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Jones and naugllin 1" Bolled Homogensous Armor ~
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10 A metallurgical exsmination has been completed on nine samples *
of 1% rolled homogeneous armor mede by the Jones and Laughlin Stesl
Oorp. and the resulis ere included in this report. The samples received
for srxamination were selested from a group of 16 plates tested at
The Proving Center, Aberdeen as a part of the program correlating the .
effect of hardness on the ballistic properties of armor. Eight of the )
gamples were from plates which had been aubjected to penstration tests
uneing 37 MM, 20 MM, and Cal, .50 AP M2 projectiles. The remaining
i sample was from the cracked area of Plate 12 vhoss brittle bsehavior - "
3 wes inconsistent with the results obtained on the other plates in this s -
. group subjected to the shock test of 57 MM Tl proof projectiles. The "
ﬁ ballistic results were reported in A,P,G, Report AD-508, ' - e
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2. The results of the metallurgical examination mgy be summarized
as followe:

s
- A A

a. The sections examined were propsrly heat treated (absence o ;
of high temperature transformation produots) and the steel quality was .o T
acceptable except for plate &, heat 359 which exhibited a "D" fracture. -

b. The hardness values observed at The Proving Center werse
somewhat higher for the most part, than those obtained at this arsenal,
although, for most plates, the agreement was within the experimental
crror of the test, Ag was indipated in the ballistin raport (AD-508).
the values reported by the manufasturer are unreliable probably because
the plates were improperly numbered.

L 1]

8. Plate 12 was made of good quality stesl, properly hardened
upon quenching and its inferior shock resistance could not be associated
with any metsallurgloal defects. It 1s believed that the poor performance
of this plate against 57 ¥4 TL proof projestiles is a function of its
hardness, Furthermore, additional testing of high hardnass plates is
advisable in order to evaluate more completely 1" armor impacted with
the 57 M4 T1 proof proJ ectile. et st
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3. Remults of the netallurgical tests conduoted on the samples are
as follows: ’ :

&, Bardness Tests

Brinell hardnosé tests were obtained at three points along
the cross-sestion of the plates as well as on the face and dack. In
Table I, the resulis.are compsred with those eported.

mABLE T

Brinell Hardness Tests

© Plate Heat ¥.A, BEN Values e
2 "~ X¥o, Yo, Oross-Section Face Zagk A.P.G. BHN Values J&L BEN Values o
3; 2 39 2/ 285 285 n %2 _
- 30 %9 302/3m 293 293 311 302/311 Lo
3 Y sey  emiferr %2 e 293 2#6/291 . O .
3 5 39 wafz M2 2 56 3ee/388 Do
3 6 3 /s X2 2 321 /P
T %9 3%3/363 B2 B2 358 363/k01 e
8 %9 3W/3p2 B2 M 370 /34
12 359 33/33 3o 310/331 321/331
13 55 285/293 27 293 286 302/ 302

In some plates, thers was a difference in the resultis oo
obtained by this arsenal and The Proving Oenter, Aberdeen. The difference, R
howsver, is mivor except for plate 4, heat 589 and plate &, heat 359, TN
‘That the results takem by this arsenal are more aconrate is indicated dy e
their effact in producing a smoother curve of ballistic limit versus
bardness for caliber ,50 AP M2 projectiles, o

As was noted by The Proving Center, the values reported
by the manufacturer are to be discounted, since it is believed the plates ERTR

vere probably mixed up with respect to numbers and corresponding reported
hardnesses.

The hardnesses of the plates tested for shock resigtance -
appeéar to be those reported by the manufacturer and, therefors, cannot
be considered relisble in correlating the shock properties against
hardness. In good gquality armor, the hardness generally correlstes with

"2‘

..............

...........................
....................................

.......................................

.......

.................




...................................

5 e ]
RESTRICTED SR
DR

the amount of deformation s plate will withstand without cracking when
subjectsd to an overmatching proof projestile. Lowering the hardness
increases the ductility and permits a greater amount of deformation at
a given proof projectile velocity, This trend does not show up to any
extent in the shock tests performed using the hardnesses reported.
Consequently these ballistic data should be substantiated with supple- 1
nentary tests in order to discover whether the 57 MM 71 proof projeotile 9
possesses idiosynoracies or whether tests performed are not truly repre- N i
sentative of the shock performance that is generally observed.

b. Fracture Test for Steel Quality

The fracture ratings of the plates sampled in the longitudinal b 3
sad transverse directions are as follows: R

» e

Plate 4 Iaoi%igdiml an Yorse - - :

-io-t— EEA. E:I&EL R b SRR

2 353 | Accession Fer AR EREENRERY

NTIS GRAKL P .
DTIC TAB

Unannounced
Justification

s ot

359
589
359
359
359

39

12 359 ’l
13 359 g G /4 -

*Longitudinal fracture - section is transverse to major rolling , RS

direotion or fracture surface parallel to direction of greatest ,.',’:,,.c P e T
reducvion, ~ a0

R O~ O U g e

3
¢
¢
: o |
Y
¢
D
¢

o 8 o o a o o o

Bxcept for plate 8, the plates possessed acceptahle steel
quality according to the frasiure gtandards af Propesed Specification IEEERCIRC
AXS-4g8, Revision 2, Appendix 1. Plate § possessed undesivehly large OOy
laninations in the center of the plate which would probably affeat the A
penetration and back spalling characteristics of the armor if it were : BEY
subjected to impmcts of overmatching projestiles at high obliguities. - 9

o, Mbre ¥racture Test

Specimens from all the plates broke in a fidrous mamner 3'.'3:1-:1- L

Jhen fractured under a forge hammer, tims indicating that the plates " j
wero properly heat treated and would satigfactorily withstand a severe - ff_.‘_f'.

pallistic shock test compatible with the respective hardnesses and
thickness.
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4. Hardenability and Chemical Compositions

Jominy end quench hardenability tests wers conducted on
plates 3 and 6 from heat 359 and plate U4 from heat 589. See Figure 1.
Ths hardenablility observed in both heats is adequate to complstely
harden 1% plates using a mild water quench.

The chemlical compositions of three plates sampled are as

followa:
Plate Heat
Xo, No, _O _Mn_ _S1 _8 _P NL O Mo B _VY
) 3 B9 .26 1,48 .23 017 ,012 Tr ,01 .40 =nil nid
6 359 .26 1,50 .26 ,016 ,013 Tr ,02 .40 =il nil
L 589 .26 1,53 .22 ,017 .01l Tr .02 .25 nil nil

The heats were of the manganeso-molybdenum type stesl with
boron added. The effect of the boron is reflected in the increased
hardenability of both heats, but the analysis did not reveal the pressnce
of boron which was reported to have been added, This condition has bemn
observed in previous work on boron, for it is a difficult element to
detect in the amall amounts used and its effect is more readily corre-
lated with the amount added than the amount found by analysis.

The lowsr hardenability of Heat 589 is undoubtedly attri-
buted to the lower molybdenum content of this heat.

8. Impaoct Tests

Charpy impact tests were conducted on bars cut in the
trangverse rolling direction of several of tho plates to compare the
notched bar strength of Plate 12 with plates of different hardness.
The remilts ore listed in Table I1.
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TABLE 11 T e

Y~Notched Charpy Impaat Strength of
1® Rolled Homogeneous Plates Made by

-‘ .
[T IO DY N 2 )

E..;,r,v,v,‘,, ,w‘. e
« LR S
.
-
*

Jones & Laughlin Steel Corp. ) °

Plate 68°F, -lo°r, -94°p,
! No, BEN ¥i.lbas., Fract. ¥t,Lbs, TFract. Ft.Lbs, Fract. : :
(. l 277 .0 ¥ 4.5 Y 3.5 10 e
] 47.0 ) 42,5 Yo :
6 311/321 57 r 49.0 ) J 31,0 ¥C
5 T 51.0 ¥ 35.0 ¥
& 12 331 275 T 26.0 Cte 7.0 © D e
o o r¥ 21.0 0fe 5.0 0 -
. 7 363 5.5  ¥E 15,5 Cfe 12.0 ©
] 28,0 ¥H 19.5 0fe 16.5 Y
3 ¥ « Tibrous 0 -~ Crystalline Fec - Large F mmall ¢ ¥0 - Mixed F and C - n
G Ofe - C with ¥ edge FH - ¥ at high hardness o
3 . The low temperature impact strangth is markedly affected L ST
: by hardness, the plates of higher hardness being more brittle. Lowering e
the temperature is considered to be proportioned to increasing the speed RSO
Eﬂ of lmpact. Conscquently, plates of lower hardness should be less sus- C
ceptible to cracking under the proof projectile test. o

£, Macro Exsmination

Macro-etched ssctions were photographed as shown in

3 Plgure 2. Yo excessive laminations were apparent in the areasexamined,

id but the macro-stch 4s not as selective as the fracture test in revealing ™~
{ steel quality. The plates wers oross-rolled as indlcated by the N

2 similarity of etohing characteristics in the transverse and longitudinal

% sections. The variations in the degree of attack by the etchent is

- associated for the most part with the hardnese veriations of the plates.

@ g. Microseopic Examination e

The plates contained gome segregations of nonmetallics which
wers most provelent in Plate 8. Typloal smegregations are shown in
Pgures 3A and 3B.
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fhe microstructure of the plates consisted of a tempered
martensite in whioh no high temparature transformetion prodncte were
obgerved, Typical structures are shown in Figure 3, The structure ak
& hardness of 363 BHN was a tempered martensits as shown in Fgure 3E.
This specimen was etchod rather deaply to bring out the acicularity.
This etching accentuated the presence of carbides to a grester extent
than in the softer plates as shown in Figure 3T and G.

The steel in the plates examined possessed a fine grained
structure.

. The surfaces of all the plates examined wsge decarburigzed
spproximately the same amount; about .002* complete decarburization to
ferrite and ,010" partisl decarburization,

h. General Considerations

The plates sxamined were properly heat treated to various
hardness levels, whose values wers found to be somewhat different from
those reported., IExcept for Plate 8, the plates were relatively free
from undesirable laminations., This plate, however, would, probably,
exhibit a drittle exit condition under the perforation of overmatching
projectiles especially vwhen tested at high obliquities.

The variation in the ballistic limits of the plates is
helieved to be a function of the hardness.

Sufficient data were not odbtained to ascurately evaluate
the characteristics of 1" homogeneous armor when subjected to the shock
test of 57 MM 71 projectiles. Since only plate ¥o. 12 of the plates
tested for shock was impacted at a velocity high enough to cause orasking,
it is difficult %o make an accurate comparison of the shock properties
of the plates. Plate 12 was the only plate subjected to the 57 MN Tl
slug test which was investigated at this arsenal, and so no conclusions
regarding its failure are possible., It is felt, however, that the steel
in this plate was of acceptable quality properly heat treated, and that
the hardness and severity of the test ware responsidble for the cracking

observed,
[V R~

P, V. Biffin

Asst, Metallurgist
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MACROETCHED SECTIONS OF I" ROLLED HOMOGENEOUS ARMOR
MADE BY JONES AND LAUGHLIN STEEL CORPORATION,
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