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Our Experience with Centrifuge Training
Sqn Ldr R Kapur , Wg Cdr Harish Malik Wg Cdr J K Gupta'

20 lighler pilots of the Indien Air Force with a mean
age of 25,98 yr(22-30 yrs) and Nying experience of Fr8:32 hr
{300-1200 he) underwont high 'G" tralning course at 1AM In
1391, Their relaxed tolerance with graduel onse! radte{GOH)
was 4868 G (S0 0.71)while weardng wirlnflared aor-G sofr,
The mean straining GOR telerance of the group was 6.06 G
(S0 0.65 G). The meen relexed lolersnce of the group lo
Rapid Onast Run (ROR) was 4.2 G (30 0.44)withaut antl-G
sull. The mean straining AOR lolerance with snti-G suit
inflution waw lound (o be 8.41 G{SD 0.58 GJ. All these pilots
attalned the minimum telerance standard of 7 G for 15 see
{HOH) with AGSM and ani-G swit inflation, whaereas 20
plots sustisined 8§ G and only 10 pilols cowvld withstund 2 G,
27 pllats eould tolevate SACM profite for an average of 181,17
Sec.(9-368 seconds) with sitemaling peaks batwesn 4 G
dned 8 G 18 episodes of G-LOC were recorded, The average
duration af loss of eonsclousness was 70.9 sec(10-54 sec)
foflfowed by un aversge of 20.1 sec (6-77 sec) period of
retative ingapacitation. 100 % of the pilots found the gowrse
usaful and 775 % favoured a refresher course of shorier
durabion,

The polential lor G-LOC has increased
dramatically, with the introduction of the highly
manoeuvrable fighter aireraft since 1870s. Search
lor methods le prevent G-LOC led Leverells et al o
the discovery that with suitable centrifuge training,
the human subjects could tolerate uplo +9 Gz lor
45 seconds. The subjecis could do so by prachsmng
the technigue of anti-a siraining mangeuvre
{AGSM) In the safety of cenirifuge (1). The
cenlrifuge training staned in USAF in 1972 was,
however, sopn given up due o lack of
understanding of its impertance. It was only in mid
19805 that the cenlrifuge training was resurrecied
and given ile due anportance By then, rmaEny
precious lives had been lost in accidents, believed
o be caused by G-LOC. Today, centrifuge based
physiclogical raining in the effects of High 'G' slress
and in the pertormance of adeguate AGSM s
considered as the saftest and most cosi-effective
means of prevenling losses ol aircrafll and aircrew
due 1o G LOC (2). After the upgradation of the
human centrituge at |1AM in 1988, similar training
has been introdoced i [AF in 1931, Qur
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experience, lhough limited so far, in high-G (raining
of fighter aircrew, is being presented here, ;
details o training protocol used have been given Il
another paper.

Results and Discussion

28 lighter pilols of 1AF have undgrgong
high-G training at 1AM In 1891. The subject dala --';
givenin Table 1.

Table | Subject Data (n=26)

Parametor Maan Hange
Age (y1) 2598 2230

Height {em) 172.34 164-183
Weight (ka} 6514 5680
Fly. Exp.(he) 776.32 160-1200

Only 2 out of the 28 traineas (7 %) admilfed
having prior experience of G-LOC in actual llying.
The mean relaxed gradual onset rate (GOH)
talerance of the group while wearing un-inflated’
anli-G suil was 488 G (SD O G ) as shuwrﬂ'
Table 1. This value is significantly lower {p«:D":i
unpaired t-test) than the relaxed tolerance of 551G
{SD 0.91 G) racordsd for the 62 TAC pilols traingd!
al USAFSAM in the F-16 configured seal in 18830
{3). This difference may be due to the differencein
sgal configuration (30 deg seal back it wilh!
glevated rudder pedals in F-16 configured seg
13 deg seat back 1ilt used in our study) and du
diffarence in rate of onset used in two Stu
(0067 Gisec in USAFSAM vs 0.1 Gisec in our
training schedule). The mean relaxed GO
tolerance of our group was also significantly lo
than that ol 741 trainees who werg given hig -n
training at USAFSAM between Jan 85 and Feb 88
(2). The mean relaxed GOR tolerance of these
USAFSAM subjects was 517 G (SD 0.9 G) with gn
onset rate of 0.1 G/sec (same as in our study) in
the F-16 configured seat.
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Table | G-Tolerance

Falaxed ¥oith AGSM Gan

(5

.80 .08 318
an LR (LB
pli D1

Rntazed With AGEM & B Gan
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The mean straining GOR tolerance of the
Jroup was found \o bie 8.06 G (5D 0.65 G). Thisis
lgwer than that reported in 741 lrainces Al
USAFSAM (832 G 8D 0.85G) (2) This difference
would also be explained on the basis of difterently
figured seats in these studies. However, lhe
grence between trainees’ mean relaxed and
an straining GOR tolerance of 3.18 G in our
is comparable to that of 32 G found in the
dies al USAFSAM. This difterence in the refaxed
siraining lolerance was entirely due to the
cl of the AGSM performed by the trainees

. The mean relaxed rapid onsel rale{ROR) G
\olerance of the group was 4.2 G (SD 044 G)
houl wearing anti-G suilt, using 52-56 deg
pheral light loss{PLL) as the endpoint. The
n straining ROR tolerance with infiated anti-G
was 841 G (SD 058 G) using subjective
lgue/CLL/G-LOC  as  the endpoint.  This is
smparable 1o an earhier study (1) in which the
an tolerance of the subjecis wearnng inflated
-G suit and performing M-1 manocuvre varied
from 7.5 o 9.0 G (mean g8 G and SD 0.12 G)
However, in both the studies, the values do nol
represent the absolute maximurm iolerance since
the axposures, both intensily (G level] and duratior.
ware arbitrarily tixed. In our lraining schedule, there
as a dilference of 1 G between gach ROH run 1o
& maximum of @ G with durations varying from 15
#oc(at b and 7 G) to & seconds (at § G) al peak G.

~ 100 % of Ihe trainees were able 1o sustain 7
Glor 15 sec., 20(70 %) of could reach 8 G and only
) (35 %) could reach 8 G with AGSM and anti-G

suil inflation. A total ol 15 episodes of G-LOC ware
recorded  with average duration of loss of
consciousnass being 20.9 sec (10-54 seq) ancl that
of relative loss of consciousness being 20.2 sec
(8-77 sec). The duration of G-LOC is marginally
higher than that raported by Whinnery (4). This
could be atiributed to the slow offset rate (03
G/sec) used by us resulting in longer perind at high
G levels. Since only 2 trainees had reported prior
experience ol G-LOC, the 15 episodes of G-LOC
during the course were considered an eye opener
by the trainees. 5 subjects pxperienced more than
ane episode of G-LOGC dunng the course. The
average level ot G and the type of run in which
G-LOG occurred is shown in Table HIl.

Tabte ill G-Loc/type of Run (n=15)

Type of Run Mo ol A
Q-Loc GeLewal

GOH [AGSM) 4 2

HOR |AGSM + Surl Infuton B A6

SACM (AGSM + Sut Inllaton) 2 Ao

High G measles were seen in 16 oul of 28
(57 %) subjects on the lorearms and teet durning the
high G runs. 3 subjecls experienced motion
sickness resulting in severe naused/ vormiting
towards the end of centrifuge run The trainees
were asked lo give their subjective assessment of
the utility of the course at the end. They were
unanimous in appreciation ol the course. 58.7 % of
the trainees found the course highly useful while
38 3 % found it useful as shown in Table V.

Table IV SUbJectivae Assessmen! {n=28)

Sumseche Hating Mo

Highty usail oo
Usefl I
Uneperg 5
Mot usahl

NEED FOR REFRESHER COURSE
YES ... 22 NO .. B

775 % of the trainees wanted a refresher
course ol shorter duration as shown in Table IV.
This indicates the high level of acceptability of the
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course by the aircrew. Cerain differences from the
actlual combat flying were listed as the drawbacks
of the centrifuge training by the aircrew. These
responses are summerised in Table V and are
mainly related to the limitations of the centrifuge.

Tabie V Differences Between Centrifuge Run and

Actulal Flying (n= 28)
SLNo. FACTOR No. of Avcrow
1 Lack of contiol by aircrew 4
7 Prolonged duration @ high G 18
4. Lackof visual relerences L
4 Lack of lying task / boradom 9
& Pitch updtdown llusions 5
(i Slow decehsralion 1

.The increase in peak G level lolerated by
trainess with AGSM is significant and as 100 % of
the trainces were able 1o sustain 7 G for 15 586,
the minimum lolerance standard was altained. 27 of
the lrainees (96.4 %) were able (o withstand SACM
with alternating peaks of 4 lo 8 G, for an average
duration of 181.1 sec, showing the adeguacy of
leaming AGSM by them. Only one subjec! had
G-LOC atter 10 sec of SACM, as he discontinued
AGEM.

Concilusion

Qur limited experience in the centrit
training has shown that the training is benalici
both subjectively and objectively and helps ma
by training the aircrew in the correct performans
anti-G  straining  manoeuvre. It has
demanstraled thal an adequately Irained alror
can easily withstand high sustained G levels |i
to be encounlered in the modern combat aireraft, If
I8 recommended that all fighter aircrew should e
given the benefil of high-G training on Ihe
cantriluge.
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