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Aviator safety forms g part of preservation of resourees through aceident prevention, which can be injuric
delined ax organised and constant effort (o prevent crrors or the results from errors, The suceesylul year |
ejective of the seat and the vceupant depends upon u number of factors including the speed, altitude wilh 1
and flight path (attitude) of the nircraft, These fuctors are therefore directly related to the injuies
sustained by the pilots. This paper surveys the ejection injuries occurred in Western air command in
the year 1995 and 9 1o establish a co-relation if any, with the aircraft flight profile. 17 effective
cjeetions had taken Place in the said period, of these 52.9% had major injuries including Injury to the
spine, upper and lower limb, 11,75 had minor injuries, 23.5% suffered from multiple fatal injuries,
L7 4% of the ejectees had complete safe cjection with no injuries. The mean altitade of ejection way  The acy
1500 meters with u range of 66 to HHW) M, Similarly the meun ajr speed at ejection was 559 + 151 acciden
kmph SD. The G load was not significantly increased at the time of ciection. The average time of the. 1995 ar
rescie was 58 + 5.6 min SI). It s revealing that there is a noticeable incidence of ejection related  provide
major injuries even thoupgh ejection has occurred in the safe envelope, Even with the advancementin section
fighter aircraft technology vis a vis combat capabilities with equally advanced escape system, the
ejectees are not injury free. Hence it is pertinent (o study and co-relate the injurics sustiined during
cjection with the various flight parameters,
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viator safety forms a part of preservaton  depends upon a numlbiee of factors ineluding the
of resources throush accidens prevention speed. alintude and flight puth (attitade) of the
which van be defined as organised and  airerafe These  factars are  therefore directly
comstant ¢ffert 1o picvent errors or the resules refated to the injuries sustained by the pilots. g
fromy ¢rrors. ‘The preservation of hfe 15 the main the carlier studies RBoy Chowdbary i al (1978
abléctive whenever hazards of accident conditions THL Rai (1979) [27 and MM Dogra et al (1987
prechide the suceossiyl vinmplenon of the mission L3} have brought our the various spinal injuries
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sustained by the pilots during ejection. However
no pe-relation hias been established between the
Injuries and the ejection forces or the flight
parameier ol the time of ejection. With the advent
of advanced fighter olrcraft with their highly
combat noture of the fight 10 s now pertinent
I study and co-relate the injunes sustained
oring cjection with the vanous Hght parmelers
Search amd rescuc activities hove also been
weviewed, Utilisation of the facilites and the time
faken (o reach the sue of the accident have been
highlighted.  This  paper the ejection
ijuries occurred in Western air comunand in the
year 1995 und 96 1o establish a co-relation il any,
with the wiceraft [light profile.

SUTVEYS

Material and methods

The accident investigation reports of all aircraft

aecidents invalving Gghter aircrafts in the vear
1995 and 96 were reviewed. These reports were
provided by the CF510 HQ WAC. Pertinent
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including  the summary of the mishap, the
investigation resulls, analysis and recommenda-
tioms: Pertinent data were  recorded  of each
accident, including the cause of the acandent,
flight parameters at the time of gjection (ur
speed, altitude and G load) And also the antude
af the mrerall prior o the cjection was noled,
The vanous injuries sustained by the prerew wera
puted out of the aeromedical dssessment repart,

Results

Review of the COl investigation reports revealed
that o total of 17 effective gjections had tuken
place in the period 1995-96 w0 1996497 (able Ty
This Includes a mid wir collision i which (hree
air crew and two areraft were invalved, OF these
43 7% where due 1w Human Error and a similar
percentage due 1o lechnical defects, Bird strike
the third cause contnbuted to 12.5% of the
accidents (table 11). The percentage distnbution
of injuries amongs! these ejectees are tabulated

section of accident reports were reviewed  (table 1), 52.9% had major injuries ineluding
Table 1: Aircraft accident rate
51 Type of Ejectivn Year
Mo Alrcrafl Seal 1995-96 19496-97
1 MiG 21 EMI M e 04
2 MG 23 EMIM 03 (12)
3 MG 27 EMI M al 0l
4 Jaguar MBS o3 a1
Table 2 : Reasons for aircraft accident (with percentage)
51 Type of Percentage Year
No. Errors 199596 1996-97
] HE 43.7% 04 03
2 TD 43, 7% a3 [
3 BS 12.5% 02 -
4 Cthers - = -

.
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tajury to the spne, upper and lower limh. 11.7%
b tminor injuries, 23.5% suffered from multiple
lutal ijuries. 11.7% of the ¢jectees had complete
sate ejection with no imunes. Table IV show
canses of varieus munes al ejection. The mean
alutude of cjection was 1500 M with the range
of G0 to AKK) M. Similarly the mean air speed
at gyecton as per COT was 559 £ 151 kmph. Table
vV, VI, VII shows the relationship of vanous
injuries to the flight parmmelers at the time of
cjection. The G load was  nmot sigmificantly
increased at the time of gjection except for two

cases where radial scceleration of 10 g and
# wore recorded on SARRP il helore crash, I
both cases no ejection was initinled and resuliy
tn fatality. SAR activity shows nil utilisation o
survival pocks. The average tme of the rescoi
was 38 £ 5.6 min, SAR helicopter ar ambulana
wis ulilised on most occasions cxoept on W
asecasions 1o which o bwo wheeler was utilise
for evacuation by the alrcrew himsell,

Table 3 : Percentuge injuries during ejection

)

51 'vpe of injuries Number Percemage
Mo
| Major 0% 529
2 Minor 2 11.7
3 Fatal U4 23.5
} None 0z 1.7
Table 4 : Cause of injuries al ¢jection
51 Type of Total EIT Fouling Wind | Land F'Erc-:ntagn]
Mo injurits Fuoree Blast ing
i Spinal 07 7 - - - 41, 1%
2 Upper limb 03 - 0z 1 - T.6%
3 Lower Timb 0 - - 01 05.6%
i Fatal [ - - - 2149
3 Miscellaneous 3 e | bl - 2 17.6%
Table 5 : Attitude of aircraft relative to injuries
51 Altitude I Lotal Major Minor Fatal Mo [
Mo of aireraft iy injury injury
| Lewvel 05 04 o2 -
2 limhb 01 i - x
3 Spin/Bank 05 02 - 1 02
4 Divelnose down (s 02 N3 - J
|
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Table 6 : Altitude of aircraft relative to injuries

51 Adtinude of Totnd Major Minor Fatal Mo
M aircratt {meters) injury injury Ny
I 0 - 500 ¢ 02 03 111
2 S00 - 1000 01 1 -

3 1000 - 15040 43 01 -

4 1500 - 2000 i 04 - - 0l
hl 2000 - 2500 01 il - =

6 2500 - 3500 i 01 - -

T 3A00 - aunn i1 01 - e

Tubile 7 ¢ Air speed of aircraft relative to injuries

51 Adtiuce of Toaul Major Minor Fatul Mo
M aireraft (kmph) Injury injury mjury
l 250 - 350 [ 02 b - 02
2 350 - 450 02 0l - 1 -
3 450 - 550 03 VE! - -
E 850 - 630 03 2 - (il -
5 650 - 750 iR 02 - 0ol =
1] 750 - 830 1 - - 1 -
Driseussion of toial injuries have been reported from 17

The amount of acceleration required fur success-
ful gjection of the seal und the occupant depends
upon & number of factors including the sped,
altitude and the (ight path of the aircraft. If the
fight path of the aireraft is resulting in pusitive
G forces a preater catapult foree may be require:
because of the increased effective weight to be
over comé and the effective rajectory ef the scal
is encroached upon by the curvelincar path of the
dircraft, Also if there is a high sink raie the
effective Mrces are reduced in proporuon 10 fae
sink.

The earlicr studies on paticrn of ejecuon
injuries have revealed the incidence wl spinal
injuries to be 35.2% during 1960-80 and 27.5%
during 1980-87 [4]. In this study the percentage
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cffective ejecuoms (inc. a mid air collision
involving 03 aircrew) of which spinal injuries
form 41.1%, upper himb injuries 17.6%, lower
limb 5.6%, fatal (muluple injuries) 23.4% and
others 17.6% as shown in table IV, This study
therefors shows an increasing trend of spinal
injuries. This may be atinbuted o varianoe io
flight profile of the aircraft at the time of ejection
and individual suscepuitality (discussed helow) for
which data is not available in carlier studies. The
presence of spinal malformation/anomalies can
not be ruled out [3)

The must important facior appeared 1o he
incorrect posture and separation from seat at the
time of ejectinn [6]. Although most verlebral
fracture occurring upon gjection  have  heen
attpbate:d o unequal distribution of forces on the

21
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mcorrect position of the vertebrae, ns a function
of incorrect position, 11 15 quite possible-in many
cases a combanation ol circumstances cxists, nol
only pusition but perhaps individual susceptibility
s an anatomical funclion and unknown phenom-
ena of body ballistics. A case is highlighted bere
of a pilot who had gjected twice 1n o year from
strotlar aircraft. On both occasions the pilor did
not suffer from spinal injurics. The first ejection
wis aller a mid oir collision with the aireraft in
@ ospin and pilor had no time o attun correct
posture, On the secomd occasion he ejected in
correct posture. Although ditficult 10 explain, the
piluts susceptibility and good tone of the spinal
muscles and rigid proctice of physical condition-
Ing excreises may have had o part 1w play.

A review of the cause of ponfalul injuries
indicate additional sourees of difficulty in cjection
seat escape. Table 1 indicates thut bony fractures
constitute the most commaon non fatal injury.
Spinal fractures formed the majority followed by
the upper limb and lower limb injuries |1.2%
of ejection were completely safe with no injuries.

The factors which have an importan: influence
upon the success - failure rate of ejecrion are
allitwde, attitude and the speed of the aircraft ar
the time of cjection, Table V, VI VIL Show
analysis with regards to these factors and the
injury rate,

Low level ejection with high sink rate
becomes critical resulting in higher injury rate
83.59¢ of injuries including faral cases were noted
in this study between 0-500 M oalttude as
compared (0 66.8% between TOONL1S00 M
ullilude

The advantage of been accure from straight
and level flight or a climb attitude at the time
of ejection. as oppused 1o ejection in a dive or

a smn are apparent from table ¥V, 85.7% of

cjection at level or climb attitude result in major
injuries, This is in comparison to 100% injury
rae with ejection in spin or bank or dive altitude.
OF these 33.3% in a spin and 40% in a dive
attitude  were  fatal. Most of  these injurics
occurring due o safe ejections were spimal In
nature bul a higher percentage of injuries 1o other
parts of the bidy were also noted. These were
related 10 the higher speed al ejection, uncon-
trofled nature of Qight and inappropriste landing,
Fouling with the airerafl stucture was also o
possibility as in case of pilot  susiaining
Muonteggia fracture Lo arm attributed o fouling
With ogygen pressure ratio contraller during the
cgross phase as stated inoa particular COI, The
difference in cjection seats (KMIM in MiC series
and MB 9 in Jaguars) however did not show any
significant variance.

AcTldents oceurning in the lower fringe of the
ejection envelope pravide a complete spectrum of
injuries. Besides spinal injuries probably due 1o
the incorrect posture, the injuries due to lumbling
in the aireraft, wind blast and landing are
crggperated. In one such pilot who ejected 4.3
sec before the aircraft hit the ground suffered
from elhbow injury within the cockpit due to
fouling with cockpit structure, spinal fracture
during egruss, windblast injurics and compd
communitted fracture both bones Rt leg with [0t
and [lth rib fracture on landing. These injuries
are ull attributable to higher indicated air speed,
nose down attitude (although the aircraft was
wing level) higher sink rale  resuling i
uncimirolled egress and higher landing speed &
the parachute had yer to auain the [free Tall
velocity and the desired stability,

Lateral and partial multiple compression of
the spine have been auributable to ejection In 8
bank attitude Lateral bending forces or angulir
ratanion about N-axis cause lateral compression
fracture [7]. When the pilot ejects with the
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incorrect position of the vertebrae, us a tunerion
of incorreet position, it 1s quite possible in many
wses @ combination of arcumstances exists, not
only position but perhaps individual susceptibility
@ an anatomical function and unknown phenom-
cna ol body ballistics: A case is highlighted here
of a pilin who had ejected Iwice in a vewr from
strnilar awrcraft. On both sccasions. the pilor did
not sulfer fromm spinal injuries. The first ejection
was alter o mid air collision with the aircrafl in
O spinoand pilon had no tiow to attan correct
posture. On the second occasion he ejected in
carrcel posture, Although dithicult w explain, the
pilots suseeptibility and goekd wne of the spingl
muscles and ngid practice of physical condition-
ing exercises may have had a part 1o play

A review of the cause of nonfatal injunes
indicale additional sources of difficulty in cjection
seat escape, Tuble I1) indicates that bony fractures
constitute the most common non fatal injury.
Spinal fractures formed the majonty followed by
the upper Hmb and lower limb injuries 11.2%
of ejection were completely safe with no injuries,

The faetors which have an importan: influence
upon the success - failure rate of cjection are
altitude, allitude and the speed of the aircraft al
the time of ejection. Table V, VI, VI Show
analysis with regards 10 these factors and ths
injury rate.

Low level ejection with high sink rate
becomes critical resulting in higher injury rate
83.5% of injuries including fatal cases were noted
in this study between 0-300 M altitede  as
compared 1o 66.6% berween 1000-1500 M
altitude,

The advantage of been accure from siraight
and level flight or a climb altitude at the (ime
of ejection, as opposed to ejection in a dive or

& spinare apparenl from table V, 85.7% of
ejectivn ul level or climb attitude result in nagor
injuries. This is in camparison o [O0% injury
rale with ejectivn in spin or bank or dive atltude,
OF these 33.3% In a spin and 40% i a dive
attitude  were  fainl. Most of  these Ijurics
occurring due 1o safe ejections were spinal in
nature bui a higher percentage of injurics 1o other
parts of 1he body were also mited, These were
related 1o the higher speed at ejection, uncon-
trofled nature of Might and lnappropriate landing,
Fouling with the aircraft struclure was ol a
possihility as in case of pilot suslaining
Monteggia fruciure Lt arm auributed to touling
with oxygen pressure ratio controller during the
cpress phase as staled inoa particular COI The
difference in ¢jection seats (KM IM in MiG series
and MB 9 in Jaguars) however did not show uny
significant variance,

Accidents vecurring in the lower fringe of the
gjection envelope provide a complete spectrum of
injuries. Besides spinal injuries probably due 1o
the incorrect posture, the injuries duc (o tumbling
in the aircraft, wind blast and landing ar:
caagperated. In one such pilot who ejecied 4.5
sec before the aircraft hit the ground suffered
from elbow injury within the cockpit duc to
fouling with cockpit structure, spinal fracture
during cgress, windblast injuries and cormipd
communitted fracture hoth bones Rt lex with 10th
and Ilth rib fracture on landing, These injuries
are all atributable to higher indicated air speed,
noge down atlitude (although the aireraft was
wing level) higher sink rate resulting in
uncontrolled egress and higher landing spoed as
the parachule had yet to allain the free fall
velocity and the desired stahility,

Lateral and partial muliple compression of
the spine have been atributable to ejection in 4
bank atitude. Lateral bending forees or angular
rotation ahout X-axis cause lateral compression
fracture [7]. When the pilot cjects with the
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airerafl in a spin or in a vicious bank these forces
come into play in addition to the vertical G load
ol the spine,

Dive or spin attilude have resulted i fatal
injuries. Al most occasions the pilots have had
insufflclent time o initiale gjection or the seal
has not fired. The element of incapucitation o
all cases have been ruled out by COL Most of
{herns are human error and the gjection have been
iniiaded ouiside the safe envelope or mone
sppropriately  below the Mean Sale Ljecthion
Altitude  (MSEA)Y resulting an muoltiple  fatal
mjuries duc Lo (he impact forces. In two of the
coses the alreraft hid lévelled out at impact and
in one the impact was in vertical oluwde

Search and Rescue operations were  also
studied by reviewing the COL Kapur et al (1994}
(8] w their earlier study have reinlerated the
advantape of quick rescue of the pilot on cjecuon,
Although their stody had revealed nil usage ot
the survival packs nevertheless. the mmporance
of same in supvivahle condition s upguestionable.
This study Tevealed the time Laken for rescue
which was 58 £ 5.6 min. There was no reporied
usage of survival pack. Most of the cases were
rescused by SAR helicopter and occasionally by
he ambulance, However two pilots reporied (o the
base atier taking Tifl from o scootnst both, Later
were detected to have spinad fracture,  Such
practisc is against all medical norms and the
aircrew should be indectrinated to avoid appri-
vation to injuries which mav result in neurologi-
cal deficit. Mo significant problems were
highlighted. Al mest of the basecs Chectah
helicopter are used for SAR purposes. Difficulty
has been envisaged cepecially while carrying

fnd J Avrspace Med 43(2) 19y
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lying casually, Chetak or Mi-17 helicopters are
relatively hetter 1o evacuate lying casualty,

In conclusion, it is revealing that there s g
noticable incidence of gjection related major
injuries even though ejection has occurred in the
safe envelope. Indicated wir speed and attitude of
the airerafl al the time of ejection play a major
ole. Indocimnation to allain o correct posture
hefore ejecting to ascertain extent will hring down
the percemage of spinal injuries though indi-
vidual susceptibility and physical conditioning of
the spinal musculature will also play u role. It
is suggesied that future evaluation of vertchral
injurics would be greatly facilitated by the usage
af mixlern imaging techniques (CT scan, MRI)
soaft afler injury.
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