fghter aircrew. Il is a valuable method of in-
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Centrifuge training for fighter aircrew: The Indian
experience
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Fraining fiphfer crew in the proper perforin- sonttit] protcotive systems Floseever, he prolee-
ance of antl-Gostrafning monwuvees (AGKEAL tion afforeded = direetly related o the [:.ilu1':1-
pet the centrifuge & wow a recegnized part of  ability o perform the manoeavee correatly be al
the indocirination process, particalarly in Air MU or L Lhis abality 15 0 learned effort and
Defence afreraf, whilecl wre more susceprible hence tralmng plays an important role |2 2],

to Mipgh-G siteafions. The Indian Air Force Phe role of the centrifupe os o training too]

cemanenced thiv kind o rrainfng e March Foor  bmproving  the  combal alfectiveness ol

1091 and has se far Indoctrinated 134 afrerew  fronthine pillots was known way baek i the
over 27 courses. Al but 2 irainees complered €31y seventies [2 3] ot s tull explanation
the minimum siandard of the cowrse of 76 far 100k place much later  Loday, high-G raming
158 rapid onser rate (ROR) run with anei-¢6 00 e centrituge has been introduced tor fighter
sueir (AGS) inflation and AGSM. A total of aIrcrew (1 aeveral countrisy |6 9.

92.54% completed the § G 165 ROR run and b ndia, Rai [7] was the first aie e puind
T E5% wore swecessful dnotie 96 S5 gog  outon 1986 the need to ineodiee cenlrifge
rus. The mean ,&'m‘nl in pretecrion by AGSM TN for 1AF fronthne piots. Subsequently,
achieved was 2,80 G. Thereafter, simuloted
werial combar mancuvres (SACM) profiles
were infredieced o enlance the practice of
AGEM perfurmance. The mean tolerance time . 7 )
of the 4 G I5 98 G s SACM was 16575, Centrifuge training al TAN: high-G

The critlgues provided by rrainees during and diurse

post-indvcirinution revealed o 97.00% enthu- Ihe aim of cénrrifuge training in the AN is
viastic response ro graiming. In conclusion,  fouriald, the primary one being to improve the
cemirifuge training is considered a must for all  Su31 in the proper performance of AGSM.

with the rechnical wpgradation of the buman
centrifuge at [AM n 1988, this troming was
intreduced in the LAF in March 1992 .

thereby mereasing the individual's Ge wlerance
levels, Chher sccondary daims include a hitter
e alrerew the opportunity to enhance indi- understanding of Gz PP'-I}"*Eif.‘”Og}". creater appre-
vidual tolerance levels by perfecting AGSM cianion of hizh C hazards and an increased con-
techniguey in a contralled and safe environ- . e

creaxing the awarsness af G siress and allows

¢ ability o tolerate high O stress.
e, With these aims in mind, a 6-day high-G
cemirifuze training course 1= condocted av TAM.

P g s f i e e LIslls e | i 'ne 1 P .
Reywords: Centrifuge 1raining: AGSM The contents of The coorse tnelde

The mosl imporiant factor that conmibines (2) Didactic lectures and video presenta-
increase i G wolerance of pilots o the opera-  tions on Gz phvsiolooy, G-LOC, factors aftect-
tipnal arena 15 a well-coordimated and timed g Gz tolerance, AGSM, other methods of
ant-Gestraming  maneeuvee (AGSM) [1-3] protection, positive pressure breathing (PPB)

AGSEM has all 1the auributes of g P{'-‘ll'i.' THT= dril -_\1';.\'_\:._'.1| ;'||:'|;|i|:|lnT'!."|'_'_
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Fagure 4, WU strnng i wolerance cenirifiae pro

(1]«

(i Indogirimation and demonstration of he
praper technique of pertormance of AGSM.
fed Centrituge training i slages, vz

L Day 1 Pamibiacization with the hunan
centrifios  Determination of rapid onsel pale
(REIR) relaxed tolerance levels (Figure 1) De-
rermination of gradual cosel rale (GORY rolaxed
and straing tolerance (Figurg 2)

(i) Diy 23 Practice of AGSM with ROR on-
selortte of | Gfs and platean phases of 5 G for
s A for M sand 7 G for 155 (Flgure 3)
Prorection attorded by anti-¢ suil (AGSY and
AlghM,

i1t} Day 3: High-G runs wirth anset rate of
1 Gfs plateau phases B4 for 05 and 9 G for
35 (Figure 4} Protzction afforded by AGS and
BTSN

vy Day 4 and 3:; Sinulated air combat
maneuvres { SATM) profites onsed rate of | Gfs
and platean phases of 4G for 1S5 and 8¢ for
105 w0 a maximum of 300 s {Iigure 5), Protec-
tien afforded by AGS and AGSM.

tvl Day &: Determunation of GOR relaxed
and straining telerance levels wilh performance
of the AGSM only between the bwo levals
SACM to enliance the practice of AGSM;

e end points in all the runs were periph-

eral light loss (PLI) of 52567, disappearance
of sweund on the Doppler probe fixed at the su-
perficial temporal artery, or pilet/eumitreller
terminating run tor any other reason. All centr-

sl
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Figure & Stmuilated  an vombial manicuyre eniffupe
priefili-

fupe riders were medically examined pre- and
Post-run. On-line 100G recording was con
Hucted  Exhauggive -ichr:c-!':'n;_- of pilots was

carried out by means of videq recordinps of

centrifupe rups

T following minimum and Maximum stan
dards were ge a5 goals of the Iramning prop-
Eramg

Mintivium seandard. At TAM we have hixed
this at 7G for 155 ROR onset rute of | tiss
This iraining goul has been chosen hased on the
NATO standardization sareement (STANAG
3BT AMD, which states that aircrew who dn
HH complete s 7G 154 ROR with Wearing an
AGSE ung performing AGSM will be considered
o have low G rolerance [10L The USAFsAM
also applies the same standard and uses it as 1he
minimum-¢; profile fur recommendation of g
pilor to iy high=performance areraft | 3].

Meximun stedard The USAFSAM has et
their training 2oal at 9 G for 155 ROR [8] Ay
1AM we have fixed this at 8 G for 105 ROR
and 9 G for S5 ROR. We believe the G wirese
here 1s sufficient o challenge mast mirerew,
Further, cven the CMrrent generation ajreraft gre
unfikely to Uperate m a sustained 9 G Environ-
ment. [6].

As feedback, aircrey opinion is tzken in the
form of 4 questionnaire during the course of
which their views ape solicited on varjous z4-

His

I"q'ir.’r.."rl',..'u' TELER iR i apiliby PEERIWN bl Voo sl

pectsof the course. oy example, assessment of

centrifuve trainmg, refreshier eourse  reginire.
ment, ete. Aircrew fecdback is also taken post-
vompletion of the wonrse, ance they are hack iy
the wperativnal squadrons. Opinions are <ol;-
cited on the practical aspects and the elfectivry
ol utihzation of AGSM in combatt, problems of
performance, difliculty level, v1e

Results g discussion

Smdée Mireh 199 L34 wircrew af the lighler
steam have been trained ar TAM. Subject darg
are shown in Fahle 1. ¢3¢ these, 45 570, Were

MIG-29 ynd Mirage 2000 pilots, the remainder
flew aircrafts such as MIG-21, Mi6i-23, Mic-27
and Jupiear,

Measures of the ralees” performunce as 3
sroup are presented in Table [ Plie mean re-
laxed GOR tolerance of tha Broup o day | owas
.79 G (8D 0.74) und slratning tolerunce 7.23 ¢;
{812 1,023 T'his Was laken us a Dase parameter
Pror e AGSM indocirinatinn and for compari-
0N purposes 1t a |ater Stage

Pose- AGSA indog¢urination the relaxed GOR
olerance was found (o be 447G (8n 1.03),
There is no significant difference betwean (his
and the reluxed twoleranee recorded on day | of
the course Howuaver, in comparison to the re-
laxed GOR of 74 USAF fighter aircrew rrained
at USAFSAM in I985-Ra, their's was 517 i
(SIF 024) 181, 4 signiticant difference (P «
0.05) is seen; further. our value is also signifi-
cantly lower (F < 0.01) than the reluxed Gop
toltrance of 5.37 G (S BAL) af 62 TAC pilots
trained in USAFSAM in 1983 (1171, These dif-
ferences are due to the seut conlfiguration: in (ha
LUSAFSAM studics an F-16 configurcd seqq Wils
used with 30" rtilt-back and elevated ruddes

Tabie 1, Subjeer dula (= EEY

Parameier Nican Hanra
Aot (T 26.9) o B 1 -
Herghe jem) 173.73 Thd—19y
Weight kg 55 G0 57_ 10
Fiving experienee (g REL A0 IW-304n

tnd [ Aernspace Mod. FBE2) gy

freda,
F-l6
tolera
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Perivemance paamielen

BAME qrelaxed) ]

LI T relaseds 1 3a
GO L iiramingy (B2 ]
KW istrmineng) |12
Lumpletod & O mn ROR 134
Lompleted 7 4 pun BOR 13
Chnnpleled 0 run O i
Completed O 0 run O ot
S5ACMAG R G 17%
CROME 1] (relanedd) 132

132

CRb B 10 (wtrasiing )

peduly ns apainst our 13" convennional seat. The
F-16 configured scal 1s known to enhgnee G
tolerance by 1.5 &3 or more in relased siheers
18]

The mean GOR siraiming lolerance posi-
AGSM truining for the group wus found to be
TATG (R 092y, This showed a significant
mprovement (£ < 0.01) compared to the GOR
straming recorded on day 1, which was 723 €
{SD 1.02). This mprovement of 0.54 G 15 due
in ALSM ndoctrination: however, the szain
would be much larger as the aircrew hecome
more proficient in the perfluormance of AGSM,
OF greater significance in the context of this
paper |s the mean difference between relaxed
and  straining  GOR  tolersnee  post-indo-
cirinatien, which was determined o be 2,80 G
This difference is totally annbutable 1o AGSM
alone. This effect could have been preater had
there beent no G limil placed on the GOR run. as
a number of trainces did achieve the 9 G limit
i the run,

In comparison with the USAFSAM studiss,
we find that our GOR straining tolerance level
is significantly lower (P < 0.01) than that of
1 USAY fighter pilows. which was .32 G (8D
U.82) 18] and 62 TAC pilots; whicl was § 14 G
(5D 0.94) [11]. These differcnces are again attrib-
utable to the seal confguration used, The F-16
configured seat 15 known to enhance the smrain-
ing tolerance of subjecis by | G or more |8].

The mean relaxcd ROR telerance of the
proup was found to be 317G (S 0.79) and
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slesfagn fraeming far figchier airceew  Uides tromez er ol

Fable 2, Porformance of |44 trmnces on high-C enmise

Mean & 82 e limne |5}
3 Y ] -
bTe a0 Td
7231 2
| G

TR

a8 5|

a2 54

Ji 14

Ith Y

T80 = |0l

sleainnp HOR tolerance 8.61 G (ST O.67Y, This
15 comparable w an curlier study [12], I which
human  tolerunee  of subjects wiiling  in-
flated AGS and pertorming AGSM was 8.8 ¢
(5L 1 12). Howover, in both the studies the val-
ues do not represent the absolute muximum tol-
vrines since the exposures, both in terms of
mrensity (O level) wnd duranion, were arbi-
trarily flaed. In our schedule we have ROR rimg of
6G for 30s, TG for 15s, 8G for 10 and 96
for3s

In all ROR straiming runs protection was
provided by AGS and AGSM. Two traimess
werd unable to achicve the training goal of 7 G
tor 15 s and were declared unsuccessful in the
course. One of these had been off flying for a
period of one year privr o high-G course and
developed severe maorion sickness on the centri-
fuge. The other had episodes of G-1.0C on two
successive days in the 7G ROR run. Subse-
quently, due to the centrifuge becoming unseryvs
iczable. he could not be given any further
glivmpts ar achieving the minimum training
standard. A total of 92 34% trainees completed
thee ROR run of 8G for 10s and 70,15%
achizved the ROR run o 9 G for 5 &,

Atotal of 128 pilots {95.52%) completed the
4 GARG SACM with an average sustaining du-
ration of 165.7 5 (5D 59), showing the adequacy
of learning AGSM by them. These results com-
pare well with a similar study at USATFSAM in
which subjects had a mean tolerance time of
170 s (80 707 [9]

R7




|t e epening fior Frginker (Jircre e

O the lusk day of the course the tramees
were asked 1o givie 1herr unhased subjective
pssessment ol the ciurse h:|r]‘ur;-‘.1;1;:} it was
Tound that 10 tremees admitted to having had
eplandes of G=LOC i actual Byving prior W -
tending 1his course, In appreciation of the
trainang aparted, 67 pilots (50" found the
conrse hehly wselul, &% (47 01%0) found the
course useful, while only A did not compient oy
this aspect orther, 849 trainees (62.68%) were
i Cavosar of 8 refresher Eourse

In 1he feedback frem the squoadrons, we have
s bar received 41 prolunmas from pilors who
have completed the high-G course. ALl pilots
wiere convinedd of the benefits of AUSM bul
only 3% performed AUSM reeula

v

L&

I under
lauding. Fourteen pilots reported problems in
speech  and BT communications,  while |

repored attentional diversion ax well | ifteen
pilots. were forthcoming on sugeections tor
modifving the course curricolum Sugeestions
include maore cmphasis on physical condition-
ing, centri e G boild-up conteal with the pilot.
imroduction of some form of wvisual displa
within the Gondola and realistic profiles with
higher onset and offsel rates

Conclusion

Dur limited experience in the arena of ceniri-
fuge training has shown that this Torm of train-
ing 5 indeed beneficial hoth subjectively and
objectively and helps mainly By training the
aircrew’ in Lhe correct performance of AGSM.
Further, it has also demonstraied that an ade-
guately tramed aircrew: can easily  wilhstand

he

sustained high G levels kely 1o be encountered
in todav's operationnl O cnsvironment Cente
fuge training with ACHSM indoctrination 15 con

sidered womst For all fighter arrcpew
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