
V
V
y
• *

f

>-r' RcSTRiGrEO ' SECTION

(/

t.

J ^1 Ifif I
H'RrtV/i!'; U tin li I > i, u j f l-/•A^fATERTCw^J /.Rrrr^ 

h! hi! n t i U (Iff ! MAS

/ I ^ A
r*

CM
COCO
'it
lA
0>
<
Io
<

WATERTOWN fi^fjt^ALr ^
7 /■! I H I yy, 4utl, ,
.. .........................-c"■• . ■ ,-r;alLABOR AT i; i f«,.

11 irr^ii*t-'!! ij^^f>'ffr!r)
"• -A* i«^t>oratoj

MEMORANDUM REPORT -
NO. WAL 710/632

Effect of Hardness on Hgslgtpnce of Thin-^auge (.OUO* to .OUU*) 

Hftdfleld '.Uin ar.ese ^t^el to -erforation by 

Erp.-r.ent-Slnulfttlng -''ro.lectllea

o
C5

j • Tt i> rill ii 
Jr. Siiglneer

••'1? V

,, , date 17
///// ;. ‘' n_.' (jA.UUiJ*u^^^ '

■v^r' •
JASiKAL

VATSRTOfWN, MASS.

i'

84 10 22 US4 ' » * / ,♦■

*.■

ft

K

i

So

r
w‘- /

i <•■.■■

.-•■

. ■•.

:••••

• • • 
.:••••■

v-vxv>;--S-Svy:f‘
.*.*.•

:-.y



:' : .   , ,  )  i   i    ^ 

■"■' '      .1   .   -4,  ■*.    V.tj HB. *■«*!. ■ 

HESTRICTB» 

ViliaaoVN ARSBJAli UBOBjgQgT 

Minorandum Report Ho. Wjg. 710/6l2 

Sixth Partial Report on Profclam B.8.2 

17 May iVik 

Hffeot of Hardneas on Rerlgtance of Thln-Qmiga (.QUO* to .OW) 

Hadf leid MaaaaSflg ^««l to Perforation by 

1, Xa reeponse to a request from the Office, Chief of Ordnance*, 
a ^rogran of development of improved body armor components la In progreit 
at this aricnal. Is part of this program tests have recently been 
conducted on samples of Hadf leid 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 Camegle- 
Illlnols Steel Corporation. 

2. s The results of these tests Indicate that hardening to 38/39 
Roclcvell "C produces a Hadfleld manganese steel whose resistance to 
perforation by standard caliber .U5 ball amounitloa (230 grains - steel 
Jacketed) «md by fragment-simulating projectiles developed at this 
arsenal^ls appreciably Inferior to that of the sane steel In the 
annealed condition, c^ 

3*  Although there were nominally three different conditions of 
hardness represented by these samples, the hardness readings taken at 
this arsenal indicated that the so-called half-bard and three-quarter 
hard specimens were vertically identically hard ( 37/39 Rockwell "C"). 
Subsequent ballistic test values of these two types were substantially 
Identical. 

1. 0.0. It22.3/71(c) - Wtn U70.5/7^3(c) dated 28 September I9U3. 

2. VjO. Memorandum Report No. 762/2U7(c) - "Development of Projectiles 
to Be Used in Testing Body Amor to Simulate 'lak and 20 mm. H.E. 
TragM&t' - 17 December I9U3. 

3. WiXt Memorandum Report No. 762/253(c) - "Development of a Projectile, 
to Be Used In Testing Body Armor, to Simulate Fragmente of a 20 mm. 
H.B. Projectile" - 7 January 19^. 
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U,  Sanpla« wer« rigidly clwnped to wooden ballistic fraufti which 
allow an 8"x8" area to he uniupi'orted from the rear. Into the face of 
there areae there were directed impncts of caliber .^5 ^a11 ?roJectllee 
(eteel Jacketed) and three tjnte of fragment slmulatore dereloped here. 
The resulta of these tests are set forth In Table I. 

5. Under Impact of the caliber .^5 ball projectile the resistance 
of the as annealed sample (9^9 feet-per-second for pirpoees of comparison 
with ,OUo" sample*) was greatly etxperlor to that of the oth«r two types 
(6l3 feet-per-second and 623 feet-per-second). 

6. Under Impact of t^c ll^ht-welßht (l? grains) frf£m«nt «ilamlator, 
0-2, tve resistance of the as annealed .CM" specimen (1570 feet-per-second, 
corrected to 1510 feet-^er-second) was considerably better than that of 
the other two ty^es (123? feet-oer-second and HSk feet-per-second) 
although It Is somewhat Inferior to that of average "as-annealed" Hadfleld 
steel previously tested here (l60O feet-per-second). 

7. Under Impact of the other fragment simulators, 0.1*4, and 0-1-3 
the same superiority was evident. 

8. Thus it is apparent that any attempt to improve the resistance 
characteristics of Hadfleld manganese steel should not be directed along 
the lines of hardening, since hardness with its consequent loss of 
ductility seems detrimental to the resistance of this type of steel, 
which in these gauges (.OW to .050") apnears to be su^rerae in its 
dead-soft condition. 

IPFHOVSD: 

JJ. I,  SULLIVAN 
Jr. Engineer 

^ 

N. jl. HATTH3WS 
Major, Ordnance Sept. 
Ohief» Armor Section 
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Table I 

Swrr.M'y of Ballistic Tewt» Conducted at, Watertovn Arsi>n,-<1 

on Hftdfield MflaggjisaS Steel» Ag Annealed »jtd 

After Hardeninff by Cold Reduction 

öp.we Hardneee 

89 Sb 
88 Rb 
87 Ab 

Ballistic Limit 
Sample 

1083 1570 

1. Mu 

As Annealed .oUU" 
9U9 

Half-Hard 
(Nominal) 

.0»*0" 38 Re 
39 Re Ji 

8m 1232 
613 

3/U Hnrd 
(■ominal) 

.O^IO" 37 Re 
38 He 

— 

~ nii 
625 

Corrected for 
thiclcnesB difference; 

As Annealed .QJ^O" (factor 15105     9096 

undetermined) 

Caliber .30 fragment-iimalating projectile (150 grains) 
cCaliber ,30 fragraent-slimilatini; projectile (3U graina) 
^Caliber ,??. fragment-sinmlatln/» projectile (17 grains) 
^Caliber .U5 ball annranltlon (230 grains - steel Jacketed) 
5l570 - (Uxl5) ■ 1510 
6 9^9 - (UxlO) «   909 


