WATERTOWN ARSENAL
LABORATORY

MEMORANDUM REPORT

NO. WAL 710/722

Metallursical Exomination of UM Thick Cast Armor

e —— e ————

This d~-ument has been cppxoved
for public releare and zale; its
; distribution is unlimiied.

Form No. SP(BE~38
L 18 July 1944

8Y

M. TOFFA
Phy. Sci. Aide

UNCLASSIFIED

DATE 13 Februery 1945
WATERTOWN ARSENAL

WATERTCOWN, MASS,

t”?c’./”L'

. o S
) I?"?z"/mé (U001







follows:

_Benge Average
255~ 269 262

b. Fibre fracture test.

A properly notched section was fractured and rated with respect
to the fidbre fracture test for revealing response to heat treatment, The sec-
tion exhibited a crystalline fracture, However, as descrided below in paragraph
3C wben reheat treated an essentially fidrous fracture was obtained.

c. Semples, 69xL¥x3/UY reheat treated at Watertown irsenal.

A section cut from the casting was given the following reheat
treatzents:

W.n, Heat Treatmentg

Temperature Time Coolant
(Retempered)
1125° 1. 34 hrs. Water
(guenched and Tempersd)
1650°F, Y hrs, Water
11258, 6 brs, Water

The section fractured after retempering remairned crysatalline. BHowever, when
quenched and tempered an essentially fibrous fracture wes obtained.

4, V-notch Charpy impact tests,

V-notch Charpy tests were made on saxples *as-received® and
after rebeat treatment. The low impact vslue obdtained at -UO°F, was probabdly
due t¢ a combination of factors, namely incomplete quench hardening as the
result of inadequate hardensbility and emdbrittlement by brittlemects. The
izpact value at -UG®F, we: reined to some degree by retempering at the
temperature used by tke manufacturer and subsequently quenching in water.
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V-Noteh Charpy lapact Tests

",s-Receivea”
Location Temp, ATRIT *Description of FPracture BHEN
+70°F. 0.7 Fe 1/3
Midwall 2
-4o°r, 17.1 43¢

After Watertown Arsenal Reheat Tresatments

Rotegperod
1125°F. - 3% bhrs. - water quench
+70°F. 43.2 F (tr, shrinkage)
Midwall 235
‘ho.rl 2!‘.7 c.bf

Quenched and Tempered

1650°F, - 4 hre. - water quench
1125°F, - 6 hrs. - water quench

+70%F. 35.8 Fc tr (1/3 shrinkage)

Midwall 25

-Lo°F, 39.1 P (srall am't shrinkage)

8. Chemical analysis,

The result of the chemical analysis obtained was as follows!

¢ Mn Si S P X1 cr Mo -V Ca B

20 .73 .M 01k .cl2 1,63 1.55 .62 N1} ,08 Tr

Undoubtealy tkis low carbon compoeition had insufficient hardenability to
proeperly quench harden throughout a section M® thick,

*F - Mdrous
Fo - Fidroas matrix with spots of crystallinity,

Cbf - Bright crystalline patch surrounded by fidbrous border.
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1. Microscopic examination,

Nicroecopic examination wae made or samples "as-received" and
after the Watertown arsenal guench and tempering treatrment. In regard to
nonretallic {nclusion content, the casting was fairly clean with occasional
segregated areac of sulphide inclusions in the primary grain bourndaries, The
microstructure in the "as-received” coniition consioted of fine cartides in &
ferrite matrix with carbides at the grain boundaries, . tempersd martensite
nicrostructure containing some ferrite wue evident ip tre microstructure after
the Watertown Arsenal reheat treatment. Typical microstructuree of the
casting "as-received" and after roheat treatment are shcwn in Figure 1.

4, In conclusion tktese tests inaicate:

a&. The mnterial haa inadequate harienability (0.20% C) to properly
quenck harden throughout,

b. The material was slishtly susceptible tc embrittlement by temper
brittleness,

c. Correlations were estabdlished between fracture, V-notch impact
teets and bullistic properties,
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Typical Microstructures of 4* Thick Cast armor
Magufactured by American Steel Foundries

"As-Received® Condition
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X100 . Unetched
Fine carbides in a matrix of ferrite Occasional pegregated ares of sul-
with carbides at great bounaaries, phide inclusions in the primary grain
boundaries.

after ¥, A, Rebeat Treatament

Tempered martencite contalning soue
ferrite at grain bnundaries.
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