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Oripinal Article

Newer methods to enhance +Gz protection

Sqn Ldr Vipin Sharma* Wg Cdr AK Singh’
Wy Cdr H Malik® Sgn Ldr A Agarwal’

Acceleratinn stress in modern generation aireraft 15 a necessary evil, G-induced Loss of Cunscious-
ness (G-LOC) and high G unusual attitude conditions are & constunl threat to the alrerew of high
performance fighter und attack aircrafl. These dungers will become even greater in the future, as
greater speeds and super-manuvcuverable aireraft place even greater demands vn the physical capa-
bilities of the pilot. Methods to alleviate +Gz stress have been under evaluation ever since aircraft
performance cxceeded the Humun tolerance. While methods like tensing, erouching, Yalsalva ma-
poeuvre were connatural to the aircrew, Anti-G Straining manceuyre (AGSM) and its variants like
the Qui-Gong and Hook manocuyre were developed as physiological methods after extensive centri-
fuge trails and multi-centric evaluation. They are in usc in Air Forces around the world, As the +Gz
envelope of the fighter aircraft increased, newer methods were required and were develuped, Llested
and used. The Anti-G Suit - Anti-G Valve combine (Anti-G System) hav seen a sea change. Advance
Technology Anti-G Suit (ATAGS), High Flow Heady Pressure (HFRP) valve, COMBAT EDGE, Ad-
vance Protection System (APS), Atlantis Warrior full coverage waler-filled suit (McDonnell Air-
craft) and STING are some of the methods of administering enhanced protection in isolation or in
combination. Brief descriptions of these methods are presented. The initial experiences with Pusilive
Presssure Breathing for G (PBG) at IAM in the Advance Fighter Aerv-medical Indoctrination Course
(AFALC) and its potential in the LAF is discussed.

Keywords: G stress; AGSM: ATAGS: Combat Edge; APS; STING; PBG.

n ellort 10 enhance the +Gz wolerance of
aircrew has  been  Uie endeavour  of
ceeleration physiolomst, Fighter aircrafl

are inherently unstable as they are buwill with
relaxed stwhility wciteria to enhance mannouver-
ahility, ‘The Gz cnvelope of a fighter aircraft has
been steadily imcreasing and the research in
Acrvpice technology has just managed to stay
ahead of the maximum permissible +Gz loading
of the aircraft. The angular exeursions of current
airerafl abowt their principle axis ure limited 1o

roll and pich and very limited yaw [1]. However,
3 new goneration of supsrmanceuverablefiuper-
agiie awrcralt with significant excursions in X and
Y.axis besides high sustained Gz loads are m the
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pipehine [1]. The "man™ opcrating the aircralt,
hecause of his hmited natoral and acquired skills
nesw fimits the capahility of man-michine system
With the advent ol higher Gz capability, the
existung modalities of + Gz stress alleviation need
to be augmented, supplemented aml reinforeed,

In view of the hydrostatic column of hlood
the hean has 1w support to muntain cerebral
perfusion, the patural human tolerance (o sustim
{ Gz is in the order of 4.5 G [2]. This baseline
réluxed human tolerance bas had 1o be enhanced,
to enable the atrcrew 10 be able to withstand the
+Gz stress. The first in this. alleviation of +0r
stress was the Ann-0 Suir, Tt has five distinet
interconnecied pneumatic bladders operated un-
der equivalent pressures providing an increase in
the peripheral reistance, Incréase o venous
return & prevent penpheral pooling. Physiologl-
cal measures modified from the Valsalva and the
nutlural response to tense, grunt and graon were
perfected and are in vogue The Anti G Straining
Manceuvre (AGSM) and jts variants like GiGong
& Hook mumocovre evelved and were followsad
by wvanous Air Forees, This was considared
adequate protection tll the mid 70's when the
F-16i's were developed who's Goenvelope ex-
ceaded 90, However it was configured o be used
tll %G only despite its higher capabili

lity, Effurts
to alleviate +Ge siress reecived sn impetus again
in the early &(1's when the 1--22 were developed
which had a defimie ability of the crder of 1200
AGEM which was by now universally zceepted
as a +0 allemaung method due 10 us easy
availability, cost effectivensss. and  protection
offered was noticed to be fruught with the
problenes of fatigoe, interference with communi-
cation and the necessity o remain vigilant,

Review of Litcrature

Methods o wse: The world over, the aviators
are mow heing andoctminated o comprehensive

+iiz alleviation programmes. The methods for
alleviation  generally {all in one of the three
froups, namely: y

a) Reduce venous pooling

by Reduce the hydrostatic distance  between
the leart amd brain

¢) Inerease Mean arterial pressure (MAP)

Among methods reducing venous poohing and
thereby augmenting the venous return are the G-
Suits, U-Valves & Pelvis and leg elevation (PALE
seals ). Newer concepis tn the ani-G suits include
uniform longitudinal and circumierential press
surisation 1o dependant areas of the body, High
Flow Ready Pressure suits, Enhanced coverage of
the Ci-sul, retrograde filling G-suit, Full coverage
G-suit & pnewnaslic wniform pressure Gesuily
From servo valves to the High Ulow RKeady
Pressure (HUEP) 1o microprocessor  controlled
Antr G valves 1o valve thal pulsules the Gesuil
the progress continges ...! The Ani-G Suit-Anii
i Valve comhine can give a maximum protection
in the order of 1.5-2G only, but are an importan
adjunct to AGSM. The methods of reducing the
hydrostatic column, like the reclining seals/ seal
back: prone positon envisage a modification i
the seal and are feasible only if Incorporated m
the design stage of awcraft manutacture. The [-
16 has & 3-degres till back that Incredases G-
telerance significantly, Reclining scats heyond 45
degrees pose visual compromises and necessitagi
re-designing the cockipt, a feat un-accomplishable
By counties not manufaciunng sircrall's. Proge
seats are also fraught with similar restrictions

Hypernensive drugs can theoretically cause the
increase I Mean  Arlenal  Pressure. Carbi
dioxide showed initial promise in studies [3], Rt
its applied importance is limited owing © i
other effects. Other vasomolor lone increasing
swenty lested have not shown resalts that el

Trid J Aerospece Med 43(2), 19%
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mention] 3. Also drugs and flying being miutually
exclusive in the TAF, this possibihity has not been
explored

I'he conventional methods like the tme texted
AGEM  have standardised. After  initial
indoctrination, physicul conditioning and rein
forcement programmes we already o vogue.
Analysis of accured bencfits and ts cosl
elfcctiveness cannaol be overstressed.

been

Positive Pressure Breathing s apphcauon of
pressure by a regular 1o he Dbreathing  pas
throughout  the  respicatory  cyele]4]. Pressure
Breathing for Alutude (FBA) is being cperalion:
ally used on expusure (o altitude above ~ 12,04
meters (Emsting). Positive Pressure Breathing for
Gz protection (PBG) evolved  from the same
concept as early us 1945 It was supgested foor
G prolection in 1952, and was experimentally
iried oul in the Human centrifuge i 1970s. As
promising results emanated the concept was first
given a ‘flight tmil’ in [983. Since that ume,
many countries have adupted it Clearly, it is an
idea (hal has an  immense potential - and
application, and an idea whose ume has come
The necessity of an adequate mask to face scal
cannol be oversiressed. PPG upto 30 mm Hg are
aceeptable;, however, for higher levels counter-
pressure lo the chest will a jerkin/vest is desirable
(*Balanced” PPB). and uplo 60.70 mm Hg
pressure can he  deliveredl3]. Exhaling 1€ an
active process in PRG and being un aliered
physiological function. is disconcerting initially
till one gets used 1o i {Bunonk

it Is therelore evident that from the currently
aviilable methods Tor alleviation of +Gz stress,
none is a panacea ull-powerful: so e currens
irend of evolving progranimes incorporzling more
than one method.

il J Aervspace Med 43(2), T9EY
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Newer methods in  +(z protection under

evalontion/evolution

Almost all the current day +Gez stress alleviation
protocols are o judicious mis of various methods
of protection, the most basie combination being
AGSM & Ann-Go Suit

ThelUSAE system 15 the “COMBAT EDGLEY
which was ticlded in 1990, It consis of an
Integrated Terminul Block (ITB) which is &
simple manifold designed 1o equally distribute
pressure to mask, helmet bladder and pressurce
vest, It delivers 30 mm Hg pressurc in the mask-
test position and a maximum of 60 mm Hi at
9G, Mounting a bladder nside helmet between
the foam linear and thermoplastic linear modified
the helmet hitherto being used. A hose fitting for
filling bladder was incorporated. The visor wias
cut to fit peafile of new mask,

The Air-filled Advance Technology Anti-G
Suit (ATAGS) covers 40-45% of Body Surface
Area (BSA) as oppnsed o 30% in the standard
suit, and provides an additonal 26% SACM
endurance compared o the  standard suil.
Combined with COMBAT EDGE, AIAGS
provided a 200% increase in SACM endurance
compared 1o the standard suit.

The Tactical il Support Systein (TLSS3)
developad for USAE (1987), incorporates, hesides
the PBG, more coverage by the five bladders G-
suit  (the suit wviolume increasimg by 454,
Combincd with a faster (i-valve, 1t enhances the
existing Gz protection by 0.5G.

In the Indian Air Farce, only the Su-30
aircraft has the provision for PBG which cuts in
at 3G (a lower level set possibly tu wamn the
second  pilor), and s delivered through &
combined services connector over the seat. The

14
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arcroews. wre eqpped. with BKK-15  Partial
Pressure Suit thit has provision for providing
vounter-pressure to the chest alone. Muaximum
EXCCRSIVE pressure an Dxygen musk ander G load
b5 600 mm ol water, The relation between mask

and suil pressunisation s 1032

The design document of 1LSS propused for the
LCA envisapes 1o ncorporale PRO hinked 1o the
anli-{7 valve, 40; and
hincarly @& 12 mun per G (o o moximuem of 60
mm ar 94,

cuiung oAl fmeressing

e Nodthop Corporanon APS, is o 1otal lite
suppoet systein capable of providing  altitude,
accelerauon, chemical and biclogical protection
weoong ensemble, I meorporates bladders 15 the

legs, Lorso and arms and wilizes PRBG

Materinl and Methods

Rai (1979} [6) conducted intial experiments at
IAM. With the international advent of PBG in
ullevisting +Gz stress, the imnal experiments
wate catried out al TAM on the 13 volunieers of
Advance Fighwer  Acromedical  Indvctnination
Course (AFAIC) and the officers of Stage 11z who
reporied for tlie respective cowrses al [AM i
[995-1999,

Protocol

The following schedule has been evulved

al o Indactic lecture v PBEG s mearanisi
action, padcenon &

aiflrcutlics

B} Ground exposure 1o

O omm Hp pressure |
the Air lock chamber in tne Dept of HAH
using Mk 20 repulaior

Low G PBG famibansaton run on haoman

centrifuge (o sccustom the aircrow to the
technique, selection of PBG berng manual
& nob oyet itegrated W the Govalve.

d) - GOR runs wearing an Anti-G suit and T'RG
being through a Mk 204
regulator P mask combination and rir-
lorming AGSM

administered

e} SACM uns with PBG.
Hesults

An encouraging trend has emerged with the

following findings on 13 voluntecrs Trom
AFALC's

a}  Enhanced SACM endurance (Time inler:
ATCE )
1 SACM-PBG tolerance of 214 seconds

pgamst 172 secondy SACM
(Fig 1)

tolerance

iy 608 peaks at SACM-PRG as against

4.92 peaks at SACM (Fig 2)
i) Lower Heart rate achieved in SACM:

PBG runs eompared to SACM runs (Hg
3}

b} Enhanced GOR Tolerance (Lavel tolerance)

1) First grey-oul (GOR-Relaxed) at 3
nigher +Gz Tevel (Fig 4)

i) Second grev-out (GOR-Siraining) at a
higher +Gz Jevel or not at all (Fig 4)
i) Lavwer heart rate achieved in GOR-PRG:
rums compared o GOR runs (Fig §)

-1 Subjective assessment was done by admin-

ISlering a post exposiire questionnaire to the
aircrew, The results were us follows:

i} Tolerance of the wenirfinge  run Wi
hetier with PBG

1l AGEM was more comlartable with FEG

friel B Aerospace Med 482, 1

iii)
iv)
vl
¥i)

Discussia
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Fig 1: Duration of SACM/SACM-PBG (n=13)
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Fig 2: Noof Peuks at SACM / SACM-PBG (n = 13
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The initial experignces of PBG at IAM have been
encouraging objectively and subjectively. How-
ever, the PBG being admunisterad through the
iv) Frtigue was less with PBG regulator-mask combine is sull independent of the
Ant-G Valve. Ideally, the PBG should dérive a
feedback from the rising G levels and increase
vi) Aircrew would prefer 1 use AGSM  pari-passu with i[7]. We are ahout Lo receive an

with PBG for actual exposure to 4Gz integrated Anti-G Valve with a PBG capability.

Slress, Then it shall be possible to mury up the PRG
with the mising G levels as perceived by the Anli-
G Valve. It would be a closer simulation to the

it} Duration w SACM was enhanced with
PBL

v} Exhaling was more difficult with PBG

Discuszion

Ind J Aerospace Med 43(2), 1999 |5
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Fig 5t HR Changes: Phases of GOR/GOR-'RG (0 = 13}
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Fig 4 : GOR / GOR-PBG relaxed and straining (n = 13)
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real scenarios Efforts would then be directed to 1?1r_‘d|fy'.|:;1 Uie existing Anti-0 Svsteis Lo provide
work out an ideal schedule of AGSM & FBG for for PBG shall have to be underiaken.
arrcrew. Also, efforty 1o evaluate the feasibility of

frd J Aerexpace Med 44(2), 1905
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Fig 3: HR changes in SACMSAUM-PBG (n= 13)
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