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Reliability analysism ethod for the strain fatigue life of a disk
TANG Jun-xing IU Shan

( School of Pawer and Energy, Northw estem PolytechnicalUnw , X1 an 710072 Chima )
Abstract A probabilistic model based on strain-life curve was developed 1o assess fatigue life reliability of a disk By
randan izing the CoffinM onson equation w ith wo related randam variables The square sum of residuals for linear regression of
strain-life curve was redefined In this way the paraneters oblaned from regression will be unchanged when the coondmate
systan is changed The stram ampliude distribution at a critical site of a disk was acquired through the cambmation of re-
sponse surface m ethod andM onte Carlo smulation Fmally the distrbution of strain failire life at the site can be achieved by

mum erical simulation And then the reliable life or the reliability for any given life can be derived easily fran the distrbution
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Choose random variables
o Geometry
« Material properties
« Load
!

Stress/strain analysis
o Cyclic stress-strain
» Load history
T
Distribution of strain amplitude
« Response surface fit = Correlation of random
s Monte carlo simulation Variables

| |

&-N tesl data
« &-N curve constants
« Scatter of failure life

Probabilistic strain-fife model

Prediction of distribution of
Fatigue failure life
« Monte carlo simulation

Fig 1 Probabilistic approach of strain-based fatigue
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Table 1 Paran eters of calculated disk

M ean SD

E lastic modulus £ /GPa 100 1
Rotate speed @ /{ 1/s) 1414 14 14
Outer radiir,,, m 0 23 0 001
Inner radiir, /m 0 08 0 001

M ass density P/( kg/m?) 8210 0

Poisson’ s ratio v 0 49 0

H anlen ing coefficientm (1 69687 0

Table 2 Results of mean value of critical site
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Table 3 Calculated distributions of stain amplitude and fatigue failure life

Ag, N/ Cycles
Failure Theoretical results
FEA Theoretical resulis | Relative errorf | Experment resu i Relative errorfe
bl Yiogmal Simulation
a 0005 6 0091 x 10 - 6 0140 x 1072 Q0 081 2415 2408 2408 a3
a 001 6 0387 x 10~ 6 0435 x 10" - 079 2563 2556 2557 a3
Q 005 6 1151 %10 - 6 1197 x 10" - a 075 2991 2983 2983 a3
0 os f 2551 %107 ° 6 2595 x 10 - a 070 3969 3957 3957 a3
a 10 6 3103 x 107 - 6 3148 x 107 - a 071 4440 4422 4422 a4
Q5 6 5081 x 10" - G 5126 %107 a 069 6605 6582 6582 a4
09 6 7104 %107 G 7153 x 107" 0 073 9921 0887 0886 a3
(95 6 7687 x 107 ° G 7736 % 107 (072 11157 11118 11118 04
Q 995 6 9198 x 10” - 6 9250 =10~ 0 075 15144 15078 15086 a4
a 999 7 0041 x 107 7 0098 x 107~ Q0 081 17987 17893 17901 as
0 9995 7 036x10"° 7 0429 > 10° 0 098 19250 19137 19182 Qs
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Fig 2 Predicted fatigue failure life distribution
of a disk
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