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Study on Fatigue Scatter of TC11 Titanium Alloy Disk
Based on the Weakest Link Model
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Abstract: Considering both material fatigue scatter and size effects, a probabilistic fatigue life analysis method
for structures is developed based on the weakest link theory. The fatigue life distribution of the smooth
specimens 1s modeled using both log-normal and Weibull distributions. This method is applied to predict and
analyze the fatigue life and fatigue life scatter coefficient of TC11 titanium alloy simulated specimens and disk
hub based on the fatigue life distribution of the TC11 smooth specimens. The results show that both models

based on the weakest link theory accurately predict the median fatigue life of TC11 specimens, with
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predictions falling within twice the scatter range of experimental results. The log-normal model’s prediction of

fatigue life scatter is closer to experimental data than that of the Weibull model. For the disk hub region, the

life predictions of both models are similar at higher failure probabilities, and the predictions by the log-normal

model are significantly larger than those by the Weibull distribution model when the failure probabilities are

low. Furhter, the predictions on the fatigue life scatter of this region by the weakest link model based on the

lognormal distribution are significantly smaller than the scatter coefficients of the smooth specimens and the

simulated ones. The proposed log-noarml model can better analyze and predict the influence of size effects on

structural fatigue scatter than the Weibull distribution model.

Key words: TC11 titanium alloy; the weakest link model; fatigue scatter; log-normal distribution; Weibull
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Fig.1 Probabilistic fatigue life analysis process based on the

weakest link theory
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Table 1 Log-normal distribution parameters of fatigue

life for smooth TC11 titanium alloy specimens

Wk 1/ RiJike XFEORST AT XEOE S A
MPa R Y bR o
580 —0.3 6.2154 0.0725
620 —0.3 5.453 9 0.158 6
660 —0.3 4.956 3 0.1258
620 0.05 6.300 9 0.124 3
660 0.05 5.9759 0.075 1
700 0.05 4.984 1 0.1316
740 0.05 4.607 1 0.091 6
740 0.4 6.419 6 0.0716
780 0.4 6.2111 0.087 7
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Fig.4 Fitting curve of Walker equivalent stress and logarith-
mic fatigue life mean for smooth TC11 titanium alloy
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Table 3 Weibull distribution parameters of fatigue life

for smooth TC11 titanium alloy specimens

WRRH/ RNl EHGRIES S A
MPa R By RS Hp
580 —0.3 1783 630 5.878 0
620 —0.3 336 384 3.226 2
660 —0.3 104 500 3.4219
620 0.05 2 265 265 4.756 6
660 0.05 1023186 7.576 6
700 0.05 112 363 3.120 1
740 0.05 44 291 6.536 3
740 0.4 2833916 7.389 4
780 0.4 1790 256 5.533 6

WO FH RS HIE B 5.271 0
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Table 4 Fatigue life dispersion under the assumption of

Weibull distribution for smooth specimens

RN T /MPa B R TR AR
580 —0.3 4.27
620 —0.3 14.11
660 —0.3 12.13
620 0.05 6.02
660 0.05 3.09
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740 0.05 3.69
740 0.4 3.18
780 0.4 4.68
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Fig.7 Geometric features of the simulated specimens
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trifugal impeller disk
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Fig.10 Fatigue test results of simulated specimen
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Fig.11 Fracture location of simulated specimen
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Fig.12 Fatigue crack initiation sources in simulated

specimen

Fig.13 Crack propagation zone in simulated specimen
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Table 5 Log-normal distribution parameters of fatigue

life for TC11 titanium alloy simulated specimens

vy X 55 X} B 5
MPa A A B 1 FF AR o
476 4.9019 0.1311
430 5.724 7 0.158 1
391 6.197 7 0.170 7

F6 TCUHKAEEMUHESTEGHARIBESH
Table 6 Weibull distribution parameters of fatigue life

for TC11 titanium alloy simulated specimens

X T1/ JBA IR 53 A JBUA IR 53 A
MPa INEE S g AR H B
476 92 077 3.4488
430 631 852 3.009 0
391 1 856 659 3.714 2

3.2 TC11 &R S F & 4 % il

K FH 5 2749 37 00 R T g 59 i B0 1 A R
95 AT 7 % TCLL 800 B0 14 9% 95 75 fiw AT
T . A A PR G R 14 R . SRR
5150 AT L 0.05, 2E B0 2 for 25 40 T AL
;B8 A5 L7 0 s o Ao 2 0 A 28 iy 1) ey R R A SR
FE J5 SEAE B0 I ) 20 R b 4ok AR TR o SR B R
J& & Chaboche iz gl il {458 84 % TC 11 7 it iihy £k i
FT AN AL, SR T A Fg A58 250 o) S 0L AP 32 47 A R T
WL 353 HT W AE 2ang T Y R ) 40 A A 15 R

B TR A BR T 2 BAb 43 I 45 5 R 40l 1
i W B A 2 T8 0] 43 S A T R T T, R s S R T
BTN YN 7 X5 N 7 BUIE IR A UL fi 6 R A6
FM PR ICAS T N S A . A R TR R



%13

TR, S LT S AR BN TC11 4K A 4 50 800 o7 it 52 87

Bl 14 B BROCEE R
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Fig.15 Stress distribution in simulated specimen
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Fig.16 Comparison of predicted median fatigue life and

experimental results for simulated specimen
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Fig.17 Comparison of cumulative failure probability

K17

predicted by the log-normal distribution-based
weakest-link model and statistical results for
simulated specimen
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Fig.18 Comparison of cumulative failure probability

predicted by the Weibull distribution-based
weakest-link model and statistical results for

simulated specimen
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Table 7 Experimental statistical results of simulated

specimen based on log-normal distribution with

failure probabilities of 0. 13%, 50% and 99. 87%

& R/ P/ %

MPa 0.13 50 99.87 i
476 32137 79 787 198 084 6.16
430 177306 530566 1587676 8.95
391 482525 1576449 5150489  10.67

*8 EFWNHESHHRBEEENENGES FHM
&5 R (R :0.13%.50%.99.87%)

Table 8 Fatigue life prediction results for the simulated
specimen based on the log-normal distribution
Weakest-link model with failure probabilities of
0. 13%, 50% and 99. 87%

&R P,/ %

gﬁgaﬁ/ 0.13 5/0 99.87 e
476 24 062 79671 243426 10.12
430 131615 454186 1405776  10.68
391 691482 2386623 7371773  10.66
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Table 9 Experimental statistical results of simulated

specimen based on Weibull distribution with

failure probabilities of 0. 13%, 50% and 99. 87%

% SR F1/ P/ %

MPa 0.13 50 99.87 i
476 13409 82793 159 459 11.89
430 69 431 559390 1185696  17.08
391 310310 1682199 3091571 9.96

10 ETEBHARSGBRERBHEERNENGFESF
R H R (R HEE :0.13%.50%.99.87%)

Table 10 Fatigue life prediction results for the simulated

specimen based on the Weibull distribution-as-

sumed weakest-link model with failure proba-

bilities of 0. 13%, 50% and 99. 87%

YaD P,/ %

‘i if/l%ajj/ 0.13 So 99.87 i
476 20 862 68 651 105412 5.05
430 113474 373409 573363  5.05
391 586922 1931379 2965603  5.05
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Fig.19 Geometric features and finite element analysis of

the impeller disk
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Fig.20 Prediction of cumulative failure probability for im-

peller disk fatigue life using the weakest-link model

under different probability distribution assumptions
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Table 11 Fatigue life and life dispersion prediction re-

sults for impeller disk based on log-normal

and Weibull distribution weakest-link models
with failure probabilities of 0.13%, 50% and

99. 87%
P 0
X B /% o
0.13 50 99.87
Kb BOFE S A 42 384 80 154 126 929 3.00
W eibull 43 ffi 24 973 82 177 126 182 5.05
5 4 o
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