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strophic accidents that occurred to multi-engine airplanes after engine failure or while an engine was in-
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1. Introduction 

1.1. On 6 March 2003, a Boeing 737-200 crashed almost immediately after takeoff from the airport 

Tamanrasset in Algeria.  About 5 seconds after rotation, at 78 ft AGL, the left engine failed and the air-

plane yawed 12 degrees to the left.  According to the accident investigation report, the airplane lost speed 

progressively, stalled and crashed, killing all but one on board.   

1.2. In the Accident Investigation Report (ref. 1), a straight copy of page 2-19 of the Boeing 737 

Flight Crew Training Manual (FCTM) was included containing the procedures for rotation and initial 

climb after engine failure.  The FCTM page is included in Attachment 1.   

AvioConsult reviewed the FCTM procedures and concluded that these were neither in accordance with 

the conditions that engineers use to design vertical tails of multi-engine airplanes, nor with the flight test 

techniques that are used by experimental flight-test crews during engine inoperative flight-testing to de-

termine the minimum control speed in the air (VMCA).  VMCA is used to calculate rotation speed VR and is 

http://www.avioconsult.com/
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one of the two factors used for calculating the minimum takeoff safety speed (V2) (FAR/CS 25.107).   

Airline flight crews were (and as of today still are) not made aware of the limitations that apply as a con-

sequence of the restriction of the size of the vertical tail.  Just observing VMCA and/or V2 in-flight is not 

enough to continue to fly safely while an engine is inoperative; maneuvering limitations apply as well, but 

these are regrettably not published anymore in airline flight crew procedures, but are still used during 

experimental flight-testing.   

1.3. AvioConsult recommended Boeing in July 2005 to improve the procedures, but Boeing respond-

ed that 'there was no compelling reason to change the procedures'.  Less than two months later, on 5 Sept. 

2005, another Boeing 737 crashed following the failure of an engine during takeoff in Medan, Indonesia.  

Although the accident report was not yet available at the time this Analysis was written, the accident hap-

pened following an engine failure and seems very similar to the Algerian accident.  This accident was 

another reason to review the formal Boeing FCTM and write this analysis. 

1.4. This analysis is limited to FCTM content regarding airplane control after engine.  A summary of 

the theory of airplane control after engine failure is included in Attachment 2 of this analysis for the read-

ers as a knowledge base to be able to understand the analysis.  It contains some of the 'forgotten' theory of 

airplane control after engine failure as is still used to design airplanes and to flight-test them.  It is strong-

ly recommended to read Attachment 2 before proceeding to the next paragraph.   

2. Air Algeria Boeing 737 FCTM ï Engine failure takeoff procedure 

In the paragraphs below, the original text of the FCTM (Attachment 1), if applicable and where needed, is 

included in Italic print.   
 

2.1. Rotation.  The FCTM procedure (see Attachment 1) is as follows: 

If the engine failure occurs at or after liftoff, apply aileron to momentarily establish wings level.  Add 

rudder to center the control wheel.  To center the control wheel, rudder will be required in the direction 

that the control wheel is displaced.  This approximates a minimum drag configuration. 

 

Comments to this procedure: 

 

If the engine failure occurs at or after liftoff, apply aileron to momentarily establish wings level. 

2.1.1. If the engine failure occurs at or just after liftoff, the airspeed is still very low, about VR or a bit 

higher.  VR is only 1.05 × VMCA and V2MIN  is the max. of 1.1 × VMCA and 1.13 × VS (FAR/CS 25.107).  

Given that the safety margins of VR and V2MIN above (the pre-determined and standardized) VMCA are so 

small, the pilot should keep the actual VMCA
1
 as low as possible.  As explained in Attachment 2, this can 

only be achieved by banking a small angle (max. 5 degrees) away from the failing engine, as soon as 

possible.  If banking is not possible, the actual VMCA might have increased above the indicated airspeed; 

the airplane is already out of control.  

2.1.2. If the wings are kept level, as Boeing requires the pilot to do, the actual VMCA is at least 10 kt 

higher than the AFM-listed VMCA.  The exact number is not known for the Boeing 737, but for a B707-

type airplane, the actual wings level VMCA is 30 kt (!) higher than VMCA while maintaining a small bank 

angle away from the inoperative engine.   

Hence, keeping the wings level will cause the actual VMCA to increase and consume the safety margin 

above VMCA (5%) and/or V2 (10% at low TOGW).  The actual VMCA might even increase above the indi-

cated airspeed just after lift-off, leading to an instantaneous loss of control.  Actual VMCA varies with 

many factors, including the location of the cg.  If the cg is forward, the actual VMCA is lower, which is 

safer, and control might not be lost while the wings are level.  However, if Boeing presents a procedure 

that is valid for all configurations, it must indeed cover all configurations and be valid, even for the worst-

case configuration (weight, cg, etc.).  In addition, the procedure (is software) must be in agreement with 

the criteria used to design the vertical tail (is hardware).  The tail is not designed and sized for maintain-

ing control of the airplane while keeping the wings level if an engine is inoperative, but for maintaining 

control under the condition that a small bank angle is maintained away from the inoperative engine.   

                                                      
1
 Actual VMCA means the VMCA that a pilot will experience in-flight, while an engine is inoperative, with an actual 

thrust setting, actual bank angle, actual control inputs and actual values of the other variables that affect VMCA. 
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Applying aileron to establish wings level with a control wheel input exceeding seven degrees causes the 

roll control spoiler(s) to deflect.  Spoiler deflection enhances the roll control power, but adds additional 

drag, which is not favorable to the remaining climb performance after liftoff with a failed engine.   

Add rudder to center the control wheel.   

2.1.3. The thrust asymmetry after engine failure is about the yaw axis; yawing is therefore the first mo-

tion that occurs after engine failure.  The yawing motion in turn causes a roll due to yaw rate (Cǎr) and a 

sideslip (ɓ) that increases the roll rate (dihedral, Cǎɓ).  Sideslip (ɓ) also means drag, which reduces the 

climb performance and should be kept to a minimum.   

Hence, the yawing motion should be the first to be detected and countered by the only yaw axis control ï

 the rudder ï as soon as possible.  Full rudder might be required to maintain the equilibrium of side forces 

if the thrust is high and the airspeed is still low.   

The yawing might not be the first motion that is detected by the pilot after engine failure.  Boeing in fact 

tells the pilots to wait for the airplane to bank under asymmetrical thrust and only then take action by 

returning the wings to a level attitude first and then adding rudder until the control wheel deflection is 

zero.  However, just before adding rudder in this case, the sideslip (and the drag) will have increased con-

siderably, and the controllability of the airplane is at stake because the actual VMCA is increased.  An early 

rudder deflection also keeps the sideslip angle (i.e. the drag) from increasing too much and limits the roll 

due to sideslip and the yaw rate.   

é momentarily é 

2.1.4. The adverb momentarily has two different meanings: 'for only an instant or moment', and 'very 

soon' and should not be used in an emergency procedure; it should be left out.   

This approximates a minimum drag configuration.   

2.1.5. A level control wheel will not necessarily result in a wings level attitude.  The airplane will 

search a new equilibrium under the current thrust and control settings.  The sideslip that develops as a 

result of the asymmetrical thrust cannot be reduced by keeping the control wheel level or by keeping the 

wings level; a small bank angle is definitely required to achieve this.  Maintaining the control wheel level 

might approximate the drag to be a minimum, but the drag is only minimal if the sideslip is zero.  The 

sideslip is only zero while banking 3 to 5 degrees away from the inoperative engine and definitely not in 

all cases when the control wheel is centered, and hence the ailerons are not deflected.  Please refer to the 

figure on page 3 in Attachment 2.   

A control wheel that is centered by adding rudder might approximate a minimum drag configuration, but 

not the minimum drag configuration.  The actual VMCA with a centered control wheel is not as low as 

possible either, which endangers the controllability (just after liftoff).   

2.1.6. Maintaining a bank angle of 3 to 5 degrees away from the inoperative engine for both the lowest 

possible actual VMCA and drag might require the control wheel to be rotated more than seven degrees, 

which will cause the roll assisting spoilers to deflect for increasing the roll control power.  To prevent the 

spoilers from deflecting and hence increasing the drag at a critical point in-flight, Boeing cannot but rec-

ommend the control wheel to be centered.  However this procedure would require a higher VMCA (and V2) 

or a bigger vertical tail to provide the safety that the Rulemakers (the public) expected while prescribing 

FAR/CS 25.107.   

2.2. Initial climb .  The FCTM procedure (see Attachment 1) for initial climb is as follows: 

é, the initial climb attitude should be immediately adjusted to maintain a minimum of V2 and a positive 

climb.  If an engine fails at an airspeed between V2 and V2 + 25, climb at the airspeed at which the failure 

occurred.  If an engine fails at an airspeed above V2 + 25, increase pitch attitude in order to reduce air-

speed to V2 + 25 and maintain airspeed until flap retraction altitude.   

 

Retract the landing gear after attaining a positive rate of climb.  Hold a minimum of V2 and takeoff flap 

setting to flap retraction attitude. 

 

2.2.1. This procedure is again on performance only; controllability was not in the mind of the procedure 

writer, but is still a factor to consider here too, as might become clear in the next paragraphs.  Please also 

refer to Attachment 2. 
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2.2.2. As was explained above, the minimum takeoff safety speed V2MIN is calculated using VMCA and 

VS (V2MIN = the higher of 1.1 × VMCA and 1.13 × VS (FAR /CS 25.107)).  It is not known what the differ-

ence is between V2 and V2MIN for the Boeing 737-200.  If the bank angle is not maintained to the same 

value that was used to determine VMCA, then the actual VMCA might increase to a value higher than the 

(pre-flight) calculated V2 after which control might be lost.  The increase of actual VMCA above V2 can be 

considerable, as is illustrated in the report Airplane Control after Engine Failure (ref.3).     

2.2.3. Boeing recommends the takeoff speed to be between V2 and V2 + 25 and the control wheel cen-

tered, i.e. the ailerons are not deflected.  If in this case the wings are level and the thrust setting on the 

remaining engine is max. takeoff, the actual VMCA might be dangerously close to V2. 

Obstacle clearance or departure clearance may require a turn shortly after takeoff.  Climb performance 

is slightly reduced while turning but is accounted for in the airport procedure. 

 

2.2.4. VMCA and V2 are valid only when maintaining straight flight and while banking 3 ï 5 degrees 

away from the inoperative engine.  Any other flight path or bank angle while an engine is inoperative is 

never flight-tested while an engine is inoperative.  If the thrust setting shortly after takeoff is high (max. 

takeoff), then turning away from the favorable 3 ï 5 degree bank angle will increase actual VMCA to a 

value that can easily increase above V2, rendering the airplane uncontrollable.  Turning at low speed and 

high thrust setting should be avoided.  The tail of the airplane is not designed (is not big enough) to main-

tain control of the airplane if the bank angle is not maintained to the same value that was used during the 

design.    

2.2.5. Not maintaining straight flight, but turning while the airspeed is V2 does not always lead to con-

trol problems, because the cg might be forward of the cg that was used to design the tail and to determine 

VMCA, or the thrust is not at the maximum takeoff setting, both of which decrease the actual VMCA.  Nev-

ertheless, VMCA and V2 are predetermined and preflight calculated minimum speeds, respectively and are 

lower speed limits for ensuring the safety for all airplane configurations in case an engine fails.   

The condition for which these airspeed limits are valid, i.e. a bank angle of a few degrees away from the 

inoperative engine and hence maintaining straight flight, should be listed with the VMCA and/ or V2 data in 

the engine failure takeoff and climb procedures.  This safety limit should be observed at all times, and not 

be violated.  Airport procedures for obstacle or departure clearance at low altitude while an engine is in-

operative most probably do not take this into account yet; these procedures might only concern the re-

maining performance and not the controllability of the airplane after engine failure.  

3. Conclusions  

3.1. The Boeing 737 FCTM procedure for rotation and initial climb after engine failure is not in ac-

cordance with the criteria used to design vertical tails of multi-engine airplanes, does not reduce the drag 

to the minimum possible value and does not provide the maximum safety margin between the actual min-

imum control speed VMCA, the takeoff safety speed (V2) and the indicated airspeed for maintaining control 

as well as for maximizing the climb performance of the airplane after engine failure.   

3.2. This procedure might have been developed by people who are neither aware of the design consid-

erations of the vertical tail of a multi-engine airplane, nor of the  flight test techniques used to determine 

the airplane control characteristics, the airspeed minima after engine failure and the remaining climb per-

formance.   

3.3. The Boeing procedure seems to be aimed at preventing the spoilers (that assist the ailerons for 

roll control) to deflect, which can only achieved by maintaining the control wheel to within seven degrees 

from the center.  However, for maintaining both minimum drag and maximum safety margins (i.e. mini-

mum actual VMCA), a control wheel deflection in excess of 7 degrees might be required.  A centered con-

trol wheel might be good for approximating a minimum drag configuration, but is in most cases not pru-

dent for maintaining control of the airplane while an engine is inoperative.  The design criteria used for 

the deflection of roll assisting spoilers result in a controllability problem that might have led to the catas-

trophe with the Algerian Boeing 737 (ref. 1).   

3.4. Boeing advises the pilots to wait with control inputs to counter the asymmetrical thrust until after 

the wings start banking, may be because the airplane systems and instruments do not detect or show the 

uncommanded yaw rate into the failing engine at all or in an inadequate way.  Banking however, causes 
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the actual VMCA to increase instantaneously after which it might not be possible at all to roll the airplane 

back.  This might have happened too during this accident.   

The Boeing procedure is concerning the remaining performance only, not for maintaining control. 

The listed procedures and the pilot training using these procedures could have led to inappropriate air-

plane handling that caused the catastrophic accident. 

4. Recommendations 

4.1. To ensure that control can be maintained following the failure of an engine and while the airspeed 

is low and engine thrust high, as will be the case just after liftoff, it is of utmost importance to not only 

add rudder, but to deflect the rudder as to maintain (runway) heading as soon as possible and add aileron 

to a bank angle of 5 degrees away from the inoperative engine.  Only then, both the actual VMCA and the 

drag are as low as possible.  The aileron, as required for this straight flight equilibrium, is most probably  

not zero, i.e. the control wheel will not be centered.   

4.2. The FCTM procedure should be changed to be in agreement with the criteria used to design the 

vertical tail and to perform experimental flight testing to determine the minimum control speed:  If an 

engine failure occurs, apply rudder as to maintain heading first and apply aileron to attain and maintain a 

bank angle of 5 degrees away from the inoperative engine.   

4.3. Improve roll control without spoilers, prevent spoiler deflection under asymmetrical thrust and/or 

delay spoiler deflection to a tbd control wheel deflection, i.e. beyond the deflection required to maintain 

straight flight after liftoff while banking 5 degrees away from the failed engineTo prevent the spoilers 

from deflecting while using the control wheel, a redesign of the spoiler control system might have to be 

considered.   

4.4. The bank angle used to design the vertical tail and to determine VMCA and calculate V2 should be 

listed with the VMCA and V2 data in the Airplane Flight Manual and in the engine failure procedures as a 

condition for maintaining control while an engine is inoperative.  

4.5. Improve yaw rate detection and indication to enable directional control as soon as possible after 

engine failure. 

4.6. These recommendations are detailed in the report 'Airplane control after engine failure', ref.  

Recommendations for the improvement of procedures are presented in the report 'Airplane Control after 

Engine Failure' that can be downloaded from the website of AvioConsult.   

4.7. Final recommendation to Boeing is to have the airplane tail design engineers review the engine 

failure takeoff procedures. 

 

The report Airplane Control after Engine Failure (ref. 3) can be downloaded from the products page of 

website www.avioconsult.com.  This report explains almost all there is to know about VMCA (and V2) and 

presents many recommendations to improve the safety after engine failure.  A shorter version, the paper 

Staying Alive with a Dead Engine, which was aimed at errors in Airplane Flight Manuals, was presented 

to the European Aviation Safety Seminar of the Flight Safety Foundation in March 2006.   

In addition, a number of analyses of other accidents and airplane manuals can be downloaded.   

AvioConsult, time permitting, will also review and comment on contemporary Boeing procedures (Boe-

ing 737 - 200/400/500 Flight Crew Training Manual, FCT 737 CL (TM) October 31, 2002) and publish 

the results on its website.   Â 

 

 

Attachments 

1.  Boeing 737 Flight Crew Training Manual, One Engine Inoperative Procedures. 

2.  Airplane Control after Engine Failure, a abbreviated version of report ref. 3.   

Also downloadable from www.avioconsult.com.  
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1. Introduction .  During the experimental flight-test phase of every multi-engine airplane type, engine-

out testing is performed to determine the airspeed limitation that is of vital importance for maintaining 

control of the airplane following the failure of an engine during the service life of the airplanes.  This 

airspeed limitation is the air minimum control speed VMCA that is prescribed in the limitations section of 

Airplane Flight Manuals (AFM) to be observed by (airline) pilots.   

The question can be asked that if the airplanes are thoroughly flight-tested and the appropriate limits are 

published, then why do engine failures still lead to catastrophic accidents all around the globe so often?  

To answer this question, AvioConsult researched many investigation reports of engine failure related 

accidents and found many errors, deficiencies and misunderstandings about VMCA, not only in the acci-

dent investigation reports, but also in Aviation Regulations, Airplane Flight Manuals, engine emergency 

procedures and student pilot textbooks.  The conclusion was that the VMCA that is used by pilots of multi-

engine airplanes is not the VMCA that airplane manufacturers used to design the vertical tail and is not the 

VMCA that experimental test pilots determined during flight-testing the airplane either.  Somewhere in the 

line between the engineers who designed and dimensioned the vertical tail and the pilots of multi-engine 

airplanes, vitally important conditions and limitations for the usage of VMCA got lost.   

The results of the research were documented in a Report (ref. A) in which almost all there is to know 

about airplane control while an engine is inoperative is presented and many ready-to-copy suggestions for 

improvement of Airplane Flight Manuals, engine emergency checklists, Aviation Regulations, student 

pilot textbooks, etc., are included.  A Paper (ref. B), that was presented to the European Aviation Safety 

Seminar (EASS) of the Flight Safety Foundation (FSF) in March 2006, presents most of the errors and 

deficiencies on VMCA that still exist in AFM's today.  Ref. C presents the (calculation of the) effect of 

bank angle and weight on VMCA.  This attachment is a abbreviated version of ref. A. 

2. Airplane control after engine failure.  When an engine is inoperative and the other engine(s) is/are 

providing high thrust, the thrust distribution on the airplane is asymmetrical causing a big asymmetric 

yawing moment to develop that results in a yaw rate in the direction of the failing engine.  Instantaneous-

ly, a sideslip develops causing the total drag of the airplane to increase.  Besides the yaw rate due to 

asymmetrical thrust, a roll rate develops because of the sideslip (dihedral, Cǎɓ) and due to the speed in-

crease of the outer wing (Cǎr)) and on propeller airplanes an additional roll rate because of the loss of 

propulsive lift.  Yaw rate detection is not easy anymore on modern airplanes, especially if the yaw rate is 

no longer displayed on the instrument panel or on the primary flight display.  On some airplanes, a yaw 

rate can only be detected while monitoring the (slow moving) heading scale. 

If no timely control input is made, the airplane will search and settle in a new equilibrium under the influ-

ence of the forces and moments that act on the airplane, but this might not be the equilibrium that we 

want; it might be at or below the earth' surface.  Therefore, the pilot must counter the thrust asymmetry as 

http://www.avioconsult.com/
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quickly as possible after the loss of thrust.  The rudder is the only aerodynamic control that can provide 

for a yawing moment opposite of the asymmetrical thrust, so rudder should be smoothly applied propor-

tionate with the thrust decay, to maintain or return to the original (runway) heading.  The roll rate should 

be countered using the ailerons, although applying rudder will also cancel or reverse the roll due to yaw 

rate (Cǎr).   

2.1. Tail design.  The vertical tail of any multi-engine airplane is designed and sized to provide for the 

required side force (and hence yawing moment) to counter the asymmetrical thrust down to a certain 

speed and to maintain straight flight after engine failure.  For calculating the required size (area) of the 

vertical tail, the manufacturer uses an airspeed that does not exceed 1.2 × VS at maximum takeoff gross 

weight (MTOW) and in addition may opt to use a small bank angle of 

maximum five degrees (FAR/ CS 25.149).  The small bank angle provides 

for an additional side force due to the weight of the airplane and the bank 

angle (WĀsin ה).  This side force acts in the center of gravity when bank-

ing; the direction of the side force changes with the direction of banking 

and should be opposite of the rudder generated side force.  This side force 

(provided it is away from the inoperative engine) then reduces the angle of 

sideslip (and therewith the drag), so the rudder does not have to overcome 

the side force due to sideslip anymore.  Therefore, when using a small 

bank angle, the side force that has to be generated by the vertical tail (Yŭr) 

can be smaller, so the rudder deflection (ŭr) can be smaller or the size of 

the vertical tail can be smaller which saves aluminum, thus weight and 

money.  Consequently, the vertical tail is sized to be just big enough to 

maintain straight flight after engine failure down to the design-assumed 

minimum control speed in the air while the airplane is banked maximum 5 

degrees away from the inoperative engine.  The manufacturer may choose 

the number of degrees.  The thrust setting used is maximum takeoff thrust. 

2.2. During the experimental flight test phase following production, the 

real VMCA of the airplane is determined at which straight flight can be 

maintained while an engine is inoperative.  The test pilots use the same 

bank angle as was used to design the vertical tail, mostly 3 to 5 degree 

away from the inoperative engine.   

2.3. Minimum control speed ï VMCA .  Because of the limited size of the vertical tail, there is a minimum 

airspeed below which the vertical tail with rudder does not generate a high enough aerodynamic force 

(Yŭr) anymore to counter the yawing moments (N) caused by the asymmetrical thrust NT (and propeller 

drag).  On some (propeller) airplanes, the ailerons are the limiting factor.  The motions of the airplane 

below this minimum airspeed can no longer be controlled; the rudder and/ or ailerons seem not effective 

anymore.  This airspeed is called minimum control speed in the air (abbreviated VMCA or sometimes in-

completely as VMC).   

2.4. The magnitude of VMCA depends on many factors, a few of which will be mentioned below.  In para-

graphs 23.149 and 25.149 of US Federal Aviation Regulations (FAR), EU Certification Specifications 

(CS) and equivalent Regulations, it is agreed to standardize VMCA and to determine VMCA only during 

straight equilibrium flight while the critical engine is inoperative, the opposite engine is set to produce 

maximum takeoff thrust, the cg is aft, the weight is as low as possible and the rudder and/ or ailerons are 

either fully deflected or up to reaching a predetermined rudder or aileron control force limit, whichever 

occurs first during the test and, last but not least, while maintaining a small bank angle of maximum 5 

degrees, as opted by the manufacturer.  For propeller airplanes, the propeller blades of the inoperative 

engine are in the position they automatically assume after engine failure during the test.   

The VMCA that is determined this way is listed as a lower airspeed limitation in the limitations section of 

the AFM of all multi-engine airplanes, either as a single number or in a table in which weight, altitude 

and temperature are the entry variables.  On Part 23 airplanes, a red radial line on the airspeed indicator 

also indicates VMCA.  The bank angle for which the VMCA is valid in not listed or placarded, though. 

The listed VMCA is not only a standardized VMCA, but also a worst case VMCA; it is a safe VMCA whatever 

the configuration of the airplane is, provided the bank angle is the same as was used to determine VMCA.   
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2.5. As mentioned above, the magnitude of VMCA is, besides on other factors, dependent on control def-

lections, on propeller feathering and on bank angle.  These factors are under the direct control of the pilot, 

so the pilot has control over the actual
1
 value of VMCA.  The effect on VMCA of these three pilot controlled 

factors will be briefly discussed below because these played a significant role in most engine failure re-

lated accidents.  Please refer to ref. A for a detailed description of VMCA and of the flight-tests performed 

to determine VMCA.   

2.6. Control deflection.  VMCA of a multi-engine airplane is determined when the rudder and/ or ailerons 

are either fully deflected or when reaching a FAR/ CS determined rudder or aileron control travel or force 

limit, whichever occurs first during the test.  If , for instance, the rudder is not fully deflected (while the 

asymmetrical thrust is maximum) then the rudder generated side force is smaller.  This aerodynamic side 

force can be increased by increasing the airspeed.  Therefore, the actual airspeed for the vertical tail with 

the not fully deflected rudder to generate a side force high enough to counter the ï still same ï high 

asymmetrical thrust will have to be higher.  The minimum speed for maintaining control with partial rud-

der is therefore higher than the AFM published VMCA that was determined under FAR and CS.  This high-

er minimum control speed is in fact an actual VMCA and is higher than the listed VMCA because the con-

trols are not deflected as they were during the flight-test to determine the 'real' VMCA of the airplane.  If 

the rudder deflection is partial and the indicated airspeed is equal to, or decreases below this actual VMCA, 

the pilot will notice a controllability problem.   

On military transport airplanes, only a maximum of ¾ (75%) of the available control power (travel) of 

rudder and ailerons may be used to determine VMCA, to leave some control power margin for countering 

gusts, but the maximum approved control forces are higher.  This in fact means that the VMCA's of airplane 

types that are certified both as civilian and as military transports, might differ from each other.   

Ref.'s A and B present more details on VMCA.   

2.7. Propeller feathering.  VMCA of propeller airplanes is determined while the propeller blades are in 

the position they automatically assume after engine failure.  When a propeller is not (auto-) feathered 

after engine failure, because for instance the engine is kept idling, the drag of the not-feathered propeller 

increases the asymmetrical drag of the airplane which enhances the yawing moment induced by the oper-

ating engine.  To counter this additional yawing moment, the side force generated by the vertical tail and 

rudder needs to be higher.  This can be achieved by either increasing the rudder deflection or, if the def-

lection is already maximum, by increasing the airspeed: the actual VMCA is higher than the flight-test de-

termined and AFM-listed VMCA.   

2.8. Bank angle.  The manufacturer may, in accordance with FAR and CS 23/25.149, opt to use a bank 

angle of maximum 5 degrees during the flight-test to determine VMCA, the effect of which will be briefly 

discussed here; ref. A presents many more details.  As explained before, the test pilots of the manufactur-

er will normally use a bank angle of 3 to 5 degrees away from the inoperative engine, while the thrust is 

at the maximum takeoff setting and while maintaining straight, constant heading flight.  These are the 

same conditions that were used to design and size the vertical tail.  While banking, a side force due to the 

small bank angle ה (Weight × sin ה  develops and acts in the same direction as the side force due to si-

deslip when the wings are level.  This bank angle in fact reduces the required rudder deflection for main-

taining the equilibrium of the side-forces.  This smaller rudder deflection leaves room for further reducing 

the airspeed, until maximum rudder or either one of the other limits is again reached.  The small bank 

angle therefore decreases VMCA and also decreases the sideslip and therewith the total drag of the airplane.  

The favorable effects of the small bank angle are that the airplane can be controlled down to a lower air-

speed and, in addition, that the engine inoperative climb performance is increased.  The normally very 

small margin between the indicated airspeed and actual VMCA is increased, which is favorable for the 

safety.  Flight-testing showed that VMCA with a 5-degree bank angle away from the inoperative engine is 

at least 8 knots (kt) lower than VMCA with wings level on most Part 23 airplanes.  The difference in VMCA 

of a DC-8 type airplane between wings level and 5 degrees away from the inoperative engine is even 32 

kt (!) for only one (outboard) engine out, as is illustrated in the figure below for bank angles into and 

away from the inoperative engine (source: DC-8-63 FCRM).  The figure below is calculated using the 

method described in ref. C.  

                                                      
1
 Actual VMCA means the VMCA that a pilot will experience in-flight while an engine is inoperative, with an actual 

thrust setting, actual bank angle, actual control inputs or actual values of the other variables that affect VMCA. 
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2.9. The manufacturer has, in accordance with FAR and CS 23/25.149, the option of choosing a bank 

angle of maximum 5 degrees to determine VMCA, but the airline pilot definitely has no option for using 

bank angles up to maximum 5 degrees, unlike the definition of VMCA (or VMC) in most AFM's might let 

believe.  If the pilot, during any operational flight 

with an inoperative engine, does not maintain the 

same bank angle that the manufacturer used to de-

termine VMCA while the thrust setting is high, then 

the actual VMCA is higher than the AFM-listed VMCA, 

as is illustrated in the adjacent figure.  This increase 

of VMCA is in itself not a problem, but if this actual 

VMCA increases above the indicated airspeed, or if 

the airplane decelerates to an airspeed below the 

actual VMCA, then control of the airplane will be lost 

for sure.  If the wings are kept level during takeoff 

or go-around, as many engine emergency procedures 

require, then the actual VMCA will most often al-

ready be higher than the takeoff speed if the other 

factors that have influence on the magnitude of 

VMCA happen to be at their worst case value too (see 

§ 2.11 below and ref. A).  

Hence, to ensure that control can be maintained after 

engine failure, there definitely is a bank angle condi-

tion/ requirement for an airline pilot that always 

applies to the AFM-listed VMCA , but that regrettably 

is almost never included with VMCA data.  This bank 

angle condition in fact also applies to VR and V2, 

since these procedural speeds are only 5 respectively 

10% higher than VMCA (FAR/CS 25.107).  This also means that making (procedural) turns for obstacle or 

departure clearance at low altitude, while the airspeed is low and the asymmetrical thrust setting is maxi-

mum, might be very dangerous and should be avoided.  The vertical tail of the airplane is usually not 

designed and sized big enough to allow this. 

Engine emergency procedures in AFM's or Operating Manuals of most multi-engine airplanes allow pi-

lots to keep the wings level to within ±5 degrees (i.e. left or right) after engine failure, but this is a dan-

gerous misinterpretation of the FAR and CS paragraphs 23/25.149 that apply to the certification of air-

planes, nor to their operational use.  In AFM's, the specific bank angle should be prescribed with VMCA for 

which the listed VMCA is valid.  This small bank angle is most often between 3 and 5 degrees away from 

the inoperative engine, but is often unknown to pilots (and investigators).  There currently is not even a 

requirement in FAR and CS to publish this bank angle with the VMCA data which is considered a major 

deficiency that has led to many catastrophes. 

2.10. The controllability of an airplane with an inoperative engine is flight-tested only during straight, 

constant heading flight and not during turns.  The small bank angle is for maintaining engine-out equili-

brium during straight constant heading flight only at an airspeed as low as VMCA which is the case right 

after liftoff.  It might be possible to initiate a turn during a departure or approach at an airspeed as low as 

the listed VMCA, but it can never be ascertained that turns or banking at an airspeed at or below the listed 

VMCA can be terminated in a controlled way if the thrust setting is high, simply because it is not required 

to flight-test this.  If pilots do, they violate a limit. 

Many engine failure related accidents proved that a turn could not be terminated despite full control sur-

face deflections at an airspeed that was still well above the AFM-listed VMCA as well as above the stall 

speed.   

The actual VMCA can also be lower ï safer ï than the AFM published VMCA though, for instance when the 

asymmetrical thrust is not as high as used during VMCA testing or the cg is forward.  VMCA can also be 

lower than stall speed VS in which case the airplane is said to be controllable down to the stall, which 

however does not apply for all bank angles, as might have become clear after reading the previous para-

graphs. 


