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Report lNo. 710/201
Watertown Arsenel

= T 7 June 30, 1937

EXAMINATION QF SLUGS FROM ARMOR PLATE

SUBJECTED TO HIGH VELOCITY BULLET IMPACT

Raference: O0.K.D. 472,9/40.1

Purpoge
Ther purpose of thie investigation was to determine the

chem!i~el anslyele and miorostructure of sluge blown from

ermor plate which was subjected to high velocity bullet

lmpact,
Scncluplons
1t Chemical analysie of the slugs le ¢e follows:
L I . —Cr 3o
.386 3.29 1.38 .69
375 4,08 24 &7 . 66

2. The microetruoture of the slugs consisted of rela-

tively large grains composed of martensite and acicular

troostite,
S. The Brinell hardness of the plate is reported as

420 - 450,
4. In superhigh velocity bullet impact, the energy of

the bullet is not uniformly absorbed by tis —
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probebly occurring along shear planes, vwhich in this case
eppear to be white layer.

5. An inecreare 1in striking velocity, 2 in the case
2f guperhigh veleccity bullet impact, promotes an increage
in the smount of white laysr.

6. The observations obteined herein may be helpful
in the study of fellures in armor plate when subjected to

fire with &7 nmm. A.P, e0lid ghot Y29,

Hiptory of Sagplesg

The semples were submitted on Reference 0.X.D, 4792,9/40,1.

Ballistio Data

Thic%resg Angle Bgllistica
of of elocity

_Plate _ Indent Caliber Range Aversge  LeBoulenge
834" 700 .519 AP, 7 4688 456
8 0 P 43 4606) 0

61683 p.s.i. 62200 p.s.1,
No buttons or spells. |

Plate, 1 meter x 1 meter
Hardnees, 140 - 160 Xg/mme
Brinell 420 - 480

Method of Teet )
The samples were sublected to the following tests:

() Spectrographic anslyels




o

(b)
lia))
(d)
(e)

Chemicel analyate
¥acro analysie
Mieroscopic examinetion

Herdnese survey

Resulta of Test

1. The resulte of the spectrographic enalysls are

siven in Teble 1.

Element
Nickel
Chromium
¥olybdenvnm
Copper
Tin
Tungsten
Titanium
Zirconjum

Vanedium

TABLE 1
Slug_S-1
Present
Present
Present
Present
Trace
Present (low)
Nil

N1l

Nil

glug §-2
Present
Present
Present
Present

Trace

Present. (low)
Nil

Nil

Nil

2. Chemicel analysie of the sluge is given in Table 2.

£

TABLE 2

Slug 8-1  ,388 .46 3,29 1,35 .69

Slug 8-2 376 .49 4,08 1,37 .66
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3. Xacro and Microscopic examination of the slugs

18 ehown in Figuree 2 and 3,

4, Hardnees surveye ere }llustrated in Figures 4, 5,

6, and 7,
Dlecugglion
The appearance of the slugs as received 1s ehown in
Figure 1,

A macroscoplic study of sections cut through the slugs
shows the presence of dendritic segregation elongated in
the direction of rolling, Figure 2. Also, faulting of the
meta)l and white lasyer 1s evident near the face of impact
and areas sdjacent.

In high velscity bullet impact, the energy of the bullet
i1s élegipsted into heat which cauees a local rise in temper-
ature in the plste, In eome cases, temperaturee epproaching
meitine temperatures occur along planes of greatest slip
etrees, known herein as vhite layer due to their character-
1stic properties of martensite, Local heating in the path
of elip hae caused a phase change,

As the energy of the high velocity bullet is not readily
absorbed by the plate, it is believed failure ocoure along

shear planes which in this case are white layers.
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An examination of the mzacrostructures in Figure 2
ehowe fallure occurring along some of the white layers which
ere oriented in many directions with respect to the direction
of impact. In e few cases, howvever, the white layere asso-
clated with crsck systems pertiaslly follow the contour of
the sheared curfaces of the slugs. This indicatee thet the
ghearing o2ut of the sluge may have ocourred along the white
lavers.

It has been observed recently that shearing of slugs
in armmor plate subjected to fire, using Cal .30 ball k1
bullets, occurs clong white layeraes,.

Furthermore, superhigh veloclity bullet impact produces
more white layer than an impact of Cal ,30 armor piercing
bullets.

Flauree 3a, b, ¢, 4, 1llustrate the microscopic study
of the white layers and deformetion of the elug at area of
impact.

Small fragments of bullet core were attached to the

sluze neer the surface hit by the bullets, see Figures 2a-1,

2a-2. The structure of the fragments is typical of cold-worked /

medium high carbon steel, see Figures 3a, b, end 4. The mioro-
structure of the sluge in each oase 1s typioal of aciocular
troostite (see Figure 30). The grain size 1s relatively

coaree.
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The kardnese surveye of sluwgs S-1 and S-2 are given
in Flyures 4, 5, 6 and 7, It is evident that the metal
wag ceverely work herdened at the ares of impact. Herdness
surveye revenl the presence of the remnent of the medium

high cerbon bullet core stock at the surface of impact.

Respectrully submitted,
: )

’ 1/ /l !’ LN ] /
E. L. Reed,
Research Metallurgist
/' ’

5. L. Kruegel,
Jr. Phyeiocal Sei. Aide.
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Maero and Yicrostrusctures

! of

Punchings




Figure 1

Photogzraphs of Slugs

Showing battered surfece of slugs
attacked by bullet.

. N e —— - AT TT S R g T
L AT P N e XD






i @ T, s

Figure 2

(a) X6 Punching #S1. Etched Oberhoffer's
Reagent,
MA 8156

(b) X5 Punening #S2. Etched Oberhoffer's
Reagent.
¥FA 816

In both samplee, deformed dendritic segre-
gation 1s evident in the direction of rolling.
Alego faulting of the metal and white layer 1is

evident at area of impact. See arrows.
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(1)

(2)

X3 #81. Showing hardness surveye,
results of which are given in Figures 6
and 7. Algo remnant of bullet core
ghown at R-B.

Ftched in 1% Nital

X3 #32. 8howing hardness surveys,
results of whioch are given in Figures 7
end 8. Also remnant of bullet core
shown at T-B.

Etched in 1% Nital
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_Figure 3

(a) X100 #91. Base metal of slug to right of wh'te

(b)

(o)

(a)

layer, with layer branching into it., At the
left, n foreign natter coating parts of the pen-
atration, and not shown in Fi¢ures la and b,
bacause of etcning difficulties. We assume thigs
material to be part of the bullet core which
edhered tn the rlate,

MA 818

X100 #52. Base metal of slug at left, bullet

to riaht.
MA 817

X1000 #S1., Structure of elug ie trooetito-
gorbite with a tendency to martensite. Typloal

of both specimens.
VA 822

X1000 #S1. Bullet core, badly dietorted by
cold work. Lower carbon, possibly poorly
heat treated because of the considerable fer-
rite areas present in the sorbite, Scattered
nonmetallic inclusions. Thie 1s typioal of
both specimens.

MA 821
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