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Matallurzical ingtion of Sec m 6" S
R
Experimental MIAED? Asganlt Turret ;*uﬁ
Marmufagtured by Union Steel Caetings Divisjon ﬁ_:%
of Blaw-Enox Company S
\ ABSTRACT . P
T
nls report covers the investigation of a CKR cas S
Nf) Thi rt the 4 igation of 6‘ thick cast RN
- sample whioh wae evalusied by the fracture test, Charpy imract R
tests, microscopic examination, and hardensbility tests, The S
results show that the casting, heat treated to 207 Brinell _,J
. bardness, exhibited o mild tendency toward brittleness which I:rqﬁi
Probably would not be observed In balligtic tests g¢onducted SICHEN

nat navmal tamnaratiurs o
e W AN e A v

~
UL AVALOD, \

l, As requested in a letter from the Office, Ohief of Ordnence- L
Detroit dated 2% April 194k (0.0.M. 470,5/Watertown Arsenal - ARG
Win 1&70.5/8101(:')). an investigation has been conducted on a sample
obtained from an MUATER assault turret manufactured by Union Steel
Castings. The ballistic results on this turret are recorded in Armor
Test Revort AD-668 by the Ordnance Research Center, Absrdeen.
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2, The fibre fracture test showed that the castiing possesses falr MR

tonghness under normal conditions, However, the rresence in the fracture .umai

- ot avproximately 10% crystallinity and inferior Charpy impsct values at RS
" <4OOP indicated that there was some tendency toward brittleness. The AEEN
v samnle possessed a uniform hardness of 212 to 201 Brinell aeross the : :':-j-‘_ﬂ-f-:
ED thickness, T
;'; 3., The metallurgical examination consisted of the following tests: L——-——i
rJ ‘ :.‘ A.""<
I-ﬂ 2. Chemical analysis, R

b. End quench hardenadpility tests, ‘é 53\“‘&' E‘;\ %%\F\Eg ‘
%o , Fa'd ' R
¢. Brinell hardness survey. %_ ‘Q%ﬂéb i .
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4. Fibre fracture test.
* v e. Venotch Charpy imraect tests at 680F and ~-LOOF,

L. Macrostch test.

The end quench hardenadility test was conducted acoording
io the method cutlined by the A.85.T.M, The austenitiszing temnerature
16250P) used by the manufacturer iz insuffiglens to dizsolve the
earbidee completely and consequently the hardenadility 4s impaired. A
higher sustenitizing temperature 117250F), which comoletely dissolves o
the cuarbides, results in a consideradly higher hardenability as indicated .
by the hardness surveys, ses Figure 1, 4 microscopic exrmination of the ;

22 gueanched dar which had Yean sRIIRILISSA at 172597 revaaied that there

voers no transformation eonastituents other than martensite dPresent at
the alir cooled end,

8. Haxdness

Brinell hardness readings vere made every 1/2 inch asruss
the thickness of the plate and the results are as follows:

Station 1 2 3 4 5 .5 1. 8. 9. .10 11 Ave,
) | 212 212 207 201 207 201 201 201 207 212 212 207

& Moroscopis examination, .

4, The results of the metallurgical examination are as follows! :

s Chemionl anlzaly. .

The casting was made from a medium manganese, 2.7% chromium,

.5% molybdenum steel having the following analysist j':‘:j -

&~ Baporteddy . O ¥ 54 3 P N O N VU e
Unien Steel Castimgs .29 1,11 .M 018 .035 — 3,08 .51 -~ -
VWatertown Araenal .29 .98 .39 ,015 ,021 -- 2,70 .46 .06 ‘ i
. Haxdenability :’_44
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The hardness of the nlate is lower than is lesired for
6" ermor from a resistance to nenetration standroint, The manufacturer

ﬁt Probadly used a low hardness, however, in order to obtain the desired
] toughness, »
r; R
b 4, Fragture and imract tests. e
e
ho A section was flams notched on both sides and cns face N
L such that the unnotched arsa was 4Y"x\" and broken rapidly under a Drens s
H {a forge hammer or other imvact machine large enough to dreak the IR
L,

fracture bar was noi availlable)., The fracture was mainly fibrous having
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: a 1/4" crystalline zone at the edge of the fracture and sca.tered 1
crystallinity throughout., Another bar 2" thick, whose widt) was the

thickness of the plate, vae notched in the 2" directlon and broken under e

a forge hamner, The fraecture was very much like the Ireviouna one, the i;f;ﬁ

1/4" crystalline band beins at the last edge to be droken, There is ;jafnj

a tendency for this samnle to exhibit brittle nropertles although it 1a 'v;\Lg

not marked, ARSI

V-notched Charpy impact tests were made to su»nlemsnt the TR

results of the fracture test and the data are shown im Table I, The ® ..
imnact pProperties at the center of the plate are not aovreciadbly RN
different from those observed at the midwally and, therefore, it may de S
sssumed that the toushness aoross the thickness is quite uniform. The RN
drop 4n impact value at ~LOOF reflects a tendency toward brittle e
vroverties, However, it is felt that this material possesses sufficient MRS
toughness to withstand ballistic attack conducted at normal temneratures o :1
without cracking, S

1

Table I o

Vonoteh Charpy Imoact Data i—_k}
68°F R ' - ““

Location IHEnergy - ¥t, Lbs, TFracture* ZEnergy - Ft, Ibg, Fragtur

71.0 r 48,0 Obr 3/4
Center
" 79.0 ¥ 47.0 Cor 3/4
67, r g, s Cove 3/L
Midwall
TL.5 r 28,0 coe 374

sF =« Fibrous

Cbf 3/4 = bright crystaliine natch with fibrous edge, 75% of the area
being crystalline,

It was considered that the low imvact strength might de
assoclated with temver bdrittleness which was not comrletsly eliminated
in water quenching the 6" casting from the tempering temperature, A
- small section (1"x3"x3") was retempered at 12509F for 3 hours and water
. quenched, V-notch Charny tests at -40°F ylelded values of 50.5 and 54,5
Ft. Lbs. These values are not significantly higher than those obtained
from the as-recaived material, and, therefore, the inferior toughness
cannot be altogether attributed to temver brittleness,
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8. Macroetch test.

A sectlon vas neacroetched in hot acld tc reveal the non=
metallic serremation and “orosity, see Figure 2A, The sccliion possessed
a small amount of serreratlon and “vorosity throughout the cross section,
This o:ndition 1s consietent with the scattersd DPerosity observed in the .
fracture, )

L
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f. Microseoovic expmingtison. S

¥o unusual éistributions of nonmetallic inclusions were ?{fﬁ

observed in the specimens exanined, The microstructure consiated, for the W
most vart, of scheroidiged carbides randomly oriented in the ferrite RTR
matrix, eee Figures 2B and C, A small amount of free ferrite and chaln BEREN
formations of carbides were observed throughout the sectlon, There was e

no acticeable difference hetwaen the structure at the midwall and at
the centsr., Occaslonal serecations of undiassolved carbides were observed
indicating incomplete carbide solution prior to gquenshing,

. . -4 J’
L

.
S 7T

i From the temvered microstructure 1t is difficult to evaluate
the constituents formed u-on euenching, but 1t is known that a considerable
quantity of nonmartensitic transformetion structures sare formed upon
quenching a 6" thick section »f the subject analysis safter an austenization
trantmant such as that am:loved dy the manufacturer,
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5 The »roverties )f thls casting are satisfactory to meet rresent
ballistic requirements, “evertheless, it Possessed a hardness (207 Brinell)
lower than that desirsd for optimum resistance to penetrstlon. It is
considered that increasin” the hardness of this material would impair its
shock resistance aonreciably since brittleness is accentuated at the
hirsher hardnesses vhen temmered nmartensitic structures are not obtainad,

The "resence of intermadiate transformation structures formed upon
quenchin~, which are res: >nsible for the inferior impsct strength, may
be decreased by austenitizing at a higher temverature (1725°F) to dissolve

t the alloy carbides nors comdletely,
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L P, V. RIFTIN
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Asst, Netallurgist
APPROVED

= Y G Wk
- N. A. MATTHEWS

Jﬂ Major, Ordnance Dept,
Ohief, Arnor Section
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ROCKWELL C HARDNESS
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| 2 3 4 S 678910 (2 14 16/82024/40
DISTANCE FROM WATER COOLED END OF S TANDARD?

"HARDENABILITY BAR- SIXTEENTHS

PLATE HEAT K QUENCGH
NO. NO. | C [MN|SIi| § [P |NI |CR|MO} ¥ TEMATIME 6.8.

— | .37 {98 |.37| .0/5 .02/ 27|46 | 06 /625 | 3.
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Strusturs of 6" M4AZRR Assault Turret

Mamufactured by Union Steel Castings
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Midwvall - Tampered martemnsite and

Painite.

X1000

Pioral

Center - Tempered martensite and

bainite with a small amount of free

farrite.

Misrostructure




