
 

Copyright © 2005 AvioConsult 

 

 

 

 

 

 

 

 

 

 

 

Airplane Control after Engine Failure  
 

 
How to Prevent a Dead Engine from Turning into a Killing Engine 

 

 

 

Imperfections and deficiencies in aviation regulations, certifica-
tion specifications, flight manuals, textbooks, etc., etc., lead to 
incorrect understanding of air minimum control speed and of 
takeoff safety speed which in turn leads to takeoff, go-around 
and training accidents after engine failure on multi-engine air-

planes because of inappropriate crew response 

 

 

 

 

Report  

 

 

 

June 2005 
 

 

 

 

 

Harry Horlings 

 

 

 

AvioConsult 
Independent Aircraft Expert and Consultant 

ð Committed to Improve Aviation Safety ð



 Airplane Control after Engine Failure 

ii  Copyright © 2005 AvioConsult 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Airplane Control after Engine Failure 

 

How to prevent a dead engine from turning into a killing engine 

 

Imperfections and deficiencies in aviation regulations, certification specifications, flight manuals, textbooks, etc., etc., lead to 

incorrect understanding of the air minimum control speed and the takeoff safety speed which in turn leads to takeoff, go-around 

and training accidents after engine failure on multi-engine airplanes because of inappropriate crew response. 

 

This report is an initiative of and is written by Harry Horlings, AvioConsult.  An oral presentation to accompany this report is 

available as well.  Availability of both report and presentation can be checked via the products page of website: 

www.avioconsult.com. 

 

The author is graduate Flight Test Engineer of the USAF Test Pilot School, Edwards Air Force Base, CA, USA, 1985 and is Lt Col 

ret'd (2003), FTE from 1986 and Chief Flight Test of the Royal Netherlands Air Force from 1994 to 2000. 

AvioConsult is an independent aircraft expertise and consultancy bureau founded by the author. 

E-Mail: info@avioconsult.com. 

 

Copyright  2005, AvioConsult, all rights reserved. 

The copyright of this report belongs to and remains with AvioConsult unless specifically stated otherwise.   

By accepting this report, the recipient agrees that neither this report nor the information disclosed herein nor any part thereof shall be 

reproduced or transferred to other documents or used by or disclosed to others for any purpose except as specifically authorized in 

writing by AvioConsult.   

 

AvioConsult has written this report in good faith, but no representation is made or guarantee given (either express or implied) as to the 

completeness of the information it contains. 

By accepting this report, the recipient agrees that AvioConsult will  not be liable for any direct or indirect loss arising from the use of 

the information and materiel contained in this report. 

 

Report date: 2005-06-24.   Change: 2007-12-07 Report Number: AC07

http://www.avioconsult.com/
mailto:info@avioconsult.com


Airplane Control after Engine Failure  

Copyright © 2005 AvioConsult iii  

CONTENTS 

LIST OF FIGURES ............................................................................................................................................................................... IV  
LIST OF ABBREVIATIONS AND SYMBOLS .................................................................................................................................. IV  
EXECUTIVE SUMMARY .................................................................................................................................................................... V 
1. INTRODUCTION ........................................................................................................................................................................... 1 
2. AIRPLANE CONTROL AFTER ENGINE FAILURE................................................................................................................... 1 

2.1. Recovery ............................................................................................................................................................................ 2 
2.2. Straight flight after engine failure ...................................................................................................................................... 3 

2.2.1. Straight flight with wings level ( = 0°) ............................................................................................................. 3 
2.2.2. Straight flight with zero sideslip ( = 0°) ........................................................................................................... 4 
2.2.3. Straight flight for certification ( = 3° ï 5°) ....................................................................................................... 4 
2.2.4. Straight flight with zero rudder ( r = 0).............................................................................................................. 5 

3. VARIABLE FACTORS THAT INFLUENCE VMCA...................................................................................................................... 5 
3.1. Effect of bank angle and weight on VMCA .......................................................................................................................... 5 
3.2. Two engines inoperative .................................................................................................................................................... 6 
3.3. Critical engine .................................................................................................................................................................... 7 
3.4. Engine thrust, altitude and temperature ............................................................................................................................. 8 
3.5. Thrust derating and flexible thrust ..................................................................................................................................... 8 
3.6. Control deflection .............................................................................................................................................................. 9 
3.7. Slipstream effects ............................................................................................................................................................... 9 
3.8. Propellers ........................................................................................................................................................................... 9 
3.9. Effect of center of gravity on VMCA ................................................................................................................................... 9 
3.10. Rudder boosting ............................................................................................................................................................... 10 
3.11. Landing gear, flaps, slats and spoilers ............................................................................................................................. 10 
3.12. Ground effect ................................................................................................................................................................... 10 
3.13. Stall speed ........................................................................................................................................................................ 11 
3.14. Load factor ....................................................................................................................................................................... 11 
3.15. Configuration changes ..................................................................................................................................................... 11 
3.16. Climbing flight ................................................................................................................................................................ 11 

4. FLIGHT-TESTING VMCA ............................................................................................................................................................. 11 
4.1. Static VMCA testing ........................................................................................................................................................... 12 
4.2. Dynamic VMCA or transient effects testing ....................................................................................................................... 13 
4.3. Other airborne engine-out evaluations ............................................................................................................................. 13 

5. IMPROVED ENGINE EMERGENCY PROCEDURE ................................................................................................................ 13 
6. TAKEOFF SAFETY SPEED V2 ................................................................................................................................................... 14 
7. IMPERFECTIONS AND DEFICIENCIES IN AVIATION REGULATIONS ............................................................................ 16 
8. IMPERFECTIONS ON VMCA IN MANUALS AND TEXTB OOKS ........................................................................................... 16 

8.1. Flight manuals ................................................................................................................................................................. 16 
8.2. Textbooks and training manuals ...................................................................................................................................... 16 
8.3. Recommended text on VMCA in flight manuals, training manuals and in textbooks ........................................................ 17 

9. TRAINING AND DEMONSTRATION OF VMCA ....................................................................................................................... 18 
9.1. Cautions for training and demo ........................................................................................................................................ 18 

10. IMPROVING THE PRIMARY FLIGHT DISPLAY .................................................................................................................... 19 
11. CONCLUSIONS ........................................................................................................................................................................... 20 
12. RECOMMENDATIONS .............................................................................................................................................................. 21 
REFERENCES ...................................................................................................................................................................................... 22 



 Airplane Control after Engine Failure 

iv Copyright © 2005 AvioConsult 

LIST OF FIGURES 

Figure  1. Motions after engine failure ï turboprop  ............................................................................................................................ 2 

Figure  2.  Motions after engine failure ï turbofan ................................................................................................................................ 2 

Figure  3.  Straight flight with wings level ............................................................................................................................................ 3 

Figure  4.  Straight flight with zero sideslip  ......................................................................................................................................... 4 

Figure  5.  Straight flight for certification ............................................................................................................................................. 4 

Figure  6.  Straight flight with zero rudder  ........................................................................................................................................... 5 

Figure  7.  Banking more than 5° away from the inoperative engine .................................................................................................... 5 

Figure 8.  Banking into the inoperative engine..................................................................................................................................... 5 

Figure 9. Effect of Bank Angle and Gross Weight on VMCA ï One Engine Inoperative ..................................................................... 6 

Figure 10.  Effect of Bank Angle and Gross Weight on VMCA2 ï Two Engines Inoperative  ................................................................. 7 

Figure 11. Side view Nomad with Lift, Drag and Weight vectors  ....................................................................................................... 7 

Figure 12.  Thrust distribution on propeller blades ................................................................................................................................ 7 

Figure 13. P-factor  ............................................................................................................................................................................... 7 

Figure 14.  Airbus A400M  .................................................................................................................................................................... 8 

Figure 15.  Center of gravity shift, longitudinal and lateral  ................................................................................................................. 10 

Figure 16.  Effect of Bank Angle on VMCA.  Turbojet, One Engine Inoperative; rudder and aileron deflections and sideslip angle .... 12 

Figure 17.  Effect of Bank Angle on VMCA2.  Turbojet, Two Engines Inoperative  .............................................................................. 12 

Figure 18. Effect of Bank Angle on VMCA and V2, One Engine Inoperative, 4-engine turbojet .......................................................... 14 

Figure 19. Effect of weight and bank angle on takeoff safety speed V2.  VMCA with bank angle 3° was used here ............................ 15 

Figure 20. Effect of Bank Angle on VMCA2 and V2, Two Engines Inoperative, 4-engine turbojet ...................................................... 15 

Figure 21.  PFD just after rotation, prior to engine failure ................................................................................................................... 20 

Figure 22.  PFD just after failure of engine #1.  Bank angle advisory and rudder advisory box  ......................................................... 20 

Figure 23. PFD showing correct 5° bank angle away from inoperative engine to prevent out of control  .......................................... 20 

Figure 24. PFD, bank angle 3° into dead engine, actual VMCA and V2 increase above IAS.  Control will be lost  .............................. 20 

Figure 25.  PFD, airspeed increased.  Bank angle advisory widens up  ............................................................................................... 20 

 
LIST OF ABBREVIATIONS AND SYMBOLS 

 Angle of attack 

 Sideslip angle 

 Air density 

 Bank angle 

 Pitch angle 

a Ail eron deflection angle 

r Rudder deflection angle 

AC Advisory Circular 

ADI  Attitude & Direction Indicator 

AGL Above Ground Level 

CL  Lift coefficient due to angle of attack  

CS Certification Specification (EASA) 

D Drag 

EASA European Aviation Safety Agency 

FAA Federal Aviation Administration 

FAR Federal Aviation Regulation 

ft foot, or feet 

FTG Flight Test Guide 

ICR Inappropriate Crew Response 

IFR Instrument Flight Rules 

IMC Instrument Meteorological Conditions 

JAR Joint Airworthiness Requirements 

kg kilogram 

kt knot or knots 

L Lift  

L Rolling moment 

L  Rolling moment due to sideslip angle  

L a Rolling moment due to aileron deflection a 

lb Pound or pounds 

LT Rolling moment due to (asymmetric) thrust T 

N Yawing moment 

N Newton 

N  Yawing moment due to sideslip angle  

N r Yawing moment due to rudder deflection r 

NT Yawing moment due to (asymmetric) thrust T 

OEI One Engine Inoperative 

PFD Primary Flight Display 

PSM Propulsion System Malfunction 

RNLAF Royal Netherlands Air Force 

S Surface area 

SL Sea Level 

T Thrust of propeller or turbofan/ jet 

TEI Two Engines Inoperative 

TPS Test Pilot School 

USAF United States Air Force 

V Velocity or speed 

V1 Decision speed 

V2 Takeoff Safety Speed 

V2MIN Minimum Takeoff Safety Speed 

VMC  Minimum Control Speed 

VMCA Minimum Control Speed in the Air 

VMCA1 Minimum Control Speed in the Air, OEI 

VMCA2 Minimum Control Speed in the Air, TEI 

VMCG Minimum Control Speed on the Ground 

VMCL Minimum Control Speed Landing configuration 

VMCL1 Minimum Control Speed Landing configuration, OEI 

VMCL2 Minimum Control Speed Landing configuration, TEI 

VR Rotation speed 

VS Stall speed 

VS0 Stall speed, landing configuration 

VS1 Stall speed, specified configuration 

VSR Reference stall speed 

VSSE  Safe intentional OEI speed (FAR/ CS 23.149) 

VXSE Speed for best single engine angle of climb 

VYSE Speed for best single engine rate of climb  

W Weight 

Y  Side force due to sideslip angle  

Y r Side force due to rudder deflection r 



Airplane Control after Engine Failure  

Copyright © 2005 AvioConsult v 

EXECUTIVE SUMMARY 

The aviation community has achieved the lowest airplane ac-

cident rate in history, although accidents following the failure of 

an engine or propeller system during takeoff, go-around and 

accidents during training flights with an inoperative engine 

continue to happen quite frequently.  The conclusion in many 

accident investigation reports is either 'out of control' or 

'inappropriate crew response to propulsion system malfunction'.  

Many publications were written to prevent these kinds of acci-

dents, but most reports and papers deal with the early recognition 

of propulsion system problems only.  This report reveals the real 

cause of many propulsion system malfunction related accidents 

and presents many recommendations to improve aviation safety. 

Propulsion systems (engines and/ or propellers) are not 100% 

perfect and may occasionally fail during takeoff, go-around or 

while en-route.  This is why multi-engine airplanes are always 

designed to be able to continue to fly safely when an engine fails 

or is inoperative.  The vertical tail is designed to be just big 

enough to generate the side force required to maintain straight 

flight down to a certain speed, but while maintaining a small 

bank angle.  During the experimental flight-test phase following 

prototype production, experimental flight test crews determine, 

besides other operational limitations, that speed, which is called 

the air minimum control speed (VMCA), for one or more engine-

out configurations as well as a special type of VMCA for landing 

(VMCL).  The flight test techniques and procedures to be used are 

published in flight test guides issued by the Federal Aviation 

Administration (FAA) or the European Aviation Safety Agency 

(EASA), and in Military Specifications and Standards published 

by Air Forces.  These flight test techniques require the use of 

standardized test conditions, like an aft center of gravity, lowest 

possible weight, critical engine inoperative and several others to 

reduce the otherwise huge amount of data required to determine 

VMCA for all values of all variable factors that have influence on 

VMCA.  These standardized test conditions provide the worst-

case, the highest VMCA for a certain configuration.  This worst-

case VMCA is listed in flight manuals, as a single number or in 

charts in which altitude, temperature and ground effect are often 

the only variable factors.  This also simplifies calculating VMCA 

by pilots before takeoff and again before landing (to be prepared 

for a go-around).  However, there is one test condition used 

during flight-testing that has ï may be ï the greatest influence on 

the value of VMCA, that is regrettably 'forgotten' in Federal Avia-

tion Regulations (FAR) and EASA Certification Specifications 

(CS) and consequently in many airplane flight and operating 

manuals as well as textbooks.  This very influential variable on 

VMCA is the bank angle.  Its exclusion caused and will continue 

to cause many accidents, not only immediately after engine 

failure, but also during the remainder of the flight following the 

engine failure or during training flights with an inoperative 

engine, unless improvements are made to rules and regulations 

and to flight manuals.   

Part 25 airplanes use a takeoff safety speed (V2) to ensure a 

safe continuation of takeoff following the failure of an engine.  

V2 is calculated before flight using both VMCA and the stall speed 

(VS) of the airplane that applies for the takeoff weight.   

Either V2 or VMCA is always displayed in the direct field of 

view of the pilots, either on a(n electronic) display, on a takeoff 

and landing data card, on a placard or as a red radial line on the 

airspeed indicator, because VMCA and/ or V2 are of vital impor-

tance for maintaining control while an engine is inoperative 

during takeoff, go-around and during low speed flight. 

This report, an initiative of Harry Horlings of AvioConsult, 

thoroughly explains VMCA and most of the variables that influ-

ence VMCA and therewith V2 and comments on existing regula-

tions, flight manuals, textbooks and training programs. 

The major conclusions of this report  are: 

 Pilots are not made aware that manufacturers use a small bank 

angle to design and dimension the vertical tail of their airplane 

and to determine VMCA and, hence, that this bank angle is a 

condition for the listed VMCA (and derived V2) to be valid. 

 Many regulatory paragraphs in FAR/ CS 23 & 25 on takeoff 

safety and on VMCA do not take into account the adverse ef-

fects of many variable factors, including bank angle, on VMCA 

and therewith on the derived V2.  This has led to imperfect, 

deficient, dangerous and even impossible requirements.   

 Flight manual writers copy these imperfect and incorrect 

regulatory paragraphs into their manuals; textbook authors 

copy them into their textbooks.  Readers will or might get an 

inappropriate understanding of the controllability of an air-

plane in the event that an engine is inoperative.   

 The applicant for certification of a multi-engine airplane may 

select a bank angle for determining VMCA; a bank angle 3 ï 5 

degrees away from the inoperative engine is commonly used.  

Flight Manuals publish this VMCA and allow a maximum bank 

angle of 5°, in accordance with the definition in FAR and CS, 

without specifying the approved direction of banking.  How-

ever, the actual VMCA varies considerably with bank angle.  If 

an airline pilot does not maintain the same small bank angle 

that was used to determine VMCA while an engine is inopera-

tive, then the actual VMCA is higher than the listed VMCA and 

might easily increase above the indicated airspeed (or V2), 

leading to an uncontrollable airplane at once.  VMCA as well as 

V2 are only valid and safe if the same bank angle is applied 

that was used to determine VMCA.  Flight manuals do regretta-

bly not specify the selected bank angle as an essential re-

quirement for being able to maintain straight flight (maintain 

control) following the failure of an engine and do not issue 

warnings for this vital requirement because a rule or regula-

tion to do so does not exist for the applicant/ manufacturer.  

The small bank angle is also used to determine climb perfor-

mance after engine failure: it might mean the difference be-

tween life and death.   

 Some departure procedures require bank angles up to 15 de-

grees for takeoff obstacle clearance or noise abatement proce-

dures, even after engine failure.  If the airspeed is VMCA or V2, 

this 15-degree bank angle might also lead to an immediate 

loss of control, ending the flight in calamity.   

 Much design effort has been made to display many cues and 

alerts of approaching dangerous airspeeds and attitudes, etc.  

However, the perhaps most important cause of engine failure 

related accidents never made it to be included in the design of 

cockpit displays and alerting systems, may be except for a few 

airplane types.  There is no bank angle advisory for keeping 

the actual VMCA after engine failure to a safe lowest possible 

value, no warning of approaching the actual VMCA or of dece-

lerating below the actual takeoff safety speed V2 in any air-

plane yet.  The underestimated, yet life-threatening increase of 

actual VMCA if the bank angle deviates from the bank angle 

used during flight-testing VMCA, never made it to be included 

appropriately in the design of display, warning and alert sys-

tems.  In addition, a yaw rate indication to early detect a thrust 

asymmetry is no longer present on modern displays; a slow 

moving heading scale has to be used instead.  

Many recommendations are presented in the report to im-

prove regulatory paragraphs, flight manuals, textbooks, training 

programs, etc.  These improvements are definitely required to 

decrease the number of multi-engine airplane accidents due to 

engine failure.  Finally, recommendations are included to im-

prove the display and alerting systems with proper VMCA and V2 

cues and warnings to assist the flight crew in preventing cata-

strophic accidents while an engine is inoperative. ƴ
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1. INTRODUCTION 

The vertical fin and rudder of a multi-engine airplane are de-

signed to counter the big asymmetrical yawing moment caused 

by the remaining engine(s) after engine failure.  The aerodynam-

ic side force that can be generated by the vertical fin and rudder 

depends highly on the (square of the) airspeed.  As the airspeed 

decreases, the rudder deflection has to increase since the engine 

thrust remains the same.  However, there are mechanical limits 

to the rudder deflection angle and the vertical fin is also limited 

in size.  So there must be a lower speed at which the vertical fin 

plus rudder generate just a high enough side force to counter the 

asymmetrical thrust and maintain the heading.   

The designers of the vertical fin know that the size of the fin 

and/ or rudder deflection can be reduced by banking a few de-

grees away from the inoperative engine.  FAR 23.149, 25.149 

and equivalent allow a bank angle of maximum 5 degrees.  This 

small bank angle adds a component of the airplane gross weight 

as a side force to the other side forces that act on the airplane.  

The weight and bank angle related side force reduces the size of 

the vertical fin, which saves manufacturing cost.  Therefore, the 

vertical fin including rudder of a multi-engine airplanes is de-

signed and built to a size that generates just a high enough side 

force for maintaining straight flight after engine failure, while 

banking a few, up to maximum 5 degrees away from the inoper-

ative engine down to an airspeed that is lower than or equal to 

1.2 VS.   

From the engineering or hardware point of view, there is 

nothing wrong with this tail design approach, because it is in 

accordance with the aviation regulations.  During flight, the 

lowest airspeed for maintaining straight flight that was used for 

designing the vertical tail can deviate from the actual in-flight 

value.  Therefore, the regulations require flight-tests to be per-

formed to determine the airspeed below which straight flight 

cannot be maintained after engine failure.  During testing, the 

flight-test crew would normally use the same bank angle that 

was used to design the vertical tail.  The measured lowest speed 

for maintaining straight flight while banking the same bank 

angle as was used to design the vertical tail is called the mini-

mum control speed in the air (VMCA) and is to be published in 

the Airplane Flight Manual as an operational limitation.   

The problem is that nobody ever told the airline pilots (yet) 

about the tail design limitations, which are in fact hardware 

limitations, and about the bank angle that needs to be applied for 

VMCA to be valid.  Hence, pilots do not know that they should 

maintain straight flight only while also maintaining a small bank 

angle away from the inoperative engine for the vertical fin to be 

able to maintain the equilibrium of side forces and yawing mo-

ments, because this is neither prescribed in the Airplane Flight 

Manual nor included in the engine emergency procedures.  This 

is, to the opinion of the author, why accidents after engine fail-

ure happen.  Pilots of Part 25 airplanes use takeoff safety speed 

V2 and not VMCA anymore.  However, V2 is derived from VMCA 

and stall speed VS, making VMCA important to all multi-engine 

pilots. 

VMCA is in fact a software fix for a hardware shortcoming.  

The significance of VMCA for the controllability of a multi-

engine airplane after engine failure seems well documented in 

Federal Aviation Regulations (FAR), EASA Certification Speci-

fications (CS) and in fl ight manuals and textbooks, but ï in fact 

ï it is not.  If the applicable VMCA and/ or V2 are readily availa-

ble to pilots before every takeoff or go-around, why do engine 

failures, or in-flight simulation or demonstration of engine 

failures during training, still turn into catastrophes so often?  

Many publications were written to answer this question, but 

most reports and papers only discuss the early recognition of 

engine problems, for instance references [1] and [2].   

It is the objective of this report to answer this question by tho-

roughly explaining the effect of an inoperative engine on the 

controllability of a multi-engine airplane while in the air during 

takeoff and go-around and to present a few different options for 

continuing the flight safely, bringing down the engine failure 

related airplane accident rate.  The first version was published in 

the Aviation Safety Magazine of the Royal Netherlands Air 

Force in 1999 [3] and was written after four catastrophic acci-

dents happened with both propeller and turbofan airplanes after 

engine failures within a short period of time.  Since then, the 

author reviewed several flight manuals, relevant texts in maga-

zines and on the Internet, accident reports and sections and 

paragraphs out of FAR's and CS's on the subject of controllabili-

ty after engine failure.  It was concluded that most of these 

publications were imperfect, in many cases even incorrect and 

deficient.   

For preparing this report, USAF Test Pilot School (TPS) text-

books [4] were used, including the USAF Report 'Procedures 

and analysis techniques for determining VMCA' [5], as well as the 

formal FAA and EASA Flight Test Guides [6], [7], [8]).  To 

avoid proprietary rights problems, no airplane data was copied 

from formal airplane flight manuals; instead, data resulting from 

analysis using the VMCA prediction techniques taught at the TPS 

[9] were reworked and used.  These are presented in paper 

'Predicting the Effect of Bank Angle and Weight on the Mini-

mum Control Speed VMCA of an Engine-out Airplane' [12]. 

The author believes that it is very important that multi-engine 

rated pilots, aviation authorities, accident investigators and 

textbook writers, etc., have a good knowledge of the real value 

of VMCA and V2, as well as of the variables that have influence 

on the value of VMCA.  Most of these variable factors will be 

discussed, as will be the effect thereof on takeoff safety speed 

V2.  A few 'secrets' of flight-testing VMCA as performed by expe-

rimental test pilots and flight-test engineers will be revealed.  

Several imperfections and deficiencies in FAR/ CS 23 and 25, in 

flight manuals, in training manuals and in textbooks will be 

discussed and recommendations for improvement are included.  

Finally, suggestions for improvement of primary flight displays 

are presented.   

Although text and figures mainly present propeller airplanes, 

the theory also applies to turbofan-equipped airplanes.   

In this report, minimum control speed means directional min-

imum control speed in the air.  Lateral minimum control speed, 

which is applicable to airplanes with powered lift devices or 

very big propellers, will not be discussed, nor will  ground min-

imum control speed VMCG.  This report is not applicable to 

multi-engine airplanes with two in-centerline engines either. 
 

2. AIRPLANE CONTROL AFTER ENGINE FAILURE 

For equilibrium flight, balance is required of the forces and 

moments (a moment = a force  its moment arm) that act on an 

airplane.  This also applies after engine failure.  The lift or force 

that an aerodynamic airfoil produces can be expressed with 

equation ½ V2SCL  in which  is the air density, V is the air-

speed and S is the surface area of the aerodynamic airfoil.  CL  

does not only depend on the shape and other characteristics of 

the aerodynamic airfoil, but also on its angle of attack  to the 

incoming relative air stream.  Airspeed V has a significant 

(squared) influence on the generated lift or force.  The lift equa-

tion does not only apply to 'horizontal' airfoils, but also to the 

vertical fin and rudder.  In the figures presented below, not all of 

the forces and moments that act on an airplane are shown and 

the shown ones are not to scale.  The power or thrust (T) of 

engines depends on the engine characteristics, and mostly also 

on air temperature, pressure altitude and airspeed. 
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After engine failure, the power or thrust distribution on the 

airplane is no longer symmetrical; the remaining forces and 

moments that act on the airplane are no longer in balance (refer 

to Figure 1).  The asymmetrical thrust (T) generates a yawing 

moment (NT) that, if the airspeed is low and the thrust is high, 

rapidly yaws the airplane through a large angle in the direction 

of the failed or inoperative engine.  The drag of the propeller of 

the failed engine, unless feathered, adds to the asymmetrical 

thrust T.   

A sideslip  develops, which increases the drag (D) instanta-

neously.  This drag has a side component too, which is not 

shown in figure 1.  The sideslip generates side force Y  that is 

stabilizing because the moment N  that this force generates, 

tends to return the nose of the 

airplane back into the relative 

wind (weathercock stability).  

The sideslip also generates a 

destabilizing side force T·sin  

generated by airflow bending 

on all propeller discs or turbo-

fan inlets, as long as the thrust 

setting is high.  During bank-

ing, a component of the weight 

W of the airplane acts as side 

force W·sin  in the center of 

gravity.   

On propeller airplanes, the 

blown wing section(s) behind 

the propeller(s) of the operat-

ing engine(s) produce more 

propulsive lift than the other 

wing, which generates a rolling 

moment (LT) into the failed or 

inoperative engine.  The angle 

of attack of the down-going 

wing increases and may exceed 

the stall angle of attack, causing (partial) wing stall.  Sideslip 

also generates a rolling moment L  caused by blanking of a 

wing, in this case the left wing, and by the relative wind blowing 

under the high wing.  The asymmetrical slipstream of the pro-

pellers will also have effect on the vertical fin as sideslip  

increases.   

Turbofans mounted under-

neath the wings (Figure 2) do 

not produce propulsive lift.  

The wings of these types of 

airplane however, generate a 

bigger rolling moment L  due 

to the sideslip, the dihedral 

effect, and the swept wings. 

Without appropriate crew 

response to propulsion system 

malfunction, the rolling motion 

will continue under influence 

of the dihedral of the wings or, 

on propeller airplanes, under 

influence of the asymmetrical 

propulsive lift.  Ailerons might 

not be effective enough to 

counteract the rolling moment 

if the airspeed is low, then 

spoilers might kick in to assist.  

This generates additional drag 

and deteriorates the already 

reduced performance. 

The side forces will start ac-

celerating and consequently displacing the airplane to the dead 

engine side along a descending flight path in the direction of the 

low wing.  Then the relative wind and sideslip angle  reverse to 

the other side and the weathercock stability will start to turn the 

nose of the airplane to the ground.  This of course is just one 

possible scenario.  Nevertheless, this actually took place during 

several accidents.  The crews could not put an end to this out of 

control situation because the aerodynamic control power of the 

control surfaces was not high enough due to a too low airspeed 

and ï even more important ï because the crew was not familiar 

enough with controllability of the airplane after engine failure. 

The pitching moment change caused by engine failure is 

small and the elevator is dimensioned to be able to handle the 

change easily. 

After an engine failure during takeoff or go-around, big 

changes in forces and moments occur due to the high asymme-

trical engine thrust and the limited control power of the aerody-

namic control surfaces at low speed (ſ V2).  The resulting dy-

namics and motions can be very violent.  Motions will continue 

until a new balance of forces and moments is established.  If the 

airspeed and altitude are both low, this might never happen 

while the airplane is still in the air.  Turbofans, after failure, take 

longer to spool down, so the dynamics of engine failure might 

not be as violent as the dynamics after engine failure of turbo-

props.  In any engine failure case, the crew response to a propul-

sion system malfunction must be rapid and appropriate.   

2.1. Recovery 

To recover to steady straight and controlled flight, first the 

airplane motion must be arrested as soon as possible to prevent 

an uncontrollable attitude from developing.  The controls avail-

able to the pilots for recovery are aerodynamic controls, like 

rudder, ailerons and elevator, but also propulsive directional 

controls: the throttles or power levers.  A rudder is normally 

sized ï and on big airplanes boosted ï to be able to provide 

enough control power to counteract the yawing motions gener-

ated by asymmetrical engine thrust after one or two engines fail 

on the same wing, down to a certain minimum control speed.  

Ailerons have small control power under low speed conditions 

too, but are  on some airplanes  assisted by powerful spoilers.  

All pilots are aware though that the downward deflection of an 

aileron increases the local angle of attack of the wing section in 

front of that aileron, which ï if the airspeed is low ï might lead 

to a partial wing stall that causes an uncommanded roll, which 

further deteriorates an already critical condition.  Aileron deflec-

tion also generates adverse yaw and additional drag that both 

increase the asymmetrical thrust moment NT as well.     

The moments needed for recovery after engine failure are a 

yawing moment N equal to and opposite of asymmetrical thrust 

moment NT and also a rolling moment L.  

The side force due to rudder deflection 

Y r can provide a yawing moment N r 

that adds to the yawing moment N  due 

to side force Y  (that normally provides 

the weathercock stability).  The rudder is the only aerodynamic 

control available to balance or counteract NT.  The ailerons 

(supported by spoilers) are used to balance the propulsive lift 

moment LT and the rolling moment due to sideslip L .  

If the aerodynamic control power is insufficient to recover to 

a safe equilibrium under high asymmetrical thrust conditions, 

then the airspeed is below the actual minimum control speed.  

Normally the elevator (pitch control) is used to adjust the flight 

path and therewith to increase the airspeed as required.  Howev-

er, if the airplane is just after liftoff and still close to the ground 

this might not be an option.  If rudder and/ or ailerons are not 

effective enough to provide the control power needed for recov-

ery, then the only option left is to decrease the problem-causing 
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Figure 1.  Motions after engine 
failure ï turboprop. 
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Figure 2.  Motions after engine 
failure ï turbofan. 


