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1, As part of a program of develorment of hnpered body armor
components requested by the 0ffice, Chief of Ordnsance*, there have been
conduéted at this arsenal several investigations of heat-treatable
steels as possidle substitutes for the Radfield manganese steel currently
used, In conjunction with this phase of the rrogram -amples of a Si-Ni-
Cr=Mo steel and of a Cr-Mo-V steel were heat treated variously and
subjected to ballistic 1;¢ssf5

2, Both tyves of steel afforded greatest resistance to rerforation
by both calidef ,L.5 (cteel Je.ckoted; ball rrojectiles and a lignht-weight
fragnent-simulating crojectile, G-2° af{er being given a siavle
normalizing treatment to l&SIEz. Rockwell "C", When both tynes were
austemvered to Rockwell "C" L6 the 51-Ni-Cr-Mo steel exhidited superior
resistance charadtpristics, The oil-quenched and temyered sanrles gave
poorest results. “I:e resistance of all samvles, however, was consider-
abdly inferior to that of Uadfield manganese steel of the same woi%

. 3, Samples of a Si-Ni_Cr-Mo steel and of & Or-io-V steel vere
recoived from the Ingersoll Steel and Disc Division of tre Bopg-Warner
Corporation for develorment as hody armor. Specimens of each chemical
composition were subjected to three heat treatments. Samples were

tested for hardness and clamped rigidly to wooden bdallistic frames which
allovw an area 8"x8* to remain unsupported from the rear. Into these
arsas there were direcied imoncts of caliver .45 (steel jncketed) ball
projectiles and caliber .72 firggment-simulating projectiles. The results
of these tests and the chemicnl composition and heat treatment of the
test samples are shovn ia Table I,

1. 0,0, 422.3/T1(c) - Vin L70.5/7ik3(c) dated 28 Se:tember 1943.

2, VAL Memorandum Report No, 762/253(c) - "Development of a Projectile,
to Be Uged in Testing Body Armor, to Simulate Fregments of a 20 mm,
- H,B, Projectile” - 7 Jamary 1944,
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i, Under impaet of steel jncketed caliber .li5 ball projectiles
the resistance to perforation of the normalized samples (777 feet-per-
second for the Cr-Mo-V and 783 feet-per-second for the Si-Ni.Cr-No)
vas considerably better than that of the austempered (560 feet-per-
second and 613 feet-per-second, respectively) and oil quenched samples
(510 feet-per-second and 532 feet-per-second, respectively), The
resistance of Hadfleld manganese steel of the same weight is about 900

feot~-por-second,

5 Under impact of projectile G-2, the resistance of the normal-
{ged CrMo-V sample (1322 feet-per-second) was greater than that of
either austempered sample (1166 feet-per-second for the Cr-Mo~V and
1212 feet-per-second for the Si-Fi-Cr-Mo) or either oil quenched sample
(1132 feet-per-second and 1089 feet-per-second, respectively), The
nornalized S1-Ni-Cr-Mo sample was not tested with shis projectile
because of its extreme brittleness under impact of the calider ,L§
projestile, The resistance of no sample of either composition
approached that of Hadfield manganese steel (1600 feet-per-second),

6. 0f the austempered samrles, the Si-Ni_-Cr-Mo specimens offered
greater resistance (613 feet-per-second and 1212 feet-per-second compared
vith 560 feet-per-second and 1166 feet-per-second) under both types of
projectile attack, Because of differences in hardness or gauge precise
ocomparison of the two compositions in the other heat-treated conditions

could not be made,

7. Since the resistance of neither type of stesl after any of
these heat treatments compared favorably with that of Hadfield manganese
steel little promise 1s seen for these compositions as Prospective 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 adle to absord energy over a wide area Prior to local fallure

at the point of impact.
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Table I
Summary of Ballistic Tests Conducted at “atertown Arsenal on
{
LishtG of Si.Ni.Cr.Mo St

Op-Mo-V Steel

Chenical Comnogitions

~Samples L M S8t O K KU
84131.1,2,3 Ll 57 22 1,08 - .90 .21
1739-1,2,3 .35 .81 .96 .15 .66 25
Bpllistic Limi¢
Heat Treatment Samrle  Gpuge  Hardneess g2l  Cpl, .k

C11 Quench:

1600°F - 10 min, 843.3 om* 37 Re 13 510
011 quench

1050°7 - 1 hour 173%-3 ,om" 23 Re 1089 532
Air cool

Austemrer:

150097 - 10 min, guz.l ,ou" 46 Re 1166 560
Quench in salt & (OOOT

Hold 1 hour 1739-1 .o42" 46 Re 1212 613
Water quench

Normalisge:
1600°F - 10 min, ghi2 ,oun" 51 Re 1322 m
Air cool 1739-2 040" U9 Re e 183
Por Comparison:

Hadfield manganese — .olio" g8 Rp 1600 900

steel

lcaliber .22 fragment-simulating rojectile « 17 erains.
2Caliber .45 steel-jacketed ball rrojectile - 230 grains.
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ABSTRACT:
Samples of a 81-N1-Cr-Mo stee}\a:d a Cr-Mo-V steel were heat treated and subjected to ballistics tests in
an effort to find posslble substitutes for the Hadfield manganese steel used for body armor. The samples
were austempered, oll-guenched and normalized. Both types of steel gave best reststance to perforation by
both steel jacketed caliber .45 ball projectiles and a light-welght fragment-simulating projectile when they

" were given a simple normalizing treatment to a 49/61 Rockwell C hardness. When both types were austem-
pered to Rockwell C 46, the S1-N1-Cr-Mo samples have superior resistance. The oll-quenched and tempered
gamples gave poorest results of all. HoweveT, the resistance of all samples was conslderably inferior to
that of Hadfield manganese steel of the same weight. A table of the summarles of the comparisons is given.
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