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Positive pressure breathing for G - tolerance
subjective acceptance among the pilots

Wg Cdr JK Shrivastava® Sqn Ldr P Pant®* Wg Cdr PD Navathe!

aft 05 4 twin seater, multi role fghter airccaft. Due to its large enducance and multiple
 the nireraft hos a different G-profile, which cin eause serious injury or G-LOC during

b front and rear cockpit. This would mean that the pilot controlling the alrerall would have
Tik_ulher crew member of imminent sirceall mancuvers, to avoid njury or G-1.0C, This i
by providing PBG, which cuts in at 306 level. This method also provides a warning to the

nenber, to limit G-related injuries. A questionnaire survey was carrivd out among all aiverew

e accepiance for this facility among the airerew. Apart from the fact that the airerew had no
ron the PRG, the aircrew considered it to be a hindrance to flying & preferred to switch it

utility of PEG is proven among the other twin seater fighter airerafl and therefore training
gy must start on the PBG. to ensure optimal utilization of the aireraft capabilitics.

200: 44(2) = 51-35

: PPG, Positive pressure breathing, G-tolerauce

manenvering  capabililics of modern  from a maximum of 4.3 Gifsec fo o minimum of (L2
dgbter aircraft have excesded  mans waler Citsoe [

bee 1o high G forces. The vexed issue of

man's tolerance has limited the aireraft's
for mancuvers; the ot has o
gl limiting Cuctor in aircraft capabilives,
Eaklition of i sophisticated, state-of-the : " ; 7
ferale SU-30 aireraft in he TAF, this problem Licke w0 ﬂ_‘m-'ﬁ"?‘ e ?rnnr pilit. would  be
e DI dCule. Analysis of the O profile responsible for flying the aircratt and elose combal

gimeralt moveals that the peal average +Uz

The SU-30 §s a twoescater fighter aircrall,
manmed By two piluls, They have their workload
strictly demarcated. including urcas of overlap: To

gl The maximum +Gz varici bevween 19 and Clavsified Specialist (Av Med), 24 Sqn AF

Jethe minimum +Gz varied between 001 and ** Classified Specialist (A Med), © Sqn A0
J"lmugf plisel rate was 144 +Ciz. mnging F Classified Specialise (Av Med) & DPMO, HEO,
EACIAF
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Pasitive Pressurve Rveork

whereny the rear 18 respansthle Fog Early
ESM or long Jistanice

of wll sorties, the front

Warning ralar opciuiinng,

sirkes. In the initial par

andl rear pilons are aware of the air situaliion® s

bme passes by and the work  ling increses o
CASEE Ul afention over the e situation redpees,
Aoeombal situation My

e rlon

maneuver

sticddenty iy clop, when

actively contralling  the  aircrall tiLy
suildenty forcombuar

be wvelved in s

The rear pilot iy

own fask

el there may not b
choueh nme wowam hing of the manewver, Th
nareraf desiznem have, priwided Posinive Pressure
Breuthing as un effective means L vombat the
forces: as also 1o warn the secomd erewmeither of
mmment mrerall mancuvers, O ‘v:'h_"..'“li_L'l Posive
Prossure Breathing, wheneyver
exceeds =30y e

ncceleration force
Al Opeerates automatically,
MEICUsING Oxypeen inlel pressure gl applying the
Sne pressunt on the compensared expirarory
valve of the mask, Counter-pressure s applied o
the anterior chest wall by simulianeously inflating
bladders of the BKK-15 suir. Ihe influx af oxywen
at 20mm HG uulamatically forces the Pl W carey
aut the AGSM nvaluntanly |2]. However. during
il survews, 11 wis revealed that this sverem
15 usually switched off in tlight,
of rudsnns

tue 1o woa hast

This paper aims (o highlight the subjective
scceprance of the PBG system hv the pilats of S0

30 aircrafl, und the reasons for its non-use i f] tht.

Materials and Metliods

AN anonymous Survey  was  conducted
among all sirecrews who were orare posted (o the
SU-30 syuadron, or have flown the gircraft ux the
firstisecond pilot, The questionnaire was designed
for simplicity and clanty with multiple choice
questons or graded answers
desipned 10

Ihe guestions were
comfort, fit and
avatlability of the BKK.15 suit, level uf comfor
with PBG. symptoms due 10 high G forces and
Mosative Pressure Breat i as well as subjeciive

datermine  the

ﬁ":-

Sl e tana o al

ssessent o system during v
Wil of 47 questionnuires were
WTETCW clunmntly oper g dhe el I
Tewn the wirerl '

Resulry

OF the 47 questionmigres o au)
b recedvid from 44 nircrew, 43 af (e e
were froe the FIP) hrancii amd ans frm
arCrew were Fron e viaried Hin:kglthumbl
ob combat puciafl, including Mit;.2]. M it
29, Jaguar und Miruge aireralt [
arnong e wirerew |l sHperyisory
Mymng hours on SU30 wag 2

771 57h, il
Adow ol 2htou maxann of 6240 g i
of the pilots were issued with o BER
Uieir size, None of e pilots hud any i
the PBG system, i

Table 12 BKK - 15 Suit: Comfor{Lag

Parameter

Camfurn

Lase of Donning Suil
Cumbsrsong:

Head Loud in Summer

Il Accepiby

Heat Load in Wintar Unaceeplahle

Table 1 indicates the comfon lizprle?
BKEK-15 suits, 729 of the pilots found ey
titting while only 119 found the suit'
These figures are for the suis availahies
pifats whe could be fitted inio the avili
lor the pilots who could wear the vilib
Y% found them to he casy 1o weir
fommd it to be cuimbersome,. The hegl '
the: cottom - capron tabric, made it i

el T Averospuce Mod L




Pavitivee Precenre Brearhing for C-toderanee: Sorivastava ef of

plats; imespective of the chmaie,

2 tabulates the ase of "G on the

alr for the airerew. All the respondents
Lol i wde, 97.7% (ound it ditficult to

B BT, i used wnd 7275

e with ihe birnes,
gige on ground. These results were based
flile choice questions and the pilots were
fthivse answers, s Lhe graded tespoise.

wiere

gvaten)  atoull

itle-2: Use ONPRG in Flight or Ground

Response

T2 7%
::.I 0 T Communication 97758

b Switch 11 off [CKF

ikl G -Related Injuries/Tncidents among
Adrerew

Total Number of Incidents

Front =eat Rear -Sea

B TR (2) BES% (10}
2 Mil
35.8% (1 4.2 (34)

3 2

fble-3 iflustrates e incidence of G-refated
among aircrew, while Mying from the front
g separately, 16.7%: of the incidents nf
he were while flying from the Iront ceat
B of the incidents were while Nving in
tseat, 35.8% of the incidents of grey out
the front seat while 64.2% of the grey
il i in the rear seal, These were
bnts.of hackache and 5 mewdenis of GLOC,

pepice Med ¢ 2 ), 2000

The plots bad reported mulliple epassdes o G

Kelated igunes/Incudents

Tuble=t: Fatipue Leveles: Averape Figure on
Tratning/Combat/Long Dration Sorties

Vatigue Levels Front Seal Rear Seal

Average Level of 24 4.4

Fatugue on g scale Masinum 4 Maximum 7

of 110 Mindowm 1 Mindoow |

Tauble-4 elates 1o the fatigue levels among
pulins; onoa subpective seale of Lo L F o the
scale was lemst pringe (Ctalter o pood nights sleep™)
while 10 was moast uring (“travelling unreserved in
an overnight train™ ). The front seat average fatigue
levels were rated a8 29, with 2 minimum of | and
maximum of 4. The rear sear averape ftigoe levels
were rated as 4.3, with a minimum of | and
muximarm of 7. However there was a large variation
in pilnts Mrom strike girerafl background vie, Jaguar
and MiLi-27, as compared 1o pilots of ASF cluss
of aircraft viz. MiG-29, while flying from the reur
seut.

Diseussion

PBG was considered almost 43 yours azo.as
a eounler measure against +Gz accelerative forces
[3]. PRG with chext counter pressure (' Assisted
PBG™), the 1echnigue nor only increased (G
tolerance but also reduces faugue due to frequent
AGSMs. This also increases endurance due to
minimal volantary effort by the pilot for long
duration combat sarties. Surveys of mililary piluls
from the USAF indicate that the majority of
reporied GLOC incidents in-flight occur in novice
aircrew of aircraft capable of mpid and sustained
G forces. The greatest ncidence of GLOCT in
airorew surveys swas reported in the non-controtling
pilen Mlyvimg an bwin seater aiserafl, usually the

53




Pasitia Presoire Brearhing for G-lelerance

1

tromee pilol [4, 5] Most of the pilots reported
subjectively most comfortable with PBG in the
range of 30 - 45 mm Hg. dunng contrifuge tiuls
(5] I thes study i the Indian pllot F!--;'Illi.l“:ln

having access to PBG, the pilots are fairly well

experienced, with an averapse of 2770 on the
sircraft, The pilots did not use the syatem due o
nan-mvirtlability of the pressure jacket and seve
off the

during theht, Efficulty in BT communicalion wis

discomion, ]1|1'1L'.T:::'._r to switch

the main couse that forced almost oll the pilots
gwiteh off thesyaem in-flight. Primanly, the minn
cause 15 thar 1he plold swere not exposed 1o the
syitem, nor were they traned for in 10 was also
clear thul the BEKK-1S suins were in short supply
and a number of pilols had (o oy and fie o sou
of thier size, Tht 15 porhiaps, the ceason for 1%
of the respondents not finding the suit well fitting
9455 of the respondents found the suil w be cusy
o wenr and lake off, reflecting on the Superur
destgn characteristics of the suit, The BRKE-13 sull
is made of conton-capron Gihrie, is bulky and the
heat load under Indian wopical conditions mukes
it unhearshle. The air ventilated part of the sul
works only after B3%: coging RPM [2]. the J0-45
minutes of flight preparation fime afler wearing the
suif and prior to toke off. makes i extremcly
uncomfortahle.

A pusitive pressure breathing sysiem 13
cpérational in the LSAF, in the F-15 and [F-16
aireraft Tor use by aircrew, appropriately called
COMBAT EDGE (COMBined Advanced
Technology Enhanced Destgn G-Ensemble)
is 0 positive pressure breathing svstem anti-G
system with counter pressure  vest. Positive
Pressure 15 sutmnatically applied to the mask and
vest at the rate of 12 mm He starting at +40z. up
1o d maximum of 60mm He ot +9Ge, PBG passively
ussists the AGSM. thereby reducing the effet,
reduced increased
endurance, The study conducted by Travis et al
and 88% of the F«15 and F-16

pilits respectively found it easier o pull G owith

I'his

and
-

resulting in fatigus

showed hat 665%

Shrivitxrava o

COMBAT EDGE. 76% of the 116 hall
tatigiie where as the Teoee e P13 ol
8% 4% of the 1-16 pilols prbe
COMBAT EDGE, wihile TO.8% of the =
prefireed o My withoot i This may bel
an the hasis of |1|!_-|1.'.:|: |N".l]'§. i levels
s compared 1o the F-ES, trnslating i:lllh.
putentiul benetit, The incidence of nech 4§
grey oul was sigoificantly lowerd (19
prelereng o use PBG, s commpured 1-:J1J|¢
Lo, using  the  system. The gl
reportcd incidence of Acceleration Atk
pilats using COMBAT EDGE. The ocergil
cough and pharyngenl rmitition wis dus i
air mix wsed for PEBG (7],

niog

XY 2E0 -

In this stdy, a nwmber go il
reported for neck ache and grey outs, Sig) ‘-'
neck uches were [ive times more comm
rear seat and prey oul wlimost twice o |=';
the rear seat, as compared o the fron sl
SU-30, the G levels are enough 1o oo
neck injurics or even G-LOC, an s
wmdividual 1] The PRG s taelore, alsome
actas a warming system ta the second crosmg
of impending aireraft mancuvers, Inflatin
Ci-saeit ar +20k may not prove enough wamli
aircraft designers have therefore, provided IS
Pressure Drearthing as an cflfeelive waming
Whenever acceleration foree excecds +Huls
aperates auttmateally, increasing oxyEn
pressure and applyving thae same pressis i
compensated expiratory valve of the mask, 0
pressure i applicd to the anterior chest sl
simultaneonsly inflating bladdses of the Bi§
suit [1]. The releviance of warming system i
rear pilot can not he oversmphasized;
the counler pressure garment may also
splinting effcel on the thoracie and Tumbar i
thus reducing chanees ol injury |7]

The average highor subjective T
futifue i the rear seat may be because bf Gl
of rewsons, e mest important being [y

Fined J Aerospace Med 4403
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in the rear pilot emphasizes on the
mpect as well as the protective aspect
high G-forces. It is essential 1o incorporate
o Positive Pressure Breathing during the
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