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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






Acknowledgments

The Airplane Flying Handbook was produced by the Federal Aviation Administration (FAA) with the assistance of Safety
Research Corporation of America. The FAA wishes to acknowledge the following contributors:

Mr. Shane Torgerson for imagery of the Sedona Airport (Chapter 1)
Mr. Robert Frolafor imagery of an Evektor-Aerotechnik EV-97 SportStar Max (Chapter 16)

Additional appreciationisextended to the General Aviation Joint Steering Committee (GA JSC) and the Aviation Rulemaking
Advisory Committee’ s(ARAC) Airman Certification Standards (ACS) Working Group for their technical support and inpuit.



Vi



[able of Contents

Preface....o iii
AcknowledgmentsS.........ccccciviiiiieiiee e Y%
Table of Contents .......cueeeeeeiiiiiiiie e vii
Chapter 1
Introduction to Flight Training .........cccccveeeinnen. 1-1
INEFOTUCTION. ... 1-1
Role of the FAA ... 1-2
Flight Standards Service........ccooovereieneneeneceeee 1-5
Role of the Pilot Examiner...........ccoooeieinininicnecee 1-6
Role of the Flight INStructor...........ccoevveereeneencee 1-7
Sources of Flight Training .........ccceveeverenenenennennenens 1-8
Practical Test Standards (PTS) and Airman
Certification Standards (ACS).......cccevvverereeeeeenenn, 1-10
Safety of Flight PractiCes .........coovveviieienceeen 1-11
Collision AVOIdaNCe ........ccoeveereerierieieeieeeeeeieees 1-11
Runway Incursion Avoidance............ccceeeereenen 1-12
Stall AWArENESS ....c.vevieeierieireere e 1-12
Use Of CheCKIiStS.....coovviiiiiiereiee e 1-13
Positive Transfer of Controls.........cc.cceveenenenen. 1-15
Chapter SUMMATY .....ccevveeieeie e 1-15
Chapter 2
Ground OpPerationsS......cccceeevviiiiiiiiiiiieieee e 2-1
INErOAUCTION. ...t 2-1
Preflight Assessment of the Aircraft.........c.cccveevveeenee 2-2
Visual Preflight Assessment.........cccocevveeeeivnieninnennenn, 2-3
Outer Wing Surfaces and Tail Section........c..ccce..e.. 2-5
Fuel and Oil .......cvvveiieiesceeee s 2-6
Landing Gear, Tires, and Brakes..........ccccceeeeeeriencnnne 2-8
Engine and Propeller ... 2-9
Risk and Resource Management............ccoovvereeerieennnne 2-9
Risk Management..........ccoevevererereeneeeeseeseeesenens 2-10
Identifying the Hazard ...........cccceveieciciicicieene 2-10
RISK 1ot 2-10
RiSK ASSESSMENL ....ccvvevireirereiesie e e e eneeneas 2-10
Risk [dentification .........ccccoevveiiieieneesee e 2-10

RISk Mitigation ........ccoeeeieneceeeeeneeesese e 2-10
Resource Management..........cccoveveeveneneneneneneens 2-11
Ground OPErationsS..........coevveeereereeesesesresesesesese s 2-11
ENgine Starting........cccevvevevieveeieeee e 2-12
Hand Propping ......c.ccoeeeereneeienereseseesese e 2-13
TAXHNG vt 2-14
Before-Takeoff Check .......ccooeveeieninrecececese e 2-17
Takeoff CheCKS......cccvvevireierereee e 2-18
After-Landing .....ccoceevveveieieeceee e 2-18
Clear of Runway and Stopped. ..........ccceeveeeeveiecrenenn, 2-18
Parking ......coeieiinee e 2-19
ENngine Shutdown..........coeoiiirinnieees e 2-19
POSE-FlIGhL ... 2-19
Securing and SErviCiNng........coeeeereenereseresenesenenns 2-19
Chapter SUMMANY .....ccvevveeeieieeee e 2-19
Chapter 3
Basic Flight Maneuvers .........cccocccceceiiiiiiiiiiinnns 3-1
INEFOAUCTION..... e e 31
The Four Fundamentals........ccocooeeeieeieeenene e 3-2
Effect and Use of the Flight Controls...........ccccooeevrenene. 3-2
Feel of the Airplane.......cccccocvevevececise e 3-4
Attitude FIYING ..o 34
Integrated Flight INStruction ..........ccccoovenenncicnenne 35
Straight-and-Level Flight.........cccoooiiniinnninccis 3-6
Straight Flight.......cooeieieceeee 3-7
Level Flight ... 3-8
THM CONLIOl .. 3-10
LEVE TUMS ..o e 3-10
TUN RAIUS....c.eoiieeeee e 312
Establishing aTurn.........coooeniiniinieeceee 3-13
Climbsand Climbing TUMS.........cccoeirennenesenneene 3-16
Establishing aClimb ..o 317
ClHmMBING TUMS ..o 3-18
Descents and Descending TUINS.........coceeveeeveeeiiesnenne. 3-19
GBS ....cviieeeeieers et 3-20
Gliding TUMS ....couiiiiiciieee e 321
Chapter SUMMANY .....c.coeirieiieeee e 3-23

Vii



Chapter 4
Maintaining Aircraft Control: Upset
Prevention and Recovery Training .........c.cc...... 4-1
F gL 0T (1 1o o 4-1
Defining an Airplane UPSEL........cocoveeeeeeereneeesienennnns 4-2
Coordinated Flight........ccccoeveievieicieeeeeeeece e 4-2
Angle of AttaCK ..o 4-2
SIOW FlIGNt ... 4-3
Performing the Slow Flight Maneuver....................... 4-4
S 7 S 4-5
Stall RECOgNItION .....c.ecvereereeieieeeeeee e 4-5
Angle of Attack Indicators .........ccccoevvevvcinceceennnne, 4-6
Stall CharaCteristiCs......coviirenere e 4-6
Fundamentals of Stall Recovery.........ccocovvviricnnnne, 4-7
Stall Training......ocooverrireeeee e 4-8
Approachesto Stalls (Impending Stalls),
Power-On or POWer-Off ... 4-8
Full Stalls, POWEr-Off .......cccoovviinnireereeseesieesens 4-8
Full Stalls, POWEr-On ........cocoiiiiieieeeereeeseneiens 4-9
Secondary Stall........ccooveriiniinieees 4-10
Accelerated StallS......oooiiriiiiiiee 4-10
Cross-Control Stall ........cooevveeineineireresenes 4-11
Elevator Trim Stall ......ccocevveiviinieencecee e 4-12
COMMON ENTOIS.....coviiieiieee e 4-13
SPIN AWEIENESS.......coueeviriiierieeiesie e eseseeaens 4-13
SPIN ProCeUUIES.........ccovveeeeireeiieeeeseeere s 4-14
ENtry PhaSe......ccooeeniiree e 4-14
Incipient Phase.........cceveveieviesceeeeeeee s 4-14
Developed Phase.........ccooeveieneieniene e 4-15
Recovery Phase.........ccovveveinciiee e 4-15
Intentional SPINS.........cccvvevevereie e 4-16
Weight and Balance Requirements Related
1O SPINS .t 4-17
COMMON EFTOIS.....coiiiieie e 4-17
Upset Prevention and RECOVENY .......ccverevneenieenen, 4-17
Unusual Attitudes Versus UPSELS.......ccceveeveeenennenn. 4-17
Environmental Factors...........cccoevvennensense e 4-18
Mechanical Factors.........cooveveienereee e 4-18
HUMaN Factors .........coceiiiieieneeeeeeeee e 4-18
VMC O IMC..oiiiiiicieeee e 4-18
IMC e 4-18
Diversion of Atention..........coccvevereieneieeinicnnens 4-18
Task Saturation ..........ccceveverenereree e 4-18
Sensory Overload/Deprivation .........ccccceeveeeenene. 4-18
Spatial Disorientation ...........coeeerereeieeieeienieeennes 4-19
Startle RESPONSE.......cevveeirieirieereeeeeee e 4-19
SUrPriSe RESPONSE. .....ccueeveeieriereerierieseeeeeeeeeeseens 4-19
Upset Prevention and Recovery Training (UPRT)...4-19
UPRT Core CONCEPLS......ccccervereerierienieeeesieeee e 4-20

viii

Academic Materia (Knowledge and

Risk Management) ........ccccevevevereerieieee e 4-20
Prevention Through ADM and
Risk Management ..........ocovreeneneneneneneseseseene 4-21
Prevention through Proportional
Counter-ResponSe.........cccevvveieeiieeniee s 4-21
RECOVENY ..ot 4-22
COmMMON EITOIS.....cociieiie et see e 4-22
Roles of FSTDs and Airplanesin UPRT ................. 4-22
Airplane-Based UPRT ........cccccooevnivececece e 4-22
All-Attitude/All-Envel ope Flight
Training Methods............cov e 4-23
FSTD—bhased UPRT ........ccoeiveiieseseee e 4-23
SPITal DIVE....ecvieiiieieree e 4-23
UPRT SUMMAY ..o s 4-24
Chapter SUMMANY .....ccccoveeeeieeeeeecece e 4-24
Chapter 5
Takeoffs and Departure Climbs ..........ccccceeeenee. 5-1
INErOdUCEION......coiiieecece e 51
Terms and Definitions........cccceeeveeeeenienesese e 5-2
Prior t0 Takeoff......ccoveiveireeee e 5-2
Normal TakeofTf.......cccevveirriiere e 5-3
Takeoff ROII ..o 5-3
LITE-Off oo 5-4
Initial ClimMB ... 5-5
Crosswind TakeofT........ccceveeiieiie e 5-6
TaKeoff ROII ..o 5-6
LITE-Off oo 5-8
Nitial ClimMB ..o 5-8
Ground Effect on Takeoff ........ccccceiveieieiecececes 5-9
Short-Field Takeoff and Maximum
Performance Climb ..., 5-10
Takeoff ROl .o 5-10
LITE-Off oo 5-10
Initial Climb ... 5-11
Soft/Rough-Field Takeoff and Climb............ccccoevnee. 511
Takeoff ROI ....occvieieicecece e 5-12
Lift-Off oo 5-12
nitial Climb ... 5-12
Rejected Takeoff/Engine Failure...........cccccveveevieenenee. 5-12
NOise ADEEMENT.........oovieeieer e 5-13
Chapter SUMMATY .....c.coeirieiieeree e 5-13
Chapter 6
Ground Reference Man@uvers ........ccccceeeeeeeeenns 6-1
INEFOAUCTION. ...t e 6-1
Maneuvering by Reference to Ground Objects............. 6-2
Drift and Ground Track Control ..........cccccoeevercreniennne. 6-3

Correcting Drift During Straight-and-Level Flight....6-3



Constant Radius During Turning Flight.................... 6-4
Tracking Over and Paralél to a Straight Line............ 6-6
Rectangular COUrSE..........ccccvveieverieiesieseeeeee e 6-6
Turns Around @POINt.........ccooreiirineiereeeeeeesenes 6-8
S TUMS.. e e 6-10
Elementary EightS........cccooeiniiniiniceceeeee 6-11
Eights Along aR0ad .........ccceovviiiinnincinse e 6-11
Eights ACross A RO .......cccovvevierierieieeeeeeee e 6-13
Eights Around Pylons..........cccccceveveviccecceceee, 6-13
Eights-on-Pylons.........cccoooiiiiiiieceeeeee 6-14
Chapter SUMMANY .....cccoeiieiieeeeee e 6-18
Chapter 7
Airport Traffic Patterns .........cccovvveeiniiee e 7-1
INEFOTUCTION. ... e 7-1
Airport Traffic Patterns and Operations.............ccceve.ee. 7-2
Standard Airport Traffic Patterns..........ccccevevevininennens 7-2
NON-Towered AITPOrTS.......ccereerrernereeeree e 7-5
Safety CONSIAErationS .......c.coeereeereerieeree e 7-5
Chapter SUMMATY .....c.coeveireerieeeeseere e 7-6
Chapter 8
Approaches and Landings .........ccccccoevveiinvnnnnen. 8-1
INEFOTUCTION.....eeeie s 81
Normal Approach and Landing ..........cccceeevevrneniennnen 8-2
BaASE LEJ...iiiiiiierire e 82
Final APProach .......ccoeevieninieeeeee s 8-3
USE Of FlaPS.....ocvecveeciesiice et 8-4
Estimating Height and Movement...........ccccccevveienene 8-5
Round Out (FIare) .......cccooerereeieeeeeeeeeeseseseeie 8-6
TOUCNAOWN.....tiiieeieeie e 8-7
After-Landing ROl ..o 8-8
Stahilized Approach Concept..........ccovvrererererennns 89
INtentional SHPS....ccccovvveeeereriee e 8-11
Go-Arounds (Rejected Landings) ........ccccevevveveevereenenn 8-12
POWET ...ttt 8-13
ALHTUTE. ... 8-13
CoNfigUIALION .......euerveereiieieeeie s 8-13
Ground EffeCt......cccvovvieiineriese e 8-14
Crosswind Approach and Landing..........cccceevvevevennene. 8-14
Crosswind Final Approach........cccceeevveeeceenecceeennenn, 8-14
Crosswind Round Out (FIare) .........ccoceveeeereeenennene 8-15
Crosswind Touchdown...........cccereiereneiereeee 8-15
Crosswind After-Landing ROl .........cccoceoveininnne 8-16
Maximum Safe Crosswind Velocities...........coeueneee 8-17
Turbulent Air Approach and Landing........ccccceevevennene. 8-18
Short-Field Approach and Landing .........c.ccccevevevennene. 8-18
Soft-Field Approach and Landing ..........cccceeeeeenennene 8-21
Power-Off Accuracy Approaches...........cccecveevrieenen. 8-22
90° Power-Off Approach .........ccccvevveneenieieneennee 8-22
180° Power-Off APProach .........cccoeevereernereienens 8-23

360° Power-Off Approach .........ccoeevveeeneicnenenenens 8-25

Emergency Approaches and Landings (Simulated).....8-26
Faulty Approachesand Landings .........ccccoeveveeveennenne. 8-27
Low Final Approach.........cccoeeereinienieneneneseie 8-27
High Final Approach...........cccoceveiniinennceee 8-28
Slow Final Approach.........cccceevereieneieneieneseee 8-28
USE Of POWES ... 8-29
High Round OUL .........cccvveiiereceeeeee e 8-29
Late or Rapid Round OUt ..........ccccvveveeereneiecrenne 8-30
Floating During Round OUL...........ccccoeiirinenencnine 8-30
Ballooning During Round Out ...........cccoveevinieicnnne. 8-30
Bouncing During Touchdown...........ccccvervennennne. 8-31
POIPOISING. ...ttt 8-32
Wheel BarrOWING .....ccvevveeeeeeieeeesese e 8-33
Hard Landing........cccoeevveveieieseereceeese e 8-33
Touchdown inaDrift or Crab.......cccceeereeninicienenn. 8-34
Ground LOOP ...c.ccvvveeirieiniiineeseee e 8-34
Wing Rising After Touchdown............ccoeevveinenns 8-35
Hydroplaning ........ccoeereninnensee e 8-35
Dynamic Hydroplaning ........cccceevevvereereeesieseseniens 8-35
Reverted Rubber Hydroplaning.........cccccccvevvieevenene. 8-35
Viscous Hydroplaning.........cccceeerenenenenesesenies 8-36
Chapter SUMMATY .....c.coeoiieiieinee e 8-36
Chapter 9
Performance Man@uVerS........ccccccvveveeeeeeieiicninnns 9-1
INEFOAUCTION. ...t 9-1
SEEEP TUMNS .ttt 9-2
SEEEPD SPITEAl ...t 9-4
Chandelle ..o 9-5
LaZY EIght....c.ooeieeeceeeeieree e 9-6
Chapter SUMMETY .....ccveirieirieeseeee et 9-8
Chapter 10
Night Operations ..........cooeccciiiiieee e, 10-1
INEFOAUCTION...... et 10-1
NIGNE VISION ..t 10-2
NIght HTUSIONS.....ooveiiieiiriciiee e 10-3
POt EQUIPMENT .....veveeiieerieieeee e 10-4
Airplane Equipment and Lighting .........cccovevviveniennnns 10-4
Airport and Navigation Lighting Aids.........cc.cccevvvenen. 10-5
Training for Night Flight ... 10-6
Preparation and Preflight ... 10-6
Starting, Taxiing, and RUNUP..........c.ccorerirennennieen 10-6
Takeoff and Climb .......cccvveiereeeeeee s 10-7
Orientation and Navigation..........ccccevveeeeeeeneseseneenns 10-7
Approachesand Landings.........ccccouevvevevenienesesesennens 10-8
Night EMergencies. ........cooooerereneinienenenere e 10-9
Chapter SUMMATY .....c.coeirieiieenee e 10-9



Chapter 11
Transition to Complex Airplanes ............ccc...... 11-1
INErOAUCTION. ... 11-1
Function of Flaps.........ccveiriiniineseee s 11-2
Flap EffeCtiVENeSS......cocvceveveeereee e 11-3
Operational Procedures..........ccovvevererieneesieseeeennns 11-3
Controllable-Pitch Propeller ... 11-4
Constant-Speed Propeller..........cooiiiiieieicccenen 11-4
Takeoff, Climb, and CruiSe........coeeevveveeiveeereeernens 11-6
Blade Angle Control.........ccoeeverenennenseneseneeienens 11-7
GOVErNiNg RANGE.......cveeeererir e e seeeree e 11-7
Constant-Speed Propeller Operation..........ccccccuee... 11-7
TurboCharging.......cccoeererierinerese e 11-8
Ground Boosting Versus Altitude Turbocharging ...11-9
Operating CharaCteristiCs........ooevrerreneeeneeneenee 11-9
Heat Management...........ccocvveeiiieene e 11-10
Turbocharger Failure..........ccoovvvvererevereiereeeennns 11-10
Over-Boost Condition.........cccceevvervreneneneeenennnn. 11-10
Low Manifold Pressure.........c.oooevereneeneeieeeenene 11-11
Retractable Landing Gear .........ccoceovveeevennenninneenes 11-11
Landing Gear SyStemMS.......cccovvrerereereeniereereeensennes 11-11
Controls and Position INdiCators..........cccveerieuennns 11-11
Landing Gear Safety DeviCes........cccooevereereeenuennes 11-11
Emergency Gear Extension Systems...........cccceu.... 11-12
Operational Procedures...........covveereeeneeneneneneenns 11-12
Preflight ...coeeceeeeeee e 11-12
Takeoff and Climb.......cccooviiiiicieeeeee 11-13
Approach and Landing ........ccccceeeeneneeieneniennenn 11-15
Transition Training ......c.ccoeveereeneieneesee e 11-16
Chapter SUMMATY .....ccvveerirere e 11-16

Chapter 12
Transition to Multiengine Airplanes ................ 12-1
[INEFOUCTION. ...t 12-1
GENENEl ... 12-2
Terms and Definitions..........ccoovvevvivnereneneneneeeeeees 12-2
Operation of SYStEMS......ccccvevererereereeeeeereereeesenens 12-3
PrOPEILErS. ... 12-3
Propeller Synchronization...........ccccceeeeiieinencnne 12-6
Fuel Crossfeed.........coiiiiiiiiiieeeee e 12-6
Combustion HEater .........covvviirie e 12-6
Flight Director/AUtOPIlOL..........coovruererireierscreiees 12-6
Y AW DamMPEN....ccoveieeeieeeeseeenie e eneens 12-7
Aternator/GEeNErator .........cccooeeveereeseresere e 12-7
Nose Baggage Compartment...........ccoceeceeneeieeneene. 12-7
Anti-1CiNG/DEICING. .....coveivereirie e 12-8
Performance and Limitations..........c.ccoverrenieeniecnne. 12-9
Weight and BalanCe.........cccverrinerenneneereeneeas 12-11
Ground OPEration ........ccceeeeerererereseeneeseeseeseeseesennes 12-12
Normal and Crosswind Takeoff and Climb............... 12-13
Level Off and CruiSe........ccocevereienenieie e 12-14

Normal Approach and Landing ..........cccceevveinecnnnne, 12-14

Crosswind Approach and Landing...........ccccceevvennenen. 12-16
Short-Field Takeoff and Climb.........ccccoovvvevrinniennn, 12-17
Short-Field Approach and Landing ..........cccceeevenuenee. 12-17
GO-ATOUNG ... 12-18
Rejected Takeoff .......coeirirrreiree e 12-19
Engine Failure After Lift-Off ..o, 12-19

Landing Gear DOWN.........cccevveveeneeieeneeeeese e 12-19

Landing Gear Control Selected Up, Single-

Engine Climb Performance Inadequate ................. 12-20

Landing Gear Control Selected Up, Single-

Engine Climb Performance Adequate.................... 12-20
(@011 o TR 12-20
Configuration.........ccceeevereerereereeeeeee e 12-21
ClMD e 12-21
CheCKIiSt .. 12-21

Engine Failure During Flight .........ccccoeviiiiiiiiiieieinns 12-22
Engine Inoperative Approach and Landing............... 12-23
Engine Inoperative Flight Principles..........ccccoeevnee. 12-23
SIOW FlIght ..o 12-26
SIS e 12-26

Power-Off Approach to Stall (Approach

and Landing).......cccovveveiiieieseeeeeee e 12-26

Power-On Approach to Stall (Takeoff

and DEParture).........cooeeveeenieieniiseseeseeeseeeneens 12-27

FUIT ST .o 12-27

Accelerated Approach to Stall........c.ccoeeevvirinenne 12-27

SPIN AWAIENESS.......ocveiieieiesiesieieeeeeeesese e sresee s 12-28

Chapter 13
Transition to Tailwheel Airplanes..................... 13-1
INEFOAUCTION..... e 131
Landing GEar .........couvveerieiniineeese e 13-2
INSEBDIHITY ... 13-2
ANgle of AttaCK.......ccvveveree e 13-2
LI Lo P 13-2
Weathervaning ........c.ccoeverereneneeieeeee e 13-3
ViISIDIITY coveeiieeeee s 13-3
Directional Control .........ccccceveveerieneeirese e 13-3
Normal Takeoff ROll.........cccooeveieieirrcc e 13-3
LIfOf e 13-4
Crosswind TakeofT........ccoovervreiineieneeee e 13-4
Short-Field Takeoff ... 13-4
Soft-Field TaKEOT.....c.oovvreeireree e 13-4
LandiNg .....covevireeeiieirierere e 13-5
TOUCNAOWN ...t 13-5

Three-Point Landing.........ccccoveveveeiveieniesieeesieseseenas 13-5

Wheel Landing.......cccoceeeveevieiciecesese e 13-6

CrOSSWINGS ...t 13-6

After-Landing ROIL.........coooiiiiniicccceee 13-6
Crosswind After-Landing ROl ... 13-7



Short-Field Landing.........ccovervinnennenecseeseeiee
Soft-Field Landing......cccoovvevereneneseseieseeeeeeene
Ground LOOP....cceceeierieiresienie e sresesie e
Chapter SUMMANY .....cccooeririieneee s

Chapter 14
Transition to Turbopropeller-

Powered AIrplanes ........cccccoviieeeiiiiiiee e,

INErOAUCTION.....covveiec e
Gas TUrbiNne ENGINe ........ccecevievivieseceeeeeeeene
Turboprop ENGINES........ccoviireniiinene e
Turboprop ENgiNe TYPES .....c.covevrveerieinee e
Fixed Shaft ........cccooerrneieeeeee e
Split Shaft/ Free Turbine Engine .........ccccoevvieeennee
Reverse Thrust and Beta Range Operations..............
Turboprop Airplane Electrical Systems.....................
Operational Considerations...........ccoevereeieeseeneeienenne
Training ConSIderations............ccvevrreerenenenenenennens
Ground TraiNiNG ........cvrveeriereerereereseere e
Flght Training.....ccceveeereeneenee e
Chapter SUMMATY .....cceveeeereiesesee e

Chapter 15

Transition to Jet-Powered Airplanes..............

INErOAUCTION. ...
Jet ENgiNe BaSiCS ......covevvviiviiiricee e
Operating the Jet ENgiNe........cocvvvivinveneienecseeiee
Jet ENgine Ignition........ccooveveeveveseseseeeeeseeeenens
ContinUOUS I gNItioN........cccovciierece e

SELtiNg POWES ......ociiieiiieiicsceeeee e
Thrust To Thrust Lever Relationship..........c.c.......
Variation of Thrust with RPM
Slow Acceleration of the Jet Engine.........cccve.....
Jet Engine EffiCienCy ....coceveveeve i
Absence of Propeller Effect........ccooveiiiencieiceene
Absence of Propeller Slipstream...........ccoccovveireenes
Absence of Propeller Drag........cccoveveenvienecencennns
SPEEd MargiNS ..o
Recovery From Overspeed Conditions............cc.......
Mach Buffet Boundaries..........cccoevvverrenereninenennenes

Drag DEVICES.......cceieiiieierieteseie s
THrUSt REVEISEIS ...
Pilot Sensationsin Jet FIYing.......ccocoevevevevecieieenenns
Jet Airplane Takeoff and Climb..........ccccceeveveeeennne.
Minimum Equipment List and Configuration
Deviation List

LI . | N 15-21
Rejected Takeoff ..o 15-22
Rotation and Lift-Off.........ccccovrrreieinnceineeenes 15-24
Initia ClimD ..o 15-24
Jet Airplane Approach and Landing ..........ccccoeeevenae 15-25
Landing ReqUIrements .........c.ccoeveereereiencieneens 15-25
Landing SPeeds........cceveeveereereeneeseeseenieeas 15-25
Significant DIfferences.........ccocceeveveeveirivncesesens 15-26
Stabilized Approach .........cccccevevevevecvececece e 15-27
ApPProach SPeed .......cccoeeveeieireeereeeee e 15-27
Glidepath Control..........ccoeoevieriinieeeceees 15-28
TheFlare. ..o 15-28
Touchdown and ROHOUL ..........cccoerireeneiniinee 15-29
KEY POINES.....cuoieiiiiie e 15-30
Chapter SUMMANY .....ccceveeeeeieeeeeeees e 15-31
Chapter 16
Transition to Light Sport Airplanes (LSA)....... 16-1
INEFOAUCTION......eeeeee e s 16-1
Light Sport Airplane (LSA) Background .................... 16-2
LSA SYNOPSIS....vecveriereeeeiereeseeeeeeseeessessessessessessessenses 16-3
Sport Pilot CertifiCate .....coovvvvirierieieice e 16-3
Transition Training Considerations..........ccocceeeeereneene 16-4
Flight SChool ........coviiicicc 16-4
Flight INStrUCLOrS ......ccveeeeieeercercce s 16-4
LSA MaiNtENANCE ....cvevereeeeeereereeeeeeresreseesreseeseeseeneas 16-5
Airframe and SYyStEMS........cccceveveerieieeieeeeese e 16-5
CONSLITUCTION ..ttt 16-5
ENQINES....coiiiiiiiriee e 16-6
INSErUMENALiON. ... 16-6
Weather Considerations.........c.cooeeeeeeeeenienieseseseneens 16-6
Flight ENVIrONMENt .....c.coveiieirieeeeee e 16-7
Preflight. ..o 16-7
Inside of the Airplane.........cccevveeeieececece s 16-8
Outside of the Airplane........ccccoeeeieininenienee 16-9
Before Start and Starting Engine..........c.cccveevnene 16-10
T ettt 16-10
Takeoff and Climb........ccccoveeieiecece e 16-11
CrUISE ..ot 16-11
Approach and Landing ........cccccevvevnienecenesesnnnnn, 16-12
EMErgenCiesS......ccooviiiriiiniene e 16-12
POSHIIGNE ... 16-12
KEY POINES....oiiitiiceietreree s 16-12
Chapter SUMMATY .....cccoerriiieeieeseese e 16-13
Chapter 17
Emergency Procedures ......coocccvveeeeeeiieiccnnnnnen, 17-1
Emergency SItUations..........cceoeereeinenenenene e 17-1
Emergency Landings ........ccoeevernineeneieneeneeeeee 17-2
Types of Emergency Landings.........c.ccovenrennnenene 17-2
Psychological Hazards..........c.cccvvevinninncnecne, 17-2

Xi



Basic Safety CONCEPLS.......oevreereereereneeese e 17-2

GENETA ...t 17-2
Attitude and Sink Rate Control ............ccccoververeneenn 17-4
Terrain SElECtioN ........ccceveereisece e 17-4
Airplane Configuration...........ccooveereeneenenesenennene 17-4
APPrOBCN ...ttt 17-5
TETAIN TYPES...cveieetireeiireeierieie et seeie e 17-5
CoNfiNed ArEaS........cvvvrvieieiireeieierree e 17-5
TreeS (FOrESL) .ocvvvueeeeereeieie ettt 17-5
Water (Ditching) and SNOW..........ccceeereeeeieniercnienne, 17-6
Engine Failure After Takeoff (Single-Engine) ............ 17-6
Emergency DESCENLS.........cccuevrerenriiienieeieeeeeeees 17-6
IN-FHIGht FIr€...oiviiieeeee s 17-7
ENGINE FITE...ciicecice e 17-8
EleCtrical Fires......ocoveeiirncieiinseee e 17-8
CabiN FiT€. .ot 17-8
Flight Control Malfunction/Failure..............c.cccvoeuennee. 17-9
Total Flap Fallure........coooeiiiiieiieeceeeeee 17-9
Asymmetric (Split) Flap......ccoeveveiivrineeeee 17-9
Loss of Elevator Control ..........cccoeeeveerneeeeennnerennn. 17-9
Landing Gear Malfunction...........cccceeveveveereeeenenne. 17-10
Systems Malfunctions..........ccoceverereneneiercreeeeee 17-11
Electrical SyStem.......cccveineiineineeeseeseee 17-11
Pitot-Static SYySteM ......ccovveireieee e 17-12
Abnormal Engine Instrument Indication ................... 17-13
Door Opening IN-Flight .......ccceovveierierereceeeeeens 17-13
Inadvertent VFR Flight INto IMC ......cccceevevveveee, 17-15
RECOGNITION ... 17-15
Maintaining Airplane Control ..........c.ccccoveerenennen. 17-15
Attitude CoNtrol.........ccocvvvvereierenese e 17-16
TUMNS. . 17-16
ClIMDS ..o 17-17
DESCENTS......cviiiiiri 17-17
Combined ManBUVEYS............coererereeereereneerenrenennes 17-17
Transition to Visual Flight ... 17-18
Chapter SUMMANY .....c.coveirirenee e 17-18
GlOSSANY wiviiiei et G-1
INAEX i I-1

Xii



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.
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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

GHRMIN

PUSH

1-2
HDG

- 4II' .

T MM U N D= >

PUSH
HDG SYNC

01951 [)2121

Il"l'l\‘\\

OAT 0°c |
INSEI' ADF/DME| XPDR IDENT

A A

(o]

PUSH
VoL gq

cuesd COM

PUSH

1-2
CRS-3-BARO

A\

moac.—— —r >

CLR ENT

DFLT MATP FMS

XPDR 19:24:36

A A A

PUSHCRSR

Figure 2-6. Ground-based inspections include verification that “ Xs’ on the instrument display are displayed until the sensor activates.

2-5



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.

3-3



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

3-6

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



Nose high

I

Nose level

Nose low

y |
N

KN
150

ALy

Natural horizon reference point

O

Natural horizon reference point

O

Natural horizon reference point

O

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.

4-5



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

5-11



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]



«'/‘ | Gaining altitude
-4

W)

High groundspeed, high pivotal altitude

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.
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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
downwind '
traffic and :
enter i
l
a
|

L 4

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.

8-2



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.
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»  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.

8-12

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.

8-24




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

I/I/II/III’ -~

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