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WATERTOWE ARSENAL LABQRATORY

Memorandum Report

Final Report on Prodlem B-60

18 Ootober 1943

METALLURGICAL EXAMINATION OF

JORD MOTOR CQMPANY 1" CAST ARMOR TEST PLATES

1. The Proving Center, Aberdeen requested (APG U470.5/7526,
V.A. 470.5/6620(r) that -otanurrieal examination be condusted on six
(6) 1" cast armor test plates submitted dy the Ford Mator Oompany for
test under the program at The Proving Center on the effect of hardness
on ballistic properties. The plates axamined vere one of two at each
bardness value vhich constituted the twelve (12) plates whoss dallistic
results are reported in The Proving Center, Armor Test Report AD-1350,

2. Bamples from six plates were received from The Proving Center,
numbers 27354, 2735B, 2627, 26278, 2642B and 2663. Metallurgical
exaninations were oonducted as follows:

Tracture tests.

([-4
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Surface and cross-sectional Brinell hardnesses,

Miocro examination.

lo

e

Jominy hardenability and chemistry on plates 2627 and 2735B.
3. Ths results of the metallurgical examinations are given delow:

a. Jragture Tests. Fracture tests for the quality of the
heat treatment were condnoted on each plate. Samples approximately 2°
vide by 6" in length were broken by the impact of a forge hammer. The
resulting fractured surfaces vere examined for texture, shrinkage porosity
and indicdtions of poor steel making practice. Photographs of the frac-
tures at 13X magnification are shown in Figure 1.

(1). Plate 262]. Essentially fidrous fracture but
showing some orystallinity, fine shrinkage at the center .
of the’section and traces of the conchoidal type fracture
visidble along the upper edge of the fracture.
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(2). Plate 2627§. Cempletely crystalline fracture
indicating poor quenching practice.

(3). Flate 2]735A. MNixed fracture (50% orystallime) mad
showing fine shrinkage porosity in central third of the

seotion.

(4). Plate 2735B. Mixed frasture (LO% crystalline) con-
siderable shrinkage at center of section and small amounts
of the eoncholdal type fracture.

(5). Plate 26428, IEssentially fidrous, showing slight
traces of orystallinity at center of section, scattered fine

porosity and traces of the conschoidal type of frasture.

(6). Plate 2663. As fractured the plate appeared essen-
tially fidbrous but besause of the high hardness (375 Brinell)
vas Qifficult to interpret. After retempering to 321 Brinell
an essentially ecompletely fidbrous fracture was obtained.

0f the six plates, only number 2663 had been sdequately quench hardened,
Plates 26278, 2735A and 27358 had been poorly quenched. The conchoidal
ocondition observed to a slight extent in several of the plates is associated
vith poor melting and deoxidation practices, tut is not considsred haraful
unless existing in greater amounts than observed in these samples.

b, 3Brinell Hardnesses. Surface Prinell hardnesses and hardnesses
aoross the section were odtained on each plate as shown delow.

Cross Sectional BHN
Plate Number Surface BHN _Range Average

2627 338 321-34 33
26218 1 321-352 33
2735A &5 262-293 27
gasn 285 2T7-285 28)
23 3n 331-352 348
2663 384 363-388 315

The above valuss are, in general, considerably higher than those reported
by the manufacturer. This is because of the consideradle surface de-
carburisation on the plates. It was necessary to grind to a 1/8" depth
to get ascurate surfase Brinell readings. The surfase hardness readings
are the average of four (U) essions wvhereas the oross-sestional
averages are the mean of six (6) determinations at equi-spased intervals
across the thickmess.

8. Meoroexanination. Micro specimens scross the thickness of
each plate weres examined fer steel cleanliness, grain sise, extent of
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decarburisation, and miecrostrusture., The results on each plate are shown
belov. Examples of the microstruotures are illustrated in Figure 2.

(1). Plate 262]. Fon-metallic inclusions well
distributed, Average cleanliness, Decarburization, .OM"
on one face, .02% on opposite face, average .03", Orain
size 6-7. Microstructure consists of tempered martamsite
plus considerable amounts of high temperature transformation
produsts inoluding ferrite.

(2). Plate 262]8. Non-metallic inclusions well
distriduted. Average cleanliness, Decarburization .02"
on both faces., MNicrostructure consists of large amoumnts
of high temperature transformation products including
ferrite plus tempered martensite. (See Figure 2.) Orain
sige 6-7. Shrinkage voids at center of specimen,

(3). Plate 2735A. HNon-metallic inclusions well
distributed, Average cleanliness. Grain sise 6-7. De-
carburisation .02" on each face. Microstructure comparable
to plate 26278,

(4). Plate 27358, Similar to 2735A in all respects,
except considerable centerline porosity visidle.

(5). Plate 2642B, Non-metallic inclusions well
distriduted. Some large silicate inclusions visidle,
aversge cleanliness. Shrinkage voids at center of section.
Decarburization .035" and 03", Micrestrmcture consists
essentially of tempered martensite with slight trages of
ferrite.

(6). Plate 2663. Average non-metallic condition.
Shrinkage porosity at center of section. Deocarburization
.020" and ,03%, average ,05". Grain size 6-7. Micro-
struoture essentially tampered martensite with small
amounts of high temperature transformation products in-
cluding ferrite.

The steels are satisfaotory with respect to scleanliness. The microstructure

of plates 2627, 2627S, 2735A and 27358 is such as would result in poor shook

properties. These plates had not been properly quench hardened, as evidenoed
by the large amounts of high temperature transformation products.

4. Chemistry and Jominy Hardenability. Chemical analyses and
Joxﬁny hardenabilities were obtained on plates 2627 and 2735B. The results
follow:

-3-
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Flste o, 0 Mp 884 _S _P H _COr Mo  Ou A

Al
2627 28 134 51 019 .023 .15 33 22 .1 .05
271353 .29 1,00 .39 .018 .027 .16 . L2 .15 06

These analyses check 0losely with those reported by the manufacturer. The
high residual aluminum contents are prodadly somevhat responsible for the
conchoidal fracture tendencies. The Battelle Memorial Institute has asso-
ciated the conchoidal fracture with either high aluminum or nitrogem contents
or more usually a comdination of these elements. The Jominy hardenadility
curves are shown in Figure 3. KHeat 2627 retains 42 Rookwell C as 8/16 inches
from the bar end, which is approximately equivalent to a 14" thick plate
quenched in still water at 70°F. Under this same oriterion, heat 27353
should quench out in still water in plate thicknesses up to 1,2" thickness.
It 1s evident, therefore, that the wide differences in degree of quench
hardening of the six plates are the result of a variable quenching practioce.

4, The reported Brinell hardnesses of these plates are in error in
most cases, These hardnesses were used in the plotting of the curves in
report AD-380, The &rrors prebably resulted beocauses of severe decarbdurisatios-
of the plate surfaces. The ballistic shock results on this series of plates
should not de taken as representative of satisfactory cast armor since the
plates vere not satisfactorily quench hardensd in the majority of cases.
Such pearlitic mierostructures are mown to produse inferior shock resistance.

. A, MATTHEVS,
Najor, Ord. Dept.






TYPICAL MICROSTRUCTURES
TORD 1" CAST ARMOR TEST PLATES

(Photomicrographs at Center of Section)

Incompletely quench hardehed,
Temperad martensite with
considerable amounts of high
temperature transformation
products including ferrite.
Plates 2735 A and B similar,
Plate 2627 somewhat less ferrite
evident.
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Essentially tempered martensite,
Slight amounts of ferrite and
carbide segregates visibdble,
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