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Prediction on high cycle life of blades using probability m ethod
MA Yan-hong ZHANG Da-yi HONG Jie CHEN Lu-k

(Coll of Energy and Power Engineering Beijng Univ  of A eronautics and A stronautics Beijing 100191,

Abstract

China)

H igh cycle fatigue (HCF) of blades caused by forced vibration is an problan for o engines To solve

HCF problens it is effective to introduce probability method to obtain high cycle life of blades The probability cumulative

dam age model according to blades was erected Based on vibration stress the num ericalm ethod to get probability cumulative

dam age and to obtain operational reliability was given The randan icities were taken into account adequately mcliding mode

randam icity and lad randan icity  Fnally certain engineering sanple was discussed to illustrate the method and certain sec-

ondary stator used in am issile engine was given as an exanple The prwobability cumulative danm ages altering w ith operation

tine were calculated and the operational reliabilities were obtained according to each operation tine
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Fig 1 Probability camulative dam age m odel
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Table 1 M aterial param eters and operation param eters

Density /( kg/m?) 2 800
E lastic modu s /GPa 63
Rayleigh danping Alpha 228 43
Beta 1 45x1077
Rotate speed/( r/m in) 28 000
Inlet total pressure/kPa 169
Inlet total tam perature /K 343 0
Inlet flow direction Panallel to axis
Outlet pressure /kPa 260
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Fig.6 Contour map of von-stress on blade
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Table 2 Blade randan input variables

M athen atical Standard
Variety D istribution type
expectation deviation
E lastic modu lus Lognomal 6.3%x10" Pa 6.3x10° Pa
2.72x10°7  2.72%10° "
Density Lognomal N R
Tn/mm” Tn/mm”
Main load frequency
Nomal 12.6 KHz 126 H z
on leading edge
Main load frequency
Nomal 144 kH z 144H =
on trailing edge
Load anpliude
Nomal 1 Q01
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(b) Sensitivity analysis for S,

Fig.9 Sensitivity analysis for S_,and §,
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Fig. 10 Histogram of samples for §_,and S,

Table 3 Statistical characteristics of vibration stress

V ariety M athan atical Standand
i expeclation deviation
Sw, MPa 6L 472 27127

M ean stress e ——
Sy MPa 44 009 23126
Sa; MPa 48 869 20197

Stress anplinde ... ... e
Sayy MPa 39 648 2 5772
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Table 4 Probability camulative dam ages and operational

reliabilities altering w ith operation tine

Param eters of probab ility

O peration .
accumulative dan age

tine R eliab ility

. Logarithm Logarithm
J"m mn

mean vale variance

5 - 10 600 8 9 804 3x 1072 1. 000 0
20 -9 2161 9 758 5x 1072 L. 000 0
50 - 8296 4 9 774 6% 1072 1. 000 0
100 -7 6046 9 857 61077 L 000 0
150 - 71993 9 743 5x10°° L. 000 0
200 -69135 9 740 9x 107 L 000 0
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Fig 11 Probability camulative dam ages for blade
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