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Recent developments in Indian aircrew clothing
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Persornmed flving mifitars airerats are exprsed

(@ hostile environment which in case af
CRRETEERCies can Iead fo disaxter. Afrorew are
provided wirh  specialized gipuipment il
clothing ta profect ihem from these adverse
effects with & view fo mprove aperational cf

ficieney. Defence Rigenpineering and Elec-
iromedical  Laboraftory iDEREL) 18 aetively
enpaged b the design and development of @ir-
crew clething and priofeciive ayuipment. A
nnmher af diems developed by this laharatory
are already in service Hse. Tie lahoratory s
eurrently  developing fghi-weight inregrated
frelnmels, pressure breathing oxygen prasks,
flame-retardant averalls, uanti-G suit. huats
and awtomatic influtable life jockers. The &
perience in the development af these items und
their rofe in providing gid fmproving operias
fional efficiency I8 discussed.

Weywords: Flving ctothing: Indigenous development

Mi]nary flying  imposes considerable
nhysiological demands on the arcrew

Any successiul mission depends on the -
ciency of the aireTew, herice the need to protect
{hie crew against operational and enyironmental
fazards such as sustained accelerations. vibra-
vion, impacts, crashes. changes in Temperature
and atmospheric pressure and during ejection.

DEREL is the only laboratory in the country
engaved in the design and development of ly-
ing cluthing and personne! proteclive gquipment
fiyr the aircrew to meel our ropical environ-
ment, Many of these items are currently in service
usze and confinuous efforts are on Lo develop ad-
vanced versions to meel the demanding operational
necds of the present and future scenario

‘This paper describes hriefly the various types
ol protective equipment currently inservice Use,
recent developments and fulure plans.

(R 1]

al it aaniin

Homgaainbe VAT LD

Wf B fercd. MH W A MG T Riman it

Pressure hrenthing oxygen mashs

Thie luboratary has built up expertise over (i
vears i the design and development ot pressire
Breatiing oxXyEcn masks for wrcrew Prossure

preathing oxygen masks Mk | and 11 ure vl

aped in two izes lo meet the regurermcnts ol

[evedian Aipcres anthropoimetric dats, andl 1 sl
tropical environnl I ese masks are, al pres:
ent, used in Raran aireraft of the Indian A
Force

(hxygen matks UK fand (1. The Mk Ll 11
gxyacn masks consist of i thce pieds LYSpITis
ey and expiralory vilyes i microphons, @.cor
rugated rubber hose and an exo-skuleton with
a2 chuin toggle harness. The inspiratary wilve
is provided with ice mpard and the expird-
tory waive i of compensated Type [he ceiling
limil of this misk 15 17.000 m. These masks
were subjected to Tl functional evaluation,
emvironmental lests,  user irials  and  type
approval Lests. hefore introducing  them it
service

Croygen mask Ak [1f Recenily, the devel
opment of pressurs broathing oxyoen mask Mk
11} has besn completed This musk developed in
three sizes fits wide varieries of facial contours
of lndian aircrew population. These masks ar
yundergoiIng uset evaluation, Tha unique features
of Mk 111 mask arg

(4} Compensalion 15 provided by 2 geparats
tube running parallel o the main oxygen hose
and originating from the oxygen regulatar.

() Effective fuce-to-mask scal 15 provided by
an milator-aided hurness yystem.

(¢) Hpeech transmission through neise cancel-
lation microphone

(d} Holds positive pressure up tay 60 mmH2
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The mask, being a entical life-saving equip
ment, 15 evaluated using a specially developed
lest pi,

Currently, & prototvpe mask for use in the
light combat aircraft (LOA), which js under de
velopment in the countey, has been develuped
The musk i similar 1o ME 1 and Mk 1 but the
face-to-mask seal is achieved by a harness sys
fem with bayonet attachments riveted an to the
exn-skeleton. This s comforiable and does not
canse undue pressure on the tace unlike the
togple harness svsiem. Suitable microphone and
RST cord connector have been developed. Also
work relating to the development of silicone
face piece and oxyeen mask for use with pres-
sure breathing for gois being curricd out

Anti-G suit (AGS)

Modern high-pertormance arerafis are highly
maneeuverable and copable of {lving at high
speeds: The erew of these arerafis are fre-
fquently exposed to high sustained positive ac-
celerations during combat manceuvres. The
cffects of these positive gecelerations, leading
to unconsiousness, are well-known. DEBLEL has
designed and developed different wversions of
the anti-CGi suit. These anti-G suits provide in-
creased tolerance, by 1.5-2.0

AGS ME ! MED suit 15 a polyester’comnon
overall with a detachable bladder of necprene-
coated nylon fabric. The bladders inflate o give
protection against positive O forces. The suit
has been desigred in 12 sizes and introduced in
service,

AGS ME M. Carrently, the crew of [AF are
using AGS ME L. The Mk 11 suit shewn in Fig-
pre: 2 is a cutaway type, which offers greater
mobility and lower heat leads It is a frouser-
like garmient with cutaway portions at the sear,
crotch amd knees: The ouler material is heavy-
duty nvlon fabric having higher strength and
low extensibility. The bladder is made of natu-
ral rubber. The cummer-bund and leg portions
are spht by heavy-duty, open-end metallic slide

tnd, J deraspace Med, 38(2) 14494

fasteners having self-locking facility,  Adjust
ment laces are provided at the cummer-lund,
thighs und calves Tor providing proper Gl (o Lhe
crew It has heen developed in five sizes lo
meet the requirements of the Indian airerew
pupulation

AN ME M ME T has been developed
specifically to meet the requirements ol crew
aperating in hot and homid environment. The
auter material 15 of nylon/cotton fabric specib
cally developed for this requirement, The nylon
takes care af the strength and the collon calers
ta the sweat absorption requirement. The ather
salignt features are: (o) use of polveéster slide
fusteners, (b)) provision of comlon aippers al
the waist and thigh, (¢) provision of 4 pockeds,
viz. 2 on the thighs and 2 on the calves (o store
operational and related systems, (d) provision
of 4 concealed adjustment laeing to aveid the
lacings pernng accwdentally caught with the
cockpit equipment, and (&) provision of spring-
reinfurced rubber hose which can take o variety
of end connectors to fit variaus aircraff personal
equipment connectors

AGS MES ME DV has been developed
specifically for use in high-performance air-
crafts like Mirage MiG 29 and LCA series of
aireralls. The features of AGS Mk 1Y are siini-
lar to that of Mk I1, axcept for; (a) larger hlad-
der, {b) bladder 1o withsrand high pressures, (c)
provision of detachable thigh pockets, (d) facil-
ity for routing of leg garters, and (¢} palyesier
zip and comfort zippers. T'he anti-tG suits devel-
oped are tested for pressure holding, leak test
and endurance,

Currently, the outer cover is made out of
either nvlon or nylon/cotton fabrics, which are
Mammable, Experiments are in progress Lo pro-
duce a core=spun yarn using either koviar or
nvlon ar the core and fire-retardant (') viscose
al the sheath. The currently used bladders are
made out of nenprcnc-{fnmud nylom lahric which
weigh around 360 g/m”. Results on FR-zealable,
light-weight  polyurethane-coated  Tabric have
indicated the suitahihity of the material far
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bladder fabrication: and further work 15 in prog
ress o develop a light-werght bladder Work
has been mitiated on the development of a full
covernge anti-G suil for nnpreved G pretection

Airecrew helmet

As we all know, the necessity tor the protective
head gear need nol be emphasized, and, in fact,
the Incidence of head injuries have bheen re-
duced with the introduction of airerew helmets
Cver the wears, this lab has developed outer
protective halmets Mk 1, MR 1] and integ
helmets. These helmets are careenthy i servics
use. The desipn eriterie and vatious test meth-
ods followed for the development of helmelsare
dealt in detail elsewhere [1].

rated

(Huter protecive helmers M L and 1 These
helmers are worn along wath the ¢lath helmet,
whiclhh houses the earcapsules and the ear-
phones. These helmets are filled with & single
tinted acrvlic visor and are manufactured in 3

visor has a G-loaded mechanism: shouid the
pilot eject, the visor comes down automatically
antd provides blast protection. The svstem §s so
designed that the visor does not come down

148

th helmet whikh heliet

durtng L manocuvres Uhe details of the various

helmets developed are listed brietly 1o Lable |

Integrated helmer (TH) The TH's o shell is
fabricated from fibreglass resinate and providey
high-degree unpact and penetration resistance,
[hese helmets weigh wround 1.5-1.8 kg depend
ing upon the size The helmet bas a double yisu
system consisting of clear and tinted visors. The
chinstrap has a quick release buckle and is easy
to don and dott The helmer is made in lhree
sizes — smmall, medivn apd large. Individual fie-
ment is achieved by Lhe wse of a variable har-
ness S$¥Siem

Lightawerght  ntegrated helmet, In high-
performance aireralt, the aircrew pull high G
loads of magnitude ¥ 3. Under thase conditions;
the weight of the helmet becomes a crifical
factor in aircrew fativue. The heavy helmets
also cause neck wjuries [2, 3] ‘The light-wight
intoprated helmet is o oan advanced stage of
clopment, o meet the needs of the airerew.
Iois made from kevlar—fibeeglass composhie
and weighs around 1.2-1.3 kg and is madii
three sizes. The helmet is provided with a duat
visor system. Two versions of the helmels have
been developed: one tor use with oxygen musk

ey
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having chinn topgle harness and the other s
Use wilh axyvgen mask with Bayoner canneclor

Atomatic inflatable life Jacket (AILDY

BEBEL has designed and developed various
versions of' AllLIs o suin 1le aperationsl re.
guirements of mircrew flying over the sex At the
heart of the AIL) s the amtomatie  inflater,
which inflates as seon as i i mmmerscd
water, and the wearer surfaces out within 1 s
Ihe jacker provides 1% ke buoyancy and booupm
the wearer's hewd out of 1he waler surface ar an
angle ol 45% 10 the voertienl facing the GNCOmMing
wives. The design eriteria of All J have boeoen
denlt with in dutail elsewlherye [4.5]

ALL) vongists mainly of three subassemblies,
Viz. cullar-type waislcoar, inflatsble stoles wnd
mtematic inflator  I'he jucket 15 worn around
Ihe nech.

Waisteoat, The waistcoat consists of stow-
age for stoles. a waist adjustment belt, and
houses survival aids  such s minitlare,
sed-uctivated ballery and SARBE. The waist-
toat and collar for stowape of stoles are fabr
wated oul of heavv-duty nylon or nylon:cotton
fabric. The stowasce is closed hy means of un
epen-end nedium-heavy-duty eynthetic =lide
fastener. The inner of the collar i provided
with rescue straps for winching of the crew inu
ahelicopter,

'he AIL) has two almost identical sioles
The slwles are fabricated our of butyl-coated
mvlon fabric Tor greater carbon dioxide rocien-
tion. Each stole is fitted with two rubher hdses,
one of which is fitted with a non-return valve
INEV) and connected to the autematic inflator,
and the other hose is fitted with an oral inflation
valye provided with an NRV,

The inflator comprises u rechargeable Ni-{'d
buttery, an clectrically nperated explosive car
Iridge, 4 housing for hattery. a plunger, & lever,
s piercing pin and a 34 p CO, cvlinder,

Recently, a mintaturized inflator which weizhs
only 350 ¢ has been developed. This system nses
lithiim battery and a ministurized sepsor

I Aeroxpace Moo 38021 194
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Futurisiic. plans on  the development of
AlLLs include the refinement of materials used
for making waistcoat and the hladders, BiTorts
are being made av this luboratory (o develop
Name-retardant materinls for the Fahrication ol
“'il.-'\rl.'ﬂﬂ[

Pressure clothing

High altitudes cxpose the aircrew o reduced
narometnic pressures. The high-altitude pressure
suit, gloves and sucky developed by IIEBEL
provide protection to the airerew tor shorl du
rations in the event of cockpit pressure lure,

High-altitnde  pressure  sust  (HAPS) The
HAPS is a flving overall, incorporating the ten
stoner svstem, anti-G bladder and abdomina)
pressurce compunsator It provides protection sl
altitudes above 12,000 m in the event of loss ol
cabin pressures. HAPS, being a skin-tight go-
ment. is railored w suit the pilod in seated prosis
linn Lhe HAPS developed is compatible with
the existing oxyzen systems in the aireraft [he
suit has been fabricuted out of specially devel-
aped nylon‘colton fabrie

High-altttude  pressure alives (HAPG
HAPCO iz a conventional live-finger desipn
gloves provided with -y gusset confurming o
the shape of the fingers ro provide barter Hi-
menl. The main fealure of HAPG is that it con-
lains 7 blind latex plove helding a fixed volume
of air concealed between two lavers un the dor-
sal side of the glove which applics pressure on
the wearer's dorsal side of the hand. The zloves
are made of soft sheep nappa feather and are
made in 10 sizes,

High-altitvde pressure socks (HAPS) The
socks are made out ol nylon/cotton fbric wlich
has low extensibility. The top of the socks is
provided with adjustable lacing tor individual
adjustment. I'he socks are made in four S17e5.

Communication egripment for aircraw, For
stooth operations of Hights and carrying aut
the assignmicnts deffectively, Intelligible com-

L4t
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munication s an inescapable reguirement. Ths
will help m establishing hinks between arcrafi
to nircrafl, amerafl w ground and vice wersa.
The electroacoustic transducers Torm o part of
the communication syvstem These include the
microphone and earphones in transmitter and
receiver sysleims, respectivelv. However, in air-
crew eouipment, these form a part of the oxyveen
mask and helmet, respectively,

The nucrophone designed and developed is
maraturized, sensitive and of differential tvpe

It mnkes use of two couls and Two ring magners

1i ¥

and a single diophragm o make it differential
Lypa. Llmost care i takon W sehieve a sensilie
iy o =6l ab, re of | N/ Pa and signal-to-noise
ratio of 18 dbi a1t 1 kHz The frequendy response
al the microphone is so adjusted (oosuil in the
oxvgen mask, piving  high neiligibaliny  n
speech transmission, The response 15 limited
from 3000 b 3500 He and rises § dbdoctuve from
300 o 1200 1z and vanes by =4 db thereafter
The impedance is 600 £2 L35%. The weight of the
microphone i highly cotics] sod s 10 g when
psed m high-t performance arerafl Compatible
cord conmectors have also been developed

Ihe earphones are of electromagnenc vpe,
weighing 32 geach. These have high impedance
af 10K each and #u sensitivity of 115dh
SPL/mW. The response of the sarphones 15 re-
stricied 1o the frequency band of 300-3000 Hz
and the maximum variation in outpot with re-
spect to | kHe is 26 3 db, These can be usad in
the tropical environment,

Both microphones and earphones have been
subjecied to various environmental tests and can
be used from 10% 1o 50°C. However, the sior-
age lemperature s from -507 to 70°C. These
devices have also been subjecied le vibration
test from 5 to 500 Hz with an amplhinide of

0,125 nmum o 10 g, whichever is higher

Airerew personal clothing

I addition 1o the protection equipment., the air-
orew  alsa regquire flying clathing, vie flving

overalls, gloves, boots and socks

150
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IAl are using flying overalls Mk 11 fabricated
put of 604l polyester/cotton blended tabric in
mocklenn weave. The Tabrie has been specially
developed 1o meet tropical conditions of Tlying

The overall ME [ has been designed based
o haman engineeeing requirements. The Ovel
all i o simgle-piece garment havinge o maedinm-
duty metallic shele tastener runming trom the
neck by the ciotch position i Tront for casy
donming and doffing. Shits are provided al thy
walst for eusy dccess to the inner parments. |he
overnll has been provided with pockets to hold
personal and  operational-related  dtems. The

overall s made in |1 s1zes
Flame-retardant (FRI averalfs. Several
flame-retardant (PR materials  somshle o

trog
tigks developed are eitheér o mixture/blend of FR

ncal flying have been developed. R marte-

viscose, P-4, polyesier or FR O viseose alone,
FR viscose has been specially developed for
this purpose

he various FR materials developed include
[O0%  FHE vigcose, SO5500 'R viscose/P-Rd,
7030 FR viscose/P-84 apd S0/50 VR viscose
polvester. All these developed materials are n
the licht- o medinm-weight range, conlorining
tw BS 3119 or ASTM 2863, The char length
(CL) and limiting oxyeen index (LGOI of the
fabrizs developed are given in Table 2.

The results of the strip studies, wiz char
iemgth and LOI, do not give any meanmgful
indication of lhe protection offered to the
wearer in terms of burn injuries [6], A thermally
instrumented mannaquin has been developed
study  the  protection offered by various:
garments in terms of burn injury. Work is il
progress o develop an automated system for
classifying the burn injury and o assess Me
protective performance of fabrics

Design af overalls The design of the FR
overall was based on the survey conducted
among the pilots and the extensive field trigls.

The designed overalls were evaloated!for
thermaul stress nposed on the wearer on expos
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Figure 1, Heal accuig

sure 1o simulated conditions {Tdb — 48=C, Ril
%) for 1 . The physinlogical evaluation [7
9] revealed that the thermal stress limpnsed on
the wearer was nol significant (Figure |)

Recently, work has heen staried on
velopment of FR fabrics using unconventional
JALHS, VIZ, enre spun ¥arns, Experimeénts in this
direction haye already viclded positive
ind the development of fabric Msing
5 being pursued.

the de-
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Fying eloves. Gloves (o meel normal fving
meeds, survival conditions and parachutists’
fquirements have heen designed and devel-
oped: The sloyes for Mving are

made ot of
i, soft chirnmiuim -A1ITC oI

tanned leather
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for herrer fecl and thermal insulation, The slr-

vival gloves and PJI ploves are made ouc of saf
Rappa leather, having g lining of derylic pile o
provide adequate warmth under cald conditions,

foats, Various tvpes of bonts for flying have
deen developed to meet the UseT redquiremenrs
and thase include flying boots Mk 111, 111, v,
winier flying boots and PJJ boots. The boots are
fabricated oot of water-repellen! upper and
make use of specially designed anti
All the buots are of welt desig

SHOW O

-skad gole,

n o prevent Lhe
waler entering the boors They are
made in 9 sizes, with 3 subsizes in each sise
The Pl hoots arc provided with o thick rnicro

rabber sole for withstunding (he impact shocks

1]

Phivsmeaieie vl




Weeoad oo faprmenr s o ol ooy foe fo devem spr e w
an Janding, The winter (Tying boots are pro-
vided with an interlining of woollen pile fabric
all around 10 prwvide jusulation Some recentl)
| doveloped tiving hoots, inoaddition to the above
I features, have an additional sipper ul the centre
| tor easy donming and doffing
| .
. Conclusions
J e recent developments in the Deld of arcrew
I pratective squipment/iclothing have been bricily
deseribed. Many of the prowective equipment
clothing developed are in active Service use. 1o
meet  the n!l"ll'l.n:ll.i:lrlj.' |||"L'£~!a[h'|':i1| necds =
proverents are being curried out i the present
desipn wind new products are being developed
Ihe development and use of new materiabs in
the design and  development  of  protectne
gquipment bas been given top pronty o ofler
maximum  protection along with operational
cifectiveness,
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