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Abstract: A time-varying model considering crack growth degradation process was established and
applied to the probabilistic life analysis of crack growth in the turbine disk mortise. Firstly, a time-varying
crack growth model of GH4720Li superalloy was established by introducing the Wiener stochastic process
with double time scale functions. And it was verified by crack growth test of compact tensile specimens.
Then, taking the root of the turbine disk’s mortise tooth as the key object, the weight function method for
solving the stress intensity factor of the crack in the root of the turbine disk’s mortise tooth was established

and compared with the finite element analysis results of the crack growth in the turbine disk mortise.
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Finally, combining the weight function and the time-varying crack growth model, the reliability analysis

method for fatigue crack growth degradation of the turbine disk mortise was established. Analysis results

showed that the crack growth degradation life of the turbine disk’s mortise presented a large dispersion,

with an average value of 14 177 cycles and a standard deviation of 1 090.09 cycles. The prediction of crack

growth life was 10 312 cycles when the reliability was 99.87%.

Keywords:

fatigue crack growth; turbine disk mortise; time-varying model;

general weight function; reliability analysis

W BT ZS RN S 2 —, Wi &
MERG By T L2544 5 IRA% PR 8 10 X 52 2, A
(54 A E io o  ) Ws E90 R )
BIERESE I B AETE 3 HUME, 9% 97 ey AT 2
PO RS B AL R A e 1Y 43 BUPE RRAE,
TEEE X8 50 BAERE AT 97 M8 AR A bE
Al BT HEME T, SHRUER SIHLE 4 TAE R S,

W 97 LY e ok AR S A B bR g IR ki
T, [R50y R AT R 1 o HPE B 2 e e ik A

ML, AR R E . BN A2 g T T 3e
P EBEHUBT RIS RS Ay e AT RAE . 4N,
REIR VL AR R AR 45 o N ) ik AR R 1, 3
LU R R R A B8 A 0 A, O E A Bl AL AR
51 Paris 22U X 83850, BT Ay R BEL
FERY - Giannella® X 35 Ml % fF NASGRO JE = 114
oy R T RENLAL, /n%%th_'ﬁ/%/fﬁﬁﬁ
Yy R A4 . Luo 557 115 Pairs 2
T*E’ﬁ%ﬂ%fﬁ’«]ﬁﬁ})\ﬁj‘ﬁ}?ﬁ,%ﬁgéﬂﬁﬂ
(9% 57 2480 JR i 10 5, 1006 1 2 B S 40
BRI . DL B E— R s T Ry
JRAT Ry 0 AL , (8T 1 5 AR 7 48 2 I 1] T g 24
éj‘(?f%ﬁ?ﬁv\ﬁiﬁ Rt SR FH B AL 3 AR B

AR ok RAE LS B I AR n] SE T Hod
Wlenerﬂﬁﬁ%TT%fﬁﬂﬁTfﬁﬂPE’JF@HWHZJJ
AR AR 2z N, B ) RO oR Y
Wiener i 8 7] DL 348 35 80 F1 07 25 H A7 A0 [ B 22
PR PERE S B, SR, F T iR % 55 ey g
IR Al 7 AT A7 AR TV 1 3R S (B RN 7 2 I AR A
AFIHPERES AR, JET I, Whitmore 451
$ XU [R] R pR 8T Wiener i FRAR Y, v 8 REH
NI 55 BB e A I AR R

3 —J7 1, B4R N T 8 B IR R ARG
V6 R B L R i A T SR AT ARG A
R . A BRIT L (B AN Ok #4F FRANC3D) AJ L)
SK ik 2 2 a5 A 1 5 B T, HTFRRCRAIR, o8
B — YR 04 6 S AR 2L S0 7 5 B DR SR R R
1T, X e Ia) 8, T R2 b SR AL R 02 R

=S A T NS DDA R S < N L
2 M FH BB BN Glinka 25 35 H 1) 22 T 20 % o
BOE KT SR, BE TN H H AR H T iR A
MERE S5 52 Z 25 40, A7) e 2 38 3 A I A BT

2k LT, AR SCHEE ST T T XU [R] R pR L
Wiener 1 72 1 24 504 g B AR R, 938 1 i b
(CT) IR Ry IR I T I UE . 7 B3
Bilt b, ST T I 0 S AR A AR A 2SO R B
LAY R AR B, ST T RS SRR 2 AL
PR A A T -

1 Ry RENEERSEIE

1.1 XA E R E &4 Wiener i3 72
He T XU E] R BR%R Wiener 1=
JEAT R A] FoR R

Y(a) =BAV(a) +oB(A?(a)) (D

Hor Y(a) RR BB E N a(B a 1 eRE) B P
RESH, IIEIEL N, Ha B3R da/dN; A (a)
F A2 (@) 53 5 7 B AN 5 22 A Asf I) IR o 50
B(-) MR AR Bz shid 72 s B A1 o o B R R TS
FRECRY 8RB Y20 R R 22 S 10
WA, Rl g A o BAE R AL, BLEEER (D) Rk

Y(a) =AP (@) +B(A® (a)) (2)
W o7 Ry R e n MR EKE

SUREHIVESA G

(a], a,, a )TE‘J fiﬁlé%%ﬁ Y(aj>"]719 27 T, No
PERES B I nf RN

AYI Y(al

AY Y(Cl) Y(Clj,1> ]>1

/1(1) A(I)(a )

(3)

{4“) AV Ca) =AY (a ) ji>1

/1<2> A(z)(a )

{/1 P =AY (a;)) -A? (a; ) j>1

E XA HE AY=(AY,, AY,, -+, AY,)T, 2V=(2,"",

A, )T MR Wiener 3o BB HE T, ) R



2442 o= 3 1 % W %37 %
AY=(AY,,AY,, -+, AY,)" IRINZHEEZS 34 N(A'" X), 18
Hrp 3=(%) ., WPIT 2256/, Fom A 16
/l (2) i= 14
Z,«j=COV(AY,-,AYj) :{ i ._‘( (4) 12
0 i#]j é
< 10
BEIVE, A 955 B2 BR KCH gl o i
f(AY;0) = 1 e[—%(AY—A TETAY-2") ] 6
@B 4
(5) 2

Hrr @ IR Wiener it A S8 0] i, SR L35
A 1] RUBE pR R 17 2 S0
1.2 Wiener i 242 S # ik it

MR A 98 57 A 809 J 1R 40 B0 4is v X Wiener i
AR S50 @ HE 174k 1T, Ho >R H Paris 20 X H
NG AT .

i m D EEFE E n DRI KE a =(a,
a, v, a,) TSN Y=(Y, Y,, -+, V), H
B Y=(Y,, Yo, -, Y,) T RO iR E S
B, oE AR BN A 0 P RE S U R AY =
(AYila AYy, -, AY,-,;)To /H\:':F' AY=Yy; AYi]‘:Yzj_Yi(j—l);
i=1,2, ., m;j=2,3,, no

K B KA SRAL T (MLE ) 34 21 TR Y S 80 Ak
o TSR Z A B ST, AR (5), B
RIS LR pR B R

L(AY,,AY,, - ,AY,:0) = ﬂf(AY,-;@) (6)
i=1
AH N, A5 TR0 2 500 X KR ALK pR Bk

InL(AY,,AY,.--- ,AY,:0) :—%ln(Zn )—

%m(m)— [ (AY, -2 Ay, - A |
=1

N —

i

P

AR (7) B 0T 15 3] Wiener 11 B2 8 250
fEIHE . BT B 1S B S50 4 — R
ELHEOR R RIME, A SCR FH st A% A A B A R iff
1.3 ROy R TERMNIKIEIIE

M\ ECSZ GHA720Li I8 48 £ 85 56 HORE, Jin T
WARME CT iR, JF e 2 T REAR R 9% 57 Ry e
RIS, FREECE N 21 . B8R R # il 7 =X,
IR B 600 °C, BT HER 0.1, iR g R anfAl 1
FE7R o B A 3RS B da/dN-AK e Z il £ n &1 2
JoR, Bl H da/dN R RS0 e A, AK I ) iR
JE AR

ATLLVE H, CT il 1% 57 M8y R sl R 2 A

0 5000 10000 15000 20000 25000 30000
NAEER
Bl 1 CT k%35 4ad & o-N fhZk

Fig. 1 a-N curves of fatigue crack growth for CT specimens
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Fig. 7 Results of finite element analysis of turbine disk mortise
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Fig. 9 Comparison of calculation results of stress intensity factor
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