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ABSTRACT

Low-cycle thermal fatigue problem resulting from multiple use of a liquid rocket engine has to be
considered for the development of a reusable launch vehicle. In this study, life prediction equations
suggested by previous researchers were compared as applied to various copper alloy cases to predict
fatigue lives from tensile test data. The present study has revealed that among the presently
considered life prediction methods, universal slopes method provides the best life prediction result for
the copper alloys, and the modified Mitchell's method provides the best life prediction result for
oxygen free high conductivity (OFHC) copper.
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Table 1. Tensile test results of various copper alloys including silver at elevated temperature.

Temp Environ Mate.rl'al 0-2% UTs RA Abbreviation | Ref.
Material ment Condition offset YS
(C) (MPa) | (MPa) | (%)
Zr-Cu 538 Argon Annealed 33.05 85.8 95.5 ZrAn
Zr-Cu 538 Argon 1/4 Hard 194.7 197.8 85 Zr4H
Zr-Cu 538 Argon 1/2 Hard 2125 216.5 84 Zr2H
Te-Cu 538 Argon 1/2 Hard 24.75 74.15 28 Te2H
Cr-Cu 538 Argon SA & Aged 254.5 262 17.5 CrSA
OFHC Cu 538 Argon Hard 23.45 70.3 65 OF-H [
OFHC Cu 538 Argon 1/4 Hard 16.6 67.9 28 OF4H
OFHC Cu 538 Argon Annealed 23.45 61.05 51 OFAn
Ag 538 Argon As Drawn 16.9 34.2 99 AgDr
Zr-Cr-MgCu 538 Argon |SA, CW & Aged| 2955 308.5 40.5 ZCMC
Electroformed Cu | 538 Argon 30-35 ksi 34.3 45.5 5 Elfm
Co-Be-Zr-Cu 538 Argon SA & Aged 243 260.5 8 CBzC
Cr-Cu 400 Air Brazed 31.3 113.6 €,~10.17 CrB4 [10]
Cr-Cu 500 Air Brazed 28.95 73.9 €,=8.95 CrB5
10 35
o = ZrAn 3 *
At 538°C o ZtaH .
s Zr2H X 25
3 n oo v Te2H o2 % 5%
4 ek @ CrsA &
~ > + wo « * o w <« OF-H ==
e ° g L aw » g a » OF4H S ek
% ° + * x ® . e OFAn g
4 1F > > o ev s * * AgDr Y
c > © e ZCMC £ 'F X
2 " v o Elfm g
0 + CBZC 2]
] = Cr-Cu, Brazed
2 P .5l * CrB4(at400°C) .
% CrB5(at 500°C)
o 160 10‘00 10800 10 1(‘)0 10‘00 10(‘)00
Cycles to Failure Cycles to Failure
Fig. 2 Cycles to failure data with total strain range of Fig. 3 Cycles to failure data with total strain range of

various copper alloys tested from NASA[1].

chromium—copper alloy tested from KARI[10].
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Fig. 6 Fatigue life estimation of copper alloys with
original mitchell's method.
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Fig. 7 Fatigue life estimation of copper alloys with
modified mitchell's method.
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Fig. 8 Fatigue life estimation of copper alloys with
baumel and seeger's method using steels'
equation.
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Table 3. Comparison of prediction method with the deviation from experimental data.

Materials Total Number of data within a factor of 3
number of

Abbrev. data OUSM MUSM OMM MMM  BSM-Steel  BSM-Al OM
ZrAn 6 2.20 1.62 7.88 1.94 1.72 10.39 1.80
Zr4H 6 1.52 1.62 4.09 1.39 1.58 8.77 1.43
Zr2H 8 1.31 245 2.66 1.50 2.14 12.28 1.59
Te2H 6 1.31 5.37 1.40 2.33 3.40 2.22 3.92
CrSA 6 1.32 1.77 1.17 2.90 3.35 1.70 2.38
OF-H 6 3.68 6.98 7.21 1.81 3.10 242 423
OF4H 7 3.86 17.62 418 1.29 10.13 1.37 12.38
OFAn 6 2.95 8.25 458 1.25 3.60 2.09 4.74
AgDr 6 419 3.30 19.58 4.06 1.27 8.55 1.57
ZCMC 7 1.25 1.40 1.51 2.13 1.33 3.33 1.27
Elfm 6 3.44 8.70 6.41 15.42 5.94 2.77 3.81
CBZC 6 1.24 3.09 1.43 245 6.79 1.34 455
CrB4 4 476 2.90 6.03 16.21 2.79 497 2.14
CrB5 4 2.33 7.06 4.20 11.25 4.68 2.27 3.34
Total 2.24 3.85 3.80 3.00 3.07 3.46 2.85
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