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18 May 19101 

Rwistance of LlghUfoug« SJUHl-Cr-Mo and 

OruMo-T SUtlu to Perforation by 

^       ^rWy^-Siattl^tiiy; Pro.lectilae 

1. AB part of a program of development of Imprpved body armor 
eomponents reciaetted by the Officei Chief of Ordnance*, there h*Te been 
eonduöted at this areenal sereral Inyeetigations of heat-treatable 
fteele as possible substitutes for the Hadfield manganese steel currently 
used. In conjunction with this phase of the program ranplAS of a Si-Ni- 
Cr-Mo steel and of a Or-Mo-Y steel were heat treated variously and 
subjected to ballistic test, 

2. Both) types of eteel afforded greatest resistance to perforation 
by both calibe^r .^5 (steel Jacketed) ball rrojectiles and a light-vei^it 
frasmeat-sinulirting projectile, &>22 after being given a eiaple 
normalizing treatment to ty/Sl Bockwell "C". When both types were 
austempered to Sockwell "C" kS the Si-Ni-OjvMo steel exhibited superior 
resistance c^araAtjeristies. The oil-quenched and tem>i«red samples gave 
poorest results. ^The resistance of all samplee, however, was consider- 
ably inferior to that of ^adfield manganese steel of the same weight. 

3.' Samples of a Si-Ni-Cr-Mo steel and of a Or-Ho-7 steel were 
received from the Ingersoll Steel and Disc Division of the Borg-Warner 
Corporation for development as body armor. Specimens of each chemical 
composition were subjected to three heat treatments. Samples were 
tested for hardness and clemped rigidly to wooden ballistic frames which 
allow an area 8"x8" to remain unsupported from the rear. Into these 
areas there were directed imp».et8 of caliber .U5 (steel JnClceted) ball 
projectiles and caliber ,?2 fr&gment-simulating projectiles. The results 
of these tests and the chemical composition and heat treatment of the 
test samples are shovn in IVole I. 

1. 0.0. l|22.3/71(c) - Vtn U70.5/7UU3(c) dated 2? September 19^3.   ' 

2. WiL Memorandum Report No. 762/253(0) - "Development of a Projectile, 
to Be Used in Testing Body Armor, to Simulate Fragments of a 20 mm. 
H.B. Projectile" - 7 January 19Wl. 

-1- 
BmaieWB) ; ■ ^ i ■1 ■' i' ! I 



4 

/ 

U.  Under impact of stt«! jnok«t«d caliber ,U5 ball projeotllei 
the reeletanoe to perforation of the normalised samples (777 feet-per- 
■eeond for the CrU<o-T and 78} feet-per-second for the Sl-Hi-Cr-Mo) 
was eonslderabljr better than that of the austempered (560 feet-per- 
seeond and 613 feet-peruaecond, respeotirely) and oil quenched samples 
(310 feet-perwuecond and 532 feet-per-aecond, respectiTely). The 
reilstance of Hadf ield manganese steel of the same weight is about 900 
feet-per-second, 

5.  Under impact of projectile 0-2, the resistance of the normal- 
ised Cp-Mo-V sample (1322 feet-per-second) was greater than that of 
either austempered sample (ll66 feet-per-second for the Cr-Mo-T and 
1212 feet-per-second for the Si-Hi-Cr-Mo) or either oil quenched sample 
(1132 feet-per-second and 1089 feet-per-second, respectirely). The 
normalised Sl.Hi.Cr-Mo sample was not tested with this projectile 
because of its extreme brittlenesa under impact of the caliber .U5 
projectile. The resistance of no sample of either composition 
approached that of Hadf ield manganese steel (l600 feet-per-second), 

6. Of the austsmpered samples, the Si-Hi-Cr-Mo specimens offered 
greater resistance (613 feet-per-second and 1212 feet-perusecond compared 
with 5^0 feet-per-second and 1166 feet-per-second) under both types of 
projectile attack. Because of differences in hardness or gauge precise 
comparison of the two compositions In the other heat-treated conditions 
could not be made» 

7. Since the resistance of neither type of steal after any of 
these heat treatmants compared farorahly with that of Hadfield manganese 
steel little proaiee is seen for these compositions at prespectire body 
armor components material. 

8. Although there apparently is a correlation between resistance 
to perforation and hardness of these materials, It is considered that 
best resistance to flak and H.E. fragments will result from the use of 
a material which has a high percentage elongation prior to necking and 
is thus able to absorb energy oT^r a wide area prior to local failure 
at the point of Impact. 

C < s JUtMiim*, 

IPJROTB): 

». 1. MJTTHBWS 
Major, Ordnance Dept. 
Chiefi Armor Section 

J. f. SmUTiN 
Jr. JnJi^WF'" 
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Lißht-OauÄe Samvlatof Sl-Nl-Cr-Mo Steel and 

., CP-MO-T Steel 

Chemical ConPooltlons 
Stfap^f C J* Ji Cr      .n J!2 JL 

8U>1,2.3 .uu .57 .22 1.08         — .90 .21 

1739-1.2,3 .35 .«1 .96 .75       .66 .25 — 

He^it Tr-atmw it 

8^3-3 

1739-3 

.OUl" 

.OUl" 

Hardness 

37 Be 

23 Re 

Balli« 
0-2l 

1132 

1089 

.tic Llan 
Cal.  M* 

Oil Qaench! 
l600or - 10 mln. 
Oil quench 
1050°? - 1 hour 
Air cool 

310 

532 

AuBtemrer: 
IBOO0? - 10 mln. 
Quench in salt 4 
Hold 1 hour 
Water quench 

6oo0r 
gU3-l 

173^-1 

.0^2" 

.0U2" 

1*6 Re 

1*6 Be 

U66 

1212 

56O 

613 

Hormqliie: 
l6000F - 10 mln. 
Air cool 

gi;3-2 
1739-2 

.OUl" 

.0»«)" 
51 He 
U9 Be 

1322 777 
783 

for OoBTJarison: 

Hadfleid manganese 
steel 

— .oi<o" S8 Bb 1600 900 

Caliber .22 fragment-simulAtlne projectile - 17 graine. 
2Caliber .1*5 steel-Jacketed ball rrojectlle - 230 grains. 
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ABSTRACT: 

Samples of a Sl-Ni-Cr-Mo steeland a Cr-Mo-V steel were heat treated and subjected to ballistics tests in 
an effort to find possible substitutes for the Hadfield manganese steel used for body armor.  The samples 
were austempered, oil-quenched and normalized.  Both types of steel gave best resistance to perforation by 
both steel jacketed caliber .45 ball projectiles and a light-weight fragment-simulating projectile when they 

' were given a simple normalizing treatment to a 49/51 Rockwell C hardness.  When both types were austem- 
pered to Rockwell C 46, the Si-Ni-Cr-Mo samples have superior resistance.  The oil-quenched and tempered 
samples gave poorest results of all. However, the resistance of all samples was considerably Inferior to 
that of Hadfield manganese steel of the same weight. A table of the summaries of the comparisons is given. 
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