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MIMORANTIM REPGR? WAL 710/629

Tinal Beport on Problem B-U,32

9 May 1944

Metallurgical Exsmination of Twelve
yg Inch Rolled Armor Flates Manufaotured
by Republic Stesl Corperation

LSy J Adbstract

7 Netallurgl oxsmination, including Brinell hardness
surveys, fraoture tests for steel soundness and fibr¢, macro-
otch tests, and miQrosscopic examination, was cendacted on
sach 0of the twelve)plates furnished by Republic Stesl Corpératiens
Chemical snalyses were taken of two plates. All plates vere
satiefacterily heat treated as revealed by the fibrs test.
Hovever, & $race of orystallinity was evident in the two plates
wvith a hardness of over 360, Plate U=1, although eompletely
fibrous, exhibited an appreciable amount of ferrite which
indicated faulty heat treatment. The improper fibre test
indication was undoudbtedly bdecanse of the abnormally low hard-
ness of this plate. tf*“"‘

1. As ro?ultod by the Ordnance Research Cemter, A.P.0. 470.5/U896 ~
wta. 470.5/7955(r), metallurgical examination has been completed on seo-
tions from twelve (12) 1/2 inch rolled plates manufastured by the Repudblio

Steel Corporation and tested at Aberdeen as a part of the effect of hardness
progras, Ballistic resalts will be reported in Armor Test Report AD-023

of the Ordnance Research Oenter.
2, Metallurgical examination included the following tests:
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drinell hardness surveys

v

Frasture test for steel scundness
Fragturs test for fibre
Naoroetoh tests

Chemical analyses

o 1 o

i

Niecrosesple exsmination

J. Remulis and Discussion. Results of the metallurgiocal examination
are as follows:

&, Bringll hardness surveys.

Brinell hardness rsadings were taken along a cross section
of samples from each plate. The average cross sectional hardness is odtained
from three readings taken at equal intervals across the sestion. Results
are listed below in Tadle I and may de compared with the values reportsed by
the manufacturer.

ZARLE I
Plate C S Hardness Reported Valueg
Yo, Bange  Average by Magufasturer
2.2 M 3 340 e
25 m 3u 31
33 -3 3 4o .
334 363 %3 364 :
» 2%5-293 290 3@ |G S
el %3315 7 8 )
Y 302 302 3a o T
63 %3 %3 B T LT
&u 33 338 ¥ oo e
7-1 28% 25 B2 L '
8-1 285 285 302 ,
8-5 302- 311 305 151 ,\




2. Irasture Tesh for Stes) Gowiness.

Seetions approximately 5° in length and 2% wide were tempered
at 1133°F,, notched transversely sand bdroken slowly mnder & 20 ton hydraulie
press, .The results are suwmmariged in Tadle II,

8. Iragture Test for Fibre.

Sections the same sixze as in the previcus frasture test and
notahed transversely to a depth of 1/2 inch from essh side were bdroken rapidly
under » drop weight mechanism. Jecause of eross seotienal rolling it wes
difficuls to distinguish the directional properties., Hewever, the tempered
sectiens vere fidrous vhereas those in the as-received heat treated conditien

revealed tragces of orystallinity a$ high hardness. Ths results are summariged
in Tadle II.

2ABLE 11
Fracture Test Resulty
Steel
Plate fSoundness __ Mbre Tes
Joa. Jests = Isxpered \1
2-2 3 Mbdrous HMbdrous
25 B Mbrous . Mbrous
33 3 Fidrous Tibrous
3-3A B Fidrous Fidrous
1R | 3 Fidrous Fibreus
Ll 3 Fivrous FMbdrous -~ Trace Crystallinity
(RLgh Bardness)
Yalta 3 Mbdrous Mbrous
6=3 3 Fibrous JFibrous - Trace Orystallinity
(Hich Hardness)
6=3A B Pibrous Mirous
Ik 3 Fibrous Fbdrous
8=1 p | Tidrous Fibrous
85 3 Fibdbrous Fidrous




™he epecimens, rated in ascordance with the fracture standar
vere fibreus with the exclusion of two plates. These exceptions revealed :' '

;E:‘;x;f orystallinity which may be attributed to the high hardnesses of over

$§- Nasroetch tests.

Nacroetoh tests were made from sestions on each plate and
Photographic remlss are shown in Mgure 1. The plates are asceptable with
respect to segregation,

2. Shemical analyses.

Chemical analyses obtained on two plates wsrs as follows:

Chemiocal Oomposition
Plate

Mo, G Mo . SL_ 8 _P N Or o V _ _On_Al_3B
33 251,00 .2 ,020 ,012 ,67 .44 .17 trace .025 .02 .0016
81 .251.01 .20 ,019 ,012 .68 .46 .17 trase ,0%5 .02 .0015

f. Morosecepic exsmination.

A specinen from sach plate was sxamined for monmetallic dstribtu-
tion and miorostructure,

pical nonmetallic Aistribution in the plates is illustrated
in Figure 2. Inoclusions typical of plate 8~1 are also characteristic of
type observed in plates 7=1, 6-3A, U=l, and 2-2.

The miorostructure of plates 2-2, Meli, 2.5, U-UA, and 8-1 was
tempered martensite with traces of ferrite, The structure of plates 3-3,
6-3, 6=3A, 8-5, 3=3A, and 7-1 wvas tempered martensite with grain boundary
ferrite. The microstructure of plate U=l revealed tempered martensite with
an appreciable amount of ferrite. Typical photomicrogrsphs are shown in

Figure 2.

The surfaces of plates 2-5 and 8-1 showed no evidence of
decarburisation, Numders 3=3, U=1l, 8-5 have layers of iron oxide inter-
nittingly dispersed on one surface; the remaining plates have layers on
both marfsces ranging frem 0.002% o 0,012% {n thickness. (See Figure 2-C
for illustration.) \

B, Steel soundness was satisfactory in all plates, Heat treatment
was spparently satisfastory; the varying amounts of farrite obdserved in the
microstructures are apparently a reflestion of the dorderline hardenability
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of the stesl amployed. The amounts 0f high temperature transformation
products formed upen quenching were not sufficient to cause unsatisfactory
ballistic behavior except in the case of one plate. This plate was of low
hardness, however; and, therefore, would probadly also dbe satisfactory under
the ballistic attack applied. Plates were of smufficient uniformity so that
ballistio results may be coneldered a function of the respective hardnesses,

. Yot
M. Yoffa
Asst, Phys. Soience Alde
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Major, Ord. Dept.
Chief, Armer Section
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