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FRA. (1) ETHEFN (FNE) KITE (2)
ETEAETTE;  (3) HTRERIE.

LT 1) 25 9% 57 BE IR LA 2 a7 B 1 0 P I el 4
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e R BY N Iy, AR IR sl K IE MY 7. 0 AR R T A B 7
MH; (2) LEA R X a s EFE. B
A A 2 T e U TG 7 3 ) 25 Bl 55 B 90 TT AL GF ML T
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AvAT  Ae, Ao,
GLK = =127 | 26 20 (3)
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Chu-Conle-Bonnen(CCB) & & [18,19]

COB = (7 max o) + G 5 )
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1.2 &% / BEBRGEATF

FE— NIRRT, AR B T A 2 AR I AR
P RIRAR S 5 R E. PREEA B R
WA EA5 RE, —BEUEAX DI F DL PR 05 17 1
EmEANRK. BRCSAHME KT IRE % I7 5 0
HIBEIE T AR, {HEE b ARES t— i A O J7 %,
Xt T 2 9% 57 AN Sb. A SC 3 BEE T B AR 1
185 BLEAT 2 T F L.

AT 5 8RBT A 5 X A i T AR I B2
mi, Xt PR (dwell time) & tg FIERAE, &
X CFI H 7 (creep-fatigue interaction factor)k* 1 F

K =1+ (ta/tr)N; (5)

Horp, tr REAELRFFI ] tq POKSEFS I 550 _E R K IE
MR T R AR WT R ). g = O B, k* = 1, XFp
APETFAGOL. K W) R SRR IR TR PR I ]
PO R A 7 AR AR 7 B — BOR, A (2a/tR) N
F o T PREUT I AE 1 M AR 4 E T R AR 2 7
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AT LA 3 4006 5 il i AR A 0 3R A
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EH T I AT 77 92 7E B R A R e R 25 9% 57 1n) B
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(OmaxAe/2)F = A2N;,)™ + BN (7)

Zrnik %A B FIH SEM Il TEM F BB T A
REFIFIAT, SREEE S SN AGa S MEn
AT SRR, A BURDE IR 57 75 i 5 2 4 4508 T R
FEmEIA], T L OREF I I U 2R R 2 ) i AR
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2 Udimet720Li X 5hE 5 SE & dp EE 4

2.1 B/ WK X8

BT W8 SR s Bl 6 A k) 1 B e IR S
FEl A 650°C~700°C. B, X %0 A4 b R il &
4 Udimet 720 Li, £ 650°C, 675°C, 700°C A [F)#;
T S HE TR HEAT T B RN XU 9% 57 L5

AR ARRLE 1, SFRFRKmME
Bl AN S AR (FER R=0), B
Kb 1s 1 120s. BRS2B6 &5 R T 8 AR
A 145 1 Chaboche Z 314 A< b A5 24 1 15 I A il g
55 A7 i AL T ARAR B AR S 40 A T R R
SEB BT ST I AR R Y T AR S Hr, [ BT AR
15 1 25 i 77 R H0Ks P T 000 R 28 0 v T X0l 9
55 A1

FH T d XUk 9% 55 52 3 B Cruciform 3800 40 &
1(a) frzs. JiA LBy RS, AR / &
KB A 0.1, Be KB AALA PRFERTE] (1s F 1205).
AR AR I B, e KM #3 AT M 50kN F] 72kN,
A4 S OB MBS T, 0 52 30 Ay AR A Al e S By
(Cruciform FHANTF o] BIOE 3R B Y8 AR, &5 —
Ti WA RER) 5 JEHEAT T 26 DXL R,
Wrgs R, REFM X Cruciform KKIE A% 5
Har A RKIK R, REerFBREK, &

& 1 Udimet 720Li 5885 LCF {31&
Table 1 Uniaxial LCF test for Udimet 720Li at

high temperature

T/°C Stress  Strain omax/ €max/ £/ Dwell
ratio, R, ratio, R MPa % x1073.s7! time/s

0 17,5 1

0 975 120

650 0 0.95 1 1

0 0.95 1 0

0 1 1 0

0 1.5 1 0

—1 0.8 0

675 0 1125 1

0 975 120

-1 0.8 1 0

0 975 1

0 925 1

700 0 925 120

0 0.8 1 0

0 1.5 1 0

—1 0.8 1 1

2.2 BHEFEGTAMN

I FH #5515 A2 545 1K) Chaboche 3P A Ky 7
BRI M ABAQUS UMAT F#)F 21 ) xt
1/8 Cruciform XA I FRIGHER (A 1(c)) , #4T

-

(a) SeBof
(a) Before test

(b) LB Wi S5
(b) After test

B 1 X Cruciform &
Fig.1 Biaxial LCF sample
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(c) B IEHR
(c) FE model

B 1 X Cruciform & (4E)
Fig.1 Biaxial LCF sample (continued)

T AE A AR XU A AR S XU 4 4 IR R R R
PR 7 AR PR AT, SRR T N MR RR. R
SCHR [22] 45 i 3 $00km AU R 75, B ke AT &
EMHE B &SR, MR, 53 N H &
EiRH, AARFENEKMELT, HT CFIRETFK
fAE, TR (7) WIS/ KRB Ny, WHHWS
BY Ny ZHRBARR. B H— Mg E 2k
TR I T RER R, T ES A WA E 5 34T
Kf#, NscE A Newton-Raphson 3K k* =1 i
TR, BEEN R, B S%REHNK
Ny fH.

X (1)~(4) 45 H i 2 Bl 55 75 fir B 7
B, WS LT AR E SRS 2 A Y K B0 A
23 ZBRE5SH

¥ BT PR i 2 0% 55 A e T T ¥k, BB
FIEATRE R BN AR, R, FIHE 1 FRR
M 55 8%, i3 Levenberg-Marquadt 3F 28 P44k
HEM A M AEm TR, AATE (1)~4),
75 3 e L XU % 57 B T A s TR RS R L 2~
& 4.

MWHE 2~ B 4 KRB AUES, TRV
TS L HIE T FmEA (Fatime-Socie) . i £ 5
K 22 il 9% 55 77 AR A (Smith-Watson-Topper) , # &
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K Glinka fRERMBR, HTEMTRA R E LR
BT 2 /IR T7 A, WA B IR 59551
R HAER, T A A )4 SO RS T 100 4%, T
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WA 2 52N, TR ERTLIEEZ.  [R] Wh A
PPN 45 RMAEH 47, Far s soir AL 2 £

ZA. XRYIASCIT S MR TS 2E T MR8
LA 0 e A A O I R R 2 TRl 9 55 5 iy 9
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¢ 700°C,120s
¢ 675°C, 1s
2 675°C,120s
4 650°C, 1s
£ 650°C,120s

0.003

2]
=~
0.002
102 10° 104 105
test life
(a) Fatemi-Socie & #&
(a) Fatemi-Socie
12.0 T T
10.5 = 700°C, 1s
9.0 s 700°C,120s
-5 ¢ 675°C,1s
o s 675°C,120s
6.0 a 650°C, 1s
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Z 45 3
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3.0F . .
(SI] A L} b .
- L]
s} o A
a
1.5 1 - |‘1 1 - 1 !
102 10° 104 10°
test life
(b) Smith-Watson-Topper £&
mith-Watson-Topper
b) Smith-Watson-T
5 1 1 1 1
4 » 700°C,1s
s 700°C,120s
. ¢ 675°C, 1s
i3 © 675°C,120s 3
A 650°C,1s
- & 650°C,120s ]
g 2
)
A
4 .
A .
a L] "o .
= L]
It . 0 A
L]
a
aaal il il 1l
10? 10° 10* 10°

test life
(c) Chu-Conle-Bonnen &&
(c) Chu-Conle-Bonnen

B2 RRBEFSREHMHRER

Fig.2 Different fatigue parameters versus life
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£ 2 W
10 T T T T
] + T00°C,1s
8 ¢ 700°C,120s
. 675°C,1s
6 2 675°C,120s 3
4 650°C, 1s
4 650°C, 120s

102 10° 104 10°
test life

B 3 Glinka 8 5% 74 i X &

Fig.3 Glinka parameter versus test life

T T T
105k " 650°C, =-controlled J
o 650°C, o-controlled
4 675°C, =-controlled
£ 10%f 3
=
]
|51
2
S .
g 10°F 3
675°C, o-controlled
* 700°C, =-controlled
102 » 700°C, o-controlled
1 1
10? 10° 10* 10°
test life
(a) Ml

(a) Uniaxial

10°F /
10%F
2
E
310 « 700°C, 1s
2 = 700°C,120s
* 675°C, 1s
102 2 675°C,120s
1 650°C, 1s
4 650°C,120s
101 L L
101 102 10° 104 10°
test life
(b) X
(b) Biaxial
B 4 BHGSREFMGIRR
Fig.4 Predicted life versus test life
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A NEW MULTIAXIAL FATIGUE MODEL TAKING INTO ACCOUNT THE
INFLUENCE OF TENSILE DWELL TIME "

Shi Duoqi® Yang Xiaoguang Wang Yanrong
(School of Jet Propulsion, Beijing University of Aeronautics & Astronautics, Beijing 100083, China)

Abstract The influence of tensile dwell time on fatigue was used to define a CFI (Creep -Fatigue Interaction)
factor, that characterizes the nonlinear interaction of creep damage and fatigue damage. A high temperature
multiaxial fatigue model with energy-type parameters based on the critical plane approach was proposed.
The model considers both the experimental observation of fatigue fracture and the tensile dominant effects
of crack initiation, propagation and fracture under biaxial fatigue loading. The model has a “unified” ability
of modeling the multiaxial fatigue life under different temperatures, various loading properties and dwell time.
The material life constants in the model are temperature-independent and loading-independent, and the method
may be generalized to other dominant effects of fatigue to build multiaxial fatigue models. The constants for
Udimet720 Li, a superalloy used for turbine disc, were obtained by fitting the test data under uniaxial low cycle
fatigue loading with dwell time. The model was applied to predict the fatigue life of cruciform under biaxial
cyclic loading with dwell time at elevated temperatures based on the stress-strain results by a viscoplastic finite
element analysis method. Errors are within a factor of 2, that is, within the engineering requirement margins.

The validity and accuracy of the model were verified.

Key words superalloy, multiaxial fatigue, critical plane, creep-fatigue interaction, life prediction
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