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Fatigue Cumulative Damage Model Considering Dynamic Memory
Properties of Materials

ZHOU Sizhu XIANG Qiongyao ZENG Yun’
School of Mechanical Engineering, Yangtze University , Jingzhou, Hubei,434020

Abstract: In order to evaluate the fatigue life of engineering components under variable amplitude
loads and improve the prediction accuracy of fatigue life, based on the S-N curve, a new form of material
memory performance function was introduced and a new fatigue cumulative damage model was established
considering the damages and irreversible degradation caused by grain boundary cracking, slip extrusion and
extrusion in the materials caused by cyclic loads. A two-stage loading tests were carried out on the pump
head bodies of 30NiCrMoV 12 and 30CrMnSiA to verify the accuracy of the model proposed herein for fa-
tigue life prediction. The results show that the fatigue cumulative damage model considering the dynamic
memory characteristics of the materials is compared with other models. The fatigue life prediction results
under high-low two-stage loading conditions are within the error band of 1.5 times, and the mean predic-
tion error is less than 0. 1, which has higher prediction accuracy.
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Tab.4 Experimental observation results of 30NiCrMoV

12 steel under two-stage loading condition
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n, 7", ny
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Tab.5 Experimental observation results of 30CrMnSiA

steel under two-stage loading condition
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iz 5 ; : p
wi | P BB e | e | s
! "
n, Ny 7y
1 | 1200 | 36911 | 40185 |37 594
25| o, =586 MPa | 2 | 1800 | 32450 | 38185 | 33051
M# | 6,=482MPa | 3 | 3000 | 16002 | 28184 | 16298
4 | 5000 | 6969 | 18183 | 7098
5 |13000| 6602 | 8183 | 6480
6 |15000| 6501 | 4531 | 6381
k-7 | op=482MPa - -
It o6 Mpa |7 |25000] 5400 | 3932 | 5300
g,=—5 a
8 35000| 4428 | 2733 | 4346
9 |45000| 3254 | 734 | 3194

FAE X JLTO G J) 47 A B AR
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P=1log(N,)—log(N,) (36)
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Tab.6 Comparison of the actual life and theoretical life
of the pump head under actual working conditions

(two-stage loading)

R
A TR i
mEKE | R | bty | TR
" A
n, n
1 3300 | 2019 600 1623 379
2 3300 | 2027 520 1623 379
3 3300 | 2890 800 1623 379
4 3300 | 1642 080 1623 379
- 0, = 320 MPa
SR li| 5 3300 | 2117 280 1623 379
A~ ,= 270 MPa—
6 3300 | 1615680 1623 379
7 3300 | 1547 040 1623 379
8 3300 | 2164 800 1623 379
9 3300 | 1953 600 1623 379
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Fig.9 Comparison of prediction error of five models

box diagram (SJB-03 pump head)
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