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Research on low cycle-multiaxial fatigue-creep-tife prediction at
high temperature for turbine blade

PEN G Li-giang; WAN GJian
(School of Automotive Engineering, Dalian Universtyof Technology , Dalian 116023, China)

Abstract : SHAN G Deguang. multiaxial_fatigue-damage model /was ‘used to amend Man-
son-Coffin equation of multiaxial-fatigue-prediction-and SWT (Smith-Waston- Topper) formu-
la, based on-working condition-of turbine-rotor bladein-aviation engine. A new method of fa
tigue life prediction of turbine blade was presented , which was adapted for non-proportional
loading of turhine blade fatigue damage-at high temperature. A case of turbine blade was cal-
culated for fatigue life.and'the total” damage of 1000 hoursflying, in well agreement with the
fact of bladefatigue damage. So the modd of multiaxia fatigue predictionis rationa andfeashble.

Key words: turbine blade; multiaxial fatigue at high temperature; creep ; fatigue life;
non-proportional loading

:2008-06-30; :2008-11-08
(2007CB70770103)
(1983-) ,



1550 24
Manson Coffin Morrow , ,
: VornMises - , ,
SWT (Smith- Waston+ Topper ) (21
! ! 11
’ ' , Os
good- Ramberg
] L] a1
Ae _ Ao | Ag| ¢
2 “2e" [2|<J D
’ K o
' ' E . ,
,Smith™®
1\ Osgood Ramberg
Smith- Wat son- Topper , B
, ey Aoy | [A_oﬂ " o
. Fatemi- de ! 2 2E A 2K
Brown-Miller A o A
, Fatemi- Sode Kor , Mps
.Wang~ Brown!”
, Manson- Coffin ,
Wang-Brown [45] ' Kor (7
r'pr y
6] . y r‘pr = r‘npr . Kpr
(7] Kior |
Leg, Kor = (1 + gF) Kor (3
Krpr ,g
' , F ,
’ 45  F=0, F=1 ,
Manson Coffin SWT ,
! 1
ALEQ - A—O-ﬂl + AJ.O— “mr (4)
' ' 2 2E 2K rpr
1000
: Manson- Coffin SWT 12



7 : / 1551

1 1 (7)
Mansonr Coffin . (8) (9
' 0.5
Aizeu :QEL(ZNf)b'l's'f (2Nf)c (5) o-n,max|:€n*)2 +_§|3‘-(Aymax/2)2j| =
! ~ 2
New/2  Mises o' Q"—é"ﬂ—(sz)Zb 1€/ 00 - Gn) (2N)PC (10)
£ b c
E ; Ns O'n max ,Ainz*ma&
Mises -
€n
€q = f[ﬁl -€2)% + €2 -€3)% + €3 -€1)%]"°
13 /
(6)
] 6m
, (5
, Morrow
Ahﬂ :O;i'_m<2Nf)b +£If (2Nf)c (7) , /
2 E
1 /
, Smith, /
Watson  Topper!® ,
SWT
'2
B, = O 2N) 42 01 (2N) 7 (8) ’ /
ASn‘bax p-n,max
/ . M-S
, g0 = @ +aP+aP +aP (11)
' P=001905T +Igty; O (MPa) , T
(Kt ;@ = 21 056,
’ a =- 2158, = 0097, =- 0 00195.
(7] ,
JAY - R J| ¢°
CRESE el A\ )| (9
2 3
As &/ 2 : y
AY el 2 €2 Zni Nri + zti/tbi =D+ D = D (12

Miner

, 1100 K.



1552 24

4280 70min.
) 1 Manson-Cofin GH4049
9%® | 111601/ min,

R =365 85 mm, Table 1 Lowcyde fatige data o GH4049 in Manson-Cdfin

GH4049, /K EMPaci/MPa g/ % b c
1 961 47 188200 2285 3352 -0 1627 - 0 9120
21 998 75 188500 2243 28 06 - 0. 1627 - 0. 8325
20 1015 39 184600 2108 2580 -0 1708 - 0 9119
, 5557 , 28768. 1087. 60 179200 2067 11 74 - 0 1556 - QO 8138
1 1162 58 173800 2031 10.57 - 01535 - 0. 7126

23

Ansys workbanch

, GH4049
1

2
Table 2 Work state parameter of engine

22
/
0,
1% (r/ min) / K
_0 ,

( ) 100 11160 1700

T 94. 9 10591 1534

96 9 10814 1596

2 (Von-Mises)
Fig.2 Equivalent(Von-Mises) stressof turbine blade
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Equivalent (Von-Mises) stress Equivalent (Von-Mises) elastic stress
10" Pa *10? m/m

Max: 2427x 10°

Min: 1.642x10°7

2008/9/9 09:40

Max: 4.853x 10*
Min: 3.284 x 10*
2008/9/9 09:43

4.853
4.550
4247
3943
3.640
3337
3.034
2730 ==
2427
2,124
1.820
1.517
1214
0.910
0.607
0.304

3 (Von-Mises)
Fig.3 Equivalent(Von-Mises) dastic strain of turbine blade

(11)
; 24
3 1 1
Table 3 Creep life and damage of check points in ' !
one flight 0— —9, —
/ K /h — — ,
1569 1162 58  6\5732x10°\ 1 7748x10°* ' ' 4
1581 1087760\ 5 4231x10° \2 1513x10°° 832 At =39 65,
1723 1015 39 \ 2 6237x10° 44467 %x10°° , 2568 1000 ,
510 998 75 \1 3785x10° 8 4633x10°7
47 961 47 4 0769x10" 2 8615x10°°® 1
Morrow SWT , V3
(10) 1000 , 1569 ,
4 1581 47 1723
, 510
’ 5 , 11
4 1000h
Table 4 Lowcyclefatigue life and total damage of 1000 hours of risky points
1000
Morrow SWT (10) Morrow SWT (10)
1569 9 12 x 10° 6. 59 x 10° 8 59 x 10° 2 459x10°* 2.819x10°2 2 517x10°*
1581 1 32 x10* 6. 05 x 10° 9 12 x 10° 6. 669 x 10" 2 1 416 x 10" 2 9. 570 x10°?
1723 2 96 x 10* 1 09 x 10* 2 67 x10* 3296 x10° 2 8 823x10°2 3 269x10°?
510 5. 35 x 10* 2 52 x10* 6. 94 x 10* 1 661%10 2 3 465%10°2 1 315x10°2
47 8 37 x10* 4. 05x10* 8 06 x10* 1 024 x10°2 2 116 x10°2 1 085x10 2
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Fig. 5~ Predicted vs observed-life
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