should anticipate
the need for drag devices.

Control sensitivity will differ between various airplanes, but
inall cases, the pilot will find that they are more sensitiveto
any changein control displacement, particularly pitch control,
than arethe conventional propeller airplanes. Because of the
higher speeds flown, the control surfaces are more effective
and a variation of just a few degrees in pitch attitude in a
jet can result in over twice the rate of atitude change that
would be experienced in asower airplane. The sensitivepitch
control in jet airplanes is one of the first flight differences
that the pilot will notice. Invariably the pilot will have a
tendency to overcontrol pitch during initial training flights.
The importance of accurate and smooth control cannot be
overemphasized, however, and it isone of thefirst techniques
the transitioning pilot must master.

The pilot of a sweptwing jet airplane will soon become
adjusted to the fact that it is necessary and normal to fly at
higher angles of attack. It is not unusual to have about 5°
of nose-up pitch on an approach to a landing. During an
approachto astall at constant dtitude, the nose-up angle may
be ashigh as 15° to 20°. The higher deck angles (pitch angle
relative to the ground) on takeoff, which may be as high as
15°, will al'so take some getting used to, although thisis not
the actual AOA relative to the airflow over the wing.

Thegreater variation of pitch attitudesflowninajet airplane
are a result of the greater thrust available and the flight
characteristics of thelow aspect ratio and sweptwing. Flight
at the higher pitch attitudes requires a greater reliance on the
flight instrumentsfor airplane control sincethereisnot much
in the way of a useful horizon or other outside reference to
be seen. Because of the high rates of climb and descent,
high airspeeds, high altitudes and variety of attitudes flown,
the jet airplane can only be precisely flown by applying
proficient instrument flight techniques. Proficiency in
attitudeinstrument flying, therefore, isessential to successful
transition to jet airplane flying.

Most jet airplanes are equipped with a thumb operated
pitch trim button on the control wheel which the pilot must
become familiar with as soon as possible. The jet airplane
will differ regarding pitch tendencies with the lowering
of flaps, landing gear, and drag devices. With experience,
the jet airplane pilot will learn to anticipate the amount of
pitch change required for a particular operation. The usual
method of operating thetrim button isto apply several small,
intermittent applications of trimin thedirection desired rather
than holding the trim button for longer periods of timewhich
can lead to overcontrolling.
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Jet Airplane Takeoff and Climb

The following information is generic in nature and, since
most civilian jet airplanes require a minimum flight crew
of two pilots, assumes a two pilot crew. If any of the
following information conflicts with FAA-approved AFM
procedures for a particular airplane, the AFM procedures
take precedence. Also, if any of the following procedures
differ from the FAA-approved procedures devel oped for use
by aspecific air operator and/or for usein an FAA-approved
training center or pilot school curriculum, the FAA-approved
procedures for that operator and/or training center/pilot
school take precedence.

All FAA certificated jet airplanesare certificated under Title
14 of the Code of Federal Regulations (14 CFR) part 25, which
contains the airworthiness standards for transport category
airplanes. The FAA-certificated jet airplane is a highly
sophisticated machinewith proven levels of performanceand
guaranteed safety margins. The jet airplane’s performance
and safety margins can only be realized, however, if the
airplaneisoperated in strict compliance with the procedures
and limitations contained in the FAA-approved AFM for the
particular airplane. Furthermore, in accordance with 14 CFR
part 91, section 91.213, aturbine powered airplane may not be
operated with inoperableinstruments or equipment installed
unless an approved Minimum Equipment List (MEL)
exists for that aircraft, and the aircraft is operated under all
applicable conditions and limitations contained in the MEL .

Minimum Equipment List and Configuration
Deviation List

The MEL serves as a reference guide for dispatchers and
pilots to determine whether takeoff of an aircraft with
inoperativeinstruments or equi pment isauthorized under the
provisions of applicable regulatory requirements.

Theoperator sSMEL must be model ed after the FAA’ sMaster
MEL for each type of aircraft and must be approved by the
Administrator beforeitsimplementation. The MEL includes
a “General Section,” comprised of definitions, general
policies, aswell asoperational proceduresfor flight crewsand
mai ntenance personnel. Each aircraft component addressedin
the MEL islisted inan a phabetical index for quick reference.
A table of contents further divides the manual in different
chapters, each numbered for its corresponding aircraft system
designation (i.e., the electrical system, also designated as
system number 24, would befound in chapter 24 of the MEL).

Maintenance may be deferred only on those aircraft systems
and components cataloged in the approved MEL. If a
malfunctioning or missing item is not specifically listed in
the MEL inventory, takeoff is not authorized until theitemis



adequately repaired or replaced. In cases where repairs may
temporarily be deferred, operation or dispatch of an aircraft
whose systemshave beenimpaired isoften subject tolimitations
or other conditiona requirements explicitly articulated in the
MEL. Such conditional requirementsmay be of an operational
nature, a mechanical nature, or both. Operational conditions
generally include one or more of the following:

e Limited use of aircraft systems
e Downgradedinstrument flight rule (IFR) landing minima

e Fuel increases due to additional burn, required
automatic power unit (APU) usage or potential fuel
imbalance situations

e Precautionary checks to be performed by the crew
prior to departure, or special techniquesto be applied
whilein flight

*  Weight penalties affecting takeoff, cruise, or landing
performance (runway limit, climb limit, usablelanding
distance reduction, and Vg, takeoff V-speeds, N4/
EPR adjustments)

e Specific flight restrictions involving:

e Authorized areas of operation (clearly defined
geographical regions)

e Type of operations (international, extended
operations (ETOPS))

e Altitudeand airspace (reduced vertical separation
minimums (RV SM)

e Minimum navigation performance specifications
(MNPS)

e Speed (knotsindicated airspeed (KIAS) or Mach)

e Routing options (extended overwater, reduced
navigation capability, High Altitude Redesign
navigation)

¢ Environmental conditions (icing, thunderstorms,
wind shear, daylight, visual meteorological
conditions (VMC), turbulenceindex, cross-wind
component)

e Airport selection (runway surface, length,
contamination, and availability of aircraft
maintenance, Airport rescue and firefighting
(ARFF) and ATC services)

Listed below are some examples of both operational and
mechanical situations that may be encountered:

e A defective Ground Proximity Warning System
(GPWS) would require alternate procedures to be
developed by the operator to mitigate the loss of
the GPWS and would likely only alow continued
operation for two days.

e Aninoperativeair condition (A/C) pack might restrict
a Super 80 or aBoeing 737 to a maximum operating
altitude of flight level (FL)250, whereas as a Boeing
757 isonly restricted to FL350.

e Aninoperative Auxiliary Power Unit (APU) will not
affect the performance or flying characteristics of an
aircraft, but it does prompt the operator to verify that
ground air and electrical power is available for that
particular type of aircraft at the designated destination
and alternate airports.

e A faulty fuel pump in the center tank may lower the
Maximum Zero Fuel Weight (MZFW) by the amount
of center tank fuel, as that fuel would otherwise be
trapped and unusabl e should the remaining fuel pump
fail whileinflight. At the sametime, theunavailability
of center tank fuel unmistakably decreasestheaircraft
range while perhaps excluding it from operating too
far off-shore.

* An inoperable generator (IDG) may require the
continuous operation of the APU as an alternate
source of electrical power throughout the entireflight
(and thus more fuel) asit istasked with assuming the
function of the defunct generator.

e A failure of the Heads-up Display (HUD) or the
auto-pilot may restrict the airplane to higher approach
minima (taking it out of Category Il or Category |11
authorizations)

Mechanical conditions outlined in the MEL may require
precautionary pre-flight checks, partial repairs prior to
departure, or the isolation of selected elements of the
deficient aircraft system (or related interacting systems), as
well as the securing of other system components to avoid
further degradation of its operation in flight. The MEL
may contain either a step-by-step description of required
partial maintenance actions or alist of numerical references
to the Maintenance Procedures Manual (MPM) where
each corrective procedure is explained in detail. When
procedures must be performed to ensure the aircraft can be
safely operated, they are categorized as either Operations
Procedures or Maintenance Procedures. The MEL will
denotewhich by indicatingan“O” or an*“M” asappropriate.

If operational and mechanical conditions can be met, a
placard is issued and an entry made in the aircraft MEL
Deferral Record to authorize the operation for alimited time
before more permanent repairs can be accomplished. The
placard is affixed by maintenance personnel or the flight
crew asappropriate onto theinstrument or control mechanism
that otherwise governsthe operation of the defective device.
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In order to use the MEL properly, it is important to clearly
understand its purpose and the timing of its applicability.
Because it is designed to provide guidance in determining
whether aflight can be safely initiated with aircraft equipment
that is deficient, inoperative, or missing, the MEL is only
relevant while the aircraft is still on the ground awaiting
departure or takeoff. It is essentially a dispatching reference
tool used in support of all applicable Federal Aviation
Regulations. If dispatchersare not required by the Operator’s
certificate, flight crews still need to refer to the MEL before
dispatching themselves and ensure that the flight is planned
and conducted within the operating limits set forth in the
MEL. However, oncetheaircraftisairborne, any mechanical
failure should be addressed using the appropriate checklists
and approved AFM, not the MEL. Although nothing could
technically keep a pilot from referring to the MEL for
background information and documentation to support his
decisions, his actions must be based strictly on instructions
provided by the AFM (i.e., Abnormal or Emergency sections).

A Configuration Deviation List (CDL) is used in the same
manner as a MEL but it differsin that it addresses missing
external parts of the aircraft rather than failing internal
systems and their constituent parts. They typically include
elements, such as service doors, power receptacle doors,
dat track doors, landing gear doors, APU ram air doors,
flaps fairings, nose wheel spray deflectors, position light
lens covers, dlat segment seals, static dischargers, etc. Each
CDL item has a corresponding AFM number that identifies
successively the system number, sub-system number, and
item number. Flight limitations derived from open CDL items
typically involve some kind of weight penalty and/or fuel
tax dueto increased drag and a net performance decrement,
although some environmental restrictions may also be of
concern in a few isolated cases. For example, a missing
nose wheel spray deflector (Super 80 aircraft) requires dry
runways for both takeoff and landing.

Each page of the MEL/CDL isdividedinto 6 columns. From
left to right, these columns normally display the following
information:

e Functional description/identification of theinoperative
or missing aircraft equipment item
e Normal complement of equipment (number installed)

e Minimum equipment required for departure (number
of items)

e Conditions required for flight/dispatch including
maintenance action required (M) by mechanics
or other authorized maintenance personnel and
operational procedures or restrictions (O) to be
observed by the flight crew
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V-Speeds

Thefollowing are speedsthat affect the jet airplane’ stakeoff
performance. The jet airplane pilot must be thoroughly
familiar with each of these speeds and how they are used in
the planning of the takeoff.

*  Vg—dtaling speed or minimum steady flight speed
at which the airplaneis controllable.

o V,—critical engine failure speed or takeoff decision
speed. It isthe speed at which the pilot isto continue
the takeoff in the event of an engine failure or
other serious emergency. At speeds less than V1,
it is considered safer to stop the aircraft within the
accel erate-stop distance. It isa so the minimum speed
inthetakeoff, following afailure of thecritical engine
at Vg, at which the pilot can continue the takeoff and
achieve the required height above the takeoff surface
within the takeoff distance.

e Vge—speed at whichthecritical engineisassumedto
fail during takeoff. This speed isused during aircraft
certification.

e Vg—rotation speed, or speed at which the rotation
of the airplane is initiated to takeoff attitude. This
speed cannot belessthan V, or lessthan 1.05 x V. ca
(minimum control speed intheair). Onasingle-engine
takeoff, it must also alow for the acceleration to V,
at the 35-foot height at the end of the runway.

o V| o—lift-off speed, or speed at which the airplane
first becomes airborne. This is an engineering term
used when the airplane is certificated and must meet
certain requirements. If it isnot listed in the AFM, it
is within requirements and does not have to be taken
into consideration by the pilot.

o V,—takeoff safety speed meansareferenced airspeed
obtained after lift-off at which the required one-engine-
inoperative climb performance can be achieved.

Pre-Takeoff Procedures

Takeoff data, including V1/V g and V, speeds, takeoff power
settings, and required field length should be computed prior
to each takeoff and recorded on atakeoff datacard. Thisdata
isbased on airplaneweight, runway length available, runway
gradient, field temperature, field barometric pressure, wind,
icing conditions, and runway condition. Both pilots should
separately compute the takeoff data and cross-check in the
cockpit with the takeoff data card.

A captain’s briefing is an essential part of crew resource
management (CRM) procedures and should be accomplished
just prior to takeoff. [ Figure 15-20] Thecaptain’shriefingis
an opportunity to review crew coordination procedures for



Captain’s Briefing
| will advance the thrust levers.
Follow me through on the thrust levers.

Monitor all instruments and warning lights on the takeoff roll
and call out any discrepancies or malfunctions observed prior
to V,, and | will abort the takeoff. Stand by to arm thrust
reversers on my command.

Give me a visual and oral signal for the following:
* 80 knots, and | will disengage nosewheel steering.
* V,, and | will move my hand from thrust to yoke.
* Vg and | will rotate.

In the event of engine failure at or after V., | will continue the
takeoff roll to V, rotate and establish V, climb speed. | will
identify the inoperative engine, and we will both verify. | will
accomplish the shutdown, or have you do it on my command.

I will expect you to stand by on the appropriate emergency
checklist.

| will give you a visual and oral signal for gear retraction and
for power settings after the takeoff.

Our VFR emergency procedure is to..........cccecvrveeeennns
Our IFR emergency procedure is t0........ccccevvevvrerenecns

Figure 15-20. Sample captain’s briefing.

Rollout:
V,+20 minimum

Set climb

Accelerate

Retract flaps

Complete after-takeoff climb checklist

.
\i‘sg

« Set takeoff thrust prior
to 60 knots
e 70 knots check

e Vo/Vg
* Rotate smoothly
to 10° nose up

Figure 15-21. Takeoff and departure profile.

Normal Takeoff

takeoff, which isawaysthe most critical portion of aflight.
The takeoff and climb-out should be accomplished in
accordance with a standard takeoff and departure profile
developed for the particular make and model airplane.
[Figure 15-21]

Takeoff Roll

The entire runway length should be available for takeoff,
especidly if the pre-calculated takeoff performance shows
theairplaneto belimited by runway length or obstacles. After
taxing into position at the end of the runway, the airplane
should be aligned in the center of the runway allowing equal
distance on either side. The brakes should be held while
the thrust levers are brought to a power setting specified in
the AFM and the engines allowed to stabilize. The engine
instruments should be checked for proper operation before
the brakes are released or the power increased further. This
procedure assures symmetrical thrust during the takeoff roll
and aids in prevention of overshooting the desired takeoff
thrust setting. The brakes should then bereleased and, during
thestart of thetakeoff roll, thethrust levers smoothly advanced
to the pre-computed takeoff power setting. All final takeoff
thrust adjustments should be made prior to reaching 60 knots.
The final engine power adjustments are normally made by
the pilot not flying. Once the thrust levers are set for takeoff

Straight climbout:

¢ V,+10 knots

* Retract flaps

¢ Set climb thrust

* Complete
after-takeoff

Close-in turn maintain: climb checklist

Flaps T.O. & Appr.
V,+20 knots
Minimum
Maximum bank 30°

Altitude selected to
flap retraction

(400 ft. FAA maintain)
(or obstacle clearance
altitude)

‘ V,+10 knots
mimimum

* Positive rate of climb
* Gear up
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power, they should not be readjusted after 60 knots. Retarding
a thrust lever would only be necessary in case an engine
exceeds any limitation, such asITT, fan, or turbine rpm.

If sufficient runway length is available, a“rolling” takeoff
may be made without stopping at the end of the runway.
Using this procedure, as the airplane rolls onto the runway,
the thrust levers should be smoothly advanced to the
recommended intermediate power setting and the engines
allowed to stabilize, and then proceed asin the static takeoff
outlined above. Rolling takeoffs can also be made from the
end of the runway by advancing the thrust levers from idle
asthe brakes are released.

During the takeoff roll, the pilot flying should concentrate on
directional control of the airplane. This is made somewhat
easier because thereisno torque produced yawing in ajet as
thereisin apropeller-driven airplane. The airplane must be
maintained exactly on centerline with the wings level. This
automatically aidsthe pilot when contending with an engine
failure. If acrosswind exists, the wings should be kept level
by displacing the control wheel into the crosswind. During
the takeoff roll, the primary responsibility of the pilot not
flying is to closely monitor the aircraft systems and to call
out the proper V speeds as directed in the captain’ s briefing.

Slight forward pressure should be held on the control column
to keep the nose wheel rolling firmly on the runway. If
nose-wheel steering isbeing utilized, the pilot flying should
monitor the nose-wheel steering to about 80 knots (or Ve
for the particular airplane) while the pilot not flying applies
the forward pressure. After reaching Vg, the pilot flying
should bring hisor her left hand up to the control wheel. The
pilot’s other hand should be on the thrust leversuntil at |east
V1 speed is attained. Although the pilot not flying maintains
a check on the engine instruments throughout the takeoff
roll, the pilot flying (pilot in command) makes the decision
to continue or reject atakeoff for any reason. A decision to
reject atakeoff requiresimmediate retarding of thrust levers.

The pilot not flying should call out V. After passing V;
speed on the takeoff roll, it is no longer mandatory for the
pilot flying to keep ahand on the thrust levers. The point for
abort has passed, and both hands may be placed on the control
wheel. As the airspeed approaches Vg, the control column
should be moved to aneutral position. Asthe pre-computed
VR speed is attained, the pilot not flying should make the
appropriate callout, and the pilot flying should smoothly
rotate the airplane to the appropriate takeoff pitch attitude.

Rejected Takeoff
Every takeoff could potentialy result in a rejected takeoff
(RTO) for avariety of reasons. enginefailure, fire or smoke,
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unsuspected equipment on the runway, bird strike, blown
tires, direct instructions from the governing ATC authority,
or recognition of a significant abnormality (split airspeed
indications, activation of awarning horn, etc.).

I1l-advised rejected takeoff decisions by flight crews and
improper pilot technique during the execution of arejected
takeoff contributeto amajority of takeoff-related commercia
aviation accidents worldwide. Statistically, athough only 2
percent of rejected takeoffs are in this category, high-speed
abortsabove 120 knots account for the vast majority of RTO
overrun accidents. Four out of five rejected takeoffs occur
at speeds below 80 knots and generally come to a safe and
successful conclusion.

Thekinetic energy of any aircraft (and thus the decel eration
power required to stop it) increases with aircraft weight
and the square of the aircraft speed. Therefore, an increase
in weight has a lesser impact on kinetic energy than a
proportional increasein groundspeed. A 10 percent increase
in takeoff weight produces roughly a 10 percent increase in
kinetic energy, whilea 10 percent increasein speed resultsin
a 21 percent increase in kinetic energy. Hence, it should be
stressed during pilot training that time (delayed decision or
reaction) equals higher speed (to the tune of at least 4 knots
per second for most jets), and higher speed equals longer
stopping distance. A couple of seconds can bethe difference
between running out of runway and coming to a safe halt.
Because weight ceases to be a variable once the doors are
closed, the throttles are pushed forward and the airplane is
launching down the runway, all focus should be on timely
recognition and speed control.

Thedecisionto abort takeoff should not be attempted beyond
the calculated V4, unless there is reason to suspect that the
airplane’s ahility to fly has been impaired or is threatened
to cease shortly after takeoff (for example on-board fire,
smoke, or identifiable toxic fumes). If a serious failure or
mal function occurs beyond takeoff decision speed (V,), but
the airplane’s ability to fly is not in question, takeoff must
generally continue.

It isparamount to remember that FAA-approved takeoff data
for any aircraft isbased on aircraft performance demonstrated
inideal conditions, using aclean, dry runway, and maximum
braking (reverse thrust is not used to compute stopping
distance). In reality, stopping performance can be further
degraded by an array of factors as diversified as:

*  Runway friction (grooved/non-grooved)

* Mechanical runway contaminants (rubber, oily
residue, debris)



e Natura contaminants (standing water, snow, slush,
ice, dust)

e Wind direction and velocity

e Air density

e Flaps configuration

e Bleed air configuration

e Underinflated or failing tires

e Pendizing MEL or CDL items

*  Deficient wheel brakes or RTO auto-brakes
e Inoperative anti-skid

e Pilot technique and individua proficiency

Because performance conditions used to determine V, do
not necessarily consider all variables of takeoff performance,
operators and aircraft manufacturers generally agree that
the term “takeoff decision speed” is ambiguous at best.
By definition, it would suggest that the decision to abort
or continue can be made upon reaching the calculated V4,
and invariably result in a safe takeoff or RTO maneuver if
initiated at that point in time. In fact, taking into account the
pilots’ response time, the Go/No Go decision must be made
before VV, so that deceleration can begin no later than V. If
braking has not begun by V4, the decision to continue the
takeoff is made by default. Delaying the RTO maneuver by
just one second beyond V; increases the speed 4 to 6 knots
on average. Knowing that crews require 3 to 7 seconds to
identify an impending RTO and execute the maneuver, it
standsto reason that adecision should be madepriortoV 4 in
order to ensure a successful outcome of the rejected takeoff.
Thisprompted the FAA to expand on theregulatory definition
of V, and to introduce a couple of new terms through the
publication of Advisory Circular (AC) 120-62, “Takeoff
Safety Training Aid.”

The expanded definition of V, isasfollows:

a) V4. The speed selected for each takeoff, based upon
approved performance data and specified conditions,
which represents:

(1) Themaximum speed by which arejected takeoff
must be initiated to assure that a safe stop can
be completed within the remaining runway, or
runway and stopway;

(2) Theminimum speed which assuresthat atakeoff
can be safely completed within the remaining
runway, or runway and clearway, after failure of
themost critical enginethe designated speed; and

(3) Thesinglespeed which permitsasuccessful stop or
continued takeoff when operating at the minimum
allowablefield length for a particular weight.

b) MinimumV ;. The minimum permissibleV, speed for
the reference conditions from which the takeoff can
be safely completed from a given runway, or runway
and clearway, after thecritical engine had failed at the
designated speed.

¢) Maximum V. That maximum possible V, speed for
the reference conditions at which a rejected takeoff
can be initiated and the airplane stopped within the
remaining runway, or runway and stopway.

d) Reduced V. A V; less than maximum V, or the
normal V4, but more than the minimum V4, selected
to reduce the RTO stopping distance required.

Themain purposefor using areduced V, isto properly adjust
the RTO stopping distance in light of the degraded stopping
capability associated with wet or contaminated runways,
while adding approximately 2 seconds of recognition time
for the crew.

Most aircraft manufacturers recommend that operators
identify a “low-speed” regime (i.e., 80 knots and below)
and a “high-speed” regime (i.e., 100 knots and above) of
the takeoff run. In the “low speed” regime, pilots should
abort takeoff for any malfunction or abnormality (actual
or suspected). In the “high speed” regime, takeoff should
only be rejected because of catastrophic malfunctions or
life-threatening situations. Pilots must weigh the threat
against the risk of overshooting the runway during a RTO
maneuver. Standard Operating Procedures (SOPs) should
be tailored to include a speed callout during the transition
from low-speed to high-speed regime, the timing of which
serves to remind pilots of the impending critical window of
decision-making, to provide them with alast opportunity to
crosscheck their instruments, to verify their airspeed, and to
confirm that adequate takeoff thrust is set, while at the same
time performing a pilot incapacitation check through the
“challenge and response” ritual. Ideally, two calloutswould
enhance a crew’ s preparedness during takeoff operations. A
first callout at the high end of the“low-speed” regimewould
announce the beginning of the transition from “low speed”
to “high-speed,” aerting the crew that they have entered a
short phase of extreme vigilance where the “Go/No Go”
must imminently be decided. A second callout made at the
beginning of the “high-speed” regime would signify theend
of the transition, thus the end of the decision-making. Short
of some catastrophic failure, the crew is then committed to
continue the takeoff.

Proper use of brakes should be emphasized in training, as
they have the most stopping power during arejected takeoff.
However, experience has shown that the initial tendency
of a flight crew is to use normal after-landing braking
during a rejected takeoff. Delaying the intervention of the
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primary deceleration force during a RTO maneuver, when
every second counts, could be costly in terms of required
stopping distance. Instead of braking after the throttles are
retarded and the spoilers are deployed (normal landing),
pilots must apply maximum braking immediately while
simultaneously retarding the throttles, with spoilersextension
and thrust reversers deployment following in short sequence.
Differential braking applied to maintain directional control
also diminishes the effectiveness of the brakes. And finally,
not only does a blown tire eliminate any kind of braking
action on that particular tire, but it could also lead to the
failure of adjacent tires, and thus further impairing the
airplane’ s ability to stop.

In order to better assist flight crewsin making asplit second
Go/No Go decision during a high speed takeoff run, and
subsequently avoid an otherwise unnecessary but risky
high speed RTO, some commercia aircraft manufacturers
have gone as far as inhibiting aural or visual malfunction
warnings of non-critical equipment beyond a preset speed.
The purposeisto prevent an overreaction by the crew and a
tendency to select a risky high-speed RTO maneuver over
a safer takeoff with a non-critical malfunction. Indeed, the
successful outcome of arejected takeoff, one that concludes
without damage or injury, does not necessarily point to the
best decision-making by the flight crew.

In summary, a rejected takeoff should be perceived as an
emergency. RTO safety could be vastly improved by:

e Developing SOPs aiming to advance the expanded
FAA definitions of takeoff decision speed and their
practical application, including the use of progressive
calloutsto identify transition from low-to high-speed
regime.

e Promoting situational awarenessand better recognition
of emergency versus abnormal situations through
enhanced CRM training.

e Encouraging crewsto carefully consider variablesthat
may seriously affect or even compromise available
aircraft performance data.

e Expanding practical training in the proper use of
brakes, throttles, spoilers, and reverse thrust during
RTO demonstrations.

e Encouraging aircraft manufacturersto eliminate non-
critical malfunction warnings during the takeoff roll
at preset speeds.

Rotation and Lift-Off

Rotation and lift-off in ajet airplane should be considered
amaneuver unto itself. It requires planning, precision, and
afine control touch. The objective isto initiate the rotation

15-24

to takeoff pitch attitude exactly at Vg so that the airplane
accelerates through V| o and attains V, speed at 35 feet
AGL. Rotation to the proper takeoff attitude too soon may
extend thetakeoff roll or cause an early lift-off, which results
in alower rate of climb and the predicted flightpath will not
be followed. A late rotation, on the other hand, resultsin a
longer takeoff roll, exceeding V, speed, and a takeoff and
climb path below the predicted path.

Each airplane has its own specific takeoff pitch attitude that
remains constant regardless of weight. The takeoff pitch
atitude in a jet airplane is normally between 10° and 15°
nose up. Therotation to takeoff pitch attitude should be made
smoothly but deliberately and at a constant rate. Depending
on the particular airplane, the pilot should plan on a rate of
pitch attitude increase of approximately 2.5° to 3° per second.

In training, it is common for the pilot to overshoot Vg and
then overshoot V, because the pilot not flying calls for
rotation at or just past Vg. The reaction of the pilot flying
is to visually verify Vg and then rotate. The airplane then
leavestheground at or aboveV,. The excessairspeed may be
of little concern on anormal takeoff, but a delayed rotation
can be critical when runway length or obstacle clearance is
limited. It should be remembered that on some airplanes, the
all-engine takeoff can be more limiting than the engine-out
takeoff interms of obstacle clearanceintheinitial part of the
climb-out. Thisis because of therapidly increasing airspeed
causing the achieved flightpath to fall below the engine out
scheduled flightpath unless care is taken to fly the correct
speeds. Thetransitioning pilot should remember that rotation
at theright speed and rate to theright attitude getstheairplane
off the ground at the right speed and within theright distance.

Initial Climb

Once the proper pitch attitude is attained, it must be
maintained. The initial climb after lift-off is done at this
constant pitch attitude. Takeoff power is maintained and
the airspeed allowed to accelerate. Landing gear retraction
should be accomplished after apositiverate of climb hasbeen
established and confirmed. Remember that in someairplanes
gear retraction may temporarily increase the airplane drag
whilelanding gear doors open. Premature gear retraction may
causetheairplane to settle back towardsthe runway surface.
Remember also that because of ground effect, the vertical
speed indicator and the altimeter may not show a positive
climb until the airplaneis 35 to 50 feet above the runway.

The climb pitch attitude should continue to be held and
the airplane allowed to accelerate to flap retraction speed.
However, the flaps should not be retracted until obstruction
clearance altitude or 400 feet AGL has been passed. Ground
effect and landing gear drag reduction results in rapid



acceleration during this phase of the takeoff and climb.
Airspeed, altitude, climb rate, attitude, and heading must
be monitored carefully. When the airplane settlesdown to a
steady climb, longitudinal stick forces can be trimmed out.
If aturn must be made during this phase of flight, no more
than 15° to 20° of bank should be used. Because of spiral
instability and, because at this point an accurate trim state
on rudder and ailerons has not yet been achieved, the bank
angle should be carefully monitored throughout the turn. 1f
a power reduction must be made, pitch attitude should be
reduced simultaneously and the airplane monitored carefully
S0 as to preclude entry into an inadvertent descent. When
the airplane has attained a steady climb at the appropriate
en route climb speed, it can be trimmed about all axes and
the autopilot engaged.

Jet Airplane Approach and Landing

Landing Requirements

The FAA landing field length requirementsfor jet airplanes
are specified in 14 CFR part 25. It defines the minimum
field length (and therefore minimum margins) that can be
scheduled. Theregulation describesthelanding profile asthe
horizontal distance required to land and come to acomplete
stop on a dry surface runway from a point 50 feet above
the runway threshold, through the flare and touchdown,
using the maximum stopping capability of the aircraft. The
unfactored or certified landing distanceis determined during
aircraft certification. As such, it may be different from the
actual landing distance because certification regulations do
not take into account all factors that could potentially affect
landing distance. The unfactored landing distance is the

Figure 15-22. FAR landing field length required.
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baseline landing distance on adry, level runway at standard
temperatures without using thrust reversers, auto brakes, or
auto-land systems. In order to meet regulatory requirements
however, a safety margin of 67 percent is added to the
unfactored dry landing distancein the FAA-approved AFM,
after applicable adjustments are made for environmental and
aircraft conditions (MEL/CDL penalties). This corrected
lengthisthen referred to asthefactored dry-landing distance
or the minimum dry-landing field length. [ Figure 15-22]

For minimum wet-landing field length, the factored dry-
landing distance is increased by an additional 15 percent.
Thus, the minimum dry runway field length is 1.67 times
the actual minimum air and ground distance needed, and the
wet runway minimum landing field length is 1.92 times the
minimum dry air and ground distance needed.

Certified landing field length requirements are computed for
the stop made with speed brakes deployed and maximum
wheel braking. Reverse thrust is not used in establishing
the certified landing distances; however, reversers should
definitely be used in service.

Landing Speeds

Asinthetakeoff planning, there are certain speedsthat must
be taken into consideration when landing ajet airplane. The
speeds are as follows:

e Vgo—stall speed in the landing configuration

Vge—1.3 times the stall speed in the landing
configuration
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e Approach climb—the speed that guarantees adequate
performance in a go-around situation with an
inoperative engine. The airplane’s weight must
be limited so that a twin-engine airplane has a 2.1
percent climb gradient capability. (The approach climb
gradient requirements for 3 and 4 engine airplanes
are 2.4 percent and 2.7 percent, respectively.) These
criteria are based on an airplane configured with
approach flaps, landing gear up, and takeoff thrust
available from the operative engine(s).

e Landing climb—the speed that guarantees adequate
performance in arresting the descent and making
a go-around from the final stages of landing with
the airplane in the full landing configuration and
maximum takeoff power available on al engines.

The appropriate speeds should be pre-computed prior to every
landing and posted wherethey are visible to both pilots. The
V rer Speed, or threshold speed, is used as a reference speed
throughout the traffic pattern. For example:

e Downwind leg—V gee plus 20 knots
e Baseleg—Vger plus 10 knots

e Final approach—V ger plus 5 knots
e 50 feet over threshold—V ger

The approach and landing sequencein ajet airplane should
be accomplished in accordance with an approach and landing
profile devel oped for the particular airplane. [ Figure 15-23]

Significant Differences

A safe approach in any type of airplane culminates in a
particular position, speed, and height over the runway
threshold. That final flight condition is the target window at
which the entire approach aims. Propeller-powered airplanes
are able to approach that target from wider angles, greater
speed differentials, and alarger variety of glidepath angles. Jet
airplanesare not asresponsiveto power and course corrections,
so the final approach must be more stable, more deliberate,
and more constant in order to reach the window accurately.

Thetransitioning pilot must understand that, in spite of their
impressive performance capabilities, there are six ways in
which ajet airplaneisworse than apiston-engine airplanein
making an approach and in correcting errors on the approach.

»  Theabsence of the propeller dlipstream in producing
immediate extralift at constant airspeed. Thereisno
such thing as salvaging a misjudged glidepath with a
sudden burst of immediately available power. Added
lift can only be achieved by accelerating the airframe.
Not only must the pilot wait for added power but,
even when the engines do respond, added lift is only
availablewhen the airframe has responded with speed.

e Theabsenceof thepropeller dipstreamin significantly
lowering the power-on stall speed. Thereisvirtually
no difference between power-on and power-off stall
speed. It is not possible in a jet airplane to jam the
thrust leversforward to avoid a stall.
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Abeam touchdown point
¢ Gear down

|

T

Abeam runway midpoint
¢ Flaps T/O approach
* Ve 720 minimum

1,500' above
field elevation

|

Turning base
* Flaps land
* Reduce power as recommended in
the landing profile
¢ Start descent
* Vier 710 minimum

DO NOT MAKE

Touchdown
* Extend speed brake
* Apply brakes
¢ Thrust reverser as
required

FLAT APPROACH

* Complete before landing checklist
¢ Maximum bank 30°
« Clear final approach

Figure 15-23. Typical approach and landing profile.
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Approach Preparations

1. Resetbugto V.

2. Review airport characteristics

3. Complete descent and begin
before landing checklist

* Reduce speedto V.
 Altitude callouts
» Stabilized in slot



e Poor acceleration response in a jet engine from low
rpm. This characteristic requires that the approach be
flown in ahigh drag/high power configuration so that
sufficient power is available quickly if needed.

e Theincreased momentum of the jet airplane making
sudden changes in the flightpath impossible. Jet
airplanes are consistently heavier than comparable
sized propeller airplanes. The jet airplane, therefore,
requires more indicated airspeed during the final
approach due to a wing design that is optimized for
higher speeds. These two factors combine to produce
higher momentum for the jet airplane. Since forceis
required to overcome momentum for speed changes
or course corrections, thejet isfar lessresponsive than
the propeller airplane and requires careful planning
and stable conditions throughout the approach.

e Thelack of good speed stability being an inducement
to alow-speed condition. Thedrag curvefor many jet
airplanes is much flatter than for propeller airplanes,
so speed changes do not produce nearly as much drag
change. Further, jet thrust remains nearly constant
with small speed changes. Theresult isfar less speed
stability. When the speed does increase or decrease,
thereislittletendency for thejet airplaneto re-acquire
the original speed. The pilot, therefore, must remain
aert to the necessity of making speed adjustments,
and then make them aggressively in order to remain
on speed.

e Dragincreasing faster than lift producing a high sink
rate at low speeds. Jet airplanewingstypically havea
large increase in drag in the approach configuration.
When a sink rate does develop, the only immediate
remedy is to increase pitch attitude (AOA). Because
drag increases faster than lift, that pitch change
rapidly contributesto an even greater sink rate unless
asignificant amount of power isaggressively applied.

Theseflying characteristics of jet airplanesmake astabilized
approach an absolute necessity.

Stabilized Approach

The performance charts and the limitations contained in the
FAA-approved AFM are predicated on momentum values
that result from programmed speeds and weights. Runway
length limitations assume an exact 50-foot threshold height
at an exact speed of 1.3timesV go. That “window” iscritical
andisaprimereason for the stabilized approach. Performance
figures also assume that once through the target threshold
window, the airplane touches down in a target touchdown
zone approximately 1,000 feet down the runway, after which
maximum stopping capability is used.

Thefive basic elements to the stabilized approach are listed
below.

e The airplane should be in the landing configuration
early in the approach. The landing gear should be
down, landing flaps selected, trim set, and fuel
balanced. Ensuring that these tasks are completed
helps keep the number of variables to a minimum
during the final approach.

e Theairplane should be on profile before descending
below 1,000 feet. Configuration, trim, speed, and
glidepath should be at or near the optimum parameters
early in the approach to avoid distractions and
conflicts as the airplane nears the threshold window.
An optimum glidepath angle of 2.5° to 3° should be
established and maintained.

* Indicated airspeed should be within 10 knots of the
target airspeed. There are strong rel ationships between
trim, speed, and power in most jet airplanes, and it is
important to stabilize the speed in order to minimize
those other variables.

*  The optimum descent rate should be 500 to 700 fpm.
The descent rate should not be allowed to exceed 1,000
fpm at any time during the approach.

*  Theengine speed should be at an rpm that allows best
responsewhen and if arapid power increaseisneeded.

Every approach should be evaluated at 500 feet. In atypical
jet arplane, thisisapproximately 1 minute from touchdown.
If the approach is not stahilized at that height, a go-around
should be initiated. [ Figure 15-24]

Approach Speed

Onfinal approach, the airspeed iscontrolled with power. Any
speed diversionfrom V ger on final approach must be detected
immediately and corrected. With experience, thepilotisable
to detect thevery first tendency of anincreasing or decreasing
airspeed trend, which normally can be corrected with asmall
adjustment in thrust. It isimperative the pilot does not allow
the airspeed to decrease below the target approach speed
or a high sink rate can develop. Remember that with an
increasing sink rate, an apparently normal pitch attitudeisno
guarantee of anormal AOA value. If anincreasing sink rate
is detected, it must be countered by increasing the AOA and
simultaneously increasing thrust to counter the extra drag.
The degree of correction required depends on how much the
sink rate needsto be reduced. For small amounts, smooth and
gentle, almost anticipatory correctionsissufficient. For large
sink rates, drastic corrective measures may be required that,
even if successful, would destabilize the approach.

15-27



lull@llul IIII i)

Figure 15-24. Stabilized approach.

A common error in the performance of approaches in jet
airplanes is excess approach speed. Excess approach speed
carried through the threshold window and onto the runway
increases the minimum stopping distance required by 20-30
feet per knot of excess speed for adry runway and 40-50 feet
for awet runway. Worse yet, the excess speed increases the
chances of an extended flare, which increases the distance
to touchdown by approximately 250 feet for each excess
knot in speed.

Proper speed control on final approach is of primary
importance. The pilot must anticipate the need for speed
adjustment so that only small adjustments are required. It is
essential that the airplane arrive at the approach threshold
window exactly on speed.

Glidepath Control

Onfinal approach at aconstant airspeed, the glidepath angle
and rate of descent is controlled with pitch attitude and
elevator. The optimum glidepath angleis 2.5° to 3° whether
or not an electronic glidepath reference is being used. On
visua approaches, pilots may have atendency to make flat
approaches. A flat approach, however, increases landing
distance and should be avoided. For example, an approach
angle of 2° instead of a recommended 3° adds 500 feet to
landing distance.

A morecommon error isexcessive height over thethreshold.
This could be the result of an unstable approach or a stable
but high approach. It also may occur during an instrument
approach where the missed approach point is close to or at
the runway threshold. Regardless of the cause, excessive
height over the threshold most likely results in atouchdown
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500" window

Threshold
window

beyond the normal aiming point. An extra 50 feet of height
over the threshold adds approximately 1,000 feet to the
landing distance. It is essentia that the airplane arrive at
the approach threshold window exactly on atitude (50 feet
above the runway).

The Flare

The flare reduces the approach rate of descent to a more
acceptable rate for touchdown. Unlike light airplanes, a
jet arplane should be flown onto the runway rather than
“held off” the surface as speed dissipates. A jet airplaneis
aerodynamically clean eveninthelanding configuration, and
its engines still produce residual thrust at idle rpm. Holding
it off during theflarein an attempt to make asmooth landing
greatly increases landing distance. A firm landing is normal
and desirable. A firm landing does not mean ahard landing,
but rather a deliberate or positive landing.

For most airports, the airplane passes over the end of the
runway with the landing gear 3045 feet above the surface,
depending on the landing flap setting and the location of
the touchdown zone. It takes 57 seconds from the time the
airplane passes the end of the runway until touchdown. The
flareisinitiated by increasing the pitch attitude just enough
to reduce the sink rate to 100-200 fpm when the landing
gear is approximately 15 feet above the runway surface. In
most jet airplanes, this requires a pitch attitude increase of
only 1° to 3°. The thrust is smoothly reduced to idle as the
flare progresses.

The normal speed bleed off during the time between passing
the end of the runway and touchdown is 5 knots. Most of
the decrease occurs during the flare when thrust is reduced.



If the flare is extended (held off) while an additional speed
is bled off, hundreds or even thousands of feet of runway
may be used up. [Figure 15-25] The extended flare also
resultsin additional pitch attitude, which may lead to atail
strike. It is, therefore, essentid to fly the airplane onto the
runway at the target touchdown point, even if the speed is
excessive. A deliberate touchdown should be planned and
practiced on every flight. A positivetouchdown hel ps prevent
an extended flare.

Pilots must learn the flare characteristics of each model of
airplane they fly. The visua reference cues observed from
each airplane are different because window geometry and
visibility are different. The geometric relationship between
thepilot’ seyeand thelanding gear isdifferent for each make
and model. It isessential that the flare maneuver beinitiated
at the proper height—not too high and not too low.

Beginning the flare too high or reducing the thrust too
early may result in the airplane floating beyond the target

Touchdown
on target

Extended
flare

Figure 15-25. Extended flare.

10 Knots deceleration in flare

touchdown point or may include arapid pitch up asthe pilot
attemptsto prevent ahigh sink ratetouchdown. Thiscan lead
to atail strike. The flare that isinitiated too late may result
in a hard touchdown.

Proper thrust management through theflareisal so important.
In many jet airplanes, the engines produce anoticeabl e effect
on pitch trim when the thrust setting is changed. A rapid
changein thethrust setting requiresaquick elevator response.
If the thrust levers are moved to idle too quickly during the
flare, the pilot must make rapid changes in pitch control. If
the thrust levers are moved more slowly, the elevator input
can be more easily coordinated.

Touchdown and Rollout

A proper approach and flare positions the airplane to touch
down in the touchdown target zone, which is usually about
1,000 feet beyond the runway threshold. Once the main
wheels have contacted the runway, the pilot must maintain
directional control and initiate the stopping process. The

10 Knots deceleration
on ground (maximum braking)
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stop must be made on the runway that remainsin front of the
airplane. The runway distance available to stop islongest if
the touchdown was on target. The energy to be dissipated is
least if there is no excess speed. The stop that begins with a
touchdown that is on the numbersisthe easiest stop to make
for any set of conditions.

At the point of touchdown, theairplanerepresentsavery large
massthat ismoving at arelatively high speed. Thelargetotal
energy must be dissipated by the brakes, the aerodynamic
drag, and the thrust reversers. The nose wheel should be
flown onto the ground immediately after touchdown because
a jet airplane decelerates poorly when held in a nose-high
attitude. Placing the nose wheel tire(s) on the ground assists
in maintaining directional control. Also, lowering the nose
gear decreases the wing AOA, decreasing the lift, placing
more load onto the tires, thereby increasing tire-to-ground
friction. Landing distance chartsfor jet airplanes assumethat
the nose wheel islowered onto the runway within 4 seconds
of touchdown.

Thereareonly threeforcesavailablefor stopping theairplane:
wheel braking, reverse thrust, and aerodynamic braking. Of
the three, the brakes are most effective and therefore the
most important stopping force for most landings. When
the runway is very slippery, reverse thrust and drag may be
the dominant forces. Both reverse thrust and aerodynamic
drag are most effective at high speeds. Neither is affected
by runway surface condition. Brakes, on the other hand, are
most effective at low speed. The landing rollout distance
depends on the touchdown speed, what forces are applied,
and when they are applied. The pilot controls the what and
when factors, but the maximum braking force may belimited
by tire-to-ground friction.

The pilot should begin braking as soon after touchdown
and wheel spin-up as possible, and to smoothly continue
the braking until stopped or a safe taxi speed is reached.
However, caution should be used if the airplane is not
equipped with a functioning anti-skid system. In such a
case, heavy braking can cause the wheels to lock and the
tires to skid.

Both directional control and braking utilize tire ground
friction. They share the maximum friction force the
tires can provide. Increasing either subtracts from the
other. Understanding tire ground friction, how runway
contamination affectsit, and how to usethefriction available
to maximum advantage is important to a jet pilot.

Spoilers should be deployed immediately after touchdown

because they are most effective at high speed. Timely
deployment of spoilers increases drag by 50 to 60 percent,

15-30

but more importantly, they spoil much of the lift thewing is
creating, thereby causing more of theweight of theairplaneto
beloaded onto thewheels. The spoilersincreasewheel loading
by as much as 200 percent in the landing flap configuration.
This increases the tire ground friction force making the
maximum tire braking and cornering forces available.

Like spoilers, thrust reversers are most effective at high
speeds and should be deployed quickly after touchdown.
However, the pilot should not command significant reverse
thrust until the nose wheel is on the ground. Otherwise,
the reversers might deploy asymmetrically resulting in an
uncontrollable yaw towards the side on which the most
reverse thrust is being developed, in which case the pilot
needs whatever nose-wheel steering isavailableto maintain
directional control.

Key Points

Many L SAshaveairframe designsthat are conduciveto high
drag which, when combined with their low mass, resultsin
low inertia. When attempting a crosswind landing in a high
drag LSA, arapid reduction in airspeed prior to touchdown
may result in aloss of rudder and/or aileron control, which
may push the aircraft off of the runway heading. Thisis
because as the air slows across the control surfaces, the
L SA’scontrolsbecomeineffective. To avoid loss of control,
maintain airspeed during the approach to keep the air moving
over the control surfaces until the aircraft is on the ground.

L SAs with an open cockpit, easy build characteristics, low
cost, and simplicity of operation and maintenance tend to
be less aerodynamic and, therefore, incur more drag. The
powerplant in these aircraft usually provide excess power
and exhibit desirable performance. However, when power is
reduced, it may be necessary to lower the nose of the aircraft
to afairly low pitch attitude in order to maintain airspeed,
especially during landings and engine failure.

If the pilot makes a power off approach to landing, the
approach angle will be high and the landing flare will
need to be close to the ground with minimum float. Thisis
because the aircraft will lose airspeed quickly in the flare
and will not float like a more efficiently designed aircraft.
Too low of an airspeed during the landing flare may lead
to insufficient energy to arrest the decent which may result
in a hard landing. Maintaining power during the approach
will result in a reduced angle of attack and will extend the
landing flare allowing more time to make adjustments to
the aircraft during the landing. Always remember that rapid
power reductions require an equally rapid reduction in pitch
attitude to maintain airspeed.



Intheevent of an enginefailureinan LSA, quickly transition
to the required nose-down flight attitude in order to maintain
airspeed. For example, if the aircraft has a power-off glide
angle of 30 degrees below the horizon, position the aircraft
to anose-down 30 degree attitude as quickly aspossible. The
higher the pitch attitudeiswhen the enginefailure occurs, the
quicker the aircraft will lose airspeed and the morelikely the
aircraftisto stall. Should astall occur, decreasetheaircraft’'s
pitch attitude rapidly in order to increase airspeed to alow
for arecovery. Stallsthat occur at low altitudes are especially
dangerous becausethe closer to theground the stall occurs, the
lesstime there isto recover. For this reason, when climbing
at alow dtitude, excessive pitch attitude is discouraged.

Chapter Summary

There are many considerationsfor apilot when transitioning
to jet powered airplanes. In addition to the information
found in this chapter and type specific information that will
be found in an FAA-approved Airplane Flight Manual, a
pilot can find basic aerodynamic information for swept-
wing jets, considerations for operating at high altitudes,
and airplane upset causes and general recovery procedures
in the Airplane Upset Recovery Training Aid, Supplement,
pages 1-14, and all of Section 2 found at www.faa.gov/
other_visit/aviation_industry/airline_operators/training/
medialap_upsetrecovery book.pdf.
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Introduction

Transitioning into alight sport airplane (LSA) requires the
same methodical training approach astransitioning into any
other airplane. A pilot should never attempt to fly another
airplanethat isdifferent than the pilot’ s current certification,
experience, training, proficiency, or currency without proper
training. Some pilots may be lulled into a false sense of
security because L SAs seem to be simple. However, apilot
seeking a transition into light sport flying should follow
a systematic, structured LSA training course under the
guidance of a competent instructor with recent experience
in the specific training airplane.

Thelight sport category isnot anew type of airplane. Itisa
classification that intends to broaden the access of flight to
more people. LSA has been defined as a simple-to-operate,
easy-to-fly aircraft; however, “simple-to-operate” and “ easy-
to-fly” does not negate the need for proper and effective
training. This chapter introduces the light sport category of
aircraft and places emphasis on LSA transition.
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Light Sport Airplane (LSA) Background

Several groups were instrumental in the development
and success of the LSA concept. These included the
Federal Aviation Administration (FAA), Light Aircraft
Manufacturers Association, American Society for Testing and
Materials (ASTM) International, and countless individuals
who promoted the concept since the early 1990s. In 2004,
the FAA released a rule that created the LSA category,
which covers awide variety of aircraft including: airplane,
gyroplane, lighter-than-air, weight-shift-control, glider, and
powered parachute. [ Figure 16-1]

The primary concept of the LSA is built around a defined
set of standards:

e Powered (if powered) by single reciprocating engine
e Fixed landing gear, seaplanes are excluded
e Fixed pitch or ground adjustable propeller

¢ Maximum takeoff weight of 1,320 pounds for
landplane, 1,430 for seaplane

e Maximum of two occupants
e Non-pressurized cabin

Figure 16-1. The LSA category covers a wide variety of aircraft
including: A) airplane, B) gyroplane, C) lighter-than-air, D) weight-
shift-control, E) glider, and F) powered parachute.
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e Maximumspeedinleve flight at maximum continuous
power of 120 knots calibrated airspeed (CAS)

o Maximum stall speed of 45 knots. [Figure 16-2]

TheL SA category includesstandard, special, and experimental
designations. Some standard airworthiness certificated
aircraft (i.e., a Piper J2 or J-3) may meet Title 14 of the
Code of Federal Regulation (14 CFR) 1.1 definition of LSA.
Type certificated aircraft that continue to meet the CFR 1.1
definition of LSA allows for that type certificated aircraft
to be flown by a pilot who holds a Sport Pilot certificate.
The Sport Pilot certificate is discussed later in this chapter.
Aircraft that are specifically manufactured for the LSA market
are included in either the Special (S-LSA) or Experimental
(E-LSA) designations. An approved S-L SA ismanufactured
in a ready-to-fly condition and an E-LSA is either a kit or
plans-built aircraft based on an approved S-LSA model.

It is important to note that S-LSAs or E-L SAs are not type
certificated by the FAA and are not required to meet any
airworthiness requirements of 14 CFR part 23. Instead,
S-LSA and E-L SA aircraft are designed and manufactured in
accordancewith ASTM Committee F-37 Industry Consensus
Standards. Therefore, L SA aircraft designsare not subjected
to the scrutiny, demands, and testing of FAA standard
airworthiness certification. Industry Consensus Standardsare
intended to beless costly and lessrestrictive than 14 CFR part
23 certification requirements and, as aresult, manufacturers
have greater latitude with their designs. ASTM Industry
Consensus Standards were accepted by the FAA in 2005,
which established for the first time that the FAA accepted
industry-devel oped standards rather than its own standards
for the design and manufacture of aircraft.

ASTM Industry Consensus Standards for LSA airplanes
covers the following areas:

»  Design and performance

e Required equipment

e Quality assurance

e Production acceptance tests

»  Aircraft operating instructions

*  Maintenance and inspection procedures

* ldentification and recording of major repairsand major
alterations

e Continued airworthiness

e Manufacturersassembly instructions (E-L SA aircraft)

Using the ASTM Industry Consensus Standards, an LSA
manufacturer can design and manufacture their aircraft
and assess its compliance to the consensus standards. The



Maximum gross weight of 1,320 pounds (1,430 pounds for seaplanes)

Maximum stall speed of 45 knots (51 mph)

Unpressurized cabin

Fixed landing gear (repositionable landing gear for seaplanes)

Maximum speed in level flight with maximum
continuous power of 120 knots (138 mph)

Fixed or ground adjustable propeller

Single, reciprocating engine

Figure 16-2. Light sport airplane.

manufacturer then, through evaluation services offered by
a designated airworthiness representative, completes the
process by submitting the required paperwork to the FAA.
Upon approval, an LSA manufacturer is permitted to sell
ready-to-fly S-LSA aircraft.

LSA Synopsis

e Theairplane must meet the weight, speed, and other
criteria as described in this chapter.

e Airplanesunder the S-LSA certification may be used
for sport and recreation, flight training, and aircraft
rental.

e Airplanesunder the E-L SA certification may be used
only for sport and recreation and flight instruction
for the owner of the airplane. E-LSA certification is
not the same as Experimental Amateur-Built. E-LSA
certification isbased on an approved S-L SA airplane.

e Airplanes with a standard airworthiness type
certificate (i.e., a Piper J2 or J-3) that continue to
meet the 14 CFR 1.1 LSA definition may be flown
by apilot with a Sport Pilot certificate.

e Must have an FAA registration and N-number.

e United States or foreign manufacturers can be
authorized.

e May beoperated at night if theaircraft isequipped per
14 CFR part 91, section 91.205, if night operationsare
allowed by the airplane’'s operating limitations, and
the pilot holds at least a Private Pilot certificate and a
minimum of athird-class medical.

e LSAs can be flown by holders of a Sport Pilot
certificate or higher level pilot certificate (recreationd,
private, etc.)

Sport Pilot Certificate

In addition to the LSA rules, the FAA created a new Sport
Pilot certificate in 2004 that lowered the minimum training
time requirements, in comparison to other pilot certificates,
for newly certificated pilots wishing to exercise privileges
only inLSA aircraft. A pilot that already holdsarecreational,
private, commercial, or airlinetransport pilot certificateand a
current medical certificateispermitted to pilot LSA airplanes
provided that he or she hasthe appropriate category and class
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ratings. For example, acommercial pilot with exclusively a
rotorcraft rating cannot pilot an LSA airplane.

Pilotswho hold arecreational, private, commercial, or airline
transport pilot certificate with the appropriate category and
class ratings but do not hold a current medical certificate
may fly LSAsaslong asthepilot holdsavalid U.S. driver’s
license as evidence of medical eligibility; however, if the
pilot’s most recent medical certificate was denied, revoked,
suspended, or withdrawn, a U.S. driver’s license is not
sufficient for medical eligibility. Inthiscase, the pilot would
be prohibited from flying an LSA until the pilot could be
issued athird class medical.

Transition Training Considerations

Flight School

The L SA category has created new business opportunitiesfor
flight school operators. Many owners and operators of flight
schools have embraced the concept of L SA aircraft and have
LSAsavailable on their flight line for flight instruction and
rental. An S-LSA may berented to studentsfor flight training
and rented to rated pilotsfor pleasure flying. While S-LSAs
cannot be used for compensation or hire (such as charter—
however, there are some exceptions), their low cost of
operation, frugal fuel usage, reliability, and low maintenance
costs have made them a favorite of many students, pilots,
and flight school owners. E-LSAs are not eligible for flight
training and rental except when flight instruction is given to
the owner of the E-LSA airplane.

When considering a transition to LSA, a potential pilot
should exercise due diligence in searching for a quality
flight school. Considerations should be given as in any
flight training selection. First, locate a flight school that has
a verifiable experience in LSA instruction and can provide
the LSA academic framework. Consider if the flight school
can match your needs. Some questions to be asked are the
following: how many pilotstheflight school hastransitioned
into LSAs, how many LSAs are available for instruction
and rental; what are the flight school’ s rental and insurance
policies; how is maintenance accomplished and by whom;
how is scheduling accomplished; how arerecords maintained;
what are the school’s safety policies; and, take the time to
personally tour the school before starting flight training.
Finally, if possible, solicit feedback from other pilots that
have transition into LSAs.

Flight Instructors

The flight school provides the organization for the
transitioning pilot; however, it is the flight instructor that
is the critical link in a successful LSA transition. Flight
instructors are at first teachers of flight, so it should be
considered vital that a pilot wishing to transition into LSA
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locate aflight instructor that has verifiable experiencein LSA
instruction. Considerations for selecting a flight instructor
aresimilar to any other flight training; however, some clarity
around selecting aflight instructor isneeded. The Sport Pilot
rule allows for anew flight instructor certificate, the CFI-S.
TheCFRslimit aCFI-Stoinstruction only in LSAs—aCFI-S
cannot giveinstructioninanon-L SA airplane (i.e., aCessna
150). However, aflight instructor certificated asa CFI-A can
giveinstruction in LSA, as well as instruction in non-LSA
airplanesfor which theflight instructor israted. It isimportant
to note that a CFI-S or a CFI-A should not be the criteriafor
selecting an LSA flight instructor. A CFI-S with teaching
experiencein L SA isthecorrect choice comparedto aCFI-A,
which has minimal teaching experience in LSA airplanes.

A transitioning LSA pilot should ask the flight instructor to
make available for review their LSA curriculum, syllabus,
lesson plans, as well the process for tracking a pilot’s
progress though the transition training program. Depending
onthetransitioning pilot’ s experience, currency, and type of
airplane typically flown, the flight instructor should make
adjustments, as appropriate, to the LSA training curriculum.
A suggested L SA transition training outline is presented:

*  CFRreview as pertaining to L SAs and Sport Pilots
*  Pilot’s Operating Handbook (POH) review
*  LSA maintenance

*  LSA weather considerations

*  Wake turbulence avoidance

*  Performance and limitations

e Operation of systems

e Ground operations

e Preflight inspection

o Beforetakeoff check

*  Normal and crosswind takeoff/climb

*  Normal and crosswind approach/landing
»  Soft-field takeoff and climb

»  Soft-field approach and landing

*  Short-field takeoff

e Go-around/regjected landing

o Steepturns

*  Power-off stalls

*  Power-on stalls

e Spin awareness

e Emergency approach and landing

e Systems and equipment malfunctions



e After landing, parking, and securing

LSA Maintenance

Proper airplane maintenance is required to maximize flight
safety. LSAs are no different and must be treated with the
samelevel of careasany standard airworthiness certificated
airplane. S-L SAshave greater latitude pertaining to who may
conduct maintenance as compared to standard airworthiness
certificated airplanes. S-LSAs may be maintained and
inspected by:

¢ AnLSA Repairman with a Maintenance rating; or,

e An FAA-certificated Airframe and Powerplant
Mechanic (A&P); or,

e Asspecified by the aircraft manufacturer; or

e Aspermitted, owners performing limited maintenance
on their S-.LSA

The airplane maintenance manual includes the specific
requirementsfor repair and maintenance, such asinformation
on inspections, repair, and authorization for repairs and
maintenance. Most often, S-LSA inspections can be signed
off by an FAA-certificated A&P or LSA repairman with
a Maintenance rating rather than an A& P with Inspection
Authorization (1A); however, the aircraft maintenance
manual provides the specific requirements which must be
followed. The FAA does not issue Airworthiness Directives
(ADs) for S-LSAsor E-LSAs. If an FAA-certified component
isinstalledonan LSA, the FAA issuesany pertaining ADsfor
that specific component. Manufacturer safety directives are
not distributed by the FAA. S-LSA ownersmust comply with:

e Sdfety directives (alerts, bulletins, and notifications)
issued by the LSA manufacturer

e ADsif any FAA-certificated componentsareinstalled
e Sdfety aerts (immediate action)
e Service bulletins (recommending future action)

e Safety notifications (informational)

S-LSA compliance with maintenance requirements provides
greater latitude for owners and operators of these airplanes.
Because of the options in complying with the maintenance
requirements, pilots who are transitioning to LSAS must
understand how maintenance is accomplished; who is
providing the maintenance services; and verify that all
compliance requirements have been met.

Airframe and Systems

Construction
L SAsmay be constructed using wood, tube and fabric, metal,
composite, or any combination of materials. In general, a

primary effort by the manufacturer is to keep the airplane
lightweight while maintaining the structural requirements.
Composite L SAs tend to be sleek and modern looking with
clean lines as molding of the various components allows
designersgreat flexibility shaping the airframe. Other LSAs
are authentic-looking renditions of early aviation airplanes
with fabric covering aframework of steel tubes. Of course,
LSAs may be anything in between using both metal and
composite construction. [Figure 16-3] A pilot transitioning
into L SA should understand the type of construction and what
aretypical concerns for each type of construction:

*  Steel tube and fabric—while the techniques of steel
tube and fabric construction hails back to the early
days of aviation, this construction method has proven
to belightweight, strong, and inexpensiveto build and
maintain. Advances in fabric technology continue to
make this method of covering airframes an excellent
choice. Fabric can be limited in its life span if not
properly maintained. Fabric should be freefrom tears,
well-painted with little to no fading, and should easily
spring back when lightly pressed.

e Aluminum—an aluminum-fabricated airplane has
been a favorite choice for decades. Pilots should be
quitefamiliar with thistype of construction. Generaly,
airframestend to belightly rounded structures dotted
with rivets and fasteners. This construction is easily
inspected due to the wide-spread experience with
aluminum structures. Conditions such as corrosion,
working rivets, dents, and cracks should be a part of
apilot’s preflight inspection.

* Composite—a composite airplane is principally
made from structural epoxies and cloth-like fabrics,
such as hi-directional and uni-directional fiberglass
cloths, and specialty clothslike carbon fiber. Airframe
components, such as wing and fuselage halves, are
made in molds that result in a sculpted, mirror-like

Figure 16-3. LSA can be constructed using both metal and
composites.
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finish. Generally, composite construction has few
fasteners, such as protruding rivets and bolts. Pilots
should become acquainted with inspection concerns
such aslooking for hair-line cracks and delaminations.

Engines

LSAs use a variety of engines that range from FAA-
certificated to non-FAA-certificated. Engine technology
varies significantly from conventional air-cooled to high
revolutions per minute (rpm)/water-cooled designs.
[Figure 16-4] These different technologies present a
transitioning pilot new training opportunities and challenges.
Since most LSAs use non-FAA-certificated engines, a
transitioning pilot should fully understand the engine controls,
procedures, and limitations. In most L SA airplanes, engines
are water-cooled, 4-cycle, carbureted with a gear reduction
drive. Engines such asthese have much higher operating rpms
and require a gear-box to reduce the propeller rpms to the
proper range. Because of the higher operating rpms, vibration
and noise signatures are quite different in most L SAs when
compared to most standard type certificated designs.

Instrumentation

In addition to advanced airframe and enginetechnology, L SAs
often have advanced flight and engineinstrumentation. Often
installed are electronic flight instrumentation systems (EFIS)
that provide attitude, airspeed, altimeter, vertical speed,
direction, moving map, navigation, terrain awareness, traffic,
weather, engine data, etc., all on one or two liquid crystal
displays. [Figure 16-5] EFIS has become a cost-effective
replacement for traditional mechanical gyrosand instruments.
Compared to mechanical instrumentation systems, EFIS
requires almost no maintenance. There are tremendous
advantages to EFIS systems as long as the pilot is correctly
trained in its use. EFIS systems can cause a “heads down”
syndrome and loss of situation awareness if the pilot is not

Figure 16-4. A water-cooled 4-cycle engine.

trained to quickly and properly configure, access, program,
and interpret the information provided. Transition training
must include, if EFISisinstalled, instruction in the use of the
specific EFISinstalled in thetraining airplane. In some cases,
EFIS manufacturers or third party products are available for
the pilot to practice EFIS operations on a personal computer
as opposed to learning their functionsin flight.

Weather Considerations

Managing weather factors is important for all aircraft but
becomes more significant as the weight of the airplane
decreases. Smaller, lighter weight airplanesare more affected
by adverse weather such as stronger winds (especially
crosswinds), turbulence, terrain influences, and other
hazardous conditions. [ Figures 16-6 and 16-7] LSA Pilots
should carefully consider any hazardous weather conditions
and effectively use an appropriate set of personal minimums
to mitigate flight risk. Some LSAs have a maximum
recommend wind velocity regardless of wind direction.

Figure 16-5. An electronic flight instrumentation system provides attitude, airspeed, altimeter, vertical speed, direction, moving map,
navigation, terrain awareness, traffic, weather, and engine data all on one or two liquid crystal displays.
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[Figure 16-8] While this is not a limitation, it would be
prudent to heed any factory recommendations.

Dueto an LSA’slighter weight, even greater distancesfrom
convective weather should be given. Low level winds that
enter and exit a thunderstorm should be avoided not only
by all airplanes but operations in the vicinity of convection
should not be attempted in lightweight airplanes. Wesather
accidents continue to plague general aviation and, whileitis
not possible to alwaysfly in clear, blue, calm skies, pilots of
lighter weight L SAsshould carefully manage westher-rel ated
risks. For example, some consideration should be given to
flight activity that crosses varying terrain boundaries, such
as grass or water to hard surfaces. Differential heating can
cause lighter weight airplanes to experience sinking and lift
to agreater degree than heavier airplanes. Careful planning,
knowledge and experience, and an understanding of theflying
environment assists in mitigating weather-related risks.

Flight Environment

The stick and rudder skills required for LSAs are the same
stick and rudder skillsrequired for any airplane. Thissection
outlines areas that are unique to L SA airplanes—most skills
learned in astandard airworthinesstype certificated airplane
are transferrable to LSAs; however, since LSAs can vary
significantly in performance, equipment and systems, and
construction, pilots must seek competent flight instruction
and refer to the airplane’s POH for detailed and specific
information prior to flight.

3,000 pound

.

Figure 16-7. Moderate mountain winds can create severeturbulence
for LSA.

Preflight

The preflight inspection of any airplane is critical to
mitigating flight risks. A pilot transitioning into an LSA
should allow adequate time to become familiar with the
airplane prior to a first flight. First, the pilot and flight
instructor should review the POH and cover the airplane’s

Maximum Demonstrated Crosswind Velocity
Takeoff or landing ..........ccoceviviiiiiiiiiiis 12 knots

Maximum Recommended Wind Velocity
All OPEratioNS......ccveiueeriieiieieeie e 22 knots

Figure 16-8. Example of wind limitations that a LSA may have.

Figure 16-6. Crosswind landing.
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limitations, systems, performance, weight and balance,
normal procedures, emergency procedures, and handling
requirements. [ Figure 16-9]

Inside of the Airplane

Transitioning pilots find an LSA very familiar when
conducting a preflight inspection; however, some preflight
differencesareworth pointing out. For example, many LSAS
do not have adjustable seats but rather adjustable rudder
pedals. [Figure 16-10] Often, LSA seats are in a fixed
position. There are varied methods that L SA manufacturers
have implemented for rudder pedal position adjustment.
Some manufacturers use asimple removable pin while others
use a knob near the rudder pedals for position adjustment.
Shorter pilots may find that the adjustment range may not
be sufficient for certain heights and an appropriate seat
cushion may be required to have the proper range of rudder
pedal movement. In addition, seats in some LSAs arein a
semi-reclined position. The first time a pilot sitsin a semi-
reclining seat, it may seem somewhat unusual. A pilot should
take time to get comfortable.

Another area that transitioning pilots require familiarity
is with the flight and engine controls. These may vary
significantly from airplane model to airplane model. Some

Rudder pedal position adjustment

Figure 16-10. Adjustment lever for the rudder pedal position.

LSA airplanes use conventional control stick while others
use a yoke. One manufacturer has combined the two types
of controls in what has been termed a “stoke.” While this
control may seem unique, it provides a completely natural
feel for flight control. [Figure 16-11] Regardlessof theflight
controls, afull range of motion check of theflight controlsis
reguired. This means full forward to full forward left to full
aft left to full aft right and then full forward right. Verify that
each control surface moves freely and smoothly. On some
LSAs, aileron control geometry, in an attempt to minimize
adverseyaw, movesaileronsin ahighly differential manner;
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Figure 16-11. Sokeflight control with conventional engine controls.

apilot may seevery little“ down” aileron when compared to
the*up” alleron. Pilots should always verify the direction of
control surface movement.

Elevator trim on many LSAS is electrically actuated with
no mechanical trim adjustment available. [Figure 16-12]
Depending on the airplane, trim position indication may be
displayed on the EFIS or an LED or mechanical indicator.
On electric trim systems, as it is with any airplane, it is
important to ensure that the trim position is correctly set
prior to takeoff. Because trim positioning/indicting systems
vary widely in LSA airplanes, pilots should fully understand
not only how to position the trim, but also how to respond to
a trim-run-away condition. Part of the preflight inspection
should include actuating the trim switch in both nose-up and
nose-down directions, verifying that the trim disconnect (if
equipped) isproperly functioning, ensurethat the trim system
circuit breaker can disconnect thetrim motor from operating,
and then properly setting the takeoff trim position.

Depending on the engine manufacturer, the engine controls
may be completely familiar to atransitioning pilot (throttle,
mixture, and carburetor heat); however, some engines have
no mixture control or carburetor heat. Instead, there could
be a throttle, a choke control, and carburetor preheater.

Trim control

Figure 16-12. Trim control.

Regardless, a pilot must become familiar with the specific
engine installed and its operation. A transitioning pilot
also needs to become comfortable with difference between
conventional engine control knobs and LSAs. In standard
airworthiness airplanes, control knobs are reasonably
standardized; however, L SAsmay use controlsthat are much
larger or smaller in size.

If the LSA isequipped with an EFI'S, the manufacturer’ sEFIS
Pilot Guide should be availablefor reference. In addition, the
airplane POH likely has specific EFIS preflight procedures
that must be completed. These checks are to verify that all
internal tests are passed, that no red “Xs’ are displayed, and
that appropriate annunciatorsareilluminated. Some systems
havea“reversionary” modewheretheinformation fromone
display can be sent to another display. For example, should
the Primary Flight Display (PFD) fail, information can be
routed to the Multi-Function Display (MFD). Not all LSA
EFIS systems are equipped with a MFD or reversionary
capability, so it is important for a transitioning pilot to
understand the system and limitations.

Fuel level in any airplane should be checked both visually and
viathe fuel level instrument or sight gauges. In LSAS, fuel
level quantities can be shown on awiderange of technologies.
Some modelsmay have conventional float activated indictors
while other may havethefuel level display on the EFISwith
low-fuel alarm capability. It is not uncommon for an LSA
airplane to have advanced EFI S technology for attitude and
navigation information but have a simple sight gauge for
fuel level indication. Fuel tank selection can aso vary from
simple on/off valves to aleft/right selector. Fuel starvation
remains aleading factor in aircraft accidents, which should
be a reminder that when transitioning into a new airplane,
time spent understanding the fuel system istime well spent.

A popular safety feature of some LSAs is a ballistic
parachute. [ Figure 16-13] These deviceshave been shownto
be well worth their cost in the remote case of a catastrophic
failure or some other unsurvivable emergency. This system
rockets a parachute into deployment and then the parachute
slowly lowersthe aircraft. The preflight inspections of these
systems require a check of the mounts, safety pin and flag,
and the activation handle and cable. Because most standard
airworthiness type certificated airplanes do not have these
systems installed, LSA training should cover the operation
and limitations of the system.

Outside of the Airplane

Transitioning pilotsshould feel comfortableand in afamiliar
setting when preflighting the outside of an L SA. Someunique
areas worthy of notation are presented below.
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Figure 16-13. A ballistic recovery parachute is a popular safety
feature available on some LSA.

Propellers of LSAs may range from a conventional metal
propeller to composite or wood. The preflight inspection
is similar regardless of the type of propeller; however,
if a transitioning pilot is principally familiar with metal
propellers, time should be spent with the L SA flight instructor
covering thetype of propeller installed. Many L SA propellers
are composite and have aground adjustabl e pitch adjustment.
Asaresult, there may be more areasto check with these types
of propellers. For example, on ground adjustable propellers,
ensure that the blades are tight against the hub by snugly
twisting the blade at the root to verify that thereisno rotation
of the blade at the hub.

Many LSAs are equipped with engines that have a water
cooling system. L SAsmay betightly cowled, which reduces
drag, and with liquid-cooled engines, this minimizes the
need for cylinder cooling inlets, which further reduces drag
and improves performance. This does present a new system
for a transitioning pilot to check. Preflighting this system
requiresthat the radiator, coolant hoses, and expansion tank
are checked for condition, freedom from leaks, and coolant
level requirements. Most standard type certificated airplanes
do not have coolant systems.

Split flapsmay be used on some L SA designs. [ Figure 16-14)]
These flaps hinge down from underneath the wing and
inspecting these flaps require the pilot to crouch and twist
low for inspection. A suitable handheld mirror can facilitate
inspection without undue twisting and bending. In an attempt
to keep complexity to aminimum, flap control istypically a
handle that actuates the flaps. A pilot should verify that the
flaps extend and retract smoothly.

16-10

Figure 16-14. Split flap.

Before Start and Starting Engine

Once a pilot has completed the preflight inspection of the
LSA, thepilot should properly seat themselvesintheairplane
ensuring that the rudder pedal s can be exercised with full-range
movement without over-reaching. Seat belts should bechecked
for proper position and security. The pilot must continue
to use the POH for all required checklists. Starting newer
generation LSA engines can be quite simple only requiring
the pull of the choke and atwist of theignition switch. If the
L SA isequipped with a standard certificated engine, starting
procedures are normal and routine. The canopy or doors
of an LSA may have quite different latching mechanisms
than standard airworthiness airplanes. Practice latching and
unlatching the doors or canopy to ensure that understanding
iscomplete. Having agull-wing door or diding canopy “pop”
open in flight can become an emergency in seconds.

Taxi

Like standard certificated airplanes, LSAs may have a
full-castoring or steerable nosewheel or, if conventional
gear, atailwheel. In order to taxi afull-castoring nosewheel
equipped airplane, the use of differential brakesis required.
This type of nosewheel can require practice to develop the
skill necessary to keep the airplane on the centerline while
minimizing brake application or damage to the tires. The
balance is just enough taxi speed so that only light taps of
brake pressure in the desired direction of turn or correction
is required to make a turn or correction without carrying
excessive taxi speed. If the speed istoo slow, application of
abrake can causetheaircraft to pivot to astop, rather than an
adjustment in direction, resulting in excessive brakeand tire
wear. If the speed istoo fast, excessive brake wear islikely.

AnLSA with conventional gear (tailwheel) should beinitially
transitioned into during no-wind conditions. Theairplane, due
toitslight weight, requiresthe development of the proper flight
control responses prior to operationsin any substantial wind.



Takeoff and Climb

Takeoff and climb performance of LSA can be spirited
as it typically has a high horsepower to weight ratio and
accelerates quickly. Due to design requirement for low
stall speeds, LSASs typically have low rotation and climb
speeds with impressive climb rates. Like other airplanes,
the pilot should be flying the published speeds as given the
airplane’ sPOH. Stick (yoke or stoke) forcestend to belight,
which may lead atransitioning pilot to initially over-control
as a result of flight control deflections being greater than
required. The key isto relax, have reasonable patience, and
input only appropriate flight control pressures needed to get
the required response. If a transitioning pilot is inducing
excessive control inputs, they should minimizeflight control
pressures, set attitudes based on outside references, and allow
the airplane to settle.

During climbs, visibility over the nose may be difficult in
some LSAs. Asaways, it isimportant to properly clear the
airspacefor traffic and other hazards. Occasionally lowering
theairplane’ snoseto get agood |ook out toward the horizon
isimportant for managing flight safety. Shallow banked turns
in both directions of 10° to 20° aso allow for clearing. Trim
should be used to relieve climb flight control pressures that
are generally light. Because flight control pressures tend to
belight, it is easy to get in the habit of flying with an LSA
airplane out of trim. Thisisto beavoided. Trim off any flight
control pressures. Thisallowsthe pilot to focusasmuch time
as possible looking outside.

Cruise

After leveling off at cruise altitude, the airplane should
be alowed to accelerate to cruise speed, reduce power to
cruise rpm, adjust pitch, and then trim off any flight control
pressures. [ Figure 16-15] Thefirst timeatransitioning pilot
sees cruise rpm setting of 4,800 rpm (or as recommended),
they may have a sense that the engine is turning too fast;
however, remember that the engine has gear-reduction

Figure 16-15. EFISindication of level cruiseflight.

drive and the propeller isturning much slower. If the LSA is
equipped with astandard aircraft engine, rpmsarein arange
that the transitioning pilot isimmediately comfortable. The
pilot should refer to the Cruise Checklist to ensure that the
airplane is properly configured.

In slower cruise flight, stick forces are likely to be light;
therefore, correction to pitch and roll attitudes should be made
with light pressures. Excessive pressures result in the pilot
inducing excessive correction causing achasing effect. Only
enough pressure needed to correct a deviation is required.
Thisis best accomplished with fingertip pressures only and
not with awrapped palm of the hand. Stick forces can change
dramatically asairspeed changes; for example, what could be
considered light control pressures at 80 knots may become
quite stiff at 100 knots. A CFI-Sor CFI-A experienced inthe
LSA airplaneisableto demonstrate thiseffect. Thiseffectis
dependent on the specific model of L SA and any significance
or relevance varies from manufacturer to manufacturer.

L SA maneuverssuch assteep turns, slow flight, and stallsare
typically conventional. These maneuvers should be practiced
as part of agood transition training program. Steep turnsin
LSA airplanes tend to be quite easy to perform precisely.
With light flight control pressures, stick mounted trim (if
installed), and highly differential ailerons (if part of the
airplane’ s design), makes the performance of the maneuver
simpler than heavier airplanes. Basic aerodynamics applies
to any airplane and factors, such as over-banking tendency,
are still prevalent and must be compensated.

Slow flight in LSAs is accomplished at slower airspeeds
than standard airworthiness airplanes since stall speedstend
to be well below the 45-knot limit. Thefirst time practicing
dow flight demonstrates the unique capability of LSAs.
Power off stalls are typically of no particular significance
as simply unloading the wing and the application of power
immediately puts the airplane back flying. However, apilot
should understand that control pressures tend to be light so
an aggressiveforward movement of the elevator isgenerally
not required. In addition, proper application of rudder to
compensatefor propeller forcesisrequired, and retraction of
any flap should be completed prior to reaching Vg, which
comesvery quickly if full power and nose down pitch attitude
aremaintained. Power on stallscanresult in avery high nose-
up attitude unless the airplane is adequately slowed down
prior to the maneuver. In addition, some manufacturerslimit
pitch attitudes to 30° during power on stalls. If aggressive
pitch attitudes are coupled with uncoordinated rudder inputs,
spin entry islikely to be quick and aggressive.

Depending on the LSA design, especially those airplanes
which use control tubes rather than wires and pulleys,
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flight in turbulence may couple motion to the stick rather
distinctively. If a transitioning pilot’s flight experience is
only with airplanesthat have control cables and pulleys, the
first flight in turbulence may be disconcerting; however,
once the pilot becomes familiar with the control sensations
induced by the turbulence, it only becomes another sign for
the pilot to feel the airplane.

Approach and Landing

Approach and landing inan LSA isroutine and comfortable.
Speeds in the pattern tend to be in the 60-knot range, which
makesfor reasonable airspeedsto assess |anding conditions.
Flap limit airspeeds tend to be lower in LSAs than standard
airworthiness airplanes so managing airspeed is important.
Light control forces require smooth application of control
pressures without over-controlling. Pitch and power are the
samein an LSA asin astandard airworthiness airplane.

Crosswinds and gusty conditions can represent hazards for
all airplanes; however, the lighter weights of LSA airplanes
should place an emphasis in this area. Control application
does not change for crosswind technique in an LSA.
Manufacturers place a maximum demonstrated crosswind
speed inthe POH and, until sufficient practice and experience
is gained in the airplane, a transitioning pilot should have
personal minimumsthat do not approach the manufacturer’s
demonstrated crosswind speed. The LSA’s light weight,
dow landing speeds, and light control forces can result in
a pilot inducing rapid control deflections that exceed the
requirements to compensate for the crosswind. However,
prompt and positive control inputs are necessary in strong
winds. In addition, strong gusty crosswind conditions may
exceed the airplane’s control capability resulting in loss of
control during the landing.

Emergencies

LSAs can be advanced airplanes in regard to its engines,
airframes, and instrumentation. This environment requires
that a transitioning pilot thoroughly understand and be able
to effectively respond to emergency requirements. While
LSA are designed to be simple, a strong respect for system
knowledge is required.

The airplane’s POH describes the appropriate responses to
the various emergency situations that may be encountered.
[Figure 16-16] Consider a few examples; the EFIS is
displaying a“red X" across the airspeed tape, electric trim
runaway, or control system failure. The pilot must be able
to respond to immediate actions items from memory and
locate emergency procedures quickly. Inthe example of trim
runaway, the pilot needs to quickly assess the trim runaway
condition, locate and depressthetrim disconnect (if installed),
or pull the trim power circuit breaker. Then depending on
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GESSNA
Model 162 SECTION 3
Garmin G300 EMERGENCY PROCEDURES
INTRODUCTION

I Section 3 provides checklist and amplified procedures for coping with
emergencies that may occur. Emergencies caused by airplane or
engine malfunctions are extremely rare if proper preflight inspections
and maintenance are practiced. Enroute weather emergencies can be
minimized or eliminated by careful flight planning and good judgment
when unexpected weather is encountered. However, should an
emergency arise, the basic guidelines described in this section should
be considered and applied as necessary to correct the problem. In any
emergency situation, the most important task is continued control of the
airplane and maneuver to execute a successful landing.

Emergency procedures associated with optional or supplemental
I equipment are found in Section 9, Supplements.

AIRSPEEDS FOR EMERGENCY OPERATIONS

ENGINE FAILURE AFTER TAKEOFF
WING flaps UP......cccoiiiiiiiiiiiiii s 70 KIAS
Wing flaps 10" - FULL .....c.coooiiiiiiicicc s 65 KIAS

IMAXIMUM OPERATING MANEUVERING SPEED
1320 POUNAS. ..ottt 89 KIAS
1200 pounds....

1100 pounds.........cccueee 80 KIAS

I DESIGN MANEUVERING SPEED ...........ccccoovniumiinniinans 102 KIAS

MAXIMUM GLIDE................. 70 KIAS

PRECAUTIONARY LANDING WITH ENGINE POWER ............ 60 kias
LANDING WITHOUT ENGINE POWER

WING flaPS UP ... 70 KIAS

Wing flaps 10" - FULL ..c.ocviiiiiiiiiic e 65 KIAS

Figure 16-16. Example of a POH Emergency Procedures section.

control forces required to maintain pitch attitude, the pilot
may need to make a no-flap landing due to the flap pitching
moments. Another exampleisfailureof the EFIS. If the EFIS
“blanks’ out and POH recovery procedures do not reset the
EFIS, an L SA pilot may haveto be prepared to land without
airspeed, altitude, or vertical speed information. An effective
training program covers emergencies procedures.

Post-Flight

After the airplane has been shut-down, tied-down, and
secured, the pilot should conduct a complete post-flight
inspection. Any sguawks or discrepancies should be noted
and reported to maintenance. Transitioning pilots should
insist on atraining debriefing where critique and planning
for the next lesson takes place. Documentation of the pilot’s
progress should be noted on the student’ s records.

Key Points

Many L SA’shaveairframedesignsthat are conduciveto high
drag which, when combined with their low mass, resultsin
low inertia. When attempting a crosswind landing in a high
drag LSA, arapid reduction in airspeed prior to touchdown
may result in aloss of rudder and/or aileron control, which
may push the aircraft off of the runway heading. Thisis
because as the air slows across the control surfaces, the



L SA’scontrolsbecomeineffective. To avoid loss of control,
maintain airspeed during the approach to keep the air moving
over the control surfaces until the aircraft is on the ground.

L SAs with an open cockpit, easy build characteristics, low
cost, and simplicity of operation and maintenance tend to
be less aerodynamic and, therefore, incur more drag. The
powerplant in these aircraft usually provide excess power
and exhibit desirable performance. However, when power is
reduced, it may be necessary to lower the nose of the aircraft
to afairly low pitch attitude in order to maintain airspeed,
especialy during landings and engine failure.

If the pilot makes a power off approach to landing, the
approach angle will be high and the landing flare will
need to be close to the ground with minimum float. Thisis
because the aircraft will lose airspeed quickly in the flare
and will not float like a more efficiently designed aircraft.
Too low of an airspeed during the landing flare may lead
to insufficient energy to arrest the decent which may result
in a hard landing. Maintaining power during the approach
will result in areduced angle of attack and will extend the
landing flare allowing more time to make adjustments to
the aircraft during the landing. Always remember that rapid
power reductions require an equally rapid reduction in pitch
attitude to maintain airspeed.

Intheevent of anenginefailureinan LSA, quickly transition
to the required nose-down flight attitude in order to maintain
airspeed. For example, if the aircraft has a power-off glide
angle of 30 degrees below the horizon, position the aircraft
to anose-down 30-degree attitude asquickly aspossible. The
higher the pitch attitudeiswhen the enginefailure occurs, the
quicker the aircraft will lose airspeed and the morelikely the
aircraftisto stall. Should astall occur, decreasetheaircraft's
pitch attitude rapidly in order to increase airspeed to alow
for arecovery. Stallsthat occur at low altitudes are especially
dangerous becausethe closer to theground the stall occurs, the
less time thereisto recover. For this reason, when climbing
at alow altitude, excessive pitch attitude is discouraged.

Chapter Summary

LSAs are anew category of small, lightweight aircraft that
may include advanced systems, such aparachutes, EFIS, and
composite construction. While the transition is not difficult,
LSA does require a properly designed transition training
program led by a competent CFI-S or CFI-A. Safety is of
utmost importance when it comes to any flight activity. In
order to properly assess the hazards of flight and mitigate
flight risk, a pilot must develop the skill, judgment, and
experience in order to effectively and safely pilot aLSA.
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Emergency Situations

Thischapter containsinformation on dealing with non-normal
and emergency situations that may occur in flight. The key
to successful management of an emergency situation, and/
or preventing anon-normal situation from progressing into a
trueemergency, isathorough familiarity with, and adherence
to, the procedures developed by the airplane manufacturer
and contained in the Federal Aviation Administration (FAA)
approved Airplane Flight Manual and/or Pilot’s Operating
Handbook (AFM/POH). Thefollowing guidelinesare generic
and are not meant to replace the airplane manufacturer’s
recommended procedures. Rather, they are meant to enhance
the pilot’ s general knowledge in the area of non-normal and
emergency operations. If any of the guidance in this chapter
conflictsin any way with the manufacturer’ s recommended
procedures for a particular make and model airplane, the
manufacturer’ s recommended procedures take precedence.
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Emergency Landings

This section contains information on emergency landing
techniquesin small fixed-wing airplanes. The guidelinesthat
are presented apply to the more adverse terrain conditions
for which no practical training is possible. The objectiveis
to instill in the pilot the knowledge that almost any terrain
can be considered “suitable” for a survivable crash landing
if the pilot knows how to use the airplane structure for self-
protection and the protection of passengers.

Types of Emergency Landings
The different types of emergency landings are defined as
follows:

e Forced landing—an immediate landing, on or off an
airport, necessitated by theinability to continue further
flight. A typical exampleof whichisan airplaneforced
down by engine failure.

e Precautionary landing—a premeditated landing, on
or off an airport, when further flight is possible but
inadvisable. Examples of conditionsthat may call for
aprecautionary landing include deteriorating weather,
being lost, fuel shortage, and gradually developing
engine trouble.

e Ditching—aforced or precautionary landing on water.

A precautionary landing, generaly, is less hazardous than
aforced landing because the pilot has more time for terrain
selection and the planning of the approach. In addition, the
pilot can use power to compensate for errorsin judgment or
technique. The pilot should be aware that too many situations
caling for a precautionary landing are allowed to develop
into immediate forced landings, when the pilot uses wishful
thinking instead of reason, especialy when dealing withaself-
inflicted predicament. The non-instrument-rated pilot trapped
by weather, or the pil ot facing imminent fuel exhaustion who
doesnot give any thought to thefeasibility of aprecautionary
landing, accepts an extremely hazardous alternative.

Psychological Hazards

There are several factors that may interfere with a pilot’'s
ability to act promptly and properly when faced with an
emergency. Some of these factors are listed below.

¢ Reluctance to accept the emergency situation—a
pilot who allows the mind to become paralyzed at
the thought that the airplane will be on the ground
in avery short time, regardless of the pilot’s actions
or hopes, is severely handicapped in the handling of
the emergency. An unconscious desire to delay the
dreaded moment may lead to such errors as: failure
to lower the nose to maintain flying speed, delay in
the selection of the most suitable landing areawithin
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reach, and indecision in general. Desperate attempts
to correct whatever went wrong at the expense of
airplane control fall into the same category.

e Desire to save the airplane—the pilot who has
been conditioned during training to expect to find
a relatively safe landing area, whenever the flight
instructor closed the throttle for a simulated forced
landing, may ignore all basic rules of airmanship to
avoid atouchdown in terrain where airplane damage
is unavoidable. Typical consequences are: making a
180° turn back to the runway when available altitude
is insufficient; stretching the glide without regard
for minimum control speed in order to reach a more
appealing field; accepting an approach and touchdown
situation that leaves no margin for error. The desire
to save the airplane, regardless of the risks involved,
may be influenced by two other factors: the pilot’s
financial stakeintheairplane and the certainty that an
undamaged airplaneimpliesno bodily harm. Thereare
times, however, when apilot should be moreinterested
in sacrificing the airplane so that the occupants can
safely walk away from it.

e Undue concern about getting hurt—fear is a vital
part of the self-preservation mechanism. However,
when fear leads to panic, we invite that which we
want most to avoid. The survival records favor pilots
who maintain their composure and know how to
apply the general concepts and procedures that have
been devel oped through the years. The success of an
emergency landing is as much a matter of the mind
as of skills.

Basic Safety Concepts

General

A pilot who isfaced with an emergency landing in terrain that
makes extensive airplane damage inevitable should keep in
mind that the avoidance of crash injuriesislargely a matter
of: (1) keeping the vital structure (cabin area) relatively
intact by using dispensable structure (i.e., wings, landing
gear, fuselage bottom) to absorb the violence of the stopping
process before it affects the occupants (2) avoiding forceful
bodily contact with interior structure.

The advantage of sacrificing dispensable structure is
demongtrated daily on the highways. A head-on car impact
against atree at 20 miles per hour (mph) is less hazardous for
a properly restrained driver than a similar impact againgt the
driver's door. Accident experience shows that the extent of
crushablestructure between the occupantsand the principa point
of impact on the airplane has a direct bearing on the severity
of the transmitted crash forces and, therefore, on survivability.



Avoiding forcible contact with interior structure is a matter
of seat and body security. Unless the occupant decelerates
at the same rate as the surrounding structure, no benefit is
realized from itsrelative intactness. The occupant isbrought
to astop violently in the form of a secondary collision.

Dispensableairplane structureisnot the only available energy
absorbing medium in an emergency situation. Vegetation,
trees, and even manmade structures may be used for this
purpose. Cultivated fields with dense crops, such as mature
cornand grain, arealmost aseffectivein bringing an airplane
to a stop with repairable damage as an emergency arresting
device on a runway. [Figure 17-1] Brush and small trees
provide considerable cushioning and braking effect without
destroying the airplane. When dealing with natural and
manmade obstacleswith greater strength than the dispensable
airplane structure, the pilot must plan the touchdown in such
amanner that only nonessential structureis*“used up” inthe
principal slowing-down process.

The overall severity of a deceleration process is governed
by speed (groundspeed) and stopping distance. The most
critical of these is speed; doubling the groundspeed means
guadrupling the total destructive energy and vice versa.
Even asmall change in groundspeed at touchdown—beit as
aresult of wind or pilot technique—affects the outcome of
acontrolled crash. It isimportant that the actual touchdown
during an emergency landing be made at the lowest possible
controllableairspeed, using al available aerodynamic devices.

Most pilotsinstinctively—and correctly—Il ook for the largest
available flat and open field for an emergency landing.

Figure 17-1. Using vegetation to absorb energy.

Actually, very little stopping distanceisrequired if the speed
can bedissipated uniformly; that is, if the decel eration forces
can be spread evenly over theavail able distance. Thisconcept
is designed into the arresting gear of aircraft carriers that
provides a nearly constant stopping force from the moment
of hookup.

The typical light airplane is designed to provide protection
in crash landings that expose the occupants to nine times
the acceleration of gravity (9G) in a forward direction.
Assuming auniform 9G decel eration, at 50 mph the required
stopping distance is about 9.4 feet. While at 100 mph, the
stopping distance is about 37.6 feet—about four times as
great. [Figure 17-2] Although these figures are based on
an ideal deceleration process, it is interesting to note what
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Figure 17-2. Sopping distance vs. groundspeed.
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can be accomplished in an effectively used short stopping
distance. Understanding the need for a firm but uniform
deceleration process in very poor terrain enables the pilot
to select touchdown conditions that spread the breakup of
dispensable structure over ashort distance, thereby reducing
the peak deceleration of the cabin area.

Attitude and Sink Rate Control

The most critical and often the most inexcusable error that
can be made in the planning and execution of an emergency
landing, even in ideal terrain, is the loss of initiative over
the airplane’ s attitude and sink rate at touchdown. When the
touchdown is made on flat, open terrain, an excessive nose-
low pitch attitude brings the risk of “sticking” the nose in
the ground. Steep bank anglesjust before touchdown should
also be avoided, as they increase the stalling speed and the
likelihood of awingtip strike.

Since the airplane’s vertical component of velocity is
immediately reduced to zero upon ground contact, it must
be kept well under control. A flat touchdown at a high
sink rate (well in excess of 500 feet per minute (fpm)) on a
hard surface can be injurious without destroying the cabin
structure, especialy during gear up landings in low-wing
airplanes. A rigid bottom construction of these airplanes
may preclude adequate cushioning by structural deformation.
Similar impact conditionsmay cause structural collapse of the
overhead structurein high-wing airplanes. On soft terrain, an
excessive sink rate may cause digging in of the lower nose
structure and severe forward decel eration.

Terrain Selection
A pilot’s choice of emergency landing sitesis governed by:

e Theroute selected during preflight planning

e The height above the ground when the emergency
occurs

e Excess airspeed (excess airspeed can be converted
into distance and/or altitude)

The only time the pilot has a very limited choice is during
thelow and slow portion of the takeoff. However, even under
these conditions, the ability to change the impact heading
only afew degrees may ensure a survivable crash.

If beyond gliding distance of a suitable open area, the pilot
should judge the available terrain for its energy absorbing
capability. If the emergency starts at a considerable height
above the ground, the pilot should be more concerned about
first selecting the desired general area than a specific spot.
Terrain appearances from altitude can be very misleading
and considerable altitude may belost before the best spot can
be pinpointed. For this reason, the pilot should not hesitate
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to discard the original plan for one that is obviously better.
However, as a general rule, the pilot should not change his
or her mind more than once; a well-executed crash landing
in poor terrain can be less hazardous than an uncontrolled
touchdown on an established field.

Airplane Configuration

Since flaps improve maneuverability at slow speed, and
lower the stalling speed, their use during final approach
is recommended when time and circumstances permit.
However, the associated increase in drag and decrease in
gliding distance call for caution in the timing and the extent
of their application; premature use of flap and dissipation of
atitude may jeopardize an otherwise sound plan.

A hard and fast rule concerning the position of aretractable
landing gear at touchdown cannot be given. Inrugged terrain
and trees, or during impacts at high sink rate, an extended
gear would definitely have a protective effect on the cabin
area. However, this advantage has to be weighed against the
possible side effects of a collapsing gear, such as a ruptured
fuel tank. As always, the manufacturer’s recommendations
as outlined in the AFM/POH should be followed.

When a normal touchdown is assured, and ample stopping
distance is available, a gear-up landing on level, but soft
terrain or across a plowed field may result in less airplane
damagethan agear-down landing. [ Figure 17-3] Deactivation
of theairplane' selectrical system beforetouchdown reduces
the likelihood of a post-crash fire.

However, the battery master switch should not be turned off
until the pilot no longer has any need for electrical power
to operate vita airplane systems. Positive airplane control
during thefind part of the approach has priority over all other
considerations, including airplane configuration and checklist
tasks. The pilot should attempt to exploit the power available

Figure 17-3. Intentional gear-up landing.



from an irregularly running engine; however, it is generally
better to switch the engineand fuel off just beforetouchdown.
This not only ensures the pilot’ s initiative over the situation,
but acooled-down engine reducesthefire hazard considerably.

Approach
When the pilot has time to maneuver, the planning of the
approach should be governed by thefollowing three factors:

e Wind direction and velocity
e Dimensions and slope of the chosen field
e Obstaclesin the fina approach path

Thesethreefactorsaresel dom compatible. When compromises
have to be made, the pilot should aim for a wind/obstacle/
terrain combination that permits afinal approach with some
margin for error in judgment or technique. A pilot who
overestimatesthe gliding range may betempted to stretch the
glide across obstaclesin the approach path. For thisreason, it
issometimes better to plan the approach over an unobstructed
area, regardless of wind direction. Experience shows that a
collision with obstacles at the end of aground roll or dideis
much less hazardous than striking an obstacle at flying speed
before the touchdown point is reached.

Terrain Types

Since an emergency landing on suitable terrain resembles
a situation in which the pilot should be familiar through
training, only the more unusual situations are discussed.

Confined Areas

Thenatural preferenceto set the airplane down on the ground
should not lead to the sel ection of an open spot between trees
or obstacles where the ground cannot be reached without
making a steep descent.

Once the intended touchdown point is reached, and the
remaining open and unobstructed space is very limited,
it may be better to force the airplane down on the ground
than to delay touchdown until it stalls (settles). An airplane
deceleratesfaster after it ison the ground than whileairborne.
Thought may also be given to the desirability of ground-
looping or retracting the landing gear in certain conditions.

A river or creek can be an inviting alternative in otherwise
rugged terrain. The pilot should ensure that the water or creek
bed can be reached without snagging the wings. The same
concept applies to road landings with one additional reason
for caution: manmade obstacles on either side of aroad may
not be visible until the final portion of the approach.

When planning the approach across a road, it should be
remembered that most highways and even rural dirt roads are

paralleled by power or telephonelines. Only asharplookout for
the supporting structuresor polesmay providetimely warning.

Trees (Forest)

Although a tree landing is not an attractive prospect, the
following general guidelines help to make the experience
survivable.

»  Usethenormal landing configuration (full flaps, gear
down).

e Keepthe groundspeed low by heading into the wind.

e Makecontact at minimum indicated airspeed, but not
below stall speed, and “hang” the airplane in the tree
branches in a nose-high landing attitude. Involving
the underside of the fuselage and both wings in the
initial tree contact provides amore even and positive
cushioning effect, while preventing penetration of the
windshield. [Figure 17-4]

* Avoid direct contact of the fuselage with heavy tree
trunks.

* Low, closely spaced trees with wide, dense crowns
(branches) close to the ground are much better than
tall treeswith thin tops; thelatter allow too much free
fall height (afreefall from 75 feet resultsin animpact
speed of about 40 knots, or about 4,000 fpm).

* ldeally, initial tree contact should be symmetrical;
that is, both wings should meet equal resistanceinthe
tree branches. This distribution of the load helps to
maintain proper airplane attitude. It may also preclude
thelossof onewing, whichinvariably leadsto amore
rapid and less predictable descent to the ground.

Figure 17-4. Tree landing.
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e If heavy tree trunk contact is unavoidable once the
airplane is on the ground, it is best to involve both
wings simultaneously by directing the airplane
between two properly spaced trees. Do not attempt
this maneuver, however, while still airborne.

Water (Ditching) and Snow

A well-executed water landing normally involves less
deceleration violence than apoor treelanding or atouchdown
on extremely rough terrain. Also, an airplane that is ditched
at minimum speed and in anormal landing attitude does not
immediately sink upon touchdown. Intact wings and fuel
tanks (especially when empty) provide floatation for at |east
severa minutes, evenif the cabin may bejust below thewater
linein ahigh-wing airplane.

L oss of depth perception may occur when landing on awide
expanse of smooth water with the risk of flying into the
water or stalling in from excessive atitude. To avoid this
hazard, the airplane should be “dragged in” when possible.
Use no more than intermediate flaps on low-wing airplanes.
The water resistance of fully extended flaps may result in
asymmetrical flap failureand slowing of theairplane. Keepa
retractable gear up unlessthe AFM/POH advises otherwise.

A landing in snow should be executed like a ditching, in
the same configuration and with the same regard for loss
of depth perception (white out) in reduced visibility and on
wide-open terrain.

Engine Failure After Takeoff (Single-
Engine)

Thealtitude availableis, in many ways, the controlling factor
in the successful accomplishment of an emergency landing.
If an actual engine failure should occur immediately after
takeoff and before a safe maneuvering altitudeis attained, it
isusually inadvisableto attempt to turn back to thefield from
wherethetakeoff wasmade. Instead, it issafer toimmediately
establish the proper glide attitude, and select afield directly
ahead or dlightly too either side of the takeoff path.

The decision to continue straight ahead is often difficult to
make unless the problems involved in attempting to turn
back are seriously considered. In the first place, the takeoff
was in all probability made into the wind. To get back to
the takeoff field, a downwind turn must be made. This
increases the groundspeed and rushes the pilot even morein
the performance of procedures and in planning the landing
approach. Secondly, the airplane is losing considerable
altitude during the turn and might still bein abank when the
ground is contacted, resulting in the airplane cartwheeling
(which would be a catastrophe for the occupants, as well as
the airplane). After turning downwind, the apparent increase
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in groundspeed could mislead the pilot into attempting to
prematurely slow down theairplaneand causeit to stall. Onthe
other hand, continuing straight ahead or making adlight turn
alowsthe pilot moretimeto establish asafe landing attitude,
and the landing can be made as lowly as possible, but more
importantly, the airplane can be landed while under control.

Concerning thesubject of turning back to therunway following
an engine failure on takeoff, the pilot should determine the
minimum altitude an attempt of such a maneuver should
be made in a particular airplane. Experimentation at a safe
altitude should givethe pil ot an approximation of height lost
in a descending 180° turn at idle power. By adding a safety
factor of about 25 percent, the pilot should arrive at apractical
decision height. The ability to make a 180° turn does not
necessarily mean that the departure runway can be reached
in a power-off glide; this depends on the wind, the distance
traveled during the climb, the height reached, and the glide
distance of the airplane without power. The pilot should also
remember that a turn back to the departure runway may in
fact require more than a 180° change in direction.

Consider the following example of an airplane which has
taken off and climbed to an altitude of 300 feet above ground
level (AGL) when the engine fails. [Figure 17-5] After a
typical 4 second reaction time, the pilot elects to turn back
to the runway. Using a standard rate (3° change in direction
per second) turn, it takes 1 minute to turn 180°. At a glide
speed of 65 knots, the radius of the turn is 2,100 feet, so at
the completion of the turn, the airplane is 4,200 feet to one
side of the runway. The pilot must turn another 45° to head
theairplanetoward the runway. By thistime, thetotal change
indirection is225° equating to 75 seconds plusthe 4 second
reaction time. If the airplane in a poweroff glide descends
at approximately 1,000 fpm, it has descended 1,316, feet
placing it 1,016 feet below the runway.

Emergency Descents

An emergency descent is a maneuver for descending as
rapidly as possible to alower atitude or to the ground for an
emergency landing. [ Figure 17-6] Theneed for thismaneuver
may result from an uncontrollable fire, a sudden loss of
cabin pressurization, or any other situation demanding an
immediate and rapid descent. The objectiveisto descend the
airplane as soon and asrapidly aspossiblewithin the structural
limitations of the airplane. Simulated emergency descents
should be made in aturn to check for other air traffic below
and to look around for a possible emergency landing area. A
radio call announcing descent intentions may be appropriate
to aert other aircraft in the area. When initiating the descent,
a bank of approximately 30 to 45° should be established to
maintain positive load factors (G forces) on the airplane.
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Figure 17-5. Turning back to the runway after engine failure.

Emergency descent training should be performed as
recommended by the manufacturer, including the
configuration and airspeeds. Except when prohibited by the
manufacturer, the power should be reduced to idle, and the
propeller control (if equipped) should be placed in the low
pitch (or high revolutions per minute (rpm)) position. This
allows the propeller to act as an aerodynamic brake to help
prevent an excessive airspeed buildup during the descent. The
landing gear and flaps should be extended as recommended
by the manufacturer. This provides maximum drag so that the
descent can be made asrapidly as possible, without excessive
airspeed. The pilot should not allow the airplane’s airspeed

Figure 17-6. Emergency descent.

to passthe never-exceed speed (V g), the maximum landing
gear extended speed (V| g), or the maximum flap extended
speed (Vg), as applicable. In the case of an engine fire, a
high airspeed descent could blow out the fire. However, the
weakening of the airplane structure is a major concern and
descent at low airspeed would placeless stresson theairplane.
If the descent is conducted in turbulent conditions, the pilot
must also comply with the design maneuvering speed (V 4)
limitations. The descent should be made at the maximum
allowable airspeed consistent with the procedure used. This
providesincreased drag and, therefore, theloss of altitude as
quickly aspossible. Therecovery from an emergency descent
should beinitiated at a high enough altitude to ensure a safe
recovery back to level flight or a precautionary landing.

When the descent isestablished and stabilized during training
and practice, the descent should be terminated. In airplanes
with piston engines, prolonged practice of emergency
descents should be avoided to prevent excessive cooling of
the engine cylinders.

In-Flight Fire

A firein-flight demandsimmediate and decisive action. The
pilot therefore must be familiar with the procedures outlined
to meet this emergency contained in the AFM/POH for the
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particular airplane. For the purposes of this handbook, in-
flight fires are classified as in-flight engine fires, electrical
fires, and cabin fires.

Engine Fire

An in-flight engine compartment fireis usually caused by a
failure that allows a flammabl e substance, such as fuel, oil,
or hydraulic fluid, to comein contact with ahot surface. This
may be caused by a mechanical failure of the engine itself,
an engine-driven accessory, adefective induction or exhaust
system, or abroken line. Engine compartment firesmay also
result from maintenance errors, such asimproperly installed/
fastened lines and/or fittings resulting in leaks.

Engine compartment fires can be indicated by smoke and/
or flames coming from the engine cowling area. They can
aso be indicated by discoloration, bubbling, and/or melting
of the engine cowling skin in cases where flames and/or
smokearenot visibleto the pilot. By thetimeapilot becomes
aware of an in-flight engine compartment fire, it usualy is
well developed. Unless the airplane manufacturer directs
otherwise in the AFM/POH, the first step on discovering a
fire should be to shut off the fuel supply to the engine by
placing the mixture control intheidle cut off position and the
fuel selector shutoff valve to the OFF position. Theignition
switch should be left ON in order to use up the fuel that
remains in the fuel lines and components between the fuel
selector/shutoff valve and the engine. This procedure may
starve the engine compartment of fuel and cause the fire to
dienaturaly. If theflamesare snuffed out, no attempt should
be made to restart the engine.

If the engine compartment fire is oil-fed, as evidenced by
thick black smoke, as opposed to a fuel-fed fire, which
produces bright orange flames, the pilot should consider
stopping the propeller rotation by feathering or other means,
such as (with constant-speed propellers) placing the pitch
control lever to the minimum rpm position and raising the
noseto reduceairspeed until the propeller stopsrotating. This
procedure stopsan engine-driven oil (or hydraulic) pump from
continuing to pump theflammablefluid that isfeeding thefire.

Some light airplane emergency checklists direct the pilot
to shut off the electrical master switch. However, the pilot
should consider that unlessthefireiselectrical in nature, or a
crash landing isimminent, deactivating the el ectrical system
prevents the use of panel radios for transmitting distress
messages and also causes air traffic control (ATC) to lose
transponder returns.

Pilots of powerless single-engine airplanes are left with no

choice but to make a forced landing. Pilots of twin-engine
airplanesmay elect to continuetheflight to the nearest airport.
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However, consideration must be given to the possibility that
a wing could be seriously impaired and lead to structural
failure. Even a brief but intense fire could cause dangerous
structural damage. In some cases, the fire could continue to
burn under thewing (or engine cowlinginthe caseof asingle-
engineairplane) out of view of the pilot. Engine compartment
firesthat appear to have been extinguished have been known
to rekindle with changes in airflow pattern and airspeed.

The pilot must be familiar with the airplane’s emergency
descent procedures. The pilot must bear in mind thefollowing:

*  Theairplane may beseverely structurally damaged to
the point that its ability to remain under control could
be lost at any moment.

e Theairplane may still be on fire and susceptible to
explosion.

» The arplane is expendable and the only thing that
mattersis the safety of those on board.

Electrical Fires

Theinitia indication of an electrical fireisusually thedistinct
odor of burning insulation. Oncean electrical fireisdetected,
the pilot should attempt to identify the faulty circuit by
checking circuit breakers, instruments, avionics, and lights.
If the faulty circuit cannot be readily detected and isolated,
and flight conditions permit, the battery master switch and
aternator/generator switches should beturned off to remove
the possible source of the fire. However, any materials that
have been ignited may continue to burn.

If electrical power is absolutely essential for the flight,
an attempt may be made to identify and isolate the faulty
circuit by:

1. Turning the electrical master switch OFF.
2. Turning all individua electrical switches OFF.
3. Turning the master switch back ON.

4. Selecting electrical switchesthat were ON before the
fire indication one at a time, permitting a short time
lapse after each switch isturned on to check for signs
of odor, smoke, or sparks.

This procedure, however, has the effect of recreating the
original problem. The most prudent course of action is to
land as soon as possible.

Cabin Fire

Cabin fires generally result from one of three sources: (1)
careless smoking on the part of the pilot and/or passengers;
(2) electrical system malfunctions; (3) heating system
malfunctions. A fire in the cabin presents the pilot with



two immediate demands: attacking the fire and getting the
airplane safely on the ground as quickly as possible. A fire
or smoke in the cabin should be controlled by identifying
and shutting down the faulty system. In many cases, smoke
may be removed from the cabin by opening the cabin air
vents. This should be done only after the fire extinguisher
(if available) is used. Then the cabin air control can be
opened to purge the cabin of both smoke and fumes. If
smoke increases in intensity when the cabin air vents are
opened, they should be immediately closed. Thisindicates
a possible fire in the heating system, nose compartment
baggage area (if so equipped), or that theincreasein airflow
is feeding the fire.

On pressurized airplanes, the pressurization air system
removes smoke from the cabin; however, if the smoke
is intense, it may be necessary to either depressurize at
altitude, if oxygen is available for al occupants, or execute
an emergency descent.

In unpressurized single-engine and light twin-engine
airplanes, the pilot can attempt to expel the smoke from the
cabin by opening the foul weather windows. These windows
should be closed immediately if the fire becomes more
intense. If the smoke is severe, the passengers and crew
should use oxygen masks if available, and the pilot should
initiate animmediate descent. The pil ot should also be aware
that on someairplanes, lowering the landing gear and/or wing
flaps can aggravate a cabin smoke problem.

Flight Control Malfunction/Failure

Total Flap Failure

Theinability to extend the wing flaps necessitates a no-flap
approach and landing. In light airplanes, a no-flap approach
and landing is not particularly difficult or dangerous.
However, there are certain factors that must be considered
inthe execution of thismaneuver. A no-flap landing requires
substantially more runway than normal. The increase in
required landing distance could be as much as 50 percent.

When flying in the traffic pattern with the wing flaps
retracted, theairplane must beflownin arelatively nose-high
attitude to maintain altitude, as compared to flight with flaps
extended. Losing altitude can be more of a problem without
the benefit of the drag normally provided by flaps. A wider,
longer traffic pattern may be required in order to avoid the
necessity of diving to lose altitude and consequently building
up excessive airspeed.

On final approach, anose-high attitude can makeit difficult
to see the runway. This situation, if not anticipated, can
result in serious errors in judgment of height and distance.

Approaching the runway in a relatively nose-high attitude
can also cause the perception that the airplane is close to a
stall. Thismay causethe pilot to lower the nose abruptly and
risk touching down on the nosewhee!.

With the flaps retracted and the power reduced for landing,
the airplane is slightly less stable in the pitch and roll axes.
Without flaps, the airplane tendsto float considerably during
roundout. The pilot should avoid the temptation to force
the airplane onto the runway at an excessively, high speed.
Neither should the pilot flare excessively because without
flaps, this might cause the tail to strike the runway.

Asymmetric (Split) Flap

An asymmetric “split” flap situation is one in which one
flap deploys or retracts while the other remainsin position.
The problem isindicated by a pronounced roll toward the
wing with the least flap deflection when wing flaps are
extended/retracted.

The roll encountered in a split flap situation is countered
with oppositeaileron. Theyaw caused by the additional drag
created by the extended flap requires substantial opposite
rudder resulting in a cross-control condition. Almost full
aileron may be required to maintain a wings-level attitude,
especialy at the reduced airspeed necessary for approach
and landing. The pilot should not attempt to land with a
crosswind from the side of the deployed flap because the
additional roll control required to counteract the crosswind
may not be available.

The approach to landing with a split flap condition should
be flown at a higher than normal airspeed. The pilot should
not risk an asymmetric stall and subsequent loss of control
by flaring excessively. Rather, the airplane should be flown
onto the runway so that the touchdown occurs at an airspeed
consistent with a safe margin above flaps-up stall speed.

Loss of Elevator Control

In many airplanes, the elevator is controlled by two cables:
a “down” cable and an “up” cable. Normally, a break or
disconnect in only one of these cables does not result in a
total lossof elevator control. In most airplanes, afailed cable
resultsin apartial loss of pitch control. In the failure of the
“up” elevator cable (the “down” elevator being intact and
functional), the control yoke moves aft easily but produces
no response. Forward yoke movement, however, beyond the
neutral position produces anosedown attitude. Conversely, a
failure of the “down” elevator cable, forward movement of
the control yoke produces no effect. The pilot, however, has
partial control of pitch attitude with aft movement.
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When experiencing a loss of up-elevator control, the pilot
can retain pitch control by:

e Applying considerable nose-up trim

e Pushing the control yoke forward to attain and
maintain desired attitude

e Increasing forward pressure to lower the nose and
relaxing forward pressure to raise the nose

e Releasing forward pressure to flare for landing

When experiencing aloss of down-elevator control, the pilot
can retain pitch control by:

e Applying considerable nosedown trim

e Pulling the control yoke aft to attain and maintain
attitude

e Releasing back pressure to lower the nose and
increasing back pressure to raise the nose

e Increasing back pressure to flare for landing

Trim mechanisms can be useful in the event of an in-flight
primary control failure. For example, if the linkage between
the cabin and the elevator failsin flight, leaving the elevator
free to weathervane in the wind, the trim tab can be used to
raiseor lower the elevator within limits. Thetrim tabsare not
as effective as normal linkage control in conditions such as
low airspeed, but they do have some positive effect—usually
enough to bring about a safe landing.

If an elevator becomes jammed, resulting in a total loss of
elevator control movement, various combinations of power
and flap extension offer a limited amount of pitch control.
A successful landing under these conditions, however, is
problematical.

Landing Gear Malfunction

Once the pilot has confirmed that the landing gear has in
fact malfunctioned and that one or more gear legs refuses
to respond to the conventional or alternate methods of gear
extension contained in the AFM/POH, there are several
methods that may be useful in attempting to force the gear
down. One method is to dive the airplane (in smooth air
only) to Ve speed (red line on the airspeed indicator) and
(withinthelimits of safety) executearapid pull up. In normal
category airplanes, this procedure creates a 3.8G load on the
structure, in effect making the landing gear weigh 3.8 times
normal. In some cases, this may force the landing gear into
the down and locked position. This procedure requires a
fine control touch and good feel for the airplane. Careful
consideration should be given to the fact that if the pull up
is too abrupt, it may result in an accelerated stall, possible
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loss of control, and cause excessive structural stress to be
imposed on the aircraft.

The design maneuvering speed (V,) is a structural design
airspeed used in determining the strength requirements for
the airplane and its control surfaces. The structural design
requirementsdo not cover multiple control inputsinoneaxisor
control inputsin morethan oneaxisat atimeat any speed, even
below V 4. Combined control inputs cause additional bending
and twisting forces. Any airspeed above the maneuvering
speed provides a positive life capability that may cause
structural damage if excessive G forces are exerted on the
aircraft. V 5 isbased on the actual grossweight of the airplane
and the wing' s response to a 50 foot per second wind gust or
movement of the elevator. The combination of turbulence
and high G loading induces even greater stresson the aircraft.
Because wind gusts are not symmetrical, the total additional
stressthat isadded to the aircraft due to turbulenceis difficult
to determine. Each element of the airframe and each flight
control component havetheir own design structural load limit.
Maneuvering speed isprimarily determined for thewings; the
elevator may be structurally damaged below this speed.

An alternative method that has proven useful in dislodging
stuck landing gear (in some cases) isto inducerapid yawing.
After stabilizing below V 4, the pilot should alternately and
aggressively apply rudder in one direction and then the
other in rapid sequence. However, be advised that operating
at or below maneuvering speed does not provide structural
protection against multiple full control inputsin one axis or
full control inputsin morethan one axisat the sametime. The
resulting yawing action may causethelanding gear tofall into
place. The pilot must be aware that moving the rudder from
stop to stop is not aload limit certification requirement for
normal category airplanes. Only aircraft designed for certain
high G load flight maneuvers must have a vertical fin and
rudder capableto withstand abrupt pedal control application
to the limits in both directions.

If al effortsto extend thelanding gear havefailed and agear-
up landingisinevitable, the pilot should select an airport with
crash and rescue facilities. The pilot should not hesitate to
reguest that emergency equipment is standing by.

When selecting alanding surface, the pilot should consider
that a smooth, hard-surface runway usually causes less
damage than rough, unimproved grass strips. A hard surface
does, however, create sparksthat canignitefuel. If theairport
iS so equipped, the pilot can request that the runway surface
befoamed. The pilot should consider burning off excessfuel.
This reduces landing speed and fire potential.



If thelanding gear malfunctionislimited to one main landing
gear leg, the pilot should consume as much fuel from that
side of the airplane as practicable, thereby reducing the
weight of the wing on that side. The reduced weight makes
it possibleto delay the unsupported wing from contacting the
surface during the landing roll until thelast possible moment.
Reduced impact speeds result in less damage.

If only one landing gear leg fails to extend, the pilot has the
option of landing on the available gear legs or landing with
all the gear legs retracted. Landing on only one main gear
usually causes the airplane to veer strongly in the direction
of thefaulty gear leg after touchdown. If the landing runway
isnarrow and/or ditches and obstacles line the runway edge,
maximum directional control after touchdown isanecessity.
In this situation, alanding with all three gear retracted may
be the safest course of action.

If the pilot elects to land with one main gear retracted (and
the other main gear and nose gear down and locked), the
landing should be madein anose-high attitude with thewings
level. As airspeed decays, the pilot should apply whatever
aileron control is necessary to keep the unsupported wing
airborne as long as possible. [Figure 17-7] Once the wing
contacts the surface, the pilot can anticipate astrong yaw in
that direction. The pilot must be prepared to usefull opposite
rudder and aggressive braking to maintain some degree of
directional control.

When landing with a retracted nosewheel (and the main
gear extended and locked), the pilot should hold the nose
off theground until almost full up-elevator has been applied.
[Figure 17-8] The pilot should then release back pressure
in such a manner that the nose settles slowly to the surface.
Applying and holding full up-elevator results in the nose
abruptly dropping to the surface as airspeed decays, possibly
resulting in burrowing and/or additional damage. Brake
pressure should not be applied during the landing roll unless
absolutely necessary to avoid a collision with obstacles.

If the landing must be made with only the nose gear
extended, the initial contact should be made on the aft

Figure 17-7. Landing with one main gear retracted.

Figure 17-8. Landing with nosewheel retracted.

fuselage structure with a nose-high attitude. This procedure
helps prevent porpoising and/or wheelbarrowing. The pilot
should then allow the nosewheel to gradually touchdown,
using nosewhesl steering asnecessary for directional control.

Systems Malfunctions

Electrical System

Thelossof electrical power can deprivethe pilot of numerous
critical systems, and therefore should not be taken lightly
even in day/visual flight rules (VFR) conditions. Most
in-flight failures of the electrical system are located in the
generator or alternator. Once the generator or alternator
system goes off line, the electrical source in atypical light
airplaneisabattery. If awarning light or ammeter indicates
the probability of an aternator or generator failure in an
airplanewith only one generating system, however, the pilot
may have very little time available from the battery.

Therating of the airplane battery providesaclueto how long
it may last. With batteries, the higher the amperageload, the
less the usable total amperage. Thus, a 25-amp hour battery
could produce 5 amps per hour for 5 hours, but if the load
wereincreased to 10 amps, it might last only 2 hours. A 40-
amp load might discharge the battery fully in about 10 or 15
minutes. Much depends on the battery condition at the time
of the system failure. If the battery has been in service for a
few years, its power may be reduced substantially because of
internal resistance. Or if the system failure was not detected
immediately, much of the stored energy may have already
beenused. Itisessential, therefore, that the pilot immediately
shed non-essential 1oads when the generating source fails.
[Figure17-9] The pilot should then plantoland at the nearest
suitable airport.

What constitutesan “emergency” |oad following agenerating
system failure cannot be predetermined because the actual
circumstances are aways somewhat different—for example,
whether the flight is VFR or instrument flight rules (IFR),
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( Electrical Loads for Number Total
Light Single of units Amperes
A. Continuous Load
Pitot Heating (Operating) 1 3.30
Wingtip Lights 4 3.00
Heater Igniter 1 1-20
**Navigation Receivers 1-4 1-2 each
**Communications Receivers 1-2 1-2 each
Fuel Indicator 1 0.40
Instrument Lights (overhead) 2 0.60
Engine Indicator 1 0.30
Compass Light 1 0.20
Landing Gear Indicator 1 0.17
Flap Indicator 1 0.17
B. Intermittent Load
Starter 1 100.00
Landing Lights 2 17.80
Heater Blower Motor 1 14.00
Flap Motor 1 13.00
Landing Gear Motor 1 10.00
Cigarette Lighter 1 7.50
Transceiver (keyed) 1 5-7
Fuel Boost Pump 1 2.00
Cowl Flap Motor 1 1.00
Stall Warning Horn 1 1.50
** Amperage for radios varies with equipment.
In general, the more recent the model, the less amperage required.
NOTE: Panel and indicator lights usually draw less than one amp.

Figure 17-9. Electrical load for light single.

conducted inday or at night, in cloudsor inthe clear. Distance
to nearest suitable airport can also be afactor.

The pilot should remember that the el ectrically-powered (or
electrically-selected) landing gear and flaps do not function
properly on the power left in a partially-depleted battery.
Landing gear and flap motors use up power at rates much
greater than most other types of electrical equipment. The
result of selecting these motorson apartially-depleted battery
may well resultin animmediatetotal lossof electrical power.

If the pilot should experience a complete in-flight loss of
electrical power, the following steps should be taken:

e Shed al but the most necessary electrically-driven
equipment.

e Understand that any loss of electrical power iscritical
in a small airplane—notify ATC of the situation
immediately. Request radar vectors for a landing at
the nearest suitable airport.

e |If landing gear or flaps are electrically controlled or
operated, plan the arrival well ahead of time. Expect
to make a no-flap landing and anticipate a manual
landing gear extension.
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Pitot-Static System

The source of the pressure for operating the airspeed
indicator, the vertical speedindicator (VSI), and the altimeter
isthe pitot-static system. The major components of the pitot-
static system are the impact pressure chamber and lines and
the static pressure chamber and lines, each of which are
subject to total or partial blockage by ice, dirt, and/or other
foreign matter. Blockage of the pitot-static system adversely
affects instrument operation. [ Figure 17-10]

Partial static system blockage isinsidious in that it may go
unrecognized until acritical phase of flight. During takeoff,
climb, and level-off at cruise atitude the altimeter, airspeed
indicator, and VSl may operate normally. No indication of
malfunction may be present until theairplane beginsadescent.

If the static reference system is severely restricted, but not
entirely blocked, asthe airplane descends, the static reference
pressure at the instruments begins to lag behind the actual
outside air pressure. While descending, the altimeter may
indicate that the airplane is higher than actual because the
obstruction slows the airflow from the static port to the
altimeter. The VS| confirms the altimeter’s information
regarding rate of change because the reference pressure is
not changing at the samerate asthe outside air pressure. The
airspeed indicator, unable to tell whether it is experiencing
more airspeed pitot pressure or less static reference pressure,
indicates a higher airspeed than actual. To the pilot, the
instruments indicate that the airplane is too high, too fast,
and descending at arate much less than desired.

If the pilot levels off and then begins a climb, the altitude
indication may still lag. The VSl indicates that the airplane
is not climbing as fast as actual. The indicated airspeed,
however, may beginto decrease at an alarmingrate. Theleast
amount of pitch-up attitude may cause the airspeed needle
to indicate dangerously near stall speed.

Managing a static system malfunction requires that the pilot
know and understand the airplane’ s pitot-static system. If a
system malfunction is suspected, the pilot should confirm it
by opening the alternate static source. This should be done
whiletheairplaneisclimbing or descending. If theinstrument
needles move significantly when thisisdone, astatic pressure
problem exists and the alternate source should be used during
the remainder of the flight.

Failure of the pitot-static system may also have serious
consequences for Electronic Flight Instrument Systems
(EFIS). To stisfy the requirements of Title 14 of the Code
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Figure 17-10. Effects of blocked pitot-static sources.

of Federal Regulations (14 CFR) part 23 for IFR flight,
redundant instrumentation isrequired for el ectronic displays
of airspeed, altitude, and attitude indications. Dedicated
standby instruments or dual independent pilot flight displays
(PFD) must be installed in the aircraft. Many of the light
aircraft equipped with glass cockpitstypically sharethe same
pitot-static inputsfor the backup instrumentation. Since both
systems are receiving the same input signals, both may be
adversely affected by obstructed or blocked pitot tubes and
static ports making redundancy much lessthan desired. Some
manufacturers combine both the air datacomputer (ADC) and
the attitude and heading reference system (AHRS) functions
so that a blockage of the input system may also affect the
attitude display.

With conventional instrumentation, the design and
operation are similar regardless of aircraft or manufacturer.
By comparing information between the six conventional
instruments, pilots are able to diagnose common failure
modes. Instrument failure indications of conventional
instruments and electronic flight displays may be entirely
different, and electronic systems failure indications are not
standardized. With the wide diversity in system design of
glass cockpits, the primary display and the backup display
may respond differently to any interruption of data input,
and both displays may function differently than conventional
instruments under the same conditions.

It is imperative for pilots to obtain equipment-specific
information in reference to both the aircraft and the avionics
that fully prepare them to interpret and properly respond
to equipment malfunctions of electronic flight instrument
displays. Rapidly changing eguipment, complex systems,
and the difficulty or inability to simulate failure modes and
functions can impose training limitations. Pilots still must
be able to respond to equipment malfunctions in a timely
manner without impairing other critical flight tasks should
the need arise.

Abnormal Engine Instrument Indication

The AFM/POH for the specific airplane containsinformation
that should be followed in the event of any abnormal engine
instrument indications. The table shown in Figure 17-11
offers generic information on some of the more commonly
experienced in-flight abnormal engineinstrument indications,
their possible causes, and corrective actions.

Door Opening In-Flight

In most instances, the occurrence of an inadvertent door
opening is not of great concern to the safety of a flight, but
rather, thepilot’ sreaction at the moment theincident happens.
A door opening inflight may be accompanied by asudden loud
noise, sustained noiselevel, and possiblevibration or buffeting.
If apilot allows himself or herself to become distracted to the
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Malfunction

Probable Cause

Corrective Action

Loss of rpm during cruise flight
(non-altitude engines)

Carburetor or induction icing or air filter clogging

Apply carburetor heat. If dirty filter is suspected and
non-filtered air is available, switch selector to unfiltered
position.

Loss of manifold pressure during
cruise flight

Same as above

Turbocharger failure

Same as above.

Possible exhaust leak. Shut down engine or use lowest
practicable power setting. Land as soon as possible.

Gain of manifold pressure during
cruise flight

Throttle has opened, propeller control has decreased
rpm, or improper method of power reduction

Readjust throttle and tighten friction lock. Reduce
manifold pressure prior to reducing rpm.

High oil temperature

Oil congealed in cooler
Inadequate engine cooling

Detonation or preignition

Forthcoming internal engine failure

Defective thermostatic oil cooler control

Reduce power. Land. Preheat engine.
Reduce power. Increase airspeed.

Observe cylinder head temperatures for high reading.
Reduce manifold pressure. Enrich mixture.

Land as soon as possible or feather propeller and stop
engine.

Land as soon as possible. Consult maintenance
personnel.

Low oil temperature

Engine not warmed up to operating temperature

Warm engine in prescribed manner.

High oil pressure

Cold oil

Possible internal plugging

Same as above.

Reduce power. Land as soon as possible.

Low oil pressure

Broken pressure relief valve

Insufficient oil

Burned out bearings

Land as soon as possible or feather propeller and stop
engine.

Same as above.

Same as above.

Fluctuating oil pressure

Low oil supply, loose oil lines, defective pressure
relief valve

Same as above.

High cylinder head temperature

Improper cowl flap adjustment
Insufficient airspeed for cooling
Improper mixture adjustment

Detonation or preignition

Adjust cowl flaps.
Increase airspeed.
Adjust mixture.

Reduce power, enrich mixture, increase cooling airflow.

Low cylinder head temperature

Excessive cowl flap opening
Excessively rich mixture

Extended glides without clearing engine

Adjust cowl flaps.
Adjust mixture control.

Clear engine long enough to keep temperatures at
minimum range.

Ammeter indicating discharge

Alternator or generator failure

Shed unnecessary electrical load. Land as soon as
practicable.

Load meter indicating zero

Same as above

Same as above

Surging rpm and overspeeding

Defective propeller
Defective engine

Defective propeller governor

Defective tachometer

Improper mixture setting

Adjust propeller rpm.
Consult maintenance.

Adjust propeller control. Attempt to restore normal
operation.

Consult maintenance.

Readjust mixture for smooth operation.

Loss of airspeed in cruise flight with
manifold pressure and rpm constant

Possible loss of one or more cylinders

Land as soon as possible.

Rough running engine

Improper mixture control setting
Defective ignition or valves

Detonation or preignition

Induction air leak
Plugged fuel nozzle (fuel injection)

Excessive fuel pressure or fuel flow

Adjust mixture for smooth operation
Consult maintenance personnel.

Reduce power, enrich mixture, open cowl flaps to reduce
cylinder head temp. Land as soon as practicable.

Reduce power. Consult maintenance.
Same as above.

Lean mixture control.

Loss of fuel pressure

Engine-driven pump failure
No fuel

Turn on boost pumps.
Switch tanks, turn on fuel.

Figure 17-11. Commonly experienced in-flight abnormal engine instrument indications, their possible causes, and corrective actions.
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point where attention is focused on the open door rather than
maintai ning control of the airplane, loss of control may result
even though disruption of airflow by the door is minimal.

In the event of an inadvertent door opening in flight or on
takeoff, the pilot should adhere to the following.

e Concentrate on flying the airplane. Particularly in
light single and twin-engine airplanes; a cabin door
that opens in flight seldom if ever compromises the
airplane’ sability to fly. There may be some handling
effects, such asroll and/or yaw, but in most instances
these can be easily overcome.

e If the door opens after lift-off, do not rush to land.
Climb to normal traffic pattern altitude, fly a normal
traffic pattern, and make anormal landing.

e Do not release the seat belt and shoulder harness in
an attempt to reach the door. Leave the door aone.
Land as soon as practicable, and close the door once
safely on the ground.

¢ Remember that most doors do not stay wide open.
They usually bang open and then settle partly closed.
A dlip towards the door may cause it to open wider;
adlip away from the door may push it closed.

e Do not panic. Try to ignore the unfamiliar noise and
vibration. Also, do not rush. Attempting to get the
airplane on the ground as quickly as possible may
result in steep turns at low altitude.

e Complete all items on the landing checklist.

¢ Remember that accidents are almost never caused by
an open door. Rather, an open door accident is caused
by the pilot’ sdistraction or failureto maintain control
of the airplane.

Inadvertent VFR Flight Into IMC

It isbeyond the scope of thishandbook to incorporate acourse
of training in basi c attitudeinstrument flying. Thisinformation
is contained in FAA-H-8083-15, Instrument Flying
Handbook. Certain pilot certificatesand/or associated ratings
require training in instrument flying and a demonstration of
specific instrument flying tasks on the practical test.

Pilots and flight instructors should refer to FAA-H-8083-15
for guidance in the performance of these tasks and to the
appropriate practical test standards (PTS) for information
on the standards to which these required tasks must be
performed for the particular certificatelevel and/or rating. The
pilot should remember, however, that unless these tasks are
practiced on acontinuing and regular basis, skill erosion begins
almost immediately. In avery short time, the pilot’ sassumed
level of confidence is much higher than the performance he
or sheis actualy able to demonstrate should the need arise.

Accident statistics show that the pilot who has not been
trained in attitude instrument flying, or onewhoseinstrument
skills have eroded, lose control of the airplane in about 10
minutes once forced to rely solely on instrument reference.
The purpose of thissectionisto provide guidance on practical
emergency measures to maintain airplane control for a
limited period of time in the event a VFR pilot encounters
instrument meteorological conditions (IMC). Themain goal
isnot precision instrument flying; rather, itisto helpthe VFR
pilot keep the airplane under adequate control until suitable
visual references are regained.

The first steps necessary for surviving an encounter with
IMC by aVFR pilot are as follows:

*  Recognition and acceptance of the seriousness of the
situation and the need for immediate remedial action

*  Maintaining control of the airplane

*  Obtaining the appropriate assistance in getting the
airplane safely on the ground

Recognition

A VFRpilotisinIMC conditionsanytime heor sheisunable
to maintain airplane attitude control by referencetothenatural
horizon regardless of the circumstances or the prevailing
weather conditions. Additionally, the VFR pilot is, in effect,
inIMC anytime heor sheisinadvertently or intentionally for
anindeterminate period of time unableto navigate or establish
geographical position by visual reference to landmarks on
the surface. These situations must be accepted by the pilot
involved asagenuine emergency requiring appropriate action.

The pilot must understand that unless he or she is trained,
qualified, and current in the control of an airplane solely
by reference to flight instruments, he or she is unable to
do so for any length of time. Many hours of VFR flying
using the attitude indicator as a reference for airplane
control may lull a pilot into a false sense of security
based on an overestimation of his or her personal ability
to control the airplane solely by instrument reference. In
VFR conditions, even though the pilot thinks he or sheis
controlling the airplane by instrument reference, the pilot
also receives an overview of the natural horizon and may
subconsciously rely on it more than the attitude indicator.
If the natural horizon were to suddenly disappear, the
untrained instrument pilot would be subject to vertigo,
spatial disorientation, and inevitable control |oss.

Maintaining Airplane Control

Once the pilot recognizes and accepts the situation, he
or she must understand that the only way to control the
airplane safely isby using and trusting the flight instruments.
Attemptsto control theairplane partially by referencetoflight
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instrumentswhile searching outside of theairplanefor visual
confirmation of theinformation provided by thoseinstruments
results in inadequate airplane control. This may be followed
by spatial disorientation and complete control loss.

The most important point to be stressed isthat the pilot must
not panic. The task at hand may seem overwhelming, and
the situation may be compounded by extreme apprehension.
The pilot therefore must make a conscious effort to relax.
The pilot must understand the most important concern—in
fact theonly concern at this point—isto keep thewingslevel.
An uncontrolled turn or bank usually leads to difficulty in
achieving the objectives of any desired flight condition. The
pilot finds that good bank control has the effect of making
pitch control much easier.

The pilot should remember that a person cannot feel control
pressures with a tight grip on the controls. Relaxing and
learning to “control with the eyes and the brain,” instead of
only the muscles usually takes considerabl e conscious effort.

The pilot must believewhat theflight instruments show about
the airplane’ s attitude regardless of what the natural senses
tell. The vestibular sense (motion sensing by the inner ear)
can and will confusethe pilot. Because of inertia, the sensory
areas of theinner ear cannot detect slight changesin airplane
attitude, nor can they accurately sense attitude changes that
occur at a uniform rate over a period of time. On the other
hand, false sensations are often generated, |eading the pilot
to believe the attitude of the airplane has changed when,
in fact, it has not. These false sensations result in the pilot
experiencing spatial disorientation.

Attitude Control

Anairplaneis, by design, an inherently stable platform and,
except inturbulent air, maintains approximately straight-and-
level flight if properly trimmed and left alone. It is designed
to maintain astate of equilibriumin pitch, roll, and yaw. The
pilot must be aware, however, that a change about one axis
affects the stahility of the others. The typical light airplane
exhibitsagood deal of stability intheyaw axis, dightly less
in the pitch axis, and even lesser still in the roll axis. The
key to emergency airplane attitude control, therefore, isto:

e Trim the airplane with the elevator trim so that it
maintains hands-off level flight at cruise airspeed.

e Resistthetendency to overcontrol theairplane. Fly the
attitude indicator with fingertip control. No attitude
changes should be made unlessthe flight instruments
indicate a definite need for a change.

e Makeall attitude changes smooth and small, yet with
positive pressure. Remember that a small change
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Attitude indicator

Figure 17-12. Attitude indicator.

as indicated on the horizon bar corresponds to a
proportionately much larger changein actual airplane
attitude.

e Makeuseof any availableaidin attitude control, such
as autopilot or wing leveler.

The primary instrument for attitude control is the attitude
indicator. [Figure 17-12] Once the airplane is trimmed so
that it maintains hands-off level flight at cruise airspeed, that
airspeed need not vary until the airplane must be slowed for
landing. All turns, climbs, and descents can and should be
made at thisairspeed. Straight flight ismaintained by keeping
the wings level using “fingertip pressure” on the control
wheel. Any pitch attitude change should be made by using
no more than one bar width up or down.

Turns
Turns are perhaps the most potentially dangerous maneuver
for the untrained instrument pilot for two reasons:

e The normal tendency of the pilot to overcontrol,
leading to steep banks and the possibility of a
“graveyard spiral.”

» Theinability of the pilot to cope with the instability
resulting from the turn.

When a turn must be made, the pilot must anticipate and
copewith therelativeinstability of theroll axis. The smallest
practical bank angle should be used—in any case no more
than 10° bank angle. [Figure 17-13] A shallow bank takes
very little vertical lift from the wings resulting in little if
any deviation in atitude. It may be helpful to turn a few
degrees and then return to level flight if alarge change in
heading must be made. Repeat the process until the desired
heading isreached. Thisprocess may relievethe progressive
overbanking that often results from prolonged turns.



Figure 17-13. Level turn.

Climbs

If aclimb is necessary, the pilot should raise the miniature
airplane on the attitude indicator no more than one bar
width and apply power. [Figure 17-14] The pilot should
not attempt to attain a specific climb speed but accept
whatever speed results. The objective is to deviate as little
as possible from level flight attitude in order to disturb the
airplane’s equilibrium as little as possible. If the airplane is
properly trimmed, it assumes a nose-up attitude on its own
commensurate with theamount of power applied. Torqueand
P-factor causethe airplaneto have atendency to bank andturn
to the left. This must be anticipated and compensated for. If
theinitial power application results in an inadequate rate of
climb, power should beincreased inincrementsof 100 rpm or
1 inch of manifold pressure until the desired rate of climbis
attained. Maximum available power is seldom necessary. The
more power that is used, the more the airplane wants to bank
and turn to the left. Resuming level flight isaccomplished by
first decreasing pitch attitude to level on the attitude indicator
using slow but deliberate pressure, allowing airspeed to
increase to near cruise value, and then decreasing power.

Figure 17-14. Level climb.

Descents

Descents are very much the opposite of the climb procedure
if the airplane is properly trimmed for hands-off straight-
and-level flight. Inthisconfiguration, theairplanerequiresa
certain amount of thrust to maintain altitude. The pitch attitude
is controlling the airspeed. The engine power, therefore,
(translated into thrust by the propeller) is maintaining the
selected altitude. Following a power reduction, however
slight, thereisan almost imperceptible decrease in airspeed.
However, even adlight change in speed resultsin less down
load on the tail, whereupon the designed nose heaviness of
the airplane causes it to pitch down just enough to maintain
the airspeed for which it was trimmed. The airplane then
descends at a rate directly proportionate to the amount of
thrust that has been removed. Power reductions should be
madeinincrementsof 100 rpm or 1 inch of manifold pressure
and the resulting rate of descent should never exceed 500
fpm. Thewings should be held level on the attitude indicator,
and the pitch attitude shoul d not exceed one bar width below
level. [Figure 17-15]

Combined Maneuvers

Combined maneuvers, such as climbing or descending turns,
should beavoided if at all possible by an untrained instrument
pilot already under the stress of an emergency situation.
Combining maneuvers only compound the problems

Figure 17-15. Level descent.
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encountered in individual maneuvers and increase the risk
of control loss. Remember that the objective isto maintain
airplane control by deviating as little as possible from
straight-and-level flight attitude and thereby maintaining as
much of the airplan€’ s natural equilibrium as possible.

When being assisted by ATC, the pilot may detect a sense of
urgency asheor sheisbeing directed to change heading and/
or atitude. This sense of urgency reflects anormal concern
for safety on the part of the controller. But the pilot must not
let this prompt him or her to attempt a maneuver that could
result in loss of control.

Transition to Visual Flight

One of the most difficult tasks a trained and qualified
instrument pilot must contend with is the transition from
instrument to visual flight prior to landing. For the untrained
instrument pilot, these difficulties are magnified.

Thedifficulties center around acclimati zation and orientation.
On an instrument approach, the trained instrument pilot
must prepare in advance for the transition to visual flight.
The pilot must have a mental picture of what he or she
expectsto seeoncethetransition to visua flight ismade and
quickly acclimatize to the new environment. Geographical
orientation must also begin before the transition, asthe pilot
must visualizewheretheairplaneisinrelation to theairport/
runway when the transition occurs so that the approach and
landing may be completed by visual referenceto the ground.

In an ideal situation, the transition to visual flight is made
with ample time, at a sufficient altitude above terrain,
and to visibility conditions sufficient to accommodate
acclimatization and geographical orientation. This, however,
is not always the case. The untrained instrument pilot
may find the visibility still limited, the terrain completely
unfamiliar, and atitude above terrain such that a “normal”
airport traffic pattern and landing approach is not possible.
Additionally, the pilot is most likely under considerable
self-induced psychological pressureto get theairplaneonthe
ground. The pilot must take thisinto account and, if possible,
allow time to become acclimatized and geographically
oriented before attempting an approach and landing, even if
it means flying straight and level for atime or circling the
airport. Thisisespecialy true at night.
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Chapter Summary

This chapter provided general guidance and recommended
procedures that may apply to light single-engine airplanes
involved in certain emergency situations. The information
presented is intended to enhance the general knowledge of
emergency operations with the clear understanding that the
manufacturer’s recommended emergency procedures take
precedence. The chapter offersexplanation concerning design
structural load damage that may be imposed on the aircraft
while performing emergency gear extension techniques.
Rapid and abrupt pitch attitude changes executed at high
forward airspeed may impose structural damage on the
aircraft and flight controls. Normal category aircraft may not
be designed to withstand abrupt pedal applications necessary
to dislodge the landing gear.

Additional information is provided addressing failure of the
pitot-static system in aircraft with EFIS. The redundancy of
these systems as required by 14 CFR part 23 for IFR flight
may belessthan desired because both the primary and backup
instrumentation may be receiving signal datainput from the
same pitot-static source. Thefailureindications of EFIS may
be entirely different from conventional instruments making
recognition of system malfunction much moredifficult for the
pilot. Lack of system standardization compoundsthe problem
making equipment specific information and knowledge
imperativeto determine el ectronic display malfunctions. The
inability to simulate certain failure modes during training
and evaluation makes the pilot less prepared for an actual
emergency. Aselectronic avionics become more technically
advanced, the training and proficiency needed to safely
operate these systems must keep pace.



Glossary

Numbers and Symbols

100-hour Inspection. An inspection, identical in scope to
an annual inspection. Must be conducted every 100 hours of
flight onaircraft of under 12,500 poundsthat areused for hire.

A

Absolutealtitude. Thevertical distance of an airplane above
the terrain, or above ground level (AGL).

Absolute ceiling. Thealtitude at which aclimb isno longer
possible.

Accelerate-go distance. The distancerequired to accelerate
toV1with all enginesat takeoff power, experience an engine
failure at V1 and continue the takeoff on the remaining
enging(s). Therunway required includesthe distancerequired
to climb to 35 feet by which time V2 speed must be attained.

Accelerate-stop distance. Thedistancerequired to accel erate
toV1withall enginesat takeoff power, experience an engine
faillureat V1, and abort the takeoff and bring the airplane to
a stop using braking action only (use of thrust reversing is
not considered).

Acceleration. Force involved in overcoming inertia, and
which may bedefined asachangein velocity per unit of time.

Accessories. Components that are used with an engine, but
are not a part of the engine itself. Units such as magnetos,
carburetors, generators, and fuel pumps are commonly
installed engine accessories.

Adjustable stabilizer. A stabilizer that can be adjusted in
flight to trim the airplane, thereby allowing the airplane to
fly hands-off at any given airspeed.

Adverseyaw. A condition of flight in which the nose of an
airplane tends to yaw toward the outside of the turn. Thisis
caused by the higher induced drag on the outside wing, which
isaso producing more lift. Induced drag is a by-product of
the lift associated with the outside wing.

Aerodynamic ceiling. The point (altitude) at which, as the
indicated airspeed decreases with altitude, it progressively
merges with the low speed buffet boundary where prestall
buffet occurs for the airplane at aload factor of 1.0 G.

Aerodynamics. Thescience of the action of air on an object,
and with the motion of air on other gases. Aerodynamics
deals with the production of lift by the aircraft, the relative
wind, and the atmosphere.

Ailerons. Primary flight control surfaces mounted on the
trailing edge of an airplanewing, near thetip. Aileronscontrol
roll about the longitudinal axis.

Air start. The act or instance of starting an aircraft’sengine
whilein flight, especially ajet engine after flameout.

Aircraft logbooks. Journals containing a record of total
operating time, repairs, alterations or inspections performed,
and al Airworthiness Directive (AD) notes complied with. A
maintenance logbook should be kept for the airframe, each
engine, and each propeller.

Airfoil. An airfoil is any surface, such asawing, propeller,
rudder, or even atrim tab, which provides aerodynamic force
when it interacts with a moving stream of air.

Airmanship skills. Theskillsof coordination, timing, control
touch, and speed sensein addition to the motor skillsrequired
to fly an aircraft.

Airmanship. A sound acquaintance with the principles of
flight, the ability to operate an airplane with competence and
precision both on the ground and in the air, and the exercise
of sound judgment that results in optimal operational safety
and efficiency.

Airplane Flight Manual (AFM). A document developed
by the airplane manufacturer and approved by the Federal
Aviation Administration (FAA). It is specific to aparticular
make and model airplane by serial number and it contains
operating procedures and limitations.
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Airplane Owner/Information Manual. A document
developed by the airplane manufacturer containing general
information about the make and model of an airplane. The
airplane owner’s manual is not FAA-approved and is not
specificto aparticular serial numbered airplane. Thismanual
is not kept current, and therefore cannot be substituted for
the AFM/POH.

Airport/Facility Directory. A publication designed
primarily as a pilot’s operational manual containing all
airports, seaplane bases, and heliports open to the public
including communications data, navigational facilities, and
certain special notices and procedures. This publication is
issued in seven volumes according to geographic area.

Airworthiness. A condition in which the aircraft conforms
to its type certificated design including supplemental type
certificates, and field approved alterations. The aircraft must
also beinacondition for safeflight asdetermined by annual,
100 hour, preflight and any other required inspections.

AirworthinessCertificate. A certificateissued by the FAA
to all aircraft that have been proven to meet the minimum
standards set down by the Code of Federal Regulations.

Airworthiness Directive. A regulatory notice sent out by
the FAA to the registered owner of an aircraft informing
the owner of a condition that prevents the aircraft from
continuing to meet its conditions for airworthiness.
Airworthiness Directives (AD notes) must be complied with
within the required time limit, and the fact of compliance,
the date of compliance, and the method of compliance must
be recorded in the aircraft’ s maintenance records.

Alpha mode of operation. The operation of a turboprop
enginethat includesall of theflight operations, from takeoff
to landing. Alpha operation istypically between 95 percent
to 100 percent of the engine operating speed.

Alternateair. A devicewhich opens, either automatically or
manually, to allow induction airflow to continue should the
primary induction air opening become blocked.

Alternate static source. A manual port that when opened
allows the pitot static instruments to sense static pressure
from an aternate location should the primary static port
become blocked.

Alternator/generator. A device that uses engine power to
generate electrical power.

Altimeter. A flight instrument that indicates altitude by
sensing pressure changes.
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Altitude (AGL). Theactua height abovegroundlevel (AGL)
at which the aircraft isflying.

Altitude (MSL). The actual height above mean sea level
(MSL) at which the aircraft isflying.

Altitude chamber. A device that simulates high altitude
conditions by reducing the interior pressure. The occupants
will suffer from the same physiological conditions as flight
at high altitude in an unpressurized aircraft.

Altitude engine. A reciprocating aircraft engine having a
rated takeoff power that is producible from sealevel to an
established higher altitude.

Angle of attack. The acute angle between the chord line of
the airfoil and the direction of the relative wind.

Angleof incidence. Theangleformed by the chord line of the
wing and alineparallel tothelongitudinal axisof theairplane.

Annual inspection. A completeinspection of an aircraft and
engine, required by the Code of Federal Regulations, to be
accomplished every 12 calendar months on all certificated
aircraft. Only an A&P technician holding an Inspection
Authorization can conduct an annual inspection.

Anti-icing. The prevention of the formation of ice on a
surface. |ce may be prevented by using heat or by covering
the surfacewith achemical that preventswater from reaching
the surface. Anti-icing should not be confused with deicing,
whichistheremoval of iceafter it hasformed on the surface.

Attitude indicator. An instrument which uses an artificial
horizon and miniature airplane to depict the position of the
airplanein relation to the true horizon. The attitude indicator
senses roll as well as pitch, which is the up and down
movement of the airplane’s nose.

Attitude. The position of an aircraft as determined by the
relationship of its axes and a reference, usually the earth’s
horizon.

Autokinesis. Thisis caused by staring at a single point of
light against adark background for morethan afew seconds.
After afew moments, the light appears to move on its own.

Autopilot. An automatic flight control system which keeps
anaircraftinlevel flight or on aset course. Automatic pilots
can bedirected by the pilot, or they may be coupledto aradio
navigation signal.



Axesof an air craft. Threeimaginary linesthat passthrough
an aircraft’ scenter of gravity. The axes can be considered as
imaginary axles around which the aircraft turns. The three
axes pass through the center of gravity at 90° anglesto each
other. The axis from nose to tail isthe longitudinal axis, the
axisthat passesfromwingtiptowingtipisthelatera axis, and
the axis that passes vertically through the center of gravity
isthe vertical axis.

Axial flow compressor. A type of compressor used in a
turbine engine in which the airflow through the compressor
isessentially linear. An axial-flow compressor is made up of
severa stagesof alternate rotorsand stators. The compressor
ratio is determined by the decrease in area of the succeeding
stages.

B

Back side of the power curve. Flight regimeinwhich flight
at a higher airspeed requires a lower power setting and a
lower airspeed requires a higher power setting in order to
maintain altitude.

Balked landing. A go-around.

Ballast. Removable or permanently installed weight in an
aircraft used to bring the center of gravity into the allowable
range.

Balloon. The result of atoo aggressive flare during landing
causing the aircraft to climb.

Basic empty weight (GAMA). Basic empty weight
includesthe standard empty weight plus optional and special
equipment that has been installed.

Best angle of climb (V). The speed at which the aircraft
will produce the most gain in altitude in a given distance.

Best glide. The airspeed in which the aircraft glides the
furthest for theleast altitudelost when in non-powered flight.

Best rateof climb (Vy). The speed at which the aircraft will
producethe most gainin atitudein theleast amount of time.

Bladeface. Theflat portion of apropeller blade, resembling
the bottom portion of an airfoil.

Bleed air. Compressed air tapped from the compressor stages
of aturbine engine by use of ducts and tubing. Bleed air can
be used for deice, anti-ice, cabin pressurization, heating, and
cooling systems.

Bleed valve. In aturbine engine, a flapper valve, a popoff
valve, or ableed band designed to bleed off a portion of the
compressor air to the atmosphere. Used to maintain blade
angle of attack and provide stall-free engine acceleration
and deceleration.

Boost pump. Anelectrically driven fuel pump, usualy of the
centrifugal type, located in one of the fuel tanks. It is used
to provide fuel to the engine for starting and providing fuel
pressure in the event of failure of the engine driven pump. It
also pressurizes the fuel lines to prevent vapor lock.

Buffeting. The beating of an aerodynamic structure or
surface by unsteady flow, gusts, etc.; the irregular shaking
or oscillation of avehicle component owing to turbulent air
or separated flow.

Bus bar. An electrical power distribution point to which
severa circuits may be connected. It is often a solid metal
strip having a number of terminalsinstalled on it.

Bustie. A switch that connects two or more bus bars. It is
usually used when one generator failsand power islost toits
bus. By closing the switch, the operating generator powers
both busses.

Bypass air. The part of a turbofan’s induction air that
bypasses the engine core.

Bypass ratio. The ratio of the mass airflow in pounds per
second through the fan section of a turbofan engine to the
mass airflow that passesthrough the gas generator portion of
the engine. Or, the ratio between fan mass airflow (Ib/sec.)
and core engine mass airflow (Ib/sec.).

C

Cabin pressurization. A condition where pressurized air is
forced into the cabin simulating pressure conditionsat amuch
lower atitude and increasing the aircraft occupants comfort.

Calibrated airspeed (CAS). Indicated airspeed corrected
for installation error and instrument error. Although
manufacturers attempt to keep airspeed errorsto aminimum,
it is not possible to eliminate all errors throughout the
airspeed operating range. At certain airspeeds and with
certain flap settings, the installation and instrument errors
may total several knots. This error is generally greatest at
low airspeeds. In the cruising and higher airspeed ranges,
indicated airspeed and calibrated airspeed are approximately
the same. Refer to the airspeed calibration chart to correct
for possible airspeed errors.
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Cambered. The camber of an airfoil is the characteristic
curve of its upper and lower surfaces. The upper camber is
more pronounced, while the lower camber is comparatively
flat. This causes the velocity of the airflow immediately
above the wing to be much higher than that below the wing.

Carburetor ice. Ice that forms inside the carburetor due to
the temperature drop caused by the vaporization of the fuel.
Induction systemicing isan operational hazard becauseit can
cut off theflow of thefuel/air charge or vary thefuel/air ratio.

Carburetor. 1. Pressure: A hydromechanical device
employing a closed feed system from the fuel pump to the
discharge nozzle. It metersfuel through fixed jets according
to the mass airflow through the throttle body and discharges
it under a positive pressure. Pressure carburetors are
distinctly different from float-type carburetors, asthey do not
incorporate a vented float chamber or suction pickup from
adischarge nozzlelocated in the venturi tube. 2. Float-type:
Consists essentially of amain air passage through which the
engine draws its supply of air, a mechanism to control the
quantity of fuel discharged inrelation to theflow of air, and a
means of regulating the quantity of fuel/air mixture delivered
to the engine cylinders.

Cascade reverser. A thrust reverser normally found on
turbofan engines in which a blocker door and a series of
cascade vanes are used to redirect exhaust gasesin aforward
direction.

Center of gravity (CG). The point at which an airplane
would balance if it were possible to suspend it at that point.
It is the mass center of the airplane, or the theoretical point
at which the entire weight of the airplane is assumed to
be concentrated. It may be expressed in inches from the
reference datum, or in percent of mean aerodynamic chord
(MAC). The location depends on the distribution of weight
inthe airplane.

Center-of-gravity limits. The specified forward and aft
points within which the CG must be located during flight.
Theselimitsareindicated on pertinent airplane specifications.

Center-of-gravity range. The distance between the
forward and aft CG limits indicated on pertinent airplane
specifications.

Centrifugal flow compressor. An impeller-shaped device
that receives air at its center and slings air outward at high
velocity into adiffuser for increased pressure. Also referred
to asaradia outflow compressor.
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Chord line. An imaginary straight line drawn through an
airfoil from the leading edge to the trailing edge.

Circuit breaker. A circuit-protecting device that opens the
circuit in case of excess current flow. A circuit breakers
differs from afuse in that it can be reset without having to
be replaced.

Clear air turbulence. Turbulence not associated with any
visible moisture.

Climb gradient. The ratio between distance traveled and
atitude gained.

Cockpit resource management. Techniques designed to
reduce pilot errors and manage errors that do occur utilizing
cockpit human resources. The assumption is that errors
are going to happen in a complex system with error-prone
humans.

Coefficient of lift. Seelift coefficient.

Coffin corner. The flight regime where any increase in
airspeed will induce high speed Mach buffet and any decrease
in airspeed will induce low speed Mach buffet.

Combustion chamber . The section of the engineinto which
fuel isinjected and burned.

Common traffic advisory frequency. The common
frequency used by airport traffic to announce position reports
in the vicinity of the airport.

Complex aircraft. An aircraft with retractable landing
gear, flaps, and a controllable-pitch propeller, or is turbine
powered.

Compression ratio. 1. In areciprocating engine, the ratio
of the volume of an engine cylinder with the piston at the
bottom center to the volume with the piston at top center. 2.
In aturbine engine, the ratio of the pressure of the air at the
discharge to the pressure of air at the inlet.

Compressor bleed air. See bleed air.
Compressor bleed valves. See bleed valve.
Compressor section. The section of a turbine engine that

increasesthe pressure and density of the air flowing through
the engine.



Compressor stall. In gas turbine engines, a condition in
an axial-flow compressor in which one or more stages of
rotor blades fail to pass air smoothly to the succeeding
stages. A stall condition is caused by a pressureratio that is
incompatible with the engine rpm Compressor stall will be
indicated by arisein exhaust temperature or rpm fluctuation,
and if allowed to continue, may result in flameout and
physical damage to the engine.

Compressor surge. A severe compressor stall across the
entire compressor that can result in severe damage if not
quickly corrected. This condition occurs with a complete
stoppage of airflow or areversal of airflow.

Condition lever. In aturbine engine, a powerplant control
that controls the flow of fuel to the engine. The condition
lever sets the desired engine rpm within a narrow range
between that appropriate for ground and flight operations.

Configuration. Thisisagenera term, which normally refers
to the position of the landing gear and flaps.

Constant speed propeller. A controllable pitch propeller
whose pitch is automatically varied in flight by a governor
to maintain a constant rpm in spite of varying air loads.

Control touch. Theahility to sensethe action of theairplane
and its probabl e actionsin theimmediate future, with regard
to attitude and speed variations, by sensing and evaluation
of varying pressures and resistance of the control surfaces
transmitted through the cockpit flight controls.

Controllability. A measure of the response of an aircraft
relative to the pilot’ s flight control inputs.

Controllablepitch propeller. A propeller inwhich theblade
angle can be changed during flight by acontrol in the cockpit.

Conventional landing gear . Landing gear employing athird
rear-mounted wheel. These airplanes are also sometimes
referred to as tailwheel airplanes.

Coordinated flight. Application of all appropriate flight
and power controls to prevent slipping or skidding in any
flight condition.

Coordination. The ability to use the hands and feet together
subconsciously and in the proper relationship to produce
desired resultsin the airplane.

Coreairflow. Air drawninto the enginefor the gas generator.

Cowl flaps. Devices arranged around certain air-cooled
engine cowlings which may be opened or closed to regulate
the flow of air around the engine.

Crab. A flight condition in which the nose of the airplane
is pointed into the wind a sufficient amount to counteract
acrosswind and maintain adesired track over the ground.

Crazing. Small fracturesin aircraft windshieldsand windows
caused from being exposed to the ultraviolet rays of the sun
and temperature extremes.

Critical altitude. The maximum altitude under standard
atmospheric conditions at which aturbocharged engine can
produce its rated horsepower.

Critical angle of attack. The angle of attack at which a
wing stalls regardless of airspeed, flight attitude, or weight.

Critical engine. The engine whose failure has the most
adverse effect on directional control.

Crosscontrolled. A condition whereaileron deflectionisin
the opposite direction of rudder deflection.

Crossfeed. A system that allows either engine on a twin-
engine airplane to draw fuel from any fuel tank.

Crosswind component. The wind component, measured in
knots, at 90° to the longitudinal axis of the runway.

Current limiter. A device that limits the generator output
to alevel within that rated by the generator manufacturer.

D

Datum (reference datum). An imaginary vertical plane or
linefrom which all measurements of moment arm are taken.
The datum is established by the manufacturer. Once the
datum has been selected, all moment arms and the location
of CG range are measured from this point.

Decompression sickness. A condition where the low
pressure at high altitudes allows bubbles of nitrogen to form
in the blood and joints causing severe pain. Also known as
the bends.

Deicer boots. Inflatable rubber boots attached to theleading
edge of an airfoil. They can be sequentialy inflated and
deflated to break away icethat hasformed over their surface.

Deicing. Removing ice after it has formed.
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Delamination. The separation of layers.

Density altitude. Thisaltitudeis pressure altitude corrected
for variations from standard temperature. When conditions
are standard, pressure altitude and density altitude are the
same. If the temperature is above standard, the density
altitude is higher than pressure atitude. If the temperature
isbelow standard, the density altitudeislower than pressure
atitude. Thisis an important altitude because it is directly
related to the airplane’s performance.

Designated pilot examiner (DPE). Anindividual designated
by the FAA to administer practical teststo pilot applicants.

Detonation. The sudden release of heat energy from fuel in
an aircraft engine caused by the fuel-air mixture reaching
its critical pressure and temperature. Detonation occurs as
aviolent explosion rather than a smooth burning process.

Dewpoint. The temperature at which air can hold no more
water.

Differential ailerons. Control surface rigged such that the
aileron moving up moves agreater distance than the aileron
moving down. The up aileron produces extra parasite drag
to compensate for the additional induced drag caused by
the down aileron. This balancing of the drag forces helps
minimize adverse yaw.

Diffusion. Reducing the velocity of air causing the pressure
to increase.

Directional stability. Stability about the vertical axis of an
aircraft, whereby an aircraft tends to return, on its own, to
flight aligned with the relative wind when disturbed from that
equilibrium state. The vertical tail isthe primary contributor
to directional stability, causing an airplanein flight to align
with the relative wind.

Ditching. Emergency landing in water.

Downwash. Air deflected perpendicular to the motion of
the airfoil.

Drag. An aerodynamic force on a body acting parallel
and opposite to the relative wind. The resistance of the
atmosphereto therelative motion of an aircraft. Drag opposes
thrust and limits the speed of the airplane.

Drag curve. A visual representation of the amount of drag
of an aircraft at various airspeeds.
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Drift angle. Angle between heading and track.

Ducted-fan engine. An engine-propeller combination that
has the propeller enclosed in aradial shroud. Enclosing the
propeller improves the efficiency of the propeller.

Dutch roll. A combination of rolling and yawing oscillations
that normally occurs when the dihedral effects of an aircraft
are more powerful than the directional stability. Usually
dynamically stable but objectionable in an airplane because
of the oscillatory nature.

Dynamic hydroplaning. A condition that exists when
landing on a surface with standing water deeper than the
tread depth of thetires. When the brakes are applied, thereis
apossibility that the brake will lock up and the tire will ride
on the surface of the water, much like awater ski. When the
tiresare hydroplaning, directional control and braking action
are virtually impossible. An effective anti-skid system can
minimize the effects of hydroplaning.

Dynamic stability. The property of an aircraft that causes
it, when disturbed from straight-and-level flight, to develop
forces or moments that restore the original condition of
straight and level.

E
Electrical bus. See bus bar.

Electrohydraulic. Hydraulic control which is electrically
actuated.

Elevator. The horizontal, movable primary control surfacein
thetail section, or empennage, of an airplane. Theelevator is
hinged to the trailing edge of the fixed horizontal stabilizer.

Emergency locator transmitter. A small, self-contained
radio transmitter that will automatically, upon the impact
of a crash, transmit an emergency signal on 121.5, 243.0,
or 406.0 MHz.

Empennage. The section of the airplane that consists of the
vertical stabilizer, the horizontal stabilizer, and the associated
control surfaces.

Enginepressureratio (EPR). Theratio of turbinedischarge
pressure divided by compressor inlet pressure that is used
as an indication of the amount of thrust being devel oped by
aturbine engine.



Environmental systems. In an aircraft, the systems,
including the supplemental oxygen systems, air conditioning
systems, heaters, and pressurization systems, which makeit
possible for an occupant to function at high altitude.

Equilibrium. A condition that existswithin abody when the
sum of the moments of all of the forces acting on the body
is equal to zero. In aerodynamics, equilibrium is when all
opposing forces acting on an aircraft are balanced (steady,
unaccel erated flight conditions).

Equivalent shaft hor sepower (ESHP). A measurement of
the total horsepower of a turboprop engine, including that
provided by jet thrust.

Exhaust gas temperature (EGT). The temperature of the
exhaust gases as they leave the cylinders of areciprocating
engine or the turbine section of aturbine engine.

Exhaust manifold. The part of the engine that collects
exhaust gases leaving the cylinders.

Exhaust. Therear opening of aturbine engine exhaust duct.
The nozzle acts as an orifice, the size of which determines
the density and velocity of the gases as they emerge from
the engine.

F

Falsehorizon. Anoptical illusion wherethepilot confusesa
row of lightsalong aroad or other straight line asthe horizon.

False start. See hung start.

Feathering propeller (feathered). A controllable pitch
propeller with a pitch range sufficient to allow the blades
to be turned paralléel to the line of flight to reduce drag and
prevent further damageto an enginethat has been shut down
after amalfunction.

Fixation. A psychological condition where the pilot fixes
attention on a single source of information and ignores all
other sources.

Fixed shaft turboprop engine. A turboprop engine where
the gas producer spool is directly connected to the output
shaft.

Fixed-pitch propellers. Propellers with fixed blade angles.
Fixed-pitch propellers are designed as climb propellers,
cruise propellers, or standard propellers.

Flaps. Hinged portion of the trailing edge between the
ailerons and fuselage. In some aircraft, ailerons and flaps
areinterconnected to produce full-span “flaperons.” In either
case, flaps change the lift and drag on the wing.

Flat pitch. A propeller configuration when the blade chord
isaligned with the direction of rotation.

Flicker vertigo. A disorienting condition caused from
flickering light off the blades of the propeller.

Flight director. Anautomatic flight control systeminwhich
the commands needed to fly the airplane are electronically
computed and displayed on a flight instrument. The
commands are followed by the human pilot with manual
control inputs or, in the case of an autopilot system, sent to
servos that move the flight controls.

Flight idle. Engine speed, usually inthe 70-80 percent range,
for minimum flight thrust.

Floating. A condition when landing wherethe airplane does
not settle to the runway due to excessive airspeed.

Force (F). The energy applied to an object that attempts to
cause the object to change its direction, speed, or mation.
In aerodynamics, it isexpressed asF, T (thrust), L (lift), W
(weight), or D (drag), usually in pounds.

Form drag. The part of parasite drag on a body resulting
fromtheintegrated effect of the static pressure acting normal
to its surface resolved in the drag direction.

Forward dlip. A dlip in which the airplane’s direction of
motion continues the same as before the slip was begun. In
aforward dip, the airplane’ slongitudinal axisisat an angle
to its flightpath.

Free power turbine engine. A turboprop engine where the
gas producer spool is on a separate shaft from the output
shaft. The free power turbine spinsindependently of the gas
producer and drives the output shaft.

Friction drag. The part of parasitic drag on abody resulting
from viscous shearing stresses over its wetted surface.

Frise-type aileron. Aileron having the nose portion
projecting ahead of the hinge line. When the trailing edge
of the aileron moves up, the nose projects below thewing's
lower surface and produces some parasite drag, decreasing
the amount of adverse yaw.

G-7



Fuel control unit. Thefuel-metering device used on aturbine
engine that meters the proper quantity of fuel to be fed into
the burnersof theengine. It integratesthe parametersof inlet
air temperature, compressor speed, compressor discharge
pressure, and exhaust gas temperature with the position of
the cockpit power control lever.

Fuel efficiency. Defined as the amount of fuel used to
produce a specific thrust or horsepower divided by the total
potential power contained in the same amount of fuel.

Fuel heaters. A radiator-like device which has fuel passing
through the core. A heat exchange occurs to keep the
fuel temperature above the freezing point of water so that
entrained water does not form ice crystals, which could
block fuel flow.

Fuel injection. A fuel metering system used on someaircraft
reciprocating engines in which a constant flow of fuel isfed
to injection nozzles in the heads of all cylindersjust outside
of theintakevalve. It differsfrom sequential fuel injectionin
which atimed charge of high-pressurefuel issprayed directly
into the combustion chamber of the cylinder.

Fuel load. The expendable part of the load of the airplane.
It includes only usable fuel, not fuel required to fill the lines
or that which remains trapped in the tank sumps.

Fuel tank sump. A sampling port in the lowest part of the
fuel tank that the pilot can utilize to check for contaminants
in the fuel.

Fuselage. The section of the airplane that consists of the
cabin and/or cockpit, containing seats for the occupants and
the controls for the airplane.

G

Gas generator. The basic power producing portion of a
gas turbine engine and excluding such sections as the inlet
duct, the fan section, free power turbines, and tailpipe.
Each manufacturer designates what is included as the gas
generator, but generally consists of the compressor, diffuser,
combustor, and turbine.

Gasturbineengine. A form of heat enginein which burning
fuel adds energy to compressed air and accelerates the air
through the remainder of the engine. Some of the energy
is extracted to turn the air compressor, and the remainder
acceleratestheair to produce thrust. Some of thisenergy can
be converted into torque to drive a propeller or a system of
rotors for a helicopter.
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Glideratio. Theratio between distancetraveled and altitude
lost during non-powered flight.

Glidepath. The path of an aircraft relative to the ground
while approaching alanding.

Global position system (GPS). A satellite-based radio
positioning, navigation, and time-transfer system.

Go-around. Terminating a landing approach.

Governing range. The range of pitch a propeller governor
can control during flight.

Governor. A control which limits the maximum rotational
speed of adevice.

Gross weight. The total weight of a fully loaded aircraft
including the fuel, oil, crew, passengers, and cargo.

Ground adjustabletrim tab. A metal trim tab on acontrol
surface that is not adjustable in flight. Bent in one direction
or another while on the ground to apply trim forces to the
control surface.

Ground effect. A condition of improved performance
encountered when an airplane is operating very close to the
ground. When an airplane’s wing is under the influence of
ground effect, thereisareduction in upwash, downwash, and
wingtip vortices. Asaresult of the reduced wingtip vortices,
induced drag is reduced.

Ground idle. Gasturbine engine speed usually 60-70 percent
of the maximum rpm range, used asaminimum thrust setting
for ground operations.

Ground loop. A sharp, uncontrolled change of direction of
an airplane on the ground.

Ground power unit (GPU). A type of small gas turbine
whose purpose is to provide electrical power, and/or air
pressure for starting aircraft engines. Aground unit is
connected to the aircraft when needed. Similar to an aircraft-
installed auxiliary power unit.

Groundspeed (GS). Theactual speed of theairplane over the
ground. It is true airspeed adjusted for wind. Groundspeed
decreases with a headwind, and increases with atailwind.

Ground track. The aircraft’s path over the ground when
in flight.



Gust penetration speed. The speed that gives the greatest
margin between the high and low Mach speed buffets.

Gyroscopic precession. An inherent quality of rotating
bodies, which causes an applied force to be manifested 90°
in the direction of rotation from the point where the force

isapplied.

H

Hand propping. Starting an engine by rotating the propeller
by hand.

Heading. The direction in which the nose of the aircraft is
pointing during flight.

Heading bug. A marker on the heading indicator that can
be rotated to a specific heading for reference purposes, or to
command an autopilot to fly that heading.

Heading indicator. An instrument which senses airplane
movement and displays heading based on a 360° azimuth,
with thefinal zero omitted. The heading indicator, also called
adirectional gyro, isfundamentally amechanical instrument
designed to facilitate the use of the magnetic compass. The
heading indicator is not affected by the forces that make the
magnetic compass difficult to interpret.

Headwind component. The component of atmospheric
winds that acts opposite to the aircraft’ s flightpath.

High performance aircraft. An aircraft with an engine of
more than 200 horsepower.

Horizon. The line of sight boundary between the earth and
the sky.

Hor sepower . Theterm, originated by inventor James Watt,
means the amount of work a horse could do in one second.
One horsepower equals 550 foot-pounds per second, or
33,000 foot-pounds per minute.

Hot start. In gas turbine engines, a start which occurs with
normal engine rotation, but exhaust temperature exceeds
prescribed limits. Thisis usually caused by an excessively
rich mixture in the combustor. The fuel to the engine must
be terminated immediately to prevent engine damage.

Hung start. In gas turbine engines, a condition of normal
light off but with rpm remaining at somelow valuerather than
increasing to the normal idle rpm Thisis often the result of
insufficient power to the engine from the starter. In the event
of ahung start, the engine should be shut down.

Hydraulics. The branch of science that deals with the
transmission of power by incompressible fluids under
pressure.

Hydroplaning. A condition that exists when landing on a
surface with standing water deeper than the tread depth of
the tires. When the brakes are applied, there is a possibility
that the brake will lock up and the tire will ride on the
surface of the water, much like a water ski. When the tires
are hydroplaning, directional control and braking action
are virtually impossible. An effective anti-skid system can
minimize the effects of hydroplaning.

Hypoxia. A lack of sufficient oxygen reaching the body
tissues.

I gniter plugs. Theelectrical deviceused to providethe spark
for starting combustion in a turbine engine. Some igniters
resembl e spark plugs, while others, called glow plugs, have
acoil of resistance wire that glows red hot when electrical
current flows through the coil.

Impact ice. Icethat forms on the wings and control surfaces
or on the carburetor heat valve, the walls of the air scoop, or
the carburetor unitsduring flight. Impact ice collecting on the
metering elements of the carburetor may upset fuel metering
or stop carburetor fuel flow.

Inclinometer. An instrument consisting of a curved glass
tube, housing a glass ball, and damped with a fluid similar
tokerosene. It may be used to indicateinclination, asalevel,
or, as used in the turn indicators, to show the relationship
between gravity and centrifugal force in aturn.

Indicated airspeed (IAS). The direct instrument reading
obtained from the airspeed indicator, uncorrected for
variations in atmospheric density, installation error, or
instrument error. Manufacturersusethisairspeed asthebasis
for determining airplane performance. Takeoff, landing, and
stall speedslistedinthe AFM or POH areindicated airspeeds
and do not normally vary with altitude or temperature.

Indicated altitude. The altitude read directly from the
altimeter (uncorrected) when it is set to the current altimeter
setting.

Induced drag. That part of total drag which is created by

the production of lift. Induced drag increaseswith adecrease
in airspeed.
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Induction manifold. The part of the engine that distributes
intake air to the cylinders.

Inertia. The opposition which a body offers to a change of
motion.

Initial climb. This stage of the climb begins when the
airplane leaves the ground, and a pitch attitude has been
established to climb away from the takeoff area.

Instrument Flight Rules (IFR). Rules that govern the
procedure for conducting flight in weather conditions below
VFR weather minimums. The term “IFR” also is used to
define weather conditions and the type of flight plan under
which an aircraft is operating.

Integral fuel tank. A portion of theaircraft structure, usually
awing, which is sealed off and used as afuel tank. When a
wingisused asanintegral fuel tank, itiscalled a“wet wing.”

Intercooler. A device used to reduce the temperature of the
compressed air beforeit entersthefuel metering device. The
resulting cooler air has a higher density, which permits the
engine to be operated with a higher power setting.

Internal combustion engines. An engine that produces
power asaresult of expanding hot gasesfrom the combustion
of fuel and air withintheengineitself. A steam enginewhere
coal ishurned to heat up water insidetheengineisan example
of an external combustion engine.

International Standard Atmosphere (ISA). Standard
atmospheric conditions consisting of atemperature of 59 °F
(15°C), and abarometric pressure of 29.92 "Hg. (1013.2 mb)
at sealevel. | SA valuescan be cal culated for various altitudes
using a standard lapse rate of approximately 2 °C per 1,000
feet.

I nterstage turbine temperature (ITT). The temperature
of the gases between the high pressure and low pressure
turbines.

Inverter. An electrical devicethat changesDCto AC power.

J

Jet power ed airplane. An aircraft powered by aturbojet or
turbofan engine.

K
Kinesthesia. The sensing of movements by feel.
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Lateral axis. An imaginary line passing through the center
of gravity of an airplane and extending across the airplane
from wingtip to wingtip.

Lateral stability (rolling). The stability about the
longitudinal axisof an aircraft. Rolling stability or the ability
of an airplane to return to level flight due to a disturbance
that causes one of the wingsto drop.

L ead-acid battery. A commonly used secondary cell having
lead as its negative plate and lead peroxide as its positive
plate. Sulfuric acid and water serve as the electrolyte.

L eading edge devices. High lift deviceswhich arefound on
the leading edge of the airfoil. The most common types are
fixed slots, movable dlats, and leading edge flaps.

Leading edge. The part of an airfoil that meets the airflow
first.

Leading edge flap. A portion of the leading edge of an
airplane wing that folds downward to increase the camber,
lift, and drag of the wing. The leading-edge flaps are
extended for takeoffs and landings to increase the amount
of aerodynamic lift that is produced at any given airspeed.

Licensed empty weight. The empty weight that consists
of the airframe, engine(s), unusable fuel, and undrainable
oil plus standard and optional equipment as specified in the
equipment list. Some manufacturers used this term prior to
GAMA standardization.

Lift. One of the four main forces acting on an aircraft. On a
fixed-wing aircraft, an upward force created by the effect of
airflow asit passes over and under the wing.

Lift coefficient. A coefficient representing thelift of agiven
airfoil. Lift coefficient is obtained by dividing thelift by the
free-stream dynamic pressure and the representative area
under consideration.

Lift/dragratio (L/D). Theefficiency of an airfoil section. It
istheratio of the coefficient of lift to the coefficient of drag
for any given angle of attack.

Lift-off. The act of becoming airborne as a result of the
wingslifting the airplane off the ground, or the pilot rotating
the nose up, increasing the angle of attack to start a climb.



Limit load factor. Amount of stress, or load factor, that an
aircraft can withstand before structural damage or failure
occurs.

L oad factor. Theratio of theload supported by theairplane's
wings to the actual weight of the aircraft and its contents.
Also referred to as G-loading.

Longitudinal axis. An imaginary line through an aircraft
from nose to tail, passing through its center of gravity. The
longitudinal axisis also called the roll axis of the aircraft.
Movement of the ailerons rotates an airplane about its
longitudinal axis.

Longitudinal stability (pitching). Stability about the lateral
axis. A desirable characteristic of an airplanewhereby it tends
to return to its trimmed angle of attack after displacement.

M

Mach. Speed relative to the speed of sound. Mach 1 isthe
speed of sound.

Mach buffet. Airflow separation behind a shock-wave
pressure barrier caused by airflow over flight surfaces
exceeding the speed of sound.

Mach compensating device. A device to alert the pilot
of inadvertent excursions beyond its certified maximum
operating speed.

Mach critical. The Mach speed at which some portion of the
airflow over the wing first equals Mach 1.0. Thisisalso the
speed at which a shock wave first appears on the airplane.

Mach tuck. A condition that can occur when operating a
swept-wing airplane in the transonic speed range. A shock
wave could form in the root portion of the wing and cause
the air behind it to separate. This shock-induced separation
causes the center of pressure to move aft. This, combined
with the increasing amount of nose down force at higher
speeds to maintain left flight, causes the nose to “tuck.” If
not corrected, the airplane could enter a steep, sometimes
unrecoverable dive.

Magnetic compass. A device for determining direction
measured from magnetic north.

Main gear. The wheels of an aircraft’s landing gear that
supports the major part of the aircraft’s weight.

Maneuver ability. Ability of an aircraft to change directions
along aflightpath and withstand the stressesimposed uponiit.

Maneuvering speed (V 4). The maximum speed where full,
abrupt control movement can be used without overstressing
the airframe.

Manifold pressure (M P). The absolute pressure of thefuel/
air mixture within the intake manifold, usually indicated in
inches of mercury.

M aximum allowable takeoff power. The maximum power
an engineisalowed to develop for alimited period of time;
usually about one minute.

Maximum landing weight. The greatest weight that an
airplane normally is allowed to have at landing.

Maximum ramp weight. The total weight of a loaded
aircraft, including all fuel. It is greater than the takeoff
weight due to the fuel that will be burned during the taxi
and runup operations. Ramp weight may also be referred to
astaxi weight.

M aximum takeoff weight. The maximum allowable weight
for takeoff.

Maximum weight. The maximum authorized weight of
the aircraft and all of its equipment as specified in the Type
Certificate Data Sheets (TCDS) for the aircraft.

Maximum zero fuel weight (GAMA). The maximum
weight, exclusive of usable fuel.

Minimum controllableair speed. An airspeed at which any
further increase in angle of attack, increase in load factor,
or reduction in power, would result in an immediate stall.

Minimum drag speed (L/Dyax)- The point on the total
drag curve where the lift-to-drag ratio isthe greatest. At this
speed, total drag is minimized.

Mixture. The ratio of fuel to air entering the engine’'s
cylinders.

Mmo. Maximum operating speed expressed in terms of a
decimal of Mach speed.

Moment arm. The distance from a datum to the applied
force.

Moment index (or index). A moment divided by aconstant
such as 100, 1,000, or 10,000. The purpose of using amoment
index is to simplify weight and balance computations of
airplanes where heavy items and long arms result in large,
unmanageable numbers.
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Moment. The product of the weight of an item multiplied
by its arm. Moments are expressed in pound-inches (Ib-in).
Total moment isthe weight of the airplane multiplied by the
distance between the datum and the CG.

Movabledat. A movableauxiliary airfoil ontheleading edge
of awing. It is closed in normal flight but extends at high
anglesof attack. Thisallowsair to continue flowing over the
top of the wing and delays airflow separation.

Mushing. A flight condition caused by slow speed where
the control surfaces are marginally effective.

N

N1, Ny, N3. Spool speed expressed in percent rpm. N, on
aturboprop is the gas producer speed. N, on a turbofan or
turbojet engineisthe fan speed or low pressure spool speed.
N, isthe high pressure spool speed on engine with 2 spools
and medium pressure spool on engines with 3 spools with
N3 being the high pressure spool.

Nacelle. A streamlined enclosure on an aircraft in which
an engine is mounted. On multiengine propeller-driven
airplanes, the nacelle is normally mounted on the leading
edge of the wing.

Negative static stability. Theinitial tendency of an aircraft
to continue away from the original state of equilibrium after
being disturbed.

Negative torque sensing (NTS). A system in a turboprop
engine that prevents the engine from being driven by the
propeller. The NTS increases the blade angle when the
propellerstry to drive the engine.

Neutral static stability. The initial tendency of an aircraft
to remain in a new condition after its equilibrium has been
disturbed.

Nickel-cadmium battery (NiCad). A battery made up
of akaline secondary cells. The positive plates are nickel
hydroxide, the negative plates are cadmium hydroxide, and
potassium hydroxide is used as the electrolyte.

Normal category. Anairplanethat hasaseating configuration,
excluding pilot seats, of nineor less, amaximum certificated
takeoff weight of 12,500 pounds or less, and intended for
nonacrobatic operation.

Normalizing (turbonormalizing). A turbocharger that

maintains sea level pressure in the induction manifold at
altitude.

G-12

O

Octane. The rating system of aviation gasoline with regard
to its antidetonating qualities.

Overboost. A condition in which a reciprocating engine
has exceeded the maximum manifold pressure allowed by
the manufacturer. Can cause damage to engine components.

Overspeed. A condition in which an engine has produced
more rpm than the manufacturer recommends, or acondition
in which the actual engine speed is higher than the desired
engine speed as set on the propeller control.

Overtemp. A condition in which a device has reached a
temperature above that approved by the manufacturer or any
exhaust temperature that exceedsthe maximum allowablefor
agiven operating condition or timelimit. Can causeinternal
damage to an engine.

Overtorque. A condition in which an engine has produced
more torque (power) than the manufacturer recommends,
or acondition in aturboprop or turboshaft engine where the
engine power has exceeded the maximum alowable for a
given operating condition or time limit. Can cause internal
damage to an engine.

P

Parasitedrag. That part of total drag created by the design
or shape of airplane parts. Parasite drag increases with an
increase in airspeed.

Payload (GAMA). The weight of occupants, cargo, and
baggage.

P-factor. A tendency for an aircraft to yaw to theleft dueto
the descending propeller blade on the right producing more
thrust than the ascending blade on the [ eft. Thisoccurswhen
the aircraft’s longitudinal axis is in a climbing attitude in
relation to the relative wind. The P-factor would be to the
right if the aircraft had acounterclockwiserotating propeller.

Pilot’s Operating Handbook (POH). A document
developed by the airplane manufacturer and contains the
FAA approved Airplane Flight Manual (AFM) information.

Piston engine. A reciprocating engine.

Pitch. Therotation of anairplaneabout itslateral axis, orona
propeller, the blade angle as measured from plane of rotation.



Pivotal altitude. A specific altitude at which, when an
airplane turns at a given groundspeed, a projecting of the
sighting reference line to a sel ected point on the ground will
appear to pivot on that point.

Pneumatic systems. The power system in an aircraft used
for operating such items as landing gear, brakes, and wing
flaps with compressed air as the operating fluid.

Por poising. Oscillating around thelateral axisof theaircraft
during landing.

Position lights. Lightson an aircraft consisting of ared light
on the left wing, agreen light on the right wing, and awhite
light on thetail. CFRs require that these lights be displayed
in flight from sunset to sunrise.

Positive static stability. The initial tendency to return to a
state of equilibrium when disturbed from that state.

Power distribution bus. See bus bar.

Power lever. The cockpit lever connected to thefuel control
unit for scheduling fuel flow to the combustion chambers of
aturbine engine.

Power . Implies work rate or units of work per unit of time,
and as such, itisafunction of the speed at which theforceis
developed. Theterm“ power required” isgenerally associated
with reciprocating engines.

Power plant. A complete engine and propeller combination
with accessories.

Practical dip limit. Themaximum slip an aircraft iscapable
of performing due to rudder travel limits.

Precession. The tilting or turning of a gyro in response
to deflective forces causing slow drifting and erroneous
indications in gyroscopic instruments.

Preignition. Ignition occurring in the cylinder beforethetime
of normal ignition. Preignition is often caused by alocal hot
spot inthe combustion chamber igniting the fuel/air mixture.

Pressurealtitude. Thealtitude indicated when the altimeter
setting window (barometric scale) is adjusted to 29.92. This
is the altitude above the standard datum plane, which is a
theoretical plane where air pressure (corrected to 15 °C)
equals29.92 "Hg. Pressure altitudeis used to compute density
altitude, true altitude, true airspeed, and other performance
data.

Profile drag. The total of the skin friction drag and form
drag for atwo-dimensional airfoil section.

Propeller blade angle. The angle between the propeller
chord and the propeller plane of rotation.

Propeller lever. The control on a free power turbine
turboprop that controls propeller speed and the selection for
propeller feathering.

Propeller dlipstream. Thevolume of air accelerated behind
apropeller producing thrust.

Propeller synchronization. A condition in which al of the
propellershavetheir pitch automatically adjusted to maintain
a constant rpm among all of the engines of a multiengine
aircraft.

Propeller. A device for propelling an aircraft that,
when rotated, produces by its action on the air, a thrust
approximately perpendicular to its plane of rotation. It
includes the control components normally supplied by its
manufacturer.

R

Ramp weight. The total weight of the aircraft while on the
ramp. It differs from takeoff weight by the weight of the
fuel that will be consumed in taxiing to the point of takeoff.

Rate of turn. Therate in degrees/second of aturn.

Reciprocating engine. An engine that converts the heat
energy from burning fuel into the reciprocating movement of
the pistons. Thismovement is converted into arotary motion
by the connecting rods and crankshaft.

Reduction gear. The gear arrangement in an aircraft engine
that allows the engine to turn at a faster speed than the
propeller.

Region of rever secommand. Flight regime in which flight
at a higher airspeed requires a lower power setting and a
lower airspeed requires a higher power setting in order to
maintain altitude.

Registration certificate. A State and Federal certificate that
documents aircraft ownership.

Relative wind. The direction of the airflow with respect to
thewing. If awing moves forward horizontally, the relative
wind moves backward horizontally. Relativewindisparallel
to and opposite the flightpath of the airplane.
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Reverse thrust. A condition where jet thrust is directed
forward during landing to increase the rate of deceleration.

Reversing propeller. A propeller system with apitch change
mechanism that includesfull reversing capability. When the
pilot moves the throttle controls to reverse, the blade angle
changesto apitch angle and produces areversethrust, which
slows the airplane down during alanding.

Roll. The motion of the aircraft about the longitudinal axis.
It is controlled by the ailerons.

Roundout (flare). A pitch-up during landing approach to
reducerate of descent and forward speed prior to touchdown.

Rudder. The movable primary control surface mounted on
thetrailing edge of thevertical fin of an airplane. Movement
of the rudder rotates the airplane about its vertical axis.

Ruddervator. A pair of control surfaces on the tail of an
aircraft arranged in the form of a' V. These surfaces, when
moved together by the control wheel, serve as elevators,
and when moved differentially by the rudder pedals, serve
asarudder.

Runway centerline lights. Runway centerline lights are
installed on some precision approach runways to facilitate
landing under adversevisibility conditions. They arelocated
along the runway centerline and are spaced at 50-foot
intervals. When viewed from the landing threshold, the
runway centerlinelights are white until the last 3,000 feet of
the runway. The white lights begin to aternate with red for
the next 2,000 feet, and for the last 1,000 feet of the runway,
all centerline lights are red.

Runway centerline markings. The runway centerline
identifies the center of the runway and provides alignment
guidance during takeoff and landings. The centerline consists
of aline of uniformly spaced stripes and gaps.

Runway edgelights. Runway edgelightsare used to outline
the edges of runways during periods of darkness or restricted
visibility conditions. These light systems are classified
according to the intensity or brightness they are capable
of producing: they are the High Intensity Runway Lights
(HIRL), Medium Intensity Runway Lights (MIRL), and the
Low Intensity Runway Lights(LIRL). TheHIRL and MIRL
systems have variableintensity controls, whereasthe LIRLs
normally have one intensity setting.
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Runway end identifier lights (REIL). One component of
therunway lighting system. Theselightsareinstalled at many
airfields to provide rapid and positive identification of the
approach end of a particular runway.

Runway incursion. Any occurrence at an airport involving
an aircraft, vehicle, person, or object on the ground that
creates a collision hazard or results in loss of separation
with an aircraft taking off, intending to takeoff, landing, or
intending to land.

Runway threshold markings. Runway threshold markings
come in two configurations. They either consist of eight
longitudinal stripes of uniform dimensions disposed
symmetrically about the runway centerline, or the number of
stripes is related to the runway width. A threshold marking
helps identify the beginning of the runway that is available
for landing. In some instances, the landing threshold may
be displaced.

S

Safety (SQUAT) switch. An electrical switch mounted on
one of the landing gear struts. It is used to sense when the
weight of the aircraft is on the wheels.

Scan. A procedure used by the pilot to visualy identify all
resources of information in flight.

Sea level. A reference height used to determine standard
atmospheric conditions and altitude measurements.

Segmented circle. A visual ground based structureto provide
traffic pattern information.

Serviceceiling. The maximum density altitude where the best
rate-of-climb airspeed will produce a 100 feet-per-minute
climb at maximum weight while in a clean configuration
with maximum continuous power.

Servotab. Anauxiliary control mounted on aprimary control
surface, which automatically movesin thedirection opposite
the primary control to provide an aerodynamic assist in the
movement of the control.

Shaft horse power (SHP). Turboshaft engines are rated in
shaft horsepower and calculated by use of a dynamometer
device. Shaft horsepower is exhaust thrust converted to a
rotating shaft.



Shock waves. A compression wave formed when a body
moves through the air at a speed greater than the speed of
sound.

Sidedlip. A dlip in which the airplan€e’s longitudinal axis
remainsparallel to theoriginal flightpath, but theairplaneno
longer flies straight ahead. Instead, the horizontal component
of wing lift forcesthe airplane to move sidewaystoward the
low wing.

Single engine absolute ceiling. The atitude that a twin
engine airplane can no longer climb with one engine
inoperative.

Singleengineserviceceiling. Thealtitudethat atwin engine
airplane can no longer climb at a rate greater then 50 fpm
with one engine inoperative.

Skid. A condition where the tail of the airplane follows a
path outside the path of the nose during a turn.

Slip. An intentional maneuver to decrease airspeed or
increase rate of descent, and to compensate for a crosswind
on landing. A dlip can also be unintentional when the pilot
failsto maintain the aircraft in coordinated flight.

Specific fuel consumption. Number of pounds of fuel
consumed in 1 hour to produce 1 HP.

Speed. The distance traveled in agiven time.

Speed brakes. A control system that extends from the
airplane structure into the airstream to produce drag and
slow the airplane.

Speed instability. A condition in the region of reverse
command where a disturbance that causes the airspeed to
decrease causestotal drag to increase, whichin turn, causes
the airspeed to decrease further.

Speed sense. The ahility to sense instantly and react to any
reasonable variation of airspeed.

Spin. An aggravated stall that results in what is termed an
“autorotation” wherein the airplane follows a downward
corkscrew path. As the airplane rotates around the vertical
axis, therising wing isless stalled than the descending wing
creating arolling, yawing, and pitching motion.

Spiral instability. A condition that exists when the static
directional stability of theairplaneisvery strong ascompared
totheeffect of itsdihedral in maintaining lateral equilibrium.

Spiraling dipstream. The dlipstream of a propeller-driven
airplane rotates around the airplane. This slipstream strikes
the left side of the vertical fin, causing the airplane to yaw
dlightly. Vertical stabilizer offset is sometimes used by
aircraft designers to counteract this tendency.

Split shaft turbine engine. See free power turbine engine.

Spoilers. High-drag devices that can be raised into the air
flowing over an airfoil, reducing lift and increasing drag.
Spoilersare used for roll control on someaircraft. Deploying
spoilers on both wings at the same time allows the aircraft
to descend without gaining speed. Spoilers are also used to
shorten the ground roll after landing.

Spool. A shaft in aturbine engine which drives one or more
compressors with the power derived from one or more
turbines.

Stabilator. A single-piece horizontal tail surface on an
airplanethat pivotsaround acentral hinge point. A stabilator
serves the purposes of both the horizontal stabilizer and the
elevator.

Stability. The inherent quality of an airplane to correct for
conditionsthat may disturbitsequilibrium, and toreturn or to
continueonthe original flightpath. Itisprimarily anairplane
design characteristic.

Stabilized approach. A landing approach in which the pilot
establishes and maintains aconstant angle glidepath towards
apredetermined point on the landing runway. It is based on
the pilot’s judgment of certain visual cues, and depends on
the maintenance of a constant final descent airspeed and
configuration.

Stall. A rapid decrease in lift caused by the separation of
airflow from the wing's surface brought on by exceeding
the critical angle of attack. A stall can occur at any pitch
attitude or airspeed.

Stall strips. A spoiler attached to the inboard leading edge
of some wings to cause the center section of the wing to
stall before the tips. This assures lateral control throughout
the stall.
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Standard atmospher e. At sealevel, the standard atmosphere
consists of abarometric pressure of 29.92 inches of mercury
("Hg) or 1013.2 millibars, and atemperature of 15 °C (59 °F).
Pressure and temperature normally decrease as altitude
increases. The standard lapseratein thelower atmospherefor
each 1,000 feet of atitude is approximately 1 "Hg and 2 °C
(3.5°F). For example, the standard pressure and temperature
at 3,000 feet mean sealevel (MSL) is26.92 "Hg (29.92 - 3)
and9°C (15°C-6°C).

Standard day. See standard atmosphere.

Standard empty weight (GAMA). Thisweight consists of
the airframe, engines, and al items of operating equipment
that havefixed locations and are permanently installed in the
airplane; including fixed ballast, hydraulic fluid, unusable
fuel, and full engine oil.

Standar d weights. These have been established for numerous
items involved in weight and balance computations. These
weights should not be used if actual weights are available.

Standard-rateturn. A turn at therate of 3° per second which
enables the airplane to complete a 360° turn in 2 minutes.

Starter/generator. A combined unit used on turbine engines.
The device acts as a starter for rotating the engine, and after
running, internal circuits are shifted to convert the device
into a generator.

Static stability. The initial tendency an aircraft displays
when disturbed from a state of equilibrium.

Station. A location in the airplane that is identified by a
number designating its distance in inches from the datum.
The datum is, therefore, identified as station zero. An item
located at station +50 would have an arm of 50 inches.

Stick puller. A devicethat appliesaft pressure on the control
column when the airplane is approaching the maximum
operating speed.

Stick pusher. A device that applies an abrupt and large
forward force on the control column when the airplane is
nearing an angle of attack where a stall could occur.

Stick shaker. Anartificial stall warning devicethat vibrates
the control column.

Stressrisers. A scratch, groove, rivet hole, forging defect

or other structural discontinuity that causes a concentration
of stress.
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Subsonic. Speed below the speed of sound.

Super char ger. An engine- or exhaust-driven air compressor
used to provide additional pressuretotheinduction air sothe
engine can produce additional power.

Super sonic. Speed above the speed of sound.

Supplemental Type Certificate (STC). A certificate
authorizing an alteration to an airframe, engine, or component
that has been granted an Approved Type Certificate.

Swept wing. A wing planform in which the tips of the wing
are farther back than the wing root.

T
Tailwhed aircraft. See conventional landing gear.

Takeoff roll (ground roll). The total distance required for
an aircraft to become airborne.

Target reverser. A thrust reverser in ajet engine in which
clamshell doors swivel from the stowed position at the
enginetailpipeto block all of the outflow and redirect some
component of the thrust forward.

Taxiway lights. Omnidirectional lightsthat outlinethe edges
of the taxiway and are blue in color.

Taxiway turnoff lights. Flush lights which emit a steady
green color.

Tetrahedron. A large, triangular-shaped, kite-like object
installed near the runway. Tetrahedrons are mounted on a
pivot and are free to swing with the wind to show the pilot
the direction of the wind as an aid in takeoffs and landings.

Throttle. The valve in a carburetor or fuel control unit that
determines the amount of fuel-air mixture that is fed to the
engine.

Thrust line. Animaginary line passing through the center of
the propeller hub, perpendicular to the plane of the propeller
rotation.

Thrust reversers. Devices which redirect the flow of jet
exhaust to reverse the direction of thrust.



Thrust. Theforcewhichimpartsachangeinthevelocity of a
mass. Thisforceismeasured in pounds but has no element of
timeor rate. Theterm, thrust required, isgenerally associated
with jet engines. A forward force which propelsthe airplane
through the air.

Timing. The application of muscular coordination at the
proper instant to make flight, and al maneuvers incident
thereto, a constant smooth process.

Tire cord. Woven metal wire laminated into the tire to
provide extra strength. A tire showing any cord must be
replaced prior to any further flight.

Torquemeter. Anindicator used on somelargereciprocating
engines or on turboprop engines to indicate the amount of
torque the engine is producing.

Torque sensor. Seetorque meter.

Torque. 1. A resistanceto turning or twisting. 2. Forcesthat
produce a twisting or rotating motion. 3. In an airplane, the
tendency of theaircraft to turn (roll) inthe opposite direction
of rotation of the engine and propeller.

Total drag. The sum of the parasite and induced drag.
Touchdown zone lights. Two rows of transverse light bars
disposed symmetrically about the runway centerline in the
runway touchdown zone.

Track. The actual path made over the ground in flight.

Trailing edge. The portion of the airfoil where the airflow
over the upper surface rejoins the lower surface airflow.

Transition liner. The portion of the combustor that directs
the gases into the turbine plenum.

Transonic. At the speed of sound.

Transponder. The airborne portion of the secondary
surveillance radar system. The transponder emits a reply
when queried by aradar facility.

Tricyclegear. Landing gear employing athird wheel located
on the nose of the aircraft.

Trim tab. A small auxiliary hinged portion of a movable
control surface that can be adjusted during flight to aposition
resulting in a balance of control forces.

Triplespool engine. Usually aturbofan engine design where
thefanisthe N, compressor, followed by the N, intermediate
compressor, and the N5 high pressure compressor, al of
which rotate on separate shafts at different speeds.

Tropopause. The boundary layer between the troposphere
and the mesospherewhich actsasalid to confine most of the
water vapor, and the associated weather, to the troposphere.

Troposphere. The layer of the atmosphere extending from
the surface to a height of 20,000 to 60,000 feet depending
on latitude.

True airspeed (TAS). Calibrated airspeed corrected for
atitude and nonstandard temperature. Because air density
decreases with an increase in altitude, an airplane has to be
flown faster at higher altitudes to cause the same pressure
difference between pitot impact pressure and static pressure.
Therefore, for a given calibrated airspeed, true airspeed
increases as atitude increases; or for a given true airspeed,
calibrated airspeed decreases as altitude increases.

True altitude. The vertical distance of the airplane above
sea level—the actual dtitude. It is often expressed as feet
above mean sealevel (MSL). Airport, terrain, and obstacle
elevations on aeronautical charts are true altitudes.

T-tail. An aircraft with the horizontal stabilizer mounted on
the top of the vertical stabilizer, formingaT.

Turbine blades. The portion of the turbine assembly that
absorbs the energy of the expanding gases and converts it
into rotational energy.

Turbine outlet temperature (TOT). The temperature of
the gases as they exit the turbine section.

Turbine plenum. The portion of the combustor where the
gases are collected to be evenly distributed to the turbine
blades.

Turbine rotors. The portion of the turbine assembly that
mounts to the shaft and holds the turbine blades in place.

Turbine section. The section of the engine that converts
high pressure high temperature gas into rotational energy.

Turbocharger. An air compressor driven by exhaust gases,

which increases the pressure of the air going into the engine
through the carburetor or fuel injection system.
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Turbofan engine. A turbojet engine in which additional
propulsive thrust is gained by extending a portion of the
compressor or turbine blades outside the inner engine case.
The extended blades propel bypass air along the engine
axis but between the inner and outer casing. The air is not
combusted but does provide additional thrust.

Turbojet engine. A jet engineincorporating aturbine-driven
air compressor to takein and compressair for the combustion
of fuel, the gases of combustion being used both to rotate the
turbine and create a thrust producing jet.

Turboprop engine. A turbine engine that drives a propeller
through areduction gearing arrangement. Most of the energy
in the exhaust gases is converted into torque, rather than its
acceleration being used to propel the aircraft.

Turbulence. An occurrence in which a flow of fluid is
unsteady.

Turn coordinator. A rate gyro that senses both roll and
yaw due to the gimbal being canted. Has largely replaced
the turn-and-dlip indicator in modern aircraft.

Turn-and-glip indicator. A flight instrument consisting
of arate gyro to indicate the rate of yaw and a curved glass
inclinometer to indicate the relationship between gravity and
centrifugal force. The turn-and-dlip indicator indicates the
relationship between angle of bank and rate of yaw. Also
called a turn-and-bank indicator.

Turning error. One of the errors inherent in a magnetic
compass caused by the dip compensating weight. It shows
up only on turns to or from northerly headings in the
Northern Hemisphere and southerly headingsin the Southern
Hemisphere. Turning error causesthe compassto lead turnsto
the north or south and lag turns away from the north or south.

U

Ultimateload factor. In stressanalysis, theload that causes
physical breakdown in an aircraft or aircraft component
during a strength test, or the load that according to
computations, should cause such a breakdown.

Unfeathering accumulator. Tanks that hold oil under
pressure which can be used to unfeather a propeller.

UNICOM . A nongovernment air/ground radio communication
station which may provide airport information at public use
airports where there is no tower or FSS.

Unusablefuel. Fuel that cannot be consumed by the engine.
Thisfuel isconsidered part of the empty weight of theaircraft.
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Useful load. The weight of the pilot, copilot, passengers,
baggage, usable fuel, and drainable ail. It is the basic empty
weight subtracted from the maximum allowable grossweight.
Thisterm applies to general aviation aircraft only.

Utility category. Anairplanethat has aseating configuration,
excluding pilot seats, of nineor less, amaximum certificated
takeoff weight of 12,500 pounds or less, and intended for
limited acrobatic operation.

Vv

V-bars. Theflight director displays on the attitude indicator
that provide control guidance to the pilot.

V-speeds. Designated speeds for a specific flight condition.

Vapor lock. A conditioninwhich air entersthe fuel system
and it may be difficult, or impossible, to restart the engine.
Vapor lock may occur as a result of running a fuel tank
completely dry, allowing air to enter thefuel system. On fuel-
injected engines, the fuel may become so hot it vaporizesin
the fuel line, not allowing fuel to reach the cylinders.

V 5. The design maneuvering speed. Thisis the “rough air”
speed and the maximum speed for abrupt maneuvers. If
during flight, rough air or severe turbulence is encountered,
reduce the airspeed to maneuvering speed or lessto minimize
stress on the airplane structure. It is important to consider
weight when referencing this speed. For example, VA may
be 100 knots when an airplane is heavily loaded, but only
90 knots when the load is light.

Vector. A force vector isagraphic representation of aforce
and shows both the magnitude and direction of the force.

Velocity. The speed or rate of movement in a certain
direction.

Vertical axis. Animaginary line passing vertically through
the center of gravity of an aircraft. The vertical axisiscalled
the z-axis or the yaw axis.

Vertical card compass. A magnetic compassthat consi sts of
an azimuth onavertical card, resembling aheading indicator
with a fixed miniature airplane to accurately present the
heading of theaircraft. The design useseddy current damping
to minimize lead and lag during turns.

Vertical speed indicator (VSl). An instrument that uses
static pressure to display arate of climb or descent in feet
per minute. The VS| can also sometimes be called avertical
velocity indicator (VVI).



Vertical stability. Stability about an aircraft’ s vertical axis.
Also called yawing or directional stability.

V e. The maximum speed with the flaps extended. The upper
limit of the white arc.

Vro. The maximum speed that the flaps can be extended or
retracted.

VFR Terminal Area Charts (1:250,000). Depict Class B
airspace which provides for the control or segregation of all
the aircraft within the Class B airspace. The chart depicts
topographic information and aeronautical information
which includes visual and radio aids to navigation, airports,
controlled airspace, restricted areas, obstructions, and related
data

V-G diagram. A chart that relates velocity to load factor. It
isvalid only for aspecific weight, configuration, and altitude
and shows the maximum amount of positive or negative lift
the airplane is capable of generating at a given speed. Also
shows the safe load factor limits and the load factor that the
aircraft can sustain at various speeds.

Visual approach slope indicator (VASI). The most
common visual glidepath systeminuse. The VASI provides
obstruction clearance within 10° of the extended runway
centerline, and to 4 nautical miles (NM) from the runway
threshold.

Visual Flight Rules (VFR). Code of Federal Regulations
that govern the proceduresfor conducting flight under visual
conditions.

V. Landing gear extended speed. The maximum speed at
which an airplane can be safely flown with the landing gear
extended.

V| or. Lift-off speed. The speed at which the aircraft departs
the runway during takeoff.

V| o. Landing gear operating speed. The maximum speed for
extending or retracting the landing gear if using an airplane
equipped with retractable landing gear.

Ve Minimum control airspeed. Thisisthe minimum flight
speed at which a twin-engine airplane can be satisfactorily
controlled when an engine suddenly becomes inoperative
and the remaining engineis at takeoff power.

Vup- Minimum drag speed.

Vmo- Maximum operating speed expressed in knots.

Ve Never-exceed speed. Operating above this speed is
prohibited sinceit may result in damage or structural failure.
Thered line on the airspeed indicator.

Vno- Maximum structural cruising speed. Do not exceed this
speed except in smooth air. The upper limit of the green arc.

Vp. Minimum dynamic hydroplaning speed. The minimum
speed required to start dynamic hydroplaning.

V. Rotation speed. The speed that the pilot begins rotating
the aircraft prior to lift-off.

Vg Stalling speed or the minimum steady flight speed in
the landing configuration. In small airplanes, this is the
power-off stall speed at the maximum landing weight in the
landing configuration (gear and flapsdown). Thelower limit
of the white arc.

V. Stalling speed or the minimum steady flight speed
obtained in aspecified configuration. For most airplanes, this
is the power-off stall speed at the maximum takeoff weight
in the clean configuration (gear up, if retractable, and flaps
up). The lower limit of the green arc.

V. Safe, intentional one-engine inoperative speed. The
minimum speed to intentionally render the critical engine
inoperative.

V-tail. A design which utilizes two slanted tail surfaces to
perform the same functions as the surfaces of aconventional
elevator and rudder configuration. The fixed surfaces act as
both horizontal and vertical stabilizers.

V. Best angle-of-climb speed. The airspeed at which an
airplane gains the greatest amount of altitude in a given
distance. It is used during a short-field takeoff to clear an
obstacle.

Vyse- Best angle of climb speed with one engineinoperative.
The airspeed at which an airplane gains the greatest amount
of altitudeinagiven distancein alight, twin-engineairplane
following an engine failure.

Vy. Best rate-of -climb speed. Thisairspeed providesthe most
dtitude gain in agiven period of time.
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Vy <. Best rate-of-climb speed with one engine inoperative.
This airspeed provides the most atitude gain in a given
period of timein alight, twin engine airplane following an
engine falure.

w

Wake turbulence. Wingtip vortices that are created when
an airplane generates lift. When an airplane generates lift,
air spills over the wingtips from the high pressure areas
below the wingsto the low pressure areas above them. This
flow causes rapidly rotating whirlpools of air called wingtip
vortices or wake turbulence.

Wastegate. A controllablevalveinthetail pipe of an aircraft
reci procating engine equipped with aturbocharger. Thevalve
is controlled to vary the amount of exhaust gases forced
through the turbocharger turbine.

Weathervane. The tendency of the aircraft to turn into the
relative wind.

Weight. A measure of the heaviness of an object. The force
by which abody isattracted toward the center of the Earth (or
another celestial body) by gravity. Weight isequal to themass
of the body timesthelocal value of gravitational acceleration.
One of thefour main forces acting on an aircraft. Equivalent
to theactual weight of theaircraft. It actsdownward through
theaircraft’ scenter of gravity toward the center of the Earth.
Weight opposes lift.

Weight and balance. Theaircraftissaid to beinweight and
bal ance when the grossweight of the aircraft isunder the max
gross weight, and the center of gravity is within limits and
will remain in limits for the duration of the flight.

Wheelbarrowing. A condition caused when forward yoke
or stick pressure during takeoff or landing causesthe aircraft
to ride on the nosewheel alone.

Wind correction angle. Correction applied to the course to
establish a heading so that track will coincide with course.

Wind direction indicators. Indicators that include a
wind sock, wind tee, or tetrahedron. Visua reference will
determine wind direction and runway in use.

Wind shear. A sudden, drastic shift in windspeed, direction,
or both that may occur in the horizontal or vertical plane.

Windmilling. When the air moving through a propeller
creates the rotational energy.
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Windsock. A truncated cloth cone open at both ends and
mounted on afreewheeling pivot that indicates the direction
from which the wind is blowing.

Wing. Airfoil attached to each side of the fuselage and are
the main lifting surfaces that support the airplane in flight.

Wing area. The total surface of the wing (square feet),
which includes control surfaces and may include wing area
covered by the fuselage (main body of the airplane), and
engine nacelles.

Wing span. The maximum distance from wingtip to wingtip.

Wingtip vortices. Therapidly rotating air that spillsover an
airplane swingsduring flight. Theintensity of theturbulence
depends on the airplane’ s weight, speed, and configuration.
Itisasoreferred to aswaketurbulence. Vorticesfrom heavy
aircraft may be extremely hazardous to small aircraft.

Wing twist. A design feature incorporated into some wings
to improve aileron control effectiveness at high angles of
attack during an approach to a stall.

Y
Y aw. Rotation about the vertical axis of an aircraft.

Yaw string. A string on the nose or windshield of an aircraft
in view of the pilot that indicates any slipping or skidding
of the aircraft.

Z

Zero fuel weight. The weight of the aircraft to include all
useful load except fuel.

Zero sidedlip. A maneuver in a twin-engine airplane with
one engineinoperativethat involvesasmall amount of bank
and slightly uncoordinated flight to align the fuselage with
the direction of travel and minimize drag.

Zerothrust (simulated feather). An engine configuration
with alow power setting that simulates apropeller feathered
condition.
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