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Creep-fatigue life prediction of single crystal turbine blade
with the influence of stress relaxation
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Abstract: The creep-fatigue life prediction method for the single crystal turbine blade of
commercial aircraft engine with the influence of stress relaxation was established. Based on
the thermal-elastic-creep finite element method analysis, the uniaxial iso-strain relaxation
model with the multiaxiality adjustment factor was used to simulate the stress relaxation his-
tory in whole life. The stress-low-limit was set to the primary stress. The creep strain was
modeled with the combined time hardening implicit creep equation. The fatigue damage was
calculated by using damage-based rainflow counting algorithms and Morrow equation. The
time-divided linear damage cumulative hypothesis based on Robinson rule was used to calcu-
late the creep damage in whole life. The creep-fatigue life was predicted when the total dam-
age reached the critical damage, which was set to 0.5 based on the creep-fatigue data of the

single crystal material. Finally the creep-fatigue life calculated considering the stress relaxa-
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tion is 45. 6 times of the life without the stress relaxation. To predict the blade life with both

the reliability and economy., the finite element method analysis could be performed in n cycles

and then the stress history in 2n cycles could be predicted by using the method established

hereto.
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Fig. 2 Typical loading spectrum of civil aircraft engine

@+
YilLes
0.8
%‘: 0.6
B
= 0.4
0.2
0 1 2 3 4 5 &

II-]TlUJf’h

K3t T i
Fig. 3 Simplifed loading spectrum

A 3507 + 5 59 3 R K 45 1 10 AR A
3 BEEFHF@ITE
3.1 WA

BT AR IE 32 4% 1 SRR R A A R 3 b
A 2 TR AR AS AR S R R BT

¢ = Ce (L
Hr
& = [511 €2 €33 Yz V2 731]T (2)
o — [611 022 033 Tiz T23 T31:|T €D
! © 2 i
— - —= 0 0 0
E E E
M 1 H
- — — —— 0 0 0
E E E
o+~ 1 0 0 0
c-| E E E (4
1
0 0 0 e 0 0
1
0 0 0 0 e 0
1
0 0 0 0 0 e

Hrr E. G 43 A2 AR 507 ] 19 9 M TR
P HERID) A A HE 5611 venn s eas s Vio » Vos » Vo S EHHIAR
bR 22 H B R E I3 B 5011 5002 5 033 5 Tuz s Tos » Tar i 2 1
AR bR 2 R R T 43 i C 2 3 AR AR AR P B
JE .
3.2 HETARN

el 78 A 2R FH 2545 B ] A Ak 5 X5 A8 Oy A
A [i) B A ) B e A R AR AR L WL ()

e = o2 T e /U2 /(er + 1)+
;6% Toe /15D (5)

Horp e SRR NS o SERN T TE Ansys
B, bk Oy B R Y AR R S ARONE ) A U AR
NiAZLL von Mises 8B X FRR. T, 2 F A4S
SRS ] ¢ Ry 48 FQURBE & o1 ~ ¢ S AR RH I 36 5 4
P15 BN 0 S8 JE N ) REE IR R, Hrp
B3R ¢, >0,¢6,>0. 4 &K (5% DD6 #1
[0 0 1] 7E 760,980,1070 °C = A BEAS [7] 1
1 Cogor ) 7K T Hk 40 U5 A2 7S Ceoon ) 128 30 BB
0L 1 D0 P00 G 485 2R 55 30 25 AR AE — D 25
HJF R Z Ansys B4 AR AR TE 11 5 0] AS [5) B
(1] 11 4 1B R FH 2 B0 1 7 1% i R BRI 1 20 (5)
Hh &I A8 2 R ik — 2P LAk



542 i = H h ¥ W 4 31 %
L pramryverry F 00 6 O A5 A 4 1 A 1
0]+ S0 MPLIRR O B 25 T 960 713 10 7525 25 25
P = R T A1 5200 25 o 25 52 BT 20 1 R 1 T

N SR R B0 BN I T R RS B B

- RN IFL 67 (FLJ2 3638 85 I 3 K » 9 LD RF 7 1) 2

) . oo U I IO 78 R T A A B S S AR (L

02,2 T AR VB« B 0 S R

TP T UT T 75 R B L R T B 7 2 A S 5

P . LT R I S e AR 2 S 5 o ARk

(a) =760 C DN 78 Ak il 4 S 0L BT PR T R S 0 O W

. 5. P61 8 2 TG 1L 34 025 (e, BN 6] 1 725 et 2%

e 6,200 MPa, A LLE B IR SFRON ) SR A AR S i AR

hap WL BT I A 25 1 LG4 725 7 26 L0 BF 1025
08F il LR B WA

Sigl T TERE L R 128 LG 350 450 4 7

i e JE 1A 1y 3725 11 35k oy A 6 B s e

= i S B A 1 (LI o1 5 i T T

i ™ B b 1492 B, S I 5~ 8 1 1 2 Bl

aop®t” . . \ s .

0 20 40 60 80 100 120 140 160 180
115 fa]/h
(b) /=980 C

» 0, =50 MPa,it il
s g, =80 MPa, i35 {E

(vt}

1.0

0.8

1.7 0.6
0.4

0.2

— Ak

0 20 40 60 80 100 120
[HE)/h
(¢) =1070 °C
B4 AR N AR R e BSOA B LA 1

Fig. 4 Experimental results and fitting curves of

creep strain
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