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A method for reducing strain2life curve of low cycle'fatigue

ZH ANG Gudong', SU-Bin', WANG Hong’, ZHONG Bin', XU Chao'
(1. Beijing Institute of-Aeronautical Materials, Beijing 100095, China;

2. School-Material Science and Engineering,
Northwestern Rolytechnical-U niversity, Xi an 710072, China)

Abstract: Based 'on Manson2Coffin equations of low cycle fatigue (LCF) under strain
controlled to acquire strain2life curve, a new technique for determining strain2life curve of
LCF is developed. When fatigue life is shorter than 5000 cycles, experimental data of LCF
under strain controlled are used. But when fatigue life is longer than 5000 cycles, experimen2
tal data of high cycle fatigue (HCF) under stress controlled are employed. This new method
of combining LCF with HCF allows to avoid long fatigue life with small strain test under
strain controlled, thus test expenses may be saved and test time shortened. Experimental data of
LCF and H CF are reduced by new method for superalloy GH 141, at temperature 760 e . Strainlife
curves obtained by simply Manson2Coffin equation and by new method are in good agreement. The
new method combining by LCF with HCF can be used to get strain2life curve of LCF.

Key words: aerospace propulsion system; low cycle fatigue (LCF); life; high cycle fa2
tigue (HCF)
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Table 2 LCF Performance of GH141
5@
10°  ~ 5@10° /
5@l ~ 5@10 , :(a) ($E/2)/ (SE./2)/ ($E,/2)/ ($SR2)/ 2Ny/
, (b) % % % MPa
,(¢) 1.200 0.704  0.495 972 128 1
- (d) (Bausch2 1.007 0.688 0.319 949 416 1
inger) , 2
0.799  0.611  0.188 843 522 1
, Man2
somCoffin 0.674  0.544  0.129 751 1088 1
2 , 1.200 0.700  0:499 96 184 1
3 4
’ (3@10° ~5@l0° ) 1.206 _0.691 \ 0.515 953 162 1
’ 0,997 _—0:-702  \0.295 969 226 1
1,009 0681 0.328 940 254 1
3 0.803 0.642 0.16l 886 670 1
0.803  0.663 / 0.139 915 460 1
H 141 760 e
G 6 0.799 07644  0.155 888 626 1
260 i 0.600 0.577 0.023 796 1802 1
56 mm 55 mm 0.601  0.595  0.005 821 1400 1
MT 2809 0.602 0.568 0.034 783 1508 1
-1 ’ 0.501  0.504 - 0.004 696 3824 1
PL@100C
. 0.502 0.521 - 0.020 719 2938 1
0.501  0.508 - 0.00 00 359 1
1 GH141 T
Table 1 Tension performance of GH141 0.400 0.411 - 0.011 567 8342 1

He R./MPa Ry»/MPa Dy % W% 0.400 0.434 - 0.035 599 8110 1

0.351 0.400 - 0.049 552 15308 1

760 990 735 16.0 21.0
0.299 0.349 - 0.051 482 39370 1
31 0.500 0.518 - 0.018 715 2728 1
Mansom2Coffin GH 141 0.399 0.429 - 0.030 592 6314 1
760 ¢ 0.351 0.360 - 0.010 497 14930 1
’ 2 0.300 0.345 - 0.045 476 23974 1
25 14
2 ,
Manson2 Coffin s 1 3.2
1000 GH 141 760 ¢
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Table 3 HCF performance of GH141
Ruax/ N/ Rrax/ N¢/ Ruax/ N/
MPa MPa MPa
640 3080 580 3000 500 21000
640 3340 580 3700 480 2022000
640 2240 540 9620 460 10000000
620 2300 540 9340
580 4510 540 12 640

o /MPa
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Fig. 3 Stres@life curve-of high-cycle fatigue

3.3
3.3.1

3.3.2

o /MPa

2
( 1000 )
, ( 1000 )
R 4
, (
, )
, 4 4
1200
| GH141 760
L o RAEREFFIE Re=-1
+ o Ji JIESTE R=-1
1000} o HEBIE R=-1
f AR R=-1
800}
i L
600 r
|
F o, =1945.5%(2N)(-0.1295)
4001 R-0.98
-ALII‘LLI_I.I]AILLLIIII FEERETIT | L il MR EITT
2005 10° 10° 10* 10° 10
2N,
4 2

Fig. 4 Stresglife curve reduced by

combined method

2



5 2 871
, , 0.020
[ CH141 760°C
( , ) , 5 i o BIASHEYHAR Re=-1
3 o HOKIE R-
0.016 - - - RS BRI 2R R~
5 6 — HOBEERIG
2 b
«C ) 0012}
2 E :
(1@10° ~1@10° ) 0.008
1. 57 , 6 f
6 0.004 2
) 2NP1 5
5 2Np2 0: gl Y PR a
10" 10 10 104 10° 108
4 2N,
Table4 Combined experiment data in stress form
5 2
Ruax/ 2N ¢/ Ronax/ 2N¢/ Rua/ 2N/ Fig. 5 Streslife curve reduced
MPa MPa MPa by combirnted method
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[ d
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Fig. 7 Validation results of fatigue life
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Table 5 Combined Experiment data in strain form

(SE/2)/ (SE./2)/ ($E/2)/ ($R2)/ (2Ny)/

% % % MPa
1.200 0.704 0.495 972 128 1
1.007 0.688 0.319 949 416 1
0.799 0.611 0.188 843 522 1
0.674 0.544 0.129 751 1088 1
1.200 0.700 0.499 966 184 1
1.206 0.691 0.515 953 162 1
0.997 0.702 0.295 969 226 1
1.009 0.681 0.328 940 254 1
0.803 0.642 0.161 886 670 1
0.803 0.663 0.139 915 460 1
0.799 0.644 0.155 888 626 1
0.600 0.577 0.023 796 1802 1
0.601 0.595 0.005 821 1400 1
0.602 0.568 0.034 783 1508 1
0.474 0.474 X 640 6680 1
0.474 _0.474 - 640 4480 1
0.457 0.457 - 620 4 600 1
0.425 0.425 - 580 9020 1
0.425 0.425 F 580 6000 1
0.425 0.425 > 580 7400 1
0.394 0.39% - 540 19240 1
0.394 0.39% - 540 18680 1
0.394 0.39% - 540 25280 1
0.363 0.363 - 500 42000 1
6

Table 6 Validation results of fatigue life

($E/2)/

% 2Ny 2N, 2N,
0.501 3270 4930 5514
0.400 7588 18680 23 840
0.351 15120 43560 60900
0.300 31672 126 200 198000
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