Original Article

+Gz ENVIRONMENT IN A MODERN COMBAT AIRCRAFT
Wg Cdr Harish Malik

Accoleration (+Gz) profiles in 8 modern combal
alreraft in Indian Air Force (IAF), capable of pulling high
suslained +Gr during various combat sorties (2 vs 1, 2 vs
2 1 ve 1 and aarobatic sorlie) were analysed. Five
paramaters viz lme, +Gz levels, Hight altitude, angle of
allack and spoed, fn digital form waere extracted from the
filght data racorder fitted [n the combul aircraft. Eight
situations, durlng varlous combat sorties, showing
postiive G levels of 6G for more than 10 seconds, were
analysed. Peak G levels obluined wore 82 0.5 G ln most of
the combar sortles. Duratlon at high G levels (above 60)
varfed from 10 to 37 seconds al a time during any one
situalion. These accelerations were sean lo be repelifive
with high variations. The dols oblalned in the present
stedy fs being uvbllised In simulating representative
profifes on the human centrifuge at Institute of Aerospace
Medicina (IAM] 1o the exlen! possible,

Keywords : Cenlrifuge simulalion, Flight Data
Recorder, High Sustained +Gz.

Infroduciion

Thc inflight environmenl in a combal
aircrafl is an unigue multi-stress environmenl. The
summalion of physica!l and psychological stresses
can be awesome. Conlinual monitoring of the
inflight environment is necessary 0 ensure
aircrew safety. This may also help in to continually
improve the protective devices and procedures for
assisting the avialor in higher stress situations.

The introduction of the moderm  high
perfarmance combat aircrafls in |AF has imposad
tremandous demands on the aircrew, With the
incorporation of Electronic flight control system
{fly-by-wire) and betler thrust o weight ratio in the
modem gombat aircraft, high susiained posifive
‘5 forces have become a major asromedical
prablem facing aircrew today. A higher thrusl 1o
weight ratio implies that under high ‘G’ conditions,
the engine has sufficient power fo prevent the speed
from decaying thus resulting in high sustained +Gz
capahility. In addition, electronic flight conlrols allow
high +Gz 1o build up so rapidly that arcrew may
lapss into unconsciousness without passing through

In the present sludy, acceleration profiles in
a modermn combal aircralt in IAF, capakbile of
pulling high sustained +Gz, during various combat
sortigs were analysed. The study was undertaken
with the aim ol obtaining +Gz proliles for
simulating inflight acceleration environment ol
combal flying in the human centrifuge. Moreover,
the sludy could give insight into lolerance levels of
the positive 'G' as experenced by lighlar aircrew
during actual combal Hying.

Materials and Methods

An automnalic flight data recorder (FDR)
fited in the combat aircralt was used lo record
various parameters required for the sludy. The
FOR has a magnetic lape recorder lor continuous
recording of llight parameters. The magnelic tape
has a recording capacity of eight hours. The
recording of the earlier flight is wiped off by the
recording of the fight in progress. The system is
engrgised as soon as the pilet presses the engine
starter. The data recorded includes aircraft
paramelers, engine parametars, llight number and
time elapsed since system slart up, expressed in
seconds. There are about 35 parameters
continuously recorded every second in FDR,

For the prasen| sludy, only five parameters
in digital form were extracted from tha flighl dala
recorder. These were time, +Gz levels, tlight
altitude, angle of attack and speed. Only those
sorties were analysed in which the pilol reporied
back aiter landing that he pulled considerable
high "G associaled with or withoul any symptoms
like greyout or black oul. However, aircrew llying
the aircraft tolerated these positive “G' forces and
completaed thair mission successfully. The sorlles
analysed in this sludy ware of the following types:-

(a) 2 vs1
{c)1Vs1

(b)2Vs2
(d) Aerobatic sorie

stages of greyvoul or blackoul.
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Resulis

A lolal of twenly situalions during various
combat sorlies were sludied. However, only eight
were analysed and tabulated as other siluations
did nol reveal high suslained pesitive ‘G’ proliles.
All the profiles in which the time spent above 6G
was 10 seconds or more were tabulated. These
high levels and duration of +Gz require (hal the
aircrew  perform & coordinaled  straining
manceuvre in combination with an anti 'G' suit in
order to maintain vision. All Ihe high 'G" sorlies
analysed wera done al meadium levels i.e. 9000 1t
- 12000 NI and thus amounl and duration of ‘G’
sustained was lesser, Only one high ‘G’ sortie al
serial numbar 1 (Table 1}, an aerobalic display,
was al low altitude of 610 It AGL. As seen trom
the table |, peak ‘G levels oblained were 9+ 0.56G
in most of the combat sonties. Howeaver, duration
at peak 'G' varied depending upon the type of
gorlie. Maximum rale ol onsetidecay (Jolt) were
seen lo be varying between 2.1 1o 5.9G/sac.

Table |
Type ol Role o Paak Tima Toms Joit
Eserose  Arcrew ‘G »60G 220 G
{Spce] (Secs]

Sala Aarobanc 850 i) 23 557
2vi Altache! 917 16 a7 240
v Aracker .33 5 i 464
Eve Defender 865 ar 63 405
2w Dafendes 816 10 ha 5490
2y Chalender B0 13 = 330
291 Datarder 7.78 14 55 L4T
2v1 Delender B.OD 16 100 20

Table 1l shows the total duration at various
‘G levels in a siluation, However, during the
whole duration studied, 'G" values did not come
below 2G. It was seen that masl of the combal
sorlies involved 2-3 situations with interval of 3.5
minutes between them. Only one aircrew was
seen to have any objective manifestalion after the
sorties from the various profiles studied. He had
undergone sifuations numbered two and three
within a gap of five minutes during the sorie. He
develeped  painless, mulliple petechial
haemorrhages on the dorsum of his left hand and
dorsal sudace of lower third of left forearm. This
persisied for aboul 24 houre and disappeared by
itself without any treatment. This aircew spent a
total of 41 seconds above 6G besides more lime
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al lower "G’ levels wilhin about nine minutes. The
pelechial haemorrhages have been reporled
earlier also in our aircrew flying modern
generation aircraft’

Table Il Thme spent In secs at dillerent
‘G"values

Sl 20 an 4.0 5.0- 5.0- 70 s8
o 208 308 499 5% .99 199

1 3 3 1 3 | 4 12
Z a4 24 19 14 [ =] 5
a 22 17 T 20 g 3 11
4 2 2 7 15 18 [# 5
5 10 L) 5 5 4 ] ]
[ 5 3 k| 4 5 d 4
7 4 16 13 ] 7 7 0y
B 21 28 24 1t 7 ] 1

The data generated during the study was
analysed by a computer and G-lime profiles
obtained in |he graphical forms. Two of the
representative profiles are shown in fig 1 and 2,
Fig 1 shows time Vs + Gz prolile in Lhe aerobatic
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display. It was chserved thal the arcraft sustained
average of 84G continugusly for 12 seconds
during back stop tum. Fig 2 shows that the high
accelerations pulled by the aircrew were repetitive
with large variatlions.

Fig 3 shows the relationship between
airgraft speed and amount of positive ‘G’ pulled. It
is seen here that even though the aircraft had
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pulled high 'G’ uple 9G, there is slight decay or
wash ocut of speed.
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Fig 4 shows the relationship belwean angle
of attack and amount of positive ‘G pulled in the
aerobatic sortie studied. Tha angle of attack of the
aircraft varied from eight to sixteen degress during
the high +Gz of B-9G. The importance of this
finding is that this angle of altack should be added
to the seal back angle of 25°-30° in the modem
generation aircrafl to theoretically determine the
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increase in ‘G’ lolarance provided by these seals,
It has been proved by wvarious sludies thal
minimum of 45° tilt back consisting of seat back
tit plus angle of attack is required lo provide
significant increase in ‘G’ tolerance™ >,

Angle of Altack v/'s +ix
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Fig 5 shows the inter-relationship between
speed, angle of attack and amotint of positive ‘G’
pulled. It was found that there is significant
combined lingar relationship belween the
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variables ol +Gz, speed and angle of attack The
regression equation determined for the aercbatic
profile is +Gz = 72.17-0.0472 x time (Sec) «+
0.03285 x speed (knot) + 0.5806 x angle of
allack.

Discussion

The peak 'G' levels, duration al high ‘G’
and rates of onselloftset seen during this study
are much higher than those oblained in the
previous generation aircrat!, The values
observed in the present sludy are comparable ta
those repored in other modern fighter aircraft like
F-16 and F-15°,

The rales of onset or olfsel and time speni
al high 'G" levels would be higher in actual
combat. Combal exercises during peace lime are
done at medium levels ie. $000-12000 #
whereas air lo air combat in Ops conditions would
probably be al low levels lo avoid radar detection
Due to higher air density at low altitudes, both the
engine performance and aircraft manoceuvreability
are decidedly better than al medium and high
allitudes. This in turn implies that the aircraft can
sustain higher values of 'G’ for longer periods of
time al low levels; whereas at medium altitudes,
speed would decay faster and the ‘G’ value keeps
on decraasing automatically.

The dala obtained from the study is being
utilised to simulate representative profiles of high
positive ‘G’ sorties in the human centrifuge at
IAM. These profiles help in imparting realistic
training 1o aircrew especially on the technigue of
anti - ‘G’ straining manoceuvres like L-1 or M-1.
Such training is considerad to be safest and most
cost-efiective means of preventing losses of
aircraft and aircrew due to G-LOC®'. The
simulated aerial combal manoeuvres are also
being used for evaluating the effecis of various
means of anhancing positive 'G' tolerance.

The difference between the actual +Gz
profiles in a modem combat aircrafl and those
used for physiological studies on the human
centrifuge at |AM is significant especially with
regards to rale of build up or decay of positive ‘G
Rale of build up and decay commanly employed
in the centrifuge vary from 0.1 to 1G/sec whereas

50

those seen during this study varied from 2.1 fo
5.8G/sec. Higher rales of onset/offsel, simulatéd
on the cenlrifuge al 1AM, result in high angular
accelerations giving rise lo unpleasan| vestibular
ellects in the subjects.

Conciusion

Most stressfiul environment in a modern
combat aircralt s due to high sustained +G7 forces
encountered during aenal combal, Acceleration
proliles are dependent not only on the type of
aircratt but also on the type of mission flown.

Peak ‘G’ observed in the modern gener-
ation combat aircrall were of the order of 89 G
Maximum rales of onset and olfset of positive 'G'
forces were of the order of 2.1 1o 5.9G/ses,
Duration at high ‘G’ lavels i.e. above 686G, seen
during the study varied from 10 to 37 secs at a
lime during any one situation. Moreover, thase
accelerations were repatitive with large varialions.,
Modem combat aircraft is capabie of undergaing
uplo lhree such situations with 3-5 minutes interval
between them. The data obtained in the presan|
study is being utilised in simulating representalive
protiles on the human centrifuge at 1AM,
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