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Structure Reliability Evaluation of a Gas Turbine D isk
JIAN G Xiang-hua, YAN G Xiao-guang, WAN G Y an-rong
(School of Jet Propulsion,

Beijing U niversity of A-eronautics-and A stronautics, Beijing 100083, China)
Abstract: Somwe deficiencies existed-in the traditional deteministic stress and fatigue
analysis of-gas turbine disk, for_example;-it_cannot-quantify the influence of discrepancies in
the structure design variables T he stress-strength interferencemethod and Fuzzy Probability
Integral (FP1) method,w hich\ean quantify these discrepancies,w ere applied to evaluate the
structure reliability of the\turbine disk Result show s FPImethod is rapid and effective The
influence of approximations existing in the interference method w as al studied A t the end
FPImethodw as used to evaluate thew hole disk reliability distribution This result is helpful
not only for understanding the reliability level of the whole disk but also for the further

design of the disk
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Table 1l Material P- S N fitness curve coeff icients
t/ a b c
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Table 2 D isk reliability by different methods

/
10* 10? 10° 10* 10° 10° 10
R1 1.000 0 1.000 0 0. 999 2 0.968 1 0.688 1 0.180 7 0.011 6
R2.1 1.000 0 1.000 0 0.999 2 0.967 6 0.687 9 0.178 5 0. 008 6
R2.2 1.000 0 1.000 0 0.999 8 0.984 5 0.753 6 0.206 8 0.009 3
R2.3 1.000 0 1.000 0 0.999 9 0.982 8 0.676 1 0.109 4 0.001 6
(13) (14) (10) FPI
) 4 R2 3 — EPI
, 2 R23 )
, FPI 23 , 1 46 s,
1.0 21 3s
— Ri
0.8 <Ry | 0.04 ' ' _
il ~ Rz :
06 | 0.02 1
# ] 0.00
ﬁ 0.4 .
T 0. -0.02
g
0.2 0.04
1 -0.06 "
0.0 . s -
10° 10* 10° 108 107 -0.08
1 fEER -0.10 . . .
Ao I B 10° 104 10° 10° 107
Ein EHE
4
Fig 4 Reliabilities obtained by different method 6 R2.1 R2.2
0.10 Fig 6 Difference in the resultsbetween R2 1
' | and R2 2
0.06 J
0.02 015 "
-0.02 d 0.10 ]
]
-0.06 l % 005}
<0.10 " . .
10 10 10° 108 107 0.00
iy I
-0.05 . "
10° 10* 108 10¢ 107
5 R2.1 R1 i A

Fig 5 Difference in the resultsbetween R2.1 and R1

7 R2.2 R2.3
Fig 7 Difference in the results between R2 2
andR2 3

23

4 , 1 R1 21

, (R2 1- RY) , 5
(R2 1- R2 2) , 6 ,



20

412
,R21 R22 2 4 FPI
0. 0671, ep|
13. 7%, 8 15
GH 4169 500 400 -
R2 2- R2 b
3) , ,
)R22 R2 3 ’
0. 125, ’
39.3%, 3
(37) ,S- N

s
-
-
-
[1] ,
[A]
8 10° [CL—: « )
. A\ . . 231 235
Fig 8 Contour distribution of disk reliability at (2]
5 A
10°life cycles )[Z]. ,1993: 130 134

[3] D]

1986

1 2003:



