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Centrifuge training for fighter aircrew:
The Indian experience - An update

Sgn Ldr A Agarwal®  We Cdr Harish Malik*  Cpl JK Dwivedi®

Inflight G-induced loss of consciouness (G-LOC) is perhaps the most dreaded emergency in fighter
aiverafl Mying. With aircralt sustaining +6 Ge or mare, the anti-G sult alone is inadequate. making
additional protection in the form of anti-G straining manocuvre (AGSA) unavoidable. Institute of
Aerospace Medicine (IAM) has been carrying out AGSM training in the human centrifuge since
1991 and bas traioed over 250 pilots. The minimum seandards for the course are +7 Gz for 15 5 which
is w world aceepted norm. With training, the tolerance of pilots improved from mean figures of +4.3
Gz to +8.7 Gz For rapid ouset rate (ROR) runs. Inercase in tolerance for pradual onset rate (GOR)
runs was from 4.8 Ge to +8 Ge Inadvertent cases of G-LOC did occur during training, The inci-
dence of G-LOW is 35.5% of alrerew trained, which is reportedly higher than in other air focees (1=
24% ). This difference may be attributed to differvnces in seut configuration, acceleration profiles
applicd, training sehedules and the slower offset rates of our centrifuge, No untoward effects of G-
LOC in the centrifoge have been noted. Our experience is being prosented.

Keywords: High Gz training, high sustained Ge, G-LOC, AGSML

he itraduction of ar superiority fighter Course content

(A8 arrerall in the TAF has muade high sus-

teained G (HEG) o realitv. In the HSG The eourse content has been desenbed in detals
environmend. the individual's relased 1olerance af _'-‘-3-?'5[‘5'1'_'11_- At TANEY changes have been brought
42407 Gz 1] plus the protection provided by the 10 Which are described below, The six duy high G
standard PPK-1 anti-G suit {AGS) of 1.2 Gz is 4o oo een Hraoe e i Wl
. _ Advanced Fighter Adrcrew Indoctrination Course
inadequule. OF the various methods suggested 0 | ARATC) The course content of the AFATC s men-
bridge this gap, the most effective |5 centrifups Honed below in Table | The high=Gi rraining hag
Lrining [2-5]. The Instinime of Aerpspace Medicine however remained effecovely unchaneed
(LAMY has been involved with centrifuge  truiming
[or aircrew since 1997, and has tramed 259 ancrew Or experience
Qur dnitial expericoces mvolving 134 pilons had
been presented three vears ggo, at e 420d Tnte- Actotal of 239 pilots haove been trained ot TAM il
national Congress of Aviaton & Space Medicime dare,-Adl alscresmned sene iales asihie Lad=hes
[1]. The present paper shall hring you up o date on
our resulis with HSG taining,

Dem of Acceleranan Phyvsialogy. Insretre of
Avraspace Medicine IAF, Bangalare 56017
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Table 1, Contents of AFATC

51 Mo Content

| High G Centreluge g

2, Sputenl Dhsormetution lidoetirination

i High Allitude Phvsiology Tndoctiination

4 Favehology lndoctnnution
5 o Faetors fndoctititon
fs Fhaman Physiolops Indodtnnaliong

only male fiphter pilors Al data mennoned belos
is with the upright seat configuration, as this is the
sl ponfipuration thut pilots i the TAF would ex:
pernence The subject dataoas mentioned in Tahles 2
d 3

Table 2. Subject data

b3 Faransetis Range Mean
I A {VR) 32-37 23

2 Weight (kg 50-87 56 4
A Heght tomy P56-190 |77
1 Flying Hrs 702650 75

Tahte 3, Tvpe of gircralt
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The mean relaxed toleranee for gradual onset
rake (@& 0.1 Gfs) or GOR tuns was 484400 Ga.
The mean straimng tolerance before the course was
= T.Ge il the end of the course was = 8 Gz thus
demensirating a highly significant (p=< 0.01)
increase 1 tolerance with a correctly percformed
AGEM. Meaninorease in Wwlerance with the AGSM
wat found to be = 3 Gz at the ond of tho course as
against 2.25 Gz before the course, The values af
GIOR runs are gaven in Table S

10

Tahle 4. Mlean values during (01

Sl No Parwneter Hefore Al
I Mo sustaining =4 Gy i1 LAtk

2, Mo suslnmng 9 Gy 1 i}

l Kelased wlerance il 4,54
o St bolesie R 706
5 Prostectine by ACSM 25 A,y

Draring stemnning GOR runs, only sixpilons cou
reach 9 Cis helore the couras, Inoademuensirah
mcrease, o (25% ) plots completed Y Cizm the er
ol the course, witliout an AGS (Table 4 As ngiin
only 47 (RS prtons who condid rench = 8 Cie belo
the course, 2040 (79% ) reached = 8 G alier 1l
TN

The mean relused ilerance W rapid poset
G 1 G or B mums was Tound tebe 430006 G
The mean straining tolerance (with AGS) was four
o be 8,73 G All but bwo pilus could complels
ominm stipolated G for 15 8 by the enck ol
course | 1,6]. One ol these had been off flying §
one vear poior W e course: He had 1o be asked
come back tor the course, The other had G-T.0C
Lo G levels and then had severe motion sickne
in the cantrifiize and way :Ii:’-;quu]il'lutl. 2002 (78T
atrcrew soccessiudly compléted 9 Gz for 3 s and 2+
pilots (935 could sustain § Gz for 10 5, The va
ues are tahulated in Table 5.

Une ptlat had o repear the course due 1o h
mmability o sustain aven ane peak of 8 G durir
the simulated ac combal maneeuyvee (SACMI).

Actotal of 136 incidents of G-LOK have acourn
in the human cenmrifige (HC) w0 far, in 92 pile
C35 550 aut ol the 259 mamed. Cul of the total »
4849 runs given, G-LOC pecurred in 289 run
The G-LOC data is mentioned in Table 6.

At the end of the course, the pilols G o gue
tonnaiee W detenmine whether they found the cour

I d Aevosperce Meed 412}, 108
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Table 5, RO performance

5L Moo Pacamele Completed  Fage
1 Mean Belised Tl 454

2 i St Tesl 473 .
R Tlar s 154 257 00 6l
q, B 10y a2 Qa4
5, QL S 202 T1.459
&, SACM « B35 11 425
7 SUAN K5 - (Kb s 149 T34
:H SACM 100 200, |44 51714
Y, SACTN 2H - s 45 1727
. SACH = ik, T 1)
11, Mean 540 1ol |BLBA &

Table 6. G-1.030 Data

Sl o, Parameter {eapleled O e
L < T 31 TLEY
2 T-7 4Gy 3t 26.47
% B-509 0 4% TRAM
4, 4 23 oR: 3
3 GOR Ruo 33 23,.4K%
fi. ROW Kun B4 il G
T SACM I [ (5%

useful, 123 (47 A% pilots found the course highls
usetul and 134 (31.74%) found it neeful [71, Gnly
wo piluts had @ oegative or hostile response

The aircres are also asked o 011 8 guestion
uaire after six months of flying following the course,
A total of 56 pilots luve returned the questiomnaire
till date. ‘The average amount of Mying pol o by
these pilets after the course 1585 hancluding a mean
mimber of 33 combal sorties. 23 of those whe re
sponded are presently Nying MG 29, 16 are flv-
ing Mirage 20004 and 17 are flving an assoriment
al other airceall, 47 of thess are pulling = & Gz rou-
tinely and 39 (70%) are uxing the AGSM regulardy
[7]. Despite the fact thar 705 of these pilets are
flying ASFs, only one pilot (1.78%] has reparted
an incident of G=1.00 alter the course which is sig
nificantly lesser (p < 0073 than that teperied by
pilods im the TAF vig. 10,85 |8 This pilot oo, conld

Ind FAerospace Med 4102, 1097
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reCLvEn consciousness 1 ime w gject from the ar:
cralt salely
iscussion

At this stage 1t may e worthwhile o compare our
results with those reported by the UUSAE (9] The
mean resudis are mentioned m Table 7

Table 7. Comparison hetween TAF & USAF

Farimetcr IAF LSAR P wirlue
Rel GOR-Liod 4K 12405 {0
S1r GOR.-1 twl FRE ] V06 (e
Gy dunng (K- 1 5% 4| 5% 0.4
£0: ROR 914 Yy K ol
oL OK 18% 049 01
Su GOR 1ol LR =

SACMwl | 55 | 05 10l
G LOC incndence I3A% Lok Ot
G-LOCH 106 suns 24 24

Cnurse duranon 124 1d

Moo of mns W3 5

What emnerges from the Table shove is that wl-
erances of our pilor populanon 1 our centrifuge are
significantly lower than those of USAF pilots both
befare and afier the course. This is so despule hav-
ing o much mere rigorous course: The indidance of
G-LOC iwmuch more in eur pilot population than
in the USAE. Betorewe blame this in ethoie differ-
gnces wi should consider other points of ditference
bepwesn the TWo COUTSES.

Betors the LSAFSAM swrted the high Gz cen-
bifege training course they upgraded their centri-
Fupe 1o a6 s capability, with a 3 Ga/fs offserre
In contrast, our cenmifuee has maximum onsel as
well os offset rates of 1 (s, The inetdenue of G-
1.0 is Tower and recovery fromt G-LOC Faster if
the offset rates are higher [10,11]. There are many
cises where the prlot complatng of grey oul while
the contrifuge i Jevelerating and subsequently goed
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e =10 because the centrifupe did notsrop tast
enanrgh Such cases would defimnely be prevented
by Taster offsel rates The chances of G-LOC arc
hipher during GOR than (g ROR funs This 15 seen
m e LISAF sttistivs [9] In our centrituze, How.
evel e ety of G LOC medents 1035 ) bave
ceenrred in ROK runs. This o beomse our )ROK
rums are not raped coouph. For example, oo ® Geox
55 run, our subjet remams ahove | Gz for 235 In
contrast, in the LISAFSAM centriflupe, even duning
wt L % 15 s pun, the wotal e spentabove 102 is
9.5 5 This contriliates to tatigue and thus o el

mncadesie ol (G-1000
Ll

The USAE 15 vsing the F-16 seal configiration
mther Gentnfuge, e, 0% Sear il back wath raised
rudder pedads, This i3 reported 1o provide upti |
Giv addhmonal protection [9). This bus been substan
tiated by owr studics, where the SACM perfonu-
ance with a il back ss sigmticantly belter than with
the upnight seat conliruration [ 12 13) ‘We how
ever do bl use this configuranon because all ou
ASF dircraft have conventional sears, despiie pos-
scsning - 16 ke Y G capabaliny

Thas brings us tovrossroads where we must ask
aurselves afew guestions, which are as follows.
Is the course usetul”
Is the course safe?
should we continue (he course?
If o, whar can we do o reduce twe intidence

b {3-LOECT

EooTE

Acreview ol duig reveale thatthe dourse fz use-
ful. The fead Fack from pilots is that 994 feel tha
the course 15 usefal. A majority reguest for the course
to be repented. 0% of the respondents following
the ciurse are performing the AGSM repulurly [7]
[uring the course, the percentage of mlots who
could reach ahove § Gz in GOR runs without the
help of an AGS. rose from 185 before tie vourse 1o
TR%: after the course. An average protechon of 3Gz
was seen 1o be conlerned by the properly performed
AGEM.

|2

&

Any discussion an satety of the coutse s
weigh the msks dgainst the benclits, A review of
world hteratuee indicates thid desprie a high inci-
dence ol G-LOC the cowrse 15 safes Wlnnnery
[ 15] bas repored o reteospective kinelic analy-
sis. b over SO0 cuses ol G-LOC in centrifuge. ond
his found ao lang wem sequelac. Whionery sl
Jvmes [ 16] have repored coses of teearrent G-100
Pi-5) episodes of within 615 min i four subjects
without long tenm seyue b, We have nol seen uny:
undesirable sele effecrs mothe 92 G- LOC cusey in
vl centribge. An episode o G100 i the centri-
tage ts under full medical supervisin. Unlike other
wie lorees including the LISAE [Y], we aie duing
cintiniieis LEG monitoniog Wirowe bl the ron sang
can thus tnenilor the subject better. A praor experi-
eice ol GO can shorten the mcapacitation Hime
By as ek s 17 s i case oo subscguent epraade
od G DO s This hal lexl leading warkers fu
the fiekd T17] wy suggest deliberate induction of G-
RO tor palots of fighler ircrafl skin to hypoxia
mdoctrigation. We ul TAM do o recommend such
diustic meusares, We believe that oo inadverienl
episinde of G-LOC 10 the centiifupe is undesirable
buir sate

Whather or nol tecuntinue the course 15 a purely
apsrativnal decision. We will however present daly
which pushes us o behieve that the course shoyld
contnue: G LOC i aircrall veours regulacly, LAF
nasa repuorled rale of HLB% of mlots tlyving fighler
arrradl [8) As about half of the episades are not
recoliected. the actual rate v estimared at 22%, Bra:
zitian Alr Foree esnmates wsimilar rate of 219% [ 18],
The USAE reports a higher rale of 24% or more
[ 18], perhaps because ol a higher percentage ol pi-
lots ving 9 Ge aircraft. ‘The high-G course b
demenstrably browght the rate of in-Night G-LOC
down. Despite the fact thut 70% of pilots alter the
course are flyimg ASFx the otal percentage of G-
TOC merdents has tallen from 10085 o LA%:. S1mi-
larly o the USAFE, aller introduetion of the tugh G
colrse, the secident rare doe to G-LOC fel] from 4
per mitlhon flying hours (pmfly o 1.3 aceidents
pmifh |24

fred F Nerevspece Med 44023, 1967
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A e measures can, howvever ke (he course
safer andd more productive. A better homan cenim.
Fugee watly better onset amd offsel rates would make
the troiniog tooee cealiste and redoce the mcdence
el G-LORT dureng g, & Beller plivaiologicul
moniornge system would allow better monionng
ol the ptlor and make the course sater

Conclusion

Centrifuge triuning for highter amrcrew a5 elffective
in increasing Ge wlerance and redocing episodes
el in=Tligehe Ce-1.0H to aboud one Nifihe Ts perhaps
the: single largest contnbutor 10 fhght satety, Better
equipment would make the cowrse safer and the
lesiming more realishe:
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