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ADMINISTRATIVE TNFORMATXON - 1 h‘

d¢ This investigation is part of the general Therwal Radiation Prograa ori- e
ginally proposed by COMNYKNAVSHIFYD conf 1tr S99/15, Ser 960-92, of 15 Mar i
1950 md formally approved by BUSHIPS restr spdltr 599-(0)(3L8), Ser 34875, 4
of 6 Apr 1950, The gemoral Thermal Radiation program is under the su Y
of the Amod Farces Special Weapms Project. 5;
2, e Naval Materisd raboretcry (ML) wac charged with the development of a | 3‘
physical method for evaluating protectimn afforded by clothing under intense ‘:}.-j
radiation at & mecting at APSWP o 2k June 1952, The request for this develope e
ment was formalized by AFSWP conf 1ty SHPTR 000,9 of 28 August 1952, At the con~ i
ference of 2l June 1952 arrangements were made for ths cooparation of the Atocdo A
Enorgy Project, Uhiversity of Rochestor School of Hedicine and Surgery, to ob-
tain bun data for use in the development of the skin simulent bty the Haval Ka- i

torial Laboratory,
ACKNOWLEDOMENT

3. The themal radiation research ard development program is under the direction
of Te 1o Monshan, supervicor of the Optics Section of the Naval Materixl labora-
tory. The develvpment of the NML BS SXIXN SIMULANT for yse in the stuly of burme
bohind fabriocs was achieved through the comlined efforts of the persocnnel of the
Thormal Radiation Physics Unit and the Themal Radiation Materisls Unit, headed,
raspootively, by We L. Dorkoen and Rs C. Maggio, T D. Murtha, Oxy P, Delhery -
and T B. Gilhoolsy performed the validation experiments axnd computatims,

INTRODUCTION : L

Le A discussion of the NML skin simuland program and the associafed theoretical
considerations have been prosented in previous Laboratary reparts+2€e In NiL's
early scarch for m adequate skin substitute, organic tissue (meat) was employed
in otajunction with vertain fobric studies on the gmuction afforded by heate
treated Orlm.S The inhorent disadvantages of meat tissus are ites poor handling
qualities md wnknown varistios of physical properties with storage time. These
defisdencies wers overcoms throwgh the adopiion of black polyethylene, an organic
thormoplastic materjal, 8 & skin simdonts™ Although the polysthylene was modie
fied with a coatingd to match more closely the optical constants of skin and proved
raticfactorr in meny applisations, it was deemed desirable to have a substance .
vheae opticel ead thormal conatants match as closely as possible those of skin.

To obtain a highsr donsity end condustivity than those of polyethylene, metal
fillers wsre incorporatcd into phenol, urea mnd melamine formaldehyde types of N
molding wosing, Various mixtures woro mads which gave the proper thsrmal respmse.
Howower, the copper ind sinc fillers rendered ths substance opague and unlike sldn
eptdseliy. Inorganic £illors such as quartz, tale, kaolin, sinc oxide amd silica,
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wre subobiduted far the notal £iller, Bach of these fillers was combined with

various weight peroentages of each of the formaldehyde condensaticn-type molding
msterialse Aithough soverel filler-rosin aixtuwres were made having thermal proper-
ties yimilar to those of tkin, the silica~urea formaldehyde (L0-60 compesition)
vas gelacted as the one which satisfied most of the required physical constants

and other propertiss.

w1, 2, 3, 4 Hibliography 5
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PHYSICAL CHARACTERISTICS OF AN YDEAL SKI¥ SIMULANY )
S» A material to replace skin as a cloth backing in thermal rediatiom bum
stndies must have, in addition to thermal and optical oonstants oomparable
to those of average human sidn, good resistence to thermal shock and hwat,
Yolatile products resulting from the degredation of cloths and deposited an
the baocking must be easily removed. The material, therefore, mwst be maf-
fected by chentcal solvents and moisture, Nachinability Is desiradls to fie
cilitate the drilling md tapping nsossssry far the momting of omtact termine
als for attaching thermoocouples. Molded rieces have been out and the intermal
surfaces highly polished to cbiain swooth faces against which are, placed ther-
pally sensitive indicating papars. Yor wse in fidld exposures, the material
should withstand blast and mechanical shook md be sufficiently hard to resist
penetration of dust and other blast driven particles. The basis ingredimts
or molding materials must be readily obtainabtles and of known purity and compos
sition and bs adaptable to the usual labaratory mixing, ginding snd molding
operations, Ths KL BS skin simulmt satisfle of the above requirvemsnts
d omn be easily reproduced by other laboratoriss md coumercial molders.

FABRICATION OF RML BS SKIN SINULANY

6. The bazic molding materiale and oquirment used in the fahricatim of the
giin dmulant are described in Tadtls 1, For a 20 gram spocimen, 12 grams of
yosin snd 8 grams of silica fillsr are required. A batch of L} omoes in a
quart Jar is mixed mud ball-nilled for aprroximately oo hours This is suffie
cient material to maks five 20=gren pleces, sach moasuring 3.8 om in dlameter
and epproxizately ot thicke The weighod mixture (20 grans) i placed in a
peehoatad (275-290 F) press and molded at this temperature for 10-15 minutes
wdor a prezmure of 3500 to 4200 ggi. The pressure is maintained mtil the
press cools to about 100 Fo The total tims from charging te romoval .is about
3010 zinutess The nolding equipment ussd cmsists of a ssal-automatic metale
lorgleal spsoinen momntdng press with 1-1/2¢ disseter standard mold dies.
Additional diss made in the Haterial Laboratry are shown in Figure 1., Pre-
rolds, using a 1=1/4* mold acsczhly and & cold pross, have been used as the
chargs for molding inserts and stmdard screv threads to which may be addsd
binding pests for thomocouply mowmbinge The molded specimens, although bhard
@md aleasivs to tools, have, uith care, been cut, drilled, tepped md smdod
t0 & glossy finish.

PROCF-TESTING OF EML ES SKIN SIMULANT

7. In cxdsr to validate ths physical okin simulsnt it vas necsssary to coa-
pave its thomeal and cptical constants with thoss of ekin under identdcol ex-
poswre cenditions, Tha equaticas of Bustiner” were used to calculate e kpo
product (spscific thermal conductivity x density x specific heat) of siin and
tho glmulent fiem the teuperature rise raximm ab the swrface &3 indicated by
& fine wire thommocouples Bustinerts exprossian far this product is
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k = specific themmal conductivity in %gg!}.c}

p = deasity in (5 )
¢ = thermal capecity in (Eﬂl ;

A2t

-

REPPFI I,

l.-m(rpf_.ivity -
I = Intensity of incident radtattoe R
ey ty o (gm,% ; |

o

-,

T-unofezposm in  (sec)
46 = maxizum temperature rise in (%)

The Kpc product for dumen nld.a ad the opticel constants kave heen determined
earlier by Hardy and WL.6»Ts0¢ he Xpc values for skin and other material
compositions are listed in Tuble 2. The Bustiner equatim holds for non=
penetrating radiatian. The MiL uses a graphitic blackeming sgent with an ab-

sorptancs (A) of 0.955

8, A secad method used to validate the physical similant was to compare

the tempersturc-tims histories of skin ana the simuiend Mtained by exposwres

of each medium behind an opaque cloth, using a Cine-virs *hevnocouple on the sur-
face of the simulant. Typical teuperature-tine history cuxves for four situatioms,
blackened skin and bhlackened simzlant, wmcovered and clotk: in contact, are presemt-

od in Figwe 2.
APPLICATIONS OF ML ES SKIM SIMULANT

. 9. Although emphasis is placed on the simulant's use as a seh-fatric burn indi-
cator in protection studles, the thermoset skin simulant may also be c¢aployed in
investigations to detemine the interrelation of envirammtal, source and material
paraxoters assoclated with insults of radiant themal energy on organic materiads.

3 As a backing, for heat-reflccting fabries, rubberized Aotas, flaneproc’ed materi-
‘ als and spacial coatings, the simlant with its intograted thermocouple agy be used
- to determine tie thermal absmption and combustion chavastaristics of these materials.
3 e scin simlant mey be used in conjunction with themal indicator papers placed
within the simulant block, in field studies, eliminating the need of active in-
struentatioe
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2, Waval Material Laboratory. Research Report an ‘s Review of the Developw
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3o ¥Naval Material Laboratory. Research Report on the Relative Protectiom
Agsinst Rediation Buns Frovided By Heat~Treated Orlm. lLab. Project SDfS=3,
Part 20, Ang. 1952, : )
L. ' ¥aval Material Laboratory. Ressarch Report on a Review of the

of a Plastic Pigmical Skin Simulant for Zvaluating Sub<Fatric Flash Banss .
Lab. Project 3, Part 8k, July 1955,

S. Busttner, Kot Effects of Extrems Heat md Gold on Huwssn Skin, Anslysis

B et do e "

4
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Appl. Physiol. 33 691~T0L,

6o Hardy, J. Do Swmary Review of tho Influence of Themal Radiation on Huwm ',

%nh. Ue Se Naval Air Developmamt Osnter Repart No. MADC-MA-5LIS,, November

& -

7o Hardy, Jo D. Neasurements of Scxe Thermal Propertirs of Human Tissuss.
Us S. Naval Air Dovelomment Center, Report No. NADC-HA~5L05, April 195ke

8. Naval Material Laboratory Research Report on The Themal Conductivity
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DELE X

MOLDING MATERTALS AND BQUIMENT USED IN MANUFACTIRE OF
VL. BS. SKTU. SIULANE. o

»
Boetle Molding Resin )
T MUP 32 Ivary

) Flow : Very Soft
Batoh 1X-299
" Type Powder
Supplier . American Cyanamid Coe

”‘&m ‘ 102

T i .06 -
Mesh . ' About 240

Cat. No. 8‘353

Lot No. 751126
_ Supplder ‘ Fisher Soietific Co.

* Foplstered Trede Name of American Cyanamid's Alpha Cellwlose Urea Formalde-
hyde Molding Resin,

Press ‘
Type Semi-automatic Compressiom Molding
Mold Sises 1.1/2" and 1<1/4* assembilies
Nane AB SPEED FRESS No, 1330
Supplier Buehler Ltd., Evanston, m.

‘Thernoc ’ .
Cupxon
wire Dismeter ibel‘ore copper plating) 002
after copper plating% 003
R{F Constant 27 cMve
Supplier Wilbue Be. Driver 0%
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9 Haterial Lsboratorg:-.. , fab. Project S0LS-3, Part108
E» TABLE 2 K
) . . ‘ N %
] THE KpC OF SELEGTED MATENTAJ, CO' "OSITIONS RMPLOYED I - 4
: ML SKIN SIMUZAKT DEVELORMBNT- 1
3 cent cent KPe . , Tres- . 4
& (By, -~ (By (s P, sue - Tine W
3 Restn ¥ta) pler  wi) xm'l (/=) (PST) B’ (sana) s
44 - vy
¥ pomzmm 100 Carbon Rlack 1° & 1.0 e 8
i . :
¥ Buslite 100 —- 91 193 oo 20 2 3
: Helmao LOK 100 - - k2 17 oo %5 W i
Helmac 1Ok 75  Copper Dust 25 7.8 1.82 hooo 225 10 % :
Helmao mzz 100 - —~ 58  LL7T koo 30 10 "4
._. Beetle c-sw 100 - -e 5.8 ]:.ho Mw 3&0 10 ';i t
E Pectle C-509 75  Quarts Powder 25 8.5 1.60  hooo 230 10 3
E}. Beetls 0"509 75 Bakelite N 25 105 1053 ) l&om 220 10 ‘-:'::}
% Doetle C=509 75  Copper Dust 25 9 1.96 3-4000 250 8 g
} Beetlo HUP<32 200 - w53 146  Looo 270 10 3
éﬁ’ Beetle HUP=32 75  Silica Float- 25 6.3 1.65 oo 2720 X0 .;
f«j ed Powder
g !
3 Beetle MUP-32 60  Silica Float- L0 8.5 1.82 Looso 270 10 !
E ) ) ed Powder ;
E Doetle MUP-32 50  2inc Oxide s 8 2,35 3-4000 225 8 ]
Beetle MUP=32 50 2Quartz Powder 252 9 228 34000 225 8 i
Zinc Oxide 5 T
() (5) RN
Human Skin - - 9 ) - (g)xm: - ‘
5 . .
Human Skin - - 86 .~ Naval Materisl Labe ® !

21) E. 1o dupmt de Nemours & Co., Inc., Wiilmington, Del. .
2) Trade nae for phenol-farmaldehyde molding compounds nfge by Bakelite i
Co., Neu York, M. Y.
(3) mrade neme for melamine~formaldehyde molding compounds nfge by Americam
Cyananid Co., New York, !. Y.
(4) Trade name for urea-formaldehyde molding compownds mfge by American
Cyananid Co., New York, N. Y. -




