5536 & 5 12 M= N FER Vol. 36 No.12
2021 4 12 H Journal of Aerospace Power Dec. 2021

X EH S :1000-8055(2021)12-2482-08 doi: 10. 13224/j. cnki. jasp. 20210440

TIAlE R BN EFITAS FafmillEi

F g, FEAL, T A, R, wEA’
(1. v i 2s & sh WLAE L A BRZA &) 0 Fe s DAL 92 BT, RS BRI 412002
2. HEBLERE TP BEBFSE AT, JEET 1001905
3 IERRRE Wi Z LTS BE, dba 100085)

& . JEad 400 CHN 750 CTF B -5 Al iy 28 455 i) AR ARG R 98 95 (LCF )i B8 4R MU T — i TIAL & &6 I 4T
Sy FURAG TR 9% 57 F5 4w o B A 7E AR AR IR 40 A7 T HL AT BB A RO PR AR L o 0 80 B3 St 4 B0 29 £ ol 47 B £k 20
%, Ramberg-Osgood J7 T B 5 35 I 0 4 78 B 4 O MR 34 10 7 - 728 96 28, 90 557 7. 5 5 107 78 el {1030 1L St b 4 2
PESEF . AR 750 CA&AE TR S BURIE W 2LERAE | 75 400 “CE T A RIS PERR AE Aol W] ) 3l 2k 2 L2 R
2 T2 Sy 2 L 100 DT 22 350 G 4 Bt 7 2% 0 ) 48 o i A e ek L (A5 A R 1 S MR 750 O Ak A
PP . 5 Manson-Coffin 45 AR H 45 , Cruse-Meyer #5 5 RUE BF A 5 fpefs | bt o B /A (H X ELAT 115 7k BE
o L 7 B8 P M Sk RS A7 1) 5 i TIOIRG BE R e, R B L T RSSO A A T .

x # A: TIALG & MRMEIEST(LCF); MR F7-R7E 56 Sy A3 T IBRIT TR 4

RESES: V232.4; 0346.2 XHEKFRAERD Y A

Low cycle fatigue behavior and life prediction model of

TiAl superalloy

LI Wei', JIANG Kanghe', MA Li', ZENG Wu*, YANG Junjie’
(1. Hunan Aviation Powerplant Research Institute,
Aero Engine Corporation of China, Zhuzhou Hunan 412002, China;
2. Institute of Engineering Thermophysics,
Chinese Academy of Sciences, Beijing 100190, China;
3. Anstitute of Aero Engine, "Tsinghua University, Beijing 100085, China)

Abstract: Axial strain=controlled”low cycle fatigue (LCF) tests were carried out on the
TiAl superalloy at 400.°C and 750 °C to obtain the cyclic behavior and LLCF lifetime. The superal-
loy exhibited stable cyclic characteristics, 1. e. no obvious cyclic softening or cyclic hardening dur-
ing test. The cyclic stress-strain relationship was well described by the Ramberg-Osgood equa-
tion. LCF lives at different temperatures had a log-linear relationship with the total strain ranges.
Fracture morphology revealed that the TiAl superalloy presented pronounced ductile fracture and
significant oxidation at 750 °C, while the brittle fracture of the material was obvious at 400 “C.

Meanwhile, translamellar fracture was dominant for the lamellar microstructure at both tempera-
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ture, and the percentage of the interlamellar fracture decreased with the strain amplitude. It was

noteworthy that oxidation was significantly accelerated at 750 °C. Compared to the Manson-Coffin

model, although the Cruse-Meyer model had simpler mathematical form and fewer material con-

stants, 1t was not accurate enough to predict the life of the tenon part of turbine blades with lower

temperature but heavy centrifugal load. Hence, the model was not suitable to be applied to TiAl

turbine blade directly.

Key words: TiAl superalloy; low cycle fatigue(LCF); cyclic stress-strain relationship ;

life prediction; fracture morphology
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Table 1 Mass fraction of chemical composition of

TiAl superalloy
e 1 oy Biak o8/ %
Ti i
Al 45.0
Nb 4.0
Mo 1.0
B 0.15
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Fig.1 Microstructure of TiAl superalloy
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Fig.2 Photograph of the LCF experiment specimen
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Fig.3 Stress-strain curve of the stable cycle

PE] 4 Sy i 3 ok 8 v A0 B U A N ) B e o
T2 A AB RS B0, TCIE 7E 400 “Cib & 750 °C, 1 3 i
AR INE 7 3 A Bt 1 36 70 B 45 0 15 hn A Y e AE Ak
FWIZ TIALG 416N ARG A 80m T AR RE
A PR R AT 3 B T S A 906 B A1k B0 2R
{4

g T AR TIALG G ARG B9 55 1 1 -7 7% i)
W, A S S AU A 1B 25 2R 4R T Ramberg-Os-
good A5 B v iy B4 ek i B (5 B AR K AR Ak 4R
B PR ) . Ramberg-Osgood #57 fi F ik =R



B IRATE PRI 55 47 S 5 i T AL 1 2485

124 2 S TIALS

700

£ g [T s

=

§ 500 d'"“"'n‘vl‘:“;““":A‘a.‘-‘.‘—‘. ................

2 B e o s ey

Z 400}

4 r - t=750°C, £=0.44% - t=750°C, £=0.60%

& 300 - =400, £=0.44% - 1=400°C, £=0.60%
200 L 1 1 1 1

0 20 40 60 80 100

Experiment cycle percentage/%

[ e N S ENPAR o <R

Fig.4 Cyclic peak stress evolution
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Table 2 Material constants of Ramberg-0Osgood model

at different temperatures

R /°C E/GPa K'/MP4 n
400 161 191073 0717671
750 134 1187.7 0.1354
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Ramberg-Osgood model
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Table 3 Strain-controlled LCF life of TiAl superalloy
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Fig.6 Relationship between LCF life and strain amplitude
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Fig.7 Typical macro fracture morphology
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Table 4 Element mass fractions in fracture surfaces at

different temperatures

it 50/ %
R/ C e/ %
Ti Al O
400 0.44 66. 85 26.09 7.06
750 0.60 61.39 23.40 15.21
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Table 5 Average stress under strain ratio R=-1

R/ C /% 0,/MPa
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0. 60 —7.0
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Table'6 Material constants in Cruse-Meyer model
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Table 7 Material constants in Manson-Coffin model

BE/C o] b e ¢
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Fig.10 LCF life prediction based on Manson-Coffin model
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