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High G trsining on human centrifuge for aircrew

fiylig high perlormance wircralt has been proved to be o -

valisabile muthod of increasing swareness of the elfects of G
stress and allows wircrow 1o proclice an antl-G slralning
manopuvee (AGSM) In a wate, contrafled environment. In the
Indian Al Force, high-G veniriluge tralning for our lighter
afrcrew has comrnrenced since March 1991 af the institute ol
Avrospace  Medicine (1AM}, Bangalore. The course
conducted al JAM s of 5 days duration and consists of a
didictic pertlon, followed by cantrifuge training. The latier
consist of geadual onsel run (GORY, rapld onset runs (ROR),
und simuiaied boriel combal manceuvra (SACM). In all
these profles, maln cmphoesis is placed on teuching afrorew
te perfonn AGSM correczlly under high-G, The aim snd
contents of the eentrifuge tralnlng os conducrad s1 [AM s
discussed (0 detadl In this paper. Centrifuge training of
arerew fiying ingh performance alreralt has received o big
bovst in recent yoars il over the world since It leads (o
anhancenent of aircrew +Ge lolerance. High sustained Gz
trafning on cenbriffuge is a valuabie methad of increasing
Awireness of G stresy effects, and pllows @ircrew fo
practice an anli-G stralning manoewvrs In-a safe, controlled
Evironment.

AHII-G straining manceuvre (AGSM) has
been widely utilised 10 combat G loads by tighter
aircrew the world over for several decades.
However, protective benefils ot the AGSM are only
as much as the eflectiveness of its perlormance,
ie., a poor AGSM provides litille or no protection,
whereas a very efficient and etiective AGSM can
provide G protection uplo +9Gz and higher'_ it has
been shown® thal only subjects traned on
cenirituge had a significantly higher G tolerance (-~
+7G compared ‘o - 550G) when performing L-1
manceuvre, a type of AGSMS. Parkhurst et al®
demaonstrated that a G level uplo 9 G applied for 45
seconds was sustained by a group of centrifuge
subjects wearing slandard personal protective
clothing, and wusing maximum voluntary M-1
manoeuvra. another type of AGSM. The amourt of
protection afforded to the subjects at high G levels
in this study was found to be dependent on (a) the
quality of mstruction given lo the subjecl in the
petlormance of the M-1 straining manoeuvre and
{b) amount of expenence and conflidence of the
subjects in perorming the M-1 manoceuvre.

Impressed by the success of the centrifuge traingg
experimental subjects in raising their G toleranc
high G centrifuge training has been introduced
fighter aircrew in sevaral counlries, viz , for al
of USAF**® for aircrew of Japanese Alr
Detense Force in 1982”; tor aircrew of US Air Foredl
in Europe (USAFE) on the Dulch cantriluge
Soesterberg, Nethedands”®, Navy and  Marng
aviators of the US Allantic teet in 1988 at Na E
Developmen! Centre”, Canadian pllots In
19897 and others.

In the Indian Air Force also, we have stared
high G centrifuge training for our fighter air
sinca March 1991, '

AlM of the Centrifuge Training

The aim of centriluge training is lourfold with
the tirst of the following paints listed being |
primary aim and the other Ihree as seconddy
aims™.

1. Improving the skill in proper partormance
ol AGSM during sxposure to high G resulting in
increase in G lolerance. ' 4

2. Better understanding of the physiolog
mechanisms of G stress and G tolerance.

3. Greater appreciation and respect for i
hazards associated with the high-G enuimnrr:g!_'l_t;f

4. Increased contidence in the ability
tolerate high-G siress, ;

Contents of the centrifuge Training Coutse

The high-G centrifuge training  course.
conducled at IAM is of five days duration.
contents of the course daywise are as follows:-

Day 1:

(a) Didactic portion consisting  of  Iwo.
lectures: one on high-G physiology, and the other
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N various prevenlwa!pmleclwe measures 10
gombat high-G.

(b} Brieling about the centrifuge in the
Banariment  of  Acceleration  Physiology with
tailed instnuctions on the gondola, lask required
b perlormed by aircrew, monitoring facilities in

ol rom et

(c) All aircrew on the course are given
liafsation runs on the centrifuge with rapid
pnset rate of 0.5 101 Gisec with peak G sustained
Jor 16 seconds and offset rale ol 0.2 Gfsec. Aircrew
e ingtrucled 10 stay relaxed and their relaxed PLL
(peripheral  light  10sS £al 667 lolerance is
determined. This requires 3-4 runs o cach aircrew
ing which they get aocustomed 1o 1he cenlriluge
rides/gondola environment

Day 2and 3

. () Aircrew are instructed in detail about the
UAGSM. The instructor demonstrales a few cycles of
praperly axecuted AGSM in the 16 environment
‘eply. However, il 15 not done continuously since at
G, a good siraining manoeuvre elevales head
Iyl blood pressure 10 well over 200 mg Hg, which
N riot desirable’. Then all aircrew are told 10
it orm AGSM one by one and their lechnigue
eoled. They are also shown video 12pC
feeording demonstrating properly perormed AGSM
inthe high G grvironment.

(b} Each Aircrow is then subjecied 10 six
standard training profiles on the centrifuge out ol
s which first four are mandatory (Table 1). These
prafiles are as follows -

i Warming up profile consisting of ansel rate
1 Glsec uplo 3.5 G for 15 seC with an oifset rale

ofne Glsec.

(ij Gradual onset fate (GOR) profie
consisting of onset rate of 0.4/sec upto 9.0 G lor 2
with an offset rale of 0.3G/sec. During the GOR
cond run), aircrew’s anfi G suit is not inflated. He

natrucled 1o ride the centnluge while: he is
completely relaxed initially and fixate his eyes at the
central red light while switctung oft the peripheral
Jights which are coming on randomly. When he
greys oul to the point where he no longer perceives
the inner pair of peripheral lights (52°-56"), he says

"Now" and begins 10 perlorm AGSM. He is helped
via e the intercom in the parformance ol AGSM in
which the instructor gives a count 1.2.3 and 4 and
fhe aircraw 1S5 axpected 10 co-ordinate  Nis
inspiration, straimng and expiration as instructed in
the beginning of the run. Ihe GOR conlinues. with
the trainee doing his glraining Manoeuvre more and
more vigorously as G load increases until he no
longer sees the peripheral lights (527-56") even
while straining as hard as he can. AL that point, he
again says "Now® when the medical controlier
brings the gondola 10 a halt, gradually slowing it
down al the rale ot 0.3 Gisec. Il the trainge can still
=pe the peripheral lights by the ume GOR reachos
the 9-G run limit, the centrituge stants decelerating
after 2 seconds at peak as pe! the pruapmgrammud
profile.  The medical  controller then offers
constructive criticism ol the aircrew's  straining
manoeuyre aller the gondola comes 10 2 halt

(iii) Rapid Onset Runs (ROR) consisting of
onsel rate of 1 Gfsec with peak G ol 6 G and 7 G
lasting for 15 seconds with offset rate ol 0.3 Gisec.
These runs (3rd and 4th) are glven after interval of
3.5 minutes between the and and 3rd and then the
ard and 4th runs so as 10 enable the aircrew 10
recover from the previous run. I he gandola canopy
is opened in between the runs and the subject IS
given water i required. In HORs, aircraw’s anti-G
cull is intlaled and he s told 1o perform AGSM
during these runs. Aircrew's AGSM technique 1S
parected during these nns. RORs are staried from
6 G onwards since the & G level is sulficiently low
1, cause G-LOC in aircrew wno perdorm imperfect
AGSM We have fixed minimum G lolerance

siandard as 7 G for 15 seconds, and if awrcrew I8
ynable to complete the - 3 ROR on the lirst
attempt, he is re-instructed about the correct
technigque of the L1 rmanoeuvre and the run is
repeated after 2 break or on the foliowing day. This
training goal has Deen chosen based on the MNATO
siandardisation Agreement (STANAG) 3827 AMD,
which states thal aircrew who do not successiully
complete a rapid onsel +7Gz, 155 centrifuge pratile
with anti-G suit and slraining manoauvre, will be
considered to have low G \olerance’ . USAFSAM'S
experience with G-lolerance tesling and high-G
training within the US Air Force has also revealed
that a G-lolerance standard of +7Gz tor 15s is nal
stringent for \rained fighter pilots whao are actively
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flying '
complete this run wilhout complete loss of
peripheral vision if they have learned how 1o do an
yellective and proper AGSM.

{iv) Rapid onsel runs (ROR) at an onset rate
ol 1G/sec with peak G of 8G and 9G lasting for 10
seconds and 5 seconds respectively with olisel rate
ol 0.3 Grsec. These runs (5th and 6ih) are given
aller interval of 3-5 minutes between the 4th and
sth, and then (he 5th and the 6lh runs. These runs
are our lraining goals as in these, G-siress is
sufficient 1o challenge most aircrew lo give their
best eflort, as G-LOC can easily resull from lack of
concenlration, vigour or efficiency in periorming
siraining manﬁeuvrﬁ’ Because even current
generation tighter arcral are unlikely 1o operate in
sustained 8-G environment, it is lell that an aircrew
who successiully completes 8G-10 seconds/ 8G-5
seconds training goals, has demonstrated that he
can telerate any sustained high-G loads that he
might encounter in flight

Table | : G-Profiles

Typed  Ralcol Rate of
Prulila ongsel Poak G otizel
[Gisar] Magnilude  Durabon [Grzecl

Warm-up ! is 15 a2
GOR 0 9.0 2 03
ROR1 b B 60 15 03
RORZ 1 io i5 03
RORA3 [ B.O o 03
ROR4 i S0 5 0.3

Daydand s

{a} Lectures on physical conditioning
programme with practical demensiration on the
multi-gynt ara given,

(b} Cach aircrew is subjected to simulated
denal combat manoeuvre (SACM) which gives
aircrew an opporunity to practice his AGSM under
somewhat more realistic conditions than those that
exisl dunng the GOH and RORs Aircrew arp
subjected 10 a vanable G profile in SACM which is
repelitive, continuous and without a predetermined

-duration limit The SACM acceleration profile

consists of AOR with rate of onsel 1 Gisec upto 4G
lor 15 sec, then again build up at the rate of 1

- Thus we expect all our fighter aircrew o

G/sec uplo 8G for 10 sec. deceleration at (he ratg-
of 0.2 G/sec upto 4G, the whole profile conlinting:
until the aircrew is latigued, or there is peripher |
fight loss (PLL : 52°56% or G-LOC whan
centrifuge would be stopped. During the SAC
prolile, arcrew use indigenous MK || anti-G sull a d
perlorm AGSM as required. SACM profile is nh'usa N
because 1l 15 seen thal aeral combal mano [
(ACM) has high G levels while (he pliat |3
manaeuvring for an ettective offensive or defensive
position. Also an aerial combal manocuvre has law
G level lor liring air-to-air ordenance. In addilion,
ACM has both increasing and decreasing changes
in G levels™ The lower G levals 1.e., 4G |5 chose
in our prolile because aircrew can rolax at this 1H'~I'E|
while weanng inflatad anti-G suit and thus reca or
Irom the previous 8G-10 second exposure, The
higher level e, 8G is chosen because |t waul
require Imaximum straining by the aircrew (o sustai;
his peripheral vision/consciousness at this G J&hral.e
SACM tolerance is qualified as the duralion [n
seconds that aircraw could continue with the SFI.G
profite.

(e} After each aircrew finishes high- G
centrifuge runs, the medical officer roviews with hir
his performance of AGSM with 1hae help {
respiratory pattern recorded on tha polygraph and
video recording. It some particularly instructive:
event such as a G-LOC episode occurs during the
training. the Instrnuctar replays it on the videg
mignitor for all the aircrew and provides appropriate’
commentary To evaluate the course programmg
the aircrew are given a questionnaire at the end
the course, and are loid 1o give their comments.
the utility of the course, and similarity of Ihal
centrifuge environment with their aircratt ete.

Conclusion

In conclusion, it can be said that aircre
tigh-G centrifuge training is the safest and rost
cost effective means of preventing losses of airmrall
amd aircrew due to G-LOC. This training 1sa
vaiuable method ol increasing awareness of G
stress and allows the aircrew 1o practice an AGSM
in a sale, controlled environment, Such lraimng is
well tolerated by arcrew and it is acclaimed as
highly appropnate and useful, even essential.

&
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