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Co-simulation of reliability optimization design for turbine disk’s
fatigue life with its core optimization strategy

ZHANG Wenxin, LYU Zhenzhou
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; Turbine disk is one of the main components of aero-engine. Once a critical failure occurs, it will lead to serious consequences. On
the basis of fully considering the uncertain factors affecting high-low cycle complex fatigue life of turbine disks, co-simulation platform of reliability
optimization with high-low cycle compound fatigue life for turbine disk was designed by MATLAB. The uncertain factors affecting high-low cycle
complex fatigue life of turbine disks are full considered in the platform. Based on the common requirements of lifetime function and lifetime
reliability analysis limit state function, a strategy of sharing training sample points in adaptive construction of lifetime function Kriging model and
lifetime reliability limit state surface Kriging model in the process of optimization iteration was proposed. Meanwhile, a learning function for
constructing Kriging model of lifetime function was proposed. The high-low cycle complex fatigue life reliability optimization of turbine disk center
and mortise were completed using the co-simulation platform. The results show that the local maximum stress of the optimal result is significantly
reduced, the average life-cycle is increased, and the reliability constraints are satisfied.
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Fig.1 Co-simulation platform of reliability optimization

design for turbine disk’s fatigue life
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Fig.4 Thermal analysis of turbine disk
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Fig.5 Static analysis of turbine disk mortise
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ST AR 5§ =0 M
BTt 250d
S 12 R Y FT TS 4 d ) 15 B A
RO ME R B R R Sy ([ d) 7R R AR
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3 7 S AR g (X)) ERSK
SBIN,  (X) =g (X) + N, FEHH
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Fig.7  Solution process of reliability optimization model
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S5 17 HIT SQP -k 2 75 0B, 45K 18k
Wi =i+ 1SRG IR 12, 75 0 AR A5 5
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6 HEER

6.1 MLEHEGTEMRL

P A A TR 2 4 T S T W 4 4
SEO R ) 52 5B 1B T 00 )
T S I L B AT 5, L W
SR 8 B 5 1 0 I 4 SR L
A S WA T ARG 0 0 05 K ) 573 38
NG T A

S A0 35 2 T SEEAR AL i
HAS R d = [y, uy,, |, BEHAE BRI B B
R4 PR, RBUE S BB i X = [ X,y -,
X, ] I d MERE R 0. 1 min, SRAEIZTTHE
PR AR, 5 0 e e 2 5 56 4 RO 1 Iy
%L 4 % S R,

x4 RBEEZORUTEE
Tab.4  Optimization design parameters of turbine

disk center

BT :mm

SN s

Wit WinE B NBUE BORBUA R
Uy, 2.50 2.5 4.50 4.50
wy,, 2.50 2.5 4.50 4.50
Uy, 21.15 21.0 35.00 21.94
Uy, 12.73 12.0 22.00 18.96
Uy, 6.25 1.0 6.25 4.46

RS REEBMUAIEESFo A EMEITL
Tab.5 Comparison of fatigue life reliability of turbine disk

before and after optimization

PR YE i/ IRAE Al %
e 19 527 99.262
e )E 37 378 99.957

2 6 o Y S IBURD (BB ) IR X 5
RS FRAR TR i 1) i 8 B AR R, JRy B A RN T 4
142 R A5 A2 e B HLAS 25 JEASE A RO 58 22 1Y
UL, A BRI 3R 45 19 JRy B e KN T i
5 MK 6 BSE R AT, LAk S BB [T
DU AR L, e Sl 15T 5 /0N, AT 5 2R 0
CUNSEE S SNVPIN VNS % e b | B 'S

FE IR B A0 95 55 v SRR Ak, B AR AR Ak O
L BIFEAR T 29 5% WA 5 7% sh it i 5 B0
T1, - IIREAR T 29 13% B 480 de KV 7, W fifi
13 RO EE R 9% 55 an BE R 19 527 TG4
=3 37 378 WAEI, i A B 91. 4% |, 9% 55 75
fir v B U] AR T B9 99. 262% 45 5 3 T Ak
J5 1 99. 957 %

Fo6 fLUBTEEERTL
Tab.6 Comparison of fatigue life reliability of turbine disk

model before and after optimization

L EE 2 AT R A
EER/ (kg + mm?) 45.491 43.258
Fiit/g 105.310 101. 430

JRy B &L KN 1/ MPa 667. 000 578. 000

6.2 HERZFFHUEERLIOTER

HEREAFAEN 1 A vh LR, MERE AL 1) B RN )
SHEREI R B RO . NI, TR B AR
LA P 0 R S 2 A O P ) 2R /AR A 1)
IVIE SO LS| @ N S 9 i A sy 1 |
A 55 75 i ] S o

LR R SN N R VAR B i PR N SRS
T, DR AR ST M Rl 92 57 7 il 5 kA Al it
PRSI = SR X, X, X | R IERS
SR A B BE AL B BCBE TR B { wy, , uyg s w, |
PER B IR B AREZE N 0. 1 mm, HR
AOHERE S I 220 X, o X AR 0 R BT B AL A2
L PRMEZE DN 0.1 mm BT & Y HCE VI 40
xR,

RT RBREEERIOTEE

Tab.7  Optimization design parameters of turbine

disk mortise

ﬁ{j :mm

- , L o B

VAR WIAE  BANBUE sCOKBUE R
Uy, 0. 507 0.4 1.0 0. 873
Uyg 1.724 1.5 2.5 1.912
Uy, 0. 460 0.3 1.0 0.744

R BB FRAT W e T RS TR e S
PIRATT S LN ZE 7 M 8 BRI AR BT JG 454
el 8 (a) ANE 8 (b) Bk, KL A7 43 A 4
Kl 9(a) MK 9(b) FioR .
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Tab.8 Comparison of fatigue life reliability of turbine disk

mortise before and after optimization

AR YA F i/ G AlAEME %
HALTHT 42 824 99. 413
b s 73 047 99.975

(a) itk

(a) Before optimization

K8 HEREZE Y

Fig.8 Structure of turbine disk mortise

(b) Hfes

(b) After optimization

5.599 3E+07
1.635 2E+06

(a) fLALHr

(a) Before optimization

(b) ffs

(b) After optimization

B9 HMEREY )00 A1

Fig.9 Stress distribution of turbine disk mortise

H T MEAE 77 7 1N 7 4 P B G HE A 10 % 55
FEAr B ZMEAE AR . el T 00k mi A
14 17 3 B T AN A R AR 4 VSRS DR I A Ak 1 32
L3 AR A TR LA B TR, B 1 5, AT
MR 1) Je R SRy BB N A% o % EL A Ak AT IS ME A 11
TEAR, T LA A A o M A I &8 19 T 11 8 ok
W IRARERLEDE , B ) 4 o 5 B AT
ARG o AR SCHE IR 48 S AR A o IR R & A 0 55
A EEVE AL R, A B A Ak O B B T
29 12% WIMERE Fie KW 7, DT 55 75 068 0 48 M A
SER Y IR JE 25 9% 55 F A (A H 42 824 IRTE
IPE T H] 73 047 WAE R, 35 0 35 5] 70. 6% , ]
FERE A0 R P AR AT 99. 413% 1 m B4R 16 5
(7 99.975% .

6.3 REBRGESHEGUTEERLEITER

AN K O FHE R ) B 1) iR S B R e i
A7 SEVE AL BE T, 5] i) 22 1 i 46 4 450 Fl M
(R 55 75 i T SE M, BRI R A Y 0 M
FEBEAE—A B R S0, W5 56 85 1% 75 i nl
IR

P[min(N,,,N;,) <N ]<0.01  (18)
N, IR SO 9T F A, N, R IR S
R 55 750, N RFFATLI R

e 8 R G098 57 7 ] SO A & AR
Stfwyg o uy, o WITAE A HUE AN SR 4 13 7
FTR e SRR FARBEA  IRAG M e 5 i fe 4%
FIRIHR T LN R 9 FiR .

R REBRGAUEEANAEESFwTEEXTLE
Tab.9 Comparison of fatigue life reliability of turbine disk

system before and after optimization

AR AT YA A/ AR Al SEPE/ %
LA 12 430 98. 836
Rt 32 803 99. 638

R e £ 2 G0 nl SE PRI AL AR5 1 45 2R 0 31
5 EEO MERE B O 57 77 i ] SRR LA RS L,
MR 0FIZR 11 Fron. X &R LIE 1 R
Genl SEVEIL AL SRAT B 25 R 5 B e 55 7 i ]
FEVEDCAL AT B 45 2R 14 22 S AR/, el DL
AR S B0 U AR Z R AR /N T
SR RO PR I T T T R T AR T A AT
AR W AR S AR, DT o R 58 e RO ) B
AR T eSS ] T RS X T 1 e A R0 T R
MAAR /DN 5 8 56 B ME R DG A 19 5 28 S8 i e et A
R ) e AL TR /N M 114 17 ) 4R TR AR B, AT
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28 AV Jma ¥ 0L g A T e 28 b 6 88 1) T RO~ %
THER N ) 5 P AR N JE DL B
B, AT LA Ry i 4 4 R e g o7 T e v I Ak 5
O A B O 55 A7 i n] FE RO AL 3R AT 10 25
HE B K A AT X E, B0 HEAE A
2B 55 73 i A 5 R0 A0 RS JEE 50 v, DL IR 2 P
AP 8 2 8] p AR i B 40/, Kriging
TR AR JEE A e

F10 REBRFUEEMUSEOBES
B EERUERITLL
Tab. 10  Comparison of turbine disk system with turbine disk

center for optimization results of fatigue reliability

BT :mm
T AR e A [N
e R G SO AL
iy 4.50 4.50
) 4.50 4.50
hyy 21.22 21.94
tyys 18.77 18.96
Ha 4.93 4.46

®1l REERGAEEALSEEAESX
B AT EERAE R
Tab. 11 Comparison of turbine disk system with turbine disk

mortise for optimization results of fatigue reliability

M mm
MR R~
Bt it
WA R AL HER 1
Uy, 0. 87 0. 87
Uy 1.92 1.91
Uy, 0.75 0.74
7 it

1) ZR3CLA MATLAB Sy F- 65 £5 318 1 iR e 2%
F3 75 an nl SRR LA DO RS O BOF &, SE B
TR B £ 97 7% A ] SE AR OLAL AR 1 A
/K

2) Fysdim At SR 05 75 i ] SR PR AL A
A, M A7 Ay R RSCR 77 i ] S A FROAR 25 bR
H SRR SR, P T AR AU i A P A
7 ) e A7 i R Kriging A5 50 173 iy ] 5 P4 PR
ARAS I Kriging HEAY IS YN ZRAEAS 53 10 SR, 78
PRUEKTRE A LA 4R i 1 A8 S8 05 A5 i ] SE4E
DAL BT RRCR

3) PRI R0 Y R R o o B T
3 0 A 2 77 iy R AR Kriging B . 1207 2] R K
1R 45 77 iy B K Kriging B89 1 454, 76 3 PEREA
Tt P e EE T DL R R E AR 75 iy 32 (LA SHE 7
ZEMIREAS M S5 i 4R, M B3 R AL 2 i 7
i BRI R Kriging #5008 5 iy B ELAL 31 BORG E

4) iP5 A 5 20 0 BE R T e A
o KR LA B B0 A R AR I AR 8 A v IR
53 AL FEVE LA BT SR, e LB J7 S 1 JR AR
I RVE 77 3k 25 AV, B89 (A7 i R 5 e, 0 A
APEE R 2 R, UE W] T RT B 07 v B9 IE 8 P A A
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