%28 B 4 )
Volume 28 Number 4

TEREEEFR

The Chinese Journal of Nonferrous Metals

2018 4 4 A
April 2018

DOI: 10.19476/j.ysxb.1004.0609.2018.04.04

° E—:E ~
TiAl 558

JIE Im SR AR

EaeE, I F!, mAM, (Fwmwml, HEE!

(1. WEZRVE TNV 4 R 2 hin LW SR g 7 S0 48, AR 1500015
2. PER T = =#RAMRAR, b5t 101300)

& ZE: 2/ Gleeble—1500D HZ)ARABRLRIA LN Ti-47A1-2Nb-2Cr(BE/R L, %) &S AEIREH 950~1150 C.
AR 0.001~1 s~ BEAT AU AR, 0kt A8 T2 S i RET 1 4 SUESR I A3 HT, B TiAL & 4 il
AT FE TR LR . G5 R R ZEMRIE(<1000 C). miNAZHR(>0.1 s HW&MER, TiAl &4 RIT
5 AONE 4SBTV, BEAE AR IR P R S AT N AR R [ A, ARER AR A R TR R a0
€ TIAL A AN LRI N AR TR N I SR G5, 51N RS BRI N AR B 2 /1) Zener—Hollomon BHF, #4%E

TiAl & 4 il A T Ik FR I S A B
EHIR: TIAl A4 mRARTE: IR0
XEHRS: 1004-0609(2018)-04-0670-07

FESES: TG146.2

MRRFRARRD: A

y #H TIAL &4 5 MK S AT L, 2% FEARL 15%,
R B2 () it 20 2 3L 2 4% o 7F 600~850 “Citdh B Vi Rl Y,
SRS mi A AT L, FARRR p M TIAL &4
IS R 2. Ik, TiAl A4l S B
Bl A A A — P WUR SR AT R R R S5t
(H— AR,

VE 4 B GY, TiAl &4 HA ARERTE, S
A DA TA I T, R, S0 TR I T
HROTE. BAEFMMIN T TE R, BT TiAl &85
SAFRER A, FEOLHIN TR, B
IR, RFEANRT 2 =BT, I Bl TREX
BIAE, B A LURRRE ik . T 7R i
JFEDK TR T, SRR 55 3 B ids v % RS EL A
FHA AR TR, B8 MR E Sn Tl Ak S P24
B TS, MEE S TiAL & & S iy
S ZAT RIS R Tl A 7= B S

7 TIAL A S B 245 5256 v, T8 AR TR 4
B AR IR, IR 5 U 45°77 Tl P AR KT,
T FH T R 5 P v T et P AR SE T B2 ot DT 2R 5
TEAR T il LR v B N AR TR BRI /NN, e IR 2R )
LR RNy, X TR A A T T
an ) 454 728 55 LS Rl T 3070, H g, [ Py Ak

BAEM B AR TS R T2 T T e T — 2 i
SCFITTAE, B 55 0 N 5 2 TiAL & 4t
ITHIRARLS, RIAE S N AR R, &40 KA
TETFRE,  HLIT 2R 52 b 1Y AR T8 2 R v L 1) ARG
MINEE « MA A T TiAL & S (e SR 45 4 1F
NIRRT A, R IR AR T IR Y
B, RN 45CBTUNTFRARNNS s 4e 7 17 A vE AT
HIRA I )52 T FGHY6 A 4:4F
BIHLE N 1050 C WARH RN 0.001~1 s™ 4&A4F T
PRI 2240 SN AR E, I T FGH96 & 42174
T . ALEXANDROV 255305 SXXX 454 4 AEAN ]
WRE S AR N T A b RS, HE T SXXX
A Il FE AR . XIN 209501 sl TIAL & b T4
ERARREE, AL TR T RN VAR, NAREH A
W2 TR AR PO R AR T R . R, R T
Ti-47Al-2Nb-2Cr & 4 75 FA 4578 T8 1o B2 1 s S 42 405
TN g 2y T 0 ARG

ASCAEH LR Ti-47A1-2Nb-2Cr & AEANF
L J AR AR LA N AT A R 4 55, s =
IR AR RO T T E S BT Bl S8 43 1 AR
T, AT RN AR S 0] AR T T 2L R A
W RO AL, A A S . AR Sl

EETH: EXRARBELEESZIINH (51405110); HETEG 15 RNE I 4% B0 H (2014M551234); 1y 222 A5 1 1 22 B o % TR 4 %5 B 350 H
(20132302120002); HEJEVTA 8+ f5 55 4 %t Bh 1 H (LBH-Z14096)

Igks BHE: 2017-02-15; #&ITHHEA: 2017-05-28

BIEES: T, BIEEE, ML, @i%: 13613603223; E-mail: yusun@hit.edu.cn



528 455 4 )

B, S TIAL & <l 2B Rl S A 5 671

FENAZAE I TIAL 5 < el 2T I S OB, AT
LTI L ESH0E .

1 525§

AHIF T ST s 47 512 56 R F R RE 42 SRy b
Ti-47A1-2Nb-2Cr(BE IR 73 5, %) KL VIHI T2 M
PR HRL L 2 mm A YIRS d 6 mm X9 mm (1)
PRAEEAEARE . NS I CRUESTAT, RIDGH G
Ak B2 o FIFH Gleeble—1500D ZY AR 46 L 52 56 1t
W% T Sk 55 R i T 2 (A0S A 58 1 LA/ R
ARSI 1) T 2mAEmE 1 fros, iRFELL 10 °Crs
(143 52 AR B 750 28 T % (950~1150 °C), ftil 3min
DIHARE 2 03857, B DA 2 W AR T R.(0.001~1 s71)
XA BT S R 4, AR TEREE R 30%~60%, A2 TE5E
B SLRIK Y LARFF M RVE T JS I ZURES, Bk
S 1 sl

R1 BIRFBR T ZSH
Table 1 Processing parameters of isothermal compressing

tests

Value
950, 1000, 1050, 1100, 1150
0.001,0.01,0.1, 1
30%—60%

Processing parameter

Temperature/C
Strain rate/s '

Deformation degree
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Fig. 1 Schematic diagram of hot compressing test
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Fig. 2 True stress—true strain curves of TiAl alloy at different strain rates and temperatures: (a) 1100 C; (b) 1 s~
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Fig. 3 Macrophologies of hot deformed specimens of TiAl alloy
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Fig. 4 Microstructures in different type of cracking of TiAl alloy: (a)45° shear fracture; (b) Longitudinal deep cracking; (c) Serious

free-surface cracking
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Table 2 Critical strain of TiAl alloy at different strain rates

and temperatures

Critical strain

Strain rate/s”!

950 C 1000 'C 1050 C 1100 C 1150 'C
1 0.35 0375 0393 0412 0421
0.1 0.431 0.471 0.49  0.509 0.55
0.01 0.621 0.633 0.644 0.668  0.69
0.001 0.719 0.744 081 0.856 0.886
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0.85
0.80
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0.65
0.60
© 0.4, 0.55

0.50
1150 Mo.45

105 1 1390 0.40
lqéginveta““ 035

racture
0.8) zone

S

—_—

ritica

Lo/ .
8@6\9—2

-3950
Bl 5 TiAl &l S AL R 5 S N AR IR

Fig. 5 Relationship between critical strain and strain rates and

temperature of TiAl alloy
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Fig. 6 Relationship between stress and strain rates(a) and

temperature(b) of TiAl alloy
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Fig. 7 Relationship between critical strain and InZ of TiAl
alloy
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Fig. 8 Comparison between experimental value and predicted

value based on Eq. (6)
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Development of critical damage model of
TiAl alloy during hot deformation

CAO Zhuo-han', SUN Yu', WAN Zhi-peng', REN Li-li*, HU Lian-xi'

(1. National Key Laboratory for Precision Processing of Metals, Harbin Institute of Technology, Harbin 150001, China;
2. China Nuclear Industry 23 Construction Co., Ltd, Beijing 101300, China)

Abstract: The hot deformation behaviors of Ti-47A1-2Nb-2Cr (mole fraction, %) alloys were studied by Gleeble—1500D

!. By true stress—strain curve analysis, fracture

at the temperature range of 950—1150 C and strain rate of 0.001-1 s~
thermomechanical simulator appearance analysis, the results indicate that shear cracking along the direction of 45° with
respect to the compression axis occurs at lower temperature (<1000 °C) and higher strain rate (>0.1 s™'), then it is
attributed free surface cracking along longitude with increasing deformation temperature and decreasing strain rate. The
critical strain is obtained by bisection method at various temperature and strain rates. The Zener—Hollomon parameter,
which considers the effect of temperatures and strain rate, is employed to establish the correlation among critical strain
and hot processing parameters in the present investigation. Finally, a fracture criterion of Ti-47Al-2Nb-2Cr alloy during
hot deformation is successfully developed and verified by experiment.

Key words: TiAl alloy; hot deformation behavior; critical damage
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