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Types of Jailure Occurring in the Shock Teet of Seo Ada 

t" Homogeneous Armor with Caliber .50 A.P. Projectiles 

INTRO DUO TI ON 

This investigation was carried out in an effort to obtain 
information which may ~e of assistance to the armor manufacturers 
in overcoming the difficulty being encountered with large exit holes 
and back spalls on}" homogeneous armor impacted with caliber .50 
A.P. projectiles at high velocities. 

Samples ef several piecsa oft" homogeneous armor, all low in 
alloy content, were selected in the three hardness levels of 320, 
360, and 388 Brinell. ~mor rolled from induction furnace heats 
and having a minimum of nonmetallic inclusions and segregation was 
used as one type, and a steel of commercial quality and rolled 
etraight-awq from large ingots was utilhed as the second type. 
Each plate was impacted with caliber .50 A.P. prnjectilea at approx­
imately 2550 f/ 1 and. 2,300 t/ a 1tri~ing velocities. 

fEST PROCEDURE 

Projectiles were fired at each plate with powder charges cal­
culated to give 2550 e.nd 2300 f/a striking velocities. The actual 
velocities were measured by means of the Aberdeen Chronograph. 

The projectile core, back spalls, and other material which were 
rejected on the back side of the plate were caught in a cylindrical 
pipe section filled with sand. The jacket and other material rejected 
on the front of the plates were entrapped in a cylindrical, corrugated 
pipe section with a small aperture through which the projectile passed 
before impact. 

The plates were sectioned in the longitudinal direction of the 
original ingot through the exact center o! the penetration. The 
sections were then macroetched and photographed together with the 
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material which passed through the plate and the material rejected 
from the face of the plate. 

The following tabulation shows the chemistries and other details 
of the plates used: 

Plate Chemistry 
~ C ll!l.. Cr 

203 .28 .68 .69 

657-2 .33 .57 

1000 .34 .63 .71 

656-2 .35 .51 

900 .34 .63 .71 

200 .28 .68 .69 

656-1 .35 .51 

Mo 

.15 

.47 

.19 

.48 

.19 

.15 

.48 

Zr 

.06 

.11 

.11 

.06 

Figure 
Brinell No. 

320 1 

320 2 

36o 3 

352 4 

388 5 

388 6 

)88 7 

All the above plates were water quenched from 16o0-1650°F and 
drawn to the Brinell hardnesses shown. 

DISCUSSION 

Difficulty is being experienced in the development of the new, 
low alloy armor compositions in meeting the shock test requirements 
specified for ½" homogeneous armor. The machine gun burst of caliber 
.50 APMl projectiles fired at service velocity (2550 f/s approximate 
striking velocity) produces one of two types of failure which result 
in large exit diameters. In the first type of failure ~ack spalls 
are formed which are of considerable size and produce a nonacceptable 
plate. T~is condition is moat generally encountered in the hardness 
range from 34o Brinell up, which is most common for this thickness of 
raaterial. 

The second type of failure results when in an effort to avoid 
back spalling, the hardness is lowered to 310-330 Brinell and a conical 
exit hole is formed with large punchings being rejected from the back 
of the plate. Under these conditions the exit holes may or may not 
be acceptable under the two-caliber exit hole allowance. In any event, 
however, the punching type of failure is to be avoided because of the 
material rejected from the back of the plate and because at the 320 
Brinell hardness level the margin of excess on ballistic limit is low 
and the plate is not heat treated to be most effective in defeating 
projectiles of the caliber which it is expected to resist. 
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Consideration of Figures land 6 indicates that the two types 
of failure (punching shown in Figure 1 and back epalls illustrated 
in Figure 6) are associated with the high impact velocity and the 
reeul ting jacket effect. In both cases with a lowering of striking 
velocity to 2300 f/a, the j t:.iJket, in its entire'7 essentially, is 
rejected from the face of the plate and a stilall exit hole results. 
With the soft plate, there is a tendency for the jacket to 11ball up" 
on its way through the plate and influence the formation of the pwiching. 
This condition is apparently a manifestation of the lower shear strength 
of the softer material. 

Examination of Figure 6 shows that shear failure produced by the 
jacket effect is also a factor in the failure of the high hardness 
plate by back spalling. Apparently the tip of the core starts a back 
spall which decreases the effective plate thickness. Then the jacket 
proceeds to initiate shear failure in the remaining thickness and in 
doing so greatly enlarges the size of the back spall. 

Reference to Figures 3 and 4 shows the satisfactory results ob­
tained on both the induction furnace steel and the commercial quality 
steel at the hardness level of approximately 360 Brinell. 

With respect to steel cleanliness, it will be noted that throut;h­
~ut the hardness series the comparatively clean and less segregated 
induction furnace steel gives satisfactory results when the co::unercial 
steel fails except at the 360 Brinell hardness level. A comparison 
of Figures 5 and 6, which illustrate the effect upon two pieces of 
cor.iffiercial quality steel at the same hardness level, demonstrates 
that whether or not back spalling will result is dependent upon the 
degree of wicleanliness in the steel. Stuccy- of the macroetched 
sections reveals that Plate 900 is somewhat cleaner than Plate 200, 

The general types of failuras discussed above have been verified 
repeatedly at this arsenal recently during the testing of development 
and acceptance plates of ½ 11 homogeneous, low alloy armor. At hardnesses 
of 310-3~ Brinell the punching type of failure has been very common. 
At high hardnesses, namely 370,..390 Brinell, back spalling has been 
com:nor., but does not occur in all cases dependent upon steel cleanli­
ness. Evidence obtained to date indicates that the optimum hardness 
range for this thickness of material is 350-370 Brinell. 

CONCLUSIONS 

1. With a given cleanliness conditiori in a½" homogeneous armor, 
the most satisfactory hardness range appears to be 350-370 Brinell. 
At this ha.rdness level less trouble with back spalling and large exit 
holes is experienced. 
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2. J.. atetl ·mq be aufficiently d1rt7 so that und•r no condt .. 
tiona can sat11tacto17 •hock properU•• be obtained coincident with 
a aatiafacto17 balliatic limit. 

3. With a cle.an ateel, properly croas rolled, a larger spread 
in hardness can be expected to be aat11tactor7 with respect to back 
apalling tendenciea. 

4. The punching type of failure 1a undesirable and to be further 
avoided in that it ia associated with soft plate which ia relatively 
inferior with respect to ballistic limit. 

G. L. COX, 
Major, Ord, Dept., 
Acting Chairman, Subcommittee 

for Rolled Armor. 

• • • • • 

-4--

• • 

J/tj' f1a.~ 
N. A, MATTHEWS, 
Capt., Ord. Dept., 
Secretary, Su.bcommittee 

for Rolled Armor. 
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