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Matallurgzicpl Examination of Two 1/4 Inch, Two 3/8 Ineh, and Twenty-one
1/2 Inch Bolled Homosengous Armor Plates Mgnufgotured by

Great Stegl Corporation

ABSTRACT

A}

Metallurgical examination, including Brinell hardness surveys,
fracture test for steel soundness, and macroetch tests was conducted
on each of the twenty-five rlates furnished by Great Lakes Steel

. Corporation, Microseoric examination was made on four nlates., All
nlates except TA were satisfactory with respect to steel soundness.

1, As requested by the Ordnance Research Center, (APG 470.5/6503 - el
Win 470,5/9170), metallurrsical examination has been comrletsd on sections S
from two (2) 1/4 inch, two (2) 3/8 inch, and twenty=one (21) 1/2 inch
rolled homogeneous armor Nlates manufactured by the Great Lakes Steel
Corporation and tested at Abaideen as a nPart of the gffect of hardnesg
Drogred, Ballistic results of the 1/2 inch nlates will be rerorted in
Armor Test Report AD=515. The 1/4 inch and 3/8 inch plates are supplamental L
to those renorted in Armor Test Reports AD=505 and AD-514 resvectively, TR
of the Ordnance Research Center, Armor Braneh, - 1

2. Metallurgical examination included the following tosts:'

&. Brinell hardness surveys,

Fracture test for steel soundness,

lo

Macroetch tests.
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. 3. Regults and Diagussi n, Rasults of tne metalluriical examination are
- as f2llovs:

a. Brinell Yrrinegs,

A saction from each late was Blanchard ground to a derth
of 1/16 inch to rem.ve any traces of decarburiszation, JSurfsce Brinell
', rdness readin~s were then taken on ench section; Brinell remdings were
rle~ taken in the cent«r f tre iwenty-ons 1/2 inch “lates, The average

: hardness was »btained from four readines taken at equally spaced intervals,

ﬁ Regults are sunnnriz @ below in Table I,

E Table I

L

. Surface Hardnesses Center of ‘lste Fardnesses

‘ Nate Yo, _Renge Averase Ranse Averase
1A 461477 469
1C 477-495 486
2A 477 b7
2B 61-4T7 469
3A 293 293 269-285 277
3B 285-293 269 277 277
3C 285-302 293 285 285
LA 341 b0 33 331
LB 321-331 326 Il n1
4 341 3u1 3 331
5A 341 i 12151 126
58 321-3U1 334 331341 336
5C 331 331 321=331 326
bA 341 341 352 352
6B 352-3°3 357 341-352 37
6C 352 352 341 341
7A 415 415 415 ns
7B 352-101 373 415 415
TC L0l-L15 Log L15 L1s
84 Luy Ll 415.429 h22
8B uLy Ly 429 429

8C il Ly, 429 429

[ 94 46L-LUT7 469 L6l 461

. 98 477 477 L 77 455

S .« 9¢ k77 477 461477 469
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b. Fracture test {-r stesl soundness,

Sections, a roximaiely 6-1/2" 11 lensth and 3" wide were
cut fr--s each samile in tnth Jdirections, notched transversely, tem;:ered
at 1050°F ty reduce t"e hardnaess uniformly to avrroximately 3INC Brinell,
and t'en broken slowly unier a Jaldwin Southwork hydraulic testines
machina., iwenty-four of +he "lates vere acce table 'ith resvect ton
steel a-rndness, Platec T7A »nd 9B rated D and C res-ectively, revealed
'ronsunced laminatlons near the surface, See Table II f .r fracture

> ‘v"r‘v P T
1

test results, i
Table I1 " f
\\.
Fragture Taast for Steel Soundness T
Plate No, Longzitudinal Tronsverse L ;
1A B B 1
1C C B .
2A B B |
2B B B R
A B B 1
1B B B
3¢ B B o
bA B B . .
4B B B o]
Le B B B
5A B B
5B B B -
5C B B P \\ _—
6A B B //' j D
£B ¢ B s/ L
(. el ,_.______——1 R
he B B Awsston For ]
TA D B v Lqasr R
18 B B, ili" TAB DR
. Urencnanced 0 R
7C B B Custification.. .
8A B B! — - -
8 B B pesrivetons
. Distribution —~
gc B B e e m e = - . R s ..—.‘: '_:1
Avallakit 'ty Crdns :_.u?
9A B B ae v =]
9B ¢ B List | Luse o 17'1f
| l ! L ‘.Z.-..:
9 B B % {
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t. lacroetch teats.

dacr-otehings of a sectlon from each Plate revealed that
all rlates exce”t three vere satlafactory with resvect to segregation,
Intes 1A, 1C, and 2A exhalbited ‘ronounced centerline scegresation,

d. Microseo ic =xaningtion.

2ectirns were cut from four ~lates and examined for non-
matallic inclusions and microstructure., Plates 3A, AB, and 9B were
comnaratively clean steels, However, in 9B there was evident near the
surface an aluminum oxida stringser which showed up as a lamination in the
fracture test. Plate TA ¢ ntained a fairly high nonmetallic ineclusion
content distributed uniforaly throughout the snecimen, The microstructure
of 'late 3A was an acicular temrered martensite and 5B a temvered
martensite with occasional grain boundary ferrite., FPlates TJA and 93 had
a temnared martensitic structure, TA with scattered ferrite Jatches.
Phntonicrograrhs of tvrical microstructures are shown in Figure 1,

4, Steal soundness wag satisfactnry in all nlates, The
micrnatructure of the g scimens implied that the ~latas were apiarently
prorerly heat treated, Thus the small amounts of ferrite revealed will
nrobably not be suffieient to cause unsatisfactory ballistlic behavior,
Tha ballistic results nay be cinsidersd attridutable to the resvective
hardnesses of each 1late,

W e
M. YOFFA

Asgt, Phy, Sci, Atde
APPROVED:
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N. A, MATTHEWS

Major, Ordnsnce Dept,
Chief, Armor Section
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Pht; 3A. Acioular t-ﬁorod rartensite, Plate 58, Tempered martensite with
EEN - 277. grain boundary ferrite. HNHN - 336,
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Plate 7A. Tempered martensite wit Flate zz. Tempered martensite.
occasional DPatehes of ferrite. i .- ‘
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All Pnotomicrograrhs taken at a Magnifisation of 1000 Disneters and Btohed in Piopal,
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