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VATERTOYA ARSENAL LABORATORY

Memorgndua Reriort No, WAL T10/692 :
20th Partial Repert on Problem B-8.2 /j),\

11 September 1944 P
igtance of Monel M d Two High-Nicke Yarioun o
Egrdnesags to Pe tio ) 4 8 P 1 el

: 1. In accordance with a request from tha Office, Chief of Ordnancel,
tesls have recently deen condusted at this arsenal on eus typs of Monel
Metal and two types of high-nickel alloys in various conditions of hard-
aess as suppliesd by the Iaternational Nickel Company,

2, The resistance of nonme of thess samples to perforation dy
cal, 45 stesl-jacketed dall projectiles or by cal. ,22 fragment simulating
projectilas, G-22, vas comparable with that of an equivalent weight of
Hadfield manganese stesl, In general, the resistance of the softer speci-
mens of & given alloy vhose hardnesses had been developed by the same
process tended to be superior to that of the harder specimens of the same
type, At a given hardness, howeyer, specimens whose hardness had been
developed by cold working plus age hardening were greatly superior to
thos e whoss hardness had been ashieved as a result of €0ld working alone,
Of the three alloys tested, the modified "7" nickel in its best condition
was superior to the others, In its other conditions, howvever, its resistance
was not substantially different from that of any other alloy in similar
conditions.

3. Ths resistance characteristics of three non-ferrous alloys high
in nickel content were investigated. Samples of each alloy were devsloped
to different stages of hardness by each of the following methods:

A&+ Annealed.

Annealed and age hardened.

. Cold rolled 1/} hard,

Cold rolled 1/l hard and age hardened,
Cold rolled 1/2 hard,

>

e In lo
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. Cold rolled full hard, -

N k3

. 00ld rolled full hard and age hardened,

2 ]
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0,0, 400.112/9531 ~ ¥ea ¥00.112/3616,
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. Cold rolked 1/2 hard and age hardened, Y



RESTRI CTED

4, EHardness and astual thickness determinati ons were made on all
14}t gamples received, A random sample of each alloy in each condition of
hardness was selected and, By weighing and measuring, the thickness of
steel of equivalent weizht was determined. Two samples eof gach alloy in
sach condition were selsated for ballistic testing with the eal. .45
steel-jacksted ball projectile and two gdditional samples for testing wish
the 17 grain cal, ,22 fragmemt-similator, G-2, These plates were rigidly
mounted on wooden bellistie frames alloving an & x §* ares to remaln
unsupported from the rear into which area impacts of the test projectiles
were directed. The results of all these tasts appear in Table I, and the
offest of hardness on the resistance of these materials to perforation is
11lustrated in Figures 1 $o 3,

5, A determinatior of the physical preperties 0! rgpmonhttn
samples of sach alloy in eagh condition was made in $ha laboratories
of the International Nickal Cempany at Puntingvom, Wost Virginia, These
results sppear as Table II, In an earlier npmi 1% had been contanded
that a material best combining ductility and tens{le strength should afford
best resistance o fragmenrt perforation, It is enceuraging to node that
the modified I Nickel in $he annealed plus age hardsmed condition which
has most successfully combingd thess apparantly incompatidle properties
also has afforded highest resistance to perforation dy the cal, U5 ball
projestile,

6. The general inferiority of thess alloys, even in their mes ¢
resistant condition, to Hadfleld mangansse stesl of sqnivalent weight
would seem to discourage further consideration of them as petential body

armor components, y "

.T T. Sallivan
" Anst, Enginger
APPROVID;
¥, A, NATTHEYS

MOI" oﬂ. DQ‘.
Chief, Armor Section

3. WAL Report No, T10/636,
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