23 11 Vol.23 No. 11
2008 11 Journal of Aerospace Power Nov. 2008

: 1000 8055(2008) 11- 2016- 05

LRR, &l
( , 710072)

s s H ohenbichler M

) ’ ’ ’

: TB114. 3; V231.95 A

Analysis method for the strain fatigue life reliability of a disk
concerning failure correlation of multi eritical sites in the same
stress level

M A-Shuangyuan, LU-Shan

(School of Power_and Energy,
Northwestern Polytechnical University, Xi" an 710072, China)

Abstract: In order\to calculate strairfatigue life reliability of a disk more accurately,
considering the failure correlation of the disc with multrcritical sites in the same stress level,
a method for analysis of strairrfatigue life reliability was proposed. A strairrfatigue life relia-
bility interfere model based on generalized strength and generalized stress was set up, and H-
L. method was used to evaluate the fatigue life reliability at a failure site. As afan disk usual-
ly contains multi critical sites in the same stress level, the strair fatigue life reliability of the
disk concerning multi failure sites correlation was acquired through the Hohenbichler’ s inte-
gral method. Finally, an example of strairrfatigue life analysis of the disk was given to dem-
onstrate the efficiency of the method. The relationship of the correlation coefficient betw een
the failure functions and the correlation coefficient betw een random variables in the stairrlife
model is discussed. Also the relationship of the correlation coefficient between the failure
functions and the probabilistic fatigue life of the fan disk concerning multi failure sites corre-

lation is illustrated.

Key words: disk; strain life; multi critical sites; correlation; system reliability

: 2007 16 30; : 2008 0407
(1979- ),



2017

20% .
20 90
CPFI ,
( ) .
[1] -
, [2-3]
M ansomr Coffin
16 [4]
33 127
[6]
, [ 23]
- \ H-L
bichler M 7]
1
1.1
M ansorr Coffin 2 .
A = 2 x

AMV

[[ﬂx 1009~ 2 2N+ & x 10"2"2(2Nf)0]

E E

(D

a .8 , b
, C . Om -
Ny , F , Ul , u2
r 2o o
AE = f[R, coE] (2
(2 R , ©  E
ey
[23]

g= A€- A€ = g(R, QE, u,u2) (3)

g = A& A€ =\ 0 (4
4
H-L '
B.
1.2
O, , , Hohen-
bichler M 7
n

Pr= GBQ)= _ImeB‘T_—%} @ (9

a{JB Cw)

e,

” g17g2



2018 23
i(@g_] : ip Mansorr Coffin ,
L Oxi| i
d Og |’ (6) 7 0. 027 4u ‘
tﬂ . a A€= 2[(0. 0188 x 10~ - 0.003736) x
6 i= Xi| P (2N1)7 0. 124+ 0. 458 x IOO.llluz(sz)f 0.735] (8)
(6 B woow r=0.123
g1 g2 Xi ) 2]
5 . w o, u2 ,
g *
[ax] P P ) (8)
£ ,
(6), AE= 2[(0. 0188 x 10™ #2172 _ (,003736) x
o} , (2N{)-0A 24 ) 458 x 100111123(1/1-1/2) (2N©) 0A735]
5 )
(5) (9)
_ 2 _ 2
5 w = 2(Y1+Y2),u2— 2(Y1—Y2),
Yi, 2 0, I+ r
1-r
’ (9) 7(7) ’
1 500-9 2351 500 v/ Z7 17
_ ’ : g= 2/(0.0188% 10" _ 0/003736) x
mn ’ TCll ~0. 24 O.lll‘zz(nyz) .\~ 0.735
’ 4. 48 x 10° (2N+) + 0,458% 10 T 2A2Ny) ] -
ke/ m 0.3 23 87718 x 10° - 1.3184 x 10 "R" + 6. 8053 X
33 ' R T0°R - (2:2662w- '1143.7)/E
, [9] ,
ANSYS Nit= 3 870. H-L 1
’ : 2, 3.
1/ 33 2 (Ni= 3 870)
1 Table 2 Life reliability of the fan disc mortise
Table 1 Random variable parameters of the fan disc (Ni= 3870)
in crack-initiation'life analysis [9] HFL
99. 870% 99. 879% 0. 001%
E/MPa 122000 4430
©/(1/9) 967 3.4 3 (P, =99.87%)
R/ mm 2.5 0.0333 Table 3 Strain fatigue life of the fan disc mortise
, . (P.=99.87%)
(0/E - 0,/E) (2N, 0.027 4
&(2N ) 0.111 [9] L
3870 3910 1.0%
2.1
22

AE= 8. 7718 x 10 *+ 1. 3184 x 10 *R* -
6.8053 x 10 "R+ (2.2662w0— 1143.7)/E  (17)

TC11

R= -1

2

gr= g(Ri, o, E1,Y1,Y2)
g2 = g(Rz,wz,Ez, Y|,Y2)
(6)



11 : 2019

Ni= 3870 , H-L B .0 R (2. 2,
B= 3.033. ® ,
R ’ k ’ 0.0400
|
2 o R 2 (‘l), E :
Po= 1.0, Pe= 1.0, Pr= 1.0; M
Vi ’ Y2 g/l = py'z =0.7. (6) § :
— iR 0.0200}
Q = 0.736. (5), = [
(n= 33) ‘E:"f i
4. 0.0100}
4 (N= 3870) I
Table 4 Life reliability of the fan disc(N;= 3870) P S S S
0 0.20 0.40 0.60 0.80 1.00
AR A7 By e o AT K A B
[9] 0, =10 0, = 0.736 1 (_N-r=-3870)
/% 99. 870 99. 879 98. 560 Fig.1 Failure probability of the fan disc(\ N (= 3 870)
! % - 0. 009 1. 312 1.00
5 0.80f
4 p=1 . w o
K
& I
060
[9] !
0.009%, ; = 040}
R =0.736_-, = s
[9] . 312%., o 0.20
Po, By . B, 2= Q=08 0030 040 060 080 100
98. 450% RE Y (5RY,) HIK R HL
0. 10%" R, E ’
R o FE 0 = Fig.2 Relation of the material s parameters relative to
> >N the correlation coefficient of disc’ s limit functions
A,=05 , 97. 750% ,
99. 87
98. 560 % 0.81%, %
, Ne= 3870, 0 3
<0<l | 3 : R=0N=2
: ’ 540, [ af Pesw)] = 0. 9987,
’ 5 Q’ = 1 ,Nfz
’ 3910, Boio) = 0.9987,
QR 1
’ R <04 , 2 f =0, <032

2

A =0 .P=10,0=1.0 0= 10, 3 :



2020

23

1%,

4000

3800

3600

3400

RIS 4
8
g

| [N N LN B B NN N B w2 e an ]

3000

2800

2600

’) : L 4 4 1 1 L 2 1 L 4 o | 4 by 3 1 e A 4
24006=—=3560""0:200 0600 0.800 17000

R0 21 i o B K AR K
3 (P = 99.87%)
Fig. 3 Strain fatigue life of the fan disc( P, = 99.87%)
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