T * WATERTOWN, MASS..

S St

>
= NO. WAL 710/5€3 t
3 St DEC 1 41984 ..
L’--“( 207 f//\f-ul_f
e A
e '
ﬁ Ballistic Characteristics of Various Samples of
== Ixperimental Body Armor Materials
) T s T This ddcumolc bae heen apresved
N TR ] k u‘"
Spne LS dﬁ W” ln‘l:on and sale; its
1 BY
J. ¥, Sullivan
) Jr. Engineer

e Al
Py <
PRELATRTE 3 ! LHA L3
i .r.-l: e : .'-'.','llrll. __.1.:...?:: ..:' o _.-._|. ._:I... )
Sl U T MR R T RS R ) S O
L T e B o ey
e P it RIS Sy
d - Y .
y i L ,
T * =3
AL L
aFer o VA
HE __;I
.

WATERTOWN ARSENAL ~~
LABORATORY o~

X
v

DI~

AD-A954 281

L~ MEMORANDUM REPORT

- & i 5(‘,"" . :
bt BEXTRA COPY

DATE 17 December 1943

s WATERTOWN ARSENAL
- WATERTOWN, MASS.




Best
Available
Copy




prvfp FD

T
SOHFTOMTIAL BY AUTHORITY OF ORD. DEP
VTN (MJ/&/‘U! - o . y oo uyy(y/

wgmtogncg_gU“ gLbeii"iLB
Memor dum B £t WAL 710

Partial Report on Froblem B-§.2

1] December 1943

Balligtic C terist £ Yariou o8 of

‘ eria Bo $
1. > At the request of the Office, Chief of Ordmnamce, (0.0;
Wen422/9(0),=ad 0,0, U422, 3/122( o) —~-Wam U22/12(e)§}/ ballistic tests of

various samples of experimental body armor materials have been conducted
at this arsenal. .

2. © The oonelusions of this study to date mey de mummarized as follows:

{8+ All plastic materials investigated which wers of a weight
comparable to steel of the current body armor gage exhidited sudstantially
similar ballistic characteristics when mubjected $o any one of the dallistie
tests conducted, s0 that no one material can be sald to have superior
bYallistic efficiency $0 any other. (Material R-l¥l which was of lighter
veight than the other materials exhidbited unusually goed ballistic charac-
teristios and should bde investigated in a weight comparadle to0 that of the
other materials).

>d.) The ballistic efficiency of the plastie materials was superior
to that of the magnetic steel investigated and also superior to the de-
carburised samples of Hadfield manganese steel furaished. It was nearly
equivalent to that of good qualisy Hadfield steel. &

o The mere ballistic equivalence of the plastic material to go
quality old steel does not warrant its substituition for this steel,
especially in view of its apparent cost.

4. If the steel currently used in body armer assemdblies is de-
oarduriged Hadfield manganese steel, the improvement ia protection sought
by the Air Corps may be assmured by the introduction amd strist adherence
to a specification for the steel components desigaed %0 eliminate .
decarburiged material from inclusion in body armer assemblies. Such a i
spedification would nesessarily include an inepection devise to disoriminate i
betveen decarduriged and undecarburised Hadfield manganese steel. Although -
metallographic examination, a bend test (Tentative Specification AXS-1025, = .
Revislon 2, Paragraph B-5e) or an Olsen gupping test might accomplish this es
amd, the magnetic test devised at this arsenal for this puwrpose, because sr
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of 1ts ability to assign quantitative values to the varying degrees of quality
of the steel and because of its inherent simplicity is considered ideally
suitable as an inspection tool.

8. 1f, on the other hand, the steel currently used in these
assemblies is Hadfield manganese steel of good quality, improvement in
protection can only be realised by increasing the thickness of the com-
ponents and consequently the allowable weight.

f. However, unless an adequate specificatien for the material
used as the armoring component of the dody armor assexdly is introduced and
adhered to strictly, a large percentage of decarbdburised steel will inevitably
find its way into use in these assemblies and, ooneequently the protection
afforded by them will be seriously impaired. Without an adequate specifice-
tion for the steel components, the substitution of plastioc materials such
as those herein investigated warrants consideration,

3. PRoom temperature tests with the cal. .45 Ball projectile M1911 snd
with the fragment-simulating projectiles G-l-A and G-1=§ developed at this
arsenall vere conducted and, in view of smbient servies temperatures, a
sub-gero (=60°F.) test with the cal. .45 Ball projestile was also run. The
results of these tests have been summarisged in Table I,

4, Items with the prefix "R-" are samples of various assemblies of
woven glass fedric and plastic binder material. These samples were mesasured
and weighed and, with the sole exception of R-1Ml, were found to be equivaleat
in weight per unit area to steel plates currently wsed in body armor assemblies
(,0l1® to .O47" thick). Items B (Full Hard - Rockwell C 35), D (Half Hard =
Rockwell C 23) and C (Dead Soft ~ Bockwell B 75) are samples of a magnetie
steel of various hardnesses and Items A (Full Hard - Reckwell C 40), B (Half
Hard - Rockwell C 30) and F (Dead Soft - Roekwell B §8) are samples of the
nonmagnetic Hadfield manganese steel at different stages of hardness. Jrom
a test of these steel samples, it was hoped that an indication of the effeed
of hardness variations on the ballistic characteristiocs of body armor steels
might be disclosed.

5. Inasmuch as previous experience at this arsenal has shown that
decarburisation has a decidedly deleterious effeat upon the resistance of
Hadfield steel to pemetration by a cal. .45 Ball projectile, Items A, Rand ¥
vere subjected to a magnetic test devised at this arsemal to disslose de-
carburisation in this type steel. The results of this test indicated that
Item F was free of decarburisation whereas Items A aad B showed evidence
of serious decarburisation., Subsequent metallegrsphis examination of the
samples Gee Figure 1) confirmed these preliminary findings, Thus no valid

1, Watertown Arsenal Laboratory Nemorandum Report o, WAL |02/ o8] -
“Development of Projectiles to Be Used in Testing Body Armer to Simlate
Flak and 20 mm, HE Projectile Fragnets", ~
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conolusions as to the effect of hardness variations on the ballistioc
characteristios of Hadfield manganese steel could be based on a study of
the performance of Items A and K,

6. Therefore, as an emergency measure, helmets G-2 and H-2, free of
decarburization as evidenced by the magnetio test, were annealed for 10
ninutes at 1850°F and quenched in water. There wvere thus made available
two samples of good Hadfield manganese steel in a softened condition
(Rockwell B 90) to compare with two samples of Hadfield steel hardened
as a result of the cold working incidental to forming, helmets G5 and HS
(companion helumets to G2 and H2 respectively). Beosuse of the difficulty
of reliably determining the bdallistic limits of helmets with a cal. .l
Ball projectile (inasmich as the dispersion of shots usual in such a test
precludes their normal consistent incidence in areas of equal thickness
and hardness) it was decided to confine the investigation to a test with
the experimental projectile G-1-5 in which a high erder of accuracy and a
small measure of dispersion assures reliable ballistic limit determinations,
The results of such testing indicated that under impaot of light (34 grain) -
fragments, striking edge-vise, Hadlield manganese steel in the dead soft
condition offers resistance to penetration superior teo the same steel
hardened as a result of cold working. Previous work at this arsenal has
indicated that a variation in hardness has no appreciadle effect upon this
steel's resistance to peretration by the cal. .U5 Ball projectile, However,
no valid evaluation of the effect of hardness upon the resistance to peme-
tration by either type of projectile can be made until flat sheet samples
of work~hardened Hadfield manganese steesl, free of decarburization and other
motallurgical defects, have been subjected to ballistic tests conjunctively
with good Hadfield steel in the dead soft condition.

7. The bdallistic limits of the magnetic steel samples, as determined
vith the cal. .45 Ball projectile, increased with inoreasing hardness.
Their ballistic limits as determined with the larger fragment-simulating
projectile, Gwl=A, were substantially uninfluenced dy hardness variation.
Their bdallistic limits with the mmall projectile, G-1-8, were so low that
testing vas discontinued., ZThus, Hadfield manganese steel of good quality,
free of decarburisation, is superior in helmet sheet gauge to other steels
in resistance to penetration by cal. .U5 Ball prejectiles (as substantiated
by past experience at this arsenal) and fragment-simulating projectiles of
the type developed here.

8. The sample of Duralumin tested was inferior im resistance to both
the average plastic ntoxjhl and good Hadfield steel.

9. All the plastic materials offered resistance %o penetration by
the cal. .45 Ball projectile superior to that of the magnetic steel tested
and this superiority continued in tests with the fragment-simulating pro-
Jectiles, The Hadfield manganese steel, however, was slightly superior
to these materials in all tests. No deleterious effects upon resistance
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to penstration by the cal. .U5 Ball projectile were induced by lowering
the testing temperature to -60°F. On the contrary the resistance of all
naterials showed & slight improvement.

10, Plastic sample R-1ll, equivalent in weight per unit area to .029"
of steel, offered unusual resistance to penetration by the ball projectile
in light of what would be expected of steel plate of equivalent weight.
Whether this superiority carries over to tests with the fragmet-simulating
projectiles cannot be said in view of the lack of data on the effect of these
projectiles on steel of such gauge. JFurther tests on samples of R-1l4l com-
parable in weight per unit area to .045" of steel may disclose a material
superior to any of the steels tested thus far. However, it is possidle that
a diminution in the thiclmess of steel is more critical to that material!s
resistance to projectile penetration than a proportionate diminution in
the thickness of the plastic and that when the steel thickness is about
.Ol5* the resistance of good stecl and good plastic of equal weight is
nearly the same.

11, Trom an observation of the character of fallure of the plastic
materials under attack by the various types of projectiles employed in these
tests evolves the ocontention that against lov velooisy projectiles or against
blunt or readily deformable projectiles this type of material will be highly
resistant whereas against high veloocity projectiles or against sharp pro-
Jectiles their ballistic efficiency might bde semevhat impaired.

12, It has been requested by the Adr Corps that a body armor superior
to that now in use be developed by the Ordnance Department. Hadfield
manganese steel is the material now being used in bedy armor assemblies.
If good quality steel of this type is now being utilised in these assemblies,
no improvement of ballistic properties can bde visualiged by the substitutien
of any other material of equivalent weight per unit area, and, if improvement
ia mandatory, the only way of guaranteeing it is by imcreasing the weight
allovance. Nevertheless, it must be recognised that there are definite
limitations in the protection which any serviceable bedy armor can afford,
and no feasible increase in weight allowance can be expected to produce
protection against Flak fragments or armor piercing projectiles travelling
at high velocities, but an inorease of 25% in the allewable thickness of
Hadfield manganese stecl might well make consideradle difference in the
protection afforded by body armor from fragments or prejectiles of lower
velocity or smaller mass,

13, It is strongly suspected, however, that the Hadfield manganese steel
now in use in body armor may not de of the best quality. Previous experience
with helmet stock produced by the facilities now supplying body armor steel
indicates that a large percentage of Hadfield manganess sheet stesl produced
by these facilities is dadly decarturiged. If plates of such steel are
cwrent components of body armor assemblies, the desire of the Alr Oorps
for improved protection is quite understandadle. The difference in the
ballistic limits of Hadfield manganese of the best quality and that which 1s
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decarburized may well be about 200 foot + seconds, All samples of the
plastic material tested would afford better protection at the current
weight tolerance than decarburized Hadfield steel.

14, The procurement of good quality Hadfield manganese steel could
be assured, however, by the introduction of an adequate specification for
the material to be used in the assemblies. Such a specification would
necessarily embody an inspection device designed to discriminate between
good quality Hadfield steel and that which 1s decarburized. Metallographio
examination of samples selected on a sound statistical dasis would accomplish
this end, dbut the use of such a technique as an inspection device is im-
possidle because of the lack of trained personnel. The bdend test as speci-
fied in paragraph E-5e¢ of Tentative Specification 1025 (Revision 2), if
properly conducted and interpreted and strictly emforced, would differentiate
between good and poor Hadfleld steel as might also an Olsen cupping test.
The examination, at this arsenal, of a large number of samples of Hadfield
masnganese steel has shown the megnetic test devised here to be a very:
relisble discriminator between good and bad steel of thisg type. Its sim-
plicity recommends it as an ideal inspection tool. Its use, in accordance
with a wvell-conceived specification, would undoubtedly improve the quality
of asceptable steel components and, consequently, the protection afforded
by the completed assemblies. However, it may be snticipated that the pro-
ducers of body armor sheet steel will not react favorably to the suggestion
that such a specification be inducted. It can readily be visualiged that
its introduction would affect the economies of the present production setups,
It might even be argued that it would be economically unfeasible, in view
of the low tonnage involved, to produce steel to meet such an adequate
specification.

15, HNevertheless, without such a specification, real concern about the
quality of steel used in body armor assemblies and the consequent protection
afforded by armor is not amies, and if such a specification cannot dbe intro-
duced and adhered to strictly, serious oconsideration should de given to the
use of a substitute material such as the plastic examined in this study.

If paychology dictates the use of a steel component, the only prospect of
improvement without the introduction of an adequate specification would de
a substantial increase in the allowable weight of the assemdly.

F Sedlin

J. ¥. Sullivan

Jr. Ingineer
APPROVED: ’
N>.7A. PTHEWS

Major, Ord. Dept.
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