Original Article

Low +Gz tolerance during centrifuge training

Wg Cdr Harish Malik® Sqn Ldr A Agarwal’

High +Gz centrifuge training in Indian Alr Force was started in March 1991, 314 fighter pilots have
undergone the tradning so far. Only five pilots could not complete the minimoum criteria of +Gz level
and +Gz duration tolerance laid down [or the successful completion of the course, One of these pilots
repeated the training after 3 vears and could complete the training suceessfully. However, one pilot
who came back again only after 5 months, was not uble to tolerate the required +Gez runs, The
present paper discusses the minimum criteria of +G2 wolerance and the cases of low +Gz tolérunee

during the centriluge training and its implications,
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be majpor threat that  conlonts  pehier

piluts on every combat somie s Ganduced

lss of consciousness (G-LOC) G LOC 15
a premier human fachsr challenge facing all the
modern Air Forces today. Fighier Pilot's incapaci-
lion due o G-LOC poses a great flight safety
hazard resulting in loss of expensive aircraft and
maore importantly, highly trained manpower, With
the technolopical advancements.  acceleration
capabilities of wircrafl wre comtinually increasing
and sooare +0z exposures 1o the pilots, both in
lerms of iz level and durauon. Each pilot has
a G-lulerance limit, both in terms of peak G (G-
level) and G duration, which can he exceeded in
spite of the existing G-protective  methods,
resulting in C-LOC

During the 1982-1990 penod, di least 14 pilo
lives and 18 fighter aircrafi in USAF lave been
lost due Lo G-1.OC and similar accidents have
been reported o olher countmes also (1] The G-
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LOC survews conducted m Iodia [2] and other
countngs: (3] revealed an incilence mate of 1k
|95 in experienced pilots: Most [requent causes
of G-LOC tound in these surveys were rapid G
onsel, bemg unprepared for the serial manosuves
i w tramner @irercaft and perforning a4 poor ant
Ci straiming manoceuvre (AGSMy

Centnifuge rraming 15 the single most cost
affecuve method of prevention of  wirerall
gocidents. dug to G-LGC, The primary, aim of
cenirifuge maining is to improve the skill of
fighter plots in proper performance of AGSM
duning exposure w high-susaoned +0e resulnng
m mergase 1 (i-tolerance. Impressed by the
suceess of the cemtrifuge trahed EKDEZ['[H]L‘['IM]
subjects in musing e Getolerance, conirifuge
trarming has heen introduced for figheer airerew
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m -several countnies [4. 50 6] Instttulc of
Aerosprace Medicime has been conducung High

G otrwmng for fighter aircrew since 1991 during

which urcrew are subjected w0 ftugh G runs (up

o g +lary |[7] The present paper discosses the
minimum crteria of G wiersnee and the cases
of low <0y wlersnce  during the centrifuge
traming and s amplicanons

Resulis

314 Dighter prlots have undergong the training s
twe Only five pilols could not complete the
wninui critena of «Gy level and +Gz duration
Wilerance Tad down for the successtul completion
of the course, All five of them went int G-1.00
during the aupid onsel profile (1 Gis) of 70 tor
15 ». However, two of them could complete the
run on their second attempt but they went o
G-LOK again during the first peak of & G o the
Simulated Acrinl Combar Manceuvre: (8SACM)
run. One of these pilots repeated the tranmng after
4 years and could complele the mainng
successiully. Hewever, one pilor who came back
apain only afiar 5 months. was not able 1o tolerate
the required +(3z runs.

Mean relaned gradual onset rae (01 Gis;
GOR) wleranve of the whale group (n=314) was
4.8 G as compared to 4.6 G in the unsuceessiul
pilets. Mean relaxed rapad onset rate (1G/5; ROR)
tolerance of these were 44 G und 4.1 O
respectively, Mean  stmaining GOR tolerance
(withonr anu-G suit) were 7.8 © and 63 G
whereas. mean stgining ROR wlerance (with
anli<G suit) were RAG and 6.2 (G respectively
the whole group and unsuccessful pilols. SACM
runs  would he miven 1o only wo of the
unsuccesstul - mlots and  then SACM
tolerance K5 5 as compared 10 181 § of the
whole group. There was no sigmificant difference
between the ages and heipht of the pilots of the
Wiy E]’l’lﬂpg

nwan

However, unsuccessful pilits wire

It
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fhanner fmean wi = 62,3 kg) as commpareed o the
whole group tmeun wiirht - 659 kgl Morcover,
unsuceessiul pilots were less experienced (Tutal
vy hours = BX5 h) i comparisan W the whole
group: (ol Mymng hows = 752 by All of the
unsuccesstul palots were flying rroomd  aeeacky
Oghtees with Tow +Cir capabality. betore undergo.
ing contrifige traaning

Coneebreny factors: Cie of the unsuccessiul
priots had sotercurrent illness fupper respiratory
tract enfection) an the firs) owo days ol the course
uned thix possibly could have allected his +Go
tolerance oi e subsequent days. One plol gave
lustoey ol wirsickness during pre comnissioning
flying asuning e developed taeliain
stekness and vertigo dunng the centrfuge runs
especially during  deceleranon  phase, probably
lowering his +Ge talerance. 'This pilot also had
# break of about ope and a ball yewes ram Tying
petore reporting o the centrfuge  rining,

anyeLe

The paluts, who cuuld min ¢omplete the course,
were evaluated for ther orthostane tolerance by
T Mead up ule It was found o be normal for
all of them. Psvchological and  vestibolar
evalustions were also negative. BCG evaluation
duting +Ge alsee didd nor reveal any significant
arrvthmaas e these pilots.

Discussion

G-tolerance, like other human physical and
phvsiolegical characténstics, varics among indi-
viduals, [t has an approximately normal diseri-
bution and cun be definad on the Basis of either
Geoduration or G-level, Gelevel tolerance of an
indivadual also varies based oo e rale of huikl
up ol +Gz baing more durmg gradual onset rale
as colpared W rapid onset rate. Its average values
for relaxed, wnprotected {withonr ann-Goosoit)
young pitats o Indian A Force are 4.4 (812 116)
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ancl 4B (S 7Y G oonofapid and gradual onset
rates profiles respectively with endpoint as 56"
to 60" peripheral Tight Toss (P11 Gerolerance
dlser vanes within individuals re, from day o
day, bt not pearly 1o the sune eatent b wmomg
individuals, 1t ks obvisus that one of the ways
w reduce the probabaliy of svmptoms o G
misleranee a0 flight especially G-LOC &5 w avond
exposure 1o the hieh 4G covimwnment o (hose
individuals with liw Ci-tolerance. This practice
bos been o wopne mosome countres |8 The
intentem of the selection and screening procedure
15, o wse the fact that some healthy voung milons
hove an advaninpe due o their anthropometric
and physinlameal parameéters. 16 withstand pore
Ci-fiwees than others do. Besides, antluopometric
data like o short eye-heart distance, cardioviacy-
lar response o +Cy- acceleration forces and
physical attribites of o pilot, play un ioporun
role an determining lugh G-telerane piles

Cemrifuge wwiming for fighter  arcrew of
Indian Air Force is heing conducted since 1991,
Bince then, a crneria of mimmuin Gelesel
tolerance standard of 7 Ge for 15 « during Rapid
Onset Rate (ROR) ol 1045 for the pilos seated
I an upright sear (15" seathack angle). wearing
a [unctioning anti-G3 suit, and performing sy anti-
G stramming  manceuvie (AGSM) haz  haen
adopted [7], This swndard has been Jaid on the
basis 0 iwo  documents  published by the
international organisations. which have defined
low Goolerance i relalivn o3 7-G standard.
NATO Stundardisation  Agreement (STANAG)
3827 AMD. “Mitimum Requirement for Sclec
tiom, Traming and Employment of Aircrew i
High Sustuned G Environments” that arcrew
who do not successTully complete a rapid onset,
+7 Gz, 15 5 centmiuge profile with anti-G suit
and straining manoeuvie will he considered 1o
have low G tolersnce [8] Sumulasly, the Ajs
Statdardisation Coordinating Committee (ASCO)
has issued Advisory Publication (ADV PUTH 61/
268, “Sandardizod Contrfupe G-Sress Profiles
for Medical Fealuanon of Adrcrew Memberss™, in
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which it ks stuted that airdrew unable v pass a
£7 Geo 15 5 rapub-onset ) while wearing an
anti-Goswit and pertorming an ani-G slraining
murseuvee shoubil be vonsidered 1o have tow &
ilerance 8]

It has been our expenence | 7] as well as e
experience of other countiies [4, 5, 8] tha 2 Ci-
tolerance standurd ol +7 Gz for 135 s not a very
stringent rogquirement  for troned  tighter palots
that are actively tlving, Thus 311 milos ool of
A4 palots (045 of uur ot coulid lolerate
tie stundund wathout segmificant loss ol peripheral
wistiin or consciousness Mareaver, 300 out of 314
prlots (95.54% and 258 out of 34 pilals
(42.17%) could alse eomplete the B G for -5
and 9 G for 5 s profiles respectively. The rate
of successiul complenon of target profiles was
685 an quahiied Canadian pilos (397 aurof 439
pilutsy [4] Targer profile selected was 70 for 153
for pilots not nomaolly usiig anli=G sdits amd 80
tor 35 for pululs using wni-G suis. Concerns
aboul  high percenage of  lallure  rate  were
reinforced by @ tragie CF 18 accident in July 1995
where G LOC was idenulied as 4 probable cayse
factor, and the piloe of the acoldent areraft had
been unuble 10 complere the tareet profile in his
cenmmifuge raming session 29 months before, This
experience led 1o the rovision and call for a
mandatory HEG traming programme  for the
Caradian pilots with mandarory  performance
nhjectives (7G5 & without anti-G suit) for all
atrish’ amezew  (defined  as thasg  regularly
expered o oprore than 4 G Although NATO Air
Vorces do adhere (o the NATD STANAG (e,
TGofor 15 s) as & mummum Gestandard,  their
rraiming goal 15 9 G lor |15 s in the L-16
configured sear. Failure 10 complete an $0-155
run 0 the B 16 seat resulls movigorous retrining,
phyvsical condinoniing. and re-gaposurd wntil the
HCE 15s run s successfully compleed [9).

G wlermmee durmg aeral combat manocu-
vres i 100 a large extent determined by Fangue
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of the pilot, who s eventually wnable to continue
with the G-manveuvies because the energy used
o maintaan anadequate anu- G0 straming
manenvre (AGSM) finally exhousts the ol
Trlerance o with
fategue 0s an
centrduee

merind  combal manoeusTes
endpomnt € determined  on' o
ustmp A vanable G
aenal  combat
SACM  epables us 1o simulate peral
manoeuvie W ax near o realisue semulation as ol
thie setusl  combat manceuvies of wircraft, A
SAUM profile for the JIAF piluts for the cenmfuge
traning  was  developed n 1991 and  mean
tolerunce norms determined as 174,13 (SO 66,808
1740 Based on this, we love laid down 3
mimmunt criterta of G-duralion  1olerance also
that pilots who would e able 10 complete at least
one cyele of SACM (4 G for 15 s followed by
8 G for 10 s) withowt any sigmfcant fangues
visual symptoms o G-LOC would only  be
recommended for wr supenonty fighters.

profile  callel
ISACM)

combat

samniated manoeuvre

Disposal of the piiore who aré not able
compleie the required G-olerance standand, hoth
in terms of G-level and G-dwmtion, poses a graar
dilemma, These pilots are re-gested on ancther
duy, to take advantage of both the recency of
instruction on the straining manveuvre and the
acute adaptation o motiom sickness producing
stimuli resulting from the centnfuge exposure. If
the pilen is sill unable to complete the =7 Gz
I'5s profile or one evele of SATM (4 G for 15z
followed by 8 G for I0 s), his BCG during the
+Gz exposure is thoroughly scrutinised. Be#sides,
they are subjected to tilt table test W evaluate
integrity of CVE refleacs to orthostanc stress.
Psychological evaluation and vesnbular examina-
tion s alse done 1o role out any medical cause
of low +52 olerance, Thuse pilots Found fir
otherwise are allowed 10 conninpe with  their
firhter Aying bur are not recommended for Myving
air supenority fighters lke Mirage 2000, MG 29
and -Su 30, which are capable of high sustained
+0Giz These pilots we required 1o undenake 3
plivsival conditioning  (sirength  trammng)  fro-
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gramme. One case who reported back only after
fve months could not camplete the course, 11w
probably  due o insulficient flying  practice
between the courses, inmdequate weight triining
programme weincrease s muscolar steength wld
anucrobie capacity o continued susceptibility
silar dccelerattonddecelematiom assivinted with
the centiluge eaposure. Une pilar who reported
aftel three  years could  easily
mmimum G-level and  duration caposure Lo
dawn It seems reasvauble (hat at rhis point, the
obvicus deficicncy  in Gi-tolerance.  should  be
type ol Hyme  delicieney Like
consistently anadequate siluutional awareness or
poor guanery scores, and be taken into accoun
tor thight selety reassons

telerale the

treated as g

Caadian Air Foree 15 enlisting the unsuccess-
ful suendees dunng centrifuge waining in a -
lilerance amprovement progounme (G=THY [4]
Ihis alters measuces indended o imprave AGISM
effectivencss lwough pracnce exercises, contin-
ued Myving duty (though with an operational Mying
restcuon hmitng G-eaposure 10 less than 4 G,
aeromedical  evaluation  where  indicated, and
fullow on anendance on HSG course within 6
mionths

Conclusion

In conclusion, an observatun made by Gp Capt
Ruffell Smuth about British fighter pilats in World
War 1T i3 parncularly pertinent today: “Successful
Brtish fighter plols were not interested in anti-
(i suirs hecause they had a higher G-talerance
anvway, those who were not successiul |because
ul low G-tolarance| were shot down!™ In contrast,
the pertormance of wduy's lighter awrcralt makes
an ant=0 s an undisputed necessily. Morcover,
value of implementing a Getolerance standard, is
without uny doubt. It will help in preventing loss
of expensive aircraft and tramed manpaower, due
o atirtion because ol superior Ge-lolerinee of
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enemy’s  highter duning  wartime  amil

avoidahle C-LOC acoidents duning peacelime

mlats

Maxivowm ight sulety lTor weerew can enly be
uedieved by avoiding the musmateh berween the
4Gz tolernpee of pilots and the perdormince of
aireraft in Cielovad
capability,

ferms ol et gencrding
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