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(1. ? .'l)
:·-:ceVi01.:.3 secc i ons ofthi8 ::"~:J?Ol"t '.' have c.: ... c..·::'"b::r:1 uco t s on

J:::. t~~0tj7e cJ..u·::hing suitable f'or' <ill'CT3f~ :ire cl'ashr'escuo.workers.
Pl:l'~(;c:t"io:l must also be" given to tllEface against t.he rmaL r-ad i a td n ,
\.;j~~~;uut undnly obs tr-uot ing the vision. I The r;Jdiation fran a petrol
;r,'ire ie l8rFf:llv iT:. the infra-red port:'CJn of '''che spcct.rum, O.!lCl.. ide~\1.

}?rQt(".ctiQ~l f0r- the face would be provided l)y a vizo~:·Y;J.liJ~'l, whil:::'i:
"be Ing'<br-ansparen t 'co visible radiation, 'reflects tbe Lnf'ra- 'red !"C;.aic.~:!.."l1~
. Reflection of the heat if.:--·preferablc to absorption', ·.Doth re duce the .
transmi·s·si·:m but in the latter case t':e heat is l'cta:i-rlcd, in, +'llc \,j.z-:;,"["
It must not ignite in the mos1;; severe exposure. concli;tir:'d>;;; i'~ shouul
not become deformed or lose its optical 'p:-'opertie's-6ri h';p.':;~.ng; and .::.';;
must not shatter if, it is sprayed Vii th water or f'oan, when not , ~1.'!1is

paper describes experdment s to test these propeiti'c's' '6f"'some vizors
subtrit'ted by tll~ Ministry of Supply CUJ.A.E.)• ...:The. helmeb.i deai.gned for
use with the protective. clothing i s S~JC':il1 in plate, 1. ,Thi; ;'vizo'r can be

.opened upwards to provide ventilation end be q]id~J closed.':' '£he fJrst
'Vizo1;;'was made of clear Per-apex but this Was found to afford insufficient
)?rotection against a radi ant intens ity or' 2 V,i/am2,: adopted a s. . . '.
representative of the fiX'e to.po approached, end furtherv,izors '.'!Cre

th~-,rcforc auppLded foX' test•.. Dc::tcils .Of~)heSG are~Eiven in ~l.'able 1 •
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Compos i, ti· n .

Tmted Pcrspcx

'Tinted Pcrspex

. j ,.'
"I
.! ~.

I'Plain Pe r spex

Ip' . th " . 1'1 t·
• I ersfex.n a .serm reo . e C lng
". '\ coatmg of J::ioliiic on .. maidc,,. IHalf of' coating lacquered.

i As A,' but coating ;r Aluminium. i

.j Plain Perspe~ backed by 4-0 me sh . j
: 134 S.Vi~g. orlght steel ....llre. [
:' I gauze. . .' I

I
K1' - gauz.c rivetecl '~.~:""''COp.~pd !.

. s i.de s: of Pez-spex; '\Hr~S parallel !'
to edges, " .\. . !.

'K2 - heavy ga~~o wir~.so:d~rcd to
edge of gauze, rj.V8tod '~'o top of
P9rspcx only" wires c1i&gcnal.

II

crash

11II

R.A.F. pilot's vizor
30 per ccnt optical
transHissi"on I
(nominal) ,I

!

'~11U1 'Itr:'rt.~.~. pl 0 S Vlzor
1.5 'Ocr cent optical
tr8J.~lSmiss i on
(norabul) :
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TABLE 1, (cont'd)

,...
Composition

Laminated glass

Description

,

'q .•" > -0"1°" I -----.---'------~ . ~I T'hicknmrn,ess
f .l.'~ ...-..l.. -'. ... ..... I

: I
I ,

1,'- . , .~, Il' :::S:::o:bor 1Tlo sheets of glass bonded ILamm:::d

together '71th a semi, reflecting I glass 3 mn,
I I laycr (bclieved to be copper) IAir gc.p

between them, separated by an about 2 l!l1J1.! I air gap from a plastic sr,,,,,,·:;,. IJ?J.a"t;t, 'Z"",,"

2. Experimental proct'dure and results

2.1. Transmission of Vizors

The source of radiation was a gas fired panel (4) operating at
about 8500C and the 'rad~.ant btensity "iSS measured 'by a water cooled
Holl type thermcpile (5). 'rhe vizor was placed it in. in f'rtont of
the thermopile at a point "here the intensity of radiation was 2 W/cm2,
The radiation 'falling on the thermopile increased as the vizor became'
hot and' began radiating. The output of the thermopile "ias rre a sur-ed
immcdi~te~ the' vizor "as placed in position and again d~r one minute;
" longer heating pcr-Lod could not be alloYied since this might have
':;t:m.aged thci vizor for aub se querrt tests. ' •

'I

'I'he 'bcansmission of light by the vizors was measured using ','
',):',ctograp),li" exposure meter , with a spectral response approximate~
". ,. "'SCt,e us that of the eye, The instrument was directed at a window
'!""~ ceadings were taken with and without the vizor in frcnt of it.

TAm.E 2

Transmission of radiation b;y the vizors

-----....;.------,...------'-----------_.__ .

''"5

8

15
..

6·5 I,
I
\ ..
i,

1·5

45

45

20

9

4

8

10•.'5

I
I
I

8

3

7

10

12'5

per cent

Vizor

PlainPerspex j

Niomic coated Perspex I·

I
I,

Allli"inium coated
?erspex

c
A

D

II Gas fired pane L radintioTl " I" .

TranSlaittance! Eff;'ctive Visible, Ratio .
(Initial Itransmittancc radiation 'I" of visible

value) (including transmittance transmittw',c() i

Nl-rad:ia tir.n) I' to infra-rei: ~
after 1 min. transmi ttan ce '
per cent .pe r cent ,

.-+-------I~--+-----j I

Reference

K1 and K2 Pqrspex, backed withI";I;J.re .gauze

(~ . ~ Tinted Per-apex
i (-15 per cent
i optical tronsmission -!
I ~o!:linal) II, .

-_--L ~......,......,---.....J'+------!--------'-.--------
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.TARLE 2 (cont I d) ~ '('

: I

.. ~

o ••••• __ •• "

I . ---
I

; , Gas fired panel r-ad'ia t i.on. ,
I •

Effective. Visible Ratio'
Reference Vizor Transmittance

. (Initial'

I
transmittance radiation of visible

.. -vaLue ) . (including .. transmittance t.ranenuHance
re-radilit ian) to 'infra-red

~
after 1 man, . . trari'smitt.ance. . ...per cent per cent per cent

: F'
..

22 95 4·5 ·Lamina ted 'glass -
I I

30 I 17' 5I E _ tCOl:lPOSite vi7.or 1· 7 1'7 I.. .. . _.l.____.__ O____o'j_,_ ••• 0-,

2.2. ~ffect of prolonged irradiation

; .

lJ'hc vizors were exposed to radiation of an In ter.s i.t'y ;0£ 2 W/c';"'Z
from the gas fired panel and an.ydeterioration· of' the ·"j,~or. v.cs nobed ,
After about 30 seconds the Perspex vizors softened, and a tartedto
deform. As the time for serious·deformation·.to occurvvra s rather·
indefinite it could only be estimated. If the vizor.:'i;as .then removed
from the radiation deformation·tended'to continue 'for a, feTI seconds.
Since the helmet may tend' to prevent, deformation of the vizor, the wire'
gauze backed Per-spex vizors (K1 and K2 ) were' ~iso' tested while attached
to the he Imet. . '. '.~ . . ' ,

, A' jet of water Vias directed at the front f'ace of .the glass vizor~"
.after 2 minutes exposur.e(Piate 3).

The results of these' experiments are given in Table·3.

TABLE 3

'!!:f:rect of ~~~loriged radiation on vizors

, . ::
:'..

,'

.. -. :,,~.'.

:•.
'.,.
"; .. -

"

.. , -- .(

•

....

--,.~--- .. \. ' , " .. , ...... ,
, Time for •
Reference " ' Vizor serious Notes ! ..

deformation' ;

sec. •. ' .. ;

,
:, D Plain Perspex (Plate 4) 90 After 120 sec. bubbles formed

in Perspex, (Deformed
1

inwards) • ·•
"

,. ,
. . , . ' " .-

s. Niomic coated Perspex ;60 Lacquered coat ang .bccame. .0 .... ,

.,0,

(coating towards source) "transh:cen'c , d.;:teriorutiorisome
of unlac quered coating.

,

.. ,- ...
( Aluminium coated Perspex 90 ·0.~. i,

( (Coating away fran source) ..
C

I
. ",

(Coati.,,;gto~~ds sourc~)
,

, 110 Unlacquered coat~nS: darkened, "..
lacquered coating. became,' '..
translucent~ ..

"
: , .

,. ,.
,

1\1 Wire gauze backed Perspex 70 The Perspex tended to .bend
(wires parallel toed~es) , outwards and the wire'

..
gauze -

bulged Inwards , Bubbles
formed in Perspex after 90 'eec ,
(Plate 5).

.. ..
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TABLE') (cont'd)
0.'\ ....- \ .

...;.:'Reference Vizor"

.' ,

.' "'~~imc/f~r ~··.t ..,
.. ,:.-; ," I'serJ.OU6... .. ~

deform3:t~.or
se c, .:.

,1'",

Notes

'. I

.........

I----.-~-...:..----=_:__---...;...--..:-_t-~---+--.....;...-~--~-----.--'--

90Attached' to helmet
Wire gauZe backed Perspex
(wire';3 parallel; \0'edges ) ..

The Perspex bent outwards a~.;

the edged. and. the wire gauze
bul.ged mwards , and in spite
of the protectti1g"brid(;e would
have tou~hea 'the wearer's fAce
(Plate 6)~ Bubbles appeared'
1,1. Per-apex aftei.'90· :::OC.

1---...;...--!-~------.=...----""'--t--"";""""""'--4- .-------.---- ~---

.,..

.,

(Plate 7)'

7S

90

,"

K2 At tached to helmet
Wire g~uze backed Perspex,

........ ·('I')~.r()s diagonlll to edges)

Per-apex ba.Ily di.atorte d but
very little distorticn of the
wire ge.~Z0" B'ltbblcE appeared
-:Jl I't::::p~_;c d~Lr~)~~ ~(: tec~

G Jl-T-in-te-d-p-e-r-sp~~-.-(-1-S-p-e-'r---r.---.:----l·-··---- -:- ~.~ "'--'---.-';~'-'----I

cent optical' transmission­
normna'l )

1----

H ITintedPerspex' (30' per

I
cerrt optical. ''transmission­
nominal)"

...-.----

«.
~l.

,

After 10S sec. bubbles
appe'ared 'between laminations.
On applicaticn of jet;, of!>,:
water front glass lamination
was, badly cracked but tr.e. rear
lamination remained intact.
(Plate 8) •

App HcatLon.iof .:water afte:r
2 minutes :had .no effect. .
Vizor was i~rad±ated ~t 3'watl!.
cm2 for a further 'mmute~
The plastic sheet touched the
glass. and an opaque blister
formed. A jet of water ·was... '·
agirindirected at front fa·~·e•. :

.Erorrt glass lamiria'tion crack~d
but, rear glass lamlnation;·': "
remained Lrrtac t , (PIate. :,9).,.._...... . .,~. .

­.Composite vizor.

Laminated glass

E

F

t-----L-------:--------...:---~---A-..:-----.------------'--__..,:_i

..."" •'. "~"{~" '.:

, ,

. ;. .::: ..~ .'.

2.3.. . Ignition of Perspex by radliati~n .". ''':':''-''
.J ~••

. . ~he ·'t·e~t'~tl·~Od "i~ d'~~C~b'ed in det~il elsew~ere (6)....... 'Specim~na·'.":·:'.'··:,:· ".

C,f pl~in perspex," 2 in, .:.~sq.ua,~e and ,of th,ree d~fferent tni,cknesses. .
.(1/4 ID." 3/~ ~ .m. and 1/8 l.n.) were tested .a.n front of the gas-fired ..,.....
radiant paneI •.. The hIreS' for them to' ignite spon'tanecusly when
exposed to rad.:lation oCdl.fferen"t intensities were noted.' The'results
are shown in 'Fi&~ ~1, ea~n.:'p~.int.is the. rre an to f sfj(: ~test's.· .

. Once ignited, 'Per'spex"c6ntinu~s Eo burn 'sl~Wly in 'the ,absence of
.suppor-t.ing ~adi'ation. '. . . . ': '.

. ,":~:, ~ ..: , ..
,.."

-" .

~ .' .. '-.

I
'.

, I
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2.4. Tests on ~ire gauze backed vizor fitted to helmet

The"helmct worn by ,an observer.was exposed to 'radiation from the
radiant panel for one .minute.· A 40 s.w.g. thermocouplewss attached
inside the helmet.in order to measure the air t.emper-ature dn a posHion
c h :i.elded from' radiation;' One test was car:ded out with a radiant •. 2
i.ntensity of1 W/cm2 on the vizor, one of 1·5 W/cm2, and two of2 W/em;
a (i,ifferent subject was used 'for e aeh test and tr." helmet a'lLowed to
coni, between tests. 'Only slight discomfort v.aa oxpe rIenced by tce
obscrVers.·· .Except in one test eluring' whi.ch . 'che 0"8e1",,,r held. his ,
breath VI;len the' maximum' temperature. reached was 45°C. thO) air',.
temperatu:,c in. the he1n1ct did not exceed body te',npere.7.lwo.

3. Di.scussion"
" .. ;.,

:

3.1. Transmission of radbtion by the ':,:;j:.£!:'2

The fiJ;lJ~es gaven in Table 2 ro rer to a r'ac:.iant p8.:J.8.1 0pe"':'~'.ting at
8500C wh'iLe a petrol fire may attain a tempe:,:,atu):'e' of ··;'J000C.: A.l:Ghough
the trensmis,lion, of radiation' from apctrol fire P'.2C• b c shf'h+;J.~·

greater t:1an of that' from the panel, the diff',renc,o, ~;,l "·.ct 'com.i.Qered
to be iT,1}) or-earrt, " ,

, .. " 'Th,e maximum tolerable intensity,o'frad,iation for long term
'exposure of human "kin is about O.14.W/dm2 (7) and ',th is may be .
considerably.lovier if air'circulatiani~ restricted. " On the' basis that
the 1'6 scue wor]{er is exposed to 2 VI/emf the vi.zcr- must; transmit less

, than t'f~r cent of, the radiation from a petrol fire. .: '

The wire gauze backcdPcrspex vizors' have a 'transmittance of
7: pCI'. centand ,thc expe rdrnen tssilo..; that the se'prov,ide satisfactory,

. protee:tion against an intensity of2W/cm2 fer at least one mtnute;
'H01'leYcrthe measured rates of. visible transr:ri.ttance to heat transmittance
is Lower' than far, plain Per-apex," This is prc aumab'ly due to scattered
rDdiati.on whach is measured by the thermopile out net by the dire ctional
phC't~,g:,aphic exposure jne ter, 'rhe' scatt~red,visible radi at Lon reduces
t.he clearness of vision' t hrough the gauae; Although scattering could
18 r'e duced by oxidismg the gauze, tbi,s might then b ccorre iunduly hot.,. . ' . " -. . . . .'

.'1113 aluminium' coated Perspex VizQr-he,s the bestitra~snjissioh'
characteristics .sdnce rLt has' a high rutio:ef visible to heat
transmit.t arice and a 'L'5 per cent' visible'tr<lnsmij;tance.' Howev()rthe
un'l.acqucred aluminium layer is easily rubbed off, andc.deterioratedon
"heating while the lacquered ,aluminiui,l. layer .becomestranslucent on
h.i:ating. . .

" .:"

The composite vizor has the highes,t.r;>~io of 'risible to heat
transmittarice but its visible transTni ttance;is onl:-'30 per cerrt',

' ...::

'The ,tinted Perspex vizors have a higher transmi,ssioninthe' infra·-
red than the plain Perspex one. This :is duf' to th" r-educed' thickne ss,
the transmission of clear Perspeic ~. mni thick, YiaSfOmd to be 16 .per celt',

'3; 2;" 'Hazards oftheraaterials of the vizorr>,

3.2.1. Perspex vizors.

•
,,3.2;J.1.' Ignition of Perspex

At tbe intensitios"of radi~tion to which 'rescue .workers are
normally likely to be expoaed Tcr long periods; Per-apex-does not' ignite i

although bubbles fnrm in'it after. exposure for about 2 minutes ,to 2 Vi/cm2•
At the highest 'intensity available, from the gas-fired panel (8 W/cm2), '
Perspex ignites .dn about; ,15 sec. ' However, the formation of bUbbles.fu
the Perspex should act as a warrring, .

'. "". , I



'3.2.1 •.1;

. -6-,

Soft.ening-of.Perspe.x:' ,.

, When irradiated at 2 ;i;/b~2,: a P~rsP'dvizo'';' becomes suffic:liintly
soft in about 90 sec. to ·deform·under its -cwn 'weight and it might then
t-ouch the wearer's face". .This,would r e su'l t ih::a bu.rn.since ~he .

. '0
t.:m;-eriiture· of the Ferspex would be more than' 110 C~ ,

'. ,

The 4D mesh gauze riveted to the top and s i.de s of the :'r.:rspex
vi'>"L' Vias not strong enough to prevent deformation &\n,l shrinkage 0:::' the
Perspez ,1.1 though it did control the.' directionofb'eh:lir.g" 'I'he gauze'
Lt se Lf bul.ged inwards and would have t ouchcd the wearer-' ~,face result:i11g
in a b urn., A similar gauze 'solder8d to ",':wii:'" 'frem'; ",i,:h the' wires
diagonal and riveted to only the top of the vizor was not distorted.
Although it did not prevent deformation .of .the' Per spe x it would have
protectbd the wearer 'againstinjurYi from this cause.

'.. . .

Placing the gauze outside the Perspexn.il':b.t d e Lay t"e onsct of .
deforma+'ion but, since the contribution of··theg~uze to t!oe a t tenuo ta on
is smal::' compared with that of the Perspex.· the' dif'f'e r-ence .-,cilld not be

.of. prac:i;:i.cal value, whi.Le the wearer would be u,,"~"ro',',''''+'ed a;;"inst ":;he
hot Pcr-sp cx, '

. 3.2..2. Laminated glass vizors'

'. :

cElle principal' ::'azard that· might·. be expected "'ith a gl.ass vaacr is
shat.ber-dngwhen sprayed ,-,ith· water whilst it is hot; Although the
g.Lassvvtzor-s tested cracked under these conditicns",they.did not shatter
and ·they may therefore be cons idened'< s af'ev ". "£vim if the glass in the
composi'+.e vizor did 'shatter, the '·.fade would be p rotecte d ...l:!Y .the plastic
sheet·;..while the air gap reduces the rate 'of'!l',at 'transfer to the face
if fhc: outer gl.aas becomes, hot. An improved ne thod ,of spacing the

..sh"c(,t".·is required' eince at one po..int· the·pliis'tic· touched the glass and
,,'. wac: 'lcamaged , ... J' • .:: . .

. . ~ .
. ,:.i :~ J ..':,' I .

<lir,fortunately, t he glass v~zors cannot be made with curvature in
two .(2!o18n~.ions, which precludes their use ·vlith the 'present des rgn of
he'lrnet ; .:

. '","
4. Conclusions

4.1. , ... The most 'satisfaCtoro' ·vizor· is .. the .composite ene •.. :.

4.2......The.: e Luminaum coated Per-apex vizor has the best transmission
characteristics but the unprotectcd coating is easily. d~~aged and the
protective lacquer used clouds ·over ,',,!len heated. .' .

'. .' ., \ .

4.3. ,A;40 mesh polished wire gauie' reduces the transmittance of
a plain Perspex vizor by 30 pe r-vcerrt-: to a ne t rt ran sm'rt tancetof' 7 per cent
but ; owing to '-scattering of light ffQ!l the Wire, visibility. is
dispropor.tionately reduced. ... " .:."" "',

4.4. A Pcrspex vizor may def'orrn when hot snd tot.chtlie·wol!rer' s
face. The risk of danger to till wearer can be minimiscc1 'by. placing a
suitable support behind :the vizor. as was .doncvwi.t h vj.zor k.2.

4.5. A Per-apex vizor may ignj"te mider'~xceptionalcon:ditions and
would continue to burn slcxvl,y. The: formation of bubbles in the Per-apex
wouldsecw.to act as. a.:,;arning·oI' .thi s, ' .. '

5.
";:

Theinv~stigatidn:iii.to till ignition
carried out: by' Miss' Margaret Law., ." ..

, ...

of Perspex by radiation was '.

.'.

..

This work was carried out for the Ministry of Supply tmder corrt race,
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PLATE,L EXPERIMENTAL CRASH DUTY HELMET,'

- '

PLATE.2. E'XPERIMENTAL CRASH OUTY VIZOR.

(Perspe~ backed by wire gc:luu): I

.' -
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PLATE.S. PERSPEX ,AND WiRE. GAUZE VIZOR (K I)

. AFTER IRRADIATION FOR 2 MINUTES
><
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PLATE. 3. SHAlTERING TEST FOR GLASS VIZOR

PLATE.4. DEFORMATION OF PLAI N PERSPEX

VIZOR AFTER IRRADIATION
,

..
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PLATE. 7. . DEFORMATION OF R.A.F. TYPE TINTED PERSPEX
VIZOR AFTER· HEATING.

PLATE. 8. THE RESULT OF SPRAYING COLD WATER ON TO
LAMINATED GLASS VIZOR WHEN HOT.

PLATE. 9. THE RESULT OF SPRAYING-·COLD WATER ON TO
THE COMPOSITE VIZOR WHEN HOT.
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