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1. Introduction

1.1. On6 March2003,a Boeing 737200 crashedlmostimmediately after takeoffom the airport
Tamanrasseh Algeria. About 5 seconds after rotaticat 78 ft AGL, the left engine failed and therai
plane yawed 12 degrees to the leftcording to theaccident investigatioreport, he airplane losspeed
progressively, stalled aratashedkilling all but one on board

1.2. Inthe Accident Investigation Repdref. 1), a straight coppf page 219 of the Boeing 737
Flight Crew Training ManuglFCTM) was includedtontaining the procedures for rotatiamdanitial
climb after engine failureThe FCTM page is included in Attachment 1.

AvioConsultreviewed the FCTMproceduresindconcluded that treewere neithein accordance with
the conditions that engineers use to design vertaild of multtengine airplanesior with the flight test
techniqueshat areusedby experimental flightest crevg duringengine inoperativéight-testingto de-
termine the minimum control speadthe air(Vyca). Vumea is used to calculateotation sped Vg and is
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one of the two factorgsedfor calculatingthe minimumtakeoff safety speey/,) (FAR/CS 25.107)
Airline flight crewswere (andas of todaystill are) not made aware of the limitations tlegiplyas a co-
sequence of thiestrictionof thesize of the verticatail. JustobservingVyca andor Vs in-flight is not
enoughto continue to fly safely while an engine is inoperativaneuverindimitations applyas well, but
these are regrettably not published anymore in airline flight crew proesdout are still used during
experimental flightesting

1.3. AvioConsultrecommended Boeing in July 2005 to improve the procedures, but Boeingdespon
ed thatthere was naompellingreason to change the procedurésss than two months later, ols8pt.

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 acpident ha
pened following an engine failure aneksns very similar to the Algerian accident. This accident was
another reason to review the formal Boeing FCaiMd write this analysis

1.4. This analysis is limited t6CTM content regardingirplane control after engineA summary of
thetheory ofairplane ontrol afterenginefailureis includedin Attachment 2f this analysisfor the real-
ers asaknowledgebaseto be able to understand the analysicontainssomeof the 'forgotten' theory of
airplane control after engine failure as is still used tagdesirplanes and to fligktest them.It is strorg-
ly recommendd to readittachment2 before proceeding to the next paragraph

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

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

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

If the engine failure occurs at or after liftoff, appljyeaon 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 approximatesramum dragconfiguration.

Commentgo 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 veryaddmut \% or a bit
higher Vyis only 1.05x Vyca andVaoyn is the max. ofl.1x Vyca and 113 x Vg (FAR/CS 25.107)
Given thatthe safety margiof Vr and Ly iy above(the predetermined and standardizél)c, are so
small, hepilot should keep thactualVyca' as low as possibleAs explained in Atachment 2,His can
only be achieedby banking asmall angle (max5 degreesaway from the failing engines soon as
possible If banking is not possibl¢he actualVyca might have increased aboveetindicated airspeed;
the airplane islreadyout of control.

2.1.2. If the wings are kept levehs Boeing requires the pilot to dbeactualVyca is at least 10 kt
higher than the AFMisted Vyca. The exact nulver is not known for thBoeing737, butfor a B707
type airplane, thactualwings level \{;ca is 30 kt(!) higher than Yjca while maintaininga small bank
angleaway from the inoperative engine

Hence, keeping the wings level witause thactualVyca to increasendconsune the safety margin
aboveVyca (5%) anddr V, (10% at low TOGW,) Theactual Vyca mightevenincreaseabove the ind
cated airspeejiist after liftoff, leading toaninstantaneoukssof control ActualVyca varies with
many factors, includinthelocaion of thecg. If the cg is forward, the actualy, is lower,which is
safer and control might not be lost while the wings are le¥#dwever,if Boeingpresents procedure
that isvalid for all configurationsit mustindeedcover all configurations and be valievenfor theworst
caseconfiguration(weight, @, etc.) In addition the procedureg software) must be in agreement with
the criteriaused to desigrhe vertical tail is hardware).The tail is not designeahd sizedor maintan-
ing control of the airplane while keeping the wings level if an engim®perative butfor maintaining
control under the condition thatsmall bank angls maintairedaway from the inoperative engine

! ActualVyca means the Vca that a pilot will experiencin-flight, while anengineis inoperativewith anactual
thrust setting, actual bank angéetual control inputandactual valuesf the other variables that affect,¥a.
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Applying aileronto establish wings level with a control wheel input exceedavgndegreexaussthe
roll controlspoiler(s) to deflectSpoiler deflectiorenhancethe roll control powerbutadds additional
drag, which is notavorable to the remaining climb performarafter liftoff with a failed engine.

Add rudder to center the control wheel

2.1.3. The thrusasymmetryafter engine failurés aboutthe yaw axisyawing isthereforethe first no-
tion thatoccursafter engine failureThe yawing motion in turn cause roll due to yaw ratéCy) anda
sideslip( BtHatincreases the roll ratéipedral,Cy,). Sideslip( balsomeanddrag, whichreduces the
climb performancandshould be keptio a minimum

Hence theyawingmotionshould be the first to be detected and countbyeithe only yaw axis contrél
the ruddeii as soon as possibl&ull rudder migh be required to maintain the equilibrium of side forces
if thethrust is high and thairspeed istill low.

The yawing might not be the first motitimat isdetected by the pilaifter engine failure Boeing in fact
tellsthepilots towait for theairplane to bankinder asymmetrical thruahdonly then take action by
returningthe wingsto a level attitudéirst and then addg rudderuntil thecontrol wheebleflection is
zera However, pst before adding rudder this casethe sideslip (and thdrag) will have increased ne
siderably, andhe controllability of the airplanas at stake because taetualVyca is increased An early
rudder deflection also keeps the sideslip angle (i.e. the drag) from ingréas muchand limits the roll
due tosideslip andheyaw rate

€ momentarily €

2.1.4. The adverbmomentarilyhas twodifferentmeanings: 'for only an instant or moment’, and 'very
soon' and should not be used in an emergency procedshepitbe left out.

This approximates a minimum dragnfiguration.

2.1.5. Alevel control wheel will not necessarily result in a wings level attitude. The airplane will
search a new equilibriunmderthe current thrust and control settindshe sideslip that develops as a
result of the asymmetrical thrust cantve reduced blgeepingthe control wheelevel orby keeping the
wings level; a small bank angledsfinitely required to achievthis. Maintainingthe control wheel level
might approximate the drag to beéninimum, but the drag is only minimélthe sideslip is zero. The
sideslip is only zero while banking 3 to 5 degrees away from the inoperative engine and definitely not
all casesvhen the control wheel is centered, and hence the ailerons are not deffdetese refer to the
figure on page i Attachment 2.

A control wheel that is centered by adding ruduéght approximatea minimum drag configuratiorut
notthe minimum drag configurationTheactualVyca With a centered control wheislnot as low as
possibleeither,which endangers the controllabiligst after liftoff).

2.1.6. Maintaining a bank angle of 3 to 5 degrees away from the inoperative émgimeh the lowest
possibleactualVyca and dragmightrequire the control wheel to be rotated more g®rendegrees,
which will cause the roll assisting spoilers to deflect for increasing the roll control pdogrevent the
spoilers frondeflecting and hence increasing the drag at a critical peitight, Boeingcannot but re-
ommend the control wheel tee centered However this procedure would requirdigherV yca (andV,)
or a bigger vertical tailo provide the safety that the Rulemakers (the puekpgcted while prescribing
FAR/CS 25.107.

2.2. Initial climb . The FCTM procedure (see Attachmenfdb)initial climb is as follows:

€, the initial climb attitude shoul\antda&poditveme di at
climb. If an engine fails at an airspeed betw¥gandV, + 25, climb at the airspeed at which the failure
occurred. Ifan engine fails at an airspe@doveV, + 25, increase pitch attitude in order to reduce-ai

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

Retract the landing gear after attaining a positive rate of climb. Hold a minimnaofd 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 tas might become clear the next paragraphHease also
refer to Attachment 2.
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2.2.2. As was explainedbove, he minimum takeoff safety spe®dyy is calculated using W and
Vs (Vomin = the higher of 1.k Vyca and 1.13 X/5 (FAR /CS25.107)) It is not known what the diffe
ence is betweeX, andV .y for the Boeing 73200. If the bank angle is not maintained to the same
value that was used to determingcy, then theactualVyca might increase to a vatuhigher tharthe
(preflight) calculatedv, after which control might be lasiThe increase of actudyca aboveV, can be
considerable, as illustrated in the reporirplane Control after Engine Failurgef.3).

2.2.3. Boeing recommends the takeoff speed to be betWeandV, + 25 and the control wheelmce
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, thetualVyca mightbedangerouslylose toV,.

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. Vyca andV; are valid only when maintaining straight flight and while bankirigs3degrees

away from the inoperative enginény other flight path or bank angle while an engine is inoperative is
never flighttested while an engine is inoperativéthe thrust seing shortly after takeoff is high (max.
takeoff), then turning away from tli@vorable 3 5 degredank angle will increasactualVyca to a

value that can easily increase ab®yserendering the airplane uncontrollable. Turning at low speed and
high thrust setting should be avoidedhe tail of the airplane is not designed (is not big enough) to-mai
tain control of the airplane if the bank angle is not maintained tsatmevalue that was used during the
design.

2.2.5. Not maintaining straight flight, butirningwhile the airspeed ¢, does not always lead tormo
trol problems, because the gight beforward of the cg that was used design the tail and tdetermine
Vuca, Or the thrust is nadt themaxmum takeoffsetting both of which decrease thetualVyca. Nev-
ertheless, Mca and \, are predetermineandpreflight calculated minimurapeedstespectively andre
lower speed limit$or ensuring the safefipr all airplaneconfigurationgn case an engine fails.

The condition for which these girsed limits are valid.e. abankangle of a few degreesvay from the
inoperative engine and hee maintaining straight flighshould be listed witthe V¢, and/ or \ datain
the engine failure takeoff and climb procedur&his safetylimit should ke observed at all times, and not
beviolated Airport proceduresor obstacleor departure clearance at l@akiitudewhile an engine is-
opeative most prdoably do not take this intaccount yetthese pocedures might only concern the-r
maining paformance and not the controllability of the airplane aftejirge failure

3. Conclusions

3.1. The Boeing 737 FCTM procedufer rotation and initial climb after engine failuienot in &-
cordance with the criteria used to design verticad @ilmultiengine airplanesioes not reduce the drag
to the minimum possible value and does not provide the maximum safety margin betwasnahmain-
imum control spee¥ yca, the takeoff safety speed4) and the indicated airspeed for maintaining control
as well ador maximizirg 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 consi
erations of the vertical tail of a mulhgine airplane, nor of the flight test techniques usekktermine

the airplane control characteristics, the airspeed minima after engine failure and the remaining-€limb pe
formance.

3.3.  The Boeing procedure seems to be aimed at preventing the spoilers (that assist the ailerons for
roll control) to deflect, whid can only achieved by maintaining the control wheel to within seven degrees
from the centerHowever, br maintainingbothminimum drag angnaximum safety margins (i.mini-
mumactualVyca), @ control wheetleflection in excess of 7 degrees might be iregu A centered ao

trol wheel might be good fapproximaing a minimum drag configuratigrbut isin most casesot pru-
dentfor maintaining control of the airplarehile an engine is inoperativd hedesigncriteria used for

the deflection of roll assistingpoileis result ina controllability problem thanight have led to theatas-
trophewith the Algerian Boeing 737 (refl).

3.4. Boeing advises the pilots to wauith control inputs to counter the asymmetrical thrugil after
the wings start banking, may be becauseati@ane systemand instrumentdo not detect or shotte
uncommanded yaw rate into the failing engine at dh @ninadequatevay. Bankinghowever, causes
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theactual Vyca to increasenstantaneouslgfter 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 concernihg remaining performance only, nfar maintaining control.

The listed procedures and the pilot training using these procedures could have led to inapprepriate ai
plane handling that caused the catastrophic accident.

4. Recommendations

4.1.  To ensure that control can be maintained following tHarkaiof 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 en@inky then, both thactualVyca and the

drag are as low as possibl€he aileron, as required for this straight flight equilibriummisst probably

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

4.2. TheFCTM 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 asraintain heading first arapplyaileron 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 &d control wheel deflection, i.e. beyond the deflection required to maintain
straight flight after liftoff while banking 5 degrees away from the failed efigimpeevent the spoilers

from deflecting while using the control wheel, a redesign of the spailerat systemmight have tde
considered.

4.4, The bank angle used to design the vertical tail and to determigea¥d calculaté/, should be
listed withthe Vyca and Vs datain the Airplane Flight Manual and in thengine failure procedures as a
condtion 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 filgires, ref.
Recommendations for the improvement of procedures are presented in the report 'Airplane Control after
Engine Failure' that can be downloaded from the website ofGorieult

4.7.  Final recommendation to Boeing is to have the airplane tadjalesigineers review the engine
failure takeoff procedures.

ThereportAirplane Control after Engine Failurgef. 3)can bedownloade from the products page of
website www.avioconsult.com This report explainalmost all there is to know about;¥. (and \,) and
presents mansecommendations to improve the safety after engine failurghofterversion, thepaper
Staying Alive with a Dead Bime, which was aimed at errors in Airplane Flight Manualas pesened
to the European Aviation Safety Semindfthe Flight Safety Foundation in March 2006.

In addition,a number of analyses of other accidemd airplane manuatsn be downloaded.

AvioConsulf time permitting, will also review and comment on contemporary Boeing procd@aes
ing 737- 200/400/50CFlight Crew Training ManualFCT 737 CL (TM) October 31, 20pandpublish_
the results oiits website. A

Attachments

1. Boeing 737 Flight Crewraining Manual One Engine Inoperative Procedures

2. Airplane ntrol afterEngineFailure, aabbreviated version of report ref. 3
Also downloadable frormww.avioconsult.com
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Page out of the Boeing 7&light Crew Training Manual, as copied out of Accident Investigation Report

7t-z030306a

BOEING 737

A\ﬂoConsu[t

Attachment 1

MANUAL FLIGHY

FILIGHT CREW TRAINING MANIAL

1

WEIGHT

BASIC TAKEOFF SPEED SCHEDULE

(737-200) FLAP 1, 2, 5, 10, 15, OR 25 AND 75,000 L2/34,02C KG TO 128,000 LB/58,060 KG GROSS

(737-300) FLAP 1, 5, OR 15 AND 95,000 LB/43,002 KG TO 135,000 LR/61,236 KG C‘PC‘SS WEIGHT
(787-400) FLAP 5 OR 15 AND 95, 04')0 LB/43,092 KG TC 150,000 LB/68,038 KG GROSS WEIGHT

{
L
:

~ ROTATION TIMES - SECONDS A

"CONDITION R7o00 .1 737300400 .
ALL ENGINES OPERATING . 8TO7
ONE ENGINE INOPERATIVE [ 8TO 12

TABLE 2-2 TAKEOFF ROTATION TIMES VR TO 35 FEET

}y//j’/—"\
e 109 (-400) 11° ¢(-300)

| o = )

12° (-200)

f

MINIMUM TAIL CLEARANCE

APPROX. 26 IN. (737-200) 12 IN. (737-300) 10 IN. (737-400)

Figure 2-14 LIFTOFF BODY ATTITUDE - ONE ENGINE INOPERATIVE

Rotation

i an engine fails between V1 and lift-¢it, mainmain
directional ceontrel by smodthly apolying rudder
proporticnate with thrust decay to maintain the
desired heading or track.

Retate normally at VR, using the -equired amount of
control column and control wheai if necessary, to
hoid the wings lavei

The rotation should be executed smoothly with one
continuous motion. Lo not rotate early or rapidly
The rate of rotation should pe no faster than for a
normal takeoff.

If the engine failure occurs at or after iiftoff, apply
aileron to momentarily 2stablish wings level, Add
iudded o venler the vonnu! whieel, %Mo cemer uie
contro! wheel, rudder will be required in the diraction
that the control  wheel is  displaced. This
approximates a minimum drag configuration,

AUG 31/83

Initial Climb

Indicated airspeed and vertical speed are the
primary instruments tor pitch control after the initial
target  pitch amtude has been established,
censequently, the initial climb attitude should be
immediately adjus ted to maintain a minimum of V2
and a pesitive c¢limb.  if an engine fails at an
airspeed between V2 anc V2 + 25 ¢limb at the
airspeed at which the failure ccecurred. If engine
taiiure occurs above V2 + 25, in¢rease pitch attitude
in ordar to reduce airspeed 10 V2 + 25 and maintain
airspeed unn! flap retraction aftitude.,

Retract the landing gear aftér attaining a positive
rate cf climb. Hold a minimum of V2 and takeoff flap
setling to flep retraction attitude

uosiacie Ciearance or cepariure ¢learance may
require  a turn  shortly after takeoff. Climb
parformance e slightly reduced while turning put is
coounited for in the airport procedure.

Attachment 1
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Attachment 2

AIRPLANE CONTROL AFTER ENGINE FAILURE
An abbreviated version

Harry Horlings
AvioConsult an independent aircraft expert and consultant
Graduate USAHR est Pilot School

References

A T ReportAirplane Control after Engine FailurgAvioConsult June 2005.
B 1 PaperStaying Alive with a Dead EnginAvioConsult March 2006.
C 1 PaperThe Effect of Bank Angle and Weight g/ AvioConsult Sept. 2007

These references can be downloaded free of chargdHmproducts page @fww.avioconsult.com

1. Introduction. During the experimental flighiest phase of every mukingine airplane type, engine

out testing is performed to determitieairspeed limitation that is of vital importance for maintaining
control of the airplane following the failure of an engineimly the service life of the airplanes. This
airspeed limitation is the air minimum control sp&&ga that is prescribeth the limitations section of
Airplane FlightManuals (AFM) to be observed by (airling)ots.

The question can be asked thahi tirplanes are thorougHhlight-testedand 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, Avimnsultresearched many investigation repaftengine failure related
accidents and found many errors, deficiencies and misunderstandings gbguidf only in the ade

dent investigation reports, but also in Aviation Regulations, Airplane Flight Manuals, engine emergency
procedures and studentgiikextbooks. Theonclusion was that théyca that is used by pilotsf multi-
engine airplaness not the \{;ca that airplane manufacturers used to design the vertical tait anod the

Vuca that experimental test pilots determined during fhigdstingthe airplane igher. Somewhere in the

line between the engineers who designed and dimensioned the vertical tail pitmtsraf multiengine
airplanesvitally important conditions and limitations for the usage géAMgotlost.

The results of the search 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 manyoeagy suggestions for
improvement of Airplane Flight Manuals, engine emergency checkdigiation 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 \ca that still exist in AFM's today. Ref. C presents the (calculation of the) effect of
bank angleand weighon Vyca. This attachment is abbreviated versioaof ref. A.

2. Airplane control after engine failure. When an engine is inoperative and the odregings) is/fare
providing high thrustthe thrust distribution the airplané asymmetrical causing a big asymmetric
yawing moment to develop that results in a yaw rate in the direction of the failing engine. Instataneou
ly, a sideslip develops cang thetotal drag of the airplane to increase. Besitesyawratedue to
asymmetrical thrush roll rate developkecaus®f the sideslip (dihedral, £) and due to thepeedi-

crease of the outer wing £§) and on propeller airplanes additional roll ratéecause of the loss of
propulsive lift Yaw rate detdion 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 'y
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 underuhe infl
ence of the forces and moments that act on the airplane, but thisnoige the equilibrium that we

want; it might be at or below the earth' surface. Therefore, the pilot must counter the thrust asymmetry as
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quickly as possible after the loss of thrust. The rudder is the only aerodynamic control that can provide
for ayawing moment opposite of the asymmetrical thrust, so rudder should be smoothly applied propo
tionate with the thrust decay, teaintain orreturn to the originafrunway)heading. The roll rate should

be countered using the ailerons, although applyiddeuwill also cancel or reverse the roll due to yaw
rate (Gy).

2.1. Tail design. Theverticaltail of anymulti-engineairplane 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 (aesa) of th
vertical tail, the manufacturerses an airspeed that does not exceed 1.2 atvhaximum takeoff gross
weight MTOW) and in additiormay opt to use a small bank angle of
Forces and moments during maximum five degrees (FAR/ CS 25.149Jhe small bank angle provides
straight flight with a bank angle  10F @ additionalsideforce due taheweightof the airplanendthebank
of 5 degrees away from the angl e nj Whssideforceacts in the center of gravityhenbark-
Inoperative engine ing; the direction of the side force changes with the direction of banking
and should be opposite of the rudder generated side fohie side force
(provided it is away from the inoperative engitiegnreduceshe angle of
sideslip (and therewith the dago the rudder does not have to overcome
the side force due to sidashnymore. Therefore, viien using a small
bank angle, theide forcethat has to bgeneratedby thevertical tail (Y )
can be smaller, so tlhadder deflectiorfl,) can be smaller or theze of
thevertical tail can be smallevhich savesaluminum thus weightand
money Consequentlythe vertical tail is sizetb bejust big enough to
maintain straight flight after engine failure down to tlesigrassumed
minimum control speed in theraihile the airplane ibanked maximum 5
degreesmway from the inoperative enginghe manufacturer may choose
the number of degreed.he thrust setting usesl maximumtakeoffthrust

2.2. During the experimental flight test phads#iowing production the
realVyca of the airplane is determined whichstraightflight can be
maintairedwhile 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 speedi Vyca. Because of thémited sizeof the vertical tailthere is a minimum
airspeed below which the vertidail with rudder doesot generata high enough aerodynamic force
(Y3 ) anymore to counter the yawing monefil) caused by the asymmetrical thrisst(and preeller
drag). On somgpropeller)airplanes, the ailerorege the limiting factor.The motions of the airplane
below thisminimumairspeedtan no longer beontrolled;the rudder and/ or ailerons seem not effective
anymore. This airspeed is called minimum cointpeed in the air (abbreviategd or sometimesn-
completely as V).

2.4. The magnitude of Mca depends on many factors, a few of which will be mentioned belowardn
graphs 23.149 and 25.149W6 Federal Aviation Regulations (FAR), EU Certificati®pecifications

(CS) and equivalent Regulatiqriisis agreed to standardizg,¥, and to determine \ca 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 orpto reaching a predetermined rudder or aileron control force limit, edgch
occurs first during the teaind last but not leastyhile maintaininga small bank angle of maximum 5
degrees, as opted by the manufactuFen propeller airplanes, the geller blade®f the inoperative
engineare in the position they automatically assume after engine failuneg the test.

The Vuca that isdetermined this way isstedas alower airspeed limitation in the limitations section of
the AFM of all multiengine airplanesgitheras a single number or in a table in which weight, altitude
and temperature are the entry variablés. Part 23 airplanes, a red radial line on the airspeed indicator
also indicates Mca. The bank angléor which theVyc, is validin not listedor placardedthough.

The listedV yca is Not only a standardizédyca, but alsca worst cas®/yca; it is a saféVyca Whatever

the configuration of the airplane igrovided the bank angie the same as was used to deterrivipea.
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2.5. As mentioned above, the magnitude qfY is, besides on other factors, dependent on contfel de
lections, on propeller feathering and on bank angleese factors are under the direct control of the pilot,
so the pilot has control over taetual value ofVyca. The effecton Vyca of these thregilot controlled
factorswill be briefly disaissed below because these plageibnificant role irmostengine failure -
latedaccidens. Please refer to ref. A fadetailed description of yca andof the flighttestsperformed

to determineV yca.

2.6. Control deflection. Vyca of a multrengine airplane is determined whée rudder and/ or ailerons
are either fully deflected avhenreaching a FAR/ CS determined rudder or aileron cotrtnekl orforce
limit, whichever occurs first during the tedt, for instancetherudderis not fully deflected (while the
asymmetricathrust is maximumjhen the rudder generated side fascemalkr. This aerodynamiside
force can be increased by increasingatispeed. Therefore, tlaetualairspeed for the vertical tail with
the not fully deflectedudder to generate a side force high enough to countérdtilesamei high
asymmetrical thrust will have to be highérheminimumspeed for maintaining comirwith partial rud-
deris therefore higher than the AFM publishegcY that was determined under FAR and CS. Thig-hig
er minimum control speeis in factanactual Vyca andis higherthan the listed/yca because the o

trols are noteflectedastheywereduring the flighttestto determine the 'realca of the airplane.If

the rudder deflection is partiahdthe indicated airspeed égual toor decreases below thastual Vyca,
the pilot will notice a controllability problem.

On military transporairplanes, only a maximum of % (75%) of the available control power (travel) of
rudder and ailerons may be used to determipg Mo leave some control power margin for countering
gusts butthe maximum approved control forces are higher. This in faanmthat the \ca's of airplane
types thaare certified both as civilian and as military transports, might differ from each other.

Ref.'s A and B present more details qn-¥.

2.7. Propeller feathering. Vyca Of propeller airplanes is determinedhile thepropeller blades are in

the position they automatically assume after engine faiMfieena propeller is not (aw-) feathered

after engine failurebecausdor instancehe engine i&eptidling, the drag of the nedeathered propeller
increases thasymmetrical drag of the airplane which enhances the yawing moment induced byrthe ope
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 eitheagig the rudder deflection or, if the-de

lection is already maximum, by increasing the airspeeda¢h&lVyca is higher than the flightest -
termined and AFMisted Vyca.

2.8. Bank angle The manufacturer may, in accordance with FAR an@&25.149opt to use a bank
angle of maximum 5 degrees during the flitggdt to determine Mca, the effect of which will be briefly
discussed here; ref presens many more detailsAs explainedefore the test pilots of the manufactu

er will normally use a ban&ngle 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 desigad sizehe vertical tail. Whié bankinga side force due to the
small bank angl@ (Weight x sinn develops and acta the same direction as the side force dué-to s
deslip when the wings are level. This bank angle inredii@sthe required rudder deflection for mai
taining the quilibrium of the siddorces. 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 decreasegd¥ and also decreases theesilip 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 & lower ai
speed and, in addition, that the engine inoperative climb performance is increased. The mennally
small margin between the indicated airspeedatdal Vyca is increased, which isforable for the

safety. Flight-testingshowed that \ica with a5-degreebank angle away from the inoperative engine is

at least 8 knots (kt) lower thany¥, with wings level on most Part 23 airplanes. The differenceighV

of a DGS8 type airplane between wings level and 5 degrees away from the inoperative engine is even 32
kt (1) for only one (outboard) engine out, as is illustrated in the figatewfor bank angles into and

away from the inoperative engine (source:-863 FCRM). The figurdelowis calculated using the
method described in ref. C.

! ActualVyca means the Vca that a pilot will experiencin-flight while anengineis inoperativewith anactual
thrust setting, actual bank angéetual control inputer actual value®f the other variables that affecya.
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2.9. The manufacturer has, in accordance with FAR an@%35.149the option of choosing a bank
angle ofmaximum 5 degrees to determingd¥, but the airline pilot definitely has no option for using
bank angles up to maximum 5 degrees, unlike the definition,ef Yor Vuc) in most AFM's might let
believe. If the pilot, during any operational flight
with aninoperative engine, does not maintain the
same bank angle that the manufacturer used-to d
termine Myca While the thrust setting is high, then
theactualVyca is higher than the AFMisted Vyca,
as is illustrated in thadjacenfigure. This increase
of Vucea is in itself not a problem, but if thectual
Vuca increases above the indicated airspeed, or if
the airplane decelerates to an airspeed below the
actualVyca, then control of the airplane will be lost
for sure. If the wings are kept level duringeakf
or goaround,as many engine emergency procedures
require, thertheactual Vyca will most often &
ready be higher than the takeoff speed if the other
factors that have infience on the magnitude of
Vmca happen to be at their worst case value too (see
§2.11below and ref. A).
Hence to ensure that control can be maintaiéir
engine failurethere definitely is a bank angle cand
tion/ requirement for aairline pilot that always
applies to the AFMisted Vyca , but that regrtably
is almost never included withyca data Thisbank
anglecondition in fact als@pplies toVg andVy,
sincethese procedural speeds ardy 5 respectively
10% higher thaW yca (FAR/CS 25.107).This also means that making (procedural) tdion®bstacle or
departure clearance at low altitugdjile the aispeed is lovandthe asymmetricahrust settinds max-
mum, might be very dangerous and should be avoided. The vedtikaf the airplane is usually not
designedand sized big enougb allow this.
Engine emergency procedures in AFM's or Operating Manuals of mostamgitie airplanes allowi{
lots to keep the wings level to within £5 degrees (i.e. left or right) aftgine failure, but this is a da
gerous misinterpretation of the FAR and CS paragrapls.14%hatapply tothe certification of at
planes, noto their operational use. In AFM#)especific bank angle should be prescribed witfAfor
which the lised Vyca is valid. This small bank angle is most often between 3 and 5 degrees away from
the inoperative engindutis often unknown to pilotéand investigators)There currently is not even a
requirement in FAR and CS to publish this bank angle Wwigh,c datawhichis considered major
deficiencythat has led to many catastrophes.

2.10. The controllability of an airplane with an inoperative enginfight-tested only during straight,
constant heading flight and not during turns. The small bank anfglemaintaining engineut equil-

brium during straight constant heading flight oatyan airspeed as low ¥gca 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
thelisted Vyca, but it can never be ascertained that tummisankingat an airspeed at or below the listed
Vuca 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 iolate a limit.

Many engine failure related accidents proved that a turn could not be terminated despite full aentrol su
face deflections at an airspeed that was still well above the-bgtddl Viyca as well as above the stall

speed.

TheactualVyca can also be lower saferi than the AFM published M4 though, for instance when the
asymmetrical thrust is not as high as used duripgs ¥esting or the cg is forward. \¥a can also be

lower than stall speeds\in which case the airplane is said todoatrollable down to the stall, which
however does not apply for all bank angles, as might have become clear after reading the pravious par
graphs.
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