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To determine physical property characteristics of
carbon-molybdenum gun steels containing various copper-

chronmium combinations.

Conclusionsg

Of the compositions tested, the maximum strength
and hardness values without appreciable loss in ductility
were obtained from the 1,06%,copper .66% chromium combi-
nation. While it would appear that a ratio of copper to
chromiun of approximately 1.6 produces the best proper-
ties, such a conclusion can only be tentative since this
investigation did not include copper-chromium ocombinations

where one element was held constant and the other varied.

Material

The material used for this investigation was in the
form of 1" rounds, forged from 60-pound ingots which

were inltially cast for the purpose of establishing

[ This document has been approved L 4G LI

for public release and sale; its i/
distribution is unlimited.




spectrographic standards. Transformation points to insure
proper quenching temperatures were obtained with the Leitz
Universal Dilatometer. The amount of material available
from each composition was only sufficient to provide two
tensile test specimens from each tempering temperature.
The results obtained are listed in the following tables

and physical property charts.

Discussion

From the fact that this investigation covered only
arbitrarily selected copper-chromium combinations in
which neither of these elements was held constant while
the other varied over a given range, any conclusions
from the results obtained can be considered only as
applying to the particular copper-chromium combinations
listed. Thus, while the test values indicate that the
combination df 1.06% copper, .66% chromium yields the
highest strength with no appreciable loss in ductility,
such evidence cannot be considered conclusive without
additional data as to the effect produced by varying

either one of these elements.

\ F £
In view of the desirable strength and ductility hor
O

properties imparted by the addition of copper and o 0

chromium to carbon-molybdenum steel, the scope of thisti°“—"_—““‘

study should be extended to cover more completely the ey
on
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Chemical Composition
ok Mo V& < _Cu O

No. Heat C_ _Mn
E | 1 2537 .205 .89
2 2343 ,235 .47
2 3 2344 .210 .72
’l 4 2345 .215 .74
’ , 5 12346 .230 .75
? 6 2348 .215 .68
\{ 7 2349 ,225 .69
)
2 1
1 ;
1 3

4
| 5
3 6
3
' 7
3
E
=
:

«430
.420
. 400
. 330
«390
.440
+465

.485

115 .055 .09 Resicdual
.106 .30 1.16
«116 .615 1.15
.10 .905 .85
.105 1.06 .66
.11 1.34 .83
.09 1.59 .26




Draw
Temp.

800°F

5 Ave,

900°F

Ave,

1000°F
Ave.

1100°F

Ave,

1200°F

Ave.

1300°F

Ave.

82, 500
83
82,750

85,000
86,000
85, 500

90,000
20, 500
90, 250

100, 500
98,750

94,000
95,260

86, 500
85, 250

Physical Propertie

No. 1 - Heat 2337 - Quenched from 1670°F - Drawn as noted.

113, 500
115,000
114, 250

116, 500
7
116,750

121, 500
19
120, 500

112, 500
114,500
113,500

102,000
103, 500
102,750

R o T R e G B SRS

Red. Brinell Rockwell "C"

65.0
68.0
66.5

Hardness

235

230

235

240

223

197

21

20

21

22

19

14
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No. 2 - Heat 2343 - Quenched from 1625°F - Drawn as noted.

Draw Hardness
Temp, Y.S.P. T. S. Elon. Red. Brinell Rockwell "C"
800°F 112,500 153,000 15.0 57.8
115,500 153,500 15.0 957.4
Ave. 114,000 153,250 15.0 57.6 313 34

' 900°F 122,000 154,000 17.1 59.2
120,500 154,500 15.7 57.0
Ave. 121,250 154,250 16.4 58.1 313 34

1000°F 121,800 152,500 17.9 59.2

E | 123,500 153,500 16.4 8.1
k| Ave. 122,500 153,000 17.2 88,7 313 34

1100°F 129,000 154,500 17.1 659.2

| 124,000 151.000 17.9 62.3
b | Ave. 126,500 152,750 17.5 60.8 305 33

1200°F 110,500 126,000 20.0 67.0
113,500 130,500 19.3 83.7
Ave. 112,000 128,260 19.7 65.4 260 26

; 1300°F 91,000 107,000 24.3 71.7

I 89,000 105,000 24.3 869.8
F Ave. 90,000 106,000 24.3 70.8 212 17




No. 3 - Heat 2344 - Quenched from 1625°F - Drawn as noted.

Draw
Tenp.

800°F

. Ave.

;i 900°F

Ave.

1000°F

Ave.

1100°F

Ave.

1200°F

Ave.

] 1300°F

~

%
)

~X.S.P.

137, 500
134, 500
136,000

143,000

137,500
140,250

137,000
139
138,000

114, 500

122, 500
118, 500

98,000
101,000
99,500

. S

172,000
169,000
170, 500

169, 500

167,000
168,250

165,000
6
165,000

164,000
63
163, 500

132, 500
135, 500
134,000

110,000
111,000
110,500

Ly les WS Swsegicaidl

Elon. Red.
15.0 56.3
14.3 57.0
12.8 ©56.7
15.0 54.1
16.4 56.5
15.7 ©bb.2
7.3 ©59.2
17,1 59,6
7.1 59.4
18.0 59.6
18.6

18.3 59.4
20.0 66.1
2.0 85.1
20.0 65.6
24.3 68.6
24.3 69.3
24.3 68.9

Hgrdnes

e oBgrdness. o
Brinell ckwell "c"




No. 4 -

900°F

Ave,

1000°F

Ave.

1100°F

Ave.

1200°F

Ave,

1300°F

Ave.

Heat 2345 - Quenched from 1625°F - Drawn as noted.

X.8.P.
122,000
129, 500
125,750

133,000
146
139,750

125,000
135. 500
130, 250

136,000

119,000
118,000
118, 500

94, 500
98,000
96,250

PS5
157,000
64

160, 500

160,000
6
164, 500

161, 500

134,000
131,000
132,500

Elon.

15.0
13.6
14.3

Red.

.. @Fdnegg .
Brinell Rockwell "(C®

322

342

322

322

265

207

Hardness

35

37

35

35

27




900°F

Ave.

1000°F .

Ave.

1100°F

Ave.

1200°F

Ave.

1300°F

Ave.

Heat 2346 - Quenched from 1625°F -~ Drawn as noted.

¥.5.P. T. S
154,000 182,500
151,500 182,000
152,750 182,250
157,000 179,000
158,500 181,000
157,750 180,000
156,500 177,500
156 178,500
156,500 178,000
151,500 171,500
153,000 171
152,250 171,250
127,500 139,000
128,000 138,500
127,750 138,750
106,000 116,500
27,000 11 0
101,500 114,750

-8-

Hardness
Bed. Brinell Rockwell "C*
52.9"

1.4

372

372

372

352

283

230

40

38

30

20

i T A it b G i
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No. 6 - Heat 2348 - Quenched from 1625°F - Drawn as noted.

Draw _Hardness

Temp, Y.S.P. T 9. Elon. Red. Brinell Rockwell "G"

800°F 129,000 164,500 14.3 54.4
134

15.7 54.4
Ave. 131,750 166,250 15.0 ©54.4 349 37

900°F 141,500 168,500 15.7 53.7

3 144,000 171,000 16.4 54.4
33 , Ave. 142,750 169,750 16.1 54.1 352 38
ff
E | : 1000°F 137,000 163,000 17.1 57.8
z 136,500 163,500 17.1 56,7
Ave. 136,250 163,250 17.1 57.3 332 36

| 1100°F 140,000 162,000 16.4 57.4
b 140,000 163,500 17.1 57.4

Ave. 140,000 162,750 16.8 57.4 332 36

1200°F 124,500 138,000 20.0 62.0

124 137,000 19.3 61.3
Ave. 124,250 137,500 19.7 61.7 283 30

j - 1300°F 100,000 113,000 22.9
; 105,000 116,000 22,9 67.7
22.9 67.2 230 20

Ave. 101,500 114,500
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No., 7 -

Draw
Temp.

800°F

Ave.

900°F

Ave.

1G00°F

Ave.

1100°F

Ave.

1200°F

Ave,.

1300°F

Ave.

Heat 2349 - Quenched from 1600°F - Drawn as noted.

¥.5:P, .5
147,000 175,500
147,500 174,000
147,250 174,750
151,000 174,500
148,500 173,000
149,750 173,750
140,500 164,000
140,500 161,500
140,500 162,750
142,000 163,000
138,000 160.000
140,000 161,500
127,500 137,000
131.000
129,250 138,500
97,000 112,000
98,000 112.500
97,500 112,250

EETLT % o R i S S,

Elon.

14.3
13.6

————dgranegs . ..
Red. Brinell Rockwell "CY

51.0
£2.9
51.8

67.0
87,7
67.4

H

363

363

332

332

283

223

e

39

(<))
0

30

19

Respectfully submitted,

N C. Momm

H. C. Mann,

Sr. Materials Engineer.
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