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Abstract: The traditional turbine disk life prediction method does not consider the initial defects of the ma-
terial, so it is impossible to predict the life of disk with defects accurately. Based on the distribution characteris-
tics of defects produced in the different manufacturing processes, the failure probability of a turbine disk caused
by defects was analyzed, focusing on the bore surface defects caused by the manufacturing process as well as the
inherent material surface, sub—surface and internal defects. With the consideration of randomness of the initial
defects, stress, inspection time and detectable levels, the probability of failure analysis process in the aero—en-
gine turbine disk with defects was built. Furthermore, the analysis methods of the turbine disk with inherent de-
fects was ameliorated, and the turbine disk was divided into four zones in which the surface zone was ulteriorly
classified as surface, sub—surface and inside three parts. Finally by writing a C++ program the probability of fail-

ure analysis method was verified, and the conclusions obtained have engineering reference value. The proposed
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method has higher computational efficiency with the satisfied precision, and the influence about scatter of stress

level, scatter of detection time and simulation times on failure probability was discussed.

Key words: Turbine disk; Damage tolerance; Probability of failure; Defect; Time of detection; Detect-

ed probability

1 35l

Jot 25 S S B A8 B T AR SR BN S, i R
LA HY PR RE 7 oK B B RH U R il 4 A T AR A
Nl UR U RN U L R (SR N e i B R T B
TP = A R AL 5 e 26t IRz A4 REAS B %o
fe I A e T SRR ol R B A R 8 A O A ) R
ANEZBA o M T B AT A A A AR R BE AL
X — [F) B AR A O ik AT RS . HET, R AL
HE 2R 43 M7 7 ¥ 3 % 5 ) Monte Carlo (MC) , Life Ap-
proximation Function (LAF)"** I Importance Sampling
(18) = AP 43 7 J7 vk oA 1S 75 1 B T Darwin 285
MR 553 AT A e T AR T MCPT 5 15,1 5 LAF
T3 ¥k BB AR A B R TR N R STk
C11 0 2% B A0 SRR e v B 28 2 it R P A7
TorH A B TP TR . AR X R
AL 3 23 A O 1 A BE AU BUAT B9 22 4 75w o M Ok
BT DAAE S HoRbh 5, i 46 25 45 48 19 77 o 3 il 58 n 5¢
T BRI S kS AR B 1 2R OB % 43 T L
Darwin ZPF AR [ YA K SCHR 1 0T it
PEFTWESE . Ding 457 1 2% 18k S AL RS AT /Y I
Al B X I A R O A AT AN s Wang 551 1L
XF L 25 e sl ML T e i S 1 I T R AT 0 DX P i R
VI R E AT 0 DX O X 108 58 B0 55 77 i E AT DA

A 0 2 FRAROCHIE X MC Ty 47 18
1B JF B B 2 A sh LR Ok R R o b, 6T
Geit J7 W4T B B AT B T ROR BORS JEE R R SR
B J5 vk o EEOT IS B B R b N ) A
N0 e T] ARG 7K S 25 PR ER B0 Bl AL T 3R X
R IO 1Y 52 W) 5 X 5 B 1A B B A0 03 B O vk R AT
ok B 08 T S i B S ST T i B A R A R
73 a5 Sl S 5 C++ AR P B TE 1 & B B 48 B 2R
MR TTIE R AT AT XS5 R BEAT T 20 Hr o
2 EREMESTRE

oy R i i A 4 W TR B BRI
H a3 A, AT L e B A 5 57 28 SCFE 75 Wi A T kL3R
1T R A0 A B LA B 3 TN TS SR Bk B AL AR R
5 7 iy PN v A R 2 T Gk I 5 M A T BB R A R

T

PR T 1S FGHO6 B RL 4 95 57 52 56 18 171 43 Br
éé‘:%c

Crack initiation
at subsurface defect
at surface defect —-—

(b) Subsurface defect

Fig.1 Fatigue cracks originating from surface and sub-

(a) Surface defects

surface defects

ot 2= A Sl AU AR w8 i 4 B R B S ZOR IR T T
T 2R (£L) 2 i B e A0 A R [ A7 BB A T
e o 218 B A T R0 ke o 5 B80AG F A8%O% BOE R a3 iR
D7 B AN TR] AR SORE o Bk B S B0ry B SR B0
RIE (1) T Boay (FL) 2R Tk B 32 180 ARG 5 (2) 44k
IEi] A7 9 3R THT IV 2 THT K DA TR i o T Y o AH Y 2R
RORE R At A X 3 Bl AR DL T R o B L 2R T AL
R e B 23 BT, T 0 A LRSS A A b 2 L Y L Bk
Ak B 5 2B R RSB R BN B S A R A R
PR 0 TNLIBIY 3 1o S 1IN N R A i
DU A DX, R L ) 4 SR A R B B 30 o3 9 BT L O
LI NAN LR T 8 B U S S A N i
F1 R BRI, B 2R SRR/ Gt I3 R L
BEAR o bR EE X P BB (9 T 5 0 A R A 2

I
Failure probability
analysis of disk
Identify all Partition of
hole features zone for disk
H [ | Statistics
i | Hole Hole Hole i of zone
i [feature 1| ffeature 2| (feature 3| “°*
i Life calculation,
failure analysis, H
\ } _defect dletection
Risk Risk
assessment assessment

Failure probability analysis

{ Failure probability
™, nearholelocationindisk k

Fig. 2 Probability of failure analysis process of turbine disk
with defect



2564 ot

¥R 2019 4

2.1 MISHRFLERPEFHER IR SR IE
o TS SO AL Bk B R AR 1 R S5ORE 32 40 A AR
B3 Fros R B an
2.1.1  WIhR SR LA A S EEALYES B I A
PAK 2 5 9 5 TR 40008 O 56, T LL4R R 3

BILI08 %8 48 AL 320 Hy 0 TS B0 Bk B AL A 0 A L
A SCHR 16 ] v B 4 fh i B HE 3R 20 A K3k T i 2y
Br, i TAUIB AR B9 AN TR, %k e e A% 38 0 AV — € 1018
1E o W0 R Gl B S A I K S B BE AL 8 A A E
ML A0 A pR KT A 5 ) i B AL 1 i ofe LA — > %)
BOE S A AR TGI8 S R 808 0.05 5 46 I i R]
B AL 3 ok e LA — S IES A AR s LA 28 S R AL
h0.3, 8]

o, = O'HMLN(/.LO'Z)

Linoneet = LN (w,0%)

iﬁﬁﬁiﬂ@%%"ﬁiﬁéﬂ%,ﬂuz%tﬂiﬁ?iiﬁ
LI e 25 R B /N T IO A AR R A, U 4 s
A B Ay R B RUST A o S B T BT R B RS R
TR — W BB RO BB il 2k 7 v s 2 A A
3 AR R R B B9 A /N ROST DL R PR TG AR 7 A — A
B e B ME 5 it 2 A S s A A A 1 3R R B A B R R
ol I AT 2 2ORE B B RO o R R 2y
Ais e %, I

(1)

0 a<a
D(a)- D(a,,)
F(a)= l_D(a = D(a) a. <a<a, (2)
1 a>a,,

R I S T A0 456 8 A P05 5 O 18 3 ARG 5
Ko 50 J7 =X 5 A6 5 7K - Bk B A6 ABE 35 POD (Probabili-
ty of detection) Q] 5 PF 7R o A SC3k B2 D165 385 7 Ko
8 B A SRy A0 7 B8], SR T A X S B 6L L S 2%
SR ACE A AR R 22 5, T B A A E N A

....................................................
., 3 o

Determining

# Life calculation and 3
initial defects

failure analysis

..............
K3

Detection and
rejection

KR 1 5 SR O 3 HCA 3 ) R 0 HEE R il kA N
K6 I s o
212 KRR S FHarit A

AR A3 3t R T, TR R A B AN A A A o R D AR
A B O TR B 25 R SR AT R RALR — IR
EIE T R — AN 7 F R 0 B9 R TG BR K % G 6 114
2 A7 PR S X L A I g e KB S I A . B 5
FL Bk B T B0 SRR AT A3 BT L % S BB A A R

2L, ME 6 fiin . LRI MRE FERETFAEL,
2,3, 4, LBRIE B, 307 B DL BCFL 5 — i Xt A
W7 A RS, 2, 4 0 BN AR TR, TR 43 0
B1,35 2,407 85— 0 S B8 KMETTHE A 2L
AR MY e, HR XY R i L R
ﬂﬁé(ﬁﬁnﬂﬁzm 1 24 80T 24 800 ) bR 24805 5

U#xﬁliﬂ LI 'JQX?FIJ*H&”QX IHor B R H

AR AT UQIT}L%[ZO R T b i A LT AL AR
AR/ R G0R] LUK g 7 JC BR R -t b A7 97 f |, TR
KAV 52 B3 53 F0 g g, %F FR R SR 2S00 R T
a3 SV BUAE Sk 25 K AL fL 3 AL N B — FE 0 T i R
B o PR, I Paris 24 AT 2408 & 53 #r , Paris 24
K SHOH R B R ST R 0, 9F HAR R 28y 1T (e
0, 5 I g 5 BE IR K T I 2R BE L N R A5 A
KR, FEFRT s vF X T 00 46 Bk fa 7 248 43 N AN 1B
PR AT ST I B R

m M Lomom
- "X CXN+a, 2] 2 (3)
2 vV

IF X — i 2 W) 46 BB, TE 25 8 Im A W 24
FIF, AT AT A K RAT IR A 4K
KVm o, s
o )T 1

a, =[(1 -

.,

ifferent type of hole location

[ L/D correction of ] [ Identify critical J i1 Determine the level
d S H

of POD detection

: Dgt]earlllnininfg‘the. l —é,%‘ crack near hole fi
i| probability of mitial [ :
i| defect distribution |3 propagstion model

)

Life calculation of
disk with defect
_

T

Calculate the failure
probability of disk
considering the

number of holes

Calculate the failure
probability of disk
considering a single hole

H e
[Stress analysis ] it| Determine detection

scheme

8 o
....................................................

...............

...........

Fig. 3 Probability of failure analysis process based on the defect characteristics caused by machining near the hole
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Fig. 10 Failure probability analysis with the consideration

of defect near the hole in disk
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Table 4 Calculation parameters

Parameters Value
pl(kg/m?) 8240
E/GPa 150.5
v 0.33
K, /(MPa/v/m ) 0
K./(MPa/Vm ) 85
 epth of surface /MM
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N sone subdivision 10
Mer 1.02
M e 1.21
M e 1.32
M urtace 1.29
Paris equation: m(R = 0) 2.78

Paris equation: C(R =0) 1.85%x 107"
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Fig. 13 Failure probability analysis based on the inherent
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