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Metallurgical Examination of Six 1/2 Inch 

Rolled Homogeneous Armor Plates Manufactured 

by Oreat Lake« Steel Corporation 

ABSTRACT 

Metallurgical exafflination» including Brinell harinees surveys, 

fracture tests for steel soundness and fibre, and inaoroetch tests, 
was conducted on each of the six plates furnished by S-reat Lakes 

Steel Corporation, Microscopic examination was made on two plates 

and a chemical analysis taken of one. All plates were satisfactory 

with respect to steel soundness. The plates at hardnesses of 

3S3 Brinell and above developed some crystallinity in the fibre 

fracture test. Crystallinity in this material is attributed to 
tenner embrittlement, 

1, As requested by the Ordnance Research Center, (APO 470,5/5864 . 

Wtn 470,5/8121(r)), metallurgical examination has been completed on 
sections from six (6) 1/2 inch rolled homogeneous Plates manufactured bv 

the Great Lakes Steel Corporation and tested at Aberdeen as a Part of the 

effect of hardness program. Ballistic test results will be reported in 

Amor Teet Report AD-515 of the Ordnance Research Center, Armor Branch, 

2, Metallurgical examination included the following tests: 

g. Brinell hardness surveys. 

b. Fracturo teet for steel soundness, 

c. Fracture test for response to heat treatment, 

d. Macroetch tests. 

e. Chemical analysis. 

f. Microscopic examination. 
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3. R«r\lta and Dlgcusa^n. Hesults of the netallurricul examination 

are ns follows! 

â* Brinell luirdnoiss. 

A surface and cross section of each pinte was Blanchard 

¿round to a de^th of 1/lf. inch to remove any traces of décarburisation. 
Brinell hardness readings were then taken on each section; the average 
hardness was obtained from four readings taken at equally spaced 
intervals. Results are listed below in Table I. 

_Ay9T{V~J Hft^nq8.se|4 BHN 
surface £m& fog&Bfl 
U15 415 
38g 388 

388 388 

388 388 

363 363 

363 352 

b Fracture test for steel soundness. 

Sections, approximately 6* In langth and 3" vide were cut 
from each sample in both directions, notched transversely, tampered at 

10JD0? to reduce the hardness uniformly to approximately 3OO Brinell, 
and then broken slowly under a Baldwin Southwork hydraulic testing 
machine. The results are summarised in Table XI. 

Fíate 

43 

45 

47 

50 

51 

53 
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e. Fracture test for response to heat treatment. 

Sections the same sice as above were notched transversely 
to a depth of 1/2 inch from each side and broken rapidly under a drop 
weight mechanism. The sample broken in one direction was as-received, 
whereas the second sample, taken in the opposite rolling direction, was 
tempered at 1050®F. Because of efficient cross rolling, it was difficult 
to distinguish the directional properties. 
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Steel Sotmdaesg Testa 
Longitudinal Tr^j^gverao Tempered 

Fibre Teat 
Aa-Received 

flbroue Mixed, crystalline along 

centerline. 

45 

U7 

50 

51 

33 

c 
B 

B 

C 

B 

B 

B 

B 

B 

B 

Flbrou* 

Fitroue 

flbroue 

fibrous 

Fibroue 

Mixed, mainly fibroue 

fibroue 

Mixed, ellght crystallinity 
i 

fibrous 

Fibrous 

Reference to Table X will show that crystallinity develops to a small 
degree in this steel at hardnesses of }88 Brinell and above. Temper 
embrittlement is considered the cause. 

d. Macroetch tests. 

Macroetching of a section from each plate revealed pronounced 
centerline segregation in plate 5I and uniformly distributed segregation 
in plate Uj» ^5, and Uj. Plates 50 and 53 axhibited no Pronounced 
segregation. Photographic results are shown in figure 1, 

C 

.32 

s. C.henjgfil .ar^ljjg.ls. 

The ohemical analysis obtained of plate U5 was as follows t 

Mn SI S P Hi Or 

I.50 .31 .019 .022 Tracs .50 

Jk 

.28 

JL 
Hll 

Í. Microscopic examination. 

▲ section from plates 4} and 5X> was examined for nonmetalllc 
inclusion distribution and aiorostructura. Both plates were fairly dirty 
with a high content of silicate-oxide nonmetalllc inclusions and some 

sulphides, flats 43 had occasional stringers of aluminum oxides. The 
microstructure of both elates was a tempered martensite, decarburisation 
was negligible. See figure 2 for photomicrograph« of typical microstructures. 

4. Since all Plates were fibrous or essentially fibrous it may be 
assumed that the plates were thoroughly quenched, thus indicative of 
proper heat treatment. The fracture test for etesl soundness revealed 
that the plates were satisfactory with reepeot to steel soundness. 
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5r««t I^akes Sta-1 Corporation 1/? Inch Rollel Arsor 
Typical Mlcrostnicturo*

XlOO Unatchad XIOOO Plcral

Plata U3
•*.

a*.

Slllcata-oxlle and aone ralphlde non- 
aetaillc Inclusicna. Ocoaalonal 
aluBlna oxida atrlnp;ara.

Tam'^erad nartanalta with a Brlnell 
hardneaa of 415.

Plata 51

Slllcata-oxlda and soma aulnhida non* 
matallic inclusions.

Teranerad :Artanslts with a Brlnell 
hardness of 3^3»
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