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Abstract

To evaluate the low cycle fatigue life of structural parts by using material data and finite element
analysis results, a life prediction method was proposed based on tensile strain energy. This method
considered multiple factors such as average stress, stress concentration and size effect. The tensile
strain energy formula under different stress ratios was further derived. The data in the material
manual and the existing test data are used to verify the model. The life prediction results are in good
agreement with the test results, and the life prediction accuracy is greatly improved compared with
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the local strain method. The fatigue life predicted by this method for the two types of wheel simula-
tors is within 2 times error band, which has a broad application prospect in engineering.
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Figure 1. Cyclic stress-strain curve for -1 <R, <0
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Figure 2. Cyclic stress-strain curve for Ro > 0
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Table 1. Low cycle fatigue test data of smooth specimen of 1Cr11Ni2W2MoV, 200°C
5 1. 1Cr1INi2W2MoV HiBiR R B 7 iR i 248 200°C

&at Eae &ap oa/MPa 2Nt
0.00550 0.00398 0.00152 810 7392
0.00551 0.00395 0.00156 829 7486
0.00550 0.00468 0.00082 955 10,944
0.00549 0.00420 0.00129 873 8622
0.00550 0.00453 0.00097 919 9402
0.00549 0.00406 0.00143 860 7980
0.00451 0.00422 0.00029 859 28,822
0.00450 0.00361 0.00089 737 18,398
0.00451 0.00380 0.00071 753 20,898
0.00450 0.00427 0.00023 868 34,392
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0.00452 0.00400 0.00052 817 26,124
0.00451 0.00433 0.00018 880 27,928
0.00451 0.00392 0.00059 839 23,440
0.00350 0.00348 0.00002 704 42,568
0.00350 0.00343 0.00007 699 110,756
0.00351 0.00342 0.00009 722 106,652
0.00350 0.00337 0.00013 702 63,436
0.00351 0.00324 0.00027 685 71,383
0.00350 0.00345 0.00005 695 106,586
0.00350 0.00342 0.00008 688 167,374
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Figure 3. Simulated wq-Nr curve by smooth samples test data and test data of notched specimen of 1Cr11Ni2W2MoV (200°C)
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Table 2. Tested and simulated results of 1Cr11Ni2W2Mo2V notched samples
F= 2. 1Cr1INi2w2Mo2V ROk R I F o A R

YR ORI J AR R 7 A A R JAER R A5 Manson-coffin A 3
HIMPa fr N HRGUAIRD G No/N; ik DfFFi”E SERINS WA Nea/Ni
Weq Nec T eat Om Nc2
1000 5200 3.3321 5872 1.1293 0.0043 862.0 1929 0.3710
800 17,000 2.1769 14,824 0.8720 0.0034 717.4 5133 0.3019
650 73,100 1.4727 34,687 0.4745 0.0028 588.3 23526 0.3218
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FAEF LR, AR THEAS B G DEE G ar A 7R R 2ty v R JR N g N ARy T i 75 i
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W =W, +Ww, =5.3088N, **** +1749.04N % (12)
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Figure 4. Sketch of 1Cr11Ni2W2MoV notched sample
[ 4. 1Cr1INi2W2MoV #4#HEe iR &
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Table 3. Predicted and test result of 1Cr11Ni2W2MoV 300°C notched samples
% 3. 1Cr11Ni2W2MoV #1#} 300°Cik QX #HE S FUNLE R 24

B ok JSEAZ BEAF i A R JH AR Manson-coffin 247

AR WA AT W BROERIE  Manson-coffin #44

J7/MPa @ Nr T Weq Net Nc1/Nt 8 ea F 67 Neo Nec2/Nt
520 5000 1.8257 4719 0.9438 0.0102 235 0.047
440 10,000 1.1257 28,241 2.8242 0.0079 415 0.042

4.4, K403 Ked = thish O3 & dp Tl
KH CRETZEPRFEADY A REEE A T R AR 750 CHY Y wa-Ne BHZR o RPN RS8R, T
d=6.35mm, MM A=MEE, N N-1, RIGEE 750°C, WIH% 0.083~0.830 Hz, KA A
W2, N HNETE E N 418~892 MPa. FU-&15 21 we-Nt AN
Lgw, =1.0773-0.3932LgN, +0.0176Lg>N, (14)
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THEAF B8 BB e = 0.0058, K Manson-coffin iy A 2T N7 2 19 F vy 21, TKE FE
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Figure 5. Sketch of K403 rotary bending notched sample
[# 5. K403 rede TRk Qi R EE

Table 4. Predicted and test result of K403 notched samples
3 4. K403 HEst TR QX F S TUNE R

gy RO WAL fie A i AR 2 Je #8422 Manson-coffin 24 2
5 A
Ag 7y A GRS Manson-coffin i
71 SmaxiMPa AR AR T WREw N #ERL - Manson-coffin ¢ N/N
#r Ni B B AR TE I Weq Ne o Nt AU o B Neo c2/Ni
335 50,000 0.4112 52,200 1.044 0.0058 21 42 %10
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Figure 6. Comparing of test results between disc bolt hole and simulating specimen
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Table 5. GH698 material smooth specimen test data
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N F37E FEl/MPa &at ae &ap Log Nt w
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Table 6. Comparison of life predictions and calculations for high pressure turbine disk bolt hole router and simulated parts
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Table 7. Comparing of life predicting results and test results of simulating specimens
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Figure 7. Sketch of simulating specimen A
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