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1, "AIn response to a request from the 0ffice, Chief of Ordnancoll‘.'é
a ‘rogram of develorment of imndroved hody armor components is in progress
at this arsenal. 4s nart of this vrogram tests have recently been
conducted on samvles of Hadfield manganese steel as currently furnished
for fabrication into body armor assemblies and as half-hardened and
three-quarter hardened. Test samples have been supplied by the Carnegie-
I111nois Steel Corporation,

2, °The results of these tests indicate that hardening to 38/39
Rockwell "C" produces a Hadfield manganese steel whoce resistance to
perforation by standard caliber .45 ball ammunition (230 graine - steel
Jacketed) and by fragment-simulating projectiles developed at this
arsenal®iJ {g arpreciadly inferior to that cf the same steel in the
annealed condition, f""*“\

3. Although there were nominally three different conditlons of
hardness represented dy thece samdles, the hardness readings taken at
this arsenal indicated that the so-called half-hard and three-quarter
hard specimens were vertically identically hard ( 37/39 Rockwell "C").
Subsequent ballistic test values of these two tynes were substantially
identical,

1, 0,0, 422,3/71(e) - Wtn 470.5/7443(c) dated 28 September 1943,

2. VWAL Nemorandum Report No, 762/247(c) - "Development of Projectiles
to Be Used in Testing Body Armor to Simulate Flak and 20 mm, H,E,
Praguent® - 17 December 1943,

3. VWAL Memorandum Report No, 762/253(c) - "Develovment of a Projectils,
to Be Uged in Testing Body Armor, to Simulate Fragments of a 20 mm,
H,E, Projectile" - 7 January 194k,
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4, Samples were rigidly clamped to wooden ballistic framee which
allow an 8"x8" area to be unsuprorted from the rear. Into the face of
there areas there were directed impacts of caliber .45 ball Hrojectiles
(steel jacketed) and three tyves of fragment simulators developed here.
The results of these tests are set forth in Tadle I,

5. Under inpact of the calider .45 ball projectile the resistance
of the as annealed sample (949 feet-per-second for purpoces of comparison
with ,040" sannles) was greatly superior to that of the sthar twn tyPes
(613 feet-ver-second and 625 fest-per-second).,

6. Under imract of t“e licht-weight (17 gralas) fragment simlator,
G-2, t“e resistance of the as annealed ,0Ll" specimen (1570 fcet-per-second,
corrected to 1510 feet-ver=second) was considerably batter than that of
the other two tyves (1232 feet-der-second and 1184 foet-Der-second)
although it is somewhat inferior to that of average "as-annealed" Hadfield
steel previously tested here (1600 feet-per-second).

7. Under imvact of the other frasment simulators, G-leA and G-1-8
the same suneriority wvas evident,

8, Thus 4t is aroarent that sny attempt to improve the resistance
characteristics of Hadfield manganese steel should not be directed along
the lines of hardening, since hardness with its consequent loss of
duotility seems detrimental to the resistance of this type of steel,
which in these gauges (,040" to ,050") apnears to be su-reme in its

dead=soft condition,
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Table I
Sumrary of Ballistic Teats Condugted at Watertovn Arsenal
on Hadfield Mancenese Steel, As Annealed apd

After Hardening by Cold Reduction
Ballistic Limit

_Spmple Orure Hardness Ocl-Al 0-1-5¢ 0-23 Cal, _Lied

: 89 !b ——w wmme Sewe 9“9

As Annealed ,ouye 88 Rb - 144 caa- ——-
87 Rv 485 1083 1570  ee-

Half-Hard 040" 38 Re ——- 814 1232 e
(Nominal) 39 Re S aeem ceee 613
3/4 Bard 0" 37 Re w— mewe eeme 525
(¥ominal) 38 Re — eeee 1184 oo

As Ann-aled OM" e (£ootor 15105 9096
undetermined)

loaliber 30 fragment-simlating projectile (150 grains)
2Caliber .30 fragment-simlating projectile (34 grains)
3Caliver .72 fragment-simlating nrojectile (17 grains)
YCaliber .45 ball ammnition (230 grains - steel jacketed)
51570 - (4x15) = 1510

6 949 - (Lx10) = 909



