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BESTRICTED

2. Apparently, this casting was incorractly heat treatad by the

manufacturar, the exact details of which wors stated in racant correspondence
and are reproduced halow.

2

"0ur Eddystone Plant produced two experimental pieces from this pattern
vhich were numbered serial 3C and 9. AL the time that thege pleces were
produced they contained the heaviest matal thiokness of any armor casting
in preduction in our shop. <Thess pieces were heat treated with regular
produotion oastings of thinaer sactions, and our recurds indicate that in
" ‘the light of present knowleize they were under quenched. The fracture
specinens contained in this load which represented the produstion castings
wore satisfactory and test pleces attached to the shioclds themsgclves pro~
duced satisfactcry resvlts.” '

"The heat treatment which thess castings received is as follovs:

1 - heated to 1675°F - held six hours
2 - vater guencisd- five minules
3 = heated to 1200°-1225°F -~ held six hours.®

*You will note that the quenching time is only five minutes. It is our
ourrent practice to quench I-2% tusrrete¢ with a maximum metal section of Y4¥

for ten minutes and to quench sections of 6% in thickness for fifteen minutes.
As the maxizum sestion of the shield casting 1s approximately 6V, it is
evident that the quenching time used for the experimental suield casting is
éntirely itoo short. In addition, the tempering time of six hours is also
shorter then that which we are now using for sectione of tils thickness.®

3. Metallurgical examination on representative lampﬂn inoluded the
following tesats: '

&, Harduness tests (crose-sectional Brinell, Re qud. Knoop hard-
nees SUIvVaeys).

b- Fiuwie fructure test for revealing response to; heat treatment.

S. Heheat treatment of samuples resulting in m Q:uontially
Iiorous fragture.

d. V-notch Charpy impact tests.
8. Chemical analysis.

£. ; Migroscopic examination. AN

4, The results of the metallurgical examination arejas follows:

2. General Stesl Castings Corporation letter dated 20 Decamber 10WN.
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RESTRIONED

&. Hardness test surveys.

(1) Cross-sectional Brinell hardness survey.

On properly ground cross sections, five equidistantly
spaced Brinell hardness readings vere made through the sections. The results
are as follows:

Sample Srinell Hardness Readings

No, _Bange Average
88 255-262 - 261
86-1 25341 305

¢
As noted above, considerable variation in hardness was evident along the
cross section of sample ¥o. 88-1.

(2) BRo hardness survey.

Ro hardness readings were made on Oha.rpy bars taken from
the surface and the center. The readings, as noted below, reveal the surface
to be about 23 BHN harder than the center,

Converted to BHN

Sample No, 88 Rc Hardress Readings AVerage
Surface N-30-29 - 283.
Center 25-27-26 260

(3) Enoop hardness survey.

Knoop hardness impressions vere made upan martensitic and
bainitic areas of polished and etched metallographic samples. The impressions
are produced by & diamond indsnter under a load of 100 grams and then measured
on the ground glass of & microscope camera at a magnification of X1000. The
EKnoop hardness numbers are roughly equivalent to Vickers Pyramid hardness
numbers in the range 100-400 knoop. Results of the readings, as evaluated
bslow, indicate that the surface is harder than the center., This may be
accounted for by the porous condition of the center dstected under the micro-
. 800pe at & magnification of X100 on unetched metallographiq saxples,

Inoop Hardness Valuss
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2. Fibre fracture test for revealing responge tq beat treatment.
Q) 1e of shield "as-received®.

Fidbre fracture tests were made on propeyly notched speci-
nens and were rated with respecst to the fibre fracture teat for revealing .
response to heat treatment. A coarse orystalline fracture resulted. However,
as desorided belov in paragraph jo. vhen rehsat treated an essentially fibrous
fracture was odbtained.

8. t_treated at Watertown Arsenal. A section out from
one half of the tnotu:ro 88 was given the following reheat ktzrutmont: and whigh
when fraoctured revealed an esssntially fibrous fracture. ﬂa following is the
heat treatment: ¢

Temperature Time Coolant
1675°2. 3 hrs. water
1175°F. 3 bhrs. vater

8. Y-notch Charpy impact tests. V-notch ch&rpy§tutu vere made on
samples “"as-received" and after reheat treatment. Listed bDelov are the results
of the impact tests and the fracture ratings of the bars with respect to the
fidbre fracture test.

V-Noteh Charpy Impact Tests

"Ag-Beceived”
Sazple
No, tio Toup. Bt.Lbs, *Description of Fracture
+70°¥. 18.1 '
88 Hear Surface _ligey. 1.2 Cb
C: at Canter  [OR 222 o
+70°F, 6.9
g8-1 At Center _loer. 26 Cb
After Watertown Arsenal Reheat Treatment
1675°F. ~ 3 hrs. - water gquanch
1175°%, -~ 3 hrs., - water quench
+70°F. 77.6 T (some shrinkage)
8 A Center *loer. 30.3 ObZ(some shrinkage)

¥0b = Bright orystalline (camplete)

T = Fibrous

Cbf = Bright crystalline patch swrounded by fibrous border.
The very low values of the V-notch Charpy bars in the "as-received® condition,
noted above, are Lndiutin of Qoorly heat treated cast armor. Reheat treat-
ment resulted in the of the V-notch Gharpy impact valuss. The low
valus obtained at -L0® at the center of the section may have been due to tbn
presence of shrinkage. 1n this area.
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8. Cicmical analysds. The rasult of the chenical analyels
obtained was as follows:

Chemical Composition

C Mn 51 S P H ¢Cr Mo v Cu Al T™ B
"% B T35 0l 019 tr 2.56 W ail i TORF .03 ‘®r
f. Microscopic examination. Microscopic exanination was made on

samples, "as-received® and after the Watertown Arsenal rehqat treatment. These
samples were cut from the surface and center of the gun shield. The micro-
structure of samples located near the surface and at the oeuter of the section
in the "as-received® condition conasisted of large grains of martensite and
bainite with an ocoasional boundary of fine pearlite. ZXvidence of dendritic
segregation was noted in the microstructure which indicated that the casting
may not have been thoroughly homogenized (ASTM gr:in size Nos. 4-6). A
tempered martensite microstructurs was obtained after the rehsat treatment
mentionsd in the previous discussion. In regard to ths nordmetallic indlusion
content, the casting was fairly clean with oocasional sulpliide inclusions
scattered throughout the section. Hovever, the center secflon showed evidence
of porosity. Typlioal microstructurss of the material "as-Facelved" and afioar
roheat treatment are shown in Figure 1.

1

4}, The results of these tests indicate that the cast gun shield was
improperly quenched and teupered, resulting in o coarse crystalline fracture
throuzhout the section at & Brinsll hardness varying from 261 to 305, and an
excesdingly low V-notch Charpy impact valus. Although it is reported that
the casting investigated was tempered at 1200°F.-1225°F. for 6 hours, it is
believed that the casting was actually tempered at a conaiderabdbly lowar
temperature and at a much 3horter tims since a considerable amount ol marten~
site wap evideni iu ihe micreosiructurs. Furtheruore, the presence of pro-
nounced dendritic segregation detected in the microstructure indicated that
this castin; mey not Lave ien properi;” hopogeniged. It was noted, however,
aiter proper heat treatment sn essentiully fibrous fracture and a tempered
nartensite microstructure were obtained. .

M. Yoffg
Pihys. 3ci, alde

AFFROVED

E. L, D
Recearch Metallurgist
Acting Cnief, armor Section
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