Case Report
Medical aspects of a fatal aircralt accident investigation
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Animportant aspect ol the aervmedical iny estigation intoa fatsl adrerall aecidenlis establishing
whether any injuries were ante mortens This is important to rule outsabotage or imeapacitation
aof the pilat prior to final impact, 1 ean alse help i establishing the sequence of events an the
acculent, Surgwal cinphysena of the tharay and neck can only gecur inanie morten injury o
the lung parenchyma i hddange o magor bromchuas, A reslew ol classical tesibaaks of Foncnsic

Medicine and Aviation Pathology il not ot reseal any use of the evidence ol smryical

emphyvsems o prove an aote mortem injurs. The paper disensses e ingportanee ol i well

conducted autopsy and whaole body X rays ina fatal aireraft accident. Inan aceident on Type

77 u¢ in the Eastern Sectar in Aped "96, 1 was apparent that the seat antomaties fud failed,
The scat-man separation and not tike plaee and the pdot was found dead in the seat m ta
siemu closed capaole. History of the seat reveated that it had been removed from an accidentod
aireraft at AL, Uhis led to the court of cnguiry to think on the lines of pre exisung damage ol
the seat. The medical part of the investigation helped prose bevend doubt that the pabi Tl
sustrined ante wrortent injoeies when o pareal the seat stegeture beoke in the abe at the e o

main-gun firing. This helped to establish the sequence of events which led Lo failure of seat
man separation,

Kev words @ Surgical emphyvsema, Aireralt aceident, Avcident investigation

lie role of the acromedical spacialist ltematomas and evidence of inflanminatery
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cannot be over-emphasized. This fac

also discusses the presence of sureicil

crphivsena of the thorax amd neck as 4

assunies even gregler significance in cise ol
a fatal accident where the pilot is not alive
witel| his tale, | he medical officerwhao fira

positive indicator of ante-morian .

reaches the crash site. as also the one wha The accident

condnors the auopsy, can provide valuahly I April 1996, an experienced pilon was
clues 1o assist the Court of Inguiry . Whale leading a MiG-31 Type-77 two amcrafl ks

hendy X-ray exanunation of the victim is evel strike aspart of a routine exercise ing

inandaiony reguirenient. but may notahways training squadron. The formation ook afl
be carried out with meticulous care. as at 0843 hours and did a couple of NATO
ey ot |'ri|-.‘.~‘~'|dl.' iy lIJ'-l.""«.r-l:_"n.".L'iJ finchinu tirns, When I]:?ng_ at 2001 i abowe :—'-I'I‘-Illlli
This paper 1s presented to mzhheht the level at approximately 700 kmpl TAS. the
importance of cach step of the agromedical leader save 2 call for 100% T iftesn seconds

investigation ma flal aircratt academt. The later. at 09073 hours the leader called o say

he had had a Mame out and sars atlempuig

[orensic evidence of ante-morlem mjunes
relinht. This was followed by aeali -Rebght

e ludes hone marrow cmbelrn |

arge

Ll Aeroseree e Mod R

2

Lirnsgco
devmed
dlidl 1]
|‘rl:“l.:n|'_|r,
reacling
the pilar,
capmule,
severe e
J'nfur:-,'_ 1
wliere wl
Aarricy g
AU sy
Specimer
carbion n
hf,‘ilnp;m
dispatieh
Medicine,
hextday,

The inyes
Thig WS &
Lase of g
Arcralt ane
of Inquiry
BAilure and |
Gailure, 1y Wi
the reasions
restore the f
€jection syst

The SK-I Spe
the first supe
Mikovan
had opted for
in order 1o I
d fﬂp]‘ﬁ".-’l-i‘{” ing
ar at high s
both the seat
gjection, Ther
uf the levers
_!'uttisnning of’
Initiates sey

fnd. A FrOsp




shing
adiun
in the
ary 10
FENSIC
reenl
a wiell
Type
Filed.
in the
Joentedd
vapl ol
ol B
TUTER L
' seil-

ALY
ERIES
urpical
ok us o0

jury

it s

ralt low

crEe 1AL
tank il
AT
o p___ru_uu‘u'.!
IAS. the
| seciils
iui_l [y Sely
lempting
Relight

b2 s

imsuccesstul - Epeeting™ Ths No. 2 saw the

doomed atreratt rock its wings e, however,
died nat see any parachoie open A rescue
helicopter was launched immediately . On
reaching the sie. the medical oificer tound
the pilon dead il semi closed seat-canopy
eapsule. The prlot had apparentls sustained
severe deceleranive injonies ncluding head
iy, The body was then 10 1he hospaal
where whasle Body Xorov examination wis
caricd ot gt about 2350 hoors and an
dutopsy was perforned the samwe alicmoon
Specitnens Tor 1oxicologienl analvais for
carbon monoxide and alealiol and for
lstapathological examination were
dispatched 10 Institute of Acrospace
Medicine, Bangalore (LAM) by ancrall, the
next dov.

The investigation

Ilis was apparently the first documented
case of ejection seat failure in this tyvpe of
dirern(t and the inal concern of the Cour
af lnguiry was 1o establish the cause of seat
failure and then examine the aspect of engine
fatlure. It was importan w quick |y estabiish
the reasons for fatlure of the seal in order 1o
restore He Faith of arrcrew especially in the
Blection syslem

The SK-1 Seat. MIG 21FL(Type 77), being
the first supersanic aircraft designed by the
Mikoyan Guryevic Bureau, the designers
had opted for semi closed capsularejection
in order to prevent the expected (but later

disproved) injuries during ejection due 16 ram
‘e at high speeds. The pulot uses cither or

both the seat handle levers 1o iniliate the
gjection. There are two distinet movements

Of he levers. The initial part results in
Jettisoning of the canopy. The second san
Jnitiates seat ejection. The following
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seiuence takes place  automalic T
restraimmg. inertia reel locking, dropgoe gun
firimg, Tollowed by mam gun Giomg. As he
seal moves up by 20000 the SOy Comes
Lo rest o the seat trunmions, Wil [urth
upsard movement of the seat, the vanopm
sludes over and encloses the pulor from e
front. locking on both sides with the i
tromt pisetion of the seat, Durmg the wpwans
aovement of the seat, o mechanwal e -
VD=3 pets activated because of pulling o
ot acotier pmattached o the bulk L by
staap hook The AL S, alter |5 seconnds
delay, fres the *T7 2uns on either side ot
seat. These guns in turn move bell cranks
which tirther hring about the tollowing
events throuph mechanical limkauves -

() Separation of the drogue gun

(bl Releasing pilots harness

(€} Releasing lep resiraings

(d) Cipening tront locks ol the canopy

(¢} Moving the rear levers o allow
detachment of canopy after openme
through 120° approx.

Should the AD-3 fail to funetion. the
BT firing and the rest of the sequence
can be initiated by the manual scparation
handle. With the front locks apen. the air
stream forees the canopy to 1ill upand when
it opens beyond 1200 knots, it disenuages
and 1Ties away. Since the pilot is also now
unharnessed, the differenvial drag produces
seat-man separatton. s separation
releases a cotler pin from the pilot parachule
of the main parachute. 0 turn helping to
deploy the main parachute: Scat-nan
separation may have to be tacilitutald by 3
jmish Lo the seat by the pilor
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wWhen the scat moves up and the canopy
enpages the tnmnions, the foree of the rapidly
rising seat and that due 1o the w eight of the
canopy is tramsmitted to the seat through
mapnesium alloy crossbeam members o
cither side of the seat back. The ejection
minima forthis seatare | 1030, (10O meters
altitude at speeds less than 500 kmph)

The evidence

The lullowing salient features emerged from

the statements of witnesses and the miaterial

eviduence:

(a) The ejection was initiated well
above the seal minima

() The seal automatics lor separation
of the canopy had failed

fc) The waxl magnesinm alloy cross
beam had hroken on the right side

id} The seal-man-canopy capsule had
impacted the ground on the left side
producing majority of mjuries 1o the
lefi halt of the body

(¢) Thedrogue chute had not deployed and
the seat had tumbled before impacting.
The drogue gun was found wrenched
oul near the seal

(f) Both hands of the pilots were imqured in
a patiern suggesting that he was holding
the manual separation handle on the ssat
pan. However. the handle had not been
pperated. with locking wire intact

(g} The F-guns had fired on hoth sides.
The deliberations

With ejection below minima ruled out, the
main suspicion now lay with e

malfunctioning of the AD-3. The Courl of

{2}
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Inquiry made another visitto the L Crash
site 1o confirm the attachment of the smap
hook on the bulkhead. This was Tound intact
and inadvertent non-connection of the cable
by the ground crew was ruled out. The AL
3 tumer was removed and checked [
functivming of the imer which was found 14
be fully functional despite the crash forees
Cne time delav/ailure of the AD-3 was
thought improbable by the Court since il
a simple mechanical uming device with

spring mounted trigger switch

Pre-existing damage to seal
I'he dilemma persisted till the techmeal
member discovered thal the gjection scut
guestion had been cinmibalized froa an
aireraft which had met with a nose whee!
collapse aecident in 1987, Fhe line ol
thinking now changed  looking [ pore
existing damage (o the seat. Siee e seal
automatics had functioned well ull the
separation progess, 1was deduced thata pad
of the seat structure miy ave broken in the
air on the firing of the main gun. The cas|
magnesium cross picee on the right side
whichwas sarlier presumed o have broken
on final impact with ground eauld have
sroken in the air al the time of man gun
firing in view of the fact that il may have
heen damuged in the previous accidunt. Lhis
hypothesis could have explained thu rest af
the events which followed, ie. the non
opening of the front canopy locks. the
restrained position of the pilot, the unopened
right leg restraintand the drogue gun fallimg
off at the point of seat impact, The non
deplovment of the main parachulc aid the
death of the pilot was the cxpected
conseuence.
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Croxy Prece’ The Coun required evidence
W tnne the breaking of the magnesium allos
eritss picee, I evidence could be found to
show that the damage was at the time of
muin gam firing then the farlure of the canopy
o separate could be explained fully, As a
slep an this direction. a two pronged effort
wis Laken up by the Connn. This consisted
privari iy of the medical oy idence

Ante mortem vs post mortem injury

The post mortcm X-ray 11lms of the pralon’s
body had revealed multiple fractures nuiindy
on the kelt side of the body. However, 1he
X-ray chest also showed tracture ribs 2nd
o 8th om the right side. Lhese nibs were
fractured both posteriorly and on the laeral
aspect. There was also evidence ol M
thoras on the right side and bilater surgical
emphiysema of the thorax, 1 he posterior line
of rib fractures on the right side comoborated
with the broken cross beam on the right side

[fthe cross beam had broken i the #ir at the
time o' main gun firing. the rib fractures on
the right side would have been anie-mortem,

since the pilot would have sorvived tha

injury for abowt 20-25 sceunds before
impacting the ground and dying

Theseetions of the lungs examined
atlAM didl not show any evidence ol bone
marrow or fat emboli, The Aviation
Patholopist was of the opinion that the
fractures from the ribs might have not
produced any emboli because of very small
amounts of marrow and absenve of larae
sinuses 1o carmy embolr,
srgical Emphvsena The finding of
surgical emphysema an the chest X-ray filim
0fthe deceased pilot was confirmed by two
independent radiclogists. Whether surgical

ng. A Avrospace Med 00120 i
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gmphysema could be caused only by an ante-
martem mjury, or it could also be produced
by post mortem injury to the chestwall, was
discussed exlensively between specialists m
Awviation Mudicine, Pathology and Forensae
Medicine Standard textbooks of Aviatuan
Patholowy and Forensic Medwzine digl o
reveal any mformation on this, The
conscosus of the opinion was that surgical
errpliysen of the tharax and neck could
aecur vnly indn ante-maortem ingury o the
chest imvalving fracture of ribs which conlkl
e o major bronchus Claly positrey
pressurein the lupes due wo b eathung conld
torce aie from the lungs inte the
subcutineous tissue planes. Al the st
ol death due to severe crush mpuries om the
chiest, surgical emphysema may oceor ifhe
large escape route of the wr - the trachea
Ao maotth - areabstructed. In this case there
was no evidence of any such ahstructions
imjury. Hence presence of siuroical
cmphyse

2ol the thorax and neck confirmed
that the injury to the ribs on the right side

Wasanic-morteni:

Technical support of medical
inferences

This theory was further confirmed when tests
on the broken seat at the National Acrospace
Laboratories Banpslore (NALY, revealed
locked i stress”, 1o the guide rails. This
was beeause of the previous accident, These
stresses oot released with the main gun finng
and led to the breaking of the eross beam.
\lso the cast magnesiom alloy cross piece
was found 1o comtain “dross” elements whicli
made the structure inherently weak. [he
Matenal Sciences experts at NAL were ol
the oprion that the cross beam must have
broken in the air at the time of mam gun
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firing.

Conelusion

Iowas a dedicated team cITort that helped
solve the riddle as 1o why the seat faled
Such a Gailure would ol lsve occurred
provided itwas ensured that seats were
cannibalized from arerall  mvolved o
aceident. The lessons fearnt by the
acromedical Irtemily would be o take each
step of an aircrall aceident imvestigation with
utmost seriousness, Despite takig maore
than three hours an the autopsy the clinieal
finding of surgical emphysema had boen
missed. 1018 easy to fall prey w assumphions

(6141
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in the initial stages of the medical
imvestizabion. 11 one does not suspect any
anle=-marlem mury one does not look tor il
The mewd to earry out whole body Xoray
esarninalion of victims of fatal aireralt
accidents stands (ully vindicated, Surewal
empliysema deserves o be ndded 1o the st
of evidence that sugeest ante HGETe
njuries, The fact that the medical and
(orensic ey idenee was paranvaunt i
detenmining the cause of the accident should
Servie as an ndentive for all investigators
be more meticuloos aod methadical when

|1]\.¢:,[ig'.![if||__-' an arersdl acerdent.
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