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MATFRIALE SUITABLE FOR CLOTHIMG AIRCRAFT PIRE CRASH
RESCUE ?’ILRKERS

PART IV : VIZORS

by

- P, L, Hinklcy and D. L, Simms

Summary

Tests have been carried. out on materials suggestcd for use as
vizors in helmets used in aircraft firc crash rescuc work, The
transmission coefficient in the visible and infra-red regions have been

* determined and the possible hazards of the materials examined.
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!
Fai ¢ IV 3 VIZOKS
- by
Po L Hialk? T and D Uo L. TN (171

W Introl 3%ion .-

)’ ooy R
Frevious seetions of ‘this mupoit deo2s nave dzwciihod testis on
v tzetive clothing suitable for aircraflv Tire crash rescuc workers.
moction mast also be given to the face against thermal radiati'n,
vithout unduly obstructing the vision.' The rudiation from a pctrol
#ire ig largely in the infra-red portiun of thz spoctrum, and ideal
protection for the face would be provided by a vizor wniza, whilecw

"being transparent to visible radlutlon, refleets {the infra red delut'uno ‘

_Reflection of the heat is-preferabic to absorptlon, Eadth Jeduce +nc
transmissiom but in the latter case ti.e heat is rcteined in The vizoc,
It must not ignitc in the most severe exnosure conditicax; it shoul d
not become deformed or lose its optical propertids’on husting; ond Iv
must not shatter if-it is sprayed with water or foanm when hot. Thig
paper describes experiments to test these 1u:ropertles 'of 'some vizors
subaitted by the Ministry of Supply {0.4E), - The helmet.designed for
use with the protect:we clothing is shevn in plate 1. . Théivizor can be
.opened upviards to provide ventilation cnd be quicidy closed.’ The first
'vizor-was made of clear Perspex but this was found to afford insui flcrent
protection :gainst a radiant intensity of 2 ‘/cw‘, adopted as'.
representative of the fire to. be approached, end further wvizors were
therefore supplied for test, - Deteils .dfa,-:tlm_‘_sc are -given in Table 1.
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PELG

Befalieiy;  ° Deseription - e o Composition Thickness '
S Nt e : : C ¥ied
S I S, e i . % —
D : prern ‘enta'* crash  Plain Perspex ; ol
[ dut:, viz : ' ;
L W " !Perspex with a semi reflx.ct:mg f 5
. 7, "} coatinz of Tiopic on-inside, i
; * | Half of coating lacouered, |
c R noo e As A, but coating of Aluminiim, | 5
" Xq and-K2 fiﬂxﬁ:Lrirne“xtal crash - l; ‘ain Pers ex b ck%d by 4C mesh l . of
v | dury wvizors - . SeticBe I‘lp, % eel wire ' e rSpex
(Plate 2) : | gauze. _ i
- Kq- =~ gauze rwoted -to™top and 1
) : T sides of Perspex, 1v1res parallel |
o _ - to edges, i
st L Ko - heavy gaugc wWire. soldered to
edge of gauze, riveted o top of |
| . Perspex only, wircs dlagcnal
G | RoAF, pilot's vizor Tinted Perspex ‘ ; 2«7
o 15 per cent optical i
: transmlss:t.on 1
| {nominal) . ] ;
. [ . . ' . . !
Iz !; L.AF, pilot's vizor | Tinted Perspex ; 246
30 per cent optical ]
l transmission !
I (nowminal) . - A ¢




TABLE 1 (cont'd).

o n . N
i ) .

CRafarrence Descriptien Composition Thickness
! T
| —_——
] ‘ .
Ly Glasz vizor = Laminated glase 2«7 .
Conposite vizor Two sheets of glass bonded Lamina ted

togcther with a semi. reflecting | glass 3 mm.
layer (believed to be copper) Air geop
between them, separated Wy an about 2 mm,
pir gap from a plastie shred, Plaskic 2mm .

[P ————————— . R SR

2, Experimental procedure and results

2.9, Transmission of Vizors

The source of radisticn was a gas fired panel (&) cperating at
about 850°C and the radisnt intensity vias measured by a water cooled
Moll type thermcpile (53. The vizor was placed 1% in. in front of
the thermopile at a point vhere the intensity of radisation was 2 ‘a‘i’/f:m2
The radiation Talling on the thermopile increased as the vizor becamé .
hot and began rediating, The output ¢f the thermopile vas measured
immcdirtely the vizor was placed in position and again #ier one winute;
o longer heating poriod could not be allowed since this might have

demaged the v1zor for subsequcnt tcs‘us.

The transmission of light by the vizors was measured using a-
it dngrap iic exposure meter, with a spectral response approximately
“rr Zace s that of the eye. The instrument was directed at a window
ord ceadings were taken with and without the vizor in frent of it.

TABLE 2

Trensmission of radiation by the vizors

‘ l  Gas fired jpanel radiation a3
Reference Vizor Transmittance ; Effective Visible | Ratio
(Initial  |transmittance | radistion | of visible
value) (including [transmittance! tronsmittance
re-—radmtlon) to infra-red |
- | after 1 min, transmittance:
per cent per cent .per cent
D - |Plain Perspex " 10 1045 Lo Ge5
A Niowic conted Perspex | 8 ' 9 P 6o 8 3
i ) i
C Aluniniam coeted E ;
FPerspex . 3 ‘ L 45 15 ;
Kq ana X, Pcrspex, backed with ; !
| wire gauze 7 8 45 6°5
G -lT l;ntecl Yerspex
; (15 per cent
i cptical tronsmission = : ) :
; 'Iomlnal) , { 125 . 16+5 20 15

e i -
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| TABLEZ (cont'a) Y

. Gas fired panel radiation.| ° : A
: : Transmittance Effective Visible Ratio -
Reference Vizor (Initial’' | transmittance] rediation | of visible
~value) - | - (including . { transmittance|transmitténce
o re-radiation)l’ © . . |to-infra-red
.. af'ter 1 min.j. e .. | transmittance
‘per cent . per cent . | per eent . AU
© P !Loninated ‘glass 22 . - 95 o5
" E Composite vizmor - 1.7 1-7 30 1745
. — 'h-— - "J _____ .-
2.2. “Pfect'of prolonged irra&iation' ;*
: | The vizors were exposed to radlatlon of an intensity ‘of 2 chﬁz
"~ " from the gas fired panel and any deterioration of the wvizor wos noted.

deform.

7": to the helmet.

After about 30 seconds the Perspex vizors softencd;

after 2 minutes exposure (Plate 37

If the vizor was .then removed

. and- staried to
As the time for serious deformation to occur .wias rather.
indefinite it could only be estimated,
f:w=. from the radiation deformation tended-to continue for a. few scconds. s
: Since the helmet may tend to prevent deformztion of the vizor, the wire-
gauze backed Perspex vizors (K1 end K2) were also tested uhlle autached

- i et of weter vias directed at the frOnt face of the glass v1zors:;f1“-.

E. R T The results of ;hese cxperiments are given in Table ‘3.

TABLE 3

 Bffect of prolonged radiation on vizors -

. o A
. - S Time for : :
Referencef - Vizor serious Notes i
' a deformation !
sec,
. D Plain Perspex (Plate L) 90 After 120 sec. bubbles formed
o S . in Perspex. (Deformed o
inwards), ;
A |Niomic coated Perspex | 60 Lacquered coating ‘bacame. :
"" }{coating towards source) ' “trenslucent, some deterioration
: of unlacquered. ¢cating.
~ ( }Aluminium copted Perspex B
- { (Coatlng away “from uource) : '
c. ( . . — _—
' (Qoatingftowards SOurcel.“;{11O ' Unlecquered coating darkened,-
' o CRPUET RS B lacquered coatlng became -
. translucent - g
Ky Wire gauze backed Perspex | 70 j The Perspex tended to bend .”
(wires parallel to cdges)’ ' outwards and the wire gauze-
: bulged inwards. Bubbles
formed in Perspex after 90 'sec,
(Platc 5). :
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. TABIE 5 (cont'd) C\G\

P )

Reference ~ Vigor - -, .07 3'seribue"y o ¢ Notes
"o w7 ldeformation - k '
...... Sec‘.
X4 Attached to helmet 1 90 he Perspex bent cutwards at
Wire gauze baeked Perspex ‘ the edged and the wire gauze
(w1res parallel to edges)n_ o bulged inwards, and in spite
B | of the protecting brldbe would | '
have touched the wearer's face
(Plate €). Bubbles appeared’
in Perspex after’90 soc,
K, Attached to helmet g0 Perspex badly distorted but
Wire gauze backed Perspex. | - very little d'LSLOI'“lC"’l of the
. (wmires diagonal to edges) | wire geuzs. DBubbles appearcd
S . : >.11 ]‘L*ep;‘k: afley U “Q"W .
G Tinted Perspex (15 per 75 X -
cent optical’ transnlssnonq i
nominal) .
H Tinted Perspex (30 per 85 (Plate 7)
cent optical ‘transmission=| ' .
nominal) " ;
F Laminated glass _ 17 - - | After 105 sec. bubbles . .
P | appeared between laminations. -
On applicatiom of jet of.- ‘
water front glass lamination . -
was badly cracked but the.rear ST
lamination remained ihtact. |
(Plate 8).
E | Composite vizor, - " | Application.of water after .
4 : , 2 winutes 'had no effect, :
o Vizor was irradiated at 3 Wwaty/
- ) cm? for a further minute.
The plastic sheet touched the
. glass and an opague blister
- ‘ | formed. A Jet of water was.
‘ .again directed at front face.
T "1 | 1. Front glass lemination cracked
S ’ : 'but rear glass lamination.-
rémained intact, (Plate 9)

.supportlng radlatlon. ‘

2.5° Ignmtlon of Perspex by radhatlon ‘fﬁ; i " B :;fjf_;"“w~“

The test metlod 1s descr1bed in detall elsewhere (6) Speclmens

of plaln Perspex 2. in, square and of three different thlcknesses. e
(/4 in., 3/16 in. and' 1/8 in.) were tested in front ‘of the gas-fired '
radiant panel, . The times for them to ignite spontaneously when T T e

exposed to radiation of Gifferent intensities were noted, The results S
are shown in F:_g, 1, each pomt is the. mean of 31x tests. '

= S
o .
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2.4, - Tests on wire gauze backed vizor fitted to helmet

The. helmet worn by an observer,was exposed to radiation from the
radiant panel for one minute.. A4 4O s.v.g. therwmcouple”waa attached
inside the helmet .in order to measure the air temperature in a positiom
chielded from radietion, . Cne test was carried out with a radiant |
intensity of 1 W/em?2 on the vizor, one of 1+5 W/en?, and two of 2 W/em%
a different subject vwas used for each test and the helmet allowed to '

':,coﬁl between tests, . Unly sllght discomfort vas cxperienced by the

cbservers, -- Txcept in one “test during which.the ouserver held. his .
breath when the maximm temperature reached was 4L59C, the air’,
temperature 1nlthc belmet did not exceed body teqpele‘ure.

3. ' Discussion

1, Transu1551on of rad1 t:on the "“q;rs'

The fizures glven in.Table 2 refer. to a radiant panel OOCTating ah

850°C whiie a petrol fire may attain a temperature of 10UOYC! Al1though
the trensmission. of radiation from a pctrol fire mey bc_sltﬂﬂ*"

greatcr than of that from- the panel the diffsrense, i wot considered

to bn 1ﬁnortant R L _Jnﬁ_‘fj. L

The max1mun tolerable 1nten81ty of radlatlon for IOﬂg term

'ekPOﬂure of humen rkin is sbout Cell W/cm2 (7) and:this may. be:

considerably. loher if- air circulation . is restrlcted -~ 0On the baéls that
the rescue worker is- exposed o 2 m/Cm the vizor-rust: transn1t less

"‘than ? per cent of the radiation from & petrol flre.

The wire gauze backed Perspex: v1zors ‘have ar transmlttance of
7 per ‘cant -and . the. experiments show that these. provide satisfactory

",protectlon against-en intensity of 2 W/cm? for at least one minute,
" However the meesured rates of visible transmittance to heat transmittance

is lower than for plain Perspex.” This is presumably due to- scattered -
radiation which is measured by the thermopile but not by the directional
prﬂc"~auh1c exposure imeter. The scattered. visible radiation reduces
the cleamess of vision through the gauze. Although secattering could
bte reduced by OdelSlng the gauze, thls mlght then bccome unduly hot.

' TH° alun1n1un coated Perspex V1zor hss the best transm1551on

?chafacterlstlcs since ‘it has a hlgh ratlo of visible to heat

transmittance snd a Lb per cent" visible’ transmlttance." However the
unlacquored aluminium layer is easily rubbed’ off . and: deterlorated on
heating while the 1acquered alumlnlum layer becomes translucent on
hcatlng. S I

-The COmp051te vizor has the hlghest ratlo of visible to heat
transmlttance but its visible transnlttance s onlr 50 per cent

‘The tlnted Perspex vizors have a hlgher uranam=sg¢on in the infra-
red than the plain Perspex one, -This is.dug. to the veduced thickness,

_ the transm1551on of clear Perspex 5 i thlck vag fou ﬁd to. be 16 pe; ceﬂ:

3 2 Hazards of the naterlals of the v1zorq

3.2.1. Perspex vizors.

3.2 SO Ignltlon of‘Pérépek

At the 1nten31tlcs of radlatlon to whlch rescue workers are L
normally likely to be expoaed for. long periods, Perspex -does not 1gn1te
although bubbles form in it after exposure for about 2 minutes o2 w/cm
At the highest intensity availeble, from the gas-fired panel (8 W/om2),
Perspex ignites. in about 15 sec, ‘However, the formation of. bubbles 1n

the Perspex should act ag a warnlng.
|

o
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5 2.1.1, . Softemng of Perspex

', When irradiated at 2 ‘ﬁ/cm ;A Perspe:t vizor bséomes sui‘flca.ently
s0vt in ebout 90 sec, to deform-under its-own welght and it might then
touch, the vearer's face, = .This would resilt ih‘a burn s:.nce the
- t-.m:v‘ature of the Perspex would be more- than 110 :

The I.;D mesh gauze’ rlveted to the top and sides of‘ the Parspex
viswsr was not strong cnough to prevent deformation end shrinkage of the
Persper although it did control the'diréction of- ber‘:hrg, The gauze-
itsell bulged inwards and would have touched the wearer's face resulting
in a bum. A similar gauze soldercd to a'wire frems wit h the wires
diagonal and riveted to only the top of the vizor was nol distorted,
Although it did not prevent deformation of the Perspex it would have
protected the wearer ‘against 1n3urf from thls cause,

Placmg the gauze outside tlnc Pcrspcx nig nt dc.n.av the onsct oi’

. deformation but, since the contribution of’ the gauze to the attenuation
is small compared with thet of the Perspex, the differwunse weuld not be
-of practical vaiue, whilec the wearer would te unvrotested against the
hot Perspcx. '

3.2.2, Lamlnated glass v1zors

¢ 10 The prinei pal azard that might be expec%d with a glass vizor is
shattesing when sprayed with wateér whilst it is hot.  Although the
glass vizers tested cracked under these condltlons, they did not shatter
and they may therefore be considered safe,’ “iven if the glass in the
composite vizor did ‘shatter, the- face would be’ pro’uected by the plastic
sheet; while the air gap. reduces the rate- of heat ‘transfer to the face
if the: outer glass becomes hot. .An’ 1mproved msthod .of spacing the
_.‘_sh»“w 51 rcqulred s:.nce a‘t one pomt the plastlc touched the glass and
' was. aamaged : - .

.“J . 1 . s

. -ur f'ortuna“bely, tht. glass VlZOrS cannot be made \uth curva‘rure in
tvia di mnslons, wh:.ch precludes thelr use ‘with the preésent de31gn of
helﬂc Co .l = .
4. Conclusions L
L.t —_-.Tue r'nos’c''ssar!::lsf,:-i'ctor;r -viz.or’ is :the-corrpos'fi.te me. - ;.
l;..2 he aluminium coa’ced Perspex vizor has the best iransmissien
character:.stlcs but the unprotectecd coating is easily dsmaged and the
protectlve lacquer used clouds over‘fhen heated, -

b3 A I.,.O mesh pollshed wire gauze reduces the transmittarice of
a plain Perspex vizor by 30 per .cent:to a net transmlttance of -7 per cent
but, owing to :scattering of llght f‘rom the vure, vi slblllty 1s
dlsproportlonately reduccd. .

h..l;., A Pcrspcx v:l.zor may. def'orm whcn hot and ’cou"-’w £5% wenrer's
face. The risk of danger ‘to the wcarer can be mnlmlsed by placmg a
suitable support behind the vizor. as was-done- mlfh vizor Kz.

4.5. A Perspex vizor may ignite undcr exccptlonal conditions and

would continue to burn slowly. The: f‘ormat:.on of bubbles in the Perspex ‘

would secm. to act as a '.aam:.ng of -this.
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PLATE.2. EXPERIMENTAL CRASH DUTY VIZOR.
(Pers‘pe{g: backed by wire gauze ): I -
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PLATE.S5. PERSPEX ~AND WIRE.GAUZE VIZOR (K1)
- AFTER 1_JRRADIATION' FOR 2 MINUTES )

B et

wE

'PLATE.3. SHATTERING TEST FOR GLASS VIZOR !

’

PLATE.4. DEFORMATION OF PLAIN PERSPEX
VIZOR AFTER IRRADIATION

i
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PLATE. 7. ' DEFORMATION OF R.AF. 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. :

f - .. - -
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