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Abstract: The high temperature low cycle fatigue behavior of Ti-43A1-9V-0.3Y alloy under condition of different strain
amplitudes and 550 C was studied by the method of axial strain control. Based on the formula of Manson-Coffin, the
cyclic stress strain and the strain fatigue life were analyzed, and the formula between amplitude and fatigue life was
deduced and fitted. After analyzing the fracture morphologies of high temperature low cycle fatigue fracture of sample,
the mechanism of high temperature low cycle fatigue of f/y three-phase TiAl alloy was obtained. The results show that
the transition fatigue life cycles of strain fatigue of Ti-43A1-9V-0.3Y is about 49. Cyclic stress response depends on the
applied total strain amplitude, and the fatigue behavior has the cyclic softening characteristics.

Key words: TiAl alloy; strain control; fatigue life; fatigue behavior

WL R T K e 1 D) T BEREE W AL I N TIAL BB UhREORFF AR R A LRt . R
B g ik 4y, I HE R (RIE— 2 1 A7, TIAL  PERUIN TR AESE )8, TIAL AR s R Bk
BRI R, TIAL S-S RAMRIPUE WA IR IR, FIH B AHRE B A2
ARFNPUEAMIERED ™, BT B 750~800 CHY, JERIREBAL Bly TIAL 15847 ROINER T 648 TiAl 15847

E&mE: EXARRFIESEITH (51065014); Hil4 ARFF I ¥ DI H (2014GS02905);  H 44 e 5 4 BHFF I H (2014A-033)
WimBHA: 2014-03-21; 1EITHER: 2014-10-12
BIEEE: BEE, BIEER, W WBif: 150026068305 E-mail: frely@163.com



5524 5 12

WiHhOT, S By AR A SRR R O AT 3017

FERIEAAT « SRR 25 1) Sk s A% ) T, X
R =AH Bly 40l i TIAL &5 4 1) B AH A AT RN o Sk
KK, WhAM RGBS, A5 4 iton Tk gel,
HAGXS TiAl & 3 28 b e AME R 28 &
PN A DR 28 0 R0 e e R Tk 2T 1 45 11 52 .
KRUML Z5WPIWFSY T /6% . milidA s r, Saams
07 TIAUC R 55 VERE I, &5 R WS
TEBZ, YEREAREEUEE, TS B R E
IR AL R T . MINE 255 7 AN 6] 1 2 1 6
TiAl & &8 57 R L B IR . MAT RSl
AT TIAL 5 4 PR I 2 L LA T T
5, WA R AP RIESS TiAl & 4R
PRGN R AR, PR SR AL = Thihr s
AT by G A BT 24 . SATOH 25U I 57 T TiAl
G 4 4 R RS P E 2R R AR 2 T RO B A T AN
Iio GRRW: M TR, ST
AL IR G S N I A, HL L6 U e 3 AR ok PR R
I T B LS5 . GLOANEC 259 T i
T 2R SR AN AR LU T B TIAL 45 4 A %
57 A5 A TR (K5 . 45 BRI XF T TIAL &4, ek
THFERE AL ] LUE G M A SR 85 57 Fdm . 9 4h, NHE
(RSS20 23 50 (a5t T 23 DA R AMPE S48 il 3 R A%
Ll ) #0952 57 A7 i A 2 5 AT — )E IR R
TESERR TAESAE T, BT REWL AR R BiAy
FUARNRIRELEE R, 52305 % W LBRCRT R A7 AT (AR T A
FHUSL 4 SRAE A SR A8 T TiAL B 4 R 295 57 AT 4
MOMLEEATE R, Xty TR N R BT S iE TR
FURSF I sk R DI, WF9T Bly TiAL 4542
FE Sl B RN = N ARAT Ay 4 25 hy 1K 28 vt F A
(1995 577 BT DA S A7 i T A R s o AR SR
Witz EHF-EM100K  H i i AR 982 55 B0 ML A SE 56
T, WY Ti-43A1-9V-0.3Y &4 1E 550 'C K WA F= ]
AR B 5547 A, IFAE ML IERE B BT T 9858 N F—
ARMAN ARG 57 5 i R S5 WT DA, 45 SRR
Ti-43A1-9V-0.3Y £ 550 ‘CHI{ZRIL A METERT RS, EIAF
BHE 550 CHHTI AL BIPINGREARIR B2, (AR EE T
MBI AR TR, #ia T RZH
PR SEEFEEGE ] 0.5~0.7, Mk, #HEMIL TiAl 1)
PG AR BEAE 700 ‘CAAq o

1 X8

SO T FH BVER AR 4248 U M 43%A1. 9%V .
0.3%Y. HRM Ti(BERDE). MHEM: MittEY

(VR TN S 5 25 AL 55 25 TIAL A4 bR 2 ) a0,
B HEIRIHORA LR EZ A DRI op AHAT B AH
ERI . K BREHIU IS AT 3 I, Kt
TSR K (900 °C, 48 h)FIHEE# 1 AL BE (1200 °C,
4 h, 150 MPa), ZACBE 5 3RAFAH /MK p/(BIBo) o 3T )7 v
HANL)FRG<, HEMAZME 1 s, HE 1
AW, Zaeh RNk TE Al R], ER
AR LT 85%. WAk, AT /DR By AH(K (0
A, HATHCALTT A P AR R p FHISA) M O3 A A8 2=
F AR, P AR RECRI Y AT (R 43 A e A AR i e
FARL YALy. AR AR AR, PIvkz
R, LS UG . SRS FERMBE S 1200 C
AR 0.5 s A PF N T AR, RS R A,
KB RN LA SRS R d 6 mmX25
mm FFHRFE . BARRGERTER AN 2 s .

Fen ARG R 55 S IR e v L 9 57 I
HEAT o« ST St/ ) i) EHF-EM100K. FELYfa] IR 5732
BN R SR G, BRG] S AR =R A ]
MR . IR AR A S B e A T
M, B 55y 3 B, 2yl F PID 45546 3 BUR . WE 3
B B 0 550 °C, WE AN R =emin/€ma=—1,

E1 Ti-43A1-9V-0.3Y {7 1A 41
Fig. 1 Microstructure of Ti-43A1-9V-0.3Y

g
g
g g
N
1)(450 _ﬁ R15mm E
Ne) 1
%’ o]
20mm 45mm
85 mm

2 RGBSR OR B

Fig. 2 Schematic diagram of size and shape of specimen
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Fig. 3 stress—strain hysteresis curves
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Fig. 4 Cyclic stress—strain curve
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Fig. 6 Curves of total strain amplitude—life, elastic strain

NI E3N

amplitude—life, plastic strain amplitude—life of Ti-43Al-9V-
0.3Yin 550 C

Ag, /2 53 M A S AR L i AR T R AR e o
Ae, 12 Ag, /2t 275 fii I BRI 3 — R A3 i 1] 2 B
3. HIE 6 \TLUEH, NARTRERN, Fdrgtos, Jf
HE 5N, Ag, /2 EHIRANT Ag, /2, KWL
G R A R

XoF T I AR 8 1 PR AR R 90 55 S8, SR FH Manson—
Coffin AIFFRHAN AR 595 55 F iy (1 R P
KPR

%=%+A—?=%(2Nﬁ’b e N, (1)
Ko 2N, RPN £ 5 2 MRSR R U o
TR b ARG o AR
AL ¢ SRR B WRPEE 550 CHE03E
PR

W S BRI, b, AR L
KRR

—P —2.593502N,) 0426 )
S Y AR b5 9 57 A e Rk

28 _0.8504x (2N, ) 1416 3)

QMG G, W] 75 W AR 598 55 75 i
RKAIXA

A A Ag
D8 _ D8 LT _0.8504(2N, ) M6 4
2 2 2

2.5935(2N; ) 4286 4)

KN@)EIH Ti-43A1-9V-0.3Y WAFKmRER. 545

EAATLIAR R, Ti-43A1-9V-0.3Y &4:4E 550 CTTEE
SRR SRR EASHINAE, S5 R Wk 1 iyl #k
(RS9 5 77 A (NOFR I RIE 3 54 B 2 A8 s Ak PO
INFF 1o MM RE N K /IN ) DR 25 2 A ) 1 5 55
FEVERY . TR GL R, MRS R A, )
REVEE 57 A AR AR P Y SRR DT AR (V) KT
NI, SRR AR T IE P N AR, 4R I 58 5 X 5 Bt
TEFEEH: 2 Ne/hT NI, BV AR T
NAZ, AR EME 9 57 Bk E AR . IR 3 H
T AR, MRS 55 A A EE AR OC T P A, N
ARME R 0.2%IT RO o RIATEASLIGSAT N, HbE AR
SER IS AR E N R, 5 6 BT .

F1 Ti-43A1-9V-0.3Y HB7E 550 CHEIFVERESHL
Table 1 Fatigue performance parameters of Ti-43A1-9V-0.3Y
at 550 C

o} /MPa &l b c N,

1849.98 2.2175 0.1416 0.4286 49

B 1 a0, R Ay AT,
KZH & B EHIEPEFREE 0.5~0.7 Z AL, C fE
AE0.5, RiMCERIEIE 0.5, BWHIZAMEHE 550 C
FREEMEFRBIC A AL 0.5~0.7 [Pk, WmEid it
550 C 4 LT Ti-43A1-9V-0.3Y &4 BRI
AR o ARPEIXFPAE AT DAHEN], Ti-43A1-:9V-0.3Y
B EWPINEFE AR BEAE 700 CAidy, ELUG IWFsE T
fEp 23— D SCIRE A 650, 700 Al 750 °C
Ti-43A1-9V-0.3Y 55 PERE. PRk, Joigad NV ARTE
PRI A2 R N AR ], P AR GG S5 M A 41K
57 A BRI R

2.3 EHETOSH

775 K Ti-43A1-9V-0.3Y & G A /) N AR R 1)
W TES . B 7(a) R (b)h BT BB A S B R
TEAETES, FENATRWTR, & Ttk 2s,
IR A (5 SRR, IFAPAE IR ST A
By /NP Wi 2T R RS TES, M T 1T
SR 7(a) b 97 LR EY X, HLEl 7(b)
FLIE 7(a) A3 5 SN ek, DRI, SR Ay B T e
FALE PO R X, B T(e) TN A g R,
L TE A S E AT AN TITYNE 5 I C Eei T 3
T HERRBIREAE, T30 HRARER, Nk BT 11 s X 48 B
. B (IR WA TR, A S
I AEAER KRR S AU B R fEN AR



3020 A G A R

2014 412 H

J b g /¢
B 7 Ti-43A1-8.5V-1Y & ANF NARE T [19% 55 W 11 SR

Fig. 7 Fatigue fracture morphologies of Ti-43A1-9V-0.3Y in different stress amplitudes: (a) 0.35%; (b) 0.5%; (c) 0.65%; (d) 0.8%

M4 0.8% 1 W7 11 _F R LUK 52 21 BH 2 (1 vkoBE B3,
S DX R IR TE S I 55 S SO IR S T
& B BN T ARG A, AR ST R, R gRm
PERA LIV A o0 3, i8R R = Ao & D,
AN Tyl AT AR T AT RS I, BRI RS
AT HELAIEAT, R BAR I E, Wbt A 5y
SR R W% 57 4 SO R4 IFHILE H,
WiEl 7@~ 7R, N AR A 0.65%H), Ti-43A1-9V-
0.3Y G MBPERLF. —MRIGOLT, B N AR 1Y
I, SEPERASRE RS, SRR AS IS A AR
H0.65% VI T — AN e, X — Rl —
A

3 Zig

1) Ti-43A1-9V-0.3Y & 4:4E 550 °C I il 1% a9 57
Az,

2 2

IS5 ey N N Ae Ag
%%%%%ﬁ%ﬁﬁléﬁﬁﬁjfz +—L=

0.8504(2N; ) "'*16 +2.593502N,) 4% | Ti-43A1-9V-

0.3Y &0y I BAF A 49 JA,  HE B AR 5

e ARSI T 5 A TSR R

2) Ti-43A1-9V-0.3Y ££ 500 C T - fEFF AR L1k A
0.2%~0.8% = N RHIEAPA IS, H R HPEARTE .
Hor, (EENASIE 0.8%1 0.65%/E R, R A mk
NG RURAT 11 RN 34 8, S0 Bt
WKL, 9% 55 5 A I

3) BRFEWT AT R B WA T R A AR GO
I, S EUEER N 7 m R A ZA A Wk,
2 SRR AR E R A

REFERENCES

[1] CHAN K S, SHIH D S. Fatigue and fracture behavior of a
fine-grained lamellar TiAl alloy[J]. Metallurgical and Materials
Transactions A, 1997, 28(1): 79-90.

[2] YANG J, LI H, HU D, DIXON M. Microstructural
characterisation of fatigue crack growth fracture surfaces of
lamellar Ti45A12Mn2Nb1BJ[J]. Intermetallics, 2014, 45: 89-95.

[3] FENG Rui-cheng, RUI Zhi-yuan, ZUO Yan-rui, ZHANG
Guo-tao, YAN Chang-feng. Influence of stress ratio on fatigue
crack propagation in TiAl alloy[J]. Applied Mechanics and
Materials, 2014, 457: 7-10.

(4] BRED, s, MRE R, B O it Y £ p-TiAl



5524 %5 12 0

VithoT, S5 By MBS S IRAR AT A

3021

[10]

[11]

[14]

Hetr B RT3 PR SO8 1R P IR B S SR [0 P A
GBS, 2014, 24(5): 1241-1250.

CHEN Yu-yong, HAN Jian-chao, XIAO Shu-long, XU Li-juan,
TIAN Jing. Research progress of rare earth yttrium application in
y-TiAl based alloy and precision thermal forming[J]. The
Chinese Journal of Nonferrous Metals, 2014, 24(5): 1241-1250.
KIM Y W, DIMIDUK D M. Designing gamma TiAl alloys:
Fundamentals, Structural

Intermetallics. Warrandale: TMS. 1997: 531-43.
CHAN K S, WANG P, BHATE N, KUMAR K S. Intrinsic and

strategy and  production[C]//

extrinsic fracture resistance in lamellar TiAl alloys[J]. Acta
Materialia, 2004, 52: 4601-4614.

Do, BAM, RIEY, BEW, Rer, s, TR

y-TIAL B 478w iR TG R i H AR ). A (e
JE AR, 2014, 24(2): 403-408.

LUO Yuan-yuan, MAO Xiao-nan, XI Zheng-ping, YANG Ying-li,
WU Jin-ping, SU Hang-biao. Microstructure evolution of new
y-TiAl alloy during hot deformation[J]. The Chinese Journal of
Nonferrous Metals, 2014, 24(2): 403—408.

ARATA JJ M, KUMAR K S, CURTIN W A, NEEDLEMAN A.
Crack growth in lamellar titanium aluminide[J]. International
Journal of Fracture, 2001, 111(2): 163—189.

KIM S W, HONG J K, NA Y S, YEOM J T, KIM S E.
Development of TiAl alloys with excellent mechanical
properties and oxidation resistance[J]. Materials & Design, 2014,
54:814-819.

SHIH D S, KIM'Y W. Sheet rolling and performance evaluation
of beta gamma(b—g) alloys[C]/ NINOMI M, AKIYAMA S,
IKEDA M. Ti-2007 Science and Engineering. Kyoto: The Japan
Institute of Metals, 2007: 1021-1024.

GHONEM H. Microstructure and fatigue crack growth
mechanisms in high temperature titanium alloys[J]. International
Journal of Fatigue, 2010, 32(9): 1448-1460.

KRUML T, PETRENEC M, OBRTLIK K, POLK J, BUEK P.
Influence of niobium alloying on the low cycle fatigue of cast
TiAl alloys at room and high temperatures[J]. Procedia
Engineering, 2010, 2(1): 2297-2305.

MINE Y, TAKASHIMA K, BOWEN P. Effect of lamellar
spacing on fatigue crack growth behaviour of a TiAl-based
aluminide with lamellar microstructure[J]. Materials Science and
Engineering A, 2012, 532: 13-20.

MAR, W, & &, RO, 10k, 22 TIAL B:G &%
BT EPLHEIATSE[I]. FE 428, 2007, 31(2): 148-153.

LIN You-zhi, CAO Rui, LI Lei, CHEN Jian-hong, HU Da-wei.

[15]

[16]

[17]

[19]

[20]

[21]

[22]

Investigation of fracture mechanism of fully lamellar TiAl alloy
at room temperature[J]. Chinese Journal of Rare Metals, 2007,
31(2): 148-153.

WA, AR, BRENT, BN, R TIALEE & S ik
W2 R LER]. PN LR, 2008, 44(1): 40-45.
CAO Rui, LIN You-zhi, CHEN Jian-hong, HU Da-wei. Fracture
process and fracture mechanism in fully lamellar TiAl alloys
with tensile tests[J]. Chinese Journal of Mechanical Engineering,
2008, 44(1): 40—45.

SATOH M, HORIBE S, NAKAMURA M, UCHIDA H. Cyclic
deformation and fatigue in TiAl intermetallic compound under
plastic strain control[J]. International Journal of Fatigue, 2010,
32:698-702.

GLOANEC A L, MILANI T, HENAFF G. Impact of
microstructure, temperature and strain ratio on energy-based
low-cycle fatigue life prediction models for TiAl alloys[J].
International Journal of Fatigue, 2010, 32: 1015—1021.

BAUER V, CHRIST H J. Thermomechanical fatigue behaviour
of a third generation y-TiAl intermetallic alloy[J]. Intermetallics,
2009, 17(5): 370-377.

B, R wk, O, @M, F O, AT MiE B
FY 0B Ti-Al-Nb-W 58 AR g M), o EA s
JB 2R, 2011, 21(4): 777-783.

YANG Guang-yu, LIU Yong, WANG Yan, LI Jian-bo, TANG
Bei, LI Hui-zhong. Effects of trace B and Y elements on
microstructures of cast Ti-Al-Nb-W alloy[J]. The Chinese
Journal of Nonferrous Metals, 2011, 21(4): 777-783.

MANSON S S. Fatigue: A complex subject—some simple
approximations[J]. Mechanics, 1965, 5(7):
193-226.

MRartk, £k, #k X, H4kE. Bl Ni s a4 K417
MR AR B 5747 4 (3] S JE~FR, 1999, 35(11): 1144-1150.
CHEN Li-jia, WANG Zhong-guang, YAO Ge, TIAN Ji-feng.

Experimental

Investigation of high temperature low cycle fatigue properties of
a casting nickel base superalloy K417[J]. Acta Metallurgica
Sinica, 1999, 35(11): 1144-1150.

G, BARE, E ol M38 R mL £ G AR g 55 1k
AE S RBLHIT]. 4282441, 2007, 43(10): 1025-1030.
HUANG Zhi-wei, YUAN Fu-he, WANG Zhong-guang. Low
cycle fatigue properties and fracture mechanisms of M38 nickel
base superalloy at high temperature[J]. Acta Metallurgica Sinica,
2007, 43(10): 1025—-1030.

(WE T &)



