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1. ABSTRACT

1.1.0n15 July 1996, a @30H Hercules oftte BelgianAir Forcecrashed
on AirbaseEindhoven irthe Neherlands following the féiire of engines #1
and #2 due to bird ingestionrilug a gearound that wasitiated just prior
to touchdown. Engine #3 was already off before fipgaach.

1.2.The gearound (while Hl) was initiated atmairspeedlose t097 kt,

which is far below the flight manual required-gmound speed &f ycaz (134

kt in this case). The flight manual requires acceleratidfg, (Vvca for

n-2) before selecting full garound power tde able to maintain control and

in anticipation of another engine to fail on the same wing. If mgines

fail on the same wing and the power setting on the other engines is high, the
airplane will be uncontrollable at speeds belMwea,.

1.3.1n this casethe airplane lasthe thrust of three engines {, 2 and 3).
Only #4 was operating on max. thrust right after the bird ingestiothis
very special case, the actual minimum control speed was hoWgyer.
As the airspeed was even a little beMwcas, the airplane started to sity
roll and slide away in a direction away from the operating engmijtu
impacted the ground.

1.4.The pilots of the airplane and the accident investigators did not know
about the real value of the minimum control speedbefirplane, not about
the factors that influencéyca, Nnot how the magnitude ¥fyca can be
‘controlled' by the pilots and not whéy,ca really means for the conttabil-

ity and safety of flight before and after engine failure, despite the fact that
Lockheed provided goodyca data and explanations, includingnt@l limi-
tations, in the airplane flight manual as well as in a very gooklé&ioe-130
low speed flying qualities' that is available to allL80 pilots.

2. INTRODUCTION

2.1.The accident investigation committegresented in 8.1 of the Rport
as probable cause:

¢ The accident happened as a resulaabllision with a
flock of birds during a gearound. The losef engine pw-
er in combination with the landing speed subsequently led
to the loss of control of the airplanén combination with
the low altitude, the @ident could not be avoided.

2.2.The Advisory @uncil for AirplaneAccidentsof the Ministerof De-
fensestated on page 13 of their report@2 the most probable cause of the
acddent:

The accident was initiated by
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e going around from a very low altitude, most probably as a
reaction to the sighting of birds, during which a floé¢k o
birds could not be avoideanymore.

The accident became inevitable when

o following the bird hit, the thrust of both left engines was
lost because of bird ingestion;

e the airplane became uncontrollable as a result of the loss
of thrust at very low altitude and crashed.

2.3.The first pat of the conclusion of the accident investigation committee
is in itself correct, but the accident could have been avoided. The conclusion
does not go far enough and hence has no value for the preventioi of acc
dents after engine failure. In this anddyshe true cause of this accident will
be presented arekplained, using the formal airplane manuwaid the
knowledge the author has on experimental flitggtingof multi-engine ai-
planesafter being trained at the USAF Test Pilot Schddie approat will
differ from the formal investigation repaxhd mightieadto improving the
recommendations for the preximn of similar accidents.

The formal manuals used for this analysis are the Flight Maandlthe
Performance Manual (SMP 777) that is pdithe Flight Manual of the C
130H Hercules, as well as a publication of Lockheed, the manufacturer of
the Hercules, titled ‘@30 LowSpeed Flying Qualities’. This analysisiis |
mited to the final flight phase and does not discuss theguo#dent aid.
Airplane and flight data out of tHermal accident investigation report was
usedin this ana}sis

2.4.This Analysis. In theanalysisbelow, a reference to the page of the
Flight Manual (FM) or the Performance Manual SMP 777 (SMP) of tee pr
sented data will be gén initalic print between parentheseln the Perfa-
mance Minual, dita of allHercules vesiors are containedThe usedFlight
Manualhowever, was of a longodyHerculegC-130H-30), becausea

Flight Manual of theBelgian C-130H version was not availahler'he quote
Warnings from the loripody Flight Manual will howeveywithout any

doubt also be stated in thidight Manualof the Belgianstandard versin of
theHercules but may be on a tderent page.

2.5. The author of this analysis is a graduate Flight Test Eegiaf the
USAF Test Pilot School, Edwards Air Force Base, CA, December 1985.
Following four engine failure related accidents (Hercules, Sas®8FDa-
kota DG3, EIAl Boeing 74#300) in the Netherlands that happened within a
relatively short period ofithe, he published a paper in the Netherlands Air
Force flight safety maazine'Veilig Vliegenin November 1999. Following
retirement from his Air Force career, which he concluded as ChiefiExper
mental Flight Test, he founded AGonsultand dedicated hinedf to im-

prove aviation safety using his knowledge of experimental fligbting. He
researched many catastrophic accidents with ranlfine airplanes thate
curred after engine failure or while an engine was inoperative. blisiped
several papers direports on the prevention of this kind of accidemis
websiteand presented these to the European Aviation Safety Seminar of the
Flight Safety Foundation, to the Dutch TSB, the Engine and propelles-Dire
torate of the FAA and to a number of Airlinésyr Force and Navy orgarde
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tions. He also wrote supplementary analyses of individual catastrophic acc
dents, of training and airplane flight manuals and of deficiencies in Aviation
Regulations FAR, CS 23 and 25 and equivalent, all of which can be-dow
loaded (for free) from the downloads pagenafw.avioconsult.com

3. CHARACTERISTICS C-130H HERCULES

3.1.Before analyzinghe accident, a limited explanation of the applicable

and most important flight characteristics of tHerculess presented The

four engines each drive a propeller that rotates at a constant speedaluring t
keoff, cruise flight and approadh landing. The thrust of the propellers is

set by the throttles in the cockpihich chang the blade angle, thatch of

the propeller blades. If an engine fails, a difference in engine thrust on the
left and right wing occurs, that causes a yawing moment in the direction of
the failed engine. This yawing moment can only be compensated byt-deflec
ing the rudder te@revent the yawing angle to increase and reduce the sideslip
(andtherewiththe drag). The aerodynamic force generated by the vertical
tail and rudder iproportionate to the square of the airspe€t).(Vhe lower

the airspeed, the smaller the rudderegated side force is and the mord-ru

der defection is requiredr, if the rudder is already maximum deflected, the
higher the airspeed must be to generate a high enough side force to counter
the asymratrical thrust. Besides rudder deflection, also aitedleflection is
required to counter the rolling tendency due to the difference in propulsive
lift on both wings. The engines are numbered from left to right; number 1 is
the ouboard engine on the left wing.

3.2.The airspeed at which the deflection of theodgnamic controls is not
sufficient anymore to maintain the heading is called the minimum control
speed in the air: Mca. Vmea is determined during flightesting and idisted

as an operational limitation in the Flight Manu#lthe airspeed is below

Vueca, then the airplane might not be controllable anymore once an engine
fails and the other engines are set to provide maximum thrust, as will be the
case during takeoff or garound. Both the @30 Flight Manual and PPe
formance Manual pay a lot of attean to the loss of control after engine
failure. A lot of warnings are included to warn the pilots for inappropriate
handling of the airplane after engine failure. Lockheed, the manufacturer of
the G130 Hercules, did not only write about the problenad thight occur

after engine failure in the Flight and Performance Manuals, but also issued
the already mentioned booklet30 Lowspeed Flying Qualitieghat is

solely devoted texplaining the not always benidiight characteristics of

the Herculestdow flying speedvhile an engine is inoperative and tc e

plain the real value of the publishegid. The author of this analysis also
wrote many papers and reports about this subject.

3.3.The minimum control speeds atetermined during experimental flight
testing and arprescribed in the Flight en Penfioance Manualt®o be able to
continue the flight safelfollowing the failure of one or more enginasyd to
preventcatastrophic accidents from happenitig however these limiting
speeds are not usaegpropriatelycontrolof the airplanemight still belost
after the failure of one or more of the engines at the moment thatthe ai
speed is low and the thrust on the otheires is high.

COPYRIGHT © 2001 - 2008 AVIOCONSULT 3
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4. AIRPLANE, METEOROLOGICAL AND AIRPORT DATA

4.1.The following airplae, meteorological and airport data were copied
from the formal accident investigation report as they were during tie acc
dent. It was assumed that these data were correct.

Airplane: Lockheed C130H Hercules
Registration operator: CH-06, Belgian Air Face
Enginetype: T56-A-15
Grossweight 98,000 Ib
Flap position 100 %
Landing gear: Down
Fuel distribution Symmetricaloverboth wings
Engine thrust at the moment of the acciddiReport§4.1.3)
#1: -2,174 b
#2: 0
#3: 0
#4: +4,816 Ib

Meteorological and airport data Airbase Eindhoven

Date/ time 15July 1996/ 18:02
Temperature 213°C

Air pressurgQNH): 1,027 hPgmb)
Wind: 010°/1317 kt
Runway in use 04

Runway height 74 ft

Taldel. Airplane, meteorologidaand airport data

5. NORMAL PRESCRIBED PROCEDURES

5.1. Takeoff and landing data. Using the data presented in Table 1 above,
the airspeeds that should have been used by thedlight of this flight

were determined from the graphs in the Performance Manual73V Bf

the G130H. With each data item, the source where the data was founrd is i
cluded within parenthesis. A brief explanation of the data is presented in the
next paragraph.

Speed kt | Configuration, conditions ensource

Approach speed 118 |Is threshall speed + 10 kprescribedn
Performance ManugSMP pag8-2).

Threshold speed 108 | For grossweight (GW98,000 Ib(SMP pag
9-7) with throttle atflight idle.

Touchdown speed 97 | ForGW 98000 Ib(SMP page®-10). This is
the lowest approved threshalgeed
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Speed kt | Configuration, conditions ensource

Vmcal 103 | Gear down, 50% flaps, OAT 21,3° C, Seq

in ground éfect Level, 5° of bank into good engines, max.

Vv 134 permissible power on operating engines,

iﬁCAiound ffoct rudder or 180 Iwf rudder force, minimum
9 weight(SMP pags3-17 and3-62, 363).
Vicar 107 | pata with100%flapsis not available
out of ground Hect
Vuca1 IS minimum control speed in the air
Vicaz 136 | with one engine inoperative;
out of ground é&fect
Vcaz IS minimum control speed in the air
with two engines inopetive.

Poweroff stall speed For GW 98000 Ib, 100% flaps(SMP page

with bank angle 3-118)

0° 78
30° 85

Go-around speed 134 |Warning in FM: gearound not to beta
tempted if airspeed is belowy¥a, (FM
pages3-12and3-51)

Rotation speed 103 |Is 5 ktlower than takeoff speedbut never
lower thanVyca in ground effec{SMP
page3-17)

Takeoff speed 91 |With 3 & 4 engines, 50% flap®8000 Ib
(SMP 358). In this case (low gross weigh
lower than rotation speed, so not usefu

Tabde2.  Prescribed airspeeds and airplane configuration

5.2. The meaning and intention of the airspeeds presented above are:

Approach speeis the airspeed required during the a
proach for landing

Threshold speed the airsged required during overflying
the runway threshojd

Touchdown speeid the airspeed at which the airplane at
first touches the runway surfgce

Vucar is deAir Minimum Control speedvith one engine
inoperative

The airplane isn ground effecif the heght of the airplane
is within one half wingspan above the grourd.greater
heightsthe airplane iut of ground Hect;

Vucaz Means the same ¥sca; but now if two engines (on
the same wing) are inoperatjve

Poweroff stall speeds the lowest speedt which the
wings produce just enough lift to maintain altitude while

COPYRIGHT © 2001 - 2008 AvIOCONSULT
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the power of the engines is ¢throttles idle) When the
airspeed is lower, the wings loose lift generatingabipy ;

e Go-aroundspeed igheairspeed at which a garound can
be sé&ely initiatedand performed

¢ Rotation speed ithe airspeed at whi¢churing the takeoff
run, thenose wheetan bepulled off the ground to initiate
the climh

e Takeoff speeds the speed at which the main gear wheels
leave the ground.

5.3.Before and durig every flight, these data are calculated or copied from
graphs in the Performance Manaald recorded on a s@alledC-130 T&ke-

off and Landing Dat&ard(TOLD) that is always positioned in direct view
of the pilots

5.4.1n the Flight Manual, thenormal and mergency procedures arespr
scribedfor all flight phases like takeff, approach, landing, garound, etc.,
that have to be applied by the flight crew. Each of the procedures m-acco
panied, if applicable, by safety measures and Warnings and Cautions that
warn the flight crew for dangerous flight conditioriEhe relevant Warnings
and Cautions out of the Flight Manual for this analysis are presented below
to present aappreciatiorof the many warnings that are included for flying
at low speed and with iperative engine(s). In addition, also Warnings are
guoted that are not directly relevant for this analysis, but because these
present an impression of the hazards éinathreatening the safety in case an
engine fails and that contribute to the knowledeguired for flying the He
cules.

5.5.1In the Flight Manualn ChapterFlight Characteristicen pag 2-66, and
in theEmergewieson page3-10, the followingWarning is stated

e Improper use of the rudder coupled with improper bank
angle control during asymmatal thrust conditions may
result in immediate loss of control of the airplandRapid
yaw to very high sideslip angles will cause a drastic loss of
airspeed and abrupt roll toward the thredéficient wing.
Recovery to balanced flight with coordinatéigtt controls
and symmetrical powemust begin immediately; the loss of
altitude during recovery may excee@@0 ft.

5.6.In the Flight Manualin thefigures on page 2190 and2-192for typical
approaches on two engines, the followiffgrnings are printed

e A goaround is not recommended after flagre lowered;

e Do not extend full flapsr slow below 2 engine minimum
control speed until landing is assured.

TheseWarningsare not directly applicable to the mishap airplane, because 3
or 4 engines were still opting during the approach, but the Warnings do
indicate that if the flaps are lowered, and the airspekel@vV ycaz, and

two enginedail or are inoperative, a dangerous situation would occur if a
go-around would benitiated.

6 COPYRIGHT © 2001 - 2008 AVIOCONSULT
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5.7.In the emergency procedsin the Flight Manual on page@under
Takeoff continued after engine failure

¢ Maintain directional control with flight controland en-
gine poweras necessary.

5.8.Under the hea@hreeengine ferry operatigrihe followingWarnings
are printed

e ltis imperative that the following limitations be observed
and procedure followed exactly since tbes of an add
tional engine after liftoff and prior to reaching twe
engine minimum control speed results in a hazardous si
uation. In addition, failure to follev the procedure mayer
sult in loss of directional control and destruction of the ai
plane

e ltis important to obtain twengine minimum control speed
as soon as possible after tag&#.

In this procedure it is stated that as soon as the airplane isnirioe hed:

ing has to be maintained using 5 degrees of bank in the direction of the good
engines, or away from the inoperatialed engineandrudderasrequired,

and that only afteattainingVuca, the throttle of th@peratingasymmetrical
engine maye advancedo the saméorque setting athe symmetrical a-

gines

5.9.1n paragraphn-flight Emergencies under Flight Characteristics under
Partial Power Conditionan pag. 310is statedFailure of an outboard e
gine mayrequire power reductioron the oppdsge outboard engine.

5.10.In the same chapter under Turfisirns into inoperative engine(s) are
not recommended due to the increasejga\¥éncountered when the 5
degree favorable bank angle (into the operative engines) is reduced
Theeffectof bank angle ahweight onVyca is illustratedin Figure 1 on

pag 12

In the same chapter, underopeller malfunctions during takf the follow-
ing Note

e Propeller malfunctions duringakeoff may be difficult to
analyze at this most critical phasH.the engine is shut
down immediately and the propeller fails to feather, it is
possible that higher than normal minimum control speed
may result. When fire is not indicated, it is recommended
that the engine be allved to run until at least twengine
inoperative air nmimum control speed is reached.

andthefollowing procedure:

Continue the takeff; maintain directional control with flight controls
and engine poweas necessary

and the followingWVarning:

COPYRIGHT © 2001 - 2008 AVIOCONSULT 7
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Below tvo-engine inoperative air minimum control speed it
may be necessaty reduce poweon the opposite engine
to help maintain directional control.

A goaroundshould not be attempted if airspeed is below
two-engine inopedtive air minimum control speed.

5.11.0npage3-51, underGo-around procedure withne or two enginesi
operative, the followingVarningis included

The use of 5 degrees of bank away from the inoperative e
gine is necessary to maintain directional control when
power is applied during garound. Attempting to fly with
wings level increases minimum control by as much as 20
knots. Go-around with tweengines inoperative should be
avoided unless absolutely necessdgyery precaution

should be taken so as not to let a situation develop #at n
cessiates ago-aroundunder these conditiondDescents
below safe, comfortable altitudes and airspeeds should not
be made until absolutely assured of landing.

and the followingprocedure:

Begin the 'gearound' at or above air minimum control speed.

Advance tle throttles for all operating engines to maximum power as
directional control will permit. Power applied to the asymmetricah-e
gines will depend on the airspeed of the airplane at initiation of-'go
around'.

and the following Warning

Two-engine minimum catrol speed must be obtained as
soon as possiblafter initiation of go-around.

5.12.In the Performance Manual the Air Minimum Control Speeds are
presentedn numbers and are explaingohge SMP 317 etc). The follow-
ing remarks ar@cluded in the explanatptext

5.13.These were the most important and applicable statements out of the

Because of the powerful influence of bank angle o min
mum control speed, it is important to maintain a bank a
gle away from the failed engine;

Reduction of power on the opposite engine will reduce the
yawing tendency caused by the asymmetric tramid thus
lower the minimum control speeds; however, a sacrifice in
climb performance will result;

The importance of maintaining 5 degrees of bank away
from the failed engines is shown in figur® @s Figure 1
in thisanalyss on page 12).

Flight Manual en Performance Mandat analyzing this accident

COPYRIGHT © 2001 - 2008 AvIOCONSULT
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6. C-130 LOW-SPEED FLYING QUALITIES

6.1.Lockheed, manufacturer of theX30 Hercules, hassued an already
mentioned publication titteC-130 LowSpeed Flying QualitiesThe ¥
printingis datedOctober 1992 This document contains text and illustr
tions thatwereprepared to provide a better understanding of theslosed
flying qualitiesand the minimum control speeds of theL8D series aircraft
and should besed inadditionto the Flight Manual.

The page numbers between parentheses below refer to the pages in the
Lockheed publicationAlthough there are some incorrect statementken
publication, the content does provide the readers with adeelimentedri-
sight to the flight characteristics of a higbwered airplane after engine
failure end presents several do's and doifte quotes from the publication
were supplemented bylditional remarkdy the author of this analysis

6.2. The minimum control speeds contained in the Flight Manuahare i
tended to preclude operation of the aircraft below speeds at which a sudden
loss of engine thrust dhereduction of control capability ctdiproduce an
uncontrolbble situation with potentially catastrophic consequefisage?).

6.3. Air minimum control speed (M:a) is defined as the lowest airspeed at
which it is possible to maintain control of the airplane afteshddenloss
of thrust ofan engine or whilan engines inoperativgpage 6)whichever
is highest Vyca is determined during flightestingwhile engine#lis
(made)inoperative the center of gravity is gfthe weight is as low as péss
ble, the rudder deflection is either nraxim or up to a control force of 180
Ib and the thrust of the opposite engine is maximiims configuration, b-
sides other factors, provides the highest, worst casg. Min addition,dur-
ing the tesstraight flight is maintained while the bank anglé idegrees
away from the inoperative enginds illustrated inFigure 1, any other bank
angle results in a higher actdlhca. HencetheVyca listed in the Flight
manualis valid only during straight flight while a bank angle is miined 5
degrees away from the inoperative endigned the thrust of the opposite-e
gine is maximum takeoff)Any other bank angle increasegd{ to a value
higher than the Flight Manual listed,¥x. AlthoughVyca is determined
while engine #1 is (mad@&)operative, it applies and should be used after
failure of any of the engines.

6.4.1f an engine fails when the airspeed is higher than the Flight Manual
publishedV yca, then less rudder deflection is required than maximum to
maintain straight flight. If hoever, an engine fails while the airspeed &b
low Vuca, then the aerodynamiorces generated by the vertical tail and
rudder arenot high enough to maintain straight flight. The airplane deviates
from its intended heading and cannot be controlled anynibtke altitude

is low, this can lead to a catastrophe, like this accident.

Maintaining the airspeed above the Flight Manual listgd, and maintai-

ing straight flight while banking 5 degrees away from the inoperative engine
ensures controlled flighbllowing an engine failure.

Of course, the total thrugenerated by the remaining engimekess then
maximum which affects performancdf more engines are inoperative, the
remaining thrust could not be adequate to maintaitudé(page6).

COPYRIGHT © 2001 - 2008 AVIOCONSULT 9
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7.

6.5. Theasymmetriqpower condition following an engine failure generates
yawing and rolling moments that must be balanced either by reducing thrust
on the opposite engine or by using #eFodynamidlight controls rudder,
ailerons and elevatoiThese controlare however only effective enough if
the airspeed is higher thafyca.

During takeoff and g@round, the reduction of thrust on the opposite engine
(8 5.11second bulleabove could lead to the loss of climb performance.
Then only aerodynamic control is available for which the airspeed needs to
be high enough. If iabank angle of 5 degrees is maintained away from
the inoperative engin&,yc, is at least 1&t higher than th&/,ca that is

listed in thePerformance ManudFigure 1 below).

Because of the powerful influence of bank angl&/Qp,, it is extremely
important to maintain a bank angle away from the failed er{gimge 13.

6.6. Go-aroundsare besaiccomplished by initiating the maneuver as early
the approale as the need becomes evident. The fwesedure is:

(1) engines to full takeff power,
(2) flaps50%;

(3) continue down the glides lope, while airspeed is increased at least
to Vuca for 50% flaps.

OnceVyca1 (0r Viea: if one engine is already inopeikat) has beenta
tained, the climb out can be initiatgehge 34)

If the altitude is too low for the aforementioned procedasawas the case

on Eindhovehthen the flight crew must be particularly alert as the throttles
are brought up toward takeoffrtist. Slow response of one or more engines
can lead to the loss of control if the situation is not recognized andec-

tive action is not immediately taképage 34)

6.7.1f at any time during the garound, the pilot does not have both perfo
mance anaontrol margins, thethe pilot shouldmmediatelypull back the
remainingenginesand land straight ahead. An-sffnway landing under
positive control is preferable to ground impact out of corfpate 34)
Controllability without climbing capabilitys not desirable; but uncontrall
bility is even worsépage35).

6.8.So far, the quotes out of the Lockheed bookidease also refer to the
reportAirplane Control after Engine Failurby AvioConsultthat is dovn-
loadable for free from websiteww.avioconsult.conand in which almost

all there is to know aboMyca is presented, including improved takeoff and
go-around procedures.

ANALYSIS OF THE ACCIDENT

7.1.The information in the paragrapaboveis presented to gaimapprec
ation for the manylirections, procedures, Warnings & Cautions for the
flight crew to work with during the execution of flights and during handling
an engine failure. Lockheed wrote a lot about, and issued many warnings
for, dangerous situatiorthat might occur after the failure of one or more of

10
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the engines. The-C30 should be handled by prolyetrained flight crew

using extreme care before and after engine failure, because of the powerful
engines.

In this chapter, the accideat EindhoverAirbaseis analyzed using therai
plane and flight data presented before.

7.2.Assumed is that the approach to the runway in use was flown inacco
dance with the normal procedures and that there wecemool problems

until the bid hits occurred.The appli@able Miuca's for the landing weight

and runway altitudshould have bedonoked up in the Performance Manual
and recorded on the-€30 Takeoff and Landing Da{&OLD) Cardprior to

the approach ThisTOLD card is to be clipped in the direct view of thie p

lots in order to be able to read the required data quickly as it becomes nece
sary. The speeds for the approach under the weather conditions and aircraft
configuration at the time of the accident, as determined from therPerfo
mance Manual, are presented in Tale 2. The required approach speed
was 118 kt, the threshold speed 108 kt and the touchdown speed 97 kt. At
the nstant of the bird hits, tharplane wagassingherunwaythreshold, so

the airspeed must haweerclose to97 kt.

7.3.According tothe Reportthe #3 propeller was feathered.did not ke-

come cleafrom the Reportvhether engines #1 and #2 djiiist due to the

birds hitting the engineand that engine #3 was subsequently shut down by
the crew, othat engine #3 was already shut down before the bird hitaprob
bly already before or during the approadthe answer is as follows.

If engines #1 and #2 quit first following the bird ingestion, and engines #3
and #4 geerated full thrust for initiatinghie gearound, then the actudica
would have been at least 134(Mtuca2), theminimum control speetbr two
engines inoperative on the same wing, provided the bank angle was 5 d
grees away from the failed engines. If this bardl@was not attained, #n

the actuaV yca» for a gross weight of 98,000 Ib must have balemost 17 kt
higher than the value that is listed in the Performance Manual, in this case
approximately 150 kt, sd€igure 1 below, which is copied from the-C30
Performance Manual SMP 777, and which also is used in the Lockhbed pu
lication that was msented in Chaptdés above.

The actual airspeed however, must have been bemlesntod7 kt. The
consequence of the big differenagtween this speed aMi;ca» would have
been that controlkould belostimmediately following the failure of engines
#1 and #2and that abrupt yawing and rolling moments to the left would have
caused the airplane tmpactthe ground a lot quicker thactually hap-

pened during this accidenthe remaining flight time following the failure

of engines #1 and #2 was 12 seconds. No vigorous rolling motiens o
curred; the left wing tip touched the ground at approximately 190 m from the
runway centerline.

7.4.1f engine #3 was shut down and the remaining engines were all genera
ing maximum thrust for the garound, then the minimum control speed to

be observed was 103 kt, provided the other conditions, such as a 5 degrees
bank angle away from the failed engine (histcase to the left), arerme

plied with. If however the wings are maintained letten the actud¥/yca

at 98,00 Ib gross weight is nearly 10 kt hightkian theV yca that is listed in

the Performance Manug@eeFigure 1 below). Then the mimum control

speed is 103 + 10 = 113 kt, instead of 103B&:cause engine #3 is an in
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board engine on the less critical right hand side, the a¢fual was most
probably lowel(safer) and almosequal to the touchdown speed (97 kt).
Theairspeed wasdeednot much lower than the act,ca, which can be
concluded from the very slow increase of banking to the left and the path
that the airplane flew in the 12 seconds after the bird hit.

40

30 ===

20 +- T

L ———

10 == $=——

0(\4 Vmea from FM
\

Increase of Vyca (knots)
f
|
T
\

\

\

80 100 120 140 160
Actual weight (x 1,000 Ib)

-10

Legend (order as in figure):

......... TEI, 5° bank into bad engine
—--—---0El, 5°bankinto bad engine
- TEI, 0° bank (wings level)
————— OEIl, 0° bank (wings level)
OEIl, 5° bank into good engine

Figure 1. Effectof bank angle and weigloh Vyca

7.5.Therefore it is likely thaengine#3 was shutlown by the crew before
engines #1 and #2 weradested by birds and quit operating.

7.6.1f engines fail while the power setting of all engines is low, as is the
case during a normapproach, then of course no control fgeoms occur.

7.7.The flight crew decided to garound after observing birds and fello

ing the intentional shutdown of engine #3 while the airspeed was between
close t097 kt. In accordance with the Flight Man@aéage 351, 3-12) how-
ever, the airspeed for initiating a-goound needs to be at le&gica,, in this
case 134 kt as should have been listed on the Takeoff and Landing Data
Card. In other words, if a garoundshould becomeecessaryhen theair-
speeds as low & the threshold or touchdown speetiether engine(s) have
failed or not, the airspeed has to be increased first using operatingesymm
trical engines before commencing the climb. This procedure guarantees co
trollability in case an(other) engine would fafter moving the throttles fo
ward. If it is not possible to acceleraté@cay, in this case 134 kiirst,

then a gearound may just not be initiated and the airplane is committed to
land. See the corresponding Warning§ ;110and§5.11above and the
remarks by Lockheed as presented 6.3

7.8.The bird ingestion caused engines #1 and #2 to quit, leaving only engine
#4 operating at high thrust. For the distributidfiooces and moments on

12
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the airplane, it was favorable that engine #3 was already off when #1 and #2
quit (8 7.3. The response of the airplane wasreforenot as vigorous as
would have beethe caséf both engines #3 andd#would have been opdra
ing at high thrust. The moments around the yaw axis, which are n®st rel
vant for themagnitude oV yca, Now were as if only engine #1 faildob-
causehe symmetrical engines #2 and #3 were off and did not contribute to
the yawing nements (nor to the rolling moments). The minimum control
speed with engines #1, #2 and #3 inoperative would, according torthe Pe
formance Minual havebeen approximately 103 kt, provided the bank angle
was 5degrees into the opeag engine #4 This baking was opposite of

the bank angle that the pilots would have had to apply after shutting down
engine #3nd while advancing the throttldt the wings were kept level, the
actualVyca was10 kt higher ol 13 kt, as was explained in7§ above.

7.9.The yawng and bankig motions under influence of the thrust of engine
#4 only couldobviouslynot be avoided, despite the without any doyist a

plied yaw and roll controls against by the pilots. Theséndications that

the airspeedvas (slightly) below the actual minimum control speed. The
only way out, as described by Lockheed in the Flight Manual, Performance
Manual and in the publication mentioned before is to reduce thrust on the
asymmetrical egine, in this case #4, as muchpassible for the controls to
become effective again. But since only engidevas operating, the pe
formance was most probaldjreadyinsufficient to achieve a climbClos-

ing the throttles and landing with the wings level (in the dirt) was in this case
the aly option. Please refer to the statement by Lockheed as presented in 8§
6.7above. A controlled wingkevel landing is preferable above an umco
trolled landing with a wing tip hitting the ground firashappened during
thisaccident.

7.10.Another indication for the fact that the airspeed was slightly below
minimum control spee¥ yca: Was the small bank angle that the airplane

had at the firsimpactwith the ground, given the small distance between the
imprint of wingtip and thadf bothengine #1 and the left pylon tank. If the
airspeed would have been much lower tti@nactuaV yca, then the roll

rate would have been higher and the bank angle would have been greater in
the remaining flight time. Themfter the wingtip wouldhave contacted the
ground first, the nose of the airplane would have hit the ground next and not
propeller #1 and the leftyfon tank.

7.11.The thrust of one engine is not high enough to establish a positive
climb; the Performance Manual does not present dathis configuration.
Therefore, following the loss of thrust of three engiaean altitude of just a

few feet the airplane was committed to land. The pilots should have closed
thethrottlesand land straight ahead. diigine #3 was indeed alreadyish

down before or during the approach, then the pilots should have realized that
the airspeed for initiating a ggroundshould havédeenincreased t&/ ycao,

in this case 134 kfirst. If this is not possibleecause of the low altitude or
number of faikd enginesthe airplane is committed to land.

7.12.The pilots initiated a garound at an airspeed way below Hiight
Manuatprescribed garound spee¥ ycaz, While it was impossible to aee
lerate to this speed using symmetritalistfirst.
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8.

7.13.1t is possibé to simulate the course of events during flight at a safe alt
tude in order to confirm this analysis, provided it is performed or supervised
by an experimental test pilot or a fligteist engineer, because they know

how to determin&/yca and its real vale. A flight simulator should not be
used, because the low speed flying qualities while one or more engines are
inoperative might not be reliable enough to draw the rightlagions.

CAUSE OF THE ACCIDENT

8.1. The main cause of the accident was the initiatiba gecaroundat a
muchtoo lowairspeed and its continuation following the failure of twe e
gines Themanufactureprescribes that the safe speed for performing-a go
around is alway¥ vca2, in this case 134 kt. When the pilatitiated the ge
aroundthe airspeed wasose t097 kt,meaning that the appropriate war
ings by the airplane manufacturérat a gearound should not be initiated
unless the airspeed is increase¥ {@a; first, were disregarded

The gearound speedcaz) is prescribed ithe Flight Manual because the
failure of both engines on one side is anticipated, which tragically indeed
happened during this accident. If the airspeed during the approach is below
Vwucaz2 and acceleration tdyca. is not possible by exchanging altituae f
speed, or by increasing the airspeed using symmetrical thrust of th@+remai
ing engines, then a garound may not be performed, even if therenare
birds, and the landing must be continfeee85.10and§ 5.11). The ai-

plane was committed to land.

8.2. After the bird ingestion, three of the four engines were off, but gie di
tribution of yawng forces and moments on the airplane was as if only engine
#1 had stoppedOnly engine #4vasgenerang maximum thrust leading to

an actual minimum control speed of 103 kt, or 113 kt if the required 5 d

grees of bank were not maintained but the wings were kept level instead, and
not 134 kt ¥ wca2). The used bank angle is unknown. Because of the fact
that the lmgitudinal axis of the airplane could not be maintained at runway
healing, but that the heading unintentionally changed to the left, the airspeed
must have been lower than the acNigta; (103 kt) and therefore certainly

way too low for initiating a g@around.

8.3.1f the thrust of engine #4 would have been reduced to recover cantroll
bility, as the Flight Manual prescribes, even if that would have been done if
the Hercules was away from the runway above the grass, the accident could
have been prevented, altigh the airplane would have suffered damage.

This is an emergency proceddoe which the Flight Manual presentan

merous directioné8 5.5, 5.7) and that are also discussed in the Lockheed
publication presented abové& 6). A cause of the accident also is not redu

ing the thrust of engine #4.

8.4.The decision to initiate a garound at a way too low speed, but also to
not reduce the thrust on engine #4 as the nose of the aigikaed to divert
from the runway centerline, indicating out of control, show that the flight
crew was unfamiliar or inexperienced with the prescribed proceduren; War
ings and explanatory material on flight at low speed and with an istoer
engine. his might be caused by inadequlight crew training. The flight
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crew, without doubt hadaccess tothe manuals and publications that were
mentioned and used in this analysis at their home base and/ or in the ai
plane.

8.5.Contrary to the conclusions dfd accident investigation committee and
the Advisory Council for AirplaneAccidentsof the Ministerof Defense the
accident was not unavoidable because of the loss of engine thrust in comb
nation with the landing speed that led to the loss of controthbutcident

was caused biitiating a gearound at an airspeed approximatelykBBe-

low the speed that the Flight Manual prescribdsit@mte a gearound, even

if all engines would have been operatirf. this low speed, the thrust on
engine #4, afir #1 and #2 were ingested by birds, was maintained rendering
the airplane out of control after which it crashed.

The flight crew did not apply the procedures that are prescribed in the Flight
Manual for peforming a gearound.

9. PREVENTIVE MEASURES

9.1. The Advisory Gouncil for Airplane Accidentsof the Ministerof De-
fensedid not order, or recommeniahprovingthe theoretical and practical
training of (Hercules) pils for flight at low speed with an inoperativa-e
gine. This analysis showed that this is sy required to prevent engine
failure related accidents from happening again.

9.2.The G130 Hercules is a difficult to handle airplane after engine failure
and should not be the first airplane type for pilots who only have experience
on singleengine airfanes or helicopters and hence, have limited expegie

on multiengine airplanes. The requirementsHarculescrews should be
adapted to the degree of complexity of dmplane.

9.3. The author of this analysis published a number of analyses of similar
accidents, and wrote an extensive report and papers on the control ef multi
engine airplanes after engine failure. This report is referred to in the next

list. y
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