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Metallurgical Examination of Ninsteen

1/4% Bolled Houozeneoug Armer Flates

' ABSTRACT

~—PNetallurgioal examination, including Brinell hardness, fracture

prev iy

tests for steel soundness and ductility, nacroo%lch ests, and mioro-
.\ 80oplo examination, were conducted on nineteen-

plates which had

p boen”}\tutod ‘ab-the Ordnmnce Hecearch Jent¥> as a part of the effect of

hardness progran, 4ll plates were satisfactorily heat treated and all
plates but one {mumber-146)dare considered to haye been processed from
adequately sound steel. ¢

1.

As Tequestad by the Ordnance Research Center, 4.P.G. h‘{O.S/JO“ -

Wtn 470.5/7675(r), metallurgical examination has bean completed on seo~
tions from'mineteen (19) 1/4 inch rolled homegenescus armor test plates
fired at the Ordnance Research Center as a part of the prozram on the
effect of hardness on ballistic properties. Tairteen (13) plates were
furnished by the Great Lakes Steel Corporation and ballistic results

have been reported in AD-505. Six (6) plates wers furnished by Standard
Steel Spring Compan; and were processed from stecl produced by Jones &
Laughlin Stecl Corporation. Ballistic results will be reported in AD-504,

2'

Metallurgical examination consisted of the following tests:
&. DBrinell hardness.

b. Chemical analysis.

8. TFracture test for steel soundness in longitudinal and
transverse directions and fracture tsst for ductility.

1.3

. Macroscopic tests.

8. Microscopic examination for strueture, grain sise,
decardurization and nonmetallie inelusions.

The detall results of the metallurgical tests are as follows:

wmce NCLASSIFIED.
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Brinell hardness readings vere takenm

on one face of the plates after carsful surfuse griading to a depth of
spproximately 1/16 inch to remove decarburisation. Five resdings wers
taken on each sample using a standard Brinell msshing fitted with a
tungsten carbide ball. The results are shown belew:

axrinell Hardness Hesults

Ssmple o,  3Brinell Hardness Range
GLS 1 388-401
b 363-375
5 35
0 33
10 363-375
n 3
1) BH2
L] bag-Llily
k2 415-429
1k3 h01-W15
bk M-352
145 Jl-321
146 32
805 28M3 H15-429
28W5 n
2846 35
2849 375-388
2850 269-217
2851 302
b. Oheuical analysis.
one plate from eash of the three
shown bdelow:
Ssmple No. C. M 8 _8 _P N
as 1 .36 1.)9 .29 .020 .023 ¢r
GLS 1M .36 152 . .00%F .022 ¢r
80T 43 .27 1.60 .23 .01% .015 +r

==
RSERICTED

Myerage

N
313
315
33

ooc "\
QUALITY
INSPECTED

u_q;eglion For

»5

NTIS GRA&I
1 DTi2 TAB

Unaninonnced
J Cleer

3
352
432
k26 f
Yo7 ',
B
ny
321
W2t
n
255

385
215

Y2

Chenical analyses were odtained on
groups involved, ZThe results are

L Mo B
56 .22 .0026

58
.01

.2a .wz)‘
.30 .001k4
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The Great Lakes 8tcel plates are obvis.usly cll from the same heat of
steel. Hoth type compositions have wore ticn adaquate hardenability
for the section sige involwved.

8. TYracture tests for steel soundness and duotiliyy. Fracture

tests for stesl soundness were made on specimens from each plate in both
the longitudinal and transverss directions on samples tempered at 1050°F.
which resulted in & hardness maximum of spproximately 310 BHE. Seamples
for the fracture test for ductility (fibrs test) ware broken in the
ag-roceived heet $reated condition. The results are siown below:

Fracturs Test for Steel Soundness Fidre Fracture Tes$
Semple No. longitudinal Iransverse _Direotion .___Resuly
GLS ) .3 .3 Longitadinal Fibrous (Hard) -
b 3 c " Fidbreus
5 3 3 ! " "
8 3 3 b "
10 3 B " .
11 3 3 " 9
14 B B Trensverss . g
14 B B Longitudinal Fidrous (Eara)
1k B 0 " . )
143 3 3 . .
14k B : Transverse Filrows
145 B B Longi tudinal ’
146 3 D " »
S0 2843 B B Transverse Fibrous (Hard)
2845 3 3 Longi tudinal Pidbrous
2846 | 3 Trensverse J
2849 3 3 Lengi tudinal "
2850 B 3 Transverse .
2851 3 ¢ " .

Slongitudinal direction means frasture parallel $o direction of major redustien
as revealed by longitudingl fibers in fractured surfacs.

The above results indicate zatisfactory heat treatment for 211 plates.

In this thicknese of plate and with the compesitlions and heat treatments
employed, the duotile type of fracture can be maintained and easily
recognised at hardnesses up to spproximately 40O BEN, Above this hardness

mri%'o'rn
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the fracturs becomes flat in appsarance and diffiowlt to interpret.

No oryetallinity was evident, howevar, in any of the samples tested.
Only plate GLS 146 showsd a rejeotable lrminatei condition end this was
developed only in the trensverse fracture. Recent experience at this
arsenal has demonstrated that the transverse frasture is the more
severe criterion of steel soundnets. However, frectures in this direo-
tion are almso more difficult to interpret.

4. Maorogtoh testy. Macroetch tests vwers made ou each plate
and the results are shown as Figure 1. Confirming the fracture test
results, only plate GLS 146 sppears to have an imferior soundness
condition.

8. Mioroscopio exsmination. Specimens from eash plate were
exauined tor nonmetsallic inclusions, grain sise, extent of degardurisatien
eand microstructure. Grain size was found to be 2 uniform A 4 in all
plates. Decarburisation was negligible on all plotes. ITypical non~
metallic inolusion distridbutions and mierostrustures are illustrated ia
Figures 2 and 3. A desoriptien of the results follows:

(1) XNonmetallip inclusions. Photomicrograph of plate
$CJ2850 shown unetched at X100 is Sypical alsos of plates 2843

and 2846. Mioro-spescimens are in tranmverse direstion. Well
distributed fine oxide-silicate complex inclusions are evidemt.
Photomicrograph ef plate 2849 is typical alse of plates 2845
and 2651; direction is longitudinal. The same type of inclu-
sions are showmm. 7Total nonmetallie content 1t rather high but
the uniform distribution prodadly would not have a detrinental
ballistic effecs.

Honmetallic distridbutions in the Great Lakes Steel
Corporation plates vwere uniform and of the type shown by photo-
miorographs of plates GLS 14 and 1M5. Direction photographed is
longitudinal, JFine complex oxlde-silicate inslusions are shown
which are fairly well distributed.

(2) Misrostruoture. All plates cxhibdited a unifornm
tempered marteusite structure with parhaps o uegligidle amount
of high temperature transformetion prodnets visible in some
specimens. Rypical microsiructures are shown ia Figure 3.

YOTR: Metellographic work conducted by;I. Yoffa.

L. Summarizing the metallurgical exsminations, it appears that
+1l platen were satisfactorily heat treated. Only ene plate (GL3 1k6)
is of questionable steel quality. Nemmetallic inclusion contents were
rather bigh in all plates but sufficiently well Jisvributed to be

considered not detrimental.
72/ :Zwﬂm,
.o A

Ido;. Ord. Dept.
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Microstructures
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Plate GLS 141, BHN 432

Plate QLS 11, BiN 30
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Plate 509 2849, 385 BN

Carbide precipitation evident ‘n p

Plate SCJ 2850, 275 BHN

FIGURR 3%
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Tempered martensitic ctructures characteristic of all Great Lalzes Steel

Corporation plates sxamined.

Tempered martanaitic atructures characteristic of all St~ndesvrd Steel Spring

Company plates examined.
Brinell hardnesses.
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