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Watertown Arsenal Laboratory
Report No, WAL 311/5
Problem No, G-2.1 29 May 194k
CAST STEEL
Lustrous Cavities in Steel Cast in Stationary Molds
OBJECT
To correlate .the occurrence of lustrous cavities as revealed by
tensile test bar fractures with ingot pine and segregation pattsrn
as observed by macroetch,
CONOLUSIQONS
1. There 18 an excellent correlation between the occurrence of
lustrous cavities as reveasled by tensile test bar fractnres with the
ingot segregetion vmattern as observed by macrostch - the greater the
segregation the more pronounced is the lustrous cavity condition,
2. The reduction of area value apneers to be a good index of
lustrons cavities snd substantiates the above conclusion, It is
believed, however, thet other factors affect the rednction of area

to guch an extent that its velue as an over-all index of lustrous

cavities is questionable.
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Associate Metallurgist
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Captain, Ordnance Dept.

Director of Laboratory.




AN sl e

L INTRODUCTION

T S R A S

i

The term "lustrous cavities" ssems to be peculiar to Watertown
Argenal, The term i1s used to describe lustrous areas that commonly

appesr on the fracture of tensile test bars from heat treated

centrifugally cast gun tutes. The nature and cause of lustrous

T e e

Fitia

cavities have been a topic of controversy for many years. Lustrous
cevities affect adversely the ductility of the metal as measured by
reduction in area.

Since lustrous cavities are obeerved in both static and centrifugal

castinge made from the same meltl. it was deemed advisable to attempt

A

to correlate the occurrence of lustrous cavities as revesled by tensile
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test bar fractures with ingot pipe and segregation pattern as observed

o)

by macroetch.

TEST PROCEDURE

BTG

A 350 pound melt of Watertown Arsenal Gun composition, made in

PRI

o
b
¥

the acid induction furnace according to standard production practice,

i

was poured into an ingot &" x 8" x 27", The melt had the following

g
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¥

analysis:

No hot top was used on the big-end-up ingot so that the unsoundness

due to pipe would extend far down into the ingot. The ingot was slow

cooled in ashes from casting to prevent flaking.

The ingot was split longitudinally along the centerline and macro-

otched, Transverse discs 3/4" thick taken from various locations were

1

Pappas and Bender. Lustrous Cavities in Stationary and Centrifugally t
) Cast Steel. WAL 314/69, 19u3, 1
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macroetched and heat treated. The heat treatment was as follows:
16500 F - 6 hours - water queach
1300°F - 6 hours - air cool,

From the heat trested diecs, trensverse tensile test bars were taken

3/8"%, 1-1/4", 2-1/8", and 3" from the center-line of tke ingot.,

DATA AND DISCUSSION

Figure 1 shows typical tensile bar fractures found in the heat-
treated test bars, They are classified visually as having (1) large
lustroue cavities, (2) lustrous cavities, (3) small lustrous cavities,
and (4) no lustrous cavities.

Figure 2 shows an unetched longitudinal view of the top end middle
sections (ton 18" of total 27" length) of the ingot split along the
center-line., This figure shows the extent of the shrinkage cavity.

Figure 3 shows a macroetched longitudinal view of the top and

middle sections of the ingot. Superimposed on this photogreph at the

proper locations are the code numbers for the type of fractures obtained

in the ten<ile test bars from the reveral locations, Figures 4 to 8

show the macroetched views of the transverse discs with the type of

tensile test bar fractures again superimposed at their various locations,

It is appsrent from these figures that the greater the segregation as

revealed by macroetch, the more pronounced the lustrous cavity condition

in the tensile test bar fractures. Any exceptions to this correlation

can be explained by the fact that the centers of the physical test bars

were of necessity a small distance, probabdbly 3/8", avay from the macro-

etched faces photographed, It would appear that the lustrous cavity

condition is associated with segregation, either metallic or nonmetallic,

or minute voids which impart a spongy appearance to the maeroetched

surfaces,
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The reduction of area figure has been sometimes used as an

index of lustrous cavities, Figures 9 to 1l are the same as

Figures 3 to 8, respectively, except that the reduction in area

i

% values are substituted for the type of fracture code numbers, In
%: this case the average reduction of area for each type fracture is
% ! es follows:

i

g’ Type of Frascture Ave, Red. of Area

g ' Large Lustrous Cavities 32.2%

M

. Lustrous Cavities 46,4

g{ Small Lustrous Cavities 52.4

‘r"}‘:}“

% No Lustrous Cavities 8.1

The reductlon of area value, hovwever, is influenced by other factors,

such as yield strength level 2nd microstructure, snd when several

&

AL

heats are considered it may be very insensitive as an index of severity

of luetrous e¢avities. Within the particulsr heat studied, the reduction

of area values substentiste the observation that the greater the

gegregation, the more nronounced the lustrous cavity condition,

For record purposes included in Avpendix A are the complete

phyeical properties of each tensile test bar.

GENERAL CONSIDERATIONS

From this study it appears that lustrous cavities can be reduced

in number and severity by reducing the amount of segregation. Freezing

rates, chemical compositions, metal cleanliness, metal distribution,

and physical size and shape affect segregation materially., In centrifugal

castings and in stationary castings many factors limit considerably the

variations obtainable in these factors to reduce segregation and luetrous

cavities,



= 2% SNEasiiioy 3 5 i e i e i 2 ,
Z 2z S Gt ey S i el s i oy 23 e T \.:”.. . ...nw.“b » m 2 a. .v . A .. i e i !‘ = wﬁ% BRI S .ﬁ.... = : ot T =3 i
> et - Slmceriy . .‘u‘ F.ﬂ» .ﬂn

X “OVW *53111AVD SNOY1ISNT ON — R

T 4 IpLy—£22° Nk ppS1 AVW 61 2 .
&= *g3111AVD SNOHLISNT T1IVAWS €% *S3ILIAVD SNOYLISNT — 2K *g3111AVD SNO¥LISNT 394V ~ I >

S3IYNLOVHI 3VE 3TISN3L 40 3dAl

IYNISHY NMOLU3LVM

9

o

P-4
m
o
z

M

W)

1
& if
w W i1
1l §:l
w. Mu w m <
i ] .w 5 & w
3 .
‘4}u. -a
—_N
@.,.,m

-y f g ”

4 S e s et S e e e e e




TR TRES

2%
B

e

FErR

STRE

<2

TR

EARRTE

SRS L

A
A

X

Ao :.,"3 fiid

i ,“,‘
R
J.\‘\.‘Lkhj‘.\.\‘iu

rfll]llllllllllllll
lntceles VA 2

ORDNANCE DEFT 'S A.

WATELTOWN ARSENAL .

UNETCHEO LONGITUOINAL VIEW OF TOP ANO MIODLE SECTIONS HEAT X%-(345
g"x8"x27" INGOT SPLIT ALONG CENTER LINE, W.,A, GUN COMPOSITION.
"AS CAST" 19 MAY 1044 WTN,223~-4740
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ORDIVANCE DEFT (U.SA.

WWATERTOWN ARSLNAL-

MACROETCHED LONQITUDINAL VIEW OF TOP AND MIDOLE SECTIONS HEAT X~1345, 8% x g% x 27%
INGOT SPLIT ALONG CENTER LINE, W.A. GUN COMPOSITION, "As CAST", FIGURES SHOW
Eo ATION AND TYPE OF TENS(L BAR FRACTURES AS FOLLOWS; (() LARGE LUSTROUS CAVITY

2) LUSTROUS CAVIT!ES, 3) SMALL LUSTROUS CAVITIES, 4) NO LUSTROUS CAVITIES,
MAY 1944 WTN,223-467647
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WATEKTDNN ACSE/NAL
MACROETCHEQ VIEW _OF HALF cROSS SECTIONS 2" (uprER) AND 5" (Lower) BELOW TOP OF g"xg"x27"
INGOT. HEAT %—1345. W.A. GUN COMPOSITIQN. Was CAST", _ FIGURES SHO LOCATION AND TYPE
|3 LLARGE LUSTROUS CAVITIES, (2) LusTROUS CAVITIES

WTN, 223467849

F TENSILE BAR FRACTURES AS FOL ows?
4) NO LUSTROUS CAVITIES., S MAY 1944

3) sMALL LUSTROUS CAVITIES.
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ORDNANCE DEFPT U.SA.

WATERTOWN ARSENAL.

MACROETCHEO VIEW OF MALF CROSS SECTIONS 63" &uppen) AND 8" (LOWER) BELOW TOP OF 8"xg"x27%
INGOT, HEAT X—1345, W,A. GUN COMPOS)T)ON, MAS casT", FIGURES SHOW LOCATION AND TYPE
?r TENSILE BAR FRACTURES AS FOLLOWS! (I} LARGE LUSTROUS CAVITIES., (2) LUSTROUS CAVITIES
3) SMALL LUSTROUS CAVITIES., ?43 NO LUSTROUS CAVITIES, 5 MAY 1044 WTN.223-46B0&1
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ORDNANCE DEFT ).SA:

WATELTOWN ARSENAL.

MACROETCHED VIEW OF MALF CROBS SECTIONS 10" (uppsnz AND 12" (LOWER) BELOW TOP B"Xxg"x27"
INGOT. HEAT X=1345, W.A. GUN COMPOSITION. "AS CAST". FIGURES SHOW LOCATION AND ~ TYPE
f TENSILE BAR FRACTURES AS FQLLOWS: Zl? LARGE LUSTROUS CAVITIES, (2 LUSTROUS CAVITIES
?3) SMALL LUSTROUS CAVITIES, ?4'5 NO LUSTROUS CAVITIES, 5 MaY 1944 WIN.223-468243
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ORPRNANCE DEFT L/ SA.
WATELTOWN ARSENAL..

MACROETCHED VIEW OF HALF CROSS SECTIONS 134" (uppzaz ANO 15" (LOWER) BELOW ToP 8"x8"x27"
'NGOT, HEAT X—1345. W.A. GUN COMPOS|T|ON, "AS CaST". FIGURES SHOW LQCATION AND TYPE
F _TENSILE® BAR FRACTURES AS FOLLOWS! (ls LARGE LUSTROUS CAVITIES, (2) LUSTROUS CAVITIES
?3) SMALL LUSTROUS CAVITIES. ?4'5 NO LUSTROUS CAVITIES. 5 MAY 1944 WTN,223-468485




A T

B BTG

Ty

1)

e
L5

¢

TR RSy

L;f;llllllll'lllllllllllsl

ORDNANCE [2:-T .S A.
WATELTOWN ARIENAL:
MACROETCHED VIEW OF HALF CROSS BECTION 17" BELOW TOP B"XB"X27" INGOT, HEAT X—1345, W.A.
GUN COMPOSITION. "AS CAST", FIGURES SHOW LOCATION AND TYPE OF TENSILE BAR FRACTURES AS
FoLLows: (1) LARGE LUSTROUS CAVITIES, (2) LUSTROUS CAVITIES, (3§ SMALL LUSTROUS CAVITIES
(4) No LuSTROUS cAVITIES, 5 MAY 1944 WIN.223-4686
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ORLDNYANCE DEFT _).S\A.

WATERTOWN ARSENAL-

MACROETCHED LONGITUDINAL VIEW OF TOP AND MIDDLE SECTIONS HEAT X—1345, @" x g" x 27"
INGOT SPLIT ALONG CENTER LINE, W.A., GUN COMPOSITION,

4 AS CaST", FIGURES SHOW
LOCATION OF TENSILE BAR TESTS ANO THEIR PERCENT REOUCTION IN AREA, WIN,223-467647
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ORDNANCE DEFT .SA.

WATELRTOWN _ARSENAL -

MACROETCHED VIEW OF MALF CROSS SECTIONS 2" (uppcnz AND 5" Lowsng BELOW TOP OF B"xB"x27"
INGOT. HELAT X—1345, W,A. GUN COMPOSITION, "As cast", FIGURES SHOW LOCATION OF TENSILE
BAR TESTS AND THEIR PERCENT REDUCTION IN AREA VALUES, 5 MAY 1944 WIN,223-467849
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ORDNANCE DEFT (.S A.

WATERTOWN _ARSENAL:
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MACROETCHED VIEW OF HALF CROSS SECTIONS 64" (Top) AND 8" (LOWER) BELOW TOP OF g"xg"x27%
INGOT. HEAT X-1345, W,A. GUN COMPOSITION., "AS CAST",.FIGURES SHOW LOCATION OF TENSILE

BAR TESTS AND THEIR PERCENT REDUCTION IN AREA VALUES. S MAY 1944 WTN,223-468041
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£ DEFT U SA.

WATERTOWN _ARSENAL.

MACROETCHED VIEW OF HALF CROSS SECTIONS 10" (UPPER) AND 12" (LOWER) BELOW ToP 8"Xx8"X27"
INGOT, HEAT X-1345, W.,A. GUN COMPOS!TION, MAS CAST", FIGURES SHOW LOCATION OF TENSILE
BAR TESTS AND THEIR PERCENT REDUCTION IN AREA VALUES, S MAY 1644 WTN,.223~-468243
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ORDNANCE DEFT () SA.

WATERTOWN ARSENAL

MACROETCHED VIEW OF HALF CROSS SECTIONS 134" (UPPER) aND 15" (LOWER) BELOW TOP 8"Xx8"x27"
INGOT, HEAT X-1345, W,A. GUN COMPOSBITION, "AS CAST", FIGURES SHOW LOCATION OF TENSILE
BAR TESTS AND THEIR PERCENT REDUCTION IN AREA VALUES. 5 MAY 1044 WIN, 223-468445
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ORDNANCE DEFPT &.S.4.

WATERTOWN ARSENAL.

MACROETCHED VIEW OF HALF CROSS SECTION 17" BELOW TOP 8M™XB"X27" INGOT. HEAT X—1345, w.A,
GUN COMPOSITION., "as CAST"., FIGURES SHOW LOCATION OF TENSILE BAR TESTS AND THEIR PER-
CENT REDUCTION IN AREA VALUES, 5 MAY 1044 WIN,223-4686
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i APPENDIX A
;{_.“;L
% Physical Proverties of Tensile Tegt 3ars Taken
a
§; From 8" x 8" x 27" Ingot - Heat X-13uR
4
4 Aporoximate Location
. Vertical Horizontal Yield
; Distance Distance Strength Tensile
Below From P.s. 1., Strength  Elong. R. A,
Top Center-lins  (.01% Offset) P.S.I. $ Fracturs

5 2-1/2% 2-1/g" 90,500 112,200 20.0 53.7 SLC
i 2-1/2 3 92,500 112,000 11,4 23,6 PRE
B . 5 1-1/4 gk, 00n 116,600 17.1  46.1 LC
% 5 2-1/8 93,000 1LF.0N0 19.3 52.9 SLC
Z 5 3 95,000 116,600 20,7 h0.6 c
£, 7 /8 85,000 104,600 10,7 23 6 LLC
o 7 1-1/4 88,500 109, €00 19,3 52.5 SLC
T 7 2-1/8 Q2,000 117500  1F.h 521 LC
o 7 3 94,500 1b,n0o 20,7 56,2 c
R g-1/2 /8 86,500 104,600 10,7  20.6 LC
i g-1/2 1-1/4 87,500 108,600 20.0 57.4 @
b g-1/2 2-1/8 91,500 112,000 19,3 £2.5 c
i g-1/2 3 91,500 111,500  20.0  57.0 c
%j 10-1/2 1/8 83,500 10k, ANy 14.3 33.5 LLC
y - 10-1/2 1-1/k 3,500 104,200 20,0 Rh.3 LC
% 10-1/2 2-1/8 gL, 000 109,820 20,7 52,1 c
& 10-1/2 3 85,500 108,00 20,0 R9.2 c
i 12 3/8 21, N0 104,100 11,k 32.6 LLC
il 12 1-1/4% 90,000 110,009 19,3 SN LC
@ 12 2-1/8 30,500 112,800 19.3 51.Y4 SLC
ﬁ; 12 3 91,000 111,000 21.4 59.9 C
& 1k 3/8 85,000 107,40 15, u3. 2 T
B 14 1-1/4 86,500 109,00 > 20,7 56.3 c
o 14 2-1/8 89,500 111,800 15.7 57.0 c
p 1k 3 92,500 112,400 1%.6 51,7 SLC
W 15-1/2 1/8 84,500 105,100  15.0 12,6 LLC
. 15-1/2 1-1/4% 85,000 107, 4on 21,k R1.7 LC
A . 15-1/2 2-1/8 87,000 109,30 20,0 56,3 c
i 15-1/2 3 87,000 108,500 20,7 R9.6 C
& 17-1/2 1/8 gl,000 105,400 15.0 36,3 LLC
& . 17-1/2 1-1/4 85,000 107,600 22,1 58.5 c
3 17-1/2 2-1/8 gl 500 109,400 22.9 59.9 C
1% 17-1/2 3 88,000 107,F00  20.0 59.6 c
.‘:*' i

5; Fracture:

® LLC - Large Lustrous Cevities

k. LC - Lustrous Cavities

SLC - Smaell Lustrous Cavities
e C - Cupped - No Lmstrous Cavities




