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Low-Temperature Mechanical Properties of Copper and Selected

Copper Alloys

A Compilation From the Literature

R. P. Reed and R. P. Mikesell

In the past 60 years considerable data has accumulated concerning the mechanical properties

of copper and its alloys. It was felt that there was a great need to adequately document these results

in one publication. Therefore a unique type of compilation is presented. The compilation is divided

into four parts. The first section is intended for quick reference use for those who are interested

in average values. The second section includes data from most of the investigators who have pub-

lished results on the mechanical properties of copper and its alloys. The third section is composed
of tables classifying the investigations which were not included in section two. These usually involve

investigations in which data were obtained only at one temperature, such as room temperature. The
fourth section lists, in alphabetical order, all references used.

Key words: compilation, copper, copper alloys, low temperature, mechanical properties.

Introduction

In the past 60 years considerable data have been accumu-
lated concerning the mechanical properties of copper and
its alloys. Earlier investigations were primarily concerned
with hardness, tensile strength, creep, and fatigue of copper

at ambient temperatures and above. Gradually, with the

introduction of new alloys and low temperature testing

techniques, the scope of materials, temperature, and type

of tests has broadened. However, it is not possible to find

in one publication an adequate and thorough compilation

concerning the mechanical properties of copper alloys.

It was felt that the need for such a publication was great.

With this in mind, we are grateful to the International

Copper Research Association (INCRA) and to the Copper
Development Association for funding this compilation.

The selection of the alloys was based on INCRA advice.

They include pure copper plus some of the common solid

solution copper alloys (copper-zinc, copper-nickel, copper-

aluminum) and some age-hardened alloys (aluminum
bronzes, copper silicon, copper-zirconium). The only major

alloy group which was omitted but perhaps should have
been included is the copper-beryllium series. However,

this group was included in the Cryogenic Materials Data
Handbook,* and the reader is advised to refer to this pub-

lication to obtain references and average properties for

copper-beryUium alloys.

The compilation is divided into four sections. Section I

is intended for quick reference use for those who are inter-

ested in average values. Section II includes data from most

of the investigators who have published results on the

mechanical properties of copper and its alloys. Section III

is composed of tables classifying the investigations which
were not included in Section II. These usually involve

investigations in which data were obtained only at one

temperature, such as room temperature. Section IV lists,

in alphabetical order, all references used in this compi-

lation. The preceeding paragraphs serve to document the

procedures followed in this compilation.

The average values, plotted on pages 2 to 13 are esti-

mated from the curves of Section II. Common material

conditions for which data are available are included. How-
ever, in cases where it was thought that the data may not

be representative or where only scattered, possibly unre-
hable data points are available, then that particular alloy

or condition or temperature region was omitted.

Section II includes all available mechanical property
data for the selected alloys with two exceptions. If investi-

gators included only single temperature data (such as room
temperature) and not time-dependent curves (such as stress-

strain, fatigue, or creep) then the data were not included.

Investigations of this nature which usually document trends

'Obtained through Office of Technical Services, U.S. Department of Commerce, Washington, D.C..

designated PB 171809.

of tensile properties or hardness as a function of metal-

lurgical variables, such as grain size or irradiation, are

listed in the tables of Section III. Some experimental data,

particularly those obtained from single crystals, were not

included in Section II. These data usually represent the

results of flow stress, microstrain, or elastic constant

experimental work. All references of Sections II and III

are included in Section IV. In Section II the table adjacent

to each graph lists all pertinent experimental and material

information. If experimental or material details are omitted,

it is because the information was not available in the

reference. All individual temperature data points are plotted.

However, the point at each temperature represents an
average of the individual tests performed at the given

temperature. Creep and fatigue curves for a given temper-
ature are average curves. Stress-strain curves were only

included if the stress and strain were continuously recorded
to fracture. Again, it seems appropriate to emphasize that

if information is lacking on either the tables or the graphs,

it may be assumed that the reference has failed to include it.

Considerable effort was made to present all of the usable

data from the literature. Articles as early as 1895 are in-

cluded. No data, regardless of its suspected reliability,

were deliberately omitted. All temperature points are

included even though some of them are probably in error.

Great importance was placed in presenting all of the data

in Section II, so that an informed observer could use his

own discretion in evaluating the data. Part of the program
sponsored by INCRA included tensile, notch tensile, and
elastic modulus tests from 300 to 4 °K and impact tests

from 300 to 20 °K. The results of this test program are

referenced in Section II under reference number 1.

Many papers included reliable data on copper and its

alloys which did not fall within the scope of the compilation.

It was felt that these articles should be included in the bibli-

ography and somehow referenced. The tables in Section III

are the result. By referral to these, the reader may note the

articles in which specific tests have been performed on a

given alloy series. It is thought that these reference tables

will also be valuable to the reader in describing the various

tests that have been performed on a specific alloy. Similarly,

knowledge may be obtained regarding the investigations

of specific metallurgical parameters (such as irradiation on
a given alloy or alloy series). About 30 review papers are

included in the references and are listed in the table on
page 144. Discretion was used in choosing these papers,

since many more exist in published form, particularly in

trade journals. In a few cases, data were taken directly

from a review paper, since the source of the data could not

be adequately located nor referenced.

Over 700 individual papers were examined and data were
selected from the 465 references listed in Section IV . We

V



have undoubtedly missed some pertinent references, ft

however it is hoped that these omissions are minimal. ft-lb

Finally, for a publication of this magnitude, many others G.L.

have taken part. The authors wish to thank L. Berenbaum gm
and W. Hawkesworth who have helped in the preparation G.S.

of the tables and graphs. Mrs. L. Cottony provided valuable hr

assistance in the procurement of over 700 papers which °K
were examined in this Monograph. The authors wish to Kc.p.s.

express their gratitude to L. Ericks, who was responsible kgm
for the majority of the figure drafting, and to Mrs. C. Dall- Kt
man, who performed most of the typing. Also, as previously

stated, the authors are indebted to the International Copper
Research Association, who have provided the necessary

funds for the performance of this program. Mc.p.s.

mm
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Section I

In this section average values, taken from all investiga-

tions used in Sections II and III, are plotted. This is

intended for quick reference.
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Mechanical Properties of Copper
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Mechanical Properties of Cu-Zn (Brass)
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Mechanical Properties of Cu-Zn (Brass)
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Mechanical Properties of Cu-Sn (Phosphor Bronze)
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Mechanical Properties of Cu-Sn (Phosphor Bronze)
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Mechanical Properties of Cu-Si (Silicon Bronze) and Cu-Ni-Si
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Mechanical Properties of Cu-Si (Silicon Bronze) and Cu-Ni-Si
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Mechanical Properties of Cu-Ni
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Mechanical Properties of Cu-Ni
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Mechanical Properties of Cu-Al-Fe (Aluminum Bronze) and Cu-Al-Fe-Ni
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Mechanical Properties of Cu-Al-Fe (Aluminum Bronze) and Cu-Al-Fe-Ni
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Section II

Mechanical property data from all investigations for

copper and its alloys.

15



Contents

Copper
Tensile and yield strength 18

Tensile and yield strength (electrolytic tough pitch) 22

Tensile and yield strength (oxygen-free high-conductivity) 23

Tensile and yield strength (phosphorized) 25

Tensile elongation 26

Tensile elongation (electrolytic tough pitch) 29

Tensile elongation (oxygen-free high-conductivity) 30

Tensile elongation (phosphorized) 30

Tensile reduction of area 31

Tensile reduction of area (electrolytic tough pitch) 34

Tensile stress-strain curves 35

Tensile stress-strain curves (electrolytic tough pitch) 37

Hardness 37

Impact energy 38

Fatigue behavior 40

Fatigue behavior (electrolytic tough pitch) 42

Fatigue behavior (oxygen-free high-conductivity) 43

Creep behavior 44

Creep behavior (electrolytic tough pitch) 47

Creep behavior (oxygen-free high-conductivity) 48

Stress-rupture behavior 49

Modulus of elasticity 51

Modulus of rigidity 53

95Cu-5Zn (gliding metal)

Tensile and yield strength 54

Tensile elongation 54

Tensile reduction of area 55

Impact energy 55

Fatigue behavior 56

Creep behavior 56

Modulus of elasticity 57

Modulus of rigidity 57

90Cu-10Zn (commercial bronze)

Tensile and yield strength 58

Tensile elongation 58

Tensile reduction of area 59

Tensile stress-strain curves 59

Impact energy 60

Fatigue behavior 60

Creep behavior 61

Modulus of elasticity 61

Modulus of rigidity 62

85Cu-15Zn (red brass)

Tensile and yield strength , 62

Tensile elongation 63

Tensile reduction of area 63

Tensile stress-strain curves 64

Impact energy 64

Fatigue behavior 65

Creep behavior 66

Modulus of elasticity 67

Modulus of rigidity 67

80Cu-20Zn (low brass)

Tensile and yield strength 68

Tensile elongation 68

Tensile reduction of area 69

Impact energy 69

Fatigue behavior 70

Modulus of rigidity 70

71Cu-28Zn-lSn (admiralty brass)

Tensile and yield strength 71

Tensile elongation 71

Tensile reduction of area 72

Tensile stress-strain curves 72

Impact energy 73

Creep behavior 73

Modulus of elasticity 74
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70Cu-30Zn (cartridge brass)

Tensile and yield strength 75
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65Cu-35Zn (yellow brass)
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Tensile and Yield Strength of Copper

TEMPERATURE, °F
-400 -300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF,

NO,
Cu Zn Sn At Ni Other

66a Annealed. Wire sample - 0. 030 inch diam. , all aamples
from aame wire, curve is average of values for annealing

temperatures 482° to 1742*F.

99.

999
66

66b Annealed 482'F - 1 hr. in air - 0. 012mm. C. S. Wire
sample - 0.030 inch diam. . all samples from same wire.

Y. S.-O. 5% strain.

99.

999
66

Annealed 662°F-lhr. Ha atmos -0.01 5mm . G. S.

Other specifications same as 66b.

99.

999
66

Annealed 1022°F - 1 hr., Hg atmos. - 0.030mm. G. S.

Other specifications aame as 66b.

99.

999
66

66e Annealed I 382 • F - 1 hr . , H 3 atmos. - 0. 045mm . C. S. 99.

999
66

66f Annealed 1742-F - 1 hr.. H, atmos. - 0.090mm. grain

size. Other specifications same as 66b.

99.

999
66

^36a Annealed 932'F - 5 hre. Bar sample - 0. 2 inch diam. ,

strain rate = 1000 inches/inch/sec

236

Annealed 900°F - 1 hr - air cooled Bar sample - 0 212

inch diam.. crosshead rate = 0.05 inch/minute. <0.00I
inch between sample axis and loading axis.

270b Bar sample - notched; 0.212 inch diam. at notch. 60* notch

angle - < 0. 00 1 inch notch radius (K =3 10, 3) - 0,233 inch

outer diam. Other specifications same as 270a,

270

270c 0, 286 inch outer diam. Other specifications same as 270b, 270

279a Soft. 279

282 Annealed 1472°F - 1/2 hr. - bar supplied - 5/8 inch diam.

Bar sample - 0, 394 inch diam.

99. 7! 282

302b Annealed. 99. 9 302

459a Annealed 1157*F - 2-2/3 hr. - pickled. Wire sample -

0. 114 inch diam. , constant load applied while wire was
heated at 5, 4"F per minute until sample broke.

99- 96 0, 04O 459

•

459b Heated at 36° F per minute. Other specifications same as

459a,

99. 96 0, 04O 459
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TEMPERATURE, "F
-400 -300 -200 -100 0 100 200 300 400 500

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION { weight%) REF.

NO
Cu Zn Sn A( Ni Other

NO.

7 5a Annealed, Bar sample - 0. 504 inch diam. 99. 98 75

75b Annealed, Bar sample - 0. 2 5 inch diam, . Y.S, - 0,1%
offset.

99. 98 75

95 Annealed 932°F, Strip sample - about 0,039 inch X about
0, 1 inch cross-sectional area, fracture strength recorded.

95

164 Annealed 932°F-2 hrs. - 0. 017mm. 0. S. Bar sample -

0. 158 inch diam, . strain rate = 0,00017 inches/inch/sec

.

99. 9f 164

170 Annealed - bar supplied - about 0. 35 inch diam. Bar
sample - 0. 118 inch diam.

99. 9 1 70

182 Annealed 1472°F - water quenched. Sheet sample - reduced
section 0. 788 X 0. 197 X 0.0945 inch.

182

198a Annealed 932°F - 5 hrs. - furnace cooled 12 hrs. to room
temp. . bar supplied - 3/8 inch diam. Bar sample - 1-1/8
inch long X 0. 2 inch diam. reduced section, strain rate -

8100 inches/inch/minute.

198

198b Strain rate = 27,000 inches/inch/minute. Other specifi-
cations same as 198a,

196

198c Strain rate = 54.000 jnches/inch/minute. Other specifi-
cations same as 198a,

198

2 36b Annealed 932°F - 5 hrs. Bar sample - 0. 2 inch diam.
,

strain rate = 1 inch/inch/aec

.

236

236c Annealed 932'F - 5 hrs. Bar sample -0.2 inch diam. .

strain rate = 0.001 inch/inch/sec.
236

285b Annealed 1202°F - 1/2 hr. Bar sample - 0, 197 inch diam.
Y.S. - 0.01% stram.

285
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Tensile and Yield Strength of Copper

TEMPERATURE, 'f

:4p0 -300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu tn Sn At Ni Other

Annealed HSl'S - after hoi rolling, plate Bupplied. Bar

sample - reduced section d']/l inches long X 0.418 inch

diam., crosshead rate = 0, 5 inch/minule.

99. 45 0,03 0. 4Afl, 0. 06P 78

78b Annealed 138a°F - after hot rolling, plate supplied. Bar

sample - reduced section Z-\/i inches long X 0. 418 inch

diam., cross head rate = O.dS inch/minute.

99, SI 0. J8As. 0. 05O,

0. 03Ni
78

78d Soft, plate supplied. Bar sample - reduced section t-X/l

inches long X 0, 418 inch diam. Crosohead rate = 0. Lb inch/

98. 60 0. 78 0. 45Si, 0. 05Fe,

0. 05P, 0. 02A6
78

89a Annealed to "dull red"- air cooled. Bar sample - 0. 1 18 99. 4 0. 5 0. IPb 89

M5a Annealed 1 1 12°F - I hrs. Bar sample -0.5 inch reduced

diam. . fracture strength recorded, Y. S. - 0, 3% offset.

99. 75 0. 23As 145

316a Annealed - 0. 045mm. G. S. , bar supplied - 0. Mb inch

diam. , Y. S. - 0. 5% strain.

99. 60 0,01 0. 32A8, 0. oap
0. 02Fe

316

316rr Annealed - 0. 0,d5mm. G. S. , bar supplied - 0. \lb inch

diam. Y. S. - 0. 2% offset.

99. 53 0, 46Te, 0. OIP 316
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TEMPERATURE, °F
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight7o) REF.

NO.
Cu Zn Sn At Ni Other

78c Cold rolled to hard temper, plate supplied. Bar sample -

reduced section 2-1/2 inches long X 0. 418 inch diam.
,

crosshead speed = 0.25 inch/minute.

98. 60 0. 78 0. 45Si, 0. 05Fe,

0. 05P. 0. 02Ab
78

9la Hard. 99. 09 0. 91 91

253a Drawn 88. 97d from hot rolled aar. bar supplied - 1/4 inch

diam. Wire sample - 0.083 inch diam.
253

2S3b Dray,^ 80. 7% from hot rolled bar, bar supplied - 1/4 inch

diam. Wire sample - 0. 110 inch diam.
253

2 53c Drawn 67. 97o from hot rolled bar, bar supplied - 1/4 inch

diam. Bar sample - 0. 142 inch diam.
253

253d Drawn 95. 6%, bar s-applied - 0. 4 inch diam. Wire sample -

0. 083 inch diam.
99. 5 0. 5Mg 253

253e Drawn 92. 2%, bar supplied -0.4 inch diam. Wire sample -

0.110 inch diam.
99. 5 0. 5Mg 253

279b Worked. 279

28 Sa Hard drawn. Bar sample 0. 197 inch diam. Y.S. -

0.01% strain.

235

316b Cold drawn 21% - = 45, bar supplied - 3/4 inch diam. 0, 21Te 316

'316c Cold drawn - Rg = 56, bar supplied - 3/4 inch diam.
,

Y.S. - 0,2% offset.

99. 64 0, 35Te 316

316d Drawn 37%, bar supplied - 0. 125 inch diam. Y. S, - 0, 2%
offset.

99. 53 0.46TC, O.OIP 316

460a Cold drawn 24.97«, wire supplied - 0. 114 inch diam. Wire
sample - 0.099 inch diam. , constant load applied while
wire was heated at 35° F per minute until sample broke.

99. 72 0. 180, 0. lOPb 460

460o Cold drawn 42.4%. Wire sample 0.036 inch diam. Other
specifications same as 460a.

99. 72 0. ISO, 0. lOPb 460

460c Cold drawn 50.87i.. Wire sample - 0,080 inch diam. Other
specifications same as 460a.

9 *. 72 0. ISO. 0. lOPb 460

460d Cold drawn 74.8%. Wire sample - 0.057 inch diam. Other
specificatio.is same as 460a.

99. 72 0. 180. 0. lOPb 460
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Tensile and Yield Strength of Copper

TEMPERATURE, 'F

CU RVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn Ai Ni Other

27b As rolled, electrolytic tough pitch, bar supplied - l/2 inch

diam. Bar sample - reduced section - 2-1/2 inches long

X 1/4 inch diam. , stress rate constant: 1120 psi/minute,

tested in carbon dioxide.

?9, 92 0. 08O 27

27c As rolled, bar supplied - 1/2 inch diam. Bar sample -

reduced section - 2-1/2 inches long X 1/4 inch diam.
,

stress rate constant: 1120 psi/minute, tested in both air

and hydrogen, but differences in test results negligible.

*9, 54 0. I3As, 0. 130,

0. lOPb, 0. 08Sn,

0. 02Fe

27

28 Rolled, bar supplied - 1/2 inch diam. Bar sample - re-

duced section - 2-1/2 inches long X 1/4 inch diam.
99. 84 0. 08O, 0.015 28

179b Cold worked, electrolytic tough pitch. Bar sample - 0. 177

inch diam.
179

210 Cold rolled, oxygen-free high -conduc tiv ity , bar supplied,

0.875 inch diam.
?9. 97 210

302a Cold rolled. Y. S. 99. 9 302

422b Rolled. Bar sample - 0. 72 inch diam. 422

465a Hard (original condition). Wire sample - 0. 197 inch diam. .

sample strained to hard condition - then tested after 1/4

hr. , Y. S. - 0. 2% offset.

465

465b Tested after 1 hr. Other specifications same as 465a, 465

465c Tested after 256 hrs. Other specifications same as 465a. 465
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TEMPERATURE, °K

TEMPERATURE, "F

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

li Aged 450°C - 1 hr. - 0.203mm. G. S. . ^ 68 - after

first heating to 950°C - water quenching - then cold drawing

85-90%. bar Bapplied - 3/4 inch diam. Bar sample - re.

duced section; 1.5 inches long X 0.2 47 inch reduced diam. ,

crosshead speed = 0.02 inch/minute.

Bal

With

Zr, t

he ex

ese (

eptio

emer
, of

:s are

0. 18Zr. 16ppm
Ag, 12ppm S.

2ppm As, 5ppm
Sb. < 3ppm O

1

Ij Notched sample - 0.250 inch diam. at roots of circumfer-

ential notch - 0. 005 ± 0. 0005 inch notch radius (K-r = 5. 0).

Other specifications same as li.

I

92a Heated 1562T - 1/2 hr. - water quenched. Y. S. - 0. 2% 99. 77 0. 23Zr 92

143a Aged 750 to 800T - 1 to 2 hrs. , - Rg = 48 - after cold

drawing 75%. bar supplied - 3 inch diam. Bar sample -

reduced section - 2.25 inches long X 0 . 48 inch diam . .

Y. S. - 0. 27, offset.

99. 84 0. 16Zr 143

143b Rg - 57. Other specifications same as 143a. 99. 82 0. 18Zr 1 43

281a Aged at 752 *F - after cold drawing 54%. Bar sample -

0. 25 inch diam. . crosshead speed ; 0. 02 inch/minute.

99. 85 0. 1 5Zr 281

231b Aged at 707°F - after cold drawing 84%. Bar sample -

0. 25 inch diam. . crosshead speed = 0.02 inch/minute.

99. 85 0. 15Zr 281

281c Aged 842*F - after cold drawing 84%. Bar sample - 0. 25

inch diam..c rosshead speed = 0.02 inch/minute.

99. 3 0. 7Cr 281

298b Aged ("fully heat treated"), bar supplied - 3/4 inch diam. .

crosshead speed = 0. 1 inch/minute.

9^, 4 0. 6Cr 298

100 200 300 400
TEMPERATURE. °K

500
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Tensile and Yield Strength of Copper

TEMPERATURE, °F
-400 - 300 - 200 -100 0 100 200 30C 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight^)

NO.
Cu Zn Sn Al Ni Other

190a As caat, electrolytic tough pitch. Bar sample, 2 tests/temp 190

190c Ab cast, oxygen-free high -conductivity. Bar sample,
I tests/temp.

190

190e As cast, phosphorized, bar supplied. 2 teste/temp. 190

195b Irradiated approx, 2 12* F - 6 months - in flux of 6 X 10 '
^

alow neutrons/cm Ysec. - total dose was 5. 1 X 10 slow
neutrona/cm^- after annealing at 842°F - 1 hr. . oxygen-
free high-conductivity, wire supplied - 0,080 inch diam.

Wire sample - 6 inches long X 0. 048 inch diam. , strain

rate = 0.000082 inch/inch/sec. , Y.S. - 0. 2% offset.

195

252a Hot rolled, electrolytic tough pitch, bar supplied - 1,53

inches square, Y.S. - 0.2% offset.

99. 96 2 52

252b Hot rolled, bar supplied - 1.58 inches square. Y.S. -

0. 2% offset.

99. 5 0. 5Mg 2 52

367e Drawn at 302''F - 88.7%. electrolytic tough pitch, bar sup-

plied - 0,25 inch diam. Wire sample - 0,025 inch diam . ,

212'F tests made in boiling water - 419'F tests made in

hot Criaco, 3 teste at -310°F - 2 tests other temps.

367

367£ Drawn 64.5% at 302 °F - 3 testa each at room temp, and

212°F. Other specifications aame as 367e.

367

367g Drawn 34.8%at 302°F - 5 tests at -310°F. Other
apecificationa aame as 367e.

367i Drawn 34,8% at 392°F - 3 testa each at -310 and 212°F.

Other apecificationa aame as 367e.

367

395a Irradiated with 10
^"^ neutrons/cm^. 395

395b Irradiated with 10 neutrona/cm^. 395

395c Irradiated with 10 ^ ^ neutrons/'cm ^

.

395

433a Irradiated with 3 X 10^^ fast neutrons/cm Vsec . for 3 weeka-

after first annealing approx. 400''C to 0.4mm. G. S, - then

swaging 507o, wire supplied - 0,085 inch diam. Wire
sample - 0,060 inch diam. , lower yield strength plotted.

99.

999

433

433b 0.076mm, C, S. Other epecifications same as 433a. 433

433c 0.013mm. C. S. Other specifications same aa 433a. 433
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Tensile and Yield Strength of Copper (Electrolytic Tough Pitch)

TEMPERATURE, °F

CURVE

NO.
MATERIA!* AND T-EST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn AC Ni Other

145b Annealed 111^°F - 2 hrs. Bar sample - reduced section -

2 inches long X 0. 5 inch diam. , fracture strength recorded.

Y. S. - 0. 3% offset.

1 15

179a Annealed 1Z<)2.°F - 1/2 hr. , Na atmos. Bar sample - 0. 177

inch diam.

179

190b Annealed bOO'F - 1/2 hr. - after rolling at IZOO-F. Bar
sample - 2 tests/temp, except at 150 and 350°F.

190

213 Annealed 1112°F - several hrs. , Ar atmos. Wire sample -

0.02 inch reduced diam.

0. 03O 213

316e Annealed - 0.025mm. G. S. Bar sample - 0. 125 inch diam.,

Y.S. - 0.2% offset.

99. 9b 316

3I6t Annealed 1150'*F - 1/2 hr. - 0.040mm. G. S. - after hot

rolling. Sheet sample - 1/2 inch wide X 1/8 inch thick,

tested parallel to rolling direction. Y.S. - 0. 2% offset.

99. 90 316

367b Annealed 1382''F - 5 minutes - after cald drawing 96%. bar

supplied - 0. 25 inch. Wire sample - 0. 025 inch diam. ,

212°F tests made in boiling water - 419''F tests made in

hot Crisco, 3 tests at 212°F - 2 tests at each of other

temps.

367
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TEMPERATURE. °F

-400 - 300 - 200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO,
Cu Zn Sn AC Ni Other

22a Annealed 932''F - air cooled. Bar sample - 0. 138 inch diam.

strain rate .^0.001 mch/inch/sec. . Y.S. - 0. 57^ offset.

99. 9 22

22b Strain rate 100 inches/inch/sec. Other specifications

same as 22a.

99. 9 22

27a Annealed 1382°F, CO; atmos, - 2 hrs., bar supplied -

1/2 inch diam. Bar sample - reduced section 2-1/2 inches

long X 1/4 inch diam.. stress rate constant: 1120 psi/

minute, tested in carbon dioxide.

99. 92 0. 08O 27

64a Annealed. 64

78e Annealed 1382°F - after hot rolling, plate supplied. Bar
sample - reduced section 2-1/2 inches long X 0. 418 inch

diam. , crosshead speed - 0. 25 inch/minute.

99. 91 0.03 0. 0 4O. 0. 01 As 78

89b Annealed 1382°F - water quenched. Bar sample - 0. 118

inch diam.
89

92c Soft. Y.S, -0.2% strain. 92
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Tensile and Yield Strengtth of Copper (Eleetrolytic Tough Pitch)

TEMPERATURE. "F
-400 -300 -200 -100 0 100 200 300 400 500

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION 1 weight%l REF

NO.
Cu Zn Sn At Ni Other

NO.

64b Drawn 50%. 64

Cold drawn 25%. Bar aample - 0. 505 inch diann. , cross-
head speed - 1/4 inch/minute.

99. 97 263

308 99. 9 0. 03O 308

316g Cold drawn 21%, bar supplied - 3/4 inch diam. Bar
sample - 0. 505 inch diam.

316

Drawn 84%. Bar sample - 0. 125 inch diam.
, Y. S. -

0. 57e strain.

99. 96 316

316i Cold rolled 5-7% - 0.042mm. G. S. - after hot rolling and
annealing 1150°F - 1/2 hr. Sheet sample - 1/2 inch wide
X 1/8 inch thick, tested parallel to rolling direction,

Y. S. - 0. 27, offset.

99. 90 316

316J Drawn 84%. Bar sample - 0. 12 5 inch diam . , Y.S. -0.2%
offset.

99. 95 0. 0 1 0. 03Ag 316

367a Cold drawn <)6%. bar supplied - 0.25 inch. Wire sample -

0.025 inch diam. , 212°F tests made in boiling water -

419°F tests made in hot Crisco, 2 tests/temp. , breaking

367

367c Cold drawn 64.5%. Other specifications same as 367a. 367

367d Cold drawn 34.8%. Other specifications same as 367a. 367

367h Heated 302'F - 10 minutes - in oil - after cold drawing
<»67o, bar supplied - 0.25 inch diam. Wire aample - 0.025
inch diam., 212°F tests made in boiling water - 419°F tests

made in hot Crisco, 2 tests/temp, except at 212°F: 4.

367

200 300 400

TEMPERATURE, "K
500

Tensile and Yield Strength of Copper (Oxygen-Free High-Conductivity)

CURVE

NO,
MATERIAL, AND TEST PARAMETERS

COMPOSITION (weight%) BEF

NO.
Cu Zn Sn At Ni Other

152 Annealed - 0.025mm. G. S. - Rp = 34.0, Bar sample -

0. 505 inch diam. , rate of loading = 3200 pai/hr. (3200 psi

applied at 1 hr. intervals).

99. 99 152

Annealed 800' F - 5 hrs, - after cold rolled 75%, bar
supplied = 0.875 inch diam. Bar sample.

99. 97 212

2i2b Circumferential V-notch. 120°, minimum to maximum
cross-sectional area = 11 to 15%, 0.010 inch notch radius.

Other specifications same as 212a.

99. 97 212

212c 90' notch. Other specifications same as 212b. 99. 97 212

212d 60° notch. Other specifications same as 212b. 99. 97 212

31&k Annealed 1150''F - 1/2 hr. - 0. 045mm. G. S. - after hot

rolling. Sheet sample - 1/2 inch wide X 1/8 inch thick,

tested parallel to rolling direction.

99. 9t 316

316m Annealed - 0.025mm. G. S. . bar supplied - 0. 125 inch

diam. Y. S. - 0. 5% strain.

99. 98 0. 01 316

326 Annealed (soft)-ASTM G. S. # = 5, Rj^ = 86. bar supplied -

3/4 inch diam. Bar sample - 0. 177 inch diam. at ends of

1-1/4 inch long reduced section tapered to 0. 174 inch diam.
at center, 5 tests/temp, at 3 temps. - 6 tests at -323^F.
crosshead speed either 0. 2 or 0. 02 inch/minute at all

temperatures, values to nearest 100 psi, Y.S. -0.2%
offset.

r -I- Si iver : 99. 9< 128
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Tensile and Yield Strength of Copper (Oxygen-Free High-Conductivity)

TEMPERATURE, "F
-_400 -zoo -ZOO -100 0 100 200 300 400 500

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION lweight7<J REF

NO.
Cu Zn Sn Al Ni Other

Annealed 800°F - 1 hr. - 0.025mTn. G. S. -Rp = 34. Bar
sample - 0. 505 inch redaced diam. - polished, rate of

loading beyond initial yielding = 1% reduction of area

1 18

149a Annealed - 0. 025mm. G. S. Bar sample - 0. 505 inch diam. -

2 inch reduced section, straLn rate =0.01 inch/inch/

minute, Y. S. - 0. 2% offset.

149

149b Annealed - 0. 12mm. G. S. Other specifications same as

149a.

99. 99 149

190d Annealed 600'F - 1/2 hr. - after rolling at 1200°F. Bar
sample. 2 tests/temp, except at 150 and SSOT.

190

195a /uinealed 842*F - 0,010 to 0.015mm. G. S. - 1 hr. - after

drawing 64%. wire supplied - 0.080 inch diam. Wire
sample - 0.048 inch diam. X 6 inches long, strain ra'e

0. 000062 inch/inch/sec. , Y.S. - 0. 2% offset.

99 99 1 95

Annealed 392°F - 8 hrs He atmos - 0 014mm C S

as received, annealed. Foil sample - 0. 0 10 inch thick X
1/2 inch wide, long axis parallel to rolling direction,

strain rate ^ 0. 0005 inch/inch/minute to yield and =^ 0. 02

inch/inch/minute beyond, 4 tests at 80° and -423'*F -

5 tests at -323'F. Y.S. - 0. 1% offset.

217= Annealed - O.OUmm. G.S. - Rp = 49. Wire sample -

square - 0.080 inch, strain rate =0.0005 inch/inch/minute
to yield and = 0. 02 inch/inch/minute beyond, 4 to 8 teats/

temp.

217
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TEMPERATURE, °F
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%l REF

NO.
Cu Zn Sn Al Ni Other

U Cold drawn 60% - 0. 287 to 2. 00mm. G. S. - = 45 to 53.

bar supplied - 3/4 inch diam. Bar sample ~ reduced
section: 1. 5 inches long X 0. 247 inch reduced diam. . cross
head speed = 0.02 itich/minute. Y.S. = 0.2% offset.

Bal 4ppm 16ppm Ag,
12ppm S,

2ppm As,

5ppm Sb,

< 3ppm O

1

Ih Notched sample - 0. 250 inch diam. at roots of circum-
ferential notch, 0.005 ± 0.0005 inch notch radius (K^ = 5.0).

Other specifications same as Ig.

Bal ippm 4ppm 16ppm Ag,
12ppm S,

2ppm As,

5ppm Sb,

< 3ppm O

1

115 Cold drawn 11.5% - after annealing in vacuum - 977-F -

6 hrs, - furnace cooled - 0. 1 Imm. C. S. for anneal. Bar
sample - 0, 505 inch diam. , tested at constant croashead
speed. Y, S, - 0. 2% offset.

115

149c Drawn 40%, Bar sample - 0, 507 inch diam. - 2 inch re-

duced section, strain rate «0.01 inch/inch/minute.

Y.S. - 0.2% offset.

99. 99 149

212« Cold roUed 75%. bar supplied - 0.875 inch diam. Bar
sample.

99. 97 212

212f Circumferential V-notch - 120'- minimum to maximum
cross-sectional area - 11 to 15% - 0.010 inch notch radius.

Other specifications same as 212e.

99. 97 212

212g 90' notch. Other specifications same as 212f. 99. 97 212

212h 60* notch. Other specifications same as 212f. 99. 97 212

217a Drawn - Rg = 57. Bar sample - 1/4 inch diam., strain

rate ^0,0005 inch/inch/minute to yield and =0.02 mch/
inch/minute beyond, 2 tests/temp. , Y.S. - 0. 2% offset.

217

3161 Cold rolled 5 to 7% - 0.040mm. G.S, - after not rolling

ana annealing 1150T - 1/2 hr. Sheet sample - 1/2 inch

wide X 1/8 inch thick, tested paraUel to rolling direction.

Y, S, - 0, 2% offset.

99. 9f 316

316t) Drawn 84%, bar supplied - 0. 12 5 inch dia.m. Y.S. -0.5% 99. 9f 0.01 316

200 300 400
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Tensile and Yield Strength of Copper (Phosphorized)

TEMPERATURE. °F
-400 -300 - 200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF,

NO,
Cu Zn Sn At Ni Other

la Annealed 1 lOOT - 1 hr, - 0, 036mm. G S. - = 3 5, bar

Supplied - 3/4 inch diam Bar sample - 1.5 inch reduced

section - 0. 247 inch at middle - 0, 250 inch at ends, cross-

head speed = 0. 02 inch/minute, Y. 5. - 0, 2% ofleet.

99 . 97 0. 03P 1

lb Notched sample - 0. 25 inch diam. at roots of circum-
ferential notch - 0. 005 ± 0. 0005 inch notch radius {K^ = 5.0).

Other specifications same as la.

99. 97 0, 03P 1

9 Annealed - R^ = 34, bar supplied - 3/4 inch diam. 99. 97 0. 02P 9

78f Annealed 1382°F - after hot rolling, plate supplied. Bar
sample - reduced section 2-1/2 inches long X 0.418 inch

diam. , c rosshead rate = 0.2 5 inch/mir.ute.

0, 05P, 0, 0 1 Ae

Ibb Annealed 1022T - 1/2 hr, .0.0 20mm. Y. S. - 0. 2% offset. 99. 94 0. 06P 165

190f Annealed 600°F - 1/2 hr, - alter forging and rolling at

1200''F, bar supplied, 2 tests/temp, except 150 and 350°F,

316p Annealed 1150°F - 1/2 hr. - after hot rolling, 0.045mm.
G.S. Sheet sample - 1/8 inch thick X 1/2 inch wide,
tested parallel to rolling di rection, Y.S. - 0. 2% offset.

99. 90 0. 02 - 0. 04P 316

316q Annealed - 0. 013mm. G. S. Bar sample - 0. 125 inch diam,
,

Y, S, - 0. 5% strain.
99. 95 0.01 P 316

362a Annealed - 0. 015mm. G. S. , bar supplied - 3 inch diam.
Bar sample - 1/8 inch diam., Y.S. - 0. 2% offset.

99. 98 0. 02P 362

362b Annealed - 0. 032mm, G. S. , bar supplied - 3 inch diam.

Bar sample - 1/8 inch diam. . Y.S. - 0. 2% offset.

99. 98 0, 02P 362

362c Annealed - 0.070mm, G.S,, bar supplied - 3 inch diam

.

Bar sample - 1/8 inch diam, , Y. S. - 0. 2% offset.

99. 98 0. 02P 362
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TEMPERATURE, °F
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO,
Cu Zn Sn Ai Ni Other

Ic Cold drawn 26% - 0. 144mm. G. S. - Rg = 50, bar supplied -

3/4 inch diam. Bar sample -1,5 inch reduced section -

0. 247 inch at middle - 0. 250 inch at ends, crosshead speed
- 0.02 inch/minute, Y.S. -0.2% offset.

99. 9-i 0. 03P 1

Id Cold drawn 26%. Notched sample - 0. 25 inch diam, at

roots of circumferential notch - 0. 005 ± 0. 0005 inch notch
radius (K,^, = 5.0). Other specifications same as Ic,

99. 97 0. 03P 1

234 Cold rolled 5 to 7%. Plate sample - 1/4 inch thick - cut

parallel to roiling direction, crosshead rate = 0, 119 inch/
minute for U. T, S, and 0. 0059 inch/minule for Y. S. , 2 to

3 tests/temp, ,Y. S. - 0. 2% offset.

234

316r Cold rolled 5 to 7% - 0.047mm. G.S. - after hot rolling

and annealing 1150°F - 1/2 hr. Sheet sample - 1/8 inch

thick X 1/2 inch wide, tested parallel to rolling direction.

99. 90 0. 02 - 0. 04P 316

3168 Drawn 34%, bar supplied - 0. 125 inch diam. Y, S. - 0. 5% 99. 95 0. OIP 316

362d Drawn 21%, bar supplied - 3 inch diam. Bar sample - 1/8
inch diam,, Y.S. - 0. 2% offset.

99, 9( 0. 02P 362

362e Drawn 37%, bar supplied - 3 inch diam. Bar sample - 1/8
inch diam.

, Y.S. -0,2% offset.

99. 98 0, 02P 362

362f Drawn 84%, bar supplied - 3 inch diam. Bar sample - 1/8
inch diam., Y.S. -o. 2% offset,

99. 9( 0. 02P 362
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Tensile Elongation of Copper

TEMPERATURE, "F
-460-400 -300 -200 -100 0 100 200 300 400 500
80

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION Iweightfol REF.

Cu Zn Sn At Ni Other

75a Annealed. Bar sample - 0. 504 inch diam., 2 mch G. L. 99. 98 75

7575b Annealed. Ba r sample - 0. 25 inch diam. , 2 inch G. L. 99. 98

78a Annealed 1382°F - after hot rolling, plate supplied. Bar
sample - reduced section 2-1/2 inches long X 0.418 inch

diam. , crosshead speed = 0,25 inch/minute. 2 inch G. L.

99. 45 0. 03 0, 4As, 0. 06P 78

78b Annealed 1382°F - after hot rolling, plate supplied. Bar
sample - reduced section 2-1/2 inches long X 0.418 inch

diam. , crosshead speed = 0. 25 inch/minute, 2 inch G, L.

99. 51 0. 38Ab, 0. 05O,

0. 03Ni
78

78d Soft, plate supplied. Bar sample - reduced section - 2-1/2

inches long X 0.418 inch diam. , cros ahead speed = 0.25

inch/minute, 2 inch G. L.

53. 60 0. 78 0. 45Si, 0, 05Fe,
0, 05P, 0, 02As

78

89a Annealed to "dull red" - air cooled. Bar sample - 0. 118

inch diam. , 1.18 inch G. L,.

99. 4 0. 5 0. IPb 89

Annealed 1472°F - 1/2 hr, , bar supplied - 5/8 inch diam.

Bar sample - 0. 394 inch diam. , 2 inch G. L.

99. 75 232

285b Annealed 1202'F - 1/2 hr. Bar sample - 0. 197 inch diam.
,

285

298a Annealed 13S2°F. bar supplied - 3/4 inch diam. Cross-
head speed = 0.1 inch/minute, 2 inch G. L.

0. 6Cr 298

302b Annealed. 2 inch G. L. 302

20

10
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TEMPERATURE. "K
500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF

NO.
Cu Zn Sn At Ni Other

95 Annealed 932°F. Strip sample - approx, 0. 1 inch wide X
0. 039 inch thick, 0. 788 inch G. L.

95

145a Annealed 11I2°F - 2 hrs. Bar sample - reduced section -

2 inches long X 0 . 5 inch diam. , 2 inch G. L.

)9. 75 0. 23AS 145

170 Annealed, bar supplied - 0.315 to 0.394 inch diam. Bar
sample -0.118 inch diam. , 1.18 inch G.L.

>9. 9 170

198ai Annealed 932°F - 6 hrs. - furnace cooled 12 hrs. to room
temp. , bar supplied - 3/8 inch diam. Bar sample - re-

duced section - 1-1/8 inches long X 0. 20 inch diam. . strain

rate = 8100 inches/ijich/minute, total elongation recorded,

1.11 inch G. L.

193

198a3 Elongation to U. T. S. recorded. Other specifications same
as 193ai.

198

193bi Strain rate - 27.000 inches/inch/minute. Other specifi-

cations same as 193ai.

198

198bs Strain rate = 27.000 inches/inch/minute. Other specifi-

cations same as 193a2.

198

193C1 Strain rate = 54,000 inches/inch/minute. Other specifi-

cations same as 193ai .

198

193C3 Strain rate = 54,000 inches/inch/minute. Other specifi-

cations same as 198a3 .

198

279a Soft. 2 inch G. L. 279
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Tensile Elongation of Copper

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight^) REF.

Cu Zn Sn At Ni Other

Ic Cold dravvn 26% - 0. M4mm. G. S. - Rq ^ 50, phosphorized,
bar Supplied - 3/4 inch diam. Bar sample - reduced section

1. 5 inches long - 0, 247 inch diam. at middle - 0. 250 inch

diam. at ends, croashead speed = 0.02 inch/minute, 1 inch

G. L.

99. 97 0. 03P 1

64b Drawn 50%, electrolytic tough pitch. 64

149c Drawn 407o, oxygen-free high -conductivity. Bar sample -

reduced section - 2 inches long X 0. 505 inch diam. , strain

rate =3 0.01 inch/inch/minute.

149

i79b Cold worked, electrolytic tough pitch. Bar sample - 0. 177

inch diam. , 1.97 inch C, L.

179

217a Drawn - Rg = 57, oxygen-free high -conductivity. Bar
sample - 1/4 inch diam., strain rate ==0.0005 inch/inch/
minute to yield and =0.02 inch/inch/minute beyond. 2 tests,

temp. , 1 inch C. L.

217

2 34 Cold rolled 5 to 7%, phosphorized. Plate sample - 1/4 inch

thick - cut parallel to rolling direction, crosshead speed =

0. 0059 inch/minute to Y. S. and 0. 1 19 inch/minute to U. T. S

2 to 3 tests/temp. , 2 inch G. L.

234

253d Drawn 95. b%, bar supplied - 0. 4 inch diam. Wire sample -

0. 083 inch diam. , 7. 88 inch G. L.

99. 5 0. 5Mg 253

263 Cold drawn 257o, electrolytic tough pitch. Bar sample -

0. 505 inch diam. , crosshead speed = 1/4 inch/minute, 2

inch G. L.

263

31 6i Cold rolled 5 to 7% - 0.042mm. C. S. - after hot rolling and
annealing USO'F - 1/2 hr.

,
electrolytic tough pitch. Sheet

sample - 1/2 inch wide X 1/8 inch thick, tested parallel to

rolling direction, 2 inch G. L.

99, 9C 316

316' Cold rolled 5 to 7% - 0. 040mm. G. S. -after hot rolling and
annealing 1150°F - 1/2 hr.

,
oxygen-free high-conductivity.

Sheet sample - 1/2 inch wide X l/8 inch thick, tested

parallel to rolling direction, 2 inch G.L:

99. 9( 316

316r Cold rolled 5 to 7% - 0. 047mm. G. S. - after hot rolling and
annealing IISO'E - 1/2 hr. , phosphorized. Sheet sample -

1/8 inch thick X 1/2 inch wide, tested parallel to rolling

d-'rection 2 inch G L

9"^. 90 0. 02 - 0. 04P 316

316u Tested transverse to rolling direction. Other specifications

same as 3I6i.

99. 9C 316

316w Tested transverse to rolling direction. Other specifications

same as 316t.

99. 96 316

316x Tested iransverse to rolling direction. Other specifications

same as 31 6r.

99. 9C 0.02 - 0. 0 4P 316
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn Al Ni Other

Ig Cold drawn 60% - 0. 287 to 2. OOinm. G. S. - = 45 to 53.

oxygen-free high -conductivity , bar supplied - 3/4 inch diam.
Bar sample - reduced section: 1. 5 inches long X 0. 247 inch

reduced diam., crosshead speed - 0.02 inch/minute. 1 inch

G. L.

Bal 4ppm 1 6ppm Ag,

I2ppm S, 2ppm A a
5ppm Sb, < 3ppm 0

1

78c Cold rolled to hard temper, plate supplied. Bar sample -

reduced section - 2-1/2 inches long X 0. 418 inch diam.
,

crosshead speed = 0.25 inch/minute, 2 inch G.L.

98. 60 0. 78 0. 45Si, 0. 05Fe.
0. 05P, 0. 02As

78

91a Hard. 1. 97 inch G. L. 99, 09 0. 91 91

253a Dra%wn 88. 9% - from hot rolled bar, bar supplied - 1/4 inch

diam. Wire sample -0.110 inch diam. . 7. 88 inch G. L.

253

Drawn 80. 7% - from hot rolled rod, bar supplied - 1/4 inch

diam. Wire sample - 0. 1 10 inch diam . , 7. 88 inch G. L.

253

2 791) Worked. 2 inch G. L. 279

285a Hard drawn. Bar sample - 0. 197 inch diam. 285

308 Drawn, electrolytic tough pitch. 2 inch G.L. 99, 9 0. 03O 308

3Ii>b Cold drawn 21% - Rg ^ 45, bar supplied - 3/4 inch diam.
2 inch G. L.

99. 79 0. 2lTe 316

31 be Cold drawn - Rg = 56, bar supplied - 3/4 inch diam. 2 inch

G. L.
99. 64 0. 35Te 316

367a Cold drawn 96%, electrolytic tough pitch, bar supplied -

0.2 5 inch diam. Wire sample - 0. 02 5 inch diam, , 212°F
tests made in boiling water and 419°F tests made in hot
Crisco, 2 tests/temp., 2 inch G. L.

367

367c Cold drawn 64. 5%, electrolytic tough pitch. Other specifi-

cations same as 367a.

367

465a Hard (original condition). Wire sample - 0. 197 inch diam.
,

sample strained to hard condition - then tested after 1/4 hr.

1. 97 inch C. L.

465

465b Tested after 1 hr. Other specifications same as 465a. 465

465c Tested after 256 hrs. Other specifications same as 465a. 465
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Tensile Elongation of Copper

TEMPERATURE, "F

CURVE

NO,
MATE.dAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO.
Cu Zn Sn At Ni Other

li Aged 450°C- 1 hr. - 0.203mm. G. S. - Rg = 68 - after first

heating to 950°C - water quenching - then cold drawing 85 -

90%, bar supplied - 3/4 inch diam. Bar sample - reduced
section: 1. 5 inches long X 0. 247 inch reduced diam. , cross
head speed = 0.02 inch/minute, 1 inch G. L.

Bal

With

Zr, t

Ippm

lese e

leptio

lemerl

4ppm

1 of

ts art

0. 18Zr, 16ppm
Ag, 12ppm S,

2ppm As, 5ppm
Sb, < 3ppm 0

approximate,

1

2 7b As rolled, electrolytic rough pitch, bar supplied - 1/2 mch
diam. Bar sample - reduced section 2-1/2 inches long X
1/4 inch diam. , stress rate constant: 1 120 psi/minute,

tested in CO2, 2 inch G, L.

99. 92 0. 08O 27

rolled, bar suj^plied - 1/2 inch diam. Bar sample - re-

duced section - 2-1/2 inches long X 1/4 inch diam. , stress

rate constant: 1120 pai/minute, tested in both air and
hydrogen, but differences in test results negligible, 2 inch

G. L.

99. 54 0. 13As, 0. 130,

O.OlPb, O.OSSn,

0. 02Fe

27

28 Rolled, bar supplied - 1/2 inch diam. Ear sample - re-

duced section - 2-1/2 inches long X 1/4 inch diam. , 2 inch

G. L.

99. 84 0. 08O, 0. OlS 28

92a Heated 1562 " F - 1/2 hr. - water quenched, 1 . 97 inch G, L.. 99. 77 0. 23Zr 92

143a Aged 750 to SOOT - 1 to 2 hrs. - Rg = 48 - after cold

drawing 75%, bar supplied - 3 inch diam. Bar sample - re-

duced section - 2,25 inches long X 0.48 inch diam. , 2 inch

G. L,

99. 84 0. IbZr 143a

143b - Other specifications same as I 43a. 99. 82 0. 18Zr 143a

190a As cast, electrolytic tough pitch. Bar sample, 2 tests/

temp. , 2 inch G. L.

190

190c As cast, oxygen-free high -conductivity
,
Bar sample, 2

tests/temp. , 2 inch G. L.

190

190e As cast, phosphorized. 2 teats/temp. , 2 inch G. L. 190

298b Aged ("fully heat treated"), bar supplied - 3/4 inch diam.
Crosshead speed = 0.1 inch/minute, 2 inch G. L.

99. 4 0, bCr 298

302a Cold rolled. 2 inch G. L- 302

422b Rolled. Bar sample - 0,72 inch diam. 42 2
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CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight7ol REF.

NO
Cu Zn Sn Al Ni Other

NO.

195b Irradiated for six months at about 212°F in a flux of 6 X 10^

slow neutrons/cm ^/sec . - total dose was'S. 1 X lO'^ slow

neutrons/cm^ - after annealing 842°F-lhr. -0.010 to

0.015 mm G.S. ,
oxygen-free high-conductivity, 2 inch G. L.

195

Z52a Hot rolled, electrolytic tough pitch, bar supplied -1.58
inches square. 3.94 inch G. L.

)9. 96

)9. 98

252

252b Hot rolled, bar .supplied - 1 . 58 inches square, 3.94 inch

G. L.

)9. 5 0. 5Mg 252

367e Drawn at 302'F - 88. 1%, electrolytic tough pitch, bar sap-

plied - 0.25 inch diam. Wire sample - 0.025 inch diam.,

212°F tests made in boiling water and 419°F tests made
in hot Crisco, 3 tests at -310'*F - 2 tests each at other

temps, 2 inch G. L.

367

367g Drawn at 302*F - 34.8%, electrolytic tough pitch. 5 tests

at -310"F. Other specifications same as 367e.

367

367i Drawn at 392°F - 34.8%, electrolytic tough pitch. 4 tests

at -310°F - 3 tests at 212'F. Other specifications same
as 367e.

367
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Tensile Elongation of Copper

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%J

NO,
Cu Zn Sn Al Ni Other

Z4a 2 inch G. L.

91b 1. 97 inch C. L. i). 71 0. 29 91

92b 1. 97 inch G. L. 99. 32 0. 68Cr 92

188 Notched (Tipper) - 0. 76 X 0. 61 inch at notch - approx.

0. 01 inch notch radius - 45' (K^ ^ 6. 2), 2 inch G. L.

5 9. 50 0. 37As, 0. 07P,

0. 04Ni

99. 8 22 5

316n Rg = 38, oxygen-free high-conductivity, bar supplied - 3/4 99. 96 316

353a Oxygen-free high -conductivity, sheet supplied - 0.030 inch

thick. Strain rate = 5 to 10 inches/inch/hr. , 1 inch G. L.

99. 93 353

353b Strain rate = 0.4 inch/inch/hr . Other specifications same
aa 353a,

)9. 98 353

353c Strain rate = 0.002 inch/inch/hr. Other specifications 99, 98 353
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Tensile Elongation of Copper (Electrolytic Tough Pitch)

TEMPERATURE, "F
-460-400 -300 - 200 -100 0 100 200 300 400 500
80

CURVE

NO,
MATERIAL. AND TEST PARAMETERS

COMPOSITION (weight%) REF,

NO.
Cu Zn Sn Ai N» Other

Zla. Annealed 1382"? - COj atmos. - 2 hrs. , bar supplied -

\/i inch diam. Bar aannple - redjced section - 2-1/2
inches long X 1/4 inch diam. , stress rate constant: 1 120

psi/minute, tested in COj atmos, , 2 inch G. L.

99. 92 0. 08O 27

64a Annealed, 64

78e Annealed 1382°F - after hot rolling, plate supplied. Bar
sample - reduced section - 2-1/2 inches long X 0.418 inch

diam. , crosshead speed = 0.25 inch/minute, 2 inch G. L.

99. 91 0. 03 0.04O, O.OlAs 78

89b Annealed HSZT - water quenched. Bar sample - 0. 118

inch diam. , 1. 18 inch G. L.

99. 7 89

92c Soft. 92

145b Annealed 1I12'F - I hrs. Bar sample - reduced section -

2 inches long X 0. 5 inch diam., I inch G. L.

145

179a Annealed 1292"^ - 1/2 hr. in nitrogen. Bar sample -

0. 177 inch diam. , 1. 97 inch G. L.

179

190b Annealed 600°F - 1/2 hr. - after rolling at UOCF, elec-

trolytic tough pitch. Bar sample - 2 teats/temp, except
at 150 and 350°F. 2 inch G. L.

190

316f Annealed 1150°F - 1/2 hr.-O. 0 40mm. C. S, - after hot

rolling. Sheet sample - 1/2 inch wide X 1/8 inch thick,

tested parallel to rolling direction, 2 inch G. L.

99. 90 316

316t Tested transverse to rolling direction. Other specifications

same as 316f.

99. 90 316

367b Annealed 1382''F - 5 minutes - after cold drawing 96%, bar
supplied -0.25 inch diam. Wire sample - 0. 02 5 inch diam.

.

212''F tests made in boiling water and 419*^ testa made in

hot Criaco, 3 tests at 2 12 " F - 2 testa each at other temps.,
I inch G, L.

367
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Tensile Elongation of Copper (Oxygen-Free High-Conductivity)

CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO.

Cu Zn Sn At Ni Other

149i Annealed - 0.025mm. G. S. Bar sample - reduced eection -

Z inches long X 0. 505 inch dlam. , strain rate ^0.01 inch/

inch/minute, 2 inch G. L.

99. 99 149

149b Annealed - 0. 12mm. G. S. Other specifications same as 149a 99. 99 149

1S2 Annealed - 0. 025mm. G. S. - = 54. 0. Bar sample -

0. 505 inch diam. . rate of loading = 3203 psi/hr. (3200 psi

applied at 1 hr. intervals), 2 inch G. L,

99. 99 152

190d Anjiealed bOQ-F - 1/2 hr. - after rolling at 1200°F. Bar

sample, 2 tests/temp, except at 150 and 350*^, 2 inch G. L.

190

I95a Annealed 842'F-l hr. - 0.010 to 0. 015mm. G. S. - after

drawing 64%, wire supplied - O.OSO inch diam. Wire

sample - 6 inches long X 0.048 inch long, strain rate =

0.000382 inch/inch/sec. , 2 inch G. L.

99. 99 195

217b Annealed 392"^- 8 hrs. , He atmos, - 0. 014mm. G. S. -

after receiving annealed. Foil sample - 0.010 inch thick X

1/2 inch wide - long axis parallel to rolling direction,

strain rate ==0.0005 inch/inch/minute to yield and ^0.02

inch/inch/minute beyond, 4 tests at 80°F and -423''F and

5 tests at -323*^, 2 inch G. L.

2 17

217c Annealed - 0. 011mm. G. S. - Rp = 49. Wire sample -

square - 0.080 inch, strain rate == 0.0005 inch/inch/minute

to yield and ^0.02 inch/inch/minute beyond, 3 to 8 testf /

temp, , 1.2 inch G. L.

217

316k Annealed IISO'F - 1/2 hr. - 0.045mm. G. S. - after rolling.

Sheet sample - 1/2 inch wide X l/8 inch thick, tested

parallel to rolling direction, 2 inch G. L.

99.96 3Ib

316v Tested transverse to rolling direction. Other specification

9

same as 3 1 6n.

99. 9fa 316

328 Annealed (soft) - ASTM G. 5. # = 5 - R^ = 86. bar supplied -

3/4 inch diam. Bar sample - reduced section - 1 1/4 inches

long X 0. 174 inch redjced diam. , 2 tests each at 70" and

-108°F - 3 tests each at -323° and -423''F, crosshead

speed was either 0.2 or 0.02 inches/minute at all temps. ,

0. 708 inch G. L. (4 X diam. ).

Cop jer ar d Silv sr = ?9. 99 328
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Tensile Elongation of Copper (Phosphorized)

TEMPERATURE, "F
-460-400 - 300 - 200 -100 0 100 200 300 400 500
80

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight%) REF.

NO.
Cu Zn Sn At N. Other

NO.

U Ai\nealed 1100°F - 1 hr. - 0.036mm. G. S. - Rp = 35, bar
supplied - 3/4 inch diam. Bar sample - reduced section -

1. 5 inches long - 0. 247 inch diam. at middle - 0. 250 inch

diam. at ends, crosshead speed = 0.02 inch/minute, 1 inch

C. t.

99. 97 0. 03P 1

78f Annealed 1392°F - after hot rolling, plate supplied. Bar
sample - reduced section - 2-1/2 inches long X 0.418 inch

diam. , crosshead speed = 0. 25 inch/minute, 4 inch G. L.

99. 92 0. 02 0. 05P, 0. OlAs 78

190£ Annealed 600°F - 1/2 hr. - after rolling at 1200'F, Bar
sample, 2 testa/temp, except at 150 and 350°F, 2 inch G. L.

190

316p Annealed 1 150°F - 1/2 hr. - 0.045mm. G. S. - after hot

rolling. Sheet sample - 1/8 inch thick X 1/2 inch wide,

tested parallel to rolling d-rection, 2 inch G. L.

99. 90 0. 02 - 0. 04P 316

316y Tested transverse to rolling direction. Other specifi-

cations same as 3I6p.

99. 90 0. 02 - 0. 04P 316

20
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Tensile Reduction of Area of Copper

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eigh>7.) REF

NO,
Cu Zn Sn A( Ni Other

NO,

75a Annealed, Bar sample - 0, 504 inch diam. 99. 93 75

7 5b Annealed. Bar sa-nple - 0.25 inch diam. 75

170 An.Tealed, bar aupplied - 0. 315 to 0. 394 inch diam.
Bar 3,imple -0. 118 inch diam.

170

270a Annealed 933° F - 1 hr. - air cooled. Bar sa-nple - 0.2 12

inch diam. , crosshead speed ^0.05 inch/minate. < 0. 001

inch between sample axis and loading axis.

2 70

2 70b Bar sample - notched: 0.212 inch diam. at notch - < 0. 00 1

inch notch radius (K =; 10. 3) - 60° notch angle - 0,233

inch outer diam. , values refer to reduction at notch.

Other specifications same as 270a.

270

0. 286 inch outer d-am. Other specifications same as 270b,

279a Soft. 279

282 Annealed 147Z°F - 1/2 hr. - bar supplied - 5/8 inch diam.
Bar sample - 0. 394 inch diam.

99. 75 282

235b Annealed U02°F - 1/2 hr. Bar sample - 0. 197 inch diam. 28 5

302b Annealed 99. 9 302
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CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight^) REF.

NO,
Cu Zn Sn At Ni Other

78a Annealed 1332°F - after hot rolling, plate supplied. Bar
sample - reduced section - 2-1/2 inches long X 0.418 inch

diam. . crosshead 5peed - 0. 25 inch/minute.

99. 45 0. 03 0. 4As, 0. 06P 78

78b Annealed 1382°F - after hot rolling, plate supplied. Bar
sample - red jced section - 2 -1/2 inches long X 0, 418 inch

diam. , crosshead speed ^ 0. 25 inch/minute.

99. 51 0. 38As, 0. 05O.

0. 03Ni
78

78c Cold rolled to hard temper, plate supplied. Bar sample -

reduced section - 2-1/2 inches long X 0.418 inch diam. ,

crosshead speed = 0,25 inch/minute.

93, 60 0. 78 0. 45Si, 0. 05Fe,

0.05P, 0.02AS
78

145a Annealed 1112°F - 2 hrs. Bar sample - reduced section -

2 inches long X 0. 5 inch reduced diam.
99. 75 0. 23As 145

194a Annealed 1202°F - 1 hr. - cooled -o 212°F at rate of

50°F/hr.. after first annealing 1247'F - 36 hrs.- then
swaging 36% at 1508'F - then cold swaging 367o - then

cold drawing 27%, prepared from electrolytic copper and
antimo.iy. Bar sample - 0. 212 inch d am. , 6 tests/temp.

,

strain rate = 0.05 inches/inch/minute.

0, 5Sb 194

194:) Strain rate = 19,000 inches/inch/minute. Other specifi-

cations same as 194a.

0. 5Sb 194

459a Annealed 1157^ - 2-2/3 hrs. - pickled. Wire sample -

0.114 inch diam.
, constant load applied while wire was

heated at 3b.0°F per minute until sample broke, same
results for 5. 4°F per minute.

99. 96 0. 04O 4 5'3
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Tensile Reduction of Area of Copper

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO,
Cu Zn Sn At Ni Other

la Annealed UOO'F - 1 hr. - 0.036mm. G. S. - Rf = ^5,

phosphorized, bar supplied - 3/4 inch diam. Bar sample -

0.250 inch diam. at ends - 0.247 inch diam. at center,

crosshead speed = 0,02 inch/minute.

1

9 Annealed - R^ = 34, phosphorized, bar supplied - 3/4
inch diam.

99. 97 0. 02P 9

78f Annealed 1332°F - after hot rolling, phosphorized, plate

supplied. Bar sample - reduced section - 2-1/2 inches

long X 0. 418 inch diam. , crosshead speed = 0. 25 inch/

minute.

99. 92 0, 03 0. 05P, 0. OlAs 78

149a Annealed 0.025mm, G. S. , oxygen-free high-cond activity.

Bar sample - redjced section - 2 inches long X 0. 505 inch

diam., strain rate .;:0.01 inches/inch/minute.

99. 99 149

149b Annealed - 0. 12mm. G. S. Other specificatio.is same as

149a.

99. 99 149

152 Annealed-0. 025mm. G. S, - R^. = 34.0. oxygen-free high-

conductivity. Bar sample - 0. 505 inch dia.Ti, , rate of

loading = 3200 psi/hr. (3200 psi applied at 1 hr. intervals).

99. 99 152

190d Annealed 600°F - 1/2 hr. - after rolling 1200''F, oxygen-

free high-conductivity. Bar sample, 2 tests/temp,

except at 150 and 350''F.

190

190f Annealed bOOT - 1/2 hr. - after rolling 1200''F,

phosphorized. Bar sample, 2 tests/temp, except at 150

and 350''F.

190

2 17c Annealed - 0.01mm. G. S. - Rp = 49. oxygen-free high-con-
ductivity. Wire sample - 0.080 inch square, strain rate =
0. 0005 inch/inch/minute to Y. S. and --=0. 02 inch/inch/
minute beyond, 2 to 7 tests/temp.

217

316k Annealed 1150° F - 1/2 hr. - 0.045mm. G. S - after hot

rolling, oxygen-free high -conductivity. Sheet sample -

1/2 inch wide X 1/8 inch thick, tested parallel to rolling

direction.

99. 96 316,.

316p Annealed 1 1 50 ° F - l/2 hr. - 0. 045mm G. S. - after hot

rolling, phosphorized. Sheet sample - 1/8 inch thick X
1/2 inch wide, tested parallel to rolling direction.

99. 90 0, 02 - 0. 04P 316

316v Tested transverse to rolling direction. Other specifications

same aa 316k.

316

3 16y Tested transverse to rolling direction. Other specifications

same as 316p.

99. 90 0.0 2 - 0. 0 4P 316

328 Annealed (soft)-ASTM G. S. # ^ 5 - R^^ = 86, oxygen-free
high conductivity, bar supplied - 3/4 inch diam. Bar
sample - reduced section - 1 -l/4 inches long X 0. 174 inch
reduced diam. . 4 tests/temp, at 3 temps. . 5 tests at -323°F.
crosshead speed either 0.2 or 0.02 inches/minute at all

temps.

Copp r + S Iver - 99. 99 328
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CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight%) REF.

NO.
Cu Zn Sn At Ni Other

NO,

li Aged 450°C - 1 hr. - 0. 203mm. G. S..- Rg = 68 - after first

heating to 950°C - water quenching - then cold drawing 85 -

90%, bar supplied - 3/4 inch diam. Bar sample - reduced
section: 1.5 inches long X 0. 247 inch reduc ed diam. , cross-
head speed = 0.02 inch/minute.

Bal

With

these

Ippm

eptio

nts a

of Z
e app

0. 18Sr, Ibppm Ag.
12ppm S, 2ppm
As, 5ppm Sb,

< 3ppm 0

1

Heated 1562°F - 1/2 hr. - water quenched. 99. 77 0. 23Zr 92

143a Aged 750 to 800°F - 1 to 2 hrs. - R = 48 - after cold

drawing 75%, bar supplied - 3 inch diam. Bar sample -

reduced section - 2.25 inches long X 0.48 inch reduced
diam.

99. 84 0. 16Zr 143

143b = 57. Other specifications same as 143a. 99. 82 0. 18Zr 143

190a As cast, electrolytic tough pitch - Bar sample, measure-
ments difficult because of distorted pieces, 2 tests/temp.

190

190c As cast, oxygen-free high -condactivity. Bar sample,
measurements difficult because of distorted pieces, 2

tests/temp.

190

190e As cast, phosphorized - Bar sample, measurement dif-

ficult because of distorted pieces, 2 tests/temp.
190

252a Hot rolled, electrolytic tough pitch, bar supplied - 1.58
inches square.

99. 96

99:98
2 52

252b Hot rolled, bar supplied - 1. 58 inches square. 99. 5 0. 5Mg 252

231a Aged at 752°F - after cold drawing 547o. Bar sample -

0.25 inch diam., crosshead speed = 0.02 inch/minute.
99. 85 0. 15Zr 281

281b Aged at 707°F - after cold drawing 84%. Bar sample -

0.25 inch diam., crosshead speed ; 0.02 inch/minute.
99. 85 0. 15Zr 281

281c Aged 842'F - after cold drawing 84%. Bar sample - 0.25
inch diam., crosshead speed : 0.02 inch/minute.

99. 3 0. 7Cr 281

302a Cold rolled. 99. 9 302

367e Drawn at 302° F - 88. 7%, electrolytic tough pitch, bar sup-
plied - 0.25 inch diam. Wire sample - 0.025 inch diam.
212°F tests made in boiling water and 419°F tests made in

hot crisco, 3 tests at - 3I0°F - 2 tests each at other temps.

367

367f Drawn at 302 °F - 64. 5%, electrolytic tough pitch. 3 tests

each at roo.m temperature and 212°F. Other specifi-

cations same as 367e.

367

367g Drawn at 302°F - 34.8%, electrolytic tough pitch. 5 tests

at -310°F. Other specifications same as 367e.

367
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Tensile Reduction of Area of Copper

CU RVE
MATERIAL AND TEST PARAMETERS

COMPOSITION (

NO.
Cu Zn Sn Al Ni Other

NO.

Ic Cold drawn 26% - 0. 144mm. C. S, - ^ 50, phoflphorized,

bar supplied - 3/4 inch diam. Bar sample - 0.250 inch

diam. at ends - 0. 247 inch diam. at center, crosshead
speed - 0. 02 inch/minute.

99. 97 0. 03P 1

Ig Cold drawn 60% - 0.287 to 2.00mm. G. S. Rg ^ 45 to 53,

oxygen-free high -conductivity, bar supplied - 3/4 inch diam
Bar sample - reduced section: 1. 5 inches long X 0.247 inch
reduced diam.

, crosshead speed = 0.02 inch/minute.

Bal 16ppm Ag, lippm

Sb, < 3ppm O.

1

91b 99. 71

M9c Drawn 40%, oxygen-free high -conductivity . Bar sample -

reduced section - 2 inches long X 0.505 inch diam. , strain
rate ^0.01 inch/inch/minute.

M9

217a Drawn - Rg = 57, oxvgen-free high -c onduc tivity . Bar sam-
ple 1/4 inch diam.. strain rate ==0.0005 inch/inch/minute
to Y, S. and ^0.02 inch/inch/minute beyond, 2 tests/temp.

217

234 Cold rolled 5 to 7%, phosphorized. Plate sample - 1/4 inch
thick - Cut parallel to rolling direction, crosshead speed =

0.0059 inch/minute to Y. S. and 0.1 19 inch/minute to U.T.S.
.

234

263 Cold drawn 25%, electrolytic tough pitch. Bar sample -

0. 505 inch diam. , crosshead speed = l/4 inch/minute.
263

316t Cold rolled 5 to 7% - 0,040mm. G. S. - after hot rolling

and annealing IISO'F - 1/2 hr. , oxygen-free high-con-
ductivity. Sheet sample - 1/2 inch wide X 1/8 inch thick,

tested par-illel to rolling direction.

99. 96

316r Cold rolled 5 to 7% - 0. 047mm. G. S. - after hot rolling

and annealing 1150°F - l/2hr,, phosphorized. Sheet
sample - 1/8 inch thick X 1/2 inch wide, tested parallel
to rolling direction.

99. 90 0. OZ ' 0. 04P 316

316w Tested transverse to rolling direction. Other specifi-

cations same as 316t.
316

316x Tested transverse to rolling direction. Other specifi- 99. 90 0.02 - 0. 04P 316

367a Cold drawn 96%, electrolytic tough pitch, bar supplied -

0. 25 inch diam. Wire sample - 0. 02 5 inch diam. -212'F
tests made in boiling water and 419°F tests made in hot

Criaco, 2 tests/temp.

367

3fa7c Cold drawn 64, 5%, electrolytic tough pitch. Other
specifications same as 367a.

367

367d Cold drawn 34.8%, electrolytic tough pitch. Other
specifications same as 367a.

3f 7
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%l REF.

NO.
Cu Zn Sn At Ni Other

64b Drawn 50%, electrolytic tough pitch. 64

78c Cold rolled to hard temper, plate supplied. Bar sample -

reduced section - 2-1/2 inches long X 0. 418 inch diam.
,

crosshead speed = 0,25 inch/minute.

)8. 60 0. 78 0. 45Si, 0. 05Fe,
0.05P, 0,02As

78

179b Cold worked, electrolytic tough pitch. Bar sample -

0. 177 inch diam.
179

253a Drawn 88.9% - from hot rolled rod, bar supplied - 1/4 inch

diam. Wire sample - 0. 110 Inch diam.

2 53

253b Drawn 80, 7% from hot rolled rod, bar supplied - 1/4 inch

diam. Wire sample - 0. 1 10 inch diam.

253

253d Drawn 95. 6%, bar supplied - 0. 4 inch diam. Wire sample -

0. 083 inch diam.
99. 5 0. 5Mg 2 53

279b Worl^ed. 279

285a Hard drawn. Bar sample - 0. 197 inch diam. 285

316b Cold drawn 21% - R^ = 45, bar supplied - 3/4 inch diam. 99. 89 0. 21Te 316

316c Cold drawn - R^ = 56, bar supplied - 3/4 inch diam. 99. 64 0. 35Te 316

316i Cold rolled 5 to 7% - 0.042mm. G. S. - after hot rolling

and annealing 1150°F - 1/2 hr.
,
electrolytic tough pitch.

Sheet sample - 1/2 inch wide X 1/8 inch thick, tested

parallel to rolling direction.

99. 90 316

316u Tested transverse to rolling direction. Other specifi-

cations same as 316i.

99. 90 316

460a Cold drawn 24.9%, wire S'jpplied - 0. 114 inch diam. Wire
sample - 0. 099 inch diam. , constant load applied while

wire was heated at 36° F per minute until sample broke.

99. 72 0. ISO, 0. lOPb 460

460b Cold drawn 42.47o. Wire sample - 0.086 inch diam.
Other specifications same as 460a.

99. 72 0. ISO, 0. lOPb 460

460c Cold drawn 50.8%. Wire sample - 0.080 inch diam.
Other specifications same as 460a.

99. 72 0. 180, 0. lOPb 460

460d Cold drawn 74.8%. Wire sample - 0.057 inch diam.
Other specifications same aa 460a.

99. 72 0. ISO, 0. lOPb 460
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Tensile Reduction of Area of Copper

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION (
*eight%) REF.

NO.
Cu Zn Sn Ni Other

91b 99. 71 0, 29 91

92b 99. 32 0. 68Cr 92

IS8 Plate sample - notched (Tipper) - 0. 76 X 0. 61 inch at notch-

approx. 0.01 inch notch radius - 4S° (K^ 6. 2).

99. 50 0. !7As, 0. 07P,

0. 04Ni
188

316n R - 33, oxygen-free high-co.iductivity. bar supplied -

inch diam.

99. 96 316

421 Bar sample. 421
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Tensile Reduction Area of Copper (Electrolytic Tough Pitch)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn Ni Other

^^a Annealed 93Z°F - air cooled Bar sa.-nple - 0 139 inch

diam., strain rate ;;:0.001 inch/inch/sec.

99, 9 22

Annealed 932*F - air cooled. Bar sample - 0. 133 inch

diam.. strain rate 103 inches/inch/sec

.

99. 9 22

64a Annealed. 64

78e Annealed 1332°F - after hot rolling, plate supplied Bar
sample - reduced section - 1-1/1 inch long X 0.418 inch

diam,. crosshead speed = 0.25 inch/minute.

9*9. 91 0,03 0. 04O. 0. OlAs 78

89b Annealed ISSZT - water qjenched. Bar sample - 0. 118

inch diam.

99. 7 89

93c Soft, 92

145b Annealed 1112°F - I hrs. Bar sample - reduced section -

Z inches long X 0. 5 inch diam.

145

179a Annealed IZ'^Z'Y - 1/2 hr. in nitrogen. Bar sample -

0.177 inch diam.

179

190b Annealed 600°F - 1/2 hr. - after rolling at UODT. Bar
sample, I tests/temp, except at 150 and 350'F.

190

316f Annealed 1150'F - 1/2 hr. - 0. 040mm. G. S. - after hot

rolling. Sheet sample - 1/2 inch wide X 1/8 inch thick,

tested parallel to rolling direction.

99. 90 316

316t Tested transverse to rolling direction. Other specifications

same as 316f.

99. 90 316

367b Annealed 1 332°F - 5 minutes - after cold drawing 96%, bar
supplied - 0.25 inch diam. Wire sample - 0.025 inch diam.
212'F tests made in boiling v/ater and 419*F tests made in

hot criaco, 3 tests at 212'F - 2 tests each at other temps.

367

TEMPERATURE. "F
-460-400 -300 -200 -100 0 100 200 300 400 500
100

90

60

40

30

20

1 1 1

A NNEtiLED

[I790J
• 1^316 f

J

^4 [640] [92c] (I90bj

[B9b] —
[367bJ [78,}

Hi45b]
'

j [316 1]

100 200 300 400
TEMPERATURE. °K

500

34



Tensile Stress-Strain Curves of Copper

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (welght%) REE

NO.
Cu Zn Sn Al Ni Other

la Annealed 1100°F - 1 hr. - 0.036mm. C. S. - Rp = 35, phoa-
phorized, bar supplied - 3/4 inch diam. Bar sample -O.ZSO
inch at ends - 0.247 inch at center, crosshead speed = 0.02
inch/minute, clamp-on strain gage extensometer, 1 inch

G. L.

99.97 0. 03P 1

328 Annealed (soft) - ASTM C. S.#=5-R(^=8f), oxygen -free

high -conductivity, bar supplied - 3/4 inch diam. Bar
sample - reduced section - 1-1/4 inch long X 0. 174 inch

reduced diam.. crosshead speed was either 0.2 or 0.02

inches/minute at all temps. , clamp-on strain gage exten-

someter, 1 inch G. L.

Copp. r + S )ver : 99.99 328
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

33a Annealed, single crystal - orientation near [511 ]. Sample
area = 0.0114 ijichesf 0. 584 inch G. L. , discontinuous slip -

last pd rt of curve.

99.

999

33

33b Annealed, single crystal - orientation near [221], Sample
area = 0.0179 inches^, 1.51 inches G.L., twinning last

pa rt of curve.

99.

999
33

33c Irradiated lO^^nvt (neutrons/cm**) - after annealing, single

c r /stal - orientation near [221]. Sa-nplea rea - 0.0195
inches, 1. 52 inches G. L. . twinning last part of curve.

99.

99 9

33

163a Annealed. 99. 9 163
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Tensile Stress-Strain Curves of Copper

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

HO.

Ic Cold drawn 26% - 0. 144mm. G. S. - Rb = 50, phosphorized.
bar supplied - 3/4 inch diam. Bar sample - 0.250 inch at

ends - 0.247 inch at center, crosshead speed = 0.02 inch/

minute, clamp-on strain gage extensometer, 1 inch G. L..

99.97 0. 03P 1

29c Drawn, oxygen-(ree high-conductivity. Bar sample -approx.

6 inches long - 0. 564 inch reduced diam. - surface not

polished, strain rate ^0.04 inch/inch/minute.

29

29d Strain rate =5,0 inches/inch/minute. Other specifications

same as 29c.

29

163b Drawn 14% at -452''F then unloaded and warmed to 81°F in

1 7 minutes.

99.9 163

1 63c "Unannealed". 99.9 163

195b Irradiated for six months at approx, 212*^ in a flux of 6 X
10 slow neutrons/cm Vsec. , total dose was 5. IX 10^^

slow neutrons/cm - after annealing, oxygen-free high-

conductivity, wire supplied, 0.080 inch diam. Wire sample -

0.048 inch diam. X 6 inches long, strain rate = 0.000082
inch/inch/sec.

99.99 195

160x10"

0 2 0.3 0.4 05 Q6 0.7 0.8 09
STRESS, inches per inch

1.0

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%} REF

NO.
Cu Zn Sn At Ni Other

Cold drawn 60% - 0.287 to 2.00mm. G. S. - Rg = 45 to 53,

oxygen-free high -conductivity, bar supplied - 3/4 inch diam.
Bar sample - reduced section: 1. 5 inches long X 0. 247 inch

reduced diam. , crosshead speed = 0, 02 inch/minute, clamp-
on, strain gage extensometer, 1 inch G. L.

Bal Ippm 1 6ppm Ag, 12ppm
S. 2ppm As, 5ppm
Sb, < 3ppm O.

1

li Agea -i50°C - 1 hr. - 0. 203mm. G. S. - Rg = 68 - after first

heating to 950''C -water quenching - then cold drawing 85 -

90%. Other specifications same as Ig.

Bal

Other

0. 18Zr

as for Ig.

1

29a Annealed 1112°F - 1/2 hr. in pure nitrogen, oxygen-free
high-conductivity. Bar sample - approx. 6 inches long -

0. 564 inch reduced diam. - surface not polished, strain

rate ^ 0. 04 inch/inch/minute.

29

29b Strain rate ; 5. 0 inches/inch/minute. Other specifications

same as 29a.

29

195a Annealed 842''F - 1 hr. - 0,010 to 0,015mm. G. S. - after

drawing 64%, wire supplied - 0. 080 inch diam.
,
oxygen -free

high-conductivity. Wire sample - 0.048 inch diam. X 6

inches long, strain rate = 0.000082 inch/inch/sec.

99.99 195
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Tensile Stress-Strain Curves of Copper (Electrolytic Touj^h Pitch)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( »eight%) REF.

NO.
Cu Zn Sn Ni Other

NO.

Annealed I112°F. Strain rate =i0.001 inch/inch/sec.

21b Annealed UU'F. Strain rate « 100 inches/inch/sec. 1 1

Annealed 932-F - air cooled. Bar sample - 0. 138 inch

diam. . strain rate to U. T. S. = 0. 0004 inch/inch/aec.
,

0. 75 inch G. L.

99. 9 11

Hi Strain rate to U. T. S. = 80 inches/inch/sec. Other specifi- 99. 9 11

179 Annealed. Bar sample - 0. 177 inch diam. 179
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Hardness of Copper

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

79a Annealed 1652*F - 1/2 hr. - after cold rolling 50%.

Diamond pyramid hardness-10 kgm. load.

99. 44 0. 01 0. 03 0. 37As, 0. 09O,

0. OlAg
79

791) Annealed 1652*F - 1/2 hr. - after cold rolling 50%.

Diamond pyramid hardness - lOkgm.load.
99. 45 0. 01 0.07 0. 36As, 0. 07P,

0. 01 Ag
79

79c Annealed 1652"F - 1/2 hr. - after cold rolling 50%,
electrolytic tough pitch. Diamond pyramid hardness -

lOkgm load.

99. 85 0. 01 0. 02 0. 03O, 0. OlAg 79

95 Annealed 932° F. Strip sample - approx. 0, 039 inch thick

X approx. 0, 1 inch cross-sectional area. Brinell hardness
steel ball - 0. 0394 inch diam. , tests at 68' and -297*F
made on same strip.

95

141a Aged 830°F - 16 hrs. - after annealing 1830°F - 15

minutes and cold rolling to R^ = 70. Diamond pyramid
99. 2 0. 8Cr 141

1416 Aged 800°F - 1 hr. - after annealing 1300°F - 20 minutes
and cold rolling to R^ = 65. Diamond pyramid hardness.

99. 75 0. 25Zr 141

180a Annealed 1292*F - 1 hr. , electrolytic tough pitch. Cone
indenter - 120' - 25 kgm. load - 5 minutes.

180

180b Cold worked, electrolytic tough pitch. 120° - 25 kgm.
load - 5 minutes.

180

423a Soft. 400 kgm. load - ball indenter - 10mm. diam. 423

423b Worked. 700 kgm. load - ball indenter - 10mm. diam. 423
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Hardness of Copper

TEMPERATURE, "F
-460-400 -300 -200 -100 0 100 200 300 400 500
160 I

' ' '

...
CURVE

MATERIAL AND TEST PARAMETERS
COMPOSITION ( REF.

NO.
Cu Zn Sn A( Ni Other

NO,

101 10 to ISOkgm.load - 120° cone indenter - diamond. lOI

131 Brinell hardness - 3000kgm. load. 131

191 Electrolytic tough pitch. Cone indenter - 90° - 5 to

lOOOkgm. load - 15 sec.

191

Z 42 Sample - 5/8 inch square - 2-1/2 inches long, Vickera
diamond pyramid hardness. 4 tests/temp.

359 Oxygen-free high -c onduc ti vity . Diek sample - 1/2 to 1 inch

diam. - 1/4 to 1/2 inch thick. Diamond pyramid hardness -

500gm. load.

359

'Dynamic hardness." 42 4

442 Electrolytic tough pitch. Cone indenter - 120' - diamond -

10 to 150kgm. load - 60 sec.
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Impact Energy of Copper

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION {weight%) REF

Cu Zn Sn At Ni Other
NO.

la Annealed HOOT - 1 hr. - 0.036mm. G. S. - R = 35,

phosphorized, bar supplied - 3/4 inch diam. Cnarpy V,

hammer velocity = 16 ft, /sec, paper container glued to

sample used for -423°F, 507o fracture at -423°F - 207<i

fracture at other temps.

99. 97 0. 03P 1

54a Annealed 1292''F - 4 hrs. , chill - case ingot supplied - 1/2

inch thick. Izod, samples did not break - angle of bend
= 65°.

99.0 54

75 Annealed. Izod, samples partly broken. ?9. 98 75

79b Annealed - Vickers hardness - 48 (lOkgm. load) - after cold

rolling, phosphorized, plate supplied - 1 inch thick. Izod,

sample cut parallel to rolling direction.

99.86 0.01 0. 02 0. 06P. 0. 02As.

0. 02Se + Te.

0. OlAg

79

79c Annealed - Vickers hardness = 49 (lOkgm. load) - after

cold rolling, plate supplied - 1 inch thick. Izod, sample cut

parallel to rolling direction.

99. 45 0. 01 0.07 0. i6As, 0. 07P,
0. OlAg

79

79d Annealed - Vickers hardness = 52 (10 kgm, load) - after cold

rolling, plate 3 jpplied - 1 inch thick. Samples cut parallel

to rolling direction. Other specifications same as 79c,

99. 44 0. 01 0. 08 0. 37As, 0. 09O.
0 . 0 1 Ag

79

15b Soft, bar supplied - 3/4 inch square. Standard Charpy key-
hole except for length: 2.0 inches, hammer velocity =

14. 5 ft/sec, , sample contained in paper boat at -323 and
-423°F testa - correction applied, 1 to 3 tests/temp.

156

160a Annealed 1292T - 1 hr, in nitrogen, electrolytic tough
pitch. Square sample - 0,315 (parallel to impact di-

rection) X 0. 394 X 3. 94 inches, 45° sharp V -notch - 0, 1185
inch deep, distance between supports = 1.575 inches,
partial fracture - all temps.

180

190f Annealed 603''F - 1/2 hr, - after rolling at 1200°F,
phosphorized. Cha rpy keyhole, 2 tests/temp, except at

150 and 350°F,

190

282 Annealed 1472'F - 1/2 hr. Sample 0. 394 X 0. 394 X 3. 94
inches - V notch.

99. 75 282

295 Annealed - R^ = 43, phosphorized, bar supplied - 3/4 inch
diam, Charpy keyhole, samples at - I75°F frozen in ether
with liquid air and warmed to test temp. , 3 tests/temp. ,

samples unbroken.

99. 95 0. 03P 295
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Impact Energy of Copper

-460 -400
160

TEMPERATURE, 'F
-300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight7<,)

NO,

Ig Cold drawn 60% - 0. 287 to 2. 00mm. G. S. - Rq ^ 45 to 53,

oxygen-free high -conductivity, bar supplied - 3/4 inch diam.
Charpy V-notch, paper container glued to sample for -423° F
tests, room temp.and -108°F tests: 30 or 907o fracture;-

-323°F: 10 or 90 or 95% fracture; -423"F; 95 or 1007o
fracture.

Bal Ippm 4ppm 1 6ppm Ag, 12ppm
S, 2ppm As,

5ppm Sb, *= 3ppmO

1

li Aged 450°C - 1 hr. - 0. 203mm. G. S. - Rg = 58 - after first

heating to 950°C - water quenching -then cold drawing 85 -

90%. Room temp. : 88% fracture; -lOST: 90% fracture;

-323"F: 85% fracture; -423°F: 97% fracture. Other

0. 18Zr

same as Ig.

1

79a Annealed - Vickera hardness = 50 (lOkgm. load) - after

cold rolling, electrolytic tough pitch, plate supplied -

1 inch thick. Izod, samples cut parallel to rolling direction.

99,85 0. 01 0. 02 0. 08O, 0. OlAg 79

190b Annealed 600''F - 1/2 hr. - after rollmg at 1200°F.
electrolytic tough pilch. Charpy keyhole, 2 teats/temp -

except at I 50 and 350° F.

190

190d Annealed bOO'F - 1/2 hr. - after rolling at 1200°F, oxygen-
free high-condjctivity, Charpy keyhole, 2 tests/temp,

-

except at 150 and 350°F.

190

lib Annealed, oxygen-free high-conductivity. Sample cut

longitudinally from bar, Charpy keyhole - paper boat

container at -423°F, hammer velocity = 16 ft. /eec, ,

samples not broken - only deformed.

226

328 Annealed (9oft)-ASTM G. S.**= ^ - R = 86, oxygen-free high-

conductivity - bar supplied - 3/4 inch diam. Sample
ASTM standard Charpy V-notch except for dimension
parallel to notch which was 0. 197 inch (1/2 standard
width), 3 tests/temp.

, samples fractured 25% at all

temps. , paper boat container used for -423''F, values to

the nearest 0. 5 ft. -lb.

Copr er + J 99. 99 328

365 Annealed 1202°F - 1 hr. - Brinell hardness = 48, elec-
trolytic tough pitch. Sample ASTM standard Charpy V
except for length: 2. 36 inches, 75 to 212''F - tested in

water; 212 to 482°F - tested in oil bath, 8 to 12 tests/

temp, except at -54°F: 2 tests.

99. 95 0.03O, O.OlSb,
0. OlAs

365
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weighted) REF.

NO,
Cu Zn Sn At Ni Other

Ic Cold drawn 267(i - 0. 144mm. G. S. - Rq ^ 50, phosphorized.

bar supplied - 3/4 inch diam. Charpy v, hammer velocity

= 1 6 ft. /eec . ,
paper container glued to sample for -423 ° F,

40% fracture at -423''F - 10% fracture at other temps.

0. 03P 1

54b Chill cast, chill-cast ingot supplied - 1/2 inch thick. Izod,

samples did not break; angle of bend - 70° at 60 and 212°F
and 65° at 392°F.

99. 0 54

128 Sample assumed -o be ASTM Charpy keyhole except for

notch depth: 0. 118 inch.

128

134 Sample ASTM standard Charpy keyhole except for dimen-
sion from back to notch bottom of 0. 276 inch (ASTM = 0. 197

inch), paper container for -423°F tests, samples did not

fracture completely.

99. 96 134

180b Cold worked, electrolytic tough pitch. Square sample -

0. 315 (parallel to impact direction) X 0. 394 X 3. 94, 45°

sharp V-notch - 0. 1185 inch deep, distance between sup-

ports : 1. 575 inches, complete fracture -all temps.

180

188 Charpy V. 99. 50 0. 37Ab, 0. 07P,

0. 04Ni

188

190a As cast, electrolytic tough pitch. Charpy keyhole - notch

cut normal to columnar grains, 3 tests/temp.
190

190c As cast, oxygen-free high -c onducti vity . Charpy keyhole -

notch cut normal to columnar grains, 3 tests/temp.

190

190e As cast, phosphorized. Charpy keyhole - notch cut normal
to columnar grains, 3 tests/temp.

190

258 Sample ASTM standard Charpy keyhole except for notch

depth: 0. 118 inch, 2 tests/temp.
99, 96

99. 3

258

281d Aged at 840°F - 1 hr. - after cold drawing 69%. Sample
standard Charpy keyhole except for dimension normal to

notch: 3/4 standard.

0. 7Cr 281

281e Aged at 750°F - 1 hr. - after cold drawing 69%. Sample
standard Charpy keyhole except for dimension normal to

notch: 3/4 standard.

99. 85 0. 152r 291

363 Cold drawn - Brinell hardness = 100 (500kgm, load), bar
supplied - 1/2 inch square. .Standard Izod sample except
for cross-section: 7/16 inch sqjare, striking velocity =

11 ft. /sec. , samples did not fracture.

363

457 Assumed type sample - Mesnager: U-notch - 0.079 inch

deep X 0. 079 inch wide; c ross - section - 0. 394 X 0. 394
inch, author does not present point data.

99. 93 0. OiFe, 0. 01{Sn +

S:.)

457
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Fatigue Behavior of Copper

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO.
Cu Zn Sn At Ni Other

10b Annealed I202°F - 1 hr. - 0.015 to 0.020mm. G.S. , room
temp. : U. T. S. = 39, 800 psi - Y. S. ^ 12, 800 psi (0. 2% offset)

-

Rp= 62, bar supplied - 0.5 inch diam. Bar sample - 0.3
inch reduced diam. - polished, rotating beam - 3500 r . p. m. ,

sample at 19, 000 pei - 7 X 10^ cycles did not break.

0. 74Cd, 0. OlMn,
0. OlSi

10

78a Annealed 1382°F -after hot rolling, plate supplied. Bar
sample - reduced section - 2-1/4 inches long X 3/8 inch

reduced diam., rotating beam - 2700 cp.m., R = -1,

sample at 12, 300 psi - 10^ cycles did not break.

0 , 40As , 0.0 6P 78

78 b Sample at 14, 100 psi - 10^ cycles did not break. Other
specifications same as 78a.

99. 51 0. 03 0. 38As, 0. 05O 78

78d Soft. Sample at 1 6, 800 psi - 10^ cycles did not break.

Other specifications same as 78a.

0 . 45Si, 0. 0 5F e

,

0.05P, 0.02AS
78

78 f Phosphorized. Other specifications same as 78a. 99. 92 0. 03 0.05P. O.OIAs 78

11 3a Annealed IllZT - 1 hr. - in vacuum, room temp. : U. T. S. -

32, 500 psi. , bar supplied. Bar sample - 0. 325 inch diam. -

cut longitudinally, axial stress - 8000c. p.m., R= -1, test

results essentially same on rotating beam samples -0.3
inch diam.

99. 4 113

1 13b Plate sample -2.5 inches wide -0.25 inch thick - notched -

0. 2 inch deep notch - 0.004 inch notch radius (K-^ = 16.2) -

55° angle. Other specifications same as 113a,

99. 4 113

U5a Annealed. Bar sample -0.25 inch diam. , uniaxial stress -

2200 c. p. 8.. R= -1, tested in air.

125

125b Tested in damp nitrogen of 55% relative humidity. Other
specifications same as 125a.

125

12faa Annealed, room temp. : U, T. S. = 31, 400 psi. Sheet sample -

uniform part = 2 -3/16 X 3/1 6 X 0. 020 inch, cut with roUmg
direction, reciprocating a rm - 750 r. p.m., R= 1, 5 sam

-

pies did not break at 9000 psi - 10^ cycles.

99. 95 126

229a Annealed 1290°F - 30 minutes - pickled - after annealing

1290°F then drawing 26.4%, room temp. : U. T. S. = 32, 400

psi. Bar sample -0.4 inch reduced diam. , rotating beam -

1500 r. p.m.

229

356a Annealed. Bar sample - 0.5 inch reduced diam. , 2200c. p.m.
tested in air.

356

356b Tested in vacuum.- 0, 0005 to 0. 001mm. Hg. Other specifi-

cations same as 356a.

356

356c Tested in dry purified air. sample at 10,500psi-3X lO'

cycles did not break. Other specifications same as 356a.

356

356d Tested in damp purified air of 55% relative humidity,

samples at 9900 psi - 5 X lo' cycles did not break. Other
specifications same as 356a.

356
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF,

NO.
Cu Zn Sn At Ni Other

lOc Drawn 367o -0. 040mm. G. S. . room temp. : U. T. S. =4S,800
psi - Y. S. = 46, 500 psi (0. 2% offset) - Rg = 47. electrolytic

tough pitch, bar supplied -0,5 inch diam. Bar sample -0.3
inch reduced diam. - polished, rotating beam - 3500 r.p.m.

99. 9S 0. 03O 10

56a Drawn 30% -0. 040mm. G. S. . room temp. : U. T. S, = 44,000
psi - Y.S. = 40,000 psi (0. 2% offset), electrolytic tough

pitch. Bar sample -0.3 inch reduced diam. - polished, ro-
tating cantilever - approx, 8000 r.p.m.

99. 93 56

56b Drawn 30% - 0.0 40mm. G. S. Notched oar sample - 0. 30

inch diam. a» notch - 0.0015 inch notch radius (Kj = 10. 0) -

60°. rotating cantilever - approx. 8000 r.p.m.

99. 93 56

ll9a Drawn - room temp. : U. T. S = 36, 000 psi. Rotating

beam - 2400 r.p.m.
99. 92 0. 05Fe. 0. 02Mn,

0. OIP
1 19

1 19b Drawn 16. 3%, room temp. : U. T. S = 37, 700 psi. Rotating

beam - 2400 r. p. m.
99. 95 0. 04O 1 19

119c Drawn23.8%, room temp. : U. T . S. = 37, 600 psi. Rotating

beam - 2400 r.p.m.
99. 94 0. 05O 119

119d Drawn 36%, room temp.: U. T. S. = 38,000 psi. Rotating

beam - 2400 r.p.m.
99. 90 0. 09O 1 19

119e Drawn 26%, room temp. : U. T. S, = 40. 603 psi. Rotating

beam - 2400 r.p.m.
99. 75 0. 240 119

126b Reduced 20. 7% (B. 8. S. hardness - I), room temp. ; U. T. S.

= 44, 400 psi - Rg = 33.2. Sheet sample - u.iiform part =

2-3/16 X 3/16 X 0. 020 inch, cut with rolling direction,

reciprocating arm - 750 r.p.m.. R = -1.

99. 95 126

126c Reduced 50.0% (B. & S, hardness = 6), room temp. : U. T. S
= 52. 600 psi - Rg= 55.3 Other specifications same as 126b

99. 95 126

229b Drawn 567o, room temp. : U. T. S. = 56, 200 psi. Bar sample
0.4 inch reduced diam,, rotating beam - 1500 r.p.m.
R = -1, data spread ± 1 5%>.

99. 9 229

2 30a Drawn, room temp.: U, T. S, = 48.700 psi - ultimate shear
strength = 33,300 psi - Brinell hardness - 96 (500 kgm.load)
bar supplied - 3/4 inch diam. Bar sample - reduced section
= 1-1/2 inches long X 0.35 inch reduced diam. - polished,

torsion fatigue, R = 0.

2 30

230b Torsion fatigue. R = 1. Other specifications same as 230a. 230

230c Bar sample - 0. 4 inch reduced diam. - polished, flexure
fatigue, R = -1. Other specifications same as 230a.

230

336b Cold drawn 36%. room temp. : U. T. S, = 50, 500 psi - Y.S. ^

48, 600 psi (0. 2% offset) - Rp = 85, 5, electrolytic tough
pitch. Rotating beam.

99. 93 386

20

Room Temperature

^ [ipc] [386b]

[/26b]

Tl \ TT"
COLD WORKED

10° 10' 10°
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Fatigue Behavior of Copper

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn A'- Ni Other

10a Drawn bl% - 0.040mm. G. S. , room temp, r U. T. S. = 76,700

pei - Y. S. = 73,800 psi (0.2% offset) - Rb = 73. bar eupplied-

0,5 inch diam. Bar sample - 0.3 inch reduced diam.
,

polished, rotating beam - 3500 r.p.m. ,
sample at 30,000 psi -

6 X 10^ cycles did not break.

98. 67 0. 52 0. 81Cd 10

11a Drawn 36% -0.040mm. G. S. , room temp. : U. T. S. = 48,800

psi - Y. S. = 46.500 psi (0.2% offset) - Rg = 47, electrolytic

tough pitch. Bar sample - 0.3 inch reduced diam.
,

rotating

beam - 3500 r.p.m.

99. 95 0. 03O 1

1

lib Drawn 29% -0. 12 5mm. C. S. . room temp. : U. T. S. - 51,000

psi - Y. S. = 49,000 psi (0.2% offset) - = 37, oxygen-free

high -conductivity. Bar sample -0.3 inch reduced diam.
,

rotating beam - 3500 r.p.m.

99. 95 0. 03O 11

5da Reduced 217o - 0. 030mm. C. S, , room temp. : U. T. S. ^

41,000 psi - Rg = 34, electrolytic tough pitch. Strip

sample - tapered part - 3-9/32 inches lo.ng X 3/16 inch

wide - cut with rolling direction, rotating cantilever -

900 r. p. m. ,
sample at 11, 500 psi - lO^cycles did not break

9 -^. 9 J 58

58 b Reduced 37% - 0. 030mm. G. S. , room temp, : U. T. S. =

49, 300 psi - Rg - 48, electrolytic tough pitch. Sample at

13, 500 psi - 10^ cycles did not break. Other apecificatioiis

same as 58a.

99. 93 58

58 c Reduced 60% - 0. 030mm. G. S. , roo.m temp. : U. T. S =

57,700 psi - Rg = 58, electrolytic tough pitch. Other
specifications same as 58a.

99. 9 3 58

58d Reduced 21% - 0. 040.-nm. G. S. , room temp. : U. T. S. =

41. 400 psi - Rg = "iO, phosphorized. Bar sample - 0. 3

inch reduced diam. - polished, cantilever beam - approx.

8000 r. p. m. ,
samples at 12, 500 and 14, 000 psi - 10^ cycles

did not break.

99. 97 0, OIP 58

58 e Reduced 37% - 0.045mm. G. S. , roo.-n temp. : U. T. S. =

45,300 psi - = 50, phosphorized. Samples at 15,000 psi-

10^ cycles did not break. Other specifications same as 58a.

99. 97 0. OIP 58

58 f Reduced 607o - 0.040.-nm. G, S. . room temp. : U. T. S. =

51,600 psi - Rj, = p^iosphorized. Simples at 13,000 -

14, 500 - 17, OoB psi - 10^ cycles did lOt break. Other
specifications same as 58a.

99. 97 0. OIP 53

58 g Redaced £ 1% - 0. 030mm. G. S. , room temp. : U. T. S. =

42.800 psi - Rq = 37. phosphorized. Samples at 13,000 -

15. 000 - 17, 009 psi - 10® cycles did not break. Other
specifications same as 58a.

99. 96 0. 03P 58

5Bh Reduced 37% -0.025mm. G. S. , room temp. : U. T. S. =51,600
psi - Rg = 51, phosphorized. Other specifications same
as 58a.

99. 9b 0. 03P 58

58 i Reduced 60% -0.030mm. C. S. , room temp. : U. T. S, ^ 59,300

psi - Rg = 61, phosphorized. Other specifications same
as 58a.

99. 96 0. 03P 58
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CURVE

NO.
MATERIAL AND T-EST PARAMETERS

COMPOSITION (weight%.) REF.

NO.
Cu Zn Sn Ni Other

78c Cold rolled "o hard temper, plate supplied. Bar sample -

redaced section - 2-1/4 inches long X 3/8 inch reduced
diam. , rotating beam - 2 700 c, p. m. , sample at 21,200
psi - 10® cycles did not break.

93- 60 0. 78 0. 45Si. 0. 05Fe.
0. 05P. 0. 02As

78

2Ua Cold drawn, room temp. : U. T. S. = 40, 400 psi, electro-

lytic tough pitch, bar supplied - I inch diam. Bar sample -

reduced section - 2 inches long X 0. 469 inch reduced diam. ,

rotating cantilever - 1800 r.p.m,. R = -I, data spread
± 8%.

0. 02Fe 211

211b Cold rolled, room temp. : U. T. S, = 40, 430 psi, electro-

lytic tough pitch. Bar sample - reduced section - 4. 5

inches long X 0. 5 inch diam. , alternating torsion, 2140

c. p. m. , data spread ± 12%.

0. OlFe 21 1

211c Hot rolled, room temp.: U. T. S. = 31,400 psi. Data

spread ± 10%. Other specifications same as 211b.

0. OlFe 211

336e Extruded to 71% reduction of area, room temp. : U. T. S. =

31.300 psi, electrolytic tough pitch, bar supplied - 3/4
inch diam. Bar sample - 0. 5 inch reduced diam. , 2200
c. p. m. , tested in air, sample at 9, 900 psi -3X lo'cycles
did not break.

9?. 92 0. 040 356

356f Tested in vacuum - 0. 000 5 to 0. 00 1mm. Hg. Other
specifications same as 356e.

99. 92 0. 04O 356

356g Extr\ided to 78% reduction of area, room temp. : U. T. S. =

32,200 psi. oxygen-free high -conductivity, bar supplied -

3/4 inch diam. Bar sample -0.5 inch reduced diam.
.

2200 c. p.m.. tested in air.

99. 96 356

336h Tested in vacuum. 0. 000 5 to 0. 00 1 mm. Hg. " Other
specifications same as 356g.

99. 96 356

356i Extruded to 807o reduction of area, room temp. : U. T. S. =

32.900 psi, phosphorized, bar supplied - 3/4 inch diam.
Bar sample - 0.5 inch reduced diam. . 2200 c.p.m.. tested

99. 96 0. 02P 356

356j Tested in vacuum - 0. 000 5 'o 0. 001mm. Hg. , sample at

10. 100 psi - 3 X lO' cycles did not break. Other
specifications same as 356i.

99. 96 0. OiP 356

436a Cold rolled, room temp. : U. T. S. = 52.000 psi, Y. S. ^ 21,500
pii. electrolytic tough pitch. Rotating cantilever.

0. OlFe 436

bJ
cr
I-

30

X lU -

Rot. m T oer iturt

[7BCJ^Cold

[211aJOmwn [436
^ Cold Rol

1

led

f356g}Extrm 1. 6 ']Extruded
|

'A[356h]Exlrud •d

[35
del1

>

[356j]
Y356/JI

1 III
'xfruded

I

Extrudei1
~

[.?/L]H
1—hf-
0/ Rolled

i

iziibj 1

Cold Rolled
1

1

\Q' 10°

FATIGUE LIFE, cycles

41



Fatigue Behavior of Copper (Electrolytic Tough Pitch)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight%) HEF

Cu Zn Sn At Ni Other
NO.

216a Annealed 1112°F - "several hrs."- Ar atmos. Wire sample -

0.02 inch reduced diam. , uniaxial stress - one end fixed -

other end driven by vibrating generator, fixed stress at

225c.p.s., R : -1.

21 6b Applied stress built up gradually to indicated stress. Other

specifications same as 216a.

0. 03O 216

216c Full stress applied immediately. Other specifications same
as 216a.

0. 03O 216

10* lO' 10^ 10^ 10^

FATIGUE LIFE, cycles

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO.
Cu Zn Sn At Ni Other

lOd Annealed HUT - 1-1/4 hrs. - 0.040mm. G. S. , room temp. :

U. T. S. =31,100 psi - Y.S. = 4.800 psi (0.2% offset) - Rp - 43.

bar supplied - 0. 5 inch diam. Bar sample - 0,3 inch reduced
diam. - polished, rotating beam - 3500 r.p.m. , samples at

6,500 and 7,500 psi - 10^ cycles did not break.

99.95 0. 03O 10

7Se Annealed 1 382 ° F - after hot rolling, plate supplied. Bar
sample - 3/9 inch reduced diam.

,
rotating beam - 2700 r.p.m,

R = -1, samples at 13,400 psi - lO^cycles did not break.

99.91 0. 03 0. 04O. 0. OlAs 78

146a Annealed 11U°F - 1 hr. - furnace cooled 3<?2 to 462^ -

water quenched, room temp. ; U. T- S. = 31.200 psi - Brinell
hardness = 47. Flexural cantilever, samples at 10.000 psi-

6 X I0''and 1.4 X lO^cycles did not break.

99.92 0.01 0. OlPb. 0. OlFe 146

146b Flexural beam. Other specifications same as 146a. 99.92 0.01 O.OlPb, O.OlFe 146

204a Annealed 250°F - 3 hrs. - after cold working, room temp. ;

U. T. S. = 46.500 psi - Y. S. = 21,200 psi (0.01% offset), bar
supplied - 1 inch diam. Sample - conically tapered, rotating

cantilever - 1450 r.p.m, . tested in air.

99.

996

204

204b Tested in 33% salt water, includes 2 tests in fresh water.
Other specifications same as 204a.

99.

996

204

204c Annealed IZOOT - 1 hr. - after hot rolling, room temp. :

U. T. S. = 31,200 psi - Y.S. = 4,500 psi (0. 01%i offset). Other
specifications same as 204a.

99.

996
204

20 4d Tested in 33% salt water, includes one test in fresh water.
Other specifications same as 204a.

99.

996

204

261 Annealed 932 °F - 1 hr. - in vacuum - furnace cooled, room
temp. : U. T.S. = 31.000 psi - Y. S. = 2, 500 psi {0. 1% offset) -

Vickers hardness = 45. Ba r sample -0.16 inch reduced
diam,

, single point rotating cantilever - 4500 r.p.m.

261

386a Annealed 600'C - 1/2 hr. , room temp. : U, T. S. = 33.400 psi-

Y. S. = 6,850 psi (0. 2% offset) - Rp = 34.0. Rotating beam.
99.93 386

436b Annealed, room temp. : U. T. S. - 32,100 psi - Y. S. - 3,700

psi. Rotating cantilever.

0. OlFe 436

456a Annealed 250*^ - 3 hrs. - furnace cooled, room temp. ;

U.T.S. = 46,900 psi - Y.S. =20.000 psi. Notched sample -

0.5 inch diam. at c ircumferential notch - 0. 0055 inch notch

radius (K-j- = 6. 72) , rotating cantilever - 1450 r.p.m., R = -1.

0. OlFe 456

456b Annealed 750°F -2 hrs. - furnace cooled, room temp.:

U. T. S. = 30,300 psi - Y.S. = 4.700 psi. Other specifications

Bame as 456a,

0. OlFe 456
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Fatigue Behavior of Copper (Oxygen-Free High-Conductivity)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (*eighl%) REF

NO,
Cu Zn Sn At Ni Other

192a Annealed. 192

289 Annealed \OZi°F - 1 hr. - after machining sample. ISOOCfvm,
samples at 25,000 pis - 1.5X lO^cycles and 10,000 psi - 4 X
10 cycles did not break.

289

343a Annealed - then electropolished in phosphoric acid, bar sup-
plied - 1/4 inch diam. Bar sample - reduced section - 1-1/4
inches long X 7/32 inch diam, , axial tension applied to sam-
ple undergoing alternating torsion at ISOOcpm. , torsion

amplitude = 1.5°, tension stress plotted.

343

343b Torsion amplitude = 2.0°. Other specifications same as 343a. 343

343c Torsion amplitude = 2.5'". Other specifications same as 343a. 343

343d Torsion amplitude = 3.0°. Other specifications same as 343a, 343
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CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight7ol KEF.

NO.
Cu Zn Sn At Ni Other

NO.

29a Annealed 1112T - 1/2 hr. - N; atmos. , room temp. : U.T.S^
30.000 p»i - Y. S. = 2.700 psi (0.1% of(set). Bar sample -

0.564 inch reduced diam. , uniaxial stress -10c. p.m, R=-l,
strain rate ^5 inches/inch/minute.

29

29b Drawn, room temp. : U. T. S. = 33.400 psi - Y. S. = 30.900
psi (0.1% offset). Other specifications same as 29a.

29

20

10

261-278 0-67—

4
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Creep Behavior of Copper

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight7») REE.

NO,
Cu Zn Sn /\l Ni Other

NO.

Annealed - 0. 025mm. G. S. , room temp. : U. T, S = 35, 100

psi - Y.S. = 7, ZOO psi (0 . 5% strain)
.
electrolytic tough

pitch. Bar sample - 1/8 inch diam.

99. 96 60

60 c Annealed - 0. 025mm. G, S , room temp. : U. T . S, = 34,500

psi - Y. S. = 7. 900 psi (0. 5% strain), oxygen-free high-

co.^ductivity. Bar sample - 1/8 inch diam.

99. 9S 0. 01 60

60g Annealed - 0. 045mm. G. S. , room temp. : U. T. S = 35,000

psi - Y. S. = 6, 100 psi (0. 5% strain). Bar sample - 1/8

inch diam.

99. 60 0.01 0. 01 0. 32As, 0. 02P,

0. 02Fe
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Creep Behavior of Copper

CURVE

NO.
MATERIAL, AND TEST PARAMETERS

COMPOSITION {weight%) REF.

NO.
Cu Zn Sn Al Ni Other

150 Annealed - 0, 025mm, G, S. , oxygen-free high -conductivity.

Bar sample - 0. 50 5 inch diam. - 2 inches G. L. Second
stage c reep.

99. 99 150

^49a Annealed 1562'"F - 1 hr. - Ns atmos. - furnace cooled at

rate of 2U''F/hr. - 0, 0007mm. C. S, , oxygen-free high

-

conductivity. Ba r sample -0.16 inch diam. , 1 inch G. L.

Second stage creep.

99. 98 249

249b Annealed 1562°F - 1 hr. , Nz atmos. - furnace cooled at

rate of 212''F/hr. - 0. 125mm. G, S,
.
oxygen-free high-

conductivity. Bar sample - 0, 16 inch diam, - 1 inch G, L,

Second stage creep.

99. 98 249

249c 0. 33mm, G. S. Bar sample - 0. 375 inch diam. -2,5 inches

G, L, Other specifications same as 249b.

99. 98 249

249d 0. 0007mm. G. S, Bar sample - 0, 505 inch diam, , 2, 5 inche;

G. L. Other specifications same as 249a,
j

99. 98 .249

286a Annealed - room temp, t U. T. S. = 37, 000 psi - Y. S, =

6, 500 psi (0. 2% offset), oxygen-free high-conductivity.

Wire sample - 0.081 inch diam., 230''F: second stage creej

20,000 psi; first stage - 25,000 psi. 300°F: first stage -

25, 500 psi.

99. 99^ 286

316aa Annealed - 0,025mm. G. S, - Rp = 34, oxygen-free high-

conductivity. Bar sample - 0, 125 inch diam. Second stage

c reep.

99. 99 0.01 316

316 Annealed - 0. 030mm. G. S. - Rp = 47. electrO|lytic tough

pitch, sheet supplied - 0. 1 inch thick. Second stage creep.

99. 97 0. 0 3O 316

10"° lO'''
10""' 10"'

CREEP RATE, inches per inch per hour
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Creep Behavior of Copper

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( ^eight%) REF,

NO.
Sn At Ni

NO

59a Drawn 84%, room temp. : U. T. S, = 55, 400 psi, electro-

lytic tough pitch. Bar sample - 1/4 inch diam.

99. 96 59

59b Drawn 347o. room temp. : U. T. S - 54, 500 psi. oxygen-free

high-conductivity. Bar sample - 1/4 inch diam.
99. 93 59

59c Drawn 84%, room temp. : U. T. S, -60.900 psi. Bar
sample - 1/4 inch diam.

99. 60 0. 32As 59

60 J Drawn 84%, room temp. : U. T. S, = 55, 400 psi - Y. 5. =

50,000 psi (0. 57o strain), electrolytic tough pitch. Bar
sample - 1/8 inch diam. , third -itage creep at 14, 650 -

20, 000 - 25, 200 psi.

99. 96 60

60 d Drawn 84%, room temp. : U. T. S, = 54, 500 psi - Y. 5. =

49, 500 psi (0. 5% strain), oxygen-free high-cond activity.

Bar sample - 1/8 inch diam. , third stage creep at.9, 950 -

20.000 - 25, 100 psi.

99. 9S 0.01 60

60 e Drawn 1% - after an.nealing - 0.013mm. G. S, , room
temp. : U. T. S = 37, 000 psi - Y. S. = 15, 400 psi (0. b%
strain), phosphorized. Bar sample - 1/8 inch diam.

99. 95 60

60 r Drawn 6% - after annealing - 0.013mm. G. S, , room
temp. : U. T. S- = 41 , 300 ?si - Y . S = 33, 000 psi (0. b%
strain), phosphorized Bar sample - 1/8 inch diam.

99. 9 5 60

60 n DraA-n 84%, room temp. : U. T . S. ^ 60, 900 psi - Y. S, -

55, 500 psi (0. 5% strain). Bar sample - 1/8 inch diam.

Q9. 60 0. 01 0. 01 0. 32As. 0. 02P,

0. 02Fe
60

10 10" 10' 10° lO"-* 10"

CREEP RATE, inches per inch per hour

CURVE

NO
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight7o) REF.

NO
Cu Zn Sn At Othe r

91a Hard Rate taken at 1000 hrs 99. 0 9 0. 91 91

92d Hard Rate taken at 1000 iirs 99. 2-i 0. 76Cr 92

286d Cold drawn 84,4% - after annealing, room temp. : U. T. S, =

65,200 psi-Y.S. ^ 65,000 psi (0. 2% offset), electrolytic

tough pitch. Wire sample - 0.081 inch diam. Second stage

99- 96 0. 03O 286

316d Drawn J 7%, bar supplied - 0. 125 inch diam. S-co.id stage

creep.
99. 5i 0. 46Te, O.OIP 316

376a Cold worked 10% - 0,035mm, G. S - Vickers hardjiess ^

9Ll(20kgm. load), electrolytic tough pitch, strip sup-

plied - 1-1/4 X 0. 1 inch cross section. SLrip sample -

1-/2 X 0, 1 inch c ros s section - 5 inch G. L. Second st.age

c reep.

99. 97 0. 03O 376

376b Cold worked 15% - 0. 030.-nm. G, S. - Vickers hardness =

105,0 (20 kgm. load), electrolytic tough pitch. Other
specifications same as 376a.

99. 97 0- 03O 376

376c Cold worked 507(i - Vickers hardness - 114. 5 [20 kgm. load?

electrolytic tough pitch. Other spec ificatio.is same as 376a.

99. 97 0. 03O 376

3 7 6d Cold worked 10% - 0.030mm, G. S. - Vickers hardness =

96. 1 (29 kgm. load). Other specifications same as 376a.

99.89 0. 09Ag, 0. 02O 376

376f Cold worked 507o - Vickers hardness = 116.0 (20 kgm.
load). Other specifications same as 376a,

99. 89 0. 09Ag, 0. OZO 376

10° 10' 10 10
•

CREEP RATE, inches per inch per hour
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Creep Behavior of Copper

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn Al Ni Other

57b Drawn 84%; room temp. : U. T. S. = 57. 500 pai - Y, S. = 53,OOC

pai (0. 2% offset), phoaphorized. Bar sample - 0. 125 inch

diam . ,
average lest time ^ 550&'hr8. Second atag^ cretp.

99. 95 0. OIP 57

316tih Cold rolled 50% - Rg ^ 65, sheet supplied - 0, 1 inch thick.

Second stage creep.
99. 89 0. 09Ag, 0. OZO 316

362d Drawn 21%, phosphorized, bar aapplied - 3 inch diam. Bar
sample - 1/8 inch diam. - 10 inch G. L. , 300"F - second
stage creep except for 29, 900 pai: third atage; 400°F -

second stage except for 25.000 pai: third stage. 500'F
second stage except for 10,000 pai: third stage.

99.98 0. 02P 362

362e Drawn 37%, phoaphorized, bar supplied - 3 inch diam.
Bar sample - 1/8 inch diam. - 10 inch G. L. 300" F -

second sUge except for 30, 100 psi: third stage; 400°F -

aecond atage except for 25. 150 psi: third stage; 500°F -

second stage.

99. 93 0. 02P 362

362f Drawn 84%, phoaphorized, bar supplied - 3 inch diam. Bar
sample - 1/8 inch diam. - 10 inch G, L. .

300° F - aeco.id

atage except for 39, 950 pai: third stage; 400"F - aecond
stage except for 5,050 - 9,050 - 15,000 psi; third atage;

500 'F - aecond atage except for 10,000 psi: third stage.

99. 98 0. 02P 3 62
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Creep Behavior of Copper (Electrolytic Tough Pitch)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF-

NO.
Cu Zn Sn Ai Ni Other

316gg Coid rolled 257o - 0.035mm, G. S. - Rg ^ 53, sheet sup-

plied - 0. 1 inch thick. S«cond stage creep.

99, 89 0. 09Ag. 0. 02O 316

316ii Drawn 84%, bar supplied - 0. 125 inch diam. Secoiid staae 99. 95 0.01 0. 03Ag 316

316jj Cold rolled 50% - Rg = 64, electrolytic tough pitch, sheet

supplied - 0, 1 inch thick. Second 3tage creep.

99. 97 0. 03O 316

llbl' Cold rolled 10% - 0.030mm. G. S. - = 51, sheet sup-

plied - 0. 1 inch thick. Second stage creep.

99. 90 0 03Ag. 0. 02O 316

316iin Cold rolled 10% - 0.035mm. G. S - Rg = 50, electrolytic

tough pitch, sheet supplied - 0. 1 inch thick. Second stage

creep.

99. 97 0. 0 3O 316

316oo Cold rolled 25% - 0.030mm. G. S. - Rg = 50, electrolytic

tough pitch, sheet supplied - 0. 1 inch thick. Second sta^e

c reep.

99. 97 0. O iO 316

376e Cold worked 257o - 0.035mm. G. S. - Vickers hardness =

i05. 0 (20 kgm. load), strip supplied - 1-1/4X0.1 inch

cross section. Sirip sample - 1/2 X 0. 1 inch croas section

5 inch G. L. Second ^tage creep.

99. 89 0. 09Ag, 0. 02O 376
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Creep Behavior of Copper (Oxygen-Free High-Conductivity)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( »eight7.) REF

Cu Zn Sn At Ni Other
NO.

153 Drawn 40%, Bar sample - reduced section - i inches long

X 0. 505 inch diam. Second stage creep.

99. 91

Cold rolled i5% -O.Oimm. C. S. - Rg - 56. Sheet supplied

-

0. 1 inch thick. Second stage creep.

99.

995

316

316dd Cold drawn 40% - 0. D25mm. G. S. - Rp ^ 86. Second stage

creep.

99. 99 316

316ee Cold drawn 75% - approx. 0. limm.C.S. Second stage

creep.

99. 97 316

10 10 ID" 10" lO" 10'

CREEP RATE, inches per inch per hour

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( ^eight%) REF

NO,
Cu Zn Sn Ai Ni Other

NO.

88 Drawn 87o. Bar sample - 0, Z inch diam. . ^0 Lnch C. L. 88

286b Cold drawn R4A% - after annealing, room temp, : U. T. S. ^

66, 300 psi - Y. S, - fab. 000 psi (0. 27o offset). Wire sample -

0.081 inch diam. , <LiO°F - second stage creep; 300°F
third stage.

99. 99 286

316ff Cold rolled 25% -0. 0 35mm. C. S. - Rg ^ 56, sheet supplied -

0. 1 inch thick. Second stage creep.

99. 9Z 0. 0 7Ag 316

10"^ lO^ 10'^ icr* 10"^

CREEP RATE, inches per inch per hour
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Stress-Rupture Behavior of Copper

CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%)

NO.

Cu Zn Sn AC Ni Other

Annealed I562''F. Ns atmos. - 1 hr. - furnace cooled,

bar aupplied - 0.25 inch diam. Bar sample - 0. 159 inch

diam. , load co.TStant.

99.

995

202

202b Water quenched. Other specifications same aa 202a. 99.

995

202

202c Annealed 1562*F in vacuum - 1 hr. - furnace cooled, bar

supplied - 0.25 inch diam. Bar sample - 0. 159 inch diam
, ,

load constant.

99. 99 202

202d Water quenched. Other specifications same as 202c. 99, 99 202

202e Annealed 1562''F, N; atmos. - 1 hr. , furnace cooled,

electrolytic tough pitch, bar supplied - 0,25 inch d'.am.

Bar sample - 0. 159 inch diam. , load constant.

99, 9*1 0. 010 202

202f Water quenched. Other specifications same as 202a, 9?. 91:1 0. 04O 202

202g Annealed 1562°F in vacuum - 1 hr, - furnace cooled, bar

supplied - 0, 25 inch diam. Bar sample - 0, 159 inch diam.
,

load constant.

99.

999

202

202h Water quenched. Other specifications same as 202g. 99.

999

202

202m Same specifications as 202e. 99. 92 0.04O, 0.03Ag 202

202n Sample at 17, 500 psi -600 hrs. did not break. Other

specifications same as 202f.

99. 92 0. 04O, 0. 03Ag 101
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LIFE TO RUPTURE, hours

1000

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight^o) REF.

NO.
Cvi Zn Sn At Ni Other

202i Annealed 1562°F, N2 atmos. - 1 hr. - furnace cooled,

oxygen-free high -conductivity, bar supplied - 0.25 inch

diam. Bar sample - 0. 159 inch diam. . load constant.

J9. 99 202

202j Water quenched, oxygen-free high -conductivity. Other
specifications same as 202i.

?9. 99 202

202k Same specifications as 202i, ^9. 94 0. 05Ag 202

202( Same specifications as 202j, 99. 94 0. 05Ag 20i

247d Annealed 932° F, electrolytic tough pitch. Wire sample -

0,116 inch diam.
2 47

247e Annealed 572°F, electrolytic tough pitch. Wire sample -

0. 110 inch diam.
2 47

433a Annealed 932'F - 1 hr. and pickled - 0. 028mm. G. S. ,

Vickers hardness - 52. 7. 100' F: U. T. S. = 33. 200 psi -

Y. S. - 10, 500 psi (0. 17e offset), electrolytic tough pitch,

strip supplied. St rin sample - 0 , 064 inch thick - cut

normal to rolling direction.

99. 96 0. 020. 0, OlPb.
0. OlSn

433

441a Annealed 932°F - 1 hr. - room temp. : U. T, S, = 32, 800
psi. Tested in torsion, constant shear stress, no tensile

99. 9 441

a.
I- 2

10

08

06

04

0.2

0 1

M73'K(393'F).

Temperatures shown
are Test Temp's

_1 LLU L

01 1,0 10 100

LIFE TO RUPTURE, hours
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Stress-Rupture Behavior of Copper

CURVE

NO.
MATERIAL. AND TEST PARAMETERS

COMPOSITION (weight7o) REF.

NO.
Cu Zn Sn At Ni Other

iiio Half hard - 0. 025mm. G. S- - Vickera hardness = 94. 8,

lOO-F: U. T. S. = 41, 900 pst, Y. S. = 36. 200 psi (0. 1% o[f-

act), electrolytic tough pitch, strip jupplied. Strip sample
0.064 inch thick - cut normal to rolling direction.

99. 96 0. 02O. 0. OlPb.
0. OiSn

439

43dc Hard - 0. 0 I4miTi. G. S. , Vickere hardness = 111, 100° F:

U. T. S- = 52, 900 psi, Y. S. = 43, 900 pai (0. 1% offeet),

electrolytic tough pitch, strip supplied Strip sample -

0. 064 inch thick - cut normal to rolling direction.

99. 96 0. 02O, 0. OlPb.
0 . 0 ) Sn

433

455a Annealed 1562°F - atmos. - 1 hr. - furnace cooled

194'F/hr. , bar supplied - 0. 2 5 inch diam. Bar sample -

0. 160 inch diam.

0. 05Ag 455

455b Water quenched. Other specifications same as 455a. 0. 05Ag 455

Temperatures shown
ore Test Temp's I

J I III I L

01 \0 10 100 1000 lOOC

LIFE TO RUPTURE, hours

STRESS- RUPTURE BEHAVIOR OF COPPER

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight7,) REF.

NO,
Cu Zn Sn Al Ni Other

NO.

92b Hard. 92

247a Wire sample - O. 091 inch diam. Samples at 22,000 psi -

190 hra. and 21,000 psi - 680 hrs. did not break.

99. 8 0, 2Cd !47

247b Strip sample - 0.260 X 0.050 inch thici<. Sample at

20,000 psi - 500 hra. did not break.

99. 9 0, IMn 247

247c Cold drawn 60, 6% - alter first annealing 1832°F - then cold

drawing 56. 1% - then aging 842°F - 3 hrs. Wire sample -

0. 064 inch diam. , samples at 47, 000 psi - 520 hrs. and
42,000 psi - 620 hrs. did not break.

99. 01 0, 9Cr, 0. 09Si 247

445 Sintered 1904°F - 20 hrs 445

10

0.8

06

0.4

0.2

Temperatures shown
are Test Temp's.

_J L-LLI \

0.1 10 10

LIFE TO RUPTURE,
1000

hours
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Modulus of Elasticity of Copper

TEMPERATURE, "F
-400 - 300 - 200 -100 0 100 200 300 <400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF,

NO.
Cu Zn Sn At Ni Other

316( Annealed 1 1 50°F - l/^ hr. - 0.040mm. G. S. - after hot

rolling, electrolytic tough pitch. Sheet sample - \jl inch

wide X 1/8 inch thick, tested parallel to rolling direction.

99. 90 316

316k Annealed I150°F - l/^ hr. - 0.045mm. G. S - after hot

rolling, oxygen-free high conductivity. Slieet sample -

1/2 inch wide X 1/8 inch thick, tested parallel to rolling

direction.

99.96 316

316p Annealed IISO'F - 1/2 hr. - 0.045mm. G. S, - after hot

rolling, phosphorized. Sheet sample - 1/8 inch thick X
1/2 inch wide, tested parallel to rolling direction.

99, 90 0. 02 - 0. 04P 316

316t Electrolytic tojgh pitch. Tested traisverse to rolling

direction. Other specifications same as 31faf.

99, 90 316

316v Oxygen-free high -conductivity. Tested transverse to

rolling direction. Other specifications same as 316k.

99, 96 316

316v Phosphorized, Tested transverse to rolling direction.

Other specifications same as 316p.

99, 90 0. 02 - 0. 04P 316

316 Annealed - 0,03mm. G. S. - Rp. = 47, electrolytic tough

pitch, sheet supplied - 0. 1 inch thick.

99. 97 0. 03O 316

316et Annealed - 0,015miTi. G. S. , phosphorized Bar sample -

0, 125 inch diam.
99. 93 0. 02P 316

316uu Annealed - 0.032mm. G. S, , phosphorized. Bar sample -

0.12 5 inch diam.
99. 93 0

, 02P 316

316vv Annealed - 0,070mm, G, S, ,
phosphorized. Bar sample -

0,12 5 inch diam.
99. 9S 0. 02P 316
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TEMPERATURE, °F
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CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight7.l REF.

NO.
Cu Zn Sn At Ni Other

NO-

la Annealed HOOT - 1 hr. - 0.036mm. G. S - Rp = 35,

phosphorized, bar supplied - 3/4 inch diam. Bar sample -

0. 250 inch diam., determined using clamp-on, strain gage
exteneometer - 1 inch G. L. . crosshead speed - 0.02 inch/
minute, data spread - ± STo.

99.97 0. 03P l

40o Annealed 347°F - 2 hrs. Bar sample - 2. 52 inches long X
0. 497 inch diam. , dynamic measurement - longitudinal

waves - approx. 30Kc.p. 8.

40

40d Annealed 302°F - 2 hrs, ,
oxygen-free high -conductivity.

Bar sample - 2. 72 inches long X 0. 497 inch diam.
,
dynamic

measurement - longitudinal waves - approx. 28Kc.p. s.

40

87a Annealed (in measuring position ), single crystal. Reed
sample - 0. 0394 inch thick X 0. 354 inch wide X I. 97 to

5, 91 inches long, grown by Bridgeman method, fle.xural

vibrations - approx. 1000 c.p. s., orientation function -

r = 0. 327, r = (cos oi cos 03)"+ (cos t>a cos +

(cos 33 cos o-i)^ - Ofi - aa - O3 are angles between sample
axis and the 3 cubic edges.

99.

999

87

87b r = 0,284, Other specifications same as 87a, 99.

999

87

87c r = 0.260. Other spccificatio.19 same as 87a, 99.

999

87

87d r = 0,044, Other specifications same as 87a, 99.

999

87

28561 Annealed 1202°F - 1/2 .hr. Bar sample, static modulus. 285

28562 Annealed 1202°F - 1/2 hr. Bar sample, dynamic modulus. 235
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Modulus of Elasticity of Copper

TEMPERATURE, "F

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.
Cu Zn Sn AC Ni Other

316c Cold drawn - R^ = 56, bar supplied - 3/4 inch diam. 99. 64 0. 35Te 316

316d Drawn 37%, bar supplied - 0. 1^5 inch diam. 99. 53 0. 46Te. 0. OIP 316

316i Cold rolled 5 to 7% - 0.042mm. G. S. - after hot rolling

and annealing 1150'F - 1/2 hr. , electrolytic tough pitch.

Sheet sample - 1/2 inch wide X 1/8 inch thick, tested

parallel to rolling direction.

99. 90 316

316t Cold rolled 5 to 7% - 0. 040mm. G. S. - after hot rolling

and annealing 1150°F - 1/2 hr.
,
oxygen -free high -conduc

-

tivity. Sheet sample - 1/2 inch wide X 1/8 inch thick,

tested parallel to rolling direction.

99. 96 316

3I6r Cold rolled 5 to 7% - 0.047mm. G. S. - after hot rolling

and annealing 1150°F - 1/2 hr. , phosphorized. Sheet

sample - 1/8 inch thick X 1/2 inch wide, tested parallel

to rolling direction.

99. 90 0. 02 - 0. 04P 316

316u Electrolytic tough pitch. Tested transverse to rolling

direction. Other specifications same as 316i.

99. 90 316

316w Oxygen-free high -cond jctivjty. Tested transverse to

rolling direction. Other specifications same as 316f.

99. 96 316

316x Phosphorized. Tested transverse to rolling direction.

Other specifications same as 316r.

99. 90 0.02 - 0.04P 316

316bb Drawn 8% - after annealing, oxygen-free high-conductivity.

Bar sample - 0. 193 inch diam.
316

316CC Cold rolled .'-5% - 0.035mm. G. S. - Rg = 56, oxygen-free
high -conductivity , sheet supplied - 0. 1 inch thick.

99.

99 5

316

3163S Cold rolled 107o - 0.040mm. G. S, - Rb = 49, sheet sup-

plied - 0. 1 inch thick.

99. 92 0. 07Ag 316

316 Drawn 21%, phosphorized. Bar sample 0. 125 inch diam. 99. 93 0. 02P 316

316xx Drawn 37%, phosphorized. Bar sample - 0. 125 inch diam. 99. 93 0. 02P 316

316vv Drawn 84%, phosphorized. Bar sample - 0. 125 inch diam. 99. 93 0. 02P 316
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CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight*) REF

NO.
Cu 7 n Sn A( Ni Other

NO,

Ic Cold drawn 267o - 0. 144mm. G. S. - Rg = 50, phosphorized,

bar supplied - 3/4 inch diam. Bar sample - 0.250 inch diam.

determined using clamp-on, stram gage extensometer - 1

inch G. L. , crosshead speed - 0.02 inch/minute, data

spread - ± 5%.

99. 97 0. 03P I

18 Cold drawn 60% - 0. 287 to 2. 00mm. 0. S, - Rg = 45 to 53,

oxygen-free high -conductivity. Other specifications same
as Ic.

Bal 1 6ppm Ag, 12ppm
S, 2ppm As, 5ppm
Sb, < 3ppm O

I

88 Drav/n 8%, oxygen-free high -conductivity. Bar sample -

0. 2 inch diam. - 20 inch G. L.

88

217 Drawn - Rg = 57, oxygen-free high-conductivity. Bar
sample - 1/4 inch diam., values obtained from tensile

stress vs. strain curves, strain rate ^0.0005 inch/inch/

minute to yield, 2 teets/temp.

217

234 Cold rolled 5 to 7%, phosphorized. Plate sample - 1/4 inch

thick, cut parallel to rolling direction. 2 to 3 tests/temp.

234

285al Hard drawn. Bar sample, static modulus. 285

ZSSas Hard drawn. Bar sample, dynamic modulus. 285

465c Hard (original condition). Wire sample - 0. 197 inch diam. ,

sample strained to hard condition - then tested after 256

hrs. , 1, 97 inch G. L.

465

465d Tested after 4 hrs. Other specifications same as 465c. 465
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Modulus of Elasticity of Copper

TEMPERATURE, "F
-400 -300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO,
Cu Zn Sn At Ni Other

li Aged 450-0 - 1 hr. - 0. 203mm. G. S. - Rg ^ 68 - afttrr first

heating to 950°C - water quenching - then cold drawing 85-

907», bar supplied - 3/4 inch diam. Bar sample - reduced
section: 1. 5 inches long X 0. 250 inch diam. , c rosshead

speed - 0. 02 inch/minute, 1 inch G. L, , determined using

clamp-on, strain gage extensometer.

Sal

E..ce t for ir. t[

e app

0. 182r, 16ppm
Ag, I2ppm S,

2ppm Ah, 5ppm
Sb, < 3ppm O

ite.

I

40a Bar sample - 2. 52 inches long X 0. 497 inch diam. , dynamic
measurement - longitudinal waves - approx. 30Kc.p.a.

40

40 c Oxygen-free high -condjctivity. Bar sample - 0.497 inch

diam. X 2. 72 inch long, dynamic measurement - longi-

tudinal waves - approx. 28Kc,p. s.

40

91b 99. 7 1 0, 29Cr 91

174 Hot drawn 1472°F. Bar sample - approx. 7 inches long X
0. 288 inch diam, transverse vibrations - nearest
frequency = 765 c.p, e.

174

22 5 99. 8 225

266 Single crystal - [1 10] orientation (within 1°). Ultrasonic

pulse - lOMc. p. a. Bar sample - I inch d:am. , 2 inches
long.

266

283 Bulk modulus - calculated from thermal expansion data of

Eaaer H. , Euaterbrock H. , Arch Eisenhuttenwes. 14,

283

301 Oxygen-free high -conductivity, Plate sample - 4 inches

long X 0, 5 inch wide X approx. 0. 05 inch thick, trans-
verse vibrations - resonant freqjency =;lKc.p.s. tested

in vacuum of les s than 0. 000 I mm. , absolute error ^ 1% -

data reproducibility ^;0. 1%.

301

311 Cold drawn 3. 25% - after annealing 1202"F - 24 hrs. ,

single crystal. Resonant bar technique - 10 to 201^, p. s.

311

40x10°

35

30

25

1 1 1

'old Or •Jwn 3
C

[Slfi]

1

[40c] '283]

[301] [iX]
1 Dram n

r
[ZZ5]

Ho

7^,

>
, D (

[266]

100 200 300 400 500

TEMPERATURE, "K

Modulus of Rigidity of Copper

TEMPERATURE, °F
-400 - 300 - 200 -100 0 100 200 300 400 500

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight7.) REF

NO.
Cu Zn Sn At Ni Other

NO.

le Annealed 1000°F - \/l hr. in vacuum - air cooled, phos-
phorized, bar supplied -3/4 inch diam. Bar sample - 0.1^5

inch diam. - 2.5 inches long, shear modulus determined
iBothermally by applying weights, maximum shear stress

oi about 350 psi, data spread - ± 2%.

99.97 0. 03P 1

11 Cold drawn 4.3%, phosphorized. Other specifications same
as le.

99.97 0. 03P 1

6^ Annealed, single crystal. Ultrasonic pulse apparatus -

lOMc.p.s., variation of modulus ±0.2%, measured shear

constant C44.

99.

999

6

6b Irradiated - after annealing. Other specifications same as

6a.

99.

999

6

6c Drawn 5%. Other specifications same as 6a. 99.

999

6

6d Irradiated - after drawing 5%. Other specifications same
as 6a.

99.

999

6

327 Single crystal - [llO] orientation, oxygen- free high -con-

ductivity. Fulee-like ultrasonic method - lOMc. p. s. .

absolute error - ± 0.5%, measured shear constant C44.

99.98 327

355 Annealed, smgle c rystal - [00 1 ] orientation. Bar sample -

0.768 inch diam. , ultrasonic pulse-echo technique - lOMc.

p. s, , absolute error = ± 0,2 5%. measured the shear con

-

99,99 355

40 X 10

35

20

0^^ 1 1
,

1

(6a]A

(6b]lr

meale

rodlot
fecjoriwn 5 % ^355] Annealed

T
-[61]

Irrao

0- 0 . -0

f 1 0

ioted

ealed

[327]

[I'nc old Or

100 200 300 400
TEMPERATURE, °K
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Tensile and Yield Strength of 95Cu-5Zn (Gliding Metal)

TEMPERATURE, "F

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn Al Ni Other

12 Annealed 752*F - 1 hr. - 0. 037inm. G. S. Wire sample -

0.039 inch diam. . strain rate = 0.001 inches/inch/minute,

Y. S. - 0.01% offset.

96 4 12

91 Hard. 93. 15 6. 85 91

459 Wire sample, constant load applied while wire was heated

at 36°F per minute until sample broke.

94. 2 5. 8 459
70

60

« 50

IT

« 40

30

20

0^-^

— SILE

D

[91

IH
J

[It 9]

[12]

1Anneolcd

o-
c

u—

—

—o

100 200 300 400 500
TEMPERATURE. °K

Tensile Elongation of 95Cu-5Zn (Gliding Metal)

TEMPERATURE, "F
-460-400 -300 -200 -100 0 100 200 300 400 500
90

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION |weight%) REF.

NO.
Cu Zn Sn Al Ni Other

91 Hard. 1. 97 inch G. L. 93. 15 6. 85 91
80

70

60

y 40
I-
<
Z
o

20

[9l]Hard

200 300 400
TEMPERATURE, °K

500

54



Tensile Reduction of Area of 95Cu-5Zn (Gliding Metal)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn A( Ni Other

91 Hard. 93. a 6. 8 91

459 Wire sample, constant load applied while wire waB heated

at 36'F/minute until sample broke.

94. Z S. 8 4S9

TEMPERATURE, "F
-460-400 -300 -200 "100 0 100 200 300 400 500
90

70

60

30

20

[459]

t0
Hard

100 200 300 400 500

TEMPERATURE. "K

Impact Energy of 95Cu-5Zn (Gliding Metal)

TEMPERATURE, "F
-460 -400 -300 -200 -100 0 100 200 300 400 500
90

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weights.) REF.

NO.
Cvi Zn Sn At Ni Other

308 Annealed, liod. 94. 8 3. 0 0. IFe 303

70

60

30

10

1

f308j^Annet /ed

100 200 300 400
TEMPERATURE, °K
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Fatigue Behavior of 95Cu-5Zn (Gliding Metal)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight%| REF.

NO,
Cu Zn Sn At Ni Other

NO.

272 Annealed 932° F -Aratmoe-1 hr. -0.023mm. G. S Bar
sample - electropolished, 3b00 r.p.m., R - -1.

93. 4 6. 6 272

90 xlO

80

60

50

IS)

if)

UJ
(£

W 40

30

20

/272

J 1°

u
0°

in

Kf-

to led

79-

F

)

10 10 10 10

FATIGUE LIFE, cycles

Creep Behavior of 95Cu-5Zn (Gliding Metal)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eighf7.) REF.

NO.
Cu Zn Sn A< Ni Other

NO.

91 Hard. Rate taken at 1000 ^irs. 93. 2 6. 8 91

20

W 2

10 -[

[9 ]Ha
73'K

'd

(3

d

>

10* 10 lo' icr 10

CREEP RATE, inches per inch per hour
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Modulus of Elasticity of 95Cu-5Zn (Gliding Metal)

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weights.)

NO.
Cu Zn Sn At Ni Other

91 Hard. 93. 15 6. 85 91

173 Hot drawn. Bar sample - 0. 268 inch diam. , tranBverse
vibrations.

95 5 173

TEMPERATURE. 'F
-400 -300 -200 -100 0 100 200 300 400 500

26x10°

22

20

10

°
1

1 1

1 1
1

[173///«/ Oromn

01
- —

A
,/
JHafc

100 200 300 400
TEMPERATURE, "K

500

Modulus of Rigidity of 95Cu-5Zn (Gliding Metal)

TEMPERATURE, "F
-400 - 300 -200 -100 0 100 200 300 400 500

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION (
w=ight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

266 Single crystal - ( 1 10] orientation (within 1°). Bar sample -

5/8 inch diam. X 5/8 inch long, ultrasonic pulse - lOMc.fis.
measured shear constant C44.

95. 8 4. Z 24

UJ
tr.

CO 16

0° i_. L, J . 1

,

[266]

3—0-0
.

> «5 u <
p

100 200 300 400

TEMPERATURE. "K
500
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Tensile and Yield Strength of 90Cu-10Zn (Commercial Bronze)

TEMPERATURE, °F
-400 -300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REE\

NO.
Cu Zn Sn Al Ni Other

la Annealed 1067-F - 3 hrs. - 0. 051mm. C. S. - =

sapphed - 3/4 inch diam. Bar sample - reduced section -

1 . 5 inches long X 0. 247 inch reduced diam. , c rosshead

speed = 9.02 inch/minute, Y, S. - 0. 2% offset.

90, 0 10. 0 1

lb Notched sample - 0,25 inch diam. at circumferential notch,

0. 005 ± 0, 0005 inch notch radius (Kj = 5, 0), Other speci-

fications same as la.

93. 0 10. 0 1

7 7

20a Annealed - 0. 016mm, G. S, - after hot reducing 757o - then

cold rolling 40%, Bar sample - 1/4 inch diam, , strain

rate - 0,0028 inches/inch/minute.

89. 2 10. 8 20

iOb 0, 1 13mm, G, S. Other spec ifications same as 20a, 89. 2 10. 8 20

24 W rought. 93 10 24

91 Hard, 89. 6 10 0. 4 91

103a Annealed 1112°F in vacuum - air cooled - 0.03mm, G.S.

Bar sample - 0,0788 mch diam,, strain rate ^0,0001
inches/inch/sec, , Y,S. - 0, 57o strain.

90 10 103

103b Annealed 1472'F in vacuum - air cooled - 0. 045mm. G.S,

Bar sample - 0.0788 inch diam., strain rate ^0,0301
mches/inch/sec, . y,S. - 0. 5% strain.

90 10 103

263 Annealed, Bar sample - 0, 505 inch diam, , crosshead
speed »0,25 inch/minute.

89, 9 10. 0 263

459 Wire sample, constant load applied while wire was heated

at 36°F per minute until sample broke.

38, 6 11. 4 459

90 >

80

70

40

30

20

°
1

Q 1 1

[9i]h ird

—— TENSILE
- YIELD

[7j
[Ibh nneali d. Notched

Annealed

[459]

[263] Annealed r
[24]

**<

!»^
flOBoj^Annei. led

[20^

u
"""^ {20b]Annea 'ed

[loetJAnne oled

200 300 400
TEMPERATURE, "K

500

Tensile Elongation of 90Cu-10Zn (Commercial Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

la Annealed 1067 " F - 3 h ra. - 0. 0 51mm, G. S, - Rp = 49. bar
supplied - 3/4 inch diam. Bar sample - reduced section -

1, 5 inches long X 0. 247 inch reduced diam. , crosshead
speed = 0. 02 inch/minute. I inch G. L. (4 X diam. ).

90. 0 10. 0 1

24 Wrought, 2 inch G. L. 90. 0 10. 0 24

91 Hard. 1. 97 inch G. L. 89. 6 10 0. 4 91

263 Annealed, Bar sample - 0. 505 inch dia.m. . crosshead
speed =0. 25 inch/minute, 2 inch G. L.

89. 9 10. 0 263

TEMPERATURE, "F
-460-400 -300 -200 "iOO 0 100 200 300 400 500
100

80

70

<
to 50
Z
o

20

{la]Anneole 1

A''63] A nnealed

[2'>]

[91] hard

100 200 300
TEMPERATURE,
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20

100 200 300 400 500
TEMPERATURE, °K

Tensile Stress-Strain Curves of 90Cu-10Zn (Commercial Bronze)

261-278 0-67—

5
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Impact Energy of 90Cu-10Zn (Commercial Bronze)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight%) BEF.

NO.
Cu Zn Sn Al Ni Other

NO.

13 Annealed 1067*F - 3 hrs. - 0.051mm. C. S. - Rp = 49, bar
Supplied - 3/4 inch diam. Charpy V-notch, 10% fracture -

all temps. , paper container glued to sample for -423"F
tests, hammer velocity = 16 ft. /sec.

90. 0 10. 0 1

54a Annealed 1292*F - 4 hrs. , bar supplied - 1/2 inch square.
Izod, temperature accuracy = ± 2°F. Samples did not

fracture completely: bent 70'.

90 10 54

54b Chill - cast. Other specifications same as 54a. 90 10 54

308a Annealed. Charpy keyhole. 90 10 308

308b Drawn 27%. Charpy keyhole. 90 10 303

457 Assumed type sample - Mesnager: U-notch - 0,079 mch
deep X 0. 079 inch wide; cross section - 0. 394 X 0. 394
inch, point data not presented by author.

90. 6 9. 3 457

TEMPERATURE, °F
-460-400 -300 -200 -I00 0 100 200 300 400 500
180

I

160

120

100

80

40

20

—T-0

nneo/ed

]Anne lied

^308

b

Jorai 77 27i
'Cost

[54c]Annealed

200 300 400
TEMPERATURE. 'K

Fatigue Behavior of 90Cu-10Zn (Commercial Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO,
Cu Zn Sn A( Ni Other

55a Drawn 84%, room temp. : U. T. S. = 72, 500 psi - Y. S. = 63,000
psi (0. 2% offset). Wire sample - 0 . 072 inch diam. , rotating

arc . 3450 r. p.m.. R = -1. sample at 23,000 psi - 10'

cycles did not break.

91. 20 8. 80 55

55b Drawn 60%. room temp. : U. T. S. = 61. 000 psi - Y.S. = 53.500
psi (0. 2% offset). Wire sample - 0.072 inch diam.. rotating

arc - 3450 r.p.m,, R = -1.

91. 20 8. 80 55

58a Annealed - 0.030mm. G. S. , room temp, : U. T. S. = 39. 000
psi - Y.S. = 10.400 psi (0. 2% offset). Sheet sample - tapered
5-1/Z inches long X 3/8 inch wide, tested parallel to rolling

direction, flexure cantilever - 900 c. p.m.

89. 7 10. 3 58

58b Rolled 217o - 0. 030mm. C. S. . room temp. : U. T. S. = 37,700
psi. Other specifications same as 58a.

89. 7 10. 3 58

58c Rolled 37% - 0.030mm. G. S. . room temp. : U. T. S. ^ 59.700
psi - Y.S. = 53,500 psi (0. 2% offset). Other specifications

same as 58a.

89. 7 10. 3 58

58 d Rolled 60% -0.035mm. G. S. . room temp. : U. T. S. = 66.900

psi - Y.S. = 56.000 psi (0. 2% offset). Other specifications

same as 58a.

89. 7 10. 3 58

58 e Rolled 687o -0.03 5mm. G. S. . room temp. ; U. T. S. = 73,300

psi - Y.S. = 65,000 psi (0. 2% offset). Other specifications

same as 58a.

89. 7 10. 3 58

214a Annealed (full), room temp. : Y. S. = 18.000 psi. Rotating
cantilever - 1450 r.p.m.. tested in air.

91 8 1 214

214b Tested in salt water. Other specifications same as 214a. 91 8 I 214

272 Annealed 932-F - Ar atmos. - 1 hr. - 0.022mm. G. S. Bar
sample - round - electropolished. 3600 r. p. m. . R= -1.

90 10 2 72

386a Annealed 600'C - 2 hrs. . room temp. : U. T.S. = 38.400 psi -

Y, S. = 10,400 psi (0. 2% offset), Rp=52. 1. Bar sample -

0. 63 inch diam.

90. 0 10. 0 386

386b Cold drawn 15%, room temp. : U. T. S. = 46,800 psi - Y. S. =

43.600 psi (0. 2% offset). Rg = 49. 5. Bar sample - 0. 71 inch

diam.

90. 0 10. 0 386

386c Cold drawn 36%. room temp. : U. T.S. = 56.000 psi - Y. S. =

52,000 psi (0. 2% offset). Rg = 57. 5. Bar sample - 0. 63 inch

diam.

90. 0 10.

0

386

90x10'

10 10 10

FATIGUE LIFE, cycles
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Creep Behavior of 90Cu-10Zii (Commercial Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight*) REF,

NO.
Cu Zn Sn Al Ni Other

91 Hard. Rate taken at 1000 Sra. 89. 6 10 0. 4 91

1.0

0.8

06

0.4

02

0.1

10 -

—
[9
4

] Hai

73 'K

d
(3 12 •IV
d

A

10 10 10 10 10

CREEP RATE, inches per inch per hour

Modulus of Elasticity of 90Cu-10Zn (Commercial Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.
Cu Zn Sn At Ni Other

la Annealed 1067'F - 3 hra. - 0. 051mm. G. S. - Rp = 49, bar
supplied - 3/4 inch diam. Bar sample - 0.250 inch diam. X
1.50 inches long reduced section, clamp-on strain gage
extensometer - I inch G. L. , 0. 02 inch per minute cross-
head speed, data spread = ± 5%.

90. 0 10. 0 1

91 Hard. 89. 6 10 0. 4 91

TEMPERATURE, "F
-400 -300 -200 -100 0 100 200 300 400 500

22x10

20

1 1

[9i]hord

C

[lc]Anneoled

i

100 200 300 400
TEMPERATURE, "K

500
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Modulus of Rigidity of 90Cu-10Zn (Commercial Bronze)

TEMPERATURE, "F

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight7.) REF.

NO.
Cu Zn A I Other

NO.

Ic Annealed lOOO'F - 1/2 hr. - in vacuum - air cooled, bar
supplied - 3/4 inch diam. Bar sample - reduced section:

2. 5 inches long X 1/8 inch diam. , shear modulus deter-
mined isothermally by applying weights, maximum shear
stress of 350 psi, data spread = ± 2%.

JO, 0 in 0 1

Id Cold drawn 3. 6%. Other specifications same as Ic. 90. 0 10. 0 1

2 66 Single crystal - tllO] orientation (within 1*). Ultrasonic
pulse - 10 Mc.p.8. Bar sample - 5/8 inch diam. X 5/8
inch long, measured shear constant C44.

90. 5 9. 5 266

22x10°

20

18

12

10

1
L

,
L 1 1 1

1

f266j

< >

»-=!
nneo/td

[ld]i'old Dfawn _

200 300 400
TEMPERATURE, "K

Tensile and Yield Strength of 85Cu-15Zn (Red Brass)

CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight7>l REF.

NO.
Cu Zn Sn Al Ni Other

la Cold drawn 14% - 0.025mm. C. S. - Rp = 64. bar supplied-

3/4 inch diam. Bar sample - reduced section - 1. 5 inches

long X 0. 247 inch reduced diam. , crosshead speed = 0. 02

inch/minute, Y, S - 0. 2% offset.

34. 7 15, 3 1

lb Notched sample - 0. 25 inch diam. at circumferential notch

roots, 0. 005 ± 0. 0005 inch notch radius (Kt = 5.0). Other
specificiations sa-ne as la.

84. 7 15, 3 1

12 Annealed 752-F - 1 hr. - 0.027mm. G. S. Wire sample -

0.039 inch diam., strain rate = 0.001 inch/inch/minute.

V. S. - 0. 017» offset.

34. 2 1 5. 8 12

20a Annealed - 0.016mm. G. S. - after hot reducing 757. and
cold rolling 407<.. Bar sample - 1/4 inch diam. , strain

rate = 0.0028 inch/inch/minute.

84, 3 15. 7 20

20b Annealed - 0. 113.-nm. G. S. Other specifications same as

20a.

84, 3 15. 7 20

72 Hot rolled - 0.030mm. G. S. , bar supplied - 3/4 inch diam. 85 0 14. 9 72

316a Annealed - 0. 060mm. G. S, Bar sample - 0. 125 inch diam.
Y. S. - 0. 57« strain.

84. 8 15, 2 316

316b Drawn 377o, Bar sample - 0. 12 5 inch diam , , Y.S, -0,57o 84 8 15. 2 316

316c Drawn 847.. Bar sample -0.125 inch diam. , Y. S, - 0. 57o 84. 8 15. 2 316

TEMPERATURE, "F
-400 -300 -200 -100 0 100 200 300 400 500
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Tensile Elongation of 8SCu-15Zn (Red Brass)

TEMPERATURE. "F
-460 -'iOO -300 -200 "100 0 100 200 300 «X3 500

CURVE

NO.
MATERIALi AND T'EST PARAMETERS

COMPOSITION (weightlt) HEF.

NO.
Cu Zn Sn At Ni Other

la Cold drawn 14% - 0. 0 2 5mm. G. S. - Rp ^ 64. bar aupplied -

3/4 inch diam. Bar aample - reduced section -1.5 inches

long X 0. 247 inch reduced diam. , crosshead speed = 0. 02

inch/minute, 1 inch G. L. (4 X diam.).

84. 7 15. 3 1

72 Hot rolled 0.030mm. G. S. , bar aupplied - 3/4 Inch diam. 85. 0 14. 9 11

80

70

60

r 50

o -^o

1-

<
o
z
o
m 30

20

10

1 1

1
1 1 1 1

flojICold Drawn 4%

'7Z]h }f Rolltd

100 200 300 400
TEMPERATURE, "K

500

Tensile Reduction of Area of 85Cu-15Zn (Red Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION («eighl%) REF.

NO.
Cu Zn Sn At Ni Other

la Cold drawn 14% - 0. 025mm. C. S. - Rp = 64, bar supplied

-

3/4 inch diam. Bar sample - reduced section -1.5 inches

long X 0. 247 inch reduced diam. . crosshead speed = 0. 02

B4. 7 15. 3 1

72 Hot rolled - 0.030mm C. S. , bar aupplied - 3/4 inch diam. B5. 0 14. 9 72

TEMPERATURE. "F
-460-400 -300 -200 "100 0 100 200 300 400 500
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Tensile Stress-Strain Curves of 85Cu-15Zn (Red Brass)

Impact Energy of 85Cu-15Zn (Red Brass)

CURVE

NO-
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

la Cold drawn 14% - 0.025mm. G. S. - Rp = 64, bar supplied

-

3/4 mch diam. Charpy V -notch, 957o fracture - all temps. ,

paper container glued to sample for -423°F, hammer
velocity = 16 ft. /sec.

94. 7 15. 3 1

5!a Annealed 1292°F - 4 hrs, , bar supplied - 1/2 inch square.

Izod. samples did not fracture completely: bent 70°, tem-
perature accuracy = ± 2°F.

37 13 54

54:> Chill - cast. Other specifications same as 54a. B7 13 54

303 Drawn 27%. Charpy keyhole. B5 15 303

TEMPERATURE, "F
-460-400 -300 -200 -I00 0 100 200 300 400 500

80

30

1

1
1 1

—f/oj ~old Drawn A %

8]0nwn 27',

[54b]CaSt

[5- a]Annealed

100 200 300 400 500
TEMPERATURE, "K
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Fatigue Behavior of 85Cu-15Zn (Red Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.
Cu Zn Sn At Ni Other

58 a Annealed - 0. O20.Tim. G. S . room temp. ; U. T. S - 44, 000
psi, sheet supplied - 0.032 inch thick. Sheet sample -

tapered - 5-1/2 inches long X 3/8 inch wide, flexure

cantilever - 900 c.p.m. . data spread ± 5%.

S5. 0 1 5. 0 58

586 Annealed - 0. 075mm. C. S. , roo.m temp. : U. T. S = 39,000
psi. Other specifications same as 58a.

35. 0 15. 0 58

58c Annealed - 0. 02 5mm. G. S , room temp. : U. T. S. = 42,000
psi - Y. S. = 13, 500 psi (0. 5% strain). Other specifications

same as 58a.

B5. 0 15. 0 58

58d Annealed - 0. 090mm. G. S. , room temp. : U. T. S. = 33, 500

psi - Y.S. = 8,800 psi (0. 5% strain). Other specifications

same as 58a.

85.0 15. 0 58

58 e Rolled 60% - 0.02 5mm. C. S. , room temp. : U, T. S. =

79,000 psi. Other specifications same as 58a.

85, 0 15. 0 58

58/ Rolled 60% - room temp. : U. T. S. = 80, 500 psi - Y.S. =

63,400 psi (0.5% strain). Tested 45° to rolling direction.

Other specifications same as 58a.

85. 0 1 5. 0 58

58g Rolled 60% - room temp. : U. T. S. = 88. 000 psi. Tested
90° to rolling direction. Other specifications same as 58a,

85. 0 15. 0 58

58h Rolled 60% - 0. 070mm. G. S. , room temp. : U. T. S. =

79.000 psi. Other specifications same as 58a.

85. 0 15. 0 58

58 i Rolled 60% - room temp. : U. T. S. = 83, 000 psi. Tested
45° to rolling direction. Other specifications same as 58a.

85. 0 15. 0 58

58j Rolled 60% - room temp. ; U. T. S, = 91,000 psi. Tested
90° to rolling direction. Other specifications same as 58a.

85. 0 1 5 0 58

58k Rolled 21% - 0. 020mm. G. S. , room temp. : U. T. S =

56,500 psi. Other specifications sa.me as 58a.

8 5.0 15.0 58

58

1

Rolled 21% - room temp. : U. T. S. = 52, 000 pai - Y.S. =

48. 400 pai (0. 5% strain). Tested 45° to rolling direction.

Other specifications same aa 58a.

85. 0 15. 0 58

58m Rolled 21% - room temp. : U. T. S. = 56,000 psi. Tested
90° to rolling direction. Other specifications same as 58a.

8 5. 0 15. 0 58

10* 10* lO'' 10® lO'

FATIGUE LIFE, cycles

CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight7o) REF.

NO.
Cu Zn Sn Ni Other

1

1

Drawn 4% - 0. Oibrnm. G. S , room temp. : U. T. S. =

44, 700 pai - V. S. = 28, 200 psi, bar supplied - 1/2 inch

diam. Bar sample - 0. 30 inch diam.
,

rotating beam.

84. 5 15. 4 < 0. IFe. < 0. IPb 1

1

58n Rolled 2 1% - 0. 060mm. G. S , room temp. : U. T. S. =

50. 000 pai - Y. S, 45, 800 psi (0. 57o strain) . sheet sup-
plied - 0.032 inch thick. Slieet sample - tapered - 5-1/2
inches long X 3/8 inch wide, flexure cantilever - 900 c.p.m
data spread ± 5%.

85. 0 15. 0 58

58 o Rolled 21% - room temp. : U. T. S, = 43, 500 psi - Y.S. =

44, 300 pai (0. 5% strain). Tested 45° to rolling direction.

Other specifications same as 58n.

85. 0 15. 0 58

58p Rolled 21% - room temp. : U. T. S. = 50. 000 psi - Y.S. =

45, 600 pai (0. 5% strain). Tested 90° to rolling direction.

Other specifications same aa 58n.

85. 0 15. 0 58

58 q Rolled 60% - room temp. : U. T. S.- 83.300psi - Y. S. =

74,000 psi (0. 2% offset), plate supplied - 0.032 inch thick.

Sheet aample - tapered - 5-1/2 inches long X 3/8 inch wide,
tested in rolling direction, flexure cantilever - 900 c.p.m.

,

data spread ± 5%.

85. 3 13. 7 1.0 58

85a Rolled 377o - 0. 030mm. G. S , room temp. : U. T. S. =

69,000 pai - Y.S. = 59.700 psi (0. 5% strain), sheet sup-
plied - 0.032 inch thick. Sheet sample - tapered - 5-1/2
inches long X 3/8 inch wide, tested in rolling direction,

flexure cantilever - 900 c.p. m. . data apread ± 579.

85. 0 15. 0 85

85b Rolled 37% - room temp. : U. T. S. = 69, 500 pai - Y. S. =

58,600 psi (0.5% strain). Tested 45* to rolling direction.

Other specifications same as 85a.

85.0 15. 0 35

85c Rolled 37% - room temp. : U. T. S. = 75, 000 psi - Y.S. =

64,500 psi (0.57o strain). Tested 90° to rolling direction.

Other specifications same as 85a,

85. 0 15. 0 85

8 5d Rolled 377o - room temp. : U. T. S. = 64, 000 pai - Y.S. =

56, 500 pai (0. 57o atrain). Other specifications same as 85a.

85. 0 15. 0 85

35e Rolled 377o - room temp. : U. T. S. = 63, 000 psi - Y. S =

55, 600 psi (0. 5% atrain). Tested 45" to rolling direction.

Other specifications same aa 85a.

85

8 5f Rolled M% - room temp. : U. T. S, = 66. 000 psi - Y.S ^

57.800 psi (0. 5% strain). Tested 90° to rolling direction.

Other specifications same aa 85a.

85

2 14a Annealed (stress relieO. room temp. : Y. 5. = 34, 500 psi.

Rotating cantilever - 1450 r.p.m. . tested in air.

214

^14b Annealed (full), room temp, : Y.S. = 11,000 psi. Rotating

cantilever - 1450 r.p.m. , tested in salt water.

214

272 Annealed 932°F, Ar atmos. - 1 hr. - 0.020mm. G. S. Bar
sample - round - electropolished - 3600 r.p.m., R = -1.

85 15 272
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Creep Behavior of 85Cu-15Zn (Red Brass)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION I «eight%l REF.

NO.
Cu Zn Sn At Ni Otner

NO.

60a Annealed - 0. 060mm. G. S. . room temp. ; U, T. S. =41.000
psi - Y.S. = 9,000 psi (0.5% Btrain). Bar sample - 1/8

inch diam. . 10 inch C. L.

84. 8 15.2 60

61a Annealed - 0. 060mm. G. S. , room temp. : U. T. S. =41.000
pai-Y.S. = 9.000 pii (0. 57. strain). Bar sample - 1/8

inch diam. . rates taken at 4500 hrs. . 10 inch G. L.

84. 8 15.2 61

316a Annealed - 0. 060mm. G. S. Bar sample - 0. 12 5 inch diam.
second sta^e creep.

84. 8 15. 2 316
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Modulus of Elasticity of 85Cu-15Zn (Red Brass)

TEMPERATURE, 'F

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *elght%) REF.

NO.
Cu Zn Sn At Ni O^her

NO.

la Cold drawn 14% -0.025mm. G. S. - Rp = 64, bar eupplied -

3/4 inch diam. Bar sample - reduced aection: 1.5 inches
long X 0.250 inch diam. . croeshead speed = 0.02 inch/
minute. 1 inch C. L. . determined ioothermaily using clamp-
on, strain gage extensomnter.

84. 7 15. 3
I

173 Hot drawn. Bar sample - 0,288 inch diam. - approx. 7
inches long, transverse vibration.

J5 15 173

20

le

16

°
1

1 I
1

1 1

[l73JhoI LIrawn

0<
MCold I rown 14%

100 200 300 400
TEMPERATURE. °K

500

Modulus of Rigidity of 85Cu-15Zn (Red Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

Ic Annealed 1000°F - 1/2 hr. , bar supplied - 3/4 inch diam.
Bar sample - 1/8 inch diam. . sample reduced length - 2.5

inches, determined isothermally by applying weights,
maximum shear stress of 350 psi, data spread = ± 27o.

84. 7 1 5. 3 1

TEMPERATURE, °F
-400 -300 -200 -100 0 100 200 300 400 500
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Tensile and Yield Strength of 80Cu-20Zn (Low Brass)

TEMPERATURE. °F
-400 - 300 -200 -100 0 100 200 300 400 50O
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Tensile Elongation of 80Cu-20Zn (Low Brass)

CURVE
MATERLAL AND TEST PARAMETERS

COMPOSITION ( jweight^o) REF.

NO.
Cu Zn Sn Al Ni Other

NO.

263 Cold drawn 307<i. Bar sample - 0. 505 inch diam. . croas-
head speed inch/minute. I inch G. L,

30. 1 19. 9 263
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Tensile Reduction of Area of 80Cu-20Zn (Low Brass)
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Fatigue Behavior of 80Cu-20Zn (Low Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.
Cu Zn Sn At Other

55a Drawn 84%, room temp. ; U. T. S. = 108, 000 p»i - Y. S. =

80, 500 pai (0. 2% offset). Wire sample - 0. 072 inch diam. ,

rotating arc - 3450 r, p.m., R=-l, samplefl at 26, 500

and 25, 000 pai - 10^ cycles did not break.

iO. 1 19. 9 55

55b Drawn 60%, room temp. : U. T. S. = 89,000 psi - Y. S. =

67, 500 psi (0. 2% offset). Wire sample - 0. 072 inch diam. ,

routing arc - 3450 r.p.m., R = -1, samples at 23,000

and 22, 500 psi - lo' cycles did not break.

iO. 1 19. 9 55

55c Drawn 84%, room temp. : U. T. S. = 125. 000 psi - Y. S. =

93, 000 psi (0. 2% offset). Wire sample - 0. 072 inch diam. ,

rotating arc - 3450 r.p.m.. R = -1. sample at 34,000 psi -

10^ cycles did not break.

79. 9 19. 3 0. 8 55

55d Drawn 60%, room temp.: U. T. S. = 104.000 psi - Y. S. =

rotating arc - 3450 r. p. m., R=-l. sample at 28, 000 psi -

10^ cycles did not break.

79. 9 19. 3 0. 8 55

214a Cold worked (in fabrication). Routing cantilever - 1450

r.p.m.

214b Annealed (stress relief). Routing cantilever - 1450 r.p.m. 214

43 1> Annealed, room temp. : U. T. S. = 44, 000 psi, Y. S, =

11,800 psi. Rotating cantilever.
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Modulus of Rigidity of 80Cu-20Zn (Low Brass)

CURVE
MATERIAL AND TEST PARAMETEI^

COMPOSITION ( *eight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

266 Single crystal - [ 1 10] orientation (within 1*). Bar sample -

5/8 inch diam. X 5/8 inch long, ultrasonic pulse - lOMc. p s,

measured shear constant C^,.

82. 3 17. 7 266

TEMPERATURE, "F

20
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1 1 1 1 1 1
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Tensile and Yield Strength of 71Cu-28Zn-lSn (Admiralty Brass)

TEMPERATURE, °F
-400 -300 -200 -100 0 100 200 300 <«» 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight7ol REF.

NO.

la Annealed 1067'F - 3 hro. - 0. 144mm. G. S. - Rf = 55. bar

supplied - 3/4 inch diam. Bar sample - reduced section -

1. 5 inches long - 0. 247 inch reduced-diam. , croashead

speed = 0. 02 inch/minute, Y.S. - 0. 2% offset.

71. 4 27. 6 1. 0 1

lb Notched sample - 0.25 inch diam. at circumferential notch

roots - 0. 005 ± 0. 0005 inch notch radius (Kj = 5. 0). Other

specifications same as la.

71.4 27. 6 1.0 1

72 Cold drawn, bar supplied - 3/4 inch diam. 71.0 28. 0 1.0 72

316a Annealed - 0. 018mm. C. S. , bar supplied - 0. 125 inch

diam., Y.S. - 0. 5% strain.

71. 1 28. 0 0. 90 316
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Tensile Elongation of 71Cu-28Zn-lSn (Admiralty Brass)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( ..eightlW REF.

NO.
Cu Zn Sn At N. Other

NO.

la Annealed 1067'F - 3 hrs. - 0. 144mm. G. S. - Rp- = 55.

bar supplied - 3/4 inch diam. Bar sample - reduced section
1. 5 inches long X 0. 247 inch reduced diam. . crosshead
speed = 0. 02 inch/minute. 1 inch G. L. (4 X diam. ).

71. 4 27. 6 1. 0 I

72 Cold drawn, bar supplied - 3/4 inch diam. 2 inch G. L. 71.0 28 . 0 1-0 72

TEMPERATURE, °F
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100

90

80

70

60

< 50

30

20

[lo]Annealt d

[72] Cold Drawn

100 200 300 400

TEMPERATURE, °K
500

71



Tensile Reduction of Area of 71Cu-28Zn-lSn (Admiralty Brass)

TEMPERATURE, "F
-460-400 -300 -200 -I00 0 100 200 300 400 500

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight?.) REF.

NO.
Cu Zn Sn At Ni Other

NO.

U Annealed 1067*F - 3 hrs. - 0. 144mm. C. S. - Rj. = 55.

bar supplied - 3/4 inch diam. Bar sample - reduced section

1. 5 inches long X 0.247 inch reduced diam. . crosshead

speed = 0.02 inch/minute.

71.4 27.6 1.0 1

72 Cold drawn, bar supplied - 3/4 inch diam. 71.0 28. 0 1.0 72
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Tensile Stress-Strain Curves of 71Cu-28Zn-lSn (Admiralty Brass)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight7.| REF.

NO.
Cu Zn Sn At Ni Other

NO.

la Annealed I067T - 3 hrs. - 0. 144mm. G. S. - Rp = 55.

bar supplied - 3/4 inch diam. Bar sample - reduced
section -1.5 inches long X 0.247 mch reduced diam. ,

crosshead speed = 0.02 inch/minute, clamp-on strain gage
extensometer - 1 inch G. L.

71.4 27. 6 1.0 1 80
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Impact Energy of 71Cu-28Zn-lSn (Admiralty Brass)

TEMPERATURE, "F
-460-400 -300 -200 -100 0 100 200 300 400 500
120

I

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION 1 *eight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

la Annealed 1067'F - 3 hrs. - 0. 144mm. G. S. - Rp = 55.

bar supplied - 3/4 inch diam. Charpy V-notch, 10% frac-

ture - all temps. ,
paper container glued to sample (or

-423T tests, hammer velocity = 16 ft. /sec.

71. 4 27. 6 1.0 1

Annealed, Rp = 64, bar supplied - 3/4 inch diam. Charpy
keyhole, partial fracture - aU temps. , -175°F - ether and
liquid air - other test temperatures by warming from
-175'F. 3 tests/temp.

70. 6 28. 4 1. 0 295

308a Annealed. Charpy keyhole. 71.0 28. 0 1. 0 308

308b Drawn 27%. Charpy keyhole. 71.0 28. 0 1. 0 308
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Creep Behavior of 71Cu-28Zn-lSn (Admiralty Brass)

CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO,
Cu Zn Sn At Ni Other

60a Annealed - 0. 055mm. G. S. , room temp. : U. T. S. = 52.000
psi-Y.S. = 15. 500 psi (0. 5% strain). Bar sample - 1/8

inch diam. , 10 inch G. L,

71. 1 28. 0 D.9 60

60b Annealed - 0. 018mm. G. S. . room temp. : U. T. S. = 57,000
psi - Y. S. = 26. 000 psi (0. 5% strain). Bar sample - 1/8
inch diam. , 10 inch G. L.

71. 1 28. 0 D. 9 60

60c Drawn 60%, room temp. : U. T. S. = 109. 000 psi - Y. S. =

71,000 pci (0. 5% strain). Bar sample - 1/8 inch diam.
,

10 inch G. L.

71. 1 28, 0 0. 9 60

6U Annealed - 0. 055mm. G. S. , room Temp. : U. T. S. =

52. 000 psi - Y. S. = 15. 500 psi (0. 5% strain). Bar sample -

1/8 inch diam. , 10 inch C. L.

71. 1 28. 0 0. 9 61

61b Drawn 60%, room temp. : U. T. S. = 109. 000 psi-Y.S. =

71.000 psi (0. 5% strain). Bar sample - 1/8 inch diam.
71. 1 28.0 0.9 61

71 Cold drawn, bar supplied - 3/4 inch diam. 71.0 28. 0 1, 0 71

100 X
10'

10 10 10 :o 10 10

CREEP RATE, inches per inch per hour



Modulus of Elasticity of 71Cu-28Zn-lSn (Admiralty Brass)

TEMPERATURE, "F
-400 -300 -200 -100 0 100 200 300 400 500

22 X 10

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

U Annealed 1067-F - 3 hrs. 0. 144mm. C. S. - Rp = 55. bar

supplied - 3/4 inch diam. Bar sample - reduced section:

0. 25 inch diam. X 1. 5 inches long, clamp-on strain gage

extensometer - 1 inch G. L. . data spread = ± 5%.

71. 4 27. 6 1.0 1

316a Annealed - 0. 018mm. G. S. . bar supplied - 0. 125 inch diam. 71. 1 28. 0 0. 90 316

20

1 1 1 1 1 1

[31 nso/ec

[la], nnsoled
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100 200 300 400 500
TEMPERATURE, "K

Modulus of Rigidity of 71Cu-28Zn-lSn (Admiralty Brass)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION { *eight7.) REF.

NO,
Cu Zn Sn At Ni Other

NO.

Ic Annealed 1000°F - 1/2 hr. . bar supplied - 3/4 inch diam.
Bar sample - reduced section: 2. 5 inches long X 0. 125 inch
diam. , shear modulus determined isothermally by applying
weights, maximum shear stress of 350 psi, data spread =

± Z%.

71. 4 27. 6 1.0 1

TEMPERATURE, "F
-400 -300 -200 -100 0 100 200 300 400 500
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Tensile and Yield Strength of 70Cu-30Zn (Cartridge Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%)

NO.
Cu Zn Sn At Ni Other

20a Annealed • 0.016inm. G. S. - after hot reducing 75% and cold

rolling 40%. Bar aample - 1/4 inch diam. , strain rate =

0 0028 inch/inch/minute

69. 5 30. 5 20

20b Annealed -0.1 13mm. G. S. Other apecifications same as 20a. 69. 5 30. 5 20

72 28

72 69. 5 30. 4 72
...

sample - 0.2S inch diam.
69. 5 30. 5

loea Annealed 1 112*F in vacuum - air cooled - 0. 03mm. G. S.

inch/sec, Y. S. - 0 . 5% strain.

70 30 108

108b Annealed 1472*F in vacuum - air cooled - 0,045mm. G. S.

Bar sample - 0.0788 inch diam,, strain rate t^O.OOOl inch/

Inch/sec, Y, S. - 0 . 5% strain.

70 30

120 Bar sample - 0. 25 inch diam. 69. 4 30. 5 0. IFe 120

171 Greater than 0, 024mm . G. S. 71. 5 28. 5

282 Annealed 1292*F - 1/2 hr. , bar supplied - 5/8 inch diam. 71. 6 28. 4 282

316a Annealed - 0.022mm. G. S. Bar aample - 0. 125 inch diam.,

Y.S, - 0, 51t strain.

70. 5 29. 5 316

316e Annealed - 0. 016mm. G. S. Bar sample - 0, 12S inch diam.
,

Y,S. - 0. 5% strain.

69. 4 30. 6 316

316f Annealed - 0.085mm. G. S. Bar sample - 0. 125 inch diam.
,

Y.S. - 0.5% strain.

69. 4 30. 6 316

tst Wire sample, constant load applied while wire was heated

at 36*F/minute until sample brolte.

70. 8 29. 2 459

TEMPERATURE, °F
-4CO -300 - 200 -100 0 100 200 300 -WO 500

90 X lO*-^- ^ ^ 1

100 200 300 400
TEMPERATURE, "K

500

TEMPERATURE. "F

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%| REF

NO.
Cu Zn Sn At Ni Other

263a Cold roUed 20%. Bar sample - 0. 505 inch diam . , cross-
head speed =0.25 inch/minute.

68. 0 32. 0 263

263b Cold rolled 50%. Bar sample - 0. 505 inch diam. , cross-
head speed =0.25 inch/minute.

67. 6 32. 3 0. IPb 263

328 3/4 hard - ASTM G. S. « = 8.5 - Rg = 88, bar supplied - 3/4
inch diam. Bar sample - reduced section - 1.25 inches long

X 0. 177 inch reduced diam. , crosshead speed = 0.02 inch/

minute except 'or 1 test at room temp. : 0.05 inch/minute,

Y.S. - 0. 2% offset.

70. 3 29. 6 328
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Tensile Elongation of 70Cu-30Zn (Cartridge Brass)

Tensile Reduction of Area of 70Cu-30Zn (Cartridge Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weights) REF.

NO.
Cu Zn Sn At Ni Other

75 Ajuiealed - after hot rolling, bar supplied - 1 inch diam.
Bar sample - 0. 25 inch diam.

S9. 5 30. 5 75

263a Cold rolled 20%. Bar sample - 0. 605 inch diam. . cross-
head speed = 0.25 inch/minute.

e.8.0 >2. 0 263

263b Cold rolled 507o. Bar sample - 0. 505 inch diam. , cross-
head speed = 0.25 inch/minute.

67. 6 32. 3 0. IPb 263

282 Annealed 1292'F - 1/2 hr. . bar supplied - 5/8 inch diam.
Bar sample - 0. 394 inch diam.

71. 6 28. 4 282

328 3/4 hard - ASTM G. S. * = 8.5 - Rg = 88. bar supplied - 3/4
inch diam. Bar sample - reduced section - 1-1/4 inch long

X 0. 177 inch reduced diam. , croeshead speed = 0.02 inch/

minute except for 1 test at room temp. : 0.05 inch/minute.

70. 3 !9. 6 328

459 Wire sample, constant load applied while wire was heated
at 36"F/minutc until sample broke.

70. 8 !9. 2 459
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Tensile Stress-Strain Curves of 70Cu-30Zn (Cartridge Brass)

40

20

ao8 0,16 0.24 0.32

STRAIN, inches per inch

0.40

Impact Energy of 70Cu-30Zn (Cartridge Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

16 Sand cast - 2 to 4inm G. S. Sample - 5/16 inch diam. -

notched - simple beam, no fracture - all tempfl.

72. 0 !8.0 16

54a Annealed 1292°F - 4 hre. . bar supplied - 1/2 inch nquare.
Izod, samples did not Iracture completely; bent 65*,

temperature accuracy = ± 2'F,

70 JO 54

54b Chill - cast. Other specifications same as 54a. 70 JO 54

75 Annealed - after rolling, bar supplied - 1 inch diam. Izod, e.9.

5

30. 5 75

262 Annealeo 1292-F - 1/2 hr. V-notch sample - 0. 394 X 0. 394
X 3. 94 inches.

71. 6 £8. 4 282

308a Annealed. Charpy keyhole. 70 JO 308

308b Drawn 27%. Charpy keyhole. 70 JO 308

328 3/4 hard-ASTM G. S.# = 8.5 - Rg = 88, bar supplied - 3/4
inch diam, Charpy V notch, samples completely fractured.

70. 3 !9. 6 328

365a Annealed 1202'F - Brinell hardness = 62. Sample ASTM
standard Chirpy V except for length: 2. 36 inches, tested

longitudinally, 75to212T - tested in water: 2 12 to 482 'F -

tested in oil bath.

70. 0 JO. 0 365

365b Cold rolled. Tested longitudinally. Other specifications

same as 365a.

70. 0 JO. 0 365

365c Cold rolled. Tested transversely. Other specifications

same as 365a.

70.0 JO. 0 365

365d Cold rolled - Brinell hardness = 170. Tested transversely.
Other specifications same as 365a.

70. 1 !9. 9 365

365e Annealed. Other specifications same as 365a. 70. 1 !9.8 365

365f Annealed. Other specifications same as 365a. t.9. 4 JO. 4 0. IFe, 0. IPb 365

365g Annealed. Other specifications same as 365a. 69. 2 JO. 3 0. 5Pb 365

457 Assumed type sample - Mesnager: U-notch - 0.079 inch

deep X 0.079 inch wide; cross section - 0. 394 X 0. 394
inch, point data not presented by author.

70. 3 ;8.

3

457

TEMPERATURE, 'F
-460-400 -300 -200 "100 0 100 200 300 400 500
180

I
H h h 1-

100 200 300 400

TEMPERATURE, °K
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Fatigue Behavior of 70Cu-30Zn (Cartridge Brass)

CURVE

NO.
MATERIAI. AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO.
Cu Zn Sn Al Ni Other

sem Annealed -0. 030mm. G. S. , room temp. ; U. T. S. = 49.500

pBi. . sheet supplied -0.032 inch thick. Sheet sample

-

tapered - 5-1/2 inches long X 3/8 inch wide, tested in

rolling direction, flexure cantilever - 900 c . p. m.

69. 9 30. 1 58

53n Annealed - 0. 10mm. G. S. . room temp. : U. T. S. = 45.000

psi. Other specifications same as 58m.
69. 9 30. 1 58

58o Annealed - 0.025mm. G. S. . room temp. : U. T. S. = 49.000
psi. Other specifications same as 58m.

69. 9 30. 1 58

58p Annealed - O.UOmm. G. S. . room temp. : U. T. S. = 45. 000
psi. Other specifications same as 58m.

69. 9 30. 1 58

1252 Annealed. Bar sample - 0.25 inch diam. . uniaxial stress -

2200c. p.m.. R= -1. tested in dry nitrogen.

69. 9 30. 1 125

125b Tested in damp nitrogen - 55% relative humidity, sample
at 17.700 psi - 5 X lO^cycles did not break. Other
specifications same as 125a.

69. 9 30. 1 125

126a Annealed 1112*F. room temp. : U. T. S. = 46.300 psi, sheet

supplied - 0.020 inch thick. Sheet sample - tapered - 5-1/2
inches long X 3/8 inch wide, tested in rolling direction,

flexure cantilever - 750 c. p. m.

71.7 28. 3 126

126d Annealed 1112' F. room temp. : U. T. S. = 49.400 psi. Other
specifications same as 126a.

71. 7 28. 3 126

291d Annealed 750'F - 4 hrs. - 0.012mm. G.S. . room temp. :

U. T. S. = 60.000 psi. Bar sample - 1-3/4 inch long X0.15
inch reduced diam. - electropolished. rotating cantilever -

8000 to 1000 r. p. m. . R = -1. sample at 22.000 psi - 1. 1 X
10' -ycles did not break.

69. 5 30. 4 291

291e Annealed 960" F 4 hrs. - 0.026mm. G.S. - room temp. : U, T. S.

= 51,500 psi - sample at 17,000 psi - 1.1 X 10' cycles did not

break. Other specifications same as 291d.

69. 5 30. 4 291

291f Annealed 1050"F - 4 hrs. - 0.051mm. G. S. Sample at 14,000

psi-9 X lO'cycles did not break. Other specifications

same as 291d.

69. 5 30. 4 291

291g Annealed 1200*F -4 hrs. - 0.131mm. G.S. Other specifi-

cations same as 291d.

69. 5 30. 4 291

314a Annealed 1112'F - Rg = 16, room temp. ; U. T. S. = 46,300

psi. Sheet sample - 3-9/32 inches long - width reduced from
15/32 to 3/16 inch -uniform cross section part:2-3/16
inches long X 0.020 inch thick, cut parallel to rolling

direction, rotating cantilever machine - 1500 r.p.m.. R=-l,

314

436 Annealed, room temp. : V. T.S. = 45,000 psi - Y. S. = 9.800 psi.

Rotating cantilever, sample at 15,000 psi - 10' cycles did

not break.

70. 0 29. 9 0. IFe 436

80

70

60

« 50
Q.

in
if)

LlI

a.

IS)
40

30

20

ANI lEAL SD

Rodm Te typt roture

9]

''l26d)

(29111/

fl26
1

'[l3t1
[125aJ

^^ - /

f'

- [l25b]

58r
as Vfl

[5ii]/ [St1ml
•^[5t nj-

[5Bp]
1

iO 10 10 lO"

FATIGUE LIFE, cycles

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight%l REF

NO.
Cu Zn Sn Al Ni Other

NO.

104a Heated 400T - 1 hr. - Vickere hardness = 191 (Mtgmr-te«d) —
after receiving in spring temper, room temp. : U. T- S, =

95.000 psi - Y. S. = 88.000 psi (0. 2% offset). Sheet sample -

0.040 mch thick, flexure test - 1800 c. p. m. . R = -1.

sample at 27,000 psi - lo'cycles did not break.

70. 4 29t^ 0. IFe 104

104b Notched sample - = 3.2. 1725c. p.m.. sample at 46.000
psi- 1.2X lo'cycles did not break. Other specifications
same as 104a.

70. 4 29. 3 0. IFe 104

272 Annealed 932°F - Ar atmos. - 1 hr, - 0. 030mm. G. S. Bar
sample - round - electropolished. 3600 r. p.m., R= -1.

70 30 272

356a Annealed. Bar sample -0.25 inch reduced diam., 2200c,p.m.
tested in vacuum of 0.0005 to 0.001mm. Hg. Samples at

20.600 psi - 3.2 X 10' cycles and 20.200 psi - 3.5 X 10 ' cycles
did not break

. tensile fatigue.

356

356b Tested in dry purified air. samples at 17.500 and 17.000 psi-
3.3 X lo'cycles and 1 7. 700 psi - 4.2 X lo'cycles did not
break. Other specifications same as 356a.

356

356c Tested in air. samples at 16. 800 psi - 3. 2 X lo' and 3. 8 X
10' cycles and 16. 300 psi - 3 X lO' cycles did not break.
Other specifications same as 356a.

356

356d Tested in damp purified air about 55% relative humidity -

Sample at 16.600 psi - 3 X 10 ' cycles did not break. Other
specifications same as 356a.

356

386 Annealed 550"C -2 hrs. - after cold drawing 30%. room
temp. : U. T. S. = 46. 500 psi - Y. S. = 13.800 psi |0. 2% offset)-
Rp = 61. Bar sample - 0.665 inch diam.

69. 9 30. 1 386
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Fatigue Behavior of 70Cu-30Zn (Cartridge Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (welght%| REF.

NO.
Cu

SSa Rolled 21% - 0. 02 5mm, G. S. , room temp.: U.T.S. =

63, 400 pai - Y. S. = 52 . 000 poi (0. 5% atrain), aheet aup-

plied - 0.032 inch thiclc. Sheet sample - tapered - 5-1/2

inchea lon^ X 3/8 inch wide, tested in rolling direction,

Qexure cantilever - 900 c.p. m.

69. 9 30. 1 58

5Sb Rolled 37% - 0. 035mm. G. S. , room temp. : U. T. S. =

76,500 pal. Other apecificationa aame aa 58a.

69. 9 30. 1 58

sac Rolled 60% - 0. 025mm. G. S. , room temp. : U. T. S. =

92, 500 pai. Other apecificationa same aa 58a.

69. 9 30. 1 58

58d Rolled 21% - 0. 090mm. G. S. , room temp. : U.T.S. =

62,000 psi. Other specifications aame aa 58a.

69. 9 30. 1 58

see Rolled 37% - 0. 075mm. G. S. , room temp. ; U. T. S. =

71, 500 psi - Y. S. = 59. 900 psi (0. 5% strain). Other

specifications same aa 58a.

69. 9 30. 1 58

5Sf Rolled 60% - 0.075mm. G. S. , room temp. ; U. T. S. =

92, 000 pai - Y. S. = 66, 400 psi (0. 5% strain). Other

specificationa aame as 56a.

69. 9 30. 1 58

581 Rolled 37% - 0. 035mm. G. S. , room temp. ; U. T. S. =

80, 500 psi - Y. S. = 62, 800 psi (0. 5% strain). Teated 90*

to rolling direction. Other apecificationa same as 58a.

69. 9 30. 1 58

SB a Rolled 60% - 0. 025mm. G. S. . room temp. : U. T. S. =

101,000 psi. Tested 90' to rolling direction. Other
specificationa aame aa 56a.

b9. 9 >0. 1 58

sat Rolled 21% - 0.080mm. G. S. , room temp. : U. T. S. =

61,000 pai. Tested 90' to rolling direction. Other
specifications same as S8a.

69. 9 30. 1 58

Rolled 37% - 0. 075mm. G. S. , room temp. : U. T. S. =

75, 500 pai. Teated 90' to rolling direction. Other
specifications same aa 58a.

69. 9 30. 1 58

58v Rolled 60% - 0. 075mm. G. S. , room temp. : U. T. S. =

69,900 psi (0. 5% strain). Teated 90* to rolling direction.

Other specifications same aa 58a.

69. 9 30. 1 58
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FATIGUE LIFE, cycles

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight%) REF.

NO.
Cu Zn Sn Al Ni Other

NO.

55a Drawn 84%, room temp. : U. T. S. = 120, 000 psi - Y. S. =

85, 500 psi (0. 2% offset). Wire sample - 0. 072 inch diam. .

routing arc - 3450 r.p.m., R = -1. Samples at 20.000 -

21, 500 - 22, 000 pai - 10** cycles did not break.

69. 3 30. 7 55

55b Drawn 60%, room temp. : U. T. S. = 98, 500 psi - Y. S. =

66, 500 psi (0. 2% offset). Wire sample - 0. 072 inch diam.
,

rotating arc - 34 50 r. p. m., R=-l.

69. 3 30. 7 55

55c Drawn 84%, room temp. : U T. S. = 1 33, 000 psi - Y. S. =

92,000 pai (0. 2% offset). Wire sample - 0. 072 inch diam. ,

rotating arc - 3450 r.p.m., R = -1.

71. 4 27. 7 0.9 55

55d Drawn 60%, room temp. : U. T. S. = 106. 500 psi - Y. S. ^

80, 500 psi (0. 2% offset). Wire sample - 0. 072 inch diam. ,

routing arc - 3450 r.p.m.. R = -1.

71. 4 27. 7 0. 9 55

56a Drawn 21% - 0. 120mm. G. S. , room temp. : U. T. S. =

57,000 psi - Y. S. = 45, 500 psi (0. 2% offset), bar supplied -

0. 625 inch diam. Bar sample - 0. 30 inch reduced diam.
.

rotating cantilever - 6000 r.p.m.

69. 4 30. 6 56

56b Notched sajr.ple - 0. 350 inch diam. at notch - 0. 0025 inch
notch radius (Kj = 8.35), 60*. Other specifications aame
as 56a.

69. 4 30. 6 56

126b RoUed 37. 1%, room temp. ; U. T. S. = 81, 600 psi, sheet
supplied - 0.020 inch thick. Sheet sample - Upered -

5-1/2 inches long X 3/8 inch wide, tested in rolling di-

rection, flexure cantilever - 750 c.p.m.

71. 7 :8.

3

126

126c RoUed6e. 7%, room temp. : U. T. S. = 97.800 psi. Other
specifications same as 126b.

71. 7 !8. 3 126

126e RoUed 37. 1%, room temp. : U. T. S. = 75, 200 psi. Other
specifications same as 126b.

126

126f RoUed 60. 5%, room temp. : U. T. S. = 93, 800 psi. Other
speciiicationa same as 126b.

126

21 la Cold drawn, room temp. : U. T. S. = 50, 400 psi. Bar sam-
ple, routing cantilever - 1800 r.p.m., R = -1, dau
spread ± 5%.

73. 2 !6. 6 0. IFe, <0. IPb 211

211b Cold rolled, room temp. : U. T. S. = 47, 800 psi. Alternating
torsion - 240 c.p.m., R = -1, dau spread = ± 10%.

71. 6 ;8.

2

X 0. IFe, <0. IPb 211

10 10" 10' 10

FATIGUE LIFE, cycles
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Fatigue Behavior of 70Cu-30Zii (Cartridge Brass)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO.
Cu Zn Sn At Ni Other

NO.

Rolled 217o - 0.025mm. G. S, , room temp. ; U.T.S. =

61, 300 p»i - Y. S. = 51. 700 p8i (0. 57o etrain). Tested at

45* to rolling direction. Other specifications same as 58a.

69. 9 30. 1 58

58 h RoUed 37% - 0. 035mm. G. S. , room temp. : U.T.S. =

73, 500 psi. Other specifications same as 58a.

69. 9 30. 1 58

56 i Rolled 60% - 0. 025mm. G. S. , room temp. : U.T.S. =

97.000 psi - Y.S, = 64,200 psi (0. 5% strain). Other
specifications same as 58a.

69. 9 30. 1 58

58j RoUed 21% - 0. 080mm. G. S., room temp. : U.T.S, =

58,000 psi. Other specifications same as 58a.

69. 9 30. 1 58

58 k RoUed 37% - 0. 075mm. G. S. , room temp, : U. T. S. =

71.000 psi - Y.S. = 58, 200 psi (0. 5% strain). Other
specifications same as 58a.

69. 9 30. 1 58

58

1

Rolled 60% - 0. 075nun. G. S. , room temp. : U.T.S. =

94, 500 psi - Y. S. = 66, 400 psi (0, 5% strain). Other
specifications same as 58a.

58

58q RoUed 21% - 0.025mm. G. S. , room temp. : U. T. S. =

64, 500 psi - Y. S. = 53, 100 psi (0. 5% strain). Tested 90"
69. 9 30. 1 58

Cold drawn 60% - 0. 015mm. G. S. . room temp. : U. T. S. =

106,000 psi. Bar sample - 1-3/4 inch long X 0. 15 inch

reduced diam. - electropolished, rotating cantilever -

8000 to 10000 r.p.m., R = -1, sample at 40,000 psi -

1. 1 X 10° cycles did not break.

69. 5 iO. 4 291

291b Cold drawn 40% - 0, 015mm. G. S. . room temp. : U. T. S. =

91,000 psi. Other specifications same as 291a.
69. 5 30. 4 291

Z91c Cold drawn 20% - 0. 015mm. G. S. , room temp. : U. T. S. =

71. 500 psi. Sample at 24, 000 psi - 1. 2 X 10" cycles did
not break. Other specifications same as 291a.

69. 5 30. 4 291

314b RoUed 37. 1% - Rg = 84, room temp. : U. T. S. = 81, 600 psi.

Sheet sample - 3-9/32 inches long - width reduced from
15/32 to 3/16 inch - uniform cross section part: 2-3/16
inches long X 0.019 inch thick, cut parallel to roUing
direction.

71.7 28. 2 314

314c RoUed 68, 7% - Rg = 92, room temp. : U. T. S. = 97, 800 psi.
Other specifications same as 314b.
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Creep Behavior of 70Cu-30Zn (Cartridge Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF,

NO.
Cu Zn Sn Al Ni Other

61a Annealed - 0. 20mm. G. S. , room temp. : U.T.S. = 42, 500

psi - Y.S. = 8,500 psi (0. 5% strain). Bar sample - 1/8

inch diam. , 10 inch G. L.

70. 5 29. 5 61

61b Annealed - 0. 085mm. G. S. , room temp. : U. T. S. = 48. 500

psi - Y.S. = 11, 500 psi (0.5% strain). Bar sample - 1/8

inch diam. , 10 inch G. L.

69. 4 30. 6 61

61c Annealed - 0. 022mm. G. S. , room temp. : U.T.S. = 52, 000
psi - Y.S. = 19, 000 psi (0. 5% strain). Bar sample -1/8

inch di»m. , 10 inch G. L.

70. 5 29. 5 61

61d Annealed - 0. 016nrun. G. S. , room temp. : U. T. S. = 59, 500
psi - Y.S. = 22 , 500 psi (0. 57» strain). Bar sample - 1/8
inch diam. . 10 inch G. L.

69. 4 30. 6 61

61e Drawn 37% - "course grained", room temp. : U.T.S. =

85,000 psi. Bar sample - 1/8 inch diam., 10 inch G. L.

70. 5 29. 5 61

6If Drawn 37% - "fine grained", room temp.; U.T.S. =

86,000 psi - Y.S. = 62,000 psi (0. 5% strain). Bar sample -

1/8 inch diam. , 10 inch G. L.

69. 4 30. 6 61

61g Drawn 84% - " course grained", room temp. : U. T. S. =

124 , 500 psi. Bar sample - 1/8 inch diam. , 10 inch G L.

70. 5 29. 5 61

61h Drawn 84% - "fine grained", room temp. : U. T. S. =

120, 000 psi - Y. S. = 65. 000 psi (0. 5% strain). Bar
sample - 1/8 inch diam. , 10 inch G. L.

69. 4 30. 6 61

71 Cold drawn, bar supplied - 3/4 inch diam. 70. 5 30. 4 71

10" 10' 10° 10

CREEP RATE, inches per inch per hour
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Modulus of Elasticity of 70Cu-30Zn (Cartridge Brass)

TEMPERATURE, "F

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weighty.) REE

NO.
Cu Zn Sn At Ni Other

173 Hot drawn. Bar sample - 0.288 inch diam. X approx. 7 72 28 173
20

16

10

10 1

[173]H

1

ot Orawn

100 200 300 400
TEMPERATURE, °K

500

Tensile and Yield Strength of 65Cu-35Zn (Yellow Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.
Cu Zn Sn A{ Ni Other

24a Wrought. 65. 0 35.0 24

24b Wrought. 66. 6 33. 4 24

45a Annealed 1020°F - 2 hrs. - in carbon dioxide. Bar sample -

d. 197 inch diam.
67. 0 33. 0 45

45b Cold worked 40%. Bar sample - 0. 197 inch diam. 67. 0 33. 0 45

108a Annealed 1112°F in vacuum - air cooled - 0. 03mm. G. S.

Bar sample - 0.0788 inch diam.. strain rate =0,0001
inch/inch/sec. . Y. S. - 0. 5% strain.

90 10 108

108b Annealed 1472'F in vacuum - air cooled - 0. 045mm. G. S.

Other specifications same as 108a.

90 10 108

170 Bar sample - 0. 118 inch diam. 64. 8 34. 0 0. 9Pb, 0. IFe 170

176a 0. 037mm. G. S. 63. 6 36. 4 176

176b 0. 020mm. C. S. 63. 6 36.4 176

176c 0. 004mm. C. S. 63. 6 36. 4 176

282 Annealed 932"F - 1/2 hr. , bar supplied - 5/8 inch diam.
Bar sample - 0. 394 inch diam.

63.8 35. 7 0. 4Pb, 0. IFe 282

308 Annealed. 65. 0 35.0 308

180x10
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Tensile Elongation of 65Cu-35Zn (Yellow Brass)

TEMPERATURE, "F

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.
Cu Zn Sn At N. Other

24a Wrought. 2 inch G. L. 65. 0 35. 0 2)

24b Wrought. 2 inch G. L. 66. 6 33. 4 24

inch diam. , 1.97 inch G, L. Lower curve denotes elonga-

tion prior to sample necking.

67. 0 33, 0

45b Cold worked 40%. Bar sample - 0. 197 inch diam. . 1.97 inch

necking.

67. 0 33. 0 45

170 Bar sample - 0. 116 inch diam. , 1. 18 inch G. L. 64. 8 34. 0 0.9Pb. 0. IFe 170

262 Annealed 932' F - 1/2 hr. , bar supplied - 5/8 inch diam.
Bar sample - 0. 394 inch diam. . 2 inch G. L.

63. 8 35. 7 0. 4Pb, 0. IFe 282

308 Annealed. 2 inch G. L. 65.0 35.0 308
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Tensile Reduction of Area of 70Cu-30Zn (Yellow Brass)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight%) REF.

NO.
Cu Zn Sn At Ni Other

NO,

45a Annealed 1020'F - 2 hrs. - COg atinos. Bar sam-
ple - 0. 197 inch diam.

67. 0 33. 0 45

45b Cold worked 40%. Bar sample - 0. 197 inch diam. 67. 0 33.0 45

170 Bar sample - 0. 118 inch diam. 64. 8 34. 0 0. 9Pb, 0. IFe 170

282 Annealed 932°F - 1/2 hr. . bar supplied - 5/8 inch diam.
Bar sample - 0. 394 inch diam.

63. 8 35. 7 0. 4Pb, 0. IFe 282

TEMPERATURE, "F
-460-400 -300 -200 "100 0 100 200 300 400 500
90

20

10

100 200 300 400 500
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Impact Energy of 65Cu-35Zn (Yellow Brass)

TEMPERATURE, 'f
-460-400 -300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) BEF.

NO.
Cu Zn Sn Al Ni Other

45a Aimealed I020°F - Z hra. - COa atmoB. Sample
(AUemandc type); V -notch - 45' - 3mm. deep - 8 X 10 X
100mm. c roaa -section.

67, 0 33. 0 45

45b Cold worked 1Z%. Sample (Allemande type): V-notch -

45* - 3mm. deep - 8 X 10 X 100mm. c ross -section.

67. 0 33.0 45

54a Annealed 1Z92T - 4 hrs. - bar supplied - t/i inch square.

Izod, samples did not fracture completely: bent 65° at 59° F
and 60° at 392 ° F, temp, accuracy = ±2°F,

64 36 54

54b Same specifications as 54a. 65. 7 34. 3 54

54c ChUl - cast, bar supplied - 1/2 inch square. Izod,

samples did not fracture completely: bent 65°, temp.

64 36 54

54d Samples did not fracture completely: bent 70°. Other
specifications same as 54c.

65. 7 34. 3 54

156a Annealed, bar supplied - 1/2 inch square. Standard

Charpy l<eyhole except for length: 2.0 inches, hammer
velocity = 14. 5 ft. /sec. Sample contained in paper boat

for -323 and -423° F tests - correction applied. 2 to

4 tests/temp.

156

156b Soft. 1 to 4 tests/temp. Other specifications same as

156a.

156

Z82 Annealed 932°F - 1/2 hr. V-notch sample - 0. 394 X
0. 394 X 3. 94 inches.

63. 8 35. 7 0. 4Pb, 0. IFe 282
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Fatigue Behavior of 65Cu-35Zn (Yellow Brass)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

lOa Drawn 1 5.2% - 0.070mm. G. S. , room temp.: U. T. S. = 57,200
psi - Y.S. = 43,100 p8i(0.2% offset) - Rg^ 71, bar - 1/2 inch
diam. Bar sample -0.3 inch reduced diam. - polished, ro-
tating beam - 3500 r.p.m. , R = -1, data spread ^ ± 5.5%.

63.0 37. 0 10

10b Drawn 30.1%. -0.060mm. G. S. , room temp.: U. T. S. ^ 72,200
psi - Y. S. = 55,500 psi (0.2% offset) - Rg = 82. Data spread =

4.5%). Other specifications same as 10a.

63. 0 37.0 10

10c Drawn 50,1% -0.040 to 0.050mm. G. S, . room temp.: U.T.S. =

91,600 psi - Y.S. = 67,000 psi (0.2% offset) - Rg = 93. Data
spread =±10%. Other specifications same as 10a.

63. 0 37. 0 10

11 Drawn 30.1% - 0.060mm. G. S. , room temp.: U. T. S. = 72,200
psi - Y. S. = 53,900 psi (0.5% strain), bar supplied - 1/2 inch
diam. Bar sample - 0.30 inch diam.

, rotating beam - 3500
r. p. m, , data spread = ± 5%.

63. 0 36. 9 1

1

58a Annealed - 0.030mm. G. S. , room temp.: U. T. S, = 51,700 psi-
Y,S. = 19,600 p«i(0.2% offset), sheet -0.032 inch thiclc.

Tapered - 5-1/2 inches long, tested in rolling direction,
flexure cantilever - 900 c. p. m.

65. 2 34. 7 0. IPb 58

58b Rolled21% -0.030mm. G. S. . room temp.: U. T. S. = 64,800psi
Y.S. = 52,500 psi (0.27, offset). Other specifications as 58a.

65. 2 34. 7 0. IPb 58

126a Annealed 1112°F. Sample -0.020 inch thick, tapered - 5-1/2
inches long X 3/8 inch wide, tested in rolling direction,
flexure cantilever - 750c. p.m.

65. 0 34.8 0. IPb, 0. IFe 126

126c Rolled 66.7%, room temp.: U.T.S. = 93.900 psi. Other
specifications same as 126a.

65.0 34. 8 0. IPb. 0. IFe 126

126d Annealed 1112°F, room temp.: U.T.S. = 46,600 psi. Other
specifications same as t26a.

65. 1 34. 9 126

126e RoUed 37.1%, room temp.: U.T.S. = 77,200 psi. Other
specifications same as 12&a.

65. I 34.9 126

126f Rolled 68.7%, room temp.: U.T.S. = 95.600 psi. Other
specifications same as 126a.

65. 1 34. 9 126

126g Annealed 1112°F, room temp.: U. T. S. = 46,600 psi. Other
specifications same as 126a.

64.8 35. 2 126

126i Rolled 60.5%, room temp.: U.T.S. = 91,900 psi. Other
specifications same as 126a.

64. 8 35. 2 126

314a Annealed 1 1 12°F, room temp.: U.T.S. = 46,600 psi. Sheet
sample -2-3/16 inches long X 3/16 inch wide X 0.020 inch
thick, parallel to rolling direction, rotating cantilever
1500 r.p.m. , R = -1.

65. 1 34. 9 314

314b Rolled 37.1%, room temp.: U. T. S. = 77,200 psi - Rg = 79.

Sample 0.019 inch thick. Other same as 314a.

65. 1 34. 9 314

3t4c Rolled 68.7%, room, temp.: U. T. S. = 95,600 psi - Rg = 87.
Other specification* same as 314a.

65. 1 34. 9 314
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Modulus of Elasticity of 65Cu-35Zn (Yellow Brass)

TEMPERATURE, "F

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight%) REF.

NO.
Cu Zn Sn At N. Other

NO.

172 Annealed 700*C -2 hrs. Bar sample - 120 to I60mm. long

X 5 to 9mm, diam. , author does not present point data.

63. 6 35. 5 0. 9Pb 172

173a Hot drawn. Bar sample - 0.288 inch diam. X approx.

7 inches long, transverse vibrations.

67 33 173

173b Hot drawn. Bar sample - 0.288 inch diam. X approx.

7 inches long, transverse vibrations.

63 37 173

0*^ 1 1

^ ,

1 |-J
,

[172]
^- .1

Anne

Y
lied

[l73

—8

J?[I73b[Hot L"ifown

100 200 300 400
TEMPERATURE, "K

500

Modulus of Rigidity of 65Cu-35Zn (Yellow Brass)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight%l REF.

NO.
Cu Zn Sn At Ni Other

NO.

3 50 Cold drawn - after annealing. Wire sample - 0. 135 inch

diam. , isothermal shear modulus - determined by applying
incremental weights, 2 samples used - 6 determinations/

temp. . absolute modulus error = ± 27o.

66.0 33. 5 350

TEMPERATURE,
-400 -300 -200 -100 0 100 200 300 400 500
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10
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Tensile and Yield Strength of 60Cu-39Zn-lSn (Naval Brass)

TEMPERATURE, "F
-«X) -300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (wcighlTol REF.

NO,
Cu Zn Sn At Ni Olher

la Annealed UOO'F - 1 hr. - 0.036mm. G.S. - Rg = 57, bar
supplied - 3/4 inch diam. Bar sample - reduced section -1.5

inches long X 0.247 inch reduced diam. , croashead speed =

0.02 inch/minute, Y.S. - O.Z% offset.

59. 6 39. 7 D. 6 0. IPb 1

lb Notched sample - 0.25 inch diam. at circumferential

notch roots - 0. 005 ± 0. 0005 inch notch radius (K^ = 5. 0).

Other specifications same as la.

59. 6 39. 7 0. 6 0. IPb 1

9a Annealed 1500'F - Brinell hardness = 96, bar supplied -

3/4 inch diam.
59. 9 39. I 0. 8 9

9b Extruded - Brinell hardness = 145, bar supplied - 3/4
inch diam.

59.9 39.2 0. 8 9

9c Bar supplied - 5/8 inch diam. 59. 8 38. 7 0. 3 l.OPb, 0. 2Fe 9

i4a Wrought. 60. 0 39. 2 0. 8 24

24b Wrought. 61.0 38. 2 0. 8 24

28 Rolled, bar supplied - 1/2 inch diam. Bar sample -

1/4 inch diam.
55. 1 41.9 0. 8 0. I 0. 3 0. 8Fe. 0, 5Pb,

0. 4Mn
28

72i Hot rolled - 0.025mm. C. S. , bar supplied - 3/4 inch diam. 58. 8 40. 4 0. 8 72

72b Hot roUed - 0. 020mm. G. S. , bar supplied - 3/4 inch diam. 60. 2 39. 7 0. 1 72

120 Hard drawn. Y.S. -0.2% offset. 62. 6 37. 0 0. 3 0. IPb 120

263 Annealed. Bar sample - 0. 505 inch diam. , crosshead
speed =a0.25 inch/minute.

60. 1 39. 1 0, e 263

302 Rolled. 61 38 1 302

316a Annealed lOOO'F. Bar sample - 0. 125 inch diam. , Y. S. -

0. 2% offset.

60. 0 39. 4 J. 6 316

339 Cold drawn 28% - Rfl " Plowed from continuous curve. 59. 6 39. 7 3. 7 339

420a Annealed - 0. 025mm, G. S. , bar supplied - 0. 75 inch diam. 58. 8 40. 4 ). 8 420

420b Annealed - 0. 045mm. G. S. , bar supplied - 0. 75 inch diam. 60. 1 38. 7 ). e 420

452a 59.0 39. 8 ). 6 0. 6Pb 452

452b 56.9 40. 3 3. 8 0. 2 0. 2 0. 7Fe. 0. 7Pb,

0.2MI1

452
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Shear Strength of 60Cu-39Zn-lSn (Naval Brass)

TEMPERATURE, "F
-460-400 -300 -200 -100 0 100 200 300 400 500
180

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weighf?.) REF.

NO.
Cu Zn Sn At Ni Other

449 Rolled. Bar sample - 0. 855 inch diam. , tested in torsion. 59.9 38. 9 0. 8 0. 4Fe 449

140
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2 100

80
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Tensile Elongation of 60Cu-39Zn-lSn (Naval Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.
Cu Zn Sn Al Ni Other

la Annealed 1100°F - 1 hr. - 0.036mm. G. S. - Rb = 57, bar
supplied - 3/4 inch diam. Bar sample - reduced section -

1. 5 inches long X 0. 247 inch reduced diam. . crosehead
speed = 0. 02 inch/minute. 1 inch C. L.

59. 6 39. 7 0. 6 0. IPb 1

9a Annealed 1500'F - Brinell hardness = 96, bar supplied -

3/4 inch diam. 2 inch G. L.

59. 9 39.2 0. 8 9

9b Extruded - Brinell hardness = 145, bar supplied - 3/4
inch diam. 2 inch G. L.

59. 9 39. 2 0. 8 9

9c Bar supplied - 5/8 inch diam. 2 inch G. L. 59. 8 38. 7 0. 3 1. OPb, 0. 2Fe 9

24a Wrought. 2 inch G. L. 60. 0 39. 2 0. 8 24

24b Wrought. 2 inch G. L. 61. 0 38. 2 0. 8 24

28 Rolled - bar supplied - 1/2 inch diam. Bar sample -

1/4 inch diam. , 2 inch G. L.

55. 1 41.9 0. 8 0. 1 0. 3 0. 8Fe, 0. 5Pb,

0. 4Mn
28

72a Hot rolled - 0.025mm. G. S. , bar supplied - 3/4 inch

diam. 2 inch C. h.

58. 8 40. 4 0. 8 72

72b Hot roUed - 0.020mm. C. S. , bar supplied - 3/4 inch

diam. 2 inch G. L.

60. 2 39. 7 0. 1 72

120 Hard drawn. 2 inch G. L. 62. 6 37.0 0. 3 0. IPb 120

263 Annealed. Bar sample - 0. 505 inch diam. , crosshead
speed ^0. 25 inch/minute, 2 inch G. L.

60. 1 39. 1 0. 8 263

302 Rolled. 2 inch G. L. 61 38 1 302

339 Cold drawn 28% - Rg = 84. Plotted from continuous curve,

2 inch G. L.

59. 6 39. 7 0. 7 339

420a Annealed - 0. 025mm. G. S. , bar supplied -0.75 inch

diam, 2 inch G. L.

58. 8 40. 4 3. 8 420

420b Annealed - 0. 045mm. G. 5. , bar supplied - 0. 75 inch

diam. 2 inch G. L.

60. 1 38. 7 3. 8 420

45aa 2 inch G. L. 59. 0 39. 8 3. 6 0. 6Pb 452

4S2b 2 inch G. L. 56. 9 40. 3 3. 8 0. 2 0. 2 0. 7Fe, 0. 7Pb,

0. 2Mn
452

TEMPERATURE, 'F
-460-400 -300 -200 -I00 0 100 200 300 400 500
90

100 200 300 400
TEMPERATURE, 'K

500

Tensile Reduction of Area of 60Cu-39Zn-lSn (Naval Brass)

TEMPERATURE, 'F
-460-400 - 300 -200 -100 0 100 200 300 400 500
90

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weighty-) REF.

NO,
Cu Zn Sn At Ni Other

la Annealed 1100"F - 1 hr. - 0.036mm. G. S. - Rg = 57, bar
supplied - 3/4 inch diam. Bar sample - reduced section -

1. 5 inches long X 0. 247 inch reduced diam. , crosshead
speed = 0. 02 inch/minute.

59, 6 39- 7 J. 6 0. IPb 1

9a Annealed I500°F - Brinell hardness = 96, bar supplied -

3/4 inch diam.
59, 9 39. 2 J. 8 9

9b Extruded - Brinell hardness = 145, bar supplied - 3/4
inch diam.

59. 9 39, 2 3. 8 9

9c Bar supplied - 5/8 inch diam. 59. 8 38, 7 ). 3 I- OPb, 0. 2Fe 9

72a Hot rolled - 0. 025mm. G. S. , bar supplied - 3/4 inch diam. 58. 8 40, 4 0. 8 72

72b Hot rolled - 0.020mm. G. S. , bar supplied - 3/4 inch diam. 60. 2 39. 7 5. 1 72

120 Hard drawn. Bar sample - 0. 375 inch diam. 62. 6 39. 0 3, 3 0. IPb 120

263 Annealed. Bar sample - 0. 505 inch diam. , crosshead
speed =0.25 inch/minute.

60. 1 39. 1 a. 8 263

302 Rolled. 61 38 302

339 Cold drawn 28% - Rg = 84. Plotted from continuous curve. 59. 6 39. 7 3. 7 339

420a Annealed - 0. 025mm. G. S. , bar supplied -0.75 inch diam. 56. 8 40. 4 J. 8 420

420b Annealed - 0. 045mm. G. S. , bar supplied - 0. 75 inch diam. 60. 1 38. 7 !. 8 420
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Tensile Stress-Strain Curves of 60Cu-39Zn-lSn (Naval Brass)

Hardness of 60Cu-39Zn-lSn (Naval Brass)

TEMPERATURE, 'F
-460-400 - 300 -200 -100 0 100 200 300 400 500
180

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION { *eight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

439 Ball mdenter - Bleel - 10mm. diam. 439
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Impact Energy of 60Cu-39Zn-lSn (Naval Brass)

TEMPERATURE, °F
-460-400 -300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION («eight7.1 REF,

NO.
Cu Zn Sn At Ni Other

1 Annealed 1100°F - 1 hr. - 0.036mm. G. S. - Rg = 57, bar

all temps. , hammer velocity = Ibft./aec. paper con-

tamer glued to sample lor -«3 F tests.

59. 6 S9. 7 0- 6 0. IPb 1

Hard drawn. Izod. 52. 6 57.0 0. 3 0. IPb 120

295 Annealed - Rn = 61. bar supplied - 3/4 inch diam. Charpy
keyhole, 100% fracture - all temps. . 3 testa / temp. .

-175'F: ether and liquid air - other test temps. by
warming from -175°F.

60. 2 38. 9 0, 8 0. IFe 295

308a Annealed. Charpy keyhole. 60 39. 2 0. 8 308

308b Drawn 27%. Charpy keyhole. 60 39.2 0. 8 308

363 Cold drawn - Brinell hardness = 120 (500 kgm. load), bar

supplied - 7/16 inch square. Standard Izod sample except

for cross-section: 7/16 inch square, samples completely

fractured, striking velocity = 11 ft. /sec.

363
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Fatigue Behavior of 60Cu-39Zn-lSn (Naval Brass)

CURVE

NO
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF

NO.
Cu Zn Sn At Ni Other

11a Cold drawn 9.479. room temp.: U. T. S. = 66,300 psi - Y.S. =

38,300 psi (0.2% offset), bar supplied - 1/2 inch diam. Bar
sample -0.3 inch diam. . R. R. Moore - 3500 r.p.m., R = -1,

data spread = ± 5%.

60. 0 39.2 0. 7 1

1

lib Cold drawn 11.5%, room temp.: U. T. S. = 69,600 psi - Y. S. =

50,500pBi(0.2%offset). Other specifications same as lla.

60. 0 39. 1 0. 9 1

1

11c Cold drawn 11.5%. room temp.: U. T. S. = 69,900 psi - Y. S. =

53.700psi(0.2%off8et). Other specifications same as lla.

60. 0 39. 1 0. 8 1

1

lid Cold drawn 11.5%, room temp.: U. T. S. = 72,300 psi - Y. S. =

55.000 psi (0.2%offset). Other specifications same as lla.

60. 0 39. 0 0. 9 1

1

56a Drawn 24% - "fine grain',' room temp.: U. T. S. = 87,000 psi -

Y.S. = 72,500 psi (0.27ooffset), bar-0.5inch diam. Sample -

0.3 inch diam. , rotating cantilever - 8000 r.p.m.

59. 9 39. 3 0. 7 0. IPb 56

56b Drawn 247. - "course grain/ room temp.: U. T. S. = 87.300 psi-

Y.S. = 68.800 psi (0.27, offset). Other specifications same as
56a.

59. 7 39. 4 0. 7 0. IPb 56

56c Drawn 277« - "fine grain;' room temp : U. T. S. = 87.200 psi -

Y.S. = 76,500 psi (0.27o offset), bar-0.53 inch diam. Sample-
0.5 inch diam.

, rotating cantilever - 8000 r.p.m.

60. 5 38. 6 0. 7 0. IPb 56

56d Drawn 277. - "fine grain;' Notched sample: 0.30 inch diam. at

notch -0.0006 inch notch radius (K.j. = 15.8) -60". Other
specifications same as 56c.

60. 5 38. 6 0. 7 0. IPb 56

56e Dravm 277. - "course gram;' room temp.: U. T. S. = 91,400p8i-

Y.S. = 79.000psi(0. 27. offset). Other specifications same as

56c.

60. 4 38. 7 0. 8 0. IPb 56

56f Drawn 277. - "course grain;' Other same as 56d. 60. 4 38. 7 0. 8 0. IPb 56

211 Hot rolled, room temp.: U.T.S. = 59,300 psi. Rotating canti-

lever - 2 140 r.p.m. . R = -1. data spread = * 57..

60. 7 38. 3 0. 9 211

232a Rolled, Rg = 73, room temp.: U. T. S. = 68 ,200 psi - = 73,

bar supplied - 3/4 inch diam. Bar sample - reduced - 1-I5/I6
inches long X 0.27 inch diam. , rotating beam - 1750r.p.m, .

R = -1.

61. 2 38. 3 0. 4 0. IPb 232

232b Rolled - Rg = 73, bar - 3/4 inch diam. Sample -0.404 inch

diam. at notch - 60° - 0.010 inch notch radius (K,j- = 4. 5) -0.480

inch diftm. away from notch, rotating beam - 1750r.p.m. ,

R = -1.

61. 2 38. 3 0. 4 0. IPb 232

233 Room temp.: U. T.S. = 68.200 psi. R. R. Moore 1500 r.p.m. .

R = -1. data spread = ± 57e.

60. 8 38. 3 0. 8 233

357 Annealed, bar -3/4 inch diam. Notched sample; U -notch -

0.050 inch radius -0.188 inch diam. at notch bottom (K.p =

1.37). 0.375 inch diam. away from notch, sample attached

one end -vibrated longitudinally at approx. 14.2Kc.p.s.
.

R = -1, tested m distilled water.

357

10° 10' 10
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Creep Behavior of 60Cu-39Zn-lSn (Naval Brass)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight%l BEF.

NO-
Cu Zn Sn At Ni Other

NO.

9a Annealed 1500'F - Brinell hardness - 96, bar supplied -

3/4 inch diam. . total test time = 250 hrs.

59. 9 39. 2 0. 8 9

Y.S. = 31, 500 (0. 5% strain).'' Bar sample - 1/8 inch diam.
10 inch G. L.

59. 9 0. 7 60

6U Annealed 1000° F. room temp. : U. T. S. = 66, 000 psi -

Y. S. = 30, 500 psi (0. 5% strain) Bar sample - 1/8 inch
diam, , 10 inch G. L.

59. 9 39. 4 0 . 7 61

3I611 Annealed 1000' F. Bar sample - 0. 125 inch diam. , 300' F:
second stage creep except for 20,000 psi: third stage:

400'F: second stage; 500'F: second stage except for
1,300 psi: third stage.

60. 0 39. 4 0. 6 316

-120a Annealed - 0. 025mm. G. S. , bar supplied - 0. 75 inch diam. 58. 8 40. 4 0. 8 420

420b Annealed - 0. 045mm. G. S. , bar supplied - 0. 75 inch diam. 60. 1 38. 7 0. 8 420

I0-' 10-= lo-' io-» io-» 10-

CREEP RATE, inches per inch per hour

CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION |weight%) REF,

NO.
Cu Zn Sn At Ni Other

60 b DraMTi 37%, room temp. : U. T. S. = 95, 000 psi - Y. S. =

66. 000 psi (0. 5% strain). Bar sample - 1/8 inch diam. ,

10 inch G. L.

59. 9 39. 4 0. 7 60

61b Drawn 37%, room temp. : U. T. S. = 95, 000 psi - Y. S. =

66, 000 psi (0. 5% strain). Bar sample - 1/8 inch diam. ,

10 inch G. L.

59.9 39. 4 0. 7 61

71a Hot rolled - 0.020mm. G. S. , bar supplied - 3/4 inch diam. 60. 2 39. 7 0. 2 71

71b Hot roUed - 0. 025mm. G. S. , bar supplied - 3/4 inch diam. 58. 8 40. 3 0. 9 71

71c Hot rolled - 0.045mm. G. S. , bar supplied - 3/4 inch diam. 60, 1 38. 7 0. 8 71

316b Drawn 37%. Bar sample - 0. 125 inch diam. Second stage
creep.

60.0 39. 4 0. 6 316
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Modulus of Elasticity of 60Cu-39Zn-lSn (Naval Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

U Aimcajed 1100"F - 1 hr. -0.036mm. G. S. - = 57. bar

supplied -3/4 inch diam. Bar sample - reduced section:

0.25 inch diam. X 1-1/2 inch long, clamp-on, strain gage
extensometer - 1 inch G. L.

59. 6 39. 7 0. 6 0. IPb I

120 Hard drawn. Bar sample - 0. 375 inch diam. 62. 6 37. 0 0. 3 0. IPb 120

59.0 39. 8 0. 6 0. 6Pb 452

452b 56. 9 40. 3 0. 9 0. 2 0. 2 0. 7Fe, 0. 7Pb.

0. 2Mn
452

TEMPERATURE, "F
-400 -300 -200 -100 0 100 200 300 400 500

20

o'-H L_,
1 S

1
1

1

1

f/2i7J Har '\—®-
fa^sh 1

[la] Annetlied

2 a]

100 200 300 400 500
TEMPERATURE, "K

Modulus of Rigidity of 60Cu-39Zn-lSn (Naval Brass)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (*eight%) REF.

NO.
Cu Zn Sn At Ni Other

Ic Annealed ]000°F - 1/2 hr. , bar supplied - 3/4 inch diam.
Bar sample - reduced section: 2. 5 inches long X 0.125 inch
diam. , shear modulus determined isothermally by applying
weights, maximum shear stress of 350 psi, data spread =

* 2%.

59. 6 39. 7 0. 6 0. IPb 1

TEMPERATURE , "F
-400 - 300 - 200 -100 0 100 200 300 400 500

20

0
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0 100 200 300 400 500
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Tensile and Yield Strength of 60Cu-40Zn (Muntz Metal)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.

24 Wrought. 60. 0 40. 0 24

28 Rolled, bar supplied - 1/2 inch diam. Bar sample - 1/4

inch diam.
59. 5 39. 4 0. 4 0. 7Pb 28

45a Annealed 1022' F - 2 hrs.- COa atmoB. Bar sample - 0.197
inch diam.

60. 0 40. 0 45

45b Cold worked 25%. Bar sample - 0. 197 inch diam. 60. 0 40. 0 45

145 Annealed 1112'F - after extruding. Bar sample. 60 40 145

188 Notched plate sample: 0. 61 inch thiclt - 0. 75 inch between
notches - approx. 0.01 inch notch radius (Kj ==6. 1) - 45'

included angle (Tipper notch).

61. 1 38. 7 0.2Pb 188

263 Cold drawn 207*. Bar sample - 0. 505 inch diam. . croefl-

head speed s,0. 25 inch/minute.

62. 4 37. 5 263

292 57. 1 40. 8 0. 9Fe, 0. 7Pb 292

316 Annealed 1050'F. Wire sample - 0. 125 inch diam.
,

Y. S. - 0. 2% offset.

60. 5 59. 4 316

329a Aged 6 months - after gravity die cast, chill cast

bar supplied - 1 inch diam. Bar sample - 0. 564 inch

diam. , at least 5 tests/temp.

60. 9 59. 0 0. IFe 329

422 Rolled. Bar sample - 0. 74 inch diam. 62 18 422

439 439

459 Wire sample, constant load applied while wire was heated

at 36'F/minute until sample broke.
bl. 7 i8. 3 459

TEMPERATURE, °F
-400 -300 - 200 -100 0 100 200 300 400 500

180 xio' '-' ^ 1 '' ^

100 200 300 400
TEMPERATURE, "K

500

Tensile Elongation of 60Cu-40Zn (Muntz Metal)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( »eight7.) REF.

NO.
Cu Zn Sn At Ni Other

NO.

24 Wrought. 2 inch G. L. 60. 0 40. 0 24

28 Rolled, bar supplied - 1/2 inch diam. Bar sample - 1/4
inch diam. , 2 inch G. L.

59. 5 39. 4 0. 4 0. 7Pb 28

45a Annealed 1022*F - 2 hrs. - CO^ atmos. Bar sample - 0. 197

inch diam. , 1. 97 inch G. L. . lower curve denotes elongation

prior to sample necking.

60. 0 40. 0 45

45b Cold worked 25%. Bar sample 0. 197 inch diam. , 1.97 inch

G. L. , lower curve denotes elongation prior to sample
necking.

60. 0 40. 0 45

145 Annealed 1112°F - after extruding. Bar sample, 2 inch

G. L.

60 40 1 15

188 Notched plate sample: 0. 61 inch thick - 0.75 inch between
notches - approx. 0. 01 inch notch radius (K^ =36. 1) - 45°

included angle (Tipper notch).

61. 1 38. 7 0. 2Pb 188

263 Cold drawn 207o. Bar sample - 0. 505 inch diam. . cross-

head speed «0.25 inch/minute. 2 inch G. L.

62. 4 37. 5 263

292 57. I 40. 8 0.9Fe, 0.7Pb 292

329a Aged 6 months - after gravity die cast, chill cast bar

supplied - 1 inch diam. Bar sample - 0. 564 inch diam. .

at least 5 tests/temp. , 2 inch G. L.

60. 9 39. 0 0. IFe 329

422 Rolled. Bar sample - 0. 74 inch diam. 62 38 42 2

TEMPERATURE, "F
-460-400 - 300 -200 -100 0 100 200 300 400 500
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Tensile Reduction of Area of 60Cu-40Zn (Muntz Metal)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

45a Annealed 1022°F - 2 brs. - CO;, atmos. Bar aample -

0. 197 inch diam. , 1.97 inch C. L.

60. 0 40. 0 45

45b Cold worked 25%. Bar sample - 0. 197 inch diam. , 1. 97

inch G. L.

60.0 40. 0 45

145 Annealed 1112°F - after extruding. Bar aample. 60 40 145

Notched plate sample; 0. 61 inch thick - 0. 75 inch between
notches - approx. 0.01 inch notch radius (Kf =, 6. 1) -

45- included angle (Tipper notclil.

61. 1 38. 7 0. 2Pb 188

263 Cold drawn 20%. Bar sample - 0. 505 inch diam. . cross-
head speed = 0.25 inch/minute.

62. 4 37. 5 263

'459 Wire sample, constant load applied while wire was
heated at 36*F/minute until sample broke.

6). 7 38. 3 459

TEMPERATURE, °F
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Tensile Stress-Strain Curves of 60Cu-40Zn (Muntz Metal)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REr.

NO.
Cu Zn Sn Al Ni Other

21a Annealed. Strain rate »0.001 inch/inch/sec. 61. 4 38. 6 21

21b Annealed. Strain rate ^ 100 inches/inch/sec

.

61. 4 38. 6 21
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Hardness of 60Cu-40Zn (Muntz Metal)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.
Cu Zn Sn At Ni Other

131 Brinell - 3000 kgm. load. bO. 4 39. 3 0. 2Pb 131

439 Brincll. 439

TEMPERATURE, "F
-460-400 -300 -200 -100 0 100 200 300 400 500
180 —
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100 200 300 400 500

TEMPERATURE, °K

Impact Energy of 60Cu-40Zn (Muntz Metal)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weighl%) REF.

NO.
Cu Zn Sn Al Ni Other

NO.

45a Annealed 1022'F -2 hrs. - CO^atmos. Sample (AUemande
type): V-notch - 45* - 3mm. deep -3 X 10 X 100mm. crojs-

60. 0 40. 0 45

45c Cold worlied 17%. Sample (AUemande type); V-notch -

45- - 3mm. deep - 8 X 10 X 100mm. c ross -section.

60. 0 40. 0 45

54a Annealed 1292'F - 4 hra. - bar supplied - 1/2 inch square.
Izod, samples did not fracture completely: bent 65* at

59'F and bent 60* at 392'F, temp, accuracy = ± Z'F.

61 39 54

54b Chill - cast, bar supplied - 1/2 inch square. Izod.

samples did not fracture completely; bent 65*, temp,
accuracy = 1 2*F.

61 39 51

188 Plate supplied. Charpy V-notch. 61. 1 38. 7 0. 2Pb 188

308a Annealed. Charpy keyhole 61 39 308

308b Drawn 27%. Charpy keyhole. 61 39 308

329a Aged b months - after gravity die cast. Square sample -

unnotched; 2. 36 inch X 0. 25 inch X 0. 25 inch, tested in

Charpy fnachine. 'temperature accurate to within ± 1°F.

10 to 15 tests/temp.

60. 9 39. 0 0. IFe 329

329b Standard Charpy V-notch except for length; 2. 36 inches.

Other specifications same as 329a.

60. 9 39. 0 0. IFe 329

365 Annealed - Brinell hardness = 93. Sample ASTM
standard Charpy V except for length; 2. 36 inches. 75 to

2U*F - tested in water; 212 to 482*F - tested in oil bath
,

tested longitudinally.

59, 9 40. 0 365
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Fatigue Behavior of 60Cu-40Zii (Muntz Metal)

90x10'

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

Cu Zn Sn At Ni Other

S5a Drawn 84%. room temp.: U. T. S. = 1 18.000 pel - Y. S. = 82.000
pBi (0.2% offset). Wire sample -0.072 inch diam. . rotating

arc - 3450 r.p.m. , R = -1.

62. 6 37. 4 55

55b Drawn 607«. room temp.: U. T. S. = 93,000 psi - Y. S. = 66.000
psi (0.2% offset). Other specifications same as 55a.

62. 6 37. 4 55

U9a Drawn 174%, room temp. : U. T. S. = 60.400 psi. Rotating

beam - 2400 r.p.m.

61. 6 38. 3 0. IPb 119

1 19b Drawn 16.3%. room temp.;U.T.S. = 59.400 psi. Rotating

beam - 1760 r.p.m.

61.5 37.9 0. 5Pb 119

ilU ./uinealed 480°F -after hot rolling and quenching in ice brine,

room temp.: U. T. S. = 76.600 psi. Rotating cantilever - 1800

r.p.m. , R = -1. data spread - ± 7%.

59. 5 40. 1 0. 1 0. IFe. 0. 2Pb 211

2Ilb Annealed 650*F. room temp. : U. T. S. = 79.200 psi. Other
specificationfi ftame as 211a.

59. 5 40. 1 0. 1 0. IFe. 0. 2Pb 211

211c Annealed 840T, room temp. : U. T. S. = 65,600 psi. Other
specificationj Mme as 211a.

59. 5 40. 1 0. 1 0. IFe, 0. 2Pb 211

211d Annealed 480°F -after hot rolling and quenching in ice brine.

Alternating toreion -2140c. p.m.. R = -1. data spreads ±14%.
59. 5 40. 1 0. 1 0. IFe. 0. 2Pb 211

21Ie Annealed 650° F. Data spread = ± 7%. Other specifications

same as 21 Id.

59. 5 40. 1 0. 1 0. IFe. 0. 2Pb 211

2111 Annealed 840° F. Data spread = ± 10%. Other specifications

same as 2 1 Id.

59. 5 40. 1 0. 1 0. IFe, 0. 2Pb 211

214a rtimealed (stress relief), room temp.:Y.S. ^ 58,000 psi.

Rotating cantilever - 1450 r.p.m. , tested in air.

214

214b Tested in salt water. Other specifications same as 452a. 214

214c Annealed (full), room temp.: U. T.S. = 53.500 psi - Y. S. =

22,000 psi. Rotating cantilever - 1450 r.p.m. Tested in air.

214

214d Tested in salt water. Other specifications same as 214c. 214

229a Heated - after extruding and drawing, room temp.: U. T. S. =

66,000 psi. bar - 3/4 inch diam. Rotating beam (Farmer)

-

1500 r.p.m. , R = -1. data spread = ± 7%.

39. 6 229

229b Annealed - after extruding and drawing, room temp.: U. T. S.

= 54,200 psi. Other specifications same as 229a.

59. 8 40. 1 229

229c Drawn 567«, room temp. : U. T. S. = 96, 700 psi. Other
specifications same as 229a.

229

454 Annealed lOOO'F - 1/2 hr. - air cooled, room temp.: U. T.S. =

49,000 psi - Y. S. = 18,600 psi - Brinell hardness = 70. Bar
sample - 13 inches long :3 unreduced sections: 1/2 inch diam.
2 reduced sections: 1-1/2 inches long X 0.334 inch diam..

60. 0 40.0 454

10 10 10"

FATIGUE LIFE, cycles

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION
(
weight%) REF.

NO-
Cu Zn Sn At Ni Other

NO.

133 Cold rolled, room temp. : U T . S. = 55, 500 psi - Y. S. =

42, 500 psi (0. 2% offset) - R^ - 70. bar supplied - 3/4 inch
diam. Tubular sample: 9/16 inch outer diam. - 7/16 inch
inner diam. . cyclic torsion appa ratus. 5 to 10 c. p.m.
R = -1.

133

386 Annealed 600°C -2 hrs. . room temp.: U. T. S. = 58, 600 psi-
Y.S. = 20. 000 psi (0. 2% offset) - Rp = 75. 5. Bar sample -

0. 658 inch diam. . rotating beam.

60. 1 39. 9 386
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Creep Behavior of 60Cu-40Zn (Muntz Metal)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight*) REF.

NO.
Cu Zn Sn At Ni Other

316 Annealed 1030'F. Bar sample - 0. liS inch diam. Second
stage c reep.

60. 5 39. 4 316

421 Room temp.: U. T. S. = 60,600 psi. Bar sample - approx.

0. IS inch diam. , temp, accuracy = ± i'C, extension
measured within 0.0001 inch, creep curves stepped; rate

recorded is that which occurred between steps, 2 inch G. L.

59. 8 38. 7 3. 3 1. OPb, 0. 2Fe 421
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1.0

a I

6ju
K
nnea

(30t

led

>'F)

['idI

423

7J
°H(302op

)

A—

[316

471
h,
9

7/7

< (

9C

4

led

00 V

10 10 10 10 10"

CREEP RATE, inches per inch per hour

Modulus of Elasticity of 60Cu-40Zn (Muntz Metal)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Co Zn Sn At Ni Other

316 Annealed 1050'F. Wire sample - 0. 125 inch diam. 60. 5 39. 4 316

TEMPERATURE, "

F
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Tensile and Yield Strength of 90Cu-10Ni

TEMPERATURE , "

F

CURVE

NO.
MATERIAL AND TEST PARAMETERS

Annealed 677'C - 40 minutee - 0. O&lmm. G. S. - Rg =

bar eupplied - 3/4 inch diaiT\. Bar sample - reduced
section: 1. 5 inches long X 0.247 inch diam. , c rosshe.

speed = 0.02 inch/minute, clamp-on strain gage exter

someter. I.S. = 0. 2% offset.

Material specificatio

0. 25 inch diam. of rc

^K^ -- 5.01.

ame as la. Bar sample - notched -

of 0.005 ± 0. 0005 inch notch radiui

Annealed 1202'F -20 minutes. Ba
2 inches long X 0.8 inch di

strength, Y. S. - 0.37. stra

pie - reduced section

trength plotted is breaking

Welded plate supplied -parent; 92Cu-6Ni - IFe: filler com
position given, edge preparation: single U-1/8 inch root fi

1/8 inch land - 1/8 inch root radius -20*bevel-noroot gap,

plates butt welded - weld deposits prepared by argon-
shielded arc - consumable electrode; D. C. welding curren
350 amps. ; welding speed - 4to6 inches/minute, notched
plate sample: 0.79 inch thick - assume 0.76 inch between
notches -approx. 0.01 inch notch radius (K-r = 6.2)-45*

included angle (Tipper notch).

Plate sample -0.52 inch thick X 0.625 inch wide, Y. S. - 0.2'!!

Notched plate sample: 0.52 inch thick - 0.79 inch between
notches - approx. 0.01 inch notch radius = 6.3)- 45"

included angle (Tipper notch).

. G. S. , bar supplied - 0.125 inch diam.

COMPOSITION-(weight7.)

0. 6Mn, 0. 5Fe
0. 2Ti, 0. 2Si,

0. IMg

0. IFe, 0. IMn

0. IFe. 0. IMn

10. 1 0. 7Fe. 0. 2Mn 316
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Tensile Elongation of 90Cu-10Ni

TEMPERATURE, "F
-460-400 -300 -260 -100 0 100 200 300 400 500

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( veightT.) REF

NO,
Cu Zn Sn At Ni Other

NO.

la Annealed 677*C - 40 minutes - 0. 051mm. G. S. - Rg = 33,

bar supplied - 3/4 inch diam. Bar sample - reduced

section: 1. 5 inches long X 0. 247 inch diam. , crosshead
speed = 0.02 inches/minute. 1 inch G. L.

Bal 0. 1 10. 0 1.2Fe 1

145 Annealed 1202°F - 20 minutes. Bar sample - reduced
section - 2 inches long X 0. 8 inch diam.

=3 12 145

187 Welded plate supplied - parent: 92Cu-6Ni - 1 Fe; filler

composition given, edge preparation: single U- 1/8 inch

root face - 1/8 inch land - 1/8 mch root radius - 20°

bevel - no root gap. plates butt welded - weld deposits

prepared by argon shielded arc - consumable electrode -

D. C. welding current - 350 amps, ; welding speed - 4 to

6 inches/minute, notched plate sample; 0. 79 inch thick -

assume 0. 76 inch between notches - approx. 0.01 inch

notch radius (Kx = 6. 2) - 45" included angle (Tipper notch),

2 inch G. L.

64. 8 33. 5 0. 6Mn, 0. 5Fe,

0. 2Ti, 0. 2Si.

0. IMg

187

188a Plate sample - 0. 52 inch thick X 0. 625 inch wide, 1. 5

inch C. L.

89. 7 0. 2 10. 0 0. IFe, 0. IMn 188

188b Notched plate sample: 0. 52 inch thick - 0. 79 inch between
notches - approx, 0.01 inch notch radius (Kj = 6. 3) - 45'

included angle (Tipper notch), 2 inch G. L.

89. 7 0. 2 10. 0 0. IFe, 0. IMn 188
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Tensile Reduction of Area of 90Cu-10Ni

TEMPERATURE, "F

CURVE

NO.
MATERIAL AND TEST PARAMETERS

Annealed 677'C - 40 minutes - 0. 051mm. G. S. - Rg ^ 33,
bar supplied - 3/4 inch diam. Bar sample - reduced
section; 1.5 inches long X 0.247 Inch diam.. crosshead
speed = O.OZ inch/minute.

Annealed 1202'F - 20 minu
section - 2 inches long X 0

Bar s;

ch diarr

nple reduced

Welded plate supplied - parent: 92Cu-6Ni - 1 re; filler

composition given, edge preparation: single U- 1/8 inch

root face - 1/8 inch land - 1/8 inch root radius - 20'

bevel - no root gap, plate butt welded - weld deposits
prepared by argon shielded arc - consumable electrode;

D, C, welding current - 350 amps, ;
welding speed - 4 to

6 inches/minute, notched plate sample; 0.79 inch thick ^

assume 0, 76 inch between notches - approx. 0. 01 inch

notch radius {Kj = b. Z) - 45° included angle (Tipper notch

Plate sample - 0. 52 inch thick X 0. 62 5 Inch wide.

Notched plate sample: 0. 52 inch thick - 0. 79 inch between
notches - approx. 0.01 inch notch radius (K^ = 6. 3) - 45°

included angle (Tipper notch).

COMPOSITION {weight%)

Sn At Nl

0. 6Mn, 0,

0. 2Ti, 0. 2

0. IMg

0. IFe, 0. IMn

0. IFe, 0. IMn
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Tensile Stress-Strain Curves of 90Cu-10Ni
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Impact Energy of 90Cu-10Ni

CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

la Annealed bVT'C - 40 minutes - 0. 051mm. C. S. - Rg ^ 33,

bar supplied - 3/4 inch diam. Charpy V, hammer velocity =

16 ft. /see . ,
paper container glued to sample used for

-423° F tests, 10% fracture at all tempe.

Bat 0. 1 10. 0 1. 2Fe 1

187 Welded plate supplied - parent: 92Cu-6Ni - IFe; filler

composition given, edge preparation: single U- 1/8 inch

root face - 1/6 inch land - 1/8 inch root radius - 20°

bevel - no root gap, plates butt welded - weld deposits

prepared by argon shielded arc - consumable electrode;

D. C. welding current - 350 amps,; welding speed - 4 to

6 inches/minute, Charpy V -notch.

64. 8 33. 5 0. 6Mn. 0. 5Fe,

0. 2Ti, 0. 2Si,

0. IMg

187

188 Charpy V-notch. 89.6 0. 2 10. 0 0. IFe, 0. IMn 188
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-460-400 - 300 -200 -100 0 100 200 300 400 500
160

150

140

130

120

I 10

100

90

f 80

70

60

50

40

30

20

10

[nl] An neo/et1

-fl 0

[187] Well

—

[188]

100 200 300 400
TEMPERATURE, "K

500

Fatigue Behavior of 90Cu-10Ni

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

55 Drawn 88%, room temp. : U. T. S. = 69, 500 poi - Y. S. =

67,000 psi (0.2% offset). Wire sample - 0.072 inch diam. ,

rotating arc - 3450 r. p. m., R = -1, sample at 29, 000 psi-

5 X 10 'cycles did not break.
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Creep Behavior of 90Cu-10Ni

CU RVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION («elght7.| REF,

NO.
Cu Zn Sn At Ni Other

260 Annealed - 0. 030mm. G. S. , room temp. ; Y. S. =13,900
pai (0. 5% atrain). Bar sample - 0. ilS inch diam. , 10

inch G. L.

89. I 10. 1 0, 7F«, 0. 2Mn 260
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Modulus of Elasticity of 90Cu-10Ni

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn Al N. Other

la Annealed 677°C - 40 minutes - 0. 051mm. G. S. - Rg = 33.

bar supplied - 3/4 inch diam. Bar sample - reduced
section; 1. 5 inches long X 0.250 inch diam. , crosshead
speed = 0.02 inch/minute, modulus derived from stress
vs. strain curves, clamp-on strain gage exteneometer,
1 inch G. L. , dau spread = ± 57o.

Bal 10.0 1.2Fe, 0. IZn 1

316a Cold drawn, bar supplied - 13/16 inch diam. 90. 9 7.8 0, 9At, 0. 5Cd 316

316b Annealed - 0. 030mm. G. S. Bar sample - 0. 12 5 inch diam. 89. 1 10. 1 0. 7Fe. 0. 2Mn 316

26 X 10

TEMPERATURE, "F
-400 -300 -200 -100 0 100 200 300 400 500

12

10 1 I I
I I I

!
I I 1 I

0 100 200 300 400 500
TEMPERATURE, "K

99



Tensile and Yield Strength of 80Cu-20Ni

TEMPERATURE ,
• F

-4CX) -300 -200 -100 0

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

24 80.0 20. 0 24

75a Annealed - after rolling. Bar sample - 0. 504 inch diam. .

Y.S. at 70'F - 0. 1% oHset: Y.S. at -292T measured
by drop of beam.

79. 7 20. 6 0. IMn 75

75b Annealed - after rolling. Bar sample - 0.2S inch diam. ,

Y. S. - 0. 1% offset.

79. 7 20. 6 0. IMn 75

187a Welded plate supplied - parent; 80Cu-20Ni; filler compo-
sition given, edge preparation: single - U - 1/8 inch

root face - 1/8 inch land - 1/8 inch root radius - 20'

bevel - no root gap, plates butt welded - weld deposits

prepared by argon shielded arc - consumable electrode:

D. C. welding current - 320 ampB. ; welding speed - 4 to

6 inches/minute. Notched sample: assumed 0. 76 inch

between notches - approx. 0.01 inch notch radius (K-j.

6.2) - 45" included angle (Tipper notch).

78, 7 20.6 0.2Ti, 0. 2Fe,
0. 2Mn. 0. ISi

187

187b Welded plate supplied - parent: 77Cu -22Ni- 1 Fe; filler

composition given. Other specifications same as 187a.

78. 7 20. 6 0. 2Ti, 0, 2Fe,

0, 2Mn. 0. ISi

187

188a Plate sample - 0. 625 inch thick X approx. 0. 58 inch wide. 80, 1 0. 1 19. 5 0.2Fe 188

188b Notched plate sample: 0. 79 inch thick - 0. 595 inch be-
tween notches - approx. 0. 01 inch notch radius (Kj w
5. 4) - 45' included angle (Tipper notch).

80, 1 0. 1 19. 5 0, 2Fe 188

298 Annealed. Sheet sample. 79, 6 20. 0 0. 4Mn 298

316 Annealed - 0.025mm. G. S. Bar sample - 0. 125 inch diam..

Y. S. - 0. 2% offset.

73. 5 0.8 20. 0 0. 6Mn. 0. IFe 316
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Tensile Elongation of 80Cu-20Ni

CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight*) REF.

NO.
Cu Zn Sn At Ni Other

24 2 inch O, L. SO.O 20. 0 24

75i Annealed - after rolling. Bar sample - 0, 504 inch diam.
.

2 inch G. L.

79, 7 20. 6 0. IMn 75

75b Annealed - after rolling. Bar sample - 0.25 inch diam. .

2 inch G, L,

79. 7 20. 6 0. IMn 75

187a Welded plate supplied - parent: 80Cu-20Ni: filler compo-
sition given, edge preparation: single U- 1/8 inch root

face - 1/8 inch Und - 1/8 inch root radius - 20* bevel -

no root gap, plates butt welded - weld deposits prepared
by ar^on shielded arc - consumable electrode: D, C,

welding current = 320 amps,
:
welding speed = 4 to 6

inches/minute. Notched sample: assumed 0, 76 inch be-
tween notches - approx. 0. 0 1 inch notch radius {K,j, = 6,2)-
45' including angle (Tipper notch), 2 inch G. L.

78. 7 20. 6 0. 2Ti. 0. 2Fe.

0. 2Mn, 0. ISi

187

187b Welded plate supplied - parent: 77Cu-22Ni- 1 Fe; filler

composition given. Other specifications same as 187a.

78. 7 20. 6 0. 2Ti. 0. 2Fe.

0. 2Mn, 0. ISi

187

18Sa Plate sample - 0. 625 inch thick X approx. 0, 58 inch wide.

1,5 inch G. L.

80. 1 0. 1 19. 5 0. 2Fe 188

1886 Notched plate sample: 0. 79 inch thick - 0. 595 inch be-
tween notches - approx. 0. 01 inch notch radius (Kj = 5. 4)-

45' included angle (Tipper notch). 2 inch G. L.

80. 1 0. 1 19. 5 0. 2Fe 188

298 Annealed. Sheet sample, 2 inch C. L. 79. 6 20. 0 0. 4Mn 293
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Tensile Reduction of Area of 80Cu-20Ni

TEMPERATURE,

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight7.l REE

NO.
Cu Zn Sn At Ni Other

NO.

75a Annealed - after rolling. Bar sample - 0. 504 inch diam. 79. 7 0. IMn 75

75b Annealed - after rolling. Bar sample - 0.25 inch diam. 79. 7 20. 6 0. IMn 75

187a Welded plate supplied - parent: 80Cu-20Ni; filler compo-
sition given, edge preparation: single U - 1/8 inch root

face - 1/8 inch land - 1/8 inch root radius - 20° bevel

no root gap. plates butt welded - weld deposits prepared
by argon shielded arc - consumable electrode -DC
welding current = 320 amps.

;
welding speed = 4 to 6 inches/

minute. Notched sample: assumed 0. 76 inch between
notches - approx. 0.01 inch notch radius (K^ % 6. 2) - 45*

included angle (Tipper notch).

78. 7 20. 6 0. 2Ti, 0. 2Fe,
0. 2Mn. 0. ISi

187

187b Welded plate supplied - parent; 77Cu-22Ni- 1 Fe; filler

composition given. Other specifications same as 187a.

78. 7 20. 6 0.2Te. 0.2Fe,
0. 2Mn, 0. ISl

187

188a Plate sample - 0. 62S inch thick X approx. 0. 58 inch wide. 80. 1 0. 1 19. 5 0. 2Fe 188

18Sb Notched plate sample: 0. 79 inch thick - 0. 595 inch between
notches - approx. 0.01 inch notch radius (Kj ^^5.4) - 45*

included angle (Tipper notch).

80. I 0. 1 19. 5 0. 2Fe 188
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Impact Energy of 80Cu-20Ni

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

75a Annealed - after rolling. Izod. 79. 7 20. 6 0. IMn 75

lS7a Welded plate supplied - parent: 80Cu-20Ni; filler compo-
sition given, edge preparation: single U - 1/8 inch root

face - 1/8 inch land - 1/8 inch root radius - 20' bevel -

no root gap, plates butt welded - weld deposits prepared
by argon shielded arc - consumable electrode; D. C.

welding current = 320 amps. ; welding speed = 4 to 6

inches/minute. Charpy V-notch.

78. 7 20. 6 0. 2Ti, 0. 2Fe,
0.2Mn. 0. ISi

187

187b Welded plate supplied - parent: 77Cu-22Ni- 1 Fe; filler

composition given. Charpy V-notch. Other specifications

same as 187a.

78. 7 20. b 0. 2Ti, 0. 2Fe,

0. 2Mn, 0. ISi

187

188a Charpy V-notch. 80. 1 0. 1 19. 5 0. 2Fe 188
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Fatigue Behavior of 80Cu-20Ni

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (*eight7o) REF.

NO.
Cu Zn Sn At Ni Other

204a Heated 400'F-3hr8. - furnace cooled. Sample
conically tapered, rotating cantilever - 1450 r. p. m. .

77.9 21.2 0. 5Fe. 0. 3Mn 204

204b Tested in fresh water containing carbon dioxide. Other 77. 9 21.2 0. 5Fe. 0. 3Mn 204

204c Tested in salt water having approx. 1/3 salt of sea water.

Other specifications same as 204a.

77. 9 21.2 0. 5Fe, 0. 3Mn 204

20 4d Annealed MOOT - 1 hr. - furnace cooled. Other
specifications same as 204a.

77. 9 21.2 0. 5F<, 0. 3Mn 204

Annealed 1400°E - 1 hr - furnace cooled Sample
conically tapered, rotating cantilever - 1200 r.p. m. ,

tested in air.

77. 9 21.2 0. 5Fe. 0. 3Mn

204f Annealed MOOT - 1 hr. - furnace cooled. Sample
conically tapered, rotating cantilever - 1450 r.p.m.,
tested in salt water having approx. 1. 3 salt of sea water.

77.9 21.2 0. 5Fe, 0. 3Mn 204

204g Tested in fresh water containing carbon dioxide. Other
specifications same as 204f.

77. 9 21.2 0. 5Fe, 0. 3Mn 20 t

456a Heated 400T - 3 hrs, - furnace cooled, room temp. :

U. T.S. = 61,000 psi - Y.S, = 47,000 psi. Notched sample
0. 5 inch diam. at circumferential notch - 0.0055 inch

notch radius (K-j. =6.72), rotating cantilever - 1450 r.p.m.
R = -1.

79. 5 19. 8 0. 4Fe, 0. 3Mn 456

456b Annealed 1400*F - 1 hr. - furnace cooled, room temp. :

U.T.S. = 47. 500 psi - Y.S. = 12.000 psi. Other
specifications same as 456a.

79. 5 19.8 0. 4Fe, 0. 3Mn 456
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CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

55a Drawn 88%, room temp. : U. T. S. = 84, 300 psi - Y. S. =

78, 000 psi (0. 1% offset). Wire sample - 0. 072 inch diam. .

rotating arc - 3450 r.p.m., R= -1. samples at 33. 500

and 34.000 psi - 10^ cycles did not break.

79. 5 20. 0 0. 5Mn 55

55b Drawn 88%, room temp. ; U. T. S. = 93, 000 psi - Y. S. =

84. 000 psi (0. 2% offset). Wire sample - 0. 072 inch diam. .

rotating arc - 3450 r.p.m., R= -1, sample at 38, 500
psi - 4 X 10 'cycles did not break.

75.8 23. 4 0. 5Mn 55

211 Cold rolled, room temp.: U.T.S. = 49,900 psi. Rotating
cantilever - 1800 r.p.m., R = -1, data spread = ±20%.

BO. 3 19.2 0. 3Fe. 0. IMn 211
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Creep Behavior of 80Cu-20Ni

CURVE

NO.

COMPOSITION (weight?.) REF.

NO.
Cu 2n Sn Al Ni Other

260 Annealed - 0. OaSmm, G. S. . room temp. : U. T. S. -

52, 500 pBi - Y. S. = 16. 400 pai (0. 5% strain). Bar sample
0. 125 inch diam. . 10 inch G. L.

78. 5 0. 8 ^0.0 0. 6Mn. 0. ZFc 2 60
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Modulus of Elasticity of 80Cu-20Ni

10-"

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.
Cu Zn Sn At Ni Other

316 Annealed - 0. 025mm. G. S. Bar sample - 0. 12 5 inch diam. 78. 5 0. 8 20. 0 0. 6Mn. 0. 2Fe 316

26 xlO^

TEMPERATURE, "F
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Tensile and Yield Strength of 70Cu-30Ni

TEMPERATURE ,

" F
-460_-4p0 -300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At N. Other

la Annealed - 0.036mm. G, S. - Rg - 47. Bar sample -

reduced section - 1. 5 inches long X 0.247 inch reduced

diam., crosshead speed = 0. 02 inch/minute, Y. S. -

0. 2% ofiset.

68. 6 30. 1 0. 7Mn, 0.6Fe 1

lb Annealed - 0.036mm. G. S. - = 47. Notched sample:

0, 25 inch diam. at roots - 0. 005 ± 0. 0005 inch radius

(Kj= 5.0). crosBhead speed = 0. 02 inch/minute.

0 7Mn 0 6Fe 1

118 Annealed - after hot working. Bar sample - 0. 505 inch

reduced diam.

0. 6Mn 0 . 5Fe 1 18

M9a Annealed - 0.040mm. C. S. Bar sample - reduced section

2 inches long X 0. 505 inch diam. , strain rate = 0.01 inch/

inch/minute. Y. S. - 0. 2% offset.

68. 8 0. 1 29. 9 0. 6Mn, 0. 5Fe

149b

M9c

Cold drawn 25%. Other specifications same as 149a. 68. 8 0. 1 29. 9 0. 6Mn, 0. 5Fe 149

Cold drawn 40%. Other specifications same as 149a. 68. 8 0. 1 29. 9 0. 6N4n. 0. 5Fe 149

149d Cold drawn 70%. Other specifications same as 149a. 68. 8 0. 1 29. 9 0. 6Mn. 0. 5Fe 149

187 Welded plate supplied - parent; 70Cu-30Ni; filler compo-
sition given, edge preparation: double V - 60° included

angle - feather edge - 1/16 inch root gap. plates butt

welded - weld deposits prepared by argon shielded arc -

consumable electrode; D. C. welding current = 350 amps. ;

welding speed - 4 to 6 inches/minute. Notched sample:

0. 79 inch thick - assumed 0. 76 inch between notches -

approx. 0.01 inch notch radius (K-p = 6.2) - 45° included

angle (Tipper notch).

64. 8 33. 5 0. 6Mn, 0. 5Fe,

0.2Ti, 0.2Si,

0. IMg

188a Plate sample - 0. 625 inch thick X 0. 515 inch wide. 69.0 0. 1 30. 6 0.2Fe, 0.2Mn 188

186b Notched plate sample: 0. 790 inch thick - 0. 515 inch be-

tween notche s - approx. 0.01 inc h notch radius (K-j- =: 5. I) -

45° included angle (Tipper notch).

69. 0 0. 1 30. 6 0. 2Fe, 0. 2Mn 188

379 Annealed (stress -relief) - after drawing, bar supplied - 3/4

inch diam Bar sample - 0 505 inch diam , strain rate =

0.001 inch/inch/mmute to Y.S. -0.05 inch/inch/mmute to

fracture. 3 teats/temp, except 2 tests at 75* F, 75to 300-F

immersed in heated oil - above 300' F : furnace. Y.S.- 0.i%

offset.

70, 0 29. 1 0. 5Fe. 0. 4Mn 379

4ZS Annealed - 0.007mm. G. S, . bar supplied - 1 inch diam.

Bar sample - 0. 357 inch diam. , strain rate = 0. 1 inch/

inch/minute, Y.S. - 0. 5% strain.

68. 0 30. 8 0. bFe. 0. 4Mn 425
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Tensile Elongation of 70Cu-30Ni

TEMPERATURE, "F
-460-400 -300 -200 -100 0 100 200 300 400 500

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight%) REF.

NO.
Cu Zn Sn At Ni Other

NO,

la Annealed - 0.036mm, G, S. - R3 = 47. Bar sample -

reduced section -1.5 inches long X 0. 247 inch reduced
diam. , crosshead speed = 0.02 inch/minute, 1 inch G. L.

68. 6 30. 1 0. 7Mn, 0. 6Fe 1

149a Annealed - 0.040mm. G. S. Bar sample - reduced section-

2 inches long X 0. 605 inch diam. , strain rate ==0.01 inch/
inch/minute.

68. 8 0. 1 29. 9 0. 6Mn, 0. 5Fe 149

149b Cold drawn 257e. Other specifications same as 149a. 68. 8 0. 1 29. 9 0. 6Mn, 0. 5Fe 149

149c Cold drawn 407.. Other specifications same as 149a. 68, 8 0. 1 29.9 0. 6Mn, 0. 5Fe 149

149d Cold drawn 70%. Other specifications same as 149a. 68. 8 0. 1 29. 9 0. 6Mn, 0. 5Fe 149

187 Welded plate supplied - parent; 70Cu-30Ni; fiUer compo-
sition given, edge preparation: double V - 60° included

angle - feather edge - 1/16 inch root gap, plates butt

welded - weld deposits prepared by argon shielded arc -

consumable electrode; D, C. welding current = 350 amps. :

welding speed = 4 to 6 inches/minute. Notched sample:
0. 79 inch thick - assumed 0. 76 inch between notches -

approx. 0.01 inch notch radius (K-p =;6.2) - 45° included

angle (Tipper notch), 2 inch C. L.

64. 8 33. 5 0. 6Mn, 0. 5Fe,

0. 2Ti, 0. 2Si,

0. IMg

187

lesa Plate sample - 0. 625 inch thick X 0. 515 inch wide. 1. 5

inch G. L.

69. 0 0. I 30. 6 0. 2Fe, 0. 2Mn 188

leeb Notched plate sample:0. 790 inch thick - 0.515 inch between
notches - approx. 0.01 inch notch radius (K^^S.l)- 45°

mcluded angle (Tipper notch). 2 inch G. L.

69, 0 0. 1 30. 6 0. 2Fe, 0. 2Mn 188

379 Annealed (stress -relief) - after drawing, bar supplied - 3/4
inch diam. Bar sample -0.50 5 inch diam. . strain rate ^
0.001 inch/inch/minute to Y.S. - 0.05 inch/inch/minute to

fracture. 3 tests/temp, except 2 tests at 75°F, 75 to 300°F-
immersion in heated oil - above 300° F: furnace, 2 inch G. L.

70. 0 29, 1 0. 5Fe, 0, 4Mn 379

425 Annealed - 0.007mm, G. S. , bar eupplied - 1 inch diam.
Bar sample - 0. 357 inch diam. , strain rate ==0. 1 inch/

inch/minute, 2 inch G. L.

68. 0 30. 8 0. 6Fe. 0. 4Mn 42 5
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Tensile Reduction of Area of 70Cu-30Ni

MATERIAL AND TEST PARAMETERS

Annealed - 0.036mm. G S, - Rg - 47. Bar
flection - 1.6 inches long X 0.247 inch redL

head speed - 0.02 inch/minute.

[mealed - 0.040mm. C. S. bar sample - reduced section -

ches long X 0.505 inch diam. , strain rate »0.01 inch/inch/

Cold drawn 407o. Othe

Cold drawn 70%. Other specifications same 149a.

Welded plate supplied - parent: 70Cu-30Ni; filler tompositi^

oiven, edge preparation - double V -60* included angle -

feather edge - 1/16 inch root gap. plates butt welded - weld
deposits prepared by argon shielded arc - consumable elec -

trode: D. C. welding current = 3 50 amp6.;welding speed = 4 t

6 inches/minute. Notched sample: 0.79 inch thick -assumed
0.76 inch between notches -approx. 0.01 inch notch radius

(Kx »6. 21-45* included angle (Tipper notch).

Plate sample -0.625 inch thick X 0.515 i /ide.

Notched plate sample: 0.790 inch thick - 0,51 5 inch betwee
notches -approx. 0.01 inch notch radius {K-j- 5. 1) - 45'

included angle (Tipper notch).

Annealed (stress - relief) - after drawing, ba r supplied - 3/4

inch diam. Bar sample -0,505 inch diam. , strain rate=0,001
inch/inch/minute to Y, S. -0.05 inch/inch/minute to fracture.

3 teete/temp. except 2 at 75*F. 75 to 300*F -immersion in

heated oil - above 300* F: furnace.

Annealed - 0.007mm. G. S. . bar supplied - 1 inch diam. Bar
sample -0,357 inch diam., strain rate ^.1 inch/inch/ninute

COMPOSITION (welght76)

0. 7Mn. 0. 6Te

0. 6Mn. 0. 5Fe

0. 6Mn. 0. 5Fe

0. 6Mn. 0. 5Fe

0. 6Mn. 0, 5Fe

0. 6Mn, 0. 5Fe,

0, 2Ti. 0, 2Si.

0. IMg

0, 2Fe. 0. IMn

0. 2Fe. 0. IMn

0. 5Fe. 0, 4Mn

0. 6Fe. 0, 4Mn
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Impact Energy of 70Cu-30Ni

MATERIAL AND TEST PARAMETERS
COMPOSITION ( *eight7.) REF,

NO.
Cu Zn Sn At Ni Other

NO.

U Annealed - 0.036mm. G. S. - Rg = 47. Charpy V-notch,

60% fracture area - all temps.
68. 6 30. 1 0. 7Mn. 0. 6Fe 1

UOa As cast - Brinell hardness = 65 to 74. Charpy keyhole. 68. 9 30. 6 120

120b Annealed - wrought bar - Brinell hardness = 92, Charpy
keyhole.

68. 9 30. 6 120

187 Welded plate supplied - parent: 70Cu-30Ni; filler compo-
sition given, edge preparation: double V - 60° included

angle - feather edge - 1/16 inch root gap, plate butt

welded - weld deposits prepared by argon shielded arc -

consumable electrode: D. C. welding current = 350 amps. :

welding speed = 4 to 6 inches/minute. Charpy V-notch.

64. 8 33. 5 0. 6Mn, 0. 5Fe
0. 2Ti, 0. 2Si.

0. IMg

187

lS8a Charpy V-notch. 69. 0 0. 1 30. 6 0. 2Fe, 0. IMn 188

295 Annealed - Rg - 55. Charpy keyhole, all samples -

partial fracture. 3 tests/temp.
69. 3 0.6 29. 5 0. 6Mn 295
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Fatigue Behavior of 70Cu-30Ni

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( .eight7.l REF.

NO.
Cu Zn Sn At Ni Other

NO.

129 Room temp. : U. T. S. = 58, 000 psi - Y. S. = 20,000 psi

(0. 27o offset), plate supplied - 1 inch thick. Plate sample -

2-1/4 inch radius reduced section - 2-1/2 inches wide X
0,5 inch reduced thickness, flexure cantilever - square

wave load pattern, R - -I.

68. 6 0.2 29. 6 0. 9Mn. 0. 6Fe 129 70
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Fatigue Behavior of 70Cu-30INi

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION 1 «eight%) REF

NO,
Cu Zn Sn At Ni Other

55 Drawn 88%. room temp. : U. T. S. = 96, 200 psi - Y. S, =

89. 500 p«i (0. 2% offset)- Wire sample - 0. 072 inch diam. ,

rotating arc - 3450 r. p. m. , R = - 1 ,
sample at 34, 500

psi - 3 X lo' cycles did not break.

70. ^ 29. 1 0. 5Mn 55

563 Drawn 33% - 0.025mm. C. S. Bar sample - 0.3 inch

reduced diam. ,
rotating cantilever - 8000 r. p. m.

68. 0 30. 7 0. 5Mn, 0. 5Fe,

0.2Zn
56

56b Notched bar: 0. 30 inch diam. at notch - 0. 015 inch notch
radius (K.J. = 3. 16) - 60°. Other specifications same as

56a.

68.0 30. 7 0. 5Mn, 0. 5Fe,

0. 2Zn
56

56c Notched bar: 0. 30 inch diam. at notch - 0.0006 inch notch

radius (Kj = 15.8). Other specifications same as 56a.

68. 0 30. 7 0. 5Mn, 0. 5Fe,

0. 2Zn
56

264 Annealed 800"C - 2 hrs. prior to finishing, Rg = 90,

T.S. = 97,900 psi. Sheet sample - 0.025 inch thick.

Townsend and Greenall flexure, reciprocating arm
machine, 800 rpm, R= -1.

68. 5 1.3 29. 6 0.2Fe. 0.3Mn 264
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Creep Behavior of 70Cu-30Ni

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION |weight%) REF.

NO.
Cu Zn Sn Al Ni Other

61a Annealed - 0.020mm. G. S. . room temp. : Y. S. =21.000
psi (0. 5% strain). Bar sample - 0. 125 inch diam.

.

second stage creep, 10 inch G L.

69. 1 30. 1 0. SMn 61

61b Drawn 84%. Bar sample - 0. 125 inch diam. . 10 inch C. L. 69. 1 30. I 0. 8Mn 61

150 Annealed - 0. 040mm. G S. Bar sample - 0. 505 inch diam.

Second stage creep, nocreepto 47,200 psi.. 2 inch G. L,

68. 8 0. 1 29. 9 0. 5Fe. 0. 6Mn 150

425 Annealed - 0. 007mm. C. S. , 500*F: U. T. S. = 64, 100 psi -

Y.S. = 32.000 psi (0. 5% strain), bar supplied - 1 inch

diam. Bar sample - 0. 357 inch diam. - 1 . 8 inch G. L. .

second stage creep.

68. 0 30. 8 0. 6Fe, 0. 4Mn 42 5
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Modulus of Elasticity of 70Cu-30Ni

MATERIAL AND TEST PARAMETERS
COMPOSITION ( <.eight%) REF.

NO.
Cu Zn Sn Al Ni Other

NO.

U Annealed - 0.036mm. C. S. - Rg = 47. Bar sample -

reduced section -1.5 inches long X 0. 250 inch diam. .

crosshead speed = 0.02 inch/minute, clamp-on strain

gage extensometer, 1 inch G. L.

68. 6 30. 1 0. 7Mn. 0. 6Fe 1

379 Annealed (stress -relief) - afte r drawing, bar supplied -

3/4 inch diam. Bar sample - 0.250 inch diam.
,
dynamic

70. 0 29- 1 0. 5Fe, 0. 4Mn 379

TEMPERATURE, 'F
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Tensile and Yield Strength of 55Cu-45Ni

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zm Sn At N. Other

7 5a Annealed - after rolling. Bar sample - 0. 504 inch diam. ,

Y. S. at 70"F - 0. 17o offset; Y. S. at - 292*F by drop of

beam.

54. 4 44.8 0.3Mn, 0.2CO
0. 2Si, 0, IFe

75

75b Annealed - after rolling. Bar sample - 0.25 inch diam. ,

Y.S. - 0. 1% offset.

54. 4 44. 8 0.3Mn. 0.2CO
0. 2Si. 0. IFe

75
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Tensile Elongation of 55Cu-45Ni

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION (

NO.
Cu Zn Sn Al Ni Other

NO.

75a Ajinealed - after rolling. Bar sample - 0. 504 inch diam. .

2 inch C. L.

54. 4 44. 8 0.3Mn, 0.2CO,
0. 2Sl, 0. IFe

75

7 5b Annealed - after rolling. Bar sample -0.25 inch diam. ,

2 inch G. L.

54. 4 44. 8 0. 3Mn, 0.2 Co,

0.2Si, 0. IFe
75

TEMPERATURE. "F
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TEMPERATURE, "K

Tensile Reduction of Area of 55Cu-45Ni

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

75a Annealed - after rolling. Bar sample - 0. 504 inch diam. 54. 4 44. 8 0. 3Mn. 0. 2Co.

0. 2Si, 0. IFe
75

75b Annealed - after rolling. Bar sample - 0.25 inch diam. 54. 4 44. 8 0. 3Mn, 0. 2Co.

0. 2Si. 0. IFe
75

TEMPERATURE, °F
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Impact Energy of 55Cu-45Ni

CURVE

NO
MATERIAL AND TEST PARAMETERS

COMPOSITION («/eight%| REF

NO.
Cu Zn Sn At Ni Other

75 Annealed - after rolling. Izod. 54. 4 44. 8 0. 3Mn. 0. 2Co,

0. 2Si. 0. IFe
75

TEMPERATURE, "F
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Fatigue Behavior of 55Cu-45Ni

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) BEE

NO.
Cu Zn Sn At Ni Other

215a Cold rolled, room temp.: U. T. S. = 103, 300 psi - Y. S. ^

54, 700 psi. Bar sample - reduced section: I inches long -

approx. 0. 5 inch diam, at ends - 0. 463 inch diam. near
center, rotating cantilever.

53. 7 44. 8 0. 8Mn, 0. 6Fe
0. IC

215

21Sb Annealed, room temp.: U. T. S. = 69, 400 psi - Y.S. =

25, 400 psi. Other specifications same as il5a.

53. 7 44. e 0. 8Mn, 0. 6Fe
0. IC

215
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Tensile and Yield Strength of Cu-Ni-Si

TEMPERATURE, °F
-400 -300 -200 -100

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eighl%| BEF.

NO.
Cu Zn Sn Al Ni Other

NO.

la Aged 450''C - 2 hra. - 0. 025mm. G. S. - Rq = 98, bar
supplied - 3/4 inch diam. Bar sample - reduced section

-

1. 5 inches long X 0. 247 inch reduced diam. . crosshoad
speed = 0. 02 inch/minute, Y.S. - 0. 27o offset.

Bal i. 0 0. 5Si 1

lb Notched sample: 0. 250 inch diam. at notch - 0. 005 ±
0.0005 inch notch radiuB (K^ = 5.0). Other specifications
same as la.

Bal 2.0 0. 5S1 I

Heated - 900°C - 2 hrs. , water (Quenched - reheated to

900"C - cooled to 200''C during 7 weeks - Brinnell hard-
ness = 63 (40 kgm.), l/2 inch plate supplied - rolled 75%.
Bar sample - 0. 226 inch diam. , Y. S. - 0. 2% offset.

96. 3

—

-

Z. 5 0. 6S1, 0. 5Mn 371

37ib Heated - 900°C - 2 hrs. , water quenched - reheated to

900 ° C - water quenched - Brinnell hardness = 60 (40 kgm.)
1/2 inch plate supplied - rolled 75%. Bar sample - 0, 2Z6
inch diam., Y.S. -0.2% offset.

96. 3 2. 5 0. 6Si. 0. 5Mn 371

Heated - 900°C - 2 hrs. , water quenched - reheated to

gOO'C - water quenched - reheated 2 hrs. at 500°C -

Brinell hardness = 178 {40 kgm.). 1/2 inch plate supplied -

rolled 757o. Bar sample - 0. 226 inch diam, , Y.S. -0.2%
offset.

96.3 2. 5 0. 6Si, 0. 5Mn 371

371d Heated SOO'C - 2 hrs. - water quenched - reheated 900°C-
water quenched - reheated 425°C, 1/2 inch plate supplied-
rolled 75%. Bar sample - 0. 226 inch diam.

96. 5 2. 4 0. 6Si, 0. 4Mn 371

371e Heated 900-0 - 2 hrs. - water quenched - reheated 900°C-
water quenched - reheated 700''C, l/2 inch plate supplied-
roUed 75%. Bar sample - 0.226 inch diam.

96. 5 2.4 0. 6Si. 0. 4Mn 371
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Tensile Elongation of Cu-Ni-Si

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn Al Ni Other

la Aged 450'C - 2 hrs. - 0 . 02 5mm. G. S. - R„ = 98, bar
supplied - 3/4 inch diam. Bar sample - reduced section ~

1. 5 inches long X 0. 247 inch reduced diam. , crosshead
speed = 0.02 inch/minute, 1 inch G. L. {4 X diam.).

Bal 2.0 0. 5Si I

371a Heated 900°C - 2 hrs. - water quenched - reheated to

900-C - cooled to 200*C in 7 weeks - Brinell hardness =

63 (40 kgm.), 1/2 inch plate supplied - rolled 75%. Bar
sample - 0. 226 inch diam. . 1 inch G. L.

96. 3 2. 5 0. 6Si, 0. 5Mn 371

371b Heated 900°C - 2 hrs. - water quenched - reheated to

900°C - water quenched - Brinell hardness = 60 (40 kgm.)-
1/2 inch plate supplied - rolled 75%, Bar sample -

0. 226 inch diam. , 1 inch G, L.

96. 3 2. 5 0. 6Si, 0. 5Mn 371

371c Heated 900*C - 2 hrs. - water quenched - reheated to

900°C - water quenched - reheated 500°C - 2 hrs. -

Brinell hardness = 178 (40 kgm.) - 1/2 inch plate sup-

plied - rolled 75%. Bar sample - 0.226 inch diam. ,

1 inch G. L.

96. 3 2. 5 0. 6Si, 0. 5Mn 371

37Id Heated 900'C - 2 hrs. - water quenched - reheated 900°C-
water quenched - reheated 425°C, 1/2 inch plate aupplied-

roUed 75%. Bar sample - 0. 226 inch diam. , 1 inch G. L.

96. 5 2. 4 0. 6Si, 0. 4Mn 371

37Ic Heated 900°C - 2 hrs. - water quenched - reheated 900°C-
water quenched - reheated 700°C, 1/2 inch plate supplied-

rolled 75%. Bar sample - 0.226 inch diam. , 1 inch G. L.

96. 5 2. 4 0. 6Si, 0. 4Mn 371
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Tensile Reduction of Area of Cu-Ni-Si

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weights.) REF.

NO.
Cu Zn Sn Al Ni Other

Aged 450°C - 2 hrs - 0. 025mm G. S. - Rg - 98, bar
supplied - 3/4 inch diam. Bar sample - reduced section -

1. 5 inches long X 0. 247 inch reduced diam. , crosahead
speed = 0.02 inch/minute.

Bal 2. 0 0. 5Si

Heated 90O''C - 2 hrs, - water <iuenched - reheated 900'*C-

cooled to ZOO'C in 7 weeks - Brinell hardness = 63 {40

kgm.), 1/2 inch plate supplied - rolled 7S%. Bar aample-
0. 266 inch diam.

96. 3 2. 5 0. 6Si. 0. bUn

Heated 900'*C - 2 hrs. - water (Quenched - reheated 900°C-
water quenched - Brinell hardness = 60 (40 kgm. ), 1/2

inch plate supplied - rolled 75%. Bar sample - 0,226
inch diam.

96. 3 2. 5 0. 6Si. 0. 5Mn

371c Heated 900°C - 2 hrs. - water quenched - reheated 900°C-
water quenched - reheated 500-0 - 2 hrs. - Brinell hard-
ness = 178 (40 kgm.), 1/2 inch plate supplied - rolled 75%.

Bar sample - 0.266 inch diam.

96. 3 2. 5 0. 6Si, 0. 5Mn 371

371d Heated 900*C - 2 hrs. - water quenched - reheated 900*C-
water quenched - reheated ilb'C. , \/2 inch plate sup-
plied - roUed 757o. Bar sample - 0.226 inch diam.

96. 5 2. 4 0. 6Si. 0. 4Mn 371

371e Heated 900*C - 2 hrs. - water quenched - reheated 900'C-
water quenched - reheated 700°C, 1/2 inch plate aupplied-

roUed 75%. Bar sample - 0.226 inch diam.

96. 5 2. 4 0. 6Si. 0. 4Mn 371
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Tensile Stress-Strain Curves of Cu-Ni-Si

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

la Aged 450"C - 2 hrs. - 0.025mm. O S. - Rg = 98, bar
supplied - 3/4 inch diam. Bar sample - reduced section -

1. 5 inches long X 0. 247 inch reduced diam. , crosshead
speed = 0.02 inch/minute, clamp-on strain gage exten-
someter - 1 inch C. L.

Bal 2.0 0. 5Si 1
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Impact Energy of Cu-Ni-Si

MATERIAL AND TEST PARAMETERS
COMPOSITION { .veight%)

NO.
Cu Z.n Sn AC Ni Other

NO,

la Aged 450°C - 2 hrs. - 0.0£5tnm. G. S. - Rg ^ 98, bar
supplied - 3/4 inch diam. Charpy V-notch, 90% fracture

at 295 and igS'K; 50% at Tb-K. 2 5% at ZO'K, hammer
velocity = 16 ft. /sec.

,
paper boat container glued to

sample for 10°K tests.

Dal ^. 0 0. 5Si 1

TEMPERATURE, "F
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Modulus of Elasticity of Cu-Ni-Si

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%l REF.

NO.
Cu Zn Sn At Ni Other

la Aged 450°C - I hra. - O.oaOmm. G. S. - Rq ^ 98, bar
supplied - 3/4 inch diam. Bar sample - reduced section-
1 . 5 inches long X 0. 2 50 inch diam.. clamp-on strain

gage extensometer - 1 inch C. L.

Bal 2.0 0. 5Si 1

316a Aged 850°F - 4 hrs. - after heating 1450'F and quenching.
Bar sample - 0. 125 inch diam.

98. 6 1.2 0. 2P 316

316b

316c

Cold drawn, bar supplied - 3/4 inch diam. 98. 3 1. 1 0. 3P, 0, 3Te 316

Aged 850"F - 1 \/l hrs. - after heating 1450*F and
quenching. Bar sample - 0. \ib inch diam.

98. 1 1. 1 0. 3P, 0. 5Te 316

316d Aged 750"F - 1 1/2 hrs. - after heating 1450*F and
quenching - then drawing 307o. Bar sample - 0. 125 inch

diam.

98. 1 L. 1 0. 3P, 0. 5Te 316
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Tensile and Yield Strength of Cu-Si (Silicon Bronze)

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF,

NO,
Cu Zn Sn At Ni Other

la Aimealed (soft) - 0.025mm. G S. - Rb - 54, bar Bupplied-

3/4 inch diam. Bar sample - reduced section -1,5 inches
long X 0,247 inch reduced diam. , crosshead speed = 0.02
inch/minute. Y. S. -0.2% offset.

Bal 2. 9Si, 0, IFe
0. 9Mn

1

lb Notched sample -0.25 inch diam, at notch - 0, 005 ±

0,0005 iJich notch radius (Kj ^5.0), Other specifications

same as la.

Bal 2. 9Si. 0, 9Mn.
0. IFe

9a Hot rolled - Brinell hardness = 182, bar supplied - 3/4
inch diam, . Y. S. - 0. 2% offset.

95. 3 3, 4Si. 1.2Mn.
0. IFe

9b Ajinealed 842'F - Rg = 75 - 3/4 inch cold drawn bar 95. 6 2.8Si, 1.2Mn.
0. 2Fe

9

217 1/4 hard - Rg = 78. 1/8 inch sheet supplied. Sample cut
longitudinally, crosshead speed = 0,2 inches/minute,
Y, S, - 0, Z% offset.

95.8 3. ISi. 0. 9Mn 217

295 Cold drawn 42% - after annealing. Bar sample - 0.25 inch

diam, (0, 5 inch diam. for77'F), loading speed 20. 000
psi/minute.

Bal 2.8Si. l.OMn.
0. 2Fe

295

298 Annealed, Strip sample - 0,075 inch thick, held 15

minutes at test temp. , crosshead speed = 2 inches/minute.

Y. S, -0,1% offset.

95 0. 2 3, 6Si, l.OMn 298

302 Rolled. Y.S. -0.2% offset. 94. 5 4. 5Si, 1. OMn 302

316a Aiuiealed - 0.025mm. G. S. . wrought. Bar sample -

0. 125 inch diam. , Y. S. - 0. 2% offset.

97. 4 1.0 I. 6Si 316

316b Annealed - 0,060mm, G. S. . wrought. Bar sample -

0, 125 inch diam. . Y.S. -0.2% offset.

97, 4 1, 0 1. 6Si 316

316c Cold drawn 217o, wrought. Bar sample - 0. 125 inch diam.

0, 2% offset.

97, 4 1.0 1 , 6Si 316

316d Cold drawn 60%. wrought. Bar sample - 0. 125 inch

diam,, Y.S. - 0. 2% offset.

97. 4 1.0 1. 6Si 316

316i Annealed 1500°F - Brinell hardness ^ 50 - after cold

drawing. 3/4 inch diam. , wrought bar supplied. Y. S. -

0. 2% offset.

95, 3 1. 2Mn. 3. 4 Si,

0. IFe

316

316j Cast (double keel blocks) - ° Machined sample.

Y.S, - 0.2% offset.

94. 6 4. ISi. 0. 9Mn 316

160 « 10*

150

TEMPERATURE, '?

400 -300 -200 -100 0 100 2(pO 39O 4(30 500

- TEVSIL E
YIELD
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I
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-[9aJ Hol-

100 200 300 400
TEMPERATURE, "K

500

Tensile Elongation of Cu-Si (Silicon Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weighl%) REF.

NO.
Cu Zn Sn At Ni Other

la Annealed (soft) - 0,025mm. G. S. - Rfl = 54. bar supplied-

3/4 inch diam. Bar sample - reduced section - 1. 5 inches

long X 0,247 inch reduced diam., crosshead speed = 0.02

inch/minute, 1 inch G. L.

Bal 2. 9Si, 0. 9Mn,
0, IFe

1

9a Hot rolled - Brinell hardness = 182. bar supplied - 3/4

inch diam, , 1 inch G. L.

95. 3 3. 4Si. 1.2Mn.
0. IFe

9

9b Annealed 842-F - Rg = 75. 3/4 inch cold drawn bar sup-

plied. 1 inch G. L.

95. 6 0. 2 2.8Si. 1.2Mn.
0, 2Fe

9

217 1/4 hard - R3 = 78. 1/8 inch sheet supplied. Sample cut

longitudinally, crosshead speed =0.2 inch/minute. 1 inch

G. L.

95,8 3, ISi, 0. 9Mn 217

295 Cold drawn 42% - after annealing. Bar sample - 0.25 inch

diam. (0, 5 inch for 77°K). loading speed = 20.000 psi/

minute. 1 inch G, L.

Bal 2. 8Si, 0, 2Fe,

1. OMn
295

298 Annealed - 0.075 inch thick strip, held 15 minutes at teat

temp, . crosshead speed = 2 inches/minute, 1 inch G. L.

95 0. 2 3.6Si, l.OMn 298

302 Rolled, 1 inch G. L. 94, 5 3. 5Si. 1, OMn 302

316i Annealed 1500*F - Brinell hardness = 50 - after cold

drawing. 3/4 inch diam. wrought bar supplied - 1 inch

G. L.

95, 3 3,4Si. l,2Mn 316

316j Cast (double keel blocks) - Rfl = 52. Machined sample.
1 inch G, L,

94. 6 4: ISi, 0, 9Mn 316

TEMPERATURE, "F
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^
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%

[3l6jj Cost

[i 01 Rt lled^

100 200 300 4(X) 500

TEMPERATURE, °K

1 14



Tensile Reduction of Area of Cu-Si (Silicon Bronze)

Tensile Stress-Strain Curves of Cu-Si (Silicon Bronze)
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Impact Energy of Cu-Si (Silicon Bronze)

MATERIAL AND TEST PARAMETERS
COMPOSITION ( «eight%) REF

NO.
Cu Zn Sn At Ni Other

NO.

1 Annealed (soft) - 0.025mm. G. S. - Rg = 54. CharpyV-
notch, samples fractured only 57o.

Bal 2. 9Si, 0. 9Mn
0. IFe

I

226 Hard - Rg = 91. Charpy V-notch. Bal 3Si, IMn 226

295 Room temp. : U. T. S. = 62, 400 psi - Y. S. = 29. 900 psi

(0.2% offset) - Rq = 54. Charpy keyhole, samples an-

fractured.

Bal 3. OSi, 0. 2Fe,
1. OMn

295

-460-400
160

TEMPERATURE, °F
-300 -200 -100 0 100 200 300 400 500
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I 10

100

90

I/)

£ 80

70

60

50

40

30

20

10

aled

<J Ha rd
95]

100 200 300 400

TEMPERATURE, "K

500

Fatigue Behavior of Cu-Si (Silicon Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight7e) REF.

NO.
Cu Zn Sn At Ni Other

10a Hard drawn 39% - Rg = 98 - after 0. 025mm. C. S. , room
temp. : U. T. S. = 107, 100 psi - Y. S. ^ 17, 300 psi (0. 1%
offset), bar supplied - 1/2 inch diam. Bar sample -

0.313 inch diam. - polished, rotating beam (R. R. Moore
type). 3500 r. p. m.

95. 6 0. 2 3. 2Si. 0. 9Mn.
0. IFe

in

lOb Hard drawn 39% - Rg = 97 - after 0. 1 ICmm. C. S. , room
temp. : U. T. S. = 95, 300 psi - Y. S. = 20. 100 pei (0. 2%
offset). Other specifications same as 10a.

95. 6 0. 2 3. 2Si, 0. 9Mn.
0.2Fe

10

10c Hard drawn 39% - Rg.- 96 - after 0. 175mm. C. S. , room
temp. : U. T. S. = 93, 500 psi - Y. S. ^ 18. 700 psi (0. 2%
offset). Other specifications same as 10a.

95. 6 0.2 3. 2Si. 0. 9Mn,
0. IFe

10

11a Hard, room temp. : U. T. S. = 97. 100 psi - Y. S. = 80. 000
psi (0.2% offset) - Rq = 101. bar supplied - 1/2 inch diam.
Bar sample - 0. 3 inch diam. , rotating beam (R. R. Moore
type) - 3500 r. p. m.

95. 5 3. 2Si, 0. 2Fe,

I. IMn
1

1

lib 1/2 hard, room temp. : U. T. S, = 74, 900 psi •» Re = 89.

Other specifications same as 11a,

96. 1 2. 9Si, 0. 2Fe,

1. OMn
11

11c 1/4 har<t. room temp. : U. T. S. = 66, 600 psi - Rg = 84.

Other specifications same as 11a.

96. 1 2. 9Si, 0. 2Fe,

1. OMn
11

Ud Annealed (soft), room temp. : U. T . S. = 59. 500 psi -

Y.S. = 14, 500 psi (0. 27o offset). Other specifications

same as 11a.

95. 5 3.2Si, 0.2Fe.

1. IMn
u

80 X 10

10' 10' 10'

FATIGUE LIFE, cycles

10"
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Fatigue Behavior of Cu-Si (Silicon Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

55a Cold drawn 60% (hard), room temp. : U. T. S. ^ 73, 000 pai ~

y.S. = 57, 500 pai (0. 2% oHsetl. Wire aample - 0. 072
inch diam. - made from straightened drawn coil, flexure

rotating arc - 3450 r. p.m.

)7. 1 1. 4 1. 4Si 55

55b Drawn 84% (spring temper), room temp. ; U. T. S. = 93, 500

psi - Y.S. = 75, 500 psi (0. 2% offset). Other specifications

same as 55a.

97. 1 1. 4SI 55

55c Drawn 60% (hard), room temp. : U. T. S. = 1 1 1 , 000 psi - Y. S
= 77, 500 psi (0. 2% offset). Other specifications same as 55i

96. 2 1 . 0 2. 8Si 55

55d Drawn 80% (spring temper), room temp. : U. T. S. = 133,500
psi - Y.S. = 89,500 psi (0. 2% offset) . Other specifications

same as 55a.

96. 2 1.0 2. esi 55

126a 60% reduction of area, sheet sample. Machined sample
parallel to rolling direction, reciprocating beam - 750

r. p. m. - ratio of length to thickness = 9. 287.

95. 5 3.6Si, l.OMn 126

126b Specifications same as 126a. 96. 0 3.0Si, l.OMn 126

126c Annealed. Other specifications same as 126a. 95. 9 0. 1 ). I 3.0Si, 0. 7Mn,
0. IFe

126

126d

264

Specifications same as 126a. 95. 9 0. 1 ). 1 3. OSi, 0. 7Mn,
0. IFe

126

Annealed, room temp. : U. T. S. = 104, 300 psi Rq = 93,

sheet supplied. Flexure teat (Townsend and Creenall
machine).

96. 4 0.2 3. ISi, 0. 2Fe 264

314 Rolled to spring temper, room temp. ; U. T. S. = 80, 000
psi - Rg = 91, annealed sheet supplied. Samples cut

parallel to rolling direction, flexure cantilever - approx.

1500 r.p.m.

95. 5 3.6Si, l.OMn 314

80 X 10

ID' 10' 10'

FATIGUE LIFE, cycles

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( *eight%) REF.

NO.
Cu Zn Sn At Ni Other

NO.

56a Annealed - 0. 025mm. G. S. , room temp. : U. T. S. = 40.600
psi -Y.S. = 10.800 psi (0. 2% offset) . bar supplied - 0. 56

inch diam. Bar sample - 0. 5 inch diam. at ends - re-

duced to 0. 3 inch diam. - polished with 4/0 emery paper,

rotating beam (Krouse).

97. 2 1. 4 1. 4Si 56

56b Notched sample - 0.30 inch diam. at notch - 0.015 inch

notch radius (Kt = 3. 16) - 60' - 0. 35 inch diam. away
from notch. Other specifications same as 5&a.

97.2 1.4 1. 4Si 56

56c Notched sample - 0.30 inch diam. at notch - 0.001 inch

notch radius {Kj = 12.2) - 60' - 0.35 inch diam. away
from notch. Other specifications same as 56a.

97. 2 1. 4 1. 4Si 56

56d Cold drawn 21% - 0.02mm. G. S. , room temp. : U. T. S. =

54,000 psi - Y.S. = 48,000 psi (0. 2% offset) , bar supplied-

0, 625 inch diam. Other specifications same as 56a.

97. 1 1. 4 1. 5Si 56

56e Notched sample - 0.30 inch diam. at notch - 0.0015 inch

notch radius (Kj = 10. 0) - 60* - 0.35 inch diam. away
from notch. Other specifications same as 56d.

97. I 1.4 1. 5Si 56

56f Cold drawn 37% - 0. 03mm. G. S. , room temp. : U. T. S. =

63, 600 psi - Y.S. = 59, 000 psi (0. 2% offset). Other

specifications same as 56a.

97. 2 1.2 1. 4Si, 0. 2Pb 56

56g Notched sample - 0. 30 inch diam. at notch - 0.001 inch

notch radius (K-j- = 12.2) - 60' - 0.35 inch diam. away

from notch. Other specifications same as 56f.

97. 2 1.2 1. 4Si. 0. 2Pb 56

56h Notched sample - 0.30 inch diam. at notch - 0.015 inch

notch radius {Kj = 3. 16) - 60' - 0. 35 inch diam. away
from notch. Other specifications same as 56f.

97. 2 1.2 1. 4Si, 0. 2Pb 56

56i Cold drawn 10% - 0. 02mm. G. S. , room temp. : U. T. S. =

62, 700 psi - Y. S. = 42, 400 psi (0. 1% offset), bar supplied-

0. 563 inch diam. Other specifications same as 56a.

95. 9 1.0 3. OSi 56

56j Notched sample - 0.30 inch diam. at notch - 0.015 inch

notch radius (K-p = 3. 16) - 60' - 0. 35 inch diam. away
from notch. Other specifications same as 56i.

95.9 1. 0 3. OSi 56

80 X 10"
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Fatigue Behavior of Cu-Si (Silicon Bronze)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight%) REF,

NO.
Cu Zn Sn At Ni Other

NO,

56k Cold drawn 10% - 0. 02mm. G. S. . room temp. : U. T. S. =

62,700 psi-y.S. = 42,400 psi (0. 27. offsetl, bar supplied-

0. 563 inch diam. Notched sample - 0. 30 inch diam. at

notch - 0.001 inch notch radius (K^ = 12.2) - 0.35 inch

diam. away from notch - 60°, rotating beam (Krouse).

95. 9 1,0 3. OSi 56

56t Cold dravwi 23% - 0.035mm. G. S. , room temp. : U. T, S. =

76, 600 psi - Y. S. = 56, 700 psi (0. 2% oflsetl, bar supplied-

0. 563 inch diam. Bar sample - 0. 5 inch diam, at ends -

reduced to 0. 3 inch diam. - polished with 4/0 emery paper,
rotating beam (Krouse).

95,9 1,0 3, OSi 56

56m Cold drawn 23% - 0. 35mm. G. S. , room temp. : U. T. S. =

76, 600 psi - Y,S. = 56, 700 psi (0.2% offset) . Notched
sample - 0.015 inch radius (K^- = 3. 16). Other specifi-

cations same as 56k.

95. 9 1.0 3. OSi 56

56n Notch radius - 0.001 inch (K-p - 12.2). Other specifi-

cations same as 56m.
95. 9 1 . 0 3. OSi 56

56o Cold arawn 33% - 0. 025mm. G. S. , room temp. : U. T. S. =

93, 200 psi - Y. S. = 67, 000 psi (0. 2% offset). Other
specifications same as 56t.

95. 9 1,0 3. OSi 56

56p Notched sample - 0.30 inch diam. at notch - 0.015 inch

notch radius (Kt = 3. 16) - 60° - 0.35 inch diam. away
from notch. Other specifications same as 56o.

95,9 1 , 0 3. OSi 56

56q Notch radius - 0.001 inch (Kj - 12,2). Other specifi-

cations same as 56p.

56r Cold drawn 44% - 0. 04mm. G. S. , room temp. : U. T , S, =

102,500psi-Y.S. = 80,000psi(0.2%offset). Other
specifications same as 56t.

9 5. 9 1,0 3. OSi 56

56e Notched sample - 0.30 inch diam. at notch - 0.015 inch

notch radius (K-j. = 3. 16) - 60° - 0.35 inch diam. away
from notch. Other specifications same as 56r.

95, 9 1 0 3. OSi 56

56t Notch radius = 0.001 inch (Kj = 12.2). Other specifi-

cations same as 56s.

95, 9 1, 0 3, OSi 56
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Creep Behavior of Cu-Si (Silicon Bronze)
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Creep Behavior of Cu-Si (Silicon Bronze)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( »eight7.) BEF.

NO. Othe r

NO.

Annealed - 0, 1mm. C. S. 96. 3 0. 8 i. 8Si, 0. IFe 61

61b Annealed - 0.008mm. C. S.
96. '3 0. 8 i.aSi, 0. 1 Fe 61

61c Drawn 37%. 96. 3 0. 8 Z.8Si, 0. IFe 61

Drawn 84%. Final mic rostructurea at 500°F recrystal-

liied.

96. 3 0. 8 2. 8Si, 0. IFe 61

316f Annealed - 0. 10mm. G. S.
,
wrought ba r lupplied. Bar

sample - 0. 125 inch diam.

96. 3 0.8 2. 8Si, 0. IFe 316

316g Cold drawn 37%. wrought bar supplied. Bar sample -

0. 125 inch diam.

96. 3 0.8 2. SSi. 0. IFc 316

316h Cold drawn 84%, wrought bar supplied. Bar sample -

0. U5 inch diam.

96. 3 0. 8 2.8Si, 0. IFc 316

10 ' lO"" 10"=" lO"- lO"'

CREEP RATE, inches per inch per hour

Modulus of Elasticity of Cu-Si (Silicon Bronze)
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Tensile and Yield Strength of Cu-Sn (Phosphor Bronze)

TEMPERATURE, "F

-400 -300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

la Cold drawn 85% (apring) - 0. 101mm. G. S. - Rg = 94,

grade A, bar supplied - 3/4 inch diam. Bar sample -

reduced section - 1 5 inches long X 0 247 inch reduced

diam., crosshead speed = 0.02 inch/minute. Y.S. -

0. 2% oUeet.

94. 9 0. 1 4.8 0. 2P 1

lb Notched sample: 0. 25 inch diam. at roots - 0. 005 ± 0. 0005 94. 9 0. 1 4. 8 0. 2P 1

ZlreTll^V 'after hoTrli'ir""?a'drA Tr'.u' Hed
3/4 inch diam. Y.S. - 0. 27, offset.

95. 6 3. 8 0. 2P, 0. 2Fe

145 Rolled, grade E, bar supplied - 1 inch diam. Y. S. -

0, 2% offset.

97. 5 2.4 145

92. 7 7. 3

17Ib 0.0008mm. G. S. ,
grade C. 92. 7 7. 3 171

171c 0.0017mm. G. S. , grade C. 92. 7 7. 3 171

0 0089mm G S , grade C. 92. 7 7. 3

171e 0.024mm. G. S. , grade C. 92. 7 7. 3 171

209a Cold drawn, grade A, bar supplied - 0.873 inch diam.

Y.S. - 0.2% offset.

95. 2 4. 6 0. IP 209

209b Annealed UOO'F - 1/2 hr. - furnace cooled, grade A,

bar supplied - 0 873 inch diam. Y S - 0 2% offset

95. 2 4. 6 209

217 Full hard - Rb= 100. grade C, bar supplied - 3/4 inch diam
Bar sample -0.25 inch diam. , strain rate to Y. S. = 0. 0005
inch/inch/minute, strain rate to U.T.S. = 0.02 inch/inch/
minute, Y.S. - 0. 2% offset.

90. 3 8. 2 217

t6i> Rolled 61% to spring temper, grade A, sheet sample -

1/16 inch thick X 1/2 inch wide.

94. 8 0. 1 4, 9 0. IP 265

169b Annealed, grade A. Sheet sample - 1/16 inch thick X 1/2

inch wide.

94. 8 0.2 4. 6 0. 2P 265

200x10

100 200 300 400

TEMPERATURE, "K

500

TEMPERATURE, "F

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight7ol REF

NO.
Cu Zn Sn A< Ni Other

NO.

9b Grade A. Wrought bar supplied - 5/8 inch diam. Y.S. -

0. 2% offset.

94. 3 5. 5 0. 2P 9

24 Grade D. Wrought. 89. 5 10. 5 24

38 Cast, grade D. Y.S. - 0. 2% offset. 88.0 12.0 38

120 Hard drawn, grade A, bar supplied - 1/2 inch diam. Bar
sample - 0. 375 inch diam. , Y. S. - 0. 2% offset.

95. 6 4. 0 0. 4P 120

170 Grade A. Bar sample - 0. 1 18 inch diam. 93. 1 6. 5 0. 4P 170

176a 0.024mm. G. S. . grade C. 92. 2 7. 8 176

176b 0.0017mm. G. S. , grade C. 92. 2 7.6 176

176c 0.0008mm. G. S. , grade C. 92.2 7. 8 176

210a Cold drawn, grade A, bar supplied - 0. 118 inch diam. 95. 7 3.9 0. 3P 210

210b Annealed 1200'F - 1/2 hr. , grade A, bar supplied -

0. 118 inch diam. Y.S. - 0. 2% offset.

95. 7 3.9 0. 3P 210

212 Cold drawn, grade A, bar supplied - 3/4 inch diam. 95. 8 3. 9 0. 3P 212

302 Rolled, grade A. Bar sample, Y.S. - 0. 2% offset. 95. 7 4.0 0. 3P 302

316a Cast - Rg = 30, grade D, bar supplied - 1 inch square. 89. 8 9. 5 0. IPb 316

316b Annealed - 0.050mm. G. S. - grade A. Wire sample -

0. 125 inch diam. Y.S. -0.2% offset.

94. 2 5. 6 0. 2P 316

366 Annealed 1200 'F, grade A, bar supplied - 3/4 inch diam.
Y. S. - 0, 1% offset.

95. 8 3. 9 0. 3P 366

422 Rolled, grade C. Bar sample - 1 inch diam. 92. 5 7 0. 5P 422

449 Cast, grade D. 89. 5 10. 2 0. 3Fe 441

200 X 10
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TEMPERATURE, "K
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Shear Strength of Cu-Sn (Phosphor Bronze)

TEMPERATURE, 'f
-400 -300 -200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (welBhl7.| REF.

NO.
Cu Zn Sn Al Ni Other

449 Rolled, grade A. Bar sample - 0. 855 inch diam. , teated 95. 5 3. 9 0. 3P, 0. 2Ft 449
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Tensile Elongation of Cu-Sn (Phosphor Bronze)

TEMPERATURE , T
-460-400 - 300 - 200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weightW REF.

NO.
Cu Zn Sn At Ni Other

la Cold drawn 85% (epring) - 0. lOlmm. C. S. - Rg = 94,

grade A, bar aupplied - 3/4 inch diam. Bar sample -

reduced section -1.5 inches long X 0.247 inch reduced
diam. , crosshead speed = 0. 02 inch/minute, 1 inch C. L.

94. 9 0. 1 4. 8 0. 2P 1

9a Annealed 1250°F - after hot rolling, grade A, bar eupplied-
3/4 inch diam. 2 inch G. L.

95. 6 3. 8 0.2P. O.ZFe 9

9b Wrought, grade A, bar supplied - 5/8 inch diam. 2 inch

G. L.

94. 3 5. 5 0. 2P 9

24 Wrought, grade D. 2. inch G. L. 89. 5 10. 5 24

120 Drawn, grade A, bar supplied - 1/2 inch diam. Bar
sample - 0. 375 inch diam. , 2 inch G. L.

95. 6 4. 0 0. 4P 120

145 Rolled, grade E, bar supplied - 1 inch diam. 2 inch G. L. 97. 5 2. 4 145

170 Grade A. Bar sample - 0. 1 18 inch diam. , 1.88 inch G.L. 93. 1 6. 5 0. 4P 170

217 Drawn, grade C, bar supplied - 3/4 inch di^m. Bar
sample - 0.25 inch diam. , strain rate = 0.02 inch/inch/

minute, 1 inch G. L.

90. 3 8.2 217

265a Rolled 60. 5% (spring), grade A. Sheet sample - 1/16 inch

thick X 1/2 inch wide, 2 inch G. L.

94. 8 0. 1 4. 9 0. IP 265

265b Annealed, grade A. Sheet sample - 1/16 inch thick X 1/2
inch wide, 2 inch G. L.

94. 9 0. 2 4. 6 0. 2P 265

302 Rolled, grade A. Bar sample, 2 inch G.L. 95. 7 4. 0 0, 3P 302

316a Cast - Rg = 30, grade D, bar supplied - 1 inch square,
2 inch C. L.

89. 8 9. 5 0, IPb 316

422 Rolled, grade C. Bar sample - 1 inch diam. 92. 5 7 0. 5P 422

449 Cast, grade D. 89. 5 10. 2 0. 3Fe 449

100 200 300 400 500

TEMPERATURE . "K
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Tensile Reduction of Area of Cu-Sn (Phosphor Bronze)

Tensile Stress-Strain Curves of Cu-Sn (Phosphor Bronze)
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Hardness of Cu-Sn (Phosphor Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION |weight%) REF.

NO,
Cu Zn Sn At Ni Other

300a Annealed, grade A. Sample 1/16 inch thick, Rockwell B. 94. 9 0. 1 4. 6 O.ZP 300

300b Spring temper. Sample 1/16 inch thick, Rockwell B. 94. 8 0. 1 4.9 0. IP 300

TEMPERATURE, "F

-460-400 -300 -200 -100 0 100 200 300 400 500
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Impact Energy of Cu-Sn (Phosphor Bronze)



Fatigue Behavior of Cu-Sn (Phosphor Bronze)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight?.) RFF

NO.
Cu Zn Sji At Other

NO.

10a Drawn 36% - 0. 018mm. G. S. , room temp.: U. T. S. - 80,200

psi - Y. S. = 78, 400 pei (0. 2% offaet) - Rg = 85, grade A.

bar supplied - 1/2 inch diam. Bar sample - 0. 3 inch re-

duced diam.
,
rotating beam - 3500r.p.m., R= -1.

95. 2 3. 7 0. 8Fe. 0. 2Mn 10

10b Annealed 1022'F - 0. 025mm. G. S. . room temp. : U. T. S. =

50, 600 psi - Y. S. 20, 200 psi {0. 2% offset) - Rg = 34, Data

spread = ± 3. 5%. Other specifications same as 10a.

95. 3 4. 3 0, 4P 10

10c Annealed 1022 • F - 0. 020mm. G. S. , room temp.:U.T.S. =

59, 200 psi - Y.S. = 24, 500 psi (0. 2% offset)- Rg = 50. Data

spread = ± 3%. Other specifications same as 10a.

91.8 8. 1 0. IP 10

lOd Annealed 1157°F -0.070mm. G. S. , room temp. : U. T. S. =

55, 500 psi - Y.S. = 20, OOO psi (0.2% offset) - Rg = 41. Data

spread = ± 6. 5%. Other specifications same as 10a.

91.8 8. 1 0. IP 10

lOe Annealed 1022 • F - 0. 0 16mm. G. S. , room temp.: U. T. S. =

68.000 psi - Y.S. = 28 , 400 psi (0. 2% offset) - Rg = 60.

Other specifications same as 10c.

89. 9 0, 1 9.8 0. IP. 0. IFe 10

lOf Annealed 1202°F -0.065 to 0. 070mm. G. S. , room temp.:

U. T, S. = 62,200 psi - Y.S. = 2 1,200 psi (0.2% offset) - Rg = 49.

Data spread = ±4%. Other specifications same as 10a.

89. 9 0. 1 9. 8 0. IP. 0. IFe 10

lOg Drawn 15. 27o - 0. 070mm, G. S. . room temp. : U. T, S, =

56, 700 psi - Y. S. = 49, 700 psi (0. 2% offset) - Rg = 72.

Data spread = ± 7, 5%. Other specifications same as 10a,

95. 3 4 3 0, 4P 10

lOh Drawn 30. 1% - 0. 090mm- G, S. , room temp, : U. T. S. =

69,800 psi - Y S, = 61, 700 psi (0,2% offset) - Rg = 92,

Data spread = ± 7%. Other specifications same as 10a.

95. 3 4, 3 0, 4P 10

lOi Drawn 50. 1% - 0. 065mm, G, S, , room temp. : U. T. S. =

96, 600 psi - V, S, = 84. 000 psi (0. 2% offset) - Rg = 92.

Data spread = ± 9. 5%. Other specifications same as 10a.

95. 3 4, 3 0. 4P 10

lOj Drawn 15. 2% - 0. 1mm. G. S. , room temp, : U, T, S, =

66, 000 psi - Y.S. = 49, 100 psi (0, 2% offset) - Rg = 80.

Data spread = ± 7%. Other specifications same as 10a.

91. 8 8. 1 0, IP 10

10k Drawn 30. 1% - 0. 090 to 0. 1mm. G. S. . room temp. : U. T. S,

= 81, 000 psi - Y. S. = 64, 500 psi (0. 2% offset) - Rg = 97.

Data spread = ± 9%. Other specifications same as 10a.

91. 8 8. 1 0. IP 10

lot Drawn 50. 1% - 0. 1 10mm. G. S. , room temp. : U. T. S. =

110, 300 psi - Y. S, = 93, 100 psi (0. 2% offset) - Rg = 98.

Data spread = ± 17%. Other specifications same as 10a.

91.8 8. 1 0. IP 10

Drawn 15.2% - 0 , 0 75mm , G S, , room temp, : U, T , S. =

76, 600 psi - Y, S, = 50 . 300 psi (0. 2% offset) - Rg = 92.

Data spread = ± 3. 5%, Other specifications same as 10a.

89, 9 0, 1 9, 8 0, IP. 0, 1 Fe

lOn Drawn 30. 1% - 0. 090mm. G. S. . room temp. : U, T, S. =

92, 100 psi - Y.S. = 70. 400 pSi (0, 27, offset) - Rg = 97
Other specifications same as 10b.

89, 9 0- 1 9, 8 0, IP. 0, IFe 10

80 xlO
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight7o) REF

NO,
Cu Zn Sn At Ni Other

11a 1/2 hard - 0. 10mm. G. S. . room temp.: Y.S. = 49. 100 psi

(0.27. offset), grade C. Bar sample -0.30 inch reduced diam,-

polished. rotating beam (R.R.Moore type).

91.8 8. I 1

1

lib Full hard - 0. 10mm. G. S. . room temp.: Y. S. = 64.500 psi

(0. 27o offset). Other specifications same as Ua.
91. 8 8. 1 1

1

11c Extra hard - 0. 10mm. G. S. . room temp.; Y.S. = 93. 100 psi

(0. 27o offset) . Other specifications same as 11a.

91.8 8. 1 11

lid Full hard - 0.09mm. C. S. . room temp.: Y.S, = 70.400 psi

(0. 27o offset), grade D. Other specifications same as 1 la.

89. 8 0. 2 9.8 0. IP 1

1

He Full hard - 0.09mm. C. S. . room temp.: Y. S. = 61.600 psi

(0. 27o offset) . grade A. Other specifications same as 11a.

95.2 4. 3 0. 4P 11

Ilf Drawn 36.67o -0.015mm. G.S. . room temp.: U. T.S. = 59.200
psi - Y. S. = 54,800 psi (0.27o offset), grade E. bar supplied

-

0,398 inch diam. Bar sample -0.25 inch diam.
.

rotating

beam - 1600r.p.m. . R = -1. data spread = ± b%.

98. 6 1.2 11

llg Drawn 36.67o. room temp.: U. T.S. = 62.400 psi - Y.S. =

57.300 pei(0.27o offset). Other specifications same as Ilf.

98. 3 1. 6 11

Uh Rotating beam -3500r.p.m. Other specifications same as lit 98. 3 I. 6 11

55 Drawn 847,,. room temp.: U. T. S. = 121.000 psi- Y. S. = 101. 50(

psi. grade A. Wire sample - 0.072 inch diam.
.

rotating arc -

3 4 50r.p.m. , R = -1.

95. 4 4. 4 0. 3P 55

58a Reduced 607o - 0. 12mm. G. S. , room temp.: U. T. S. = 95,000
psi - Y.S, = 87,500 psi (0, Z% offset), grade A. Sheet sample-
0,032 inch thick, tested Li rolling direction, flexure canti-

lever - 900c. p.m. . R = -1.

95. 4 4. 0 0. 2P 58

58b Rolled 607o. room temp.: U. T. S. = 68.900 psi - Y. S. = 64.500
psi (0, 27o offset). Other specifications same as 58a.

98. 5 0. 1 1.4 58

58c Rolled 757», room temp.: U. T.S. = 73,600 psi - Y.S. = 67,500
psi (0. 27o offset). Other specifications same as 58a.

98. 5 0. I 1.4 58

229a Annealed - after drawing, room temp. :U. T.S. =45,700 psi,

grade A, bar supplied - 3/4 inch diam. Rotating beam
(Farmer)- 1500r.p,m. . R = -1, data spread = ± 147o.

94. 9 4. 9 229

314a Annealed, room temp. : U. T. S. = 59,700 psi - Rg = 11, grade
C. Sheet sample -0.020 inch thick - cut parallel to rolling

direction, rotating cantilever - 1500r. p. m. , R = -1.

91.8 8. 1 314

456a Annealed 400'F - 3 hrs. - oil cooled, room temp.: U. T. S. =

63,000 pal - Y. S. = 48,000 psi - Brinell hardness = 107, grade
A. Bar sample -0.46 inch ave. reduced diam.

,
rotating

cantilever - 1200to 1450rp. m. , R= -1. Tested in air.

94. 6 5. 4 0. IP, 0. IFe 456

456b Tested in fresh water, 1450r.;xm Other specifications

same as 456a.
94. 6 5. 4 0. IP, 0. IFe 456

10^ 10' 10"

FATIGUE LIFE, cycles
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Fatigue Behavior of Cu-Sn (Phosphor Bronze)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( weight*) REF.

NO.
Cu Zn Sn At Ni Other

NO,

124a Annealed 52 7" F - 1/2 hr. - air cooled, room temp,: U, T. S, =

61,800 p«i - Y.S. = 57, 100 psi (0. 1% oHoet)- Brlnell
hardneflfl = 138, grade A, Bar sample - 0.275 inch diam. ,

rotating beam - 2200 r.p.m. , R = -1, teated in air.

Bal 3. 5

5."0

0.1 - 0. 4P 124

124b Tented in distilled water of 3% salt. Other specifications

same as 124a.

124

126a Reduced 60,5%, room temp.: U. T. S. = 115,300 psi, grade

C, Sheet sample - 0.020 inch thick, tested in rolling

direction, flexure cantilever - 750 c. p.m., R= -1.

91.0 0.2 8.0 0. 2P 126

126b Cleaned and plated with 20mgm, /inch^ nickel and chrom-
ium. Other specifications same as 126a.

91-0 0- 2 B. 0 126

126c Cleaned and plated with 20mgm. /inch^ chromium. Other
specifications same as 126a.

91-0 0. 2 B- 0 126

126d "Microscopic polish. " Other specifications same as 126a, 91 0 0- 2 8-0 126

126c Cleaned and plated with lOmgm/inch^ nickel. Other
specifications same as 126a.

91. 0 0- 2 8.0 0. 2P 126

1261 Sand blasted and plated with lOmgm/inch^ chromium.
Other specifications same as 126a.

91.0 0. 2 8. 0 126

126g Polished - sand blasted and plated with lOmgm/inch^
chromium. Other specifications same as 126a.

91.0 0. 2 8. 0 126

I26h Polished - bubbed and plated with lOmgm/inch^ chromium.
Other specifications same as 126a.

91.0 0. 2 8. 0 126

126i Annealed, room temp. : U. T, S. = 51,800 psi. Other
specifications same as 126a.

92.0 0- 2 7. 7 126

126j Reduced 37. 17e, room temp. : U. T. S. = 88, 000 psi. Other
specifications same as 126a.

92 . 0 0. 2 7. 7 126

126k Reduced 60. 5%, room temp : U. T. S. = 112, 900 psi.

Other specifications same as 126a.

92 . 0 0. 2 7. 7 126

126t Annealed, grade A. Other specifications same as 126a. 95- 8 0. 1 3- 9 126

126m Reduced 37 1%, room temp. : U. T. S, = 78, 800 psi.

Other specifications same as 126^.

95. 8 0. 1 3. 9 126

12611 Reduced 60. 5%. room temp. : U.T.S. = 90,200 psi.

Other specifications same as 126^.

95. 8 0- 1 3. 9 126

126o Annealed, room temp. : U. T. S. = 59, 700 psi. Other
specifications same as 126a

91. 8 8. I 126

126p Reduced 37. 1%, room temp. : U. T. S = 95, 500 psi.

Other specifications same as 126a.

91.8 8. 1 126

126q Reduced 68. 7%, room temp. : U. T. S. = 124,800 psi.

Other specifications same as 126a.

91.8 8. 1 126

eoxio'

10 10°
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn At Ni Other

211b Cold drawn, room temp. : U. T. S. = 62, 900 psi. Other
specifications same as 211a.

94. 9 5. 0 211

211c Cold rolled, room temp.: U.T.S. = 58,600 psi, grade A.
Alternating torsion -2140c. p.m., R = -1, data spreads ±7%.

9 5. 2 4. 7 0. IP 211

229b Drawn 56%, room temp. : U. T . S. = 85, 100 psi, grade A, bar
supplied - 3/4 inch diam. Rotating beam {Farmer) - 1500

r.p.m., R= -1, data spread = ± 14%.

94.9 4. 9 229

264a Reduced 507o, room temp.: U. T. S. = 97, 900 psi, grade A.

Sheet sample - 0.025 inch thick - polished with 00 emery,
tested in rolling direction, flexure cantilever -900c. p.m.

,

R = -1

95. 1 4. 7 264

264b Room temp.: U.T.S. = 98, 700 psi. Other specifications

same as 264a.
95.2 4. 7 0. IP 264

264c Room temp.: U. T. S. = 104,200 pei. Other specifications

same as 264a.

92.0 0. 5 7. 4 2 64

314b Rolled 37. 1%, room temp.: U.T.S. = 95, 500 psi - Rg = 71,

grade C. Sheet sample - 0,019 inch thick - cut parallel to

rolling direction, rotating cantilever - ISOOr.p.m. , R = -1.

91. 8 8. 1 314

314c Rolled 68. 7%, room temp. ; U. T. S. = 124, 800 psi - Rg = 84.

Other specifications same as 314b.

91.8 8. 1 314

456c Annealed 1200°F - 1 hr. - air cooled, room temp.: U. T. S. =

48, 000 psi - Y. S. - 16, 750 psi - Brinell hardness - 56, ro-

tating cantilever - 1200 to 1450r.p.m. , R = -1, Tested in air.

94. 6 5. 4 0. IP, 0. IFe 456

456d Armealed 400°F- 4 hrs. - oil cooled, room temp.: 81,000
psi - Y. S. = 43, 300 psi - Brinell hardness = 121, grade C.

Other specifications same as 456c.

91. 7 8. 2 0. IP, 0. IFe 456

456e Tested in fresh water, 1450r,p,m. Other specifications

same as 456d,

91. 7 8. 2 0. IP, 0. IFe 456

456f Annealed 1200° F - 1 hr, - furnace cooled, room temp.:
U.T.S. = 55, 400 psi - Y. S. = 19, 800 psi - Brinell hardness =

35, grade C. Other specifications same as 456c.

91. 7 8. 2 0. IP, 0. IFe 456

456g Tested in salt water, 1450r.p.m. Other specifications

same as 456f.

91. 7 8. 2 0. IP, 0. IFe 456

456h Annealed 400*F- 3 hrs. - furnace cooled, room temp,:

U, T. S, - 86, 700 psi - Y. S. = 46, 500 psi - Brinell hardness -

121, grade D. Other specifications same as 456c.

89. 4 10. 5 0. IP, 0. IFe 456
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Creep Behavior of Cu-Sn (Phosphor Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO,
Cu Sn Al Ni Other

60a Annealed - 0. 050mm. G. S. . room temp.: V. T. S. = 52, 000
pai - Y.S. = 20.000 pei (0. 5% strain), grade A. Bar sample
1/8 inch diam. , 300T and 400T: 2nd stage; SOOT: 3rd

SUge, 10 inch G. L..

94. 1 5. 6 0. 2P 60

60b Drawn 84%, room temp. : U. T. S. = 144. 000 p8i - Y, S. =

77, 500 psi (0. 57o strain), grade A. Bar sample - 1/8 inch

diam., 2nd stage, 10 inch G. L.

94. 1 5. 6 0. 2P 60

316a Cast - Rg = 30, grade D. bar supplied - 1 inch square.
3rd stage, rupture at 15.000 psi.

89. 8 9. 5 0. IPb 316

421 Room temp.:U,T.S. = 48. 800 psi - Y. S. , grade A, rolled

t>ar supplied - 5/8 inch diam. Bar sample - approx. 0.25
inch diam.. temp, accuracy = ± 2 ^C. extension measured
to 0.0001 inch, 2 inch G. L. , at 302°F the creep curves were

stepped - recorded rate is that which occurred between
steps.

94. 3 5. 5 0. 2P 421

100 X

80

10"' 10-8 10"' lO"''
10-'

CREEP RATE, inches per inch per hour

iO-«

Stress-Rupture Behavior of Cu-Sn (Phosphor Bronze)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( -.eight?.) REF

NO.
Cu Zn Sn At Ni Other

NO.

247 Spring hard, grade A. Wire sample - 0.040 inch diam. 94. 99 5 O.OIP 247

316b Annealed - 0. 050mm. G. S ,
grade A. 1/8 inch diam.

Drawn bar supplied.

94. 1 5. 6 0. 2P 316
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Modulus of Elasticity of Cu-Sn (Phosphor Bronze)

TEMPERATURE
,

-WO -300 - 200 -100 0 100 200 300 400 500

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF

NO.

la Cold drawn 8 57» (opring) -0.101mm. C. S. - Rg = 94,

grade A, bar supplied - 3/4 inch diam. Bar sample -

reduced section: 1. 5 inches long X 0.247 inch reduced
diani. , crosshead speed = 0.02 inch/minute, clamp-on
strain gage extensometer, data spread - ± S%, 1 inch G. L.

94. 9 0. 1 4. 8 0. 2P 1

120 Hard drawn, grade A, bar supplied - 1/2 inch diam. Bar
sample . 0.375 inch diam.

95. 6 4. 0 0. 4P 120

215 Drawn, grade C, bar supplied - 3/4 inch diam. Bar
sample - 0.2 5 inch diam.

90. 3 8. 2 215

310 Drawn to spring temper, grade A. 94. 6 5. 1 0. 3P 310

316a Cast - Rq = 30, grade D, bar supplied - 1 inch square. 89. e 9. 5 0. IPb 316
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Modulus of Rigidity of Cu-Sn (Phosphor Bronze)

TEMPERATURE , "F
-400 - 300 - 200 -100 0 100 200 300 400 500

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( «eight%) REF

NO.
Cu Zn Sn Al Ni Other

NO.

241 Reduced 377o, grade C 92 , 0 8. 0 241

350 Cold drawn - after annealing, grade A. Wire sample -

0.091 inch diam., tested m torsion.

96. 0 3. 7 350
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Tensile and Yield Strength of Cu-Al (Aluminum Bronze)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF.

NO.
Cu Zn Sn A( Ni Other

NO.

la Annealed - 0.03mm. G. S. - Rq = 97, grade D, bar
supplied - 3/4 inch diam. Bar sample - reduced section:

1. 5 inches long X 0, Z47 inch reduced diam. , crosshead
speed = 0, 02 inch/minute, Y. S. -0. Z% offset.

91.0 6. 6 2, IFe 1

lb Notched sair.ple - 0. 005 ± 0. 0005 inch notch radius - 0. 2S0
inch diam. at notch (Kj = 5.0). Other specifications same
as la.

91. 0 6. 6 2. IFe 1

75 Annealed, bar supplied - 0.25 inch diam. Y.S. - 0. 1%
offset.

91. 1 1.0 7, 3 0. 4Mn, 0. IFe 75

92 Annealed 850'C - 1/2 hr. - air cooled - after cold drawing.

Y. S. - 0. 2% offset.

Bal 0. 1 9, 8 0. 5 3.9Fe. 3.0Mn 92

148a Alloy grade 8. annealed 1150'F, "quickly" cooled. Bar sam-
ple - reduced section: 2 inches long X 0.505 inch diam, -

polished with 00 emery. Y.S. - 0. 57o offset.

89. 6 7. 8 2. 6Fe 148

148d Annealed U 50 ° F - "quickly" cooled, grade 15. Bar sample-
reduced section! Z inches long X 0.505 inch diam. - polishod

with 00 emery. Y.S. - 0. 5% offset.

87. i 0. 1 9. 2 0. 4 3. IFe 148

298a Annealed, Strip sample, held 30 minutes at test temp. ,

Y.S. - 0. 1% offset.

90. 2 9. 7 298

298b Annealed. Strip sample - 0.08 inch thick, held 15 minutes
at test temp. . crosshead speed - Z inches/minute. Y. S. -

0, 17. offset.

298

316a Annealed - after cold drawing. Tube sample (condenser)

-

0. 75 X 0,049 inch.

94. 9 5 316

316d Annealed - Rg = 83 - after extrudmg and drawing.
Y.S. - 0. 5% offset.

87. 2 0. 1 9. 2 0. 4 3. IFe 316

316e Annealed - Rg - 81 - after extruding and drawing,
Y.S. - 0. 5% offset.

89. 6 7. 8 2. 6Fe 316
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CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION |weight7.| REF

NO,
Cu Zn Sn At Ni Other

120 Hard drawn, bar supplied - 1/2 inch diam. Bar sample -

0, 375 inch diam, , Y, S, - 0, 2% offset.

89. 6 9. 8 0. 6Fe 120

145 Rolled bar - bar supplied - 1 inch diam. Bal 7. 2 0. IFe 145

148b Colo roUed 0. 1% - after first annealing 1150°F - then cold
drawing 19% - then re-annealing 1150°F and "quickly"
cooling, grade A. Bar sample - reduced section: 2 inches
long X 0. 505 inch diam. - polished with 00 emery. Y. S. -

0. 57. offset.

89. 6 7 8 2. 6Fe 148

148c Carbon arc welded, nominal weld composition listed,

grade 8. Bar sample - reduced section: 2 inches long X
0. 505 inch diam. - polished with 00 emery. Y. S. -0. 5%
offset.

90. 0 0. 1 8. 0 0 4 I. 4Fe, 0. 4Si 148

148e Cold rolled 0. l7o - after first annealing 1150°F - then cold
drawing 37s - then re-annealing 1150°F and "quickly" cool-
ing, grade 15. Bar sample - reduced section; 2 inches
long X 0. 50 5 inch diam. - polished with 00 emery. Y.S. -

0. 57o offset.

87, 2 0. 1 9. 2 0. 4 3, IFe 148

148f Carbon arc welded, nominal weld composition listed,

grade 15. Bar sample - reduced section; 2 inches long X
0, 505 inch d.am, - polished with 00 emery, Y. S. - 0. 57o

offset.

86. 0 9. 4 0. 4 3, 8Fe, 0, 4Si 148

170 Bar sample - 0. 118 inch diam. 95 5 1 70

302a Forged. Y.S. - 0. 27. offset. 88 9 3Fe 302

316c Extruded - Rg = 96, 3/4 inch diam. wrought bar supplied.

Y, S. - 0. 27. offset.

86- 3 9. 5 3, 5Fe, 0, 3Si 316

339b 1 hr. at test temp. Bal 9. 9 3J9

339c 1 hr. at test temp. Bal 9. 9 IMn 339

339d I hr. at teat temp. Bal 6. 7 339

347 3/4 inch bar supplied, nominal composition listed. Bar
sample - 0, 505 inch diam, . average of 2 tests at 70'F and
-i08*F - one test at -320"F. Y.S, - 0, 27. offset.

Bal 0. 5 9 0. 5 - IFe 347

351 Forged, Bar sample - 0. 505 mch diam. 351
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Tensile and Yield Strength of Cu-Al (Aluminum Bronze)

TEMPERATURE, °F
-400 -300 -200 -100 0 100 200 300 400 500

CURVE

Nfl.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weightVo) RE'F.

NO.
Cu Zn Sn At Ni Other

Die cast - Rg = 24. Bar sample - 0. 505 inch diam. X 6

inches long, Y.S, - 0. Z% offBet.

91. 5 7. 7 0. 7Fc 9

Cast Y S - 0 2% offset 88 9 3Fe

316b Die cast, 1/2 inch diam. , bar supplied. Y.S. -0.2%offBet. 89. 0 10. 1 l.OFe 316

316t Sand cast {double keel blocks) - Rg = 90. Y. S. -0. 2% offset. 85. 8 11.1 2.8Fe, 0,2Si 316

316g Sand cast - Rg = 88. Y.S. - 0. 2% offset. Bal 10. 6 0. 4 3. 6Fe 316

316h Sand cast (doable keel blocks) - Rg = 90. Machined sample, 85. 3 10. 8 3. 6Fe, 0, ISi 316

Sand cast (double keel blocks) - Rg - &i>. Machined sample,

Y. S. - 0. 2% offset.

85. 4 10. 1 4. 4Fe, 0. IMn,

0. iSi

316

0. 357 inch diam., temp, gradient 2 -3'C, held at temp, about

30 minutes prior to test.

90. 1 9. 9 320

320b Sand cast. Same test parameters as 320a. 89. 2 7.9 2. 8Fe 320

329 Gravity die cast, 0. 564 inch diam. , bar supplied. 87. 5 9. 6 0. 2 2, 5Fe. 0. IMn 329

449a Cast. 88. 9 0. 2 9. 7 0. 6Fe, 0. 4Sn,

0. 2Pb
449

449b 94, 9 4. 9 0. IPb, 0. IFe 449

100 200 300 400

TEMPERATURE, "K

500

Tensile Elongation of Cu-Al (Aluminum Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight7o) REF

NO.
Cu Zn Sn Ai Ni Other

la Annealed - 0.036mm. G. S. - Rg = 97, grade D, bar sup-
plied - 3/4 inch diam. Bar sample - reduced section:

1 . 5 inches long X 0 . 247 inch reduced diam., crosshead
speed = 0. 02 inch/minute, 1 inch G. L.

91,0 6. 6 2. IFe 1

75 Annealed. Bar sample - 0. 25 inch diam. , 2 inch G. L. 91. 1 1.0 7. 3 0. 4Mn 75

92 Annealed 850°C - 1/2 hr. - air cooled - after cold
drawing. 2 inch G. L.

Bal 0. 1 9. 8 0. 5 3.9Fe, 3.0Mn 92

148a Annealed 1150°F - '^uicklv"cooled, grade 8. Bar sample,
reduced section: 2 inches long X 0.505 inch diam. -polished
with 00 emery. 2 inch G. L.

89. b 7. S 2. 6Fe 148

148d Annealed 1 1 50 ° F - "quickly" cooled, grade 15. Sample
specifications same as 148a.

8 7. 2 0. 1 9. 2 0. 4 3. IFe 148

298a Annealed strip. Held 30 minutes at test temp. , 2 inch G. L. 90. 2 9. 7 298

298b Annealed. Strip sample - 0.08 inch thick. Held 15

minutes at test temp. , crosshead speed = 2 inches/

minute, 2 inch G. L.

298

316a Annealed - after cold drawing. Tube sample (condenser) -

0, 75 X 0. 049 inch, 2 inch G. L.

94. 9 5 316

316d Annealed - Rg = 83 - after extruding and drawing. Bar
sample, 2 inch G. L.

87. 2 0. 1 9. 2 0. 4 3. IFe 316

316e Annealed - R - 81 - after extruding and drawing. Bar
sample, 2 incT. G. L.

89. 6 7. 8 2. 6Fe 316

TEMPERATURE, °F
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Tensile Elongation of Cu-Al (Aluminum Bronze)

TEMPERATURE, "F
-460-400 -300 -200 -100 0 100 200 300 400 500
100 '

...
CURVE

MATERIAL AND TEST PARAMETERS
COMPOSITION 1 .eight %1 REF

NO.
Cu Zn Sn At Ni Other

NO.

120 Hard drawn, bar supplied - 1/2 mcli diam. Bar sample -

0. 375 inch diam. , 2 ijich G. L.

0. 6Fe 120

145 Rolled, bar supplied - 1 inch diam. 2 inch G.L. 7, 2 0. IFe 145

148b Cold rolled 0.1% - after first annealing 1 150° F - then cold

drawing 1 97c - then re-annealing 1150°Fand "quickly" cooling

grade 8. Bar sample, reduced section: 2 inches long X 0.505

inch diam. - polished with 00 emery, 2 inch G. L.

89. 6 7. 8 2. 6Fe 148

148c Carbon arc welded, nominal weld composition listed, grade

8. Sample specifications same as 148b. 2 inch G. L.

90. 1 0. 1 8. 0 0. 4 1. 4Fe 148

148e Cold rolled 0.1% -after first annealing 1 1 50 ° F - then cold

drawing 3% - then re-annealing 1 1 50° F and "quickly" cooling,

grade 15. Bar sample, 2 inch G.L.

87. 2 0. 1 9. 2 0.4 3. IFe 148

148f Carbon arc welded, nominal weld composition listed, grade

15. Sample specifications same as 148b. 2 inch G. L.

86. 0 9. 4 0.4 3. 8Fe 148

170 Bar sample - 0. 1 18 inch diam. , 1. 18 inch G. L. 170

302a Forged. 2 inch G. L, 88 9 3Fe 302

316c Extruded - Rb - 96, 3/4 inch diam. wrought bar supplied.

2 inch G. L.

3. 5Fe, 0. 3Si 316

339b 1 hr. at test temp. , 2 inch G. L. Bal 9. 9 339

339c 1 hr. at test temp. , 2 inch G, L. Bal 9. 9

339d 1 hr. at test temp, , 2 inch G. L. Bal 6. 7 339

347 Nominal composition listed, bar supplied - 3/4 inch diam.

Bar sample -0.505 inch diam., only 1 test at -320° F, 2 inch

G. L.

Bal 0. 5 9 0. 5 ~ IFe 347

351 Forged, Bar sample - 0. 505 inch diam. , 2 inch G. L. 351
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CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO.
Cu Zn Sn At Ni Other

9 Die cast - Rg = 24. Bar sample - 6 inches long X 0. 505

inch diam. , 2 inch G. L.

H. 5 7. 7 0. 7Fe 9

302b Cast. 2 inch G, L. 38 > 3Fe 302

31bb Die cast, bar supplied - 1/2 inch diam., 2 inch G.L. i9 0 10 1 l.OFe 316

316f Sand cast (double keel blocks) - Rq - 90, 2 inch G. L. 55. 8 11. 1 2. 8Fe, 0. 2Si 316

316g Sand cast - Rq = 88. 2 inch G. L. Bal 10 6 0, 4 3. 6Fe 316

316h Sand cast (double keel blocks) - Rg = 90. Machined
sample, 2 inch G. L. '

85. 3 10 8 3. 6Fe, 0, ISi 316

316i Sand cast (double keel blocks) - Rg = 86. Machined
sample, 2 inch G. L,

85. 4 10. 1 4. 4Fe, 0. IMn,
0. ISi

316

320a Sand cast. Bar sample - 0. 357 inch diam. , strain rate =

0. 025 inch/inch/minute, held at temp, about 30 minutes
prior to testing, 1. 25 inch G. L.

90. 1 9. 9 320

320b Sand cast. Other specifications same as 320a. 89. 2 7. 9 2.8Fe 320

329 Gravity die cast. Bar sample - 0. 564 inch diam. , 2 inch

G. L.

87, 5 9. 6 0.2 2. 5Fe, 0. IMn 329

4 49a Cast. 88. 9 0. 2 9. 7 0. 6Fe, 0. 4Sn

0, 2Pb
449

4 49b Cast. 94. 9 4. 9 0. IPb, 0. IFe 449
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Tensile Reduction of Area of Cu-AI (Aluminum Bronze)
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Tensile Stress-Strain Curves of Cu-Al (Aluminum Bronze)

Hardness of Cu-Al (Aluminum Bronze)
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Impact Energy of Cu-AI (Aluminum Bronze)

TEMPERATURE, 'F
-460-400 -300 -200 -100 0 100 200 300 400 500
160

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( veight7.l REF

NO.
Cu Zn Sn Al Ni Other

NO.

1 Annealed - 0.036mm. G. S. - Rg = 97, grade D, bar Bup-
plied - 3/4 inch diam. Charpy V-notch. 957o fracture- all
temps. , sample contained in paper boat for 20"K tests.

91.0 6. 6 2. IFe 1

75 Annealed, bar supplied - 1 inch diam. Izod. 91. 1 1.0 7. 3 0. 4Mn 75

120 Hard drawn, bar supplied - 1/2 inch diam. Izod. 89. 6 9. 8

I48a Annealed 1150'F - "quickly" cooled, bar supplied, grade 8.

Charpy V-notch. 3 tests/temp.

89. 6 7, 8 2.6Fe 148

I48b Cold rolled 0, 1% - after first annealing 1150'F - then cold

drawing 19% - then re-annealing 1150°F and "quickly"

cooling, grade 8. Charpy V-notch. 3 teats/temp.

89. 6 7, 8 2. 6Fe 148

148d Annealed at 1150'F - "quickly" cooled, grade 15. Charpy
V-notch. 3 tests/temp.

87. 2 0. 1 9. 2 0. 4 3. IFe 148

I48e Cold rolled 0. 1% - after first annealing 1150°F - then cold

drawing 3% - then re-annealing 1150°F and "quickly"

cooling, grade 15. Charpy V-notch.

87. 2 0. 1 9. 2 0, 4 3. IFe 148

156 Room temp: Vickers hardness = 152 to 172. rolled 5/8"

diam. bar supplied, grade B. Charpy keyhole.

156

271a Extruded - Brinell hardness (3000 kgm. ) = 155. grade 8.

bar supplied - 2 inch diam. Charpy V-notch.
89. 6 7. 8 2. 6Fe 271

298a Annealed 800°C - 1 hr. - rapidly cooled - after extruding.

Charpy V-notch,

89.0 10. 1 298

320c Normalized (quenched from about 700°C). extruded bar

supplied. Izod, sample held at temp. 30 minutes prior

to test.

89. 9 10. 1 320

320e Normalized (quenched from about 700'C), extruded bar

supplied. Izod. sample held at temp. 30 minutes prior

87. 1 10. 1 2. 8Fe 320

320g Hot forged. Izod, sample held at temp. 30 minutes prior 85. 8 10, 0 4. 2Fe 320

100 200 300 400
TEMPERATURE, "K

500

CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF

NO.
Cu Zn Sn At Ni Other

148c Carbon arc welded, nominal composition of weld metal
listed, grade 8. Charpy V-notch. 3 tests/temp.

90. 0 8.0 0, I 1. 4Fe. 0, 4Si 148

148f Carbon arc welded, nominal weld composition listed, bar
supplied, grade 15. Charpy V-notch.

86. 0 9. 4 0, 4 3, 8Fe. 0. 4Si 148

271b Room temp. : U. T. S. = 76. 000 psi - Brinell hardness
(3000 kgm.) = 153, grade 8, plate supplied - 3/8 inch

thick. Charpy V-notch.

90. 7 6, 8 2. Fe 271

271c Room temp. : U. T. S. = 78, 800 psi - Brinell hardness
(3000 kgm.) = 130, grade 8, plate supplied - 3/4 inch

thick. Charpy V-notch.

90. 3 7. 0 0, 2 2. 5Fe 271

320d Stabilized (held at about 500°C), extruded bar supplied.

Izod, sample held at temp. 30 minutes prior to test.

89. 9 10, I 320

320f Stabilized (held at about 500°C). Other specifications

same as 320d.

87. 1 10. I 2.8Fe 320

329a Gravity die cast. Unnotched spec-men; 60mm. X 1/4 inch

X 1/4 inch.

87. 5 9, 6 0, 2 2. SFe, 0. IMn 329

329b Gravity die cast. Modified Charpy V-notch: 60 X 10 X 10

mm. - 0.25mm. notch radius - 45° V-notch - 2mm. deep.

87. 5 9, 6 0, 2 2. SFe, 0. IMn 329

347 Nominal composition listed, bar supplied - 3/4 inch diam,
Charpy V-notch sample contained in paper boat for low
temp, tests.

Bal 0. 5 9, 0 0, 5 ~ l.OFe 347

365a As cast. Modified Charpy V-notch: 10 X 10 X 60mm. -

0.25mm, notch radius - 45' V-notch - 2mm. deep, sample
at temperature 1/2 hr. prior to test.

Bal 10, I 365

365b Cast - then heated to 950°C - water quenched. Other
specifications same as 365a.

Bal 10, 1 365

365c Cast - then heated to 950'C - furnace cooled. Other
specifications same as 365a.

Bal 10, 1 365

365d Cast - then heated to 950'C - individually water quenched.
Other specifications same as 365a.

Bal 10, 1 365

457a Assumed type, Mesnager: U-notch: 0.079 inch deep X
0. 079 inch wide; cross section - 0. 394 X 0. 394 inch,

point data not presented by author.

90. 0 9, 8 0. 2Fe 457

457b Specifications same as 457a. 88. 5 7, 5 3. 7Fe, 0. 2Mn,
0. ISn

457
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Fatigue Behavior of Cu-Al (Aluminum Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF

NO,
Cu Zn Sn Ai Ni Other

56a Drawn 10%. room temp.: U. T. S. = 93. 000 psi - Y. S. ^ 53.00C

psi (0. 2% offset) , bar supplied -0. 565 inch diam. Bar
sample - 4 inches long - 0.5 inch diam. reduced to 0.3 inch

diam. in center - polished 4/0 emery paper, rotating canti

lever (Krause).

87. 8 9, 6 2.0Fe. 0. 5Te 56

56b Notched Ban. pie; 0. 30 inch diam. at notch - 60° V-notch.

Other specifications same aa 56a.

87. 8 9. 6 2. OFe. 0. 5Te 56

*124a Heated 850*C - water 4uenched - then tempered at 625°C -

slowed cooled, room temp. : U. T. S. = 80. 000 psi -

Brinell hardness = 150. Bar sample - 0, 275 inch diam. ,

rotating beam - 2200 c.p.m.

89. 5 1.4 8. 9 0.2Fe 124

1 24b Tested in salt spray (3% salt in water). Other specifi-

cations same as 124a.

89. 5 1.4 8. 9 0. 2Fe 124

211a Rolled room temp.: U.T.S. = 71,900 psi. Bar sample -

0. 3 to 0.4 inch diam. .
rotating cantilever - 1800 r.p.m.,

R = -1, data spread = ± 9%.

94. 3 5. 6 211

211b Rolled, room temp. : U. T. S. = 86, 800 psi. Data spread =

± 7%. Other specifications same as 2 11a.

90. 8 9. 1 211

211c Rolled, room temp. : U. T. S. = 83, 400 psi. Data spread -

± 7%. Other specifications same as 2 11a.

89. 9 10. 0 211

211d Annealed 1200°F - 60 minutes - furnace cooled, room
temp. : U.T.S, = 62,300 psi. Data spread = ± 2%. Other
specifications same as 211a.

89. 9 10. 0 211

<lle Rolled, room temp. : U. T. S. = 99, 000 psi. Data spread =

± b%. Other specifications same as 211a.

86. 7 10. 4 2. 9Fe 211

211f Alternating torsion - 2140 c.p.m., R = -1, data spread =

± 2%. Other specifications same as 211a.

94. 3 5. 6 211

211g Rolled, room temp. : U. T. S. = 86, 800 psi. Other
specifications same as 21 If.

90. 8 9. 1 211

211h Rolled, room temp. : U. T. S. = 83. 400 psi. Alternating

torsion - 2140 c, p. m., R = -1, data spread = ± 6%.

89. 9 10. 0 211

211i Rolled, room temp.: U.T.S. = 99.000 psi. Alternating

torsion - 2140 c.p.m.. R - -1. data spread = ± 2%.

86. 7 10. 4 i. 9Fe 211

231b Cast. Bar sample -0.375 inch diam. - polished, rotating

beam (B. R.Moore) - 1500r.p.m. . R = -1, data spread = ±2%.
90. 2 9. 8 231

231c Cast, then heated 1650*F- water quenched - reheated to

1200°F- 1/2 hr. - furnace cooled. Other specifications

same as 231b.

90. 2 9. 8 231

80 x 10'

10° lO' 10°

FATIGUE LIFE, cycles

CURVE

NO,
MATERIAL AND TEST PARAMETERS

COMPOSITION {*e»ght%) REF

NO.
Cu Zn Sn At Ni Other

231a Aged, heated IbSO'F- water quenched - then reheated 1 1 50°K

1/2 hr. - furnace cooled, room temp.: U. T. S. = 77, 530 psi-

Rq - 104, extruded bar supplied. Bar sample - 0.375 inch

diam. - polished, rotating beam [R. R. Moore) - 1 500 r.p.m. .

R - - 1, data spread = ± 1%.

89. 8 10. 1 0- 1 Fe 231

231d Aged, condition specifications same as 231a, Notched
sample: 0. 371 inch diam. at notch - 0. 010 inch notch radius

{K_ - 4. 3). 60° notch angle. Test specifications same as

2313.

89. 8 10. 1 0. IFe 231

347 Nominal composition listed. 3/4 inch diam. bar supplied.

Bar sample - 0. 5 inch diam. - "highly" polished reduced

section, reciprocating cantilever beam (Krause).

Bal 0. 5 9. 0 0. 5 - IFe 347
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Creep Behavior of Cu-Al (Aluminum Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight?.) HEF

NO.
Cu Zn Sn Al Ni Other

320h Sand caot. Sample - 5 incheo long - 0. 1 square inch re-

duced aection. ± 0,0001 inch extenBometer flenaitivity,

conatant load, teat data taken after 5 daye under load.

320i Normalized (heated 825"C - 1 hr, - air cooled). Other
apec ificationa aame aa 320h,

320

320j Normalized and held 4 weeka at 250*C, Other apecificationa

aame aa 320h.

89.5 10. 5

320k Stabilized (heated 500*C - 3 days - slowly cooled). Other
apecificationa aame aa 320h.

89. 5 10 5 320

320

1

Specificatione aame as 320h. 86. 9 9. 7 3. 4Fe 320

320m Specifications aame as 320i. 87. 1 10. I 2.8Fe 320

320n Normalized. Held 3 weeks at 250'C. Other specifications

aame aa 320h.

87. 1 10. 1 2. 8Fe 320

320o Specifications same as 320k. 87. 1 10. 1 2. 8Fe 320

320p Teat dau taken after 40 days under load. Other specifi-

cations aame aa 320i.

87. 1 10. 1 2. 8Fe 320

320q Teat data taken after 40 daya under load. Other specifi-

cations same as 320k, 87. 1 10. 1 2. 8Fe 320

320 r Teat data uken after 40 daya under load. Other specifi-

cationa aame aa 320k.

87. 1 10. 1 2. 8Fe 320

320 a Teat dau uken after 40 daya under load. Other apecifi- 89. 5 10. 5 320

320t Teat dau taken after 40 daya under load. Other apecifi-

cationa aame aa 320J.

89. 5 10. 5 320

320u Teat data taken after 40 daye under load. Other apecifi-

cationa aame as 320k.

89. 5 10. 5 320
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CREEP RATE, inches per inch per hour

Modulus of Elasticity of Cu-Al (Aluminum Bronze)

CURVE

NO.
MATEIUAL AND TEST PARAMETERS

COMPOSITION (weight?.) REF.

NO.
Cu Zn Sn At Ni Other

la Ajmealed - 0.036mm. G. S, - Rg = 97, grade D. bar sup-
plied - 3/4 inch diam. Bar sample - reduced section: 1. 5

inches long X 0. 25 inch diam, , Young'a modulua derived
from stress vs. strain curves. 1 inch C. L,

91.0 6. 6 2. IFe 1

92 Annealed 850'C - 1/2 hr. - air cooled - after cold drawing. Bal 0. 1 9.8 0. 5 3. 9Fe. 3. OMn 92

120 Hard drawn, bar supplied - 1/2 inch diam. Bar aample -

0, 375 inch diam.
89. 6 9. 8 0. 6Fe 120

316c Extruded - Rg = 96, 3/4 inch wrought bar supplied. 86. 3 9, 5 3. 5Fe. 0. 3Si 316

316a njuiealed - Rg = 83 - after extruding and drawing. Bar
aample.

87. 2 0. 1 9. 2 0. 4 3. IFe 316

3l6e Annealed - Rg = 81 - after extruding and drawing. Bar 89. 6 7. 8 2.6Fe 316

316f Sand caat (double keel blocka) - Rg = 90. Machined aample. 8 5. 8 11. 1 2.8Fe. 0.2Si 316

316h Sand caat (double keel blocka) - Rg = 90. Machined aample. 85. 3 10. 8 3. 6Fe, 0. ISi 316

316i Sand caat (double keel blocks) -Rg = 66. Machined sample. 85.4 10. 1 4. 4Fe, 0. IMn
0. ISi

316

347 Nominal composition listed, tiar supplied - 3/4 inch diam.
Bar aample - 0. 505 inch diam. , aame specimen used at

both tempa.

Bal 0. 5 9 0. 5 ~ 1. OFe 347
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Tensile and Yield Strength of Cu-Al-Ni (Nickel Aluminum Bronze)

TEMPERATURE, "F
-400 -300 -200 -100 0 100 200 300 400 500

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( »eight7.) REF.

NO.
Cu Zn Sn Ai Ni Other

754 Annealed 900°C - quenched. Bar sample - 0.25 inch diam.
.

yield point.

92. 3 1. 7 5.9 75

91 Annealed 850'C - 1/2 hr. - air cooled - alter cold drawing.

Y.S. - 0.2% offset.

Bal 10. 2 4. 7 4. IFe, 0. IMn 91

92 Annealed 850'*C - 1/2 hr. - air cooled - after cold drawing.

1. S. - 0. 2% offset.

Bal 10. 5 4. 8 3. 6Fe 92

146a Annealed 1150°F - "quickly" cooled, grade 45. Bar sample-

reduced section: 2 inches long X 0. 505 inch diam. -

polished with 00 emery cloth, Y.S. - 0. 5% offset.

81.2 0. 1 10. 1 4. 8 3.0Fe, 0.8Mn 148

148b Cold roUed 0. 1% - after first annealing 1150°F - then cold

drawing 37e - then re-annealing 1150°F and "quickly"

cooling. Other specifications same as 148a.

81.2 0. 1 10. 1 4. 8 3.0Fe, 0.8Mn 148

316b Annealed - Rg = 104. Bar sample, Y.S. - 0.2% offset. Bal 9. 7 4. 8 2.6Fe, l.OMn 316

316c Hot rolled, sheet supplied. Y.S. - 0. 2% offset. 82. 3 9.4 5. 0 2. 4Fe, 0. 9Mn 316

316d Annealed - R^ = 95 - after extruding and drawing, bar

supplied. Y. 5^ - 0. 5% offset.

81.2 0. 1 10. 1 4; 8 3.0Fe, 0.8Mn 316
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Tensile Elongation of Cu-Al-Ni (Nickel Aluminum Bronze)

CURVE

NO.
MATERLAl. AND TEST PARAMETERS

COMPOSITION (weight%) REF,

Cu Zn Sn At N. Other

la Sand cast - 0.025mm. C. S. - Rb = 93. Bar nample - re-
duced flection: 1. 5 inches long X 0. 247 inch diam. , croaa-
head speed = 0.02 inch/minute, 1 incli C. L.

Bal 10. 0 &. I 3. 4Fe. 0. 3Mn I

75a Annealed at 900'C - quenched. Bar sample - 0. 25 Inch
diam. , 2 inch G. L.

92. 3 I. 7 5, 9 75

75b Ajinealed at 900"C - quenched - then reheated at 550*C for

2 hro. Bar sample -0.25 inch diam. , 2 inch C. L.

92. 3 1. 7 5. 9 75

91 Annealed 850'C - 1/2 hr. - air cooled - after cold
drawing. 1. 97 inch G. L.

Bal

-
10. 2 4. 7 4. 1F«, 0. IMn 91

92 Annealed 850'C - 1/2 hr. - air cooled - after cold drawing.
2 inch G. L.

Bal 10. 5 4. 8 3. 6Fe 92

148a Annealed 1150'F - "quickly" cooled, grade 45. Bar
sample - reduced section: 2 inches long X 0. 605 inch diam.
polished with 00 emery cloth, Z inch C. L.

81.2 0. 1 10. 1 4. 8 3.0Fe, 0.8Mn 148

148b Cold rolled 0. 1% - after first annealing 1150'*F - then cold

drawing 3% - then re-annealing 1150*F and "quickly"
cooling. Other specifications same as 148a.

81.2 0. 1 10. 1 4. 8 3.0Fe, 0.8Mn 148

148c Heated 1650'F - water quenched - then aged at 1200"F -

air cooled. Other specifications same as 148a.

81.2 0. 1 10. 1 4. 8 3.0Fe, 0.8Mn 148

146d Carbon arc welded, nominal weld composition listed.

Other specifications same as 148a.

82. 4 8. 8 4. 6 3. OFe, 0. 5Si,

0. SMn
148

316« Sand cast (double keel block) - = 96. Machined sample,
2 inch G. L.

79. 7 11.5 4. 5 4. 3Fe, 0. ISl 316

316b Annealed - = 104. Bar sample, 2 inch G. L. Bal 9. 7 4. 8 1. OMn, 2. 6Fe 316

316c Hot rolled. Sheet sample, 2 inch C. X.. 82. 3 9. 4 5. 0 2. 4Fe, 0. 9Mn 316

Annealed - Rg = 95.- after extruding and drawing. Bar
sample, 2 inch G. L.

81. 2 0. 1 10. 1 4. 8 3. OFe. 0. 8Mn

320a Sand cast. Bar sample - 0. 357 inch diam. , strain rate =

0.025 inch/inch/minute, held about 30 minutes at temp,

prior to test, temp, control about 2 to 3' C, 1.25 inch G. L.

79. 0 9. 6 5. 7 5. 6Fe 320

329 Gravity die cast. Bar sample - 0. 564 inch diam. , 2 inch

G. h.

80. 2 9. 5 5.0 5. 2Fe 329

TEMPERATURE, "F
-460-400 -300 -200 -100 0 100 200 300 400 500
80

70

60

50

. 40

<

O 30

20

10

—

c

[7Soj Annt iltd

A 9/ Ci n

'5b] A

—

^

r
c

g»d

[MBaJ Anni

/Hoi

ol*d-

16c]
RolU

{316b]
Annoc

d_

iisa

— to/ff no/i

1

ed-j
[3t6dj

nnsal

1. »c

'

1

[9lj

Id Dr\

1 7asl

td

0

c[14a
Waldt [3l6qy [sJy]

Casl\ Cold Drown

100 200 300 400
TEMPERATURE, °K

500

Tensile Reduction of Area of Cu-Al-Ni (Nickel Aluminum Bronze)

CURVE
MATERIAL AND TEST PARAMETERS

COMPOSITION ( »eight%) REF,

NO.
Cu Zn Sn At Ni Other

NO.

la Sand cast - 0.025mm. G. S. - Rg = 93, bar supplied - 3/4

inch diam. Bar sample - reduced section: 1. 5 inches long

X 0.247 inch reduced diam . . croeshead speed = 0.02 inch/

minute.

Bal 10. 0 5. 2 3. 4Fe, 0. 3Mn 1

75a Annealed at 900°C - quenched. Ba.- sample - 0. 25 inch diam 92. 3 1.7 5. 9 75

7 5b Annealed at 900°C - quenched - reheated at 550*C - 2 hrs.

Bar sample - 0. 25 inch diam.

92. 3 1. 7 5.9 75

91 Annealed 850'C - 1/2 hr. - air cooled - after cold drawing. Bal 10. 2 4. 7 4. IFe, 0. IMn 91

92 Annealed 850'C - 1/2 hr. - air cooled - after cold drawing. Bal 10. 5 4. 8 3.6Fe 92

316a Sand cast (double keel blocks) - Rg = 96. Machined sample. 79. 7 11. 5 4. 5 4. 3Fe, 0. ISi 316

316b Annealed bar - Rg = 104. Bal 9. 7 4. 8 2. 6Fe, 0. IMn 316

316c Hot rolled, sheet supplied. 82. 3 9. 4 5. 0 2. 4Fe, 0. 9Mn 316

316d Annealed - Rg = 95 - after extruding and cold drawing. 81.2 0. 1 10. 1 4. 8 3. OFe. 0.8Mn 316
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Tensile Stress-Strain Curves of Cu-Al-Ni (Nickel Aluminum Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%| REF.

NO.
Cu Zn Sn At Ni Other

la Sand cast - 0.036mm. G. S. - Rg = 93, bar BuppUed - 3/4

inch diam. Bar sa.-nple - reduced section: 1. 5 inches long

X 0. 247 inch reduced dia.m. , crosshedd speed = 0.02 inch/

Bal 10. 0 5.2 3. 4Fe, 0. 3Mn 1
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Hardness of Cu-Al-Ni (Nickel Aluminum Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weights.) REF.

NO.
Cu Zn Sn At Ni Other

148a Annealed IISO'F - "quickly" cooled, grade 45. Bar sample -

reduced section: I mches long X 0. 505 inch diam. - polished

with 00 emery cloth. Brinell hardness - 10mm Carboloy
ball - 3000 Kgm. load.

81.2 0. 1 10. 1 4. 8 3.0Fe, 0.8Mn 148

148b Cold rolled 0. 17. - after first annealing 1150*F - then cold

drawing 3% - then re-annealing 1150°F and "quickly"

cooling. Other specifications same as HSa.

81.2 0, 1 10. I 4.8 3. OFe, 0. 8Mn 148

14ec Heated 1650*F - water quenched - then aged at 1200*F -

air cooled. Other specifications same as I48a.

81. 2 0, 1 10. 1 4. 8 3. OFe, 0. 8Mn 148

148d Carbon arc welded, nominal weld composition listed.

Other specifications same as 148a.

82. 4 8.8 4. 6 3. OFe, O.SMn,
0. 5Si

148
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Impact Energy of Cu-Al-Ni (Nickel Aluminum Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (welghl7>) BEF

NO.
Cu Zn Sn At Ni Other

1 Sand cast -0.036mm. G. S. - = 93. Charpy V-notch,

samples fractured completely, sample contained in paper
boat for -423*F tests.

Bal 10. 0 5. 2 3. 4Fe, 0. 3Mn 1

75a Annealed at 900 °C - quenched. Izod. 92. 3 1 . 7 5. 9 75

75b Annealed at 900*C - quenched - then reheated 2 hrs. at

550*C. Izod.

92. 3 1. 7 5.9 75

14Sa Annealed 1150'F - "quickly" cooled, grade 45, Izod sam-
ple, 3 tests/temp.

81.2 0. 1 10. 1 4. 8 3.0Fe, O.SMn 148

148b Cold rolled 0. 1% - after first annealing 1150T - then cold
drawing 3% - then re-annealing 1150T - and "quickly"

cooling, grade 45. Izod sample, 3 tests/temp.

81.2 0. 1 10. 1 4. 8 3.0Fe, O.SMn 148

148c Heated 1650*F - water quenched - then aged at 1200'F -

air cooled, grade 45. Izod sample, 3 tests/temp.

81. 2 0. 1 10. 1 4. 8 3.0Fe. 0.8Mn 148

148d Carbon arc welded, nominal weld composition listed,

grade 45. Izod sample, 3 tests/temp.

82. 4 8. 8 4. 6 3.0Fe, 0.8Mn,
0. 5Si

148

320b Hot forged. Izod, held 30 minutes at temp, prior to test. 88. 2 9.9 1. 5 0. 3Fe 320

320c Hot forged. Izod, held 30 minutes at temp, prior to test. 87. 7 9. 3 2.0 1. OFe 320

329a Gravity die cast. Unnotched sample - 2.36 inches X 1/4

inch X 1/4 inch.

80. 2 9. 5 5. 0 5. 2Fe 329

329b Gravity die cast. Notched specimen = 60 X 10 X 10mm. -

V notch: 2nim, deep with 0. 25mm. root radius.

80. 2 9. 5 5. 0 6. 2Fe 329
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Fatigue Behavior of Cu-Al-Ni (Nickel Aluminum Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION {weight%l BEF

NO,
Cu Zn Sn At Ni Other

84 Smooth samples, rotating beam {R. R.Moore) - 12,000
r. p. m.

Bl. 8 9. 9 4. 7 2. 9Fe, 0. 7Mn 84

124a As forged, room temp. : U. T. S. = 1 16, 000 psi - Y S. =

73, 500 psi (0. 1% otfsetl - Brinell hardness = 226. Bar
sample - 0,275 inch diam.

,
rotating beam - 2200 c. p. m.

79. 8 9. 7 5. 0 5. 4Fe 124

I24b 3% salt in HaO atmosphere produced by spraying sample
during test. Other specifications same as 124a.

79. 0 9. 7 5. 0 5. 4Fe 124
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Creep Behavior of Cu-Al-Ni (Nickel Aluminum Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (*eighl%) REF

NO.
Cu Zn Sn At Ni Other

320d Sand cast. Sample - 5 inches long X 0. 1 square inch

reduced section. ± 0.0001 inch extensometer sensitivity,

constant load, data obtained after 5 days under load.

520

320e Extruded. Other specifications same as 3a0d. 80. 4 9. 9 4^ 9 5. OFe 320

320f Data obtained after 40 days under load. Other spec ificationf

same as 320e.

80. 4 9. 9 4. 9 5. OFe 320 20
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Modulus of Elasticity of Cu-Al-Ni (Nickel Aluminum Bronze)

CURVE

NO.
MATERIAL AND TEST PARAMETERS

COMPOSITION (weight%) REF

NO.
Cu Zn Sn Ai Ni Other

la Sand cast - 0. 036mm. G. S. - Rg = 93. bar supplied - 3/4

inch diam. Bar sample - reduced section: 1. 5 inches long

X 0. 250 inch diam.
,
Young's modulus derived from stress

vs. strain curves, 1 inch G. L.

Bal 10. 0 5. 2 3 4Fe. 0. 3Mn 1

91 Annealed 850°C - 1/2 hr. - air cooled - after cold drawing. Bal 10.2 4. 7 4, IFe. 0. IMn 91

92 Annealed 850°C - 1/2 hr. - air coolfid - after cold drawing. Bal 10.5 4. 8 3. 6Fe 92

316a Sand cast (double keel blocks) - Rg = 96, Machined sample. 79. 7 11.5 4. 5 4. 3Fe. 0. ISi 316

316d Annealed bar - Rp = 95. Bal 0. 1 10. 1 4. 8 3. OFe. 0.8Mn 316
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Section III

Classification, using tables, of reliable investigations

which could not be included in Section II because of

its format.
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1. Reference Guide for Review Papers

Subject References

Including most copper alloys 51,

52, 63, 68, 103, 111, 117, 144, 189, 199, 218, 225, 239, 251, 265, 280, 287, 295, 298,

308, 309, 310, 316, 317, 318, 321-324, 330, 337, 339, 345, 411, 419, 426, 437.

Including only copper 2, 274, 429

Including only one specific property 18, 67, 83, 91, 121, 130, 259, 427



2. Reference Guide for Experimental Papers — Copper

ALLOY TYPE OF
TEST

TEMPERATURES OF TEST EXPERIMENTAL VARIABLES, EFFECT OF
SINGLE

CRYSTALS
USED

Ambient High Low
Cold
Work

Irradi-

ation

Heating,

Annealing
Testing

Parameters
Chemistry.

Atmosphere,
Surface

Flow
Stress

Measured

Copper

High
purity

Tensile

3, 34, 35, 1 57,

200, 237, 275,

325, 408, 431

196, 409 35, 48

196,

227,

333,

360,

361

237,

275,

325

34, 361 408 157, 196, 360 3 35, 48,

200, 227,

361, 409

3, 34, 35, 48,

196, 227. 275

325, 361. 431

OFHC 8, 15, 151, 208,

219, 221, 370
8, 203,

205,344
203,

207
8, 151

221

8 8, 205, 207,

208, 344
8 205

Variety 290 3 68 368 290 290, 368

Not

Reported

19, 37, 53, 100,

147, 177, 185,

i7J, l7^, ^DD,

278, 284, 297,

304, 315, 319,

349, 372, 380,

382, 385, 388,

396, 398, 410,

413, 444, 446,

458, 461

50, 256,

354,391,

50,

288,

53,100,

185,

304,

349,

380,

388

349,382,

388,396

185, 278 37, 185, 193,

194, 255, 256,
7 Q. A 7 Ql lit

319, 372, 391,

446, 458

256, 385,

413
50, 3 54 37, 177, 354,

388, 398,

410, 446

OFHC

Compres -

sion

8 8

Not
Reported

5, 70, 257 5 5,

142

70 5

High
purity

Torsion

34, 36, 1 16,

138, 197, 276
140 140 34, 140,

197

36, 197 276 36 34, 36, 116,

138, 197, 276

OFHC 15, 450

Not
Reported

396 396

impact 248 248

High
purity

Hardness

OFHC 8, 25, 70, 237,

382, 418

8, 432 8,237 25, 382 8, 70

Not
Reported

393, 396 415 393, 396



3. Reference Guide for Experimental Papers— Copper

ALLOY TYPE OF
TEST

TEMPERATURES OF TEST EXPERIMENTAL VARL^BLES, EFFECT OF
SINGLE

CRYSTALS
USED

Ambient High Low
Cold
Wo rk

Irradi-

ation

Heating
Annealing

Testing

Parameters
Chemistry,
Atmosphere,
Surface

Flow
Stress

Measured

(cont.

)

High
purity

32 5 325

OFHC 8, 62, 74, 1 35,

219, 220, 326,

342, 453

2,8,

344

8,135 8 2 62, 326

Not
Reported

30, 65, 97, 114,

136, 160, 331,

414, 428, 434,

435, 462

30, 160 30, 65, 428,

434
136, 414,

434, 435

OFHC Creep
14, 245, 340 8, 23,

110,

151,

205,

344,

443

14,151,

245
340 450

Variety 290, 307, 390 290, 307 390 290, 307

Not

Reported

31, 305, 346 31, 32

154,

161,

224,

313,

389,

416,

440

346 154, 161,

245
32, 305 224

High
purity

Elastic

Modulus
99, 1 67, 168,

244, 402

139 47, 96

158,

1 59,

167,

168,

244,

312

364,

448

96 47, 158,

159,

167,

168,

312

448

448 99 244, 312,

364, 402

OFHC 76,221,293 76,

221,

293

293

Not

Reported

181, 186,243,

268 299 315

348. 375, 392,

406

181,

186

243,

348,

406

392 181, 186,

299 375

268 315

Not
Reported

Shear
Modulus

262 94 94



4. Reference Guide for Experimental Papers — Brass

ALLOY TYPE OF
TEST

TEMPERATURES OF TEST EXPERIMENTAL VARIABLES, EFFECT OF
SINGLE

CRYSTALS
USED

Ambient High Low
Cold
Work

Irradi-

ation

Heating
Annealing

Testing

Parameters
Chemistry,

Atmosphere,
Surface

Flow
Stress
Measured

Brass
(Cu-Zn)

Cu-Zn

Tensile

102, 166, 201,

417

415 107,

227
102,

166

417

102, 417 107, 166, 227 227

Cu-20Zn 240 240 240

Cu-30Zn 157 219 277

284, 296, 369,

374

137 240 3 74 157 2 77

284, 296 369

Cu-35Zn 404, 464 105 464 464 404 404

Cu-35Zn-
3Pb

400

Cu-41Zn-
2Pb

334, 458 334, 458

Cu-49Zn 335

Cu-Zn
Torsion

102 102,

140

102 140

Cu-30Zn 69 69

Cu-35Zn 464 464 464

Cu-Zn
Impact

102 102 102

Cu-35Zn-
3Pb

248 2 48

Cu-Zn
Hardness

98, 102 240,

415

102 102 98

Cu-30Zn 17 137 17 17 137

Cu-35Zn 464 464 464

Cu-Zn
Fatigue

166, 178, 220,

417

336 166,

417

417 178 166, 220,

336

Cu-30Zn 42, 123, 219,

342

39, 41,

42, 344

39 41, 42 123

Cu-40Zn 306

Creep
109 107 107, 109

Cu-30Zn 277 41,

344

41 277

Cu-35Zn 105 106

Cu-30Zn

Elastic

Modulus
76 76

Cu-35Zn 383, 412 383,

412

383, 412

Cu-Zn
Modulus

183, 184 183,

184

183 183, 184



5. Reference Guide for Experimental Papers—

Phosphor Bronze, Aluminum Bronze, Copper-Nickel

ALLOY TYPE OF
X EST

TEMPERATURES OF TEST EXPERIMENTAL VARIABLES, EFFECT OF
SINGLE

CRYSTALS
USEDAmbient High Low

Cold
Wo rk

Irradi-

ation

Heating
Annealing

Testing

Parameters
Chemistry,
Atmosphere,
Surface

Flow
Strese

Measured

Phosphor

Cu-Sn

Tensile

405 40 5 40 5

Cu,
3 -8Sn

80 80 80

Cu -5Sn 44, 80 44 44 44

Cu.

3-8Sn

Hardness
80 80 80

Cu -8Sn

Fatigue

IZZ 122

Elastic

Modulus
162 162

Cu-4i5Sn 43 43

Cu-4.5Sn

Shear
Modulus

43 43

Alumi -

Bronze

Cu-A-t

Tensile

13, 169, 219,

358, 381, 397

267 267
332

397 169, 267 13,381 13, 267, 332,

3S8, 381

169, 397

Cu-Al
Hardness

13, 98 267 267 267 13 13, 98, 267

Cu-A4
Fatigue

219, 246 222,

235

222 222, 235 246 235

Cu-Al
Creep

222,

2 50

222 222

Cu-oA-t 90,377,

378.

90, 377,

378

Copper-
Nickel

Cu-Ni

Tensile

3 58 3 58

Cu-20Ni
Fatigue

123 123

Cu-Ni
Creep

390 2 50 2 50

Cu-Ni

Elastic

Modulus
303, 447 303, 447 447

Cu-40Ni 352



6. Reference Guide for Experimental Papers— Other Alloys

ALLOY TYPE OF
TEST

TEMPERATURES OF TEST EXPERIMENTAL VARIABLES, EFFECT OF
SINGLE

Ambient High Low
Cold
Work

Irradi-

ation

Heating

Annealing
Testing

Parameters
Chemistry,

Atmosphere,
Surfac e

Flow
Stress

M ea su r ed

CRYSTALS
USED

Other
Alloys

Cu,Be,Cr

Tensile

401 401 401

Cu, Be,

Co
lb, in, Z97 26,

269

269 269 297 277

Cu, Ge 132 132 132 132

Cu, Ga 132 132 132 132

Cu, Zn,

Fe, Si

Zb 26

Cu, 5-30

Ni, 30-55
77 77 77

Cu-23Zn-
4Al-3Fe

8 1 B 1 8 1

Cu-24Zn -

3Fe

93 93 93

Cu, Zr 373, 399

Cu, Be
Impact

269 269 269 269

Cu, Be
Ha rdnes s

46 46

Cu.Be.Cr 40 1 40 1 40 1

Cu, 5-30

Ni, 30-55

Zn

77 77 77

Cu-3Ni
ISi

451 451

Cu-23Zr-
4A1 -3Fe

Fatigue

81 81 81

Cu -26Zn -

18Ni

122 122

Cu-2Be 341 341

Creep
277 277

Cu, Ni, Zn

Elastic

Modulus

127 127

Cu, 45-

50Zn
223 223

Cu, Be

Shear

Modulus
262



Reference Guide for Experimental Papers — Many Alloys in One Investigation

ALLOY TYPE OF
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USEDAm bient High

Cold
Work

Irradi

-

Heating
Annea ling

Testing Chemietry,
Atmo 8ph ere,

Surfac c

Flow

Meaftured

Many Cu
Alloys Tensile 49, 86, 112,

294, 384, 430
82,

155

1 55 49, ^94,

430

1 12, 294,

384

Compres -

sion 394 155 1 55

Impact 155 155

Fatigue 86, 206 155 206

Creep 73,

228

228 73

Elastic

Modulus 238, 303 1 75 175, 238,

303
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