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ABSTRACT

For Cu-Cr alloy developed for rocket engines, estimated fatigue lives were calculated using
various fatigue life prediction methods and compared with fatigue life acquired from low-cycle
fatigue tests. The utilized methods for fatigue life prediction are as follows: Coffin-Manson
relation, plastic/total strain energy density relations, Smith-Watson-Topper relation, Tomkins
relation, and Jahed-Varvani relation. As results of estimation of fatigue lives, it satisfied within
scatter band two compared to the test fatigue lives in all methods. The quantitative calculation of
the deviation of predicted fatigue lives gives that the total strain energy density relation presents

the best result.
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Nomenclature
a/ : Fatigue strength coefficient
b : Fatigue strength exponent
¢ : Fatigue ductility coefficient
c : Fatigue ductility exponent
Ae/2 : Total strain amplitude
E : Elastic modulus
N, : Failure life
2N oot : Tested reversals to failure
2N : Estimated reversals to failure
Aw,, AwS, Aw, : Plastic, tensile elastic, and
total strain energy density
PSED : Plastic strain energy density
TSED : Total strain energy density
RT : Room temperature

1M B

U A7) AE 5

T8 = (copper alloy) &
A3 7hEAel 4 7 A AHe #A

st B Ax 9 B4 T die A
2207 oA MEE g FHaE &
2 TEd 05~12% A= AEC] FHE T
e T & IRk °of FEL 1000T 1<l
44| 8} (solidification) *&] ¥ 400~500C A=<
25 A A A(aging) EXHE FdHHE A7
2% 73l (precipitation hardening)® HE= %
Hgol sty 54E zeth olF T E
de2 A=Al &5 T 8% FEVA &
Hew, =7t desta 53] a2l AEE
frAStE 540 o, W3t 9 43 3=
sttt d#A UdTH12]. oleld EAHO=E
g & 23T FHIdTS e BAH 7
3 dA= §4ol a7HE A9 F2 ASH
=, 2AA d&719 WE &A[B-5] # g
o Zdg Au6-8] ol WEAU & Abu o]
o

o
S
L)
rlo
et
oY

AAE Aol AtHE A%

=1 3 d=x3 Sl o8 ®HE skFo] I7E
A He=d ol Ase 2338 FEsiA -
o AFS AAEte A AFe] A=
& A3 dSsts AL AT AHAY 2

B =R 7FHaE w9 @& FRY
Cu-0.6 wt%Cr% Hggth £ Ade d=3F
THANA Hx] ZAAZ AA7]e] YFEH

J_?l_
a ><4oom A3 AR ADolvHiol FH
YaHoz 24 D AN vAZ Hol

_l

o b rlo
™
T
s =k
= X?l_" o
P
>
A o AN ]
o
e
A
1%
rlo
n)
Al
=
2
>
rr

fr 4
=2
:?{é
ofl
EL
rr
ol
Al
odt
of{
o
-

A9 AT 9
FeaE &4 Ado)
oI AAHE Cucr

Wi 2 T R e M > = o{d

ol )

ok ys - S

-

) o
&
re
it
—_
=

o] A EAE
(Zr)elvt EEbE(Ti) 55 &% F71% 3*& 4%
T 5l EH tefe J2E5EY A7 9
HAo
7 = 7‘1]5‘— Wo] = 49
[314]2 AHZHJ] HE s7lde @t &
T AUk

B =FodlAe Cu-06 wthCre TOFd 2=
Z7 &ellA AF7] J2ARE FId% AAE
og] 7A szaw FHrpgye mEk oS48
£ T8t AEsHF vlusted HrF B o
= 11, F7giet. o] & 98 & A&
o JIF g AF7] A=2AY +3 AA15]E °l
&3t 71E0l B 271A] B7F bkl Coffin-
Manson #A2 9 Morrow A2 fof A ®
FE AUA BEE o8& Hrlst= Le
Smith-Watson-Topper #A2], Tomkins 72|
I8 3l Jahed-Varvani #A2 5 F 671A 9 I
29 HrhAE o] &ste dF AzsHE A
2bstal Al @ vlaste] B gTh

AT = N

o=



Ol

N26 H5S 2022. 10.

2HANE TS BB

| MF7] D23 oSy dla X Fot 3

2. A= 2 A"

Ao AH43 Ase FHUIEF FEF Cu06
wthCroZ, B A 32 06% & H(Fe) 2
TA6G) 5 ZFFHY 2F 9 &AE HME
9 B4R Foz AY3Y. dAHYE 953
&A1& ASTM 4ol whet B Feje 1 AlA
2L 2 AAES MRSt Agel| ALstAnh

Ao 718 BEAS A A JAFAH
2 1 mm/min®] HAAAE T3l A4 FH
700C7HA AlE 2=dHE 334 AASATh A

434 s

H 9 (total strain

ol A7NA &= Hu*% ol
Ha 05%NA Hd 1.5%(324 A A 2.5%)
4 I A ] oE(quy reversed strain,
R=1E A7saT Aol H3E A7tz P
oW WHE —.EE 2x10%/secolth. e AlY
Aells AE A Ao d937 AsE 93
30~608 AE thr] AL JHHTE mESsme
N e Te a9 F 89 Auge) 25%
s Aol F 11711]\- 2 Aot AdAH=
MTS Ate] 32 fehARAlo] Ad7]9] MTS-810
olg3lgor, TA9 T AAA P 3L
25 A&t APE FHA

=29 AFE AA, AH A, AN #AX
o“ﬂ, JF g A=A A3 T2 EF[15]

SRR

o
L

v =

HH o} A7 = Z_P s A=

3 m=ZY Hlw A Fot

3.1 Coffin-Manson 7|2

HYES FHH7 AR 18ste HJ2FH
A = 71 gfEA el BA 212l Coffin-Manson
2][16,17]2 Eq. 17 2t}

9 AHelA o/ AR
A, /= A2d4 l# = HRAYFA S
Uetdi®, A2 A
amplitude), E<
FHE o E
el e d W
- i G54 2
Fig. 20 YEPT: Fig. 1014
N e 57t @S gopAnrt o) Fo=
Q33 FrmFHo] S S E F U
ol EJ[15]oA dF7 ukek 2ol 400~500C

00 \
8

3 v

=

£ \

< v

c

£ *

a v

s

) \v
=

10° 10 10°
2Nf (rev)

Fig. 1 Relations of life and total strain amplitude
at various temperatures[10].
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Fig. 2 Comparison of test and estimated fatigue
lives using Coffin-Manson relation.
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Fig. 3 Changes of fatigue ductility coefficient, exponent
and elongation at various temperatures[10].
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Fig. 4 Relations of life and plastic strain energy
density at various temperatures[10].
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Fig 5. Comparison of test and estimated fatigue
lives using Morrow relation.
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