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1~ UNCLASSIFIED

¥atertomm Arsenal Laberatory

Memorandun Report Number WAL 710/60k
Final Report on Problem B-M,27

5 April 1944

Netallurgical Examination of Fourtesn
J " Rolled Homogeneous Armor Platoc

Abstract

~ Metallurgical examination, including Brinell hardness
determinations, macroetch tests, fracture tests for steel
soundness and response $0 heat treatment, and miarescopiec .
exaaination, was condusted on eash of fourteen (1¥) 3/8% '™
homogeneous armer plates furnighed by Greai Lakes Stesl
Gorporatien and tested at The Ordnance Rescarch Oenter as
a part of the effect of hardness program. Steel soundness,
with respect to freedem tfnn_J.gg_n_gﬂ\onl, wvas satisfactory
in all plates exaept one'(Numbder 155). All plates had been
satisfasterily heat treated as indicated By the fidre test
and microsecopioc examination. C =

1, As requested by The Ordnance Research Center, Aberdeen Proving
Ground, A.P.G. 470.5/M170 - Wtn 470.5/9053, metallurgical examination
has been completed on samples from fourteen (14¥) 3/€ ineh homogeneous
armor plates of varicus hardnesses furnished by Great Lakes Steel
Oorporation and tested at The Ordnance Ressarch Center as a part of the
effect of hardness pregram. All plates were rolled from the same heat
of steel, a high hardenadbility manzanese~chromium-molybdemum analysis
treated with a boren addition. Ballistic results vill be reported in
Report AD-514 ef The Ordnance Research Center.

2. Metallurgioal exemination included the following tests:

oo e UNGLASSIFIED

Iraoture tests for steel soundness in tis $wo rolling directions,

I la & |p

Fracture test for response to heat %remtucnt (Fibre Test).
Microscopie examination.
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3. The details of the metpllurgicnal evaminati-ne are as follows;

a. Brinell hrrdness, Brinell hardnees Aaterminations were made
on one face of each vlate aftsr ceraful srinding to a depth of 1/16 inch
to remrve all decerburizatinon, Impreasinns were made with a standard
Brinell machina usins a 3000 kilosram loed and a 10 MM tuncsten carbide
ball, The valued repsrted below are bYased upon four iapresaions on each
prlate,

Brinell Aardnesa Reaults

Plate No, Range BHN  Avergge BHN Plate Mo, Rance BAN  Averare BHN

29 401 ko1 42 63 363
) 3%88-L01 191 153 Lk Lu
33 363..388 182 15L L29ulyk Lko
15 128 388 155 429 429
38 341-363 352 156 321331 323
39 341 341 157 111.321 316
] 3188 388 158 293302 300

Hardnens valuep were sufficiently uniform on each plate to indicate
comnlete guench hardenins followed by an mdecuate tempering cycle to give
uniform hardneaes throughout the plates,

b, Macroetch tests. The results of the macroetch teets are shown
as Fipure 1, Sersresation is anparent in the majority of the plates but
not to a harmful degree, Spesimens from plates 1KL, 156, 157, and 1%8 are
longitudinel; the balance are transverse gpeacimens, In photographing
the sectinons, the firure 1 was mistakenly prefrced to the plate numbers
of plates in the first group, numbers 29 - U2,

¢. Fracture tests for steel s-undness snd response to heat
treatmant (Fihre Test)., Fracture testas for steel soundness were made on
snecimens from each plate in both directions of rolling after the samples
had been tempered at 105C°F to yleld a hardness nf aporoximetely 300-330
Brinell. The temrered camnles were Droken slowly in an arbor press, The
fibre test samrles vere froctured in the as-received heat treated condition,
Samples approximately 2" wide vere n-tched in equi'istsntly from erch
side laeving a 4" lensth of “racture and broken uniformly repidly by a
blow from a ateam forge hamaier, The resulta of the two tectes are shown
below:

LIR4AY 8O
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Fracture Teat Results

' Steel Soundness Tests Fibre Test
Plate No, *Longitudinel Trensverse Direction _Rating
29 B B Transverze Mixed (hish hardness)
11 B B Transverse Hixed (high hardness)
13 B B Transversa Fibrous
15 B B Trensverse Fidbrous
18 B B Tranaverse Fibrous
39 B B Traneverae Fibrous
41 B c Transverse Fibrous
Lo B c Tranaverse Fibrous
153 B B Transverse iiixed (high hardness)
154 8 B Longitudinal  iiixed (high hardness)
155 D D Transverse liixed (hi;sh hnrdnesa)
156 B c Longitudinal Fibrous
157 c B Loneitudinal Fidbrous
158 B B Longitudinal Fibrous

*Longitudinal - plane ~f fracture parallel to majnr r>llins direction,

Specinens for stael snundnes« vere rated in accordence with the standards
of snecification AXS.UKE, Reviainn 2, The fracture tests ¢id not show
the "woody" tvne fracture to an appreciable degree, The fibre test
froctures of plates in evcass of 3%Z brinell in hardrees slinwed a small
amrunt of crystallinity vhich s a functisn of the steel analveis and the
hardness and dnes not reflect Door heat treatment or incourlete ouench
rardanine,

4. Microscopic examinetinn, Specimens fron cach plate were
examined for ocuantity and tyve of nonmetellic inclusions, grain sicze,
decarburization, and metallorsraphic structure, The g£~sin size, determined
by microneopic means on several plates, was a uniform £ - 7 A,S.T.M,
Decerburization was nerlisible, The results of the microscoric exam-
ination on each plate are revorted below.
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(1), Plste 29, BAN 401, Strinpgers of alumina tyve inclusions
well dispereed throughout section. Tempered martenzitic structure,

(2). Plate 31, BHY 291, Clean steel, contnining scettered
sulphide and silicate inciusions, Temnered mnrtensitic structure,

(3). Plpte 33, BN 382, Clean steel, containin- scattered
rulphide and silicate inclusions. Temupered aartensitic structure,

(1), Plate 35, BHN 388, Strincers of alumina type inclusions
vell diapersad throu~hout section. Temuered martensitic structure,

(5). Plate 38, BHN 352, Fairly clean rteel with silicate
inclusiong well dietributed, Tempered martensitic structure
nrominent carhidaes,

()., Pl~te 39, BHN 241, Fairly hisn concent ‘ation of
sllicate inclugsions at center of eection, eimiler %o plate 155,
sre Flpgure 2B, Temvered martensitic structure,

(7). Plate L1, BHN 388, TFairly high comcentration of
alumina tyne inclusions ve'l dlatributed thraushout the section,
see Firure 2A, Temcered i prtensitic structure,

(R), Flate L2, BUN 3f3. Fairly clean steel with wniformly
distributed silicate inclusionr, Tenrered martensitic structure,
ace Figure 2D,

(9). Plate 153, BEN LLL, TFairly clean steel with uniformly
distributed silicate inclusions, Temperead martensitic structure,

(10). Plage 154, BHN .40, Fairly clean stesl with uniformly
¢istributed silicate inclusions, Tempered nartansitic structure,
see Figure 28,

(11). Plate 155, BHN 429, TFalrly hish ¢ ncentration of silicete
inclusions, easpecially at center of section, see Ficure 2B, Tempsered
martensitic structure,

(12), Plpte 156, BEN 323, Falrly high concentration of silicate
inclusions, esprecimlly st center of section, Tempered martensitic
atructure,

(13), Plate 157, BHN 316, Transverse microscecimen. Feirly
clean steel with rilicate Iinclusions well distributed, see Flgpure 2C,
Tempered martensitic structure, see Figure 2F,

(14), Plate 158, BHN 200. Failrly high concentration of
silicnte inclurione well distributed, Temnered mirtensitic structure,

-l
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Steel cleanliness is belleved to be =atisfactory. Althoush the nonmetallic
content was falirly hich in scme cnses, the inclusions were well distributed
in the majority of the pl:utes, Heat treatment was uniformly sstisfactory
in all cases as evidenced bv the unif-rm tempered nartensitic structures,

4, All platee but nne (number 155) are considered to be satisfactory
vith respect to freedom from laminationa, Jeat treatment wes rroperly
crrried out on a steel of ~decuate hrrdenabllity t» produce uniform
temnered nartensitic micro<tructures,

N. A, MA?PTHWS
Major, Ordnance Tept,
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