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Hetallurgical Examination of Twenty-Five 14 Inch

Rolled Homogeneous Armor Plates

Mamu factured by Republic Steel Corporation

ABSTRACT

Metallurgical examination, including Brinell hardnesses,
fructure tests for steel soundness, fracture tests for response )
to heat treatment and macroetch tests, was conducted on each of
the twenty-five plates furnished by Republic Steel Corporation,
Microecopic examination, chemical analyses and Jominy harden-
ability determinations were made of selected plates. All plates
were uniformly satisfactory with respect to steel soundness and
were properly heat treated as revealed by the fibdbrous manner in | @
wvhich all except those samples of the maximum hardnesses fractured. _ 1

1, As requested by the Ordnance Research Center (APG OOM 470.5/313 -
Wtn 470.5/8337(r)), metallurgical examination has been completed on sections
from twenty-five (25) 1} inch rolled homogenecus armor plates manufactured N
by Republic Steel Corporation and tested at Aberdeen as a part of the gffect ) ¢
of hardness program. The ballistic test results will be reported in AD-679. -

2. Metallurgical examination included the following tests:

ey

8. Brinell hardnesses on surface and through section,

-

3 b. Fracture tests for steel soundness and response to
! heat treatment.
y
b
3 c. Macroetch testsa,
£ K
e d. Chemical analyses and Jominy hardsnability. ; .
. :
. e. Microscopic examination,
3. The results of the metallurgical examination are as follows:
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; a, Brinell Hardnesi. Brinell hardness resilts are based upon the
- average of four surface readings and =ix equidistantly spaced readings through
F(. the section, All readings listed in Table I are reported in the same sequence T
3 in each sample. .8
i b, Fracture Tests for Steel Soundness and Response to Heat
\ Treatment. JFracture tests for steel soundness in both direc~
tions and for response to heat treatment (fidre test) in one direction were :
made on samples {rom each plate. The plates were satisfactory with respect - =

to stesl soundness and were properly heat treated as evidenced by the fidrous
fractures. BHowever, although plates RUS, R46, RUS and RUO revealed a slight

crystallinity in the canter of the section it may be oonsidered of not great

d izportance and to be expected at the hardness levels involved. See Tabdle Il

: for results of both fracture tests. The fracture tesis were made in accord~

q ance with the requirements in Specification AXS-482 ., Revision 2,

c. Macroetch Tests. Macroetch tests were made on samples from

: plates R4, R57 and BR59. ¥No proncunced laminations or segregations were
! observed. See Fgure 1 for photomacroscopic results.

4. Chenioal analyses and Jominy hardenability determinationg were C
conducted on samples from plates RY, R57 and R59. The chemical analyses are

as follows:

Chemisal Composition

Plate No, _C Mn _S8i 8 P Ni Ct Mo OV _B
Rh .27 .86 .31 .07 .017 1.75 .£8 .33 ,085 ¢r nil
R57 .2 .87 .30 .015 .016 1l.71 .92 .35 .08 4r nil
R59 .21 .87 .28 .017 .016 1.73 .92 .35 .08 sr nil

The hardenability is adequate for the section involved. Results of Jominy -
hardenability data are illustrated in Figure 2. )

o. Microscopic Examination. A section from plates R6, R19, R?7,
RY5 and B59 vas exsmined for nonmetallic inolusion distribution and microw
structure. The plates ware clean with no undesirable nonmetallic inclusions
observed. The microstructure of plate R2] was a tempered martensite inter-
spersed vith grain boundary ferrite. R19 and RUY5 were similar to previous
plates in the dominant structure with enly occasional grain doundaries of
ferrite. Whereas, R6 and R59 exhibited a tempered martensite and fine

carbide. Photomicrographs of typical microstructures are shown in Figurs 3. -_,L 1
T
| 4. The plates were uniformly satisfaoctory with respect to steel " ]
; soundness and vere well heat treated as evidenced by the fibrous fractures ) @
: at high hardness lavels. Tg, the mmall amounts of ferrite revealed will C
probably not be sufficient to cause unsatisfactory ballistic behavior. .
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Therefore, ballistic characteristics will undoubtedly be a function of R
the respective hardneses of each plate,

K. TOrFa
Asst, Fhy. Seci, Alde
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: K. A. MATTHEYS

: Major, Ord. Dept.
Chief, Armor Section
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Plate

R2

[s B3
R6
R9

! R0

: R15

Rnjg
RS
[ e R26
R27
B30
B35
RY5
RUE
R4y
R4g
Rl
R52
R53
B55
R56
R57
B59
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Surface Hardness, BHN
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TABLE I

Cross Section Hardness, BHN

Reading Numbers Reading Numbers
22 305 Aave, 2 2 3 4 5 6 Arve,
55 255 21 2u1  2ug olg 248 2ug 2u8 248 2ug  2i8
248 248 248 248 248 2Ll 241 2l 248 241 248 243
248 248 55 255 252 2k 235 211 241 241 235 240
g 248 248 248 2kg 255 255 255 255 255 256 255
248 248 255 285 252 255 255 248 255 255 248 253
2L 2Ug 255 265 252 255 255 255 255 255 55 255
321 321 331 331 3% 352 B2 B2 3H2 /2 /e 352
331 341 31 3wl 338 105 S 15 W 55 WG 15 QR 07 QR 15 R 135 §
341 3 3k 3l 3 341 341 3l 3kl 3kl 3k 3l
02 311 302 302 304 285 28 285 277 293 293 286
302 302 302 302 302 302 302 302 302 293 302 300
302 302 302 302 302 302 293 302 293 302 293 298
302 302 302 302 302 302 293 293 302 302 293 298
217 2 2171 2171 a1t 21T 1T 211 211 217 21T 217
352 P2 3H2 3H2 P2 363 35 5 35 35 35 313
352 363 363 HBa 358 35 363 315 363 315 315 3N
352 352 363 3H2 360 363 363 363 363 363 363 363
363 363 32 33 360 34 352 P2 P2 P2 B2 350
363 363 363 363 363 363 H2 363 B2 363 363 359
229 235 235 229 232 229 229 2w 24 235 229 234
235 235 23 235 235 29 29 2W 2n 23 235 235
el 2m 23 229 217 229 229 24 241 235 29 234
229 235 235 235 233 235 229 235 229 235 229 232
229 29 229 229 2% 229 29 229 229 229 229 229
229 23 2 2% 2% 235 229 235 23 229 229 232
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TABLE II
Plate Steel Soundness Test :
_Ho,  JFibre Fracture Test  _longitudinal  Traneverse N
R2 Fivrous B (woody) B .
R3 " B (woody) B |
RL ’ B c ]
R6 " B (trace woody) B ;
R9 . B (trace woody) B .
R10 . B (trace woody) B |
R15 " B B
R18 " 3 B
R19 " B (trace woody) 3 .
R2% v B B 1
R26 . B B ‘
R27 . B B :
R30 . 3B B
R35 " B (tracs woody) B °
Essentially fidbrous, _
BY5  alight orystallinity B 3 -
in center of section
RUE . 3 3 )
BT Fidrous B 3 _ .
Rssentially fibrous, § T
RS slight orystallinity B 3 \ ) 1
in center of sesction o
Rl ’ B (wody) B 3
R52 Tidrous 3 (woody) B L
B53 . B B f
R55 v B (trace woody) B o
B56 v 3 (trase woody) B :
B57 " 3 (woody) B | .
B59 " B (trase woody) B o
.
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Typlenl Microgtiner.»es

000 R27 Picral
. Tarpored martonsite and grain boundary
forrite. BHN 202,

RLH Pleredl X1OOU n59 Pler
Tempered martensite and occasional Terpoerod martenslte ~ad fine enrbldo,
grain boundary ferrite. BHN 1373, BIX P35,
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