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Numerical simulation of L CF probability-tife'of a turbine disk

TANGJun-xing, LU Shan
(School of Engine and Energy , Northwestern Polytechnica Univerdty ,'\Xi’ an 710072, China)

Abstract : Crack initiation‘life behaveslarge scatter-which induces inconvenience in the eval ua
tion of the s&fe boundary in predicting low-eyclefatigue-(L CF)-life of disks. To determine the sfety
life, a probabitity 'model based-en strainfatigue wasintroducedto take into acoount the random fac-
tors such as rotating speed, materid property and the interference between pin bolt and pinhole.
Then the distribution'of the disk fatigue life was acquired through the combination of the reponse
surface method and Monte-Carlo s mulation. Fndly, the life with rdiability level of 99. 87 % was
derived and fitted well with the technicd life of the disk based on test eval uation.

Key words: aerogpace propulson system; turbine disk; strain fatigue; Monte Carlo
smulation; response surface method; reliability
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Table 1 Therandom veriables in sressand drain analysis

E MPa 1.992x10° 7.0x10°
W/ rad/ s 1331 4.44
3/ mm 0.01 0.001 67
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1 1/ 32 !
Fig.1 The 1/ 32 sector of disk and FEM model
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Fig. 2 The steady-state hysteress
loop in fatigue test
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Table 2 The computational results of-mean value
at the critical-sizes

JAYS M Pa
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Fig. 3 The strain probability density curve
at the critical sizes
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Fig. 4 Thefailure life probability density

curve at the critical sizes
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Table 3 The computational results of L CF

probability life at the critical sizes

[ 1]

PL P2 P3
0.13% 2283 2168 2137
50 % 5820 5625 5575
99.87 % 15614 15287 15175
5225 5050 5000
4 ,3
5000 ,
3 P1
0. 13 %, P3 , 2 137
99.87 %
2137
2.3
[1] [2]
6 047 , 7 087
3783,
200 ,
273 ,
329 3 667

4 , 2
(P3 5 000
)
, 5%
, [2] [3]
0.3 mm ,
0.38 mm
( Kic=90MP- m),
2 435 ,
4 654
[3]
, 95 % 99.87 %
27198 ,
99.87% 2 137
5575
, 99. 87 % 2137
, 3
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