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Development of flame-retardant overalls for aircrew
and their physiological evaluation

TM™M Kotresh, K5 Hegde, Lazar Mathew

Fefeive iy e e iR sl K e et i

Mpreictalized clothing s an mregral part uf an
dWator's  profective eulflt and the flame-
Feturdant (ER) overall iv pne Sl (e wlticl
provides  pratection ARUINNE unfureseen fire
huzards. the finivh o impart the IR frropersy
may wlter the b exchange mechanism and
tivay fucther add o e frear stresy an the air

erew. Efforts were made to develop ¢ FR fb-
e in the weighy ratige of 160—190 g’ Rsingp
i blend of 70% FR vise exe and I0% polvimide
fihres. The performance of the FR averat! vis-
i-vix the currently wved non-FR averaliy Sing
MK 1 way evaluated by exposing eighr caltly
mide subjects to simiglated Migh-temperarire
envirorments (485 FO-55% RE) Jor pne
Ny, Physivtogical responses af the subjece

W terms of heart rate and femperativre rise

Were mronitared EORLIN sy during the evpo-

sire. Mean valyes af hear! rate and ear ae-

dimualation values ar the end o wsre-four

simuluted exposure were Jonad to be 123 hpm,

68 kealim'sh and 119 bpm and 69 kealim .,

respectively for the FR averall and gveralfs

Pring MK I The resair fndicate thar the use

of the VR wverall does el add o the hear

Stresy af the aviator, The Jlght trials of Fg

werails corroborated the o vperimental findin o5

Keyworis; Flame-retardany overalls: Tire hazard,
Irateciive clothin '

S pectalized clothing forms an micgral parl of

alrcrew  protective gutfitr The minimum
pratective outfil worn by the aircrew includes
Moverall, anti-t7 suit. helmer, mask, gioves and
bouts, The pratective outfiy may vary depending
un the mission requircments. The protectivee

vutfie adds unte the already existing environ.
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mental stress Measarements ol the CHVITGN-
memal conditinns iy the cickpit luive shown
that temperatiures us high us 1'db = 40 S07C and
Te = 50-60C cun decur [1 5] The conditions
hecome worse in aircraits thul have heen hea-
sosked with 4 ¢losed canopy, during s sndg
standby, during carly Might before anbourd ai
conditioning beeomes uffective, and during low-
bevel Might due ta friction heating of the air frume
The protective autfit wartl by the nircrew
complicates the process of heur exchange |-
tween the wearer and il emvitunment, 1 he
propertics of clothing, ¢ porosity, Mesihility,
elasticity, desiyn and fit, thickness, number or
layers, colour, rexture, weight, and hehaviour
toskards warter influcnes the radialive, convec
Lve and ovaporative fui exchanges [6] Be-
cause of this complesity, 0L s neCessary o
perform controlled lesting with human subjects
to understand the final impact ot proreceiyve
clothing on the wearer
With the INcredsing usage of flame-returdant
(FR) clothing the world over, bith m commer-
cial and military sectors, it becormes Nenessary
te provide the aircrew with FR clothing which
Lan proleer the aircrew fram unfareseen fire
hazards Two blends of IR viscose P-84 fibres
have been developed for fabricating the over-
alls. The present paper discusses the develop
ment of FR clothing, the physiological cvaluat-
ion under simulated conditions and the feld trials.

Material and methods

Material Al present the airerew use A polyes-
terfeatton-hlended averal] hereafter referred 1o
as the ‘control overall', for routine Mying. The
essential details of the varigos Fabuics are 2iven
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Tulde 1. Phvsical propertics of the varoos averall fabrics

Gihiral SOV T A0
Pargmeter Molvesierfcnirnmn FE vitoowe/P-R4 FE wisuone/ 1" -Bd
Werpht (pim’) 165 | &= 135
Wy Mockicne ] Twill 1 Twill
Warp i Tex) 12.% 2 w3 1% 33
Welt {Tex) 12 m.2 5= 1522
Woarp threade'cm 34 ih 1
Welt threads/om 4 21 |7
Aar permeabliy (Tid)
wl 10" walcd pauge 191 173 [P
Flnrmc=reeardancy Belwrely Meely

H5 3] 1% (L300 BEL)

in Table | The control overall does not possess
any R properties and, therelore, does not offer
any piotection Lo the airerew. Also, a poly

esler/cotlon-hlended tabric 5 highly hazardous
compared to either polyesier or cotton alone us
the collon cornpanienl proavides a plattorm for
the polyesier to burn completely [7]. In erder to
provide proteciion to the airerew, prototypes of
FR overalls woere fubricated using rhe developed
S50 und 70430 blend of FR viscose/P-84 fab-
ric. A schematic diagram of the desion of the
overalls used in the study is shown in Figure |

The FR viscose fibre was selected 1o develop
the FR fabric owing to its posilive properties
gz higher mevsture regain, swear absorption,
s0ft feel an the body, formation of char on igni-
tion and problem-free processing 18]

127

Suhreciv. Fight healthy males. ages 27
years {mean agcé 25) voluntesred to participale
as subjects after being informed about the ex-
perimental details and the associated risks. Sev-
eral physical characteristics of the subjects are
listed in Table 2. The suhjects remainsd un-
aware of the fibre composition and the detzils
of the overalls,

Chamber canditions | he study was cammed
out in a chimatic chamber set at Tdb = 48°C and
I'whb = 337°C, giviog a relative humidity of 50%
and dir mavement of 16 7 m/nuan.

Experimental details. Bach subject was ex-
prvscd Tor ane hour to the set chamber condi-
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tians thrice while wearing ciftferent types of

averalls. A gap of a mintum of two diovs was
kept between conseculive exposurcs. The sube
fects, on arcival al the laborarory, were weighed
with muimimum clothing and instrumented Tor
measurément of (a) oral temperature {(Tord, (b
skin temperature from four ditfecent sites, viz
chest, upper arm, mid thigh and calf and (¢}
heart rate. The subject atter instrumenlidion wis
dressed with the uverall 0 he evaluarted just
prior to entering the chamber. The basal hean
rate and temperature wis recorded belore the
subject enlered the chamber

Fxperiments wers renmnated prematurely (Le
before 1 h of elapsed time) by any of four eriterig
(&) core temperslure exceeding 3990 (b)) core
temperamire Tise above mitial temperature exceed-
2500 () heart rate excesding 140 bpm, or ()
subjeet requesting to leave the ehamber,
lipon exiting the chambar after exposure
the subject was undressed and his weight was

th

recorded with minimum clothing to obtain sweal

production or fluid loss

Parameters medstred The  Thermal st
on the wearer as 4 result of the exposure for ong
nout was assessed in terms of heart rate. change
im mean skin temperature, heat accumulation
and sweat rate Mean skin temperature skl
wias determiined based on Ramanatlan’s weight
age [9], Meanbody emperature {Th) was caleds
ated as U.63 Tor+10.35 Tsk, Heat accumulation
(A7) has been caleululed wane the relation
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Figure 1. Diggign fearnes of the FIooverall | colla, 2, shoulbder spauicrre: 1, name tab, 4, wing tab S,
penpenesl pockel with pudding: &, ventidation liole. 7, vxvgen mask D orine & breast puckel; W, wst-adjusting
tib; 10, adjusting tab at arm slecve. 11, shit closed with zip fastener 17 froml ap lrstencr with twe shiders, 13,
Tight thigh pecker halding PVC shest on the wp, 14, left thizh pockel, [, closing tab for left thigh lower pucket;
Lo, Jower leg pocker, 170 lel] sleeve with pusser and rip fsrener, 18, side pocker, 19 hack e, ML wemis e Band.
21, reinforcemant patch ol the ‘scar.

Tuble 3. Physical chazacteristics of the subjects

Age Roudy weight Heghit Body sarfice
Wame {%r} ko) [ imy
A 4 HR-02 1 7h | 82
B ¥ 3360 [ A .39
L 21 s 27 163 1.7
&) 2y Fa e 159 [.54
[ 26 Al &3 162 I 13
I 23 5837 153 [. 5%
(K] 27 a3 34 170 e
H 24 AT bl |41 A7

4y Body weight (kg) « Specific heat < AT where ATh s the difference belween Th at any
Body surface wea (m?) ' vme point and the initiul Th
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Results ang discussion

Fienres 7 aingd present the physiologicul re
Sponses obtatned with the trree overalls. Stadent™s
paired s-tes) was used o know whether there exints
e sterticam  difference biiween the control
averndl and the I'R overalls undes sty

A4 shown Figures 2 and 3, the heart rate
andl the mean skin temperature showed an in
Fredse loroull the overalle under study e
conteol overall and 1he 70 30 FR viseose P-84
overall show the eyme kind of response g4 this
clearly andicutes g the: FR overall dops e
offer-any exira thermal SITEss 1o the wesrer o
devis the cantrol bverall, Heart jate and heat
necimulation for the overalls Hying MK ] and
tor the FR overall wepe toind o be |23 bpm,
68 keal/m ' and |19 bpni und #9 kealim v,
respectively. Fven the sweu rate, as shown in
Figure 3, was tound 1w he almpg the same Tor
comlral wid tor 70030 Fr visense/ P-84 oversl|

The 50:50 KR viscose/P-84  overall Wity
found 10 resulr slightly higher heart rute
(27 bpiny dnd hear decumulanon (730 Keal
n’ih) tomparcd 1o either 70730 FR viscose/ -84
meerall or the contrn| overall. This may be g-
tributed o the Jower percentage of FR viscose,
e 50 viv-gamr 70 of 70/30 FR viscose/P-84
overall. The sweal rate was slightly lower than
the other two overalls. Hewever, the differences
WETE not statisiically significant

Bused on the chamber rals. T030 FH vis.
CoseP-54 overal] was sclected for further flight
irials.

Flight trials were conducted in as mENY
26 squadrons of Tndian Alr Force, and in all &3
Mlols participated in the trials. These [rials
#ere conducled at temperamres Varving from
+3°C to as high ay <487 Ihe pilots were given
ndividual quesiionnajre 1o ubrain the feedhack
for further improvement of the averal| The ques-
tionnaire given contained questions on the design
spect and the subjeciive feeling of comfort. After
the flight trjuls, the guestionnaires received from
1he users wore analysed and the analvsis revealed
il the developed FR averall je ity comfortahle

.|ff.'|'." o .frr;u_,lj.:.. Med 382 1994

Muclapmiiae uf freemcarg i diny avirratlls  Eiteends ot ol

a5 the currently ysed overall fMlying MK 11 The
subjective dERSessment of comfum thus conrabn-
rates the nhective eviluation, e physioloyical
eviluation yuder sumitated conditians

Conclusions

The thermal response vifgred by ghe ideveloped
M3 TR overall was tound ta be similar o thar
oF the currently used veralls flying MK 1] This
clearly indicates that the property ot Mame
retardancy does ) unpair adversely the thepe
mal response. This, the R overall wun be ysed
advantageously 1o Brovide additionu| protuc o
Agnst e hazands, withoyt saerificing (he
thermal comtort. |he Moht 1mals conducied
corroborated the laboratary findmgs that the two
t¥pes of ovemlls, vis the wveralls Mying ME |
and the 7050 FRr VISCOse P84y overall, otfer ihe
sume thermal response. | e Hight winls also ind,
cated the suitebility of the desizn ol the FR averal].
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