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Raport Ko. 710/200 June 20, 1337
yuteartoan Aresenal
BALLISTIC TASTS OF
FACH HARDANAD TURQSTEN STZIL ARMOR PLATH.

Purpose
The purpose of this investigution was to detarmine the
ballirtic gropertiea of & face hardened tungstsen stes]l armor
plete,
onoclusio
1. Armor plate contalning .338¢ C, 3.36¢ 4+, .62¢% Cr,
.207 V, after carburizing and proper heat treatment, resisted
oanaetration «#ith highest practiosble vslocities, Cal. .30 A.P.,
K1932, 2700 f.s. &t '0OC yarde.
3. Thme ballistioc 1imit of this plate, using Cal. .80
A.P,, ]l ammunition, wxus 3JO857 f.s.
3. No apalling resulted from firing at the plate.
Progedure
1. GCasting.
Two experimental compositions weres oast in the
form of 4 x 4" ingots, the oogpoaltlon of which 18 glivan 1in
Table I.

4. Sampling of Ingot

(a) Mmoro saction - A saotion about 3/4" thiok
wue cut 9" fron the bottom of the 1lngot and rasarvad for

macroacoplie =study.



(b} C-r»mleal sralygle AMlllinze ~are tiken

fror the lowezr fane of tle msorn seactlion fsr oresiesl wnalyals
chaap 1n ebhle I,
. Foriing

(&) Forsing into houndg. [T= irpote vere placed

b

ir » cold furnses, hepted to forging hext - 1 1BC-1 LE% 2,
(21G< 2188%F), in ..wout 3 houre, held »ithin thims ronga for

nesrly 3-17. hourr, snd foread into bare 2-3/6" in dlametar,

or Lo a J3:1 reauction. ihe forginge wvers Duriea in ashes.
(b) Forging into_Plate. ©Seotlions of forgings

about 8" in length weres hested to an aversge tamparsture of
11903 {21757 ) for nesrly <% minutes and forgedi ints plate
as follows: the prehsusted eections were placed vertically
on tha anvil of a forg ing hammer snd upset, after shich they
were nlaoed horliontsliy and forgad into plate. ine syerage
alre of the plate sus 9 x 9 x 9/16%, The plates were forged
after onm heating and then bwied in sehas for the surposa
of slow ocooling fros the forging tempsrature.

4. Heat Treatment

(a) Normallze and Anneal. The plates ware

wiven & nornalize snd anneal as followe 1n order to relieve

forging etrailne and #1120 to refine the grain:
Normaltlzing - Heat 2 hra at 17%0%F, sir cool.
annaaling - Heat 3 hre at 158G fF, furnace aool.
Pravious tos hardening and temcering, the plates sere aurfgon

Zround to 1/<2" in thickness.
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{n) <Csee Hagriening. verburtiza 52 lwurs t

3280, (17N0°F ) 1n stancdary cardburizing nt<ture. 0001 in hHnx.

(o) rardening and iespering

Hest - hrs at e70°C, (18%38°F), watar mianch
wrawv 2 hra st 204°3, (400*F). atlr cool

2. Plags gg-d

lHeat 4 hrs at 60C°C, (1472°T) water cuseneh
Jraw 2 hrs at 04*C, (400¢°7). alr onol

3. tardnase iests.

3rinal) hardness tsata ware aade on thw ®age
and begk of the plautes, Alsn, a Viokers-3rinsall harinaasg
aurvay suf 7312 on the crofr-maetisn of 2ach nlute.

8. Ballistiq Tests.
Pralintinsry belliatic taate madeo at ¥Yatertown

ireens)l showen that doth plates defestad Cal. .30 . 7., H1922
bulleta, 2800 f.s. saSriking veloolty at 100G ynrde.

I'he plates wera sant %o Abardean *roving Jround
for an official test. Jhe resylts are frund in the 120th
Partial A=nort on Taat of Thin armor ?late: Ordnanoe Program
No. 4334, T. 5. T. P. No. 1932-107.

msul te
1. GChemiocal Analysals.

Tha chamion)l analyeis of the t+0 platne a

Zzivan in lsble I.
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(a)

3rin-il rugrdness.

> Brinal: rnar'noge

of FPlates 2113 zn-l

(=93

Pam, @

i 4 ——

Pl at=
0.

Yice=2ra drinel’

Hyper
_.ut2ctoll

3 wre glven in Table IT.
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wgad ond
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Cagl 3208
B0 347
L1 502

hoerinesaa anurvays ar+ 2hown
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Hy >0
sutectold iHtul
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224

3211ta%e rastp

Ptatw
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.02%
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ow,
. -03
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213 Cal
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+81 .20 =,
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Bglliatic
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Plai® w..= noi
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sll side=s, 1t

Dy vaagrred,

.30 AL P HY1D22
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1 R1. 19 Fartial

2 3702 Partial
Pom-l 3 1951 Fartind
o 4 2059 Cnmplata-broke
plate®
Limit - Cal. .80 A.P. 2087 C.».
oroxen »t s0int 0f lmpacrt. IFf atse
Do Wl tIalent £t neratt o rasoort on

12 not believed that brea.xkage would



Strixinge

Pluate  amsuw Ll on .44. No, fal yaglty tagult

g vl J3u A Lwldde 1 Mus vomrplets

] ' : ‘ ' 4 2616 rzrtisl
" ! ! ! 3 863 Prrtisl

8allistic Linit - Cal. .3C A F. 2683 f.s.

et i

Flatae Ko, 213 «hoya wn saxgeljant D.114etio poanigtpngae
with N ens1V1n ynda> sn 1moaat A hion valsatty bullet
in-nct. fale Larsicular enmpoaition pssses the Navy re ;ulre-
ments SP3-327, soriy 13, 1933 for 1/2' thioxk vnlate using
aal. B0, 750 yr«tn aranr plerclne bullet.

Tha atrmictura of trie 6498 oonasiate 2 s fine distributionn
07 adialex tungdtan-ciuonium Curbldse. A very fine zraln san
c~5ond in thea core.

Che Ylyi aranag- 3f 300 3rinell on the fance 1a affagtive
in shottering the bullat curs, for 9xawple, Lhie plate defe ted
£ Cal. o) Aacb,. wldes with o atriking veloetity of 27C0O f.s.

" Pl e tlvely s0ft core, on the other hand, 12 affective in
abrorhing Lh2 enspgy of lapaoct.

the balli~tic . roLerties of vlate No. 228 1s 433 foot-
apconds in evoes: 5% thnt saeciflad for 1/2% thiex plsrte.

o epalling 4o avident unter builet fire, Loarge chunke of
compnlex or~bldea werae o reaent in the cnse of thia olute,
poseibly due to the vracence of 4 hirhar carhnon content in

the Dbaalc onnuoaition. It 1= onspible thet 1f thie pDlute
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nad been a0 heat treated us to cause x solution of the
expgers arrbides in “hn cane, the Lizllictic proneprtiles enuld
h ve asn higher., Jthe Furdnsse 07 thy r'aee wnd back nf

Flate 2t pporoninnten thorr 37 Flete J}d,

‘e acifully submitted,

. k. Road,
Reeerprch wetaellurgliet.
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