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Fig. 1 Original microstructure of TC21 titanium alloy
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W&, % TC21 BkEEIRIRAT N 2051

B3 ARARE T TC21 #A4 & M4

Fig. 3 Microstructures of TC21 titanium alloy under different deformations (&=0.01 s "): (a) 950 ‘C, 40%; (b) 950 C, 60%;

(¢) 990 C, 40%; (d) 990 C, 60%
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Fig. 4 Microstructures of TC21 titanium
alloy at different deformation temperatures
(£=0.015", &=0.92): (a) 890 C; (b) 930 C;
() 950 C; (d) 970 C; (e) 990 C
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Fig. 5 SEM images of TC21 titanium alloy (£ =0.01 s "): (a) 970 °C; (b) 990 ‘C
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W&, % TC21 BkEEIRIRAT N 2053
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Fig. 6 Microstructures of TC21 titanium alloy at different strain rates (at 990 ‘C, £=0.92): (a) £=0.01s";(b) £=0.1s";(c) &=I
sy () £=10s"

B 6 AFMNAEELMHT TC21

B Q)PILEE SR HAS -

O—=_1né-+i_% 4
B BRT  p

1no-=llné+L—lni )
n nRT n

BT Iné—Ino Ml n é— o BARHEAT LML &7
SEn flpAE. W 7)) R LAE 1, ANREE T
IR IR AU, (AN FIARIX AR A 2K,
DR T 2% E AR X W BCESSME . iR o= p/n, EiFHE
AT AE XA A X o {E 4 0 A 0.00905 Al
0.11317.

Xof 3(3) P 2L [ AR 0 A5

In 4
In[sinh(ao)] = lln &+ L _Ind
n mRT n

T TW U P2 AH R ) 26 4 AN B8R, 3RAS )
In[sinh(ao)]—In & &HEWERIZERZE no HE 7(c)H]
B, AFRMEXPREZFEMAZEKR, REFEHEX R X
) ny 535N 3.82812 Fi1 3.51659.

AR AR, % Q(6) AT AR m] 15

Oln[sinh(ao
o= fm ;U;)H

(6)

(7

e RONEEIRSARH . FIFH In[sinh(ao)]—1/T ik
THERE &, B 7(DFR, RAFPIAH X AERAH X &
S3HIA 1.24681 A1 0.7448, K45 RACANRK(7), WL
B TC21 BA-& 156 2 2530 B PN 1 A DRI B AR [X
A F B BE 23 9N 396.6 kJ/mol A1 217.65 kJ/mol. 4
TEREIZ = T4 o BRI B A BOBIE BE 204 kI/mol A4l
EK B K B By B AE 166 kI/mol.

H DA E4E A Y, 385 Arrhenius J7 R SR AR 1A
TR LA R — ARG RETEA FAE X N AH 2
FEACR, HBBONE R, FTESMXAEH: Z2i%
HFELER ny ns B o IR REN, H2mid 2k
PEMIERFER, ARROPERE: =&
Arrhenius 77 FRAR Y il = AR 6 N 7 REA 1 RAE o 7RI
REEE AR AR T SR AR T I R 4 1 AR S T )
SO, PEERE AL IAS B, B — A I I A AN R A X
1 TC21 (K& S AW TT R HUFA Y

AR { AR R TR e F A, 7R AR
Wi SRR R A G B AR . e PR R A T
FEE F, M n MEARE X S5RALE Y @R IE8
RSP EATHAT F AL, 193] F P s RME M, 4
M>F, W5 NEAE X, S, EHS AR
SPASS HL[#) Stepwise Lhfig, FNAL & . MATHE &



2054 o [ A G R A AR 2020 4F 9 A
890 C
930 °C
950 °C
970 C
990 °C
36 40 44 48 52 5.6 50 100 150 200 250
In(c, / MPa) o, /MPa
1.5H©) 1.5L(d)
10s7!
1OF ol T
B 05l 0
3 03 3 05t 1s?
= <= —
2 ol =
= -390 C = 0f .
ol —e-930°C 0.1s
‘ ——950C —0st
Seax Tl oots
-1.0f ——990 °C —"
1 I 1 1 1 1 1 1 _10 1 1 1 I L 1 1 L
-5 4 3 -2 -1 0 1 2 3 79 80 81 82 83 84 85 86
Ing 71 /103K
B7 Iné-Inc, Iné—o,~ Infsinh(ao)]~Ing M In[sinh(ao)]—1/T KR L

Fig.7 Relationship curves of Iné—Ino, (a), Iné—o,(b), In[sinh(ac)]~Iné(c)and In[sinh(ao)]—1/T (d)

FVARTLREE T, LARCEAZ AR EAE AR B AR R
NIHAT F RIS, REMAKFEH 0.05. £id |ARE S
B 545 2 LA R A 56 &R X
Inc=ay+a,1/T+a,6+a;6* +a,(Iné)* +asTne +
agTIné+a,(In&)°T +ag(Iné)Ins +
ag(Iné)(Ine)® +a,y(Ing)* +a;,(Ing)’ T +

a, ()T +a;(Ing)*(Iné) +ay, (£/T)

K ag~a AFEE ZH

FIFH SPSS HAFARN S8 H a5 21 B3 R &k
1 fiz. HAP7E 890, 930. 950 A1 970 CAZH Sk
ARV NNGREAR, 18 990 CATLHIRIEE A S5
EH R AR AR, T AR B (TR . ks
ITEE R TR, AR B 5 OC R A, 9 0.992.
BT RECRMALLS, 8 R T S HoE R
NS SRR L, KSR IR 2, g S an
8 Fimmo XL FRW], 1AM R T S AE AL 30
Eeimn 4. B9 Fias i TC21 K& & imish b f it 5
{EASZIRAE N LR ZE I, AR 2% ELZR N 1) R38R it

F1 ZooktERIA R
Tablel Coefficients of model in multivariate linear regression
Coefficient Value Coefficient Value

ap —5.12 as —0.082
a 11002.046 ay —0.004
a 1.757 a 0.071
a —4.514 a -4.862X10°°
a ~0.039 an 5.989X 107
as —0.00031 as —0.032
ag —0.00015 a4 64281.629
az 5.270X107°

FAEMRIAAERENT 10% 1 EHE, FiREN
4.2%. WP 9 WILLE Y, KHE 7 s s AR B A BE
B, AT HAZASK R AT DARCHERA (G Sk TC21 BR 6
e R AT I YRR AN AT .

RGIG AR R I A VE, B RS SRR 25
990 “C RIS B AR, 4 DU A AR T3 4 14 iy
JS2 A3 45 R 5 SR AE BEAT P, AR A MR (R T



230 B 9 W

W& % TC21 A SHEIRAT N

2055

Stress/MPa

Experimental value
—o— Predicted value

0 0.1 0.2 0.3 0.4
True strain

200

150

Stress/MPa
=
S

8860

Experimental value
—o— Predicted value

0 0.1 0.2 0.3 0.4
True strain

B8 N 5ES SeasE Xt LE

200 -
< 150
[}
2
8 100
A
50 {ff
i Experimental value
—o— Predicted value .
0 0.1 0.2 0.3 0.4
True strain
@,
1501 10s™!
<
(=W
2 100 |y 75720000 %
] o 00015s7!
g
@~ 0.1s7!
i 0.0157!
Experimental value
—o— Predictled value .
0 0.1 0.2 0.3 0.4

True strain
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Thermal deformation behavior of TC21 titanium alloy

XIE Xin, SUN Qian-jiang, PENG Jia-hao, ZHOU Jian-wei

(School of Aeronautical Manufacturing Engineering, Nanchang Hongkong University, Nanchang 330063, China)

Abstract: The high temperature hot compression deformation tests of TC21 titanium alloy were carried out by

Gleeble—3500 thermal simulation machine. The test deformation temperature was in the range of 890-990 C and the

strain rate was in the range of 0.01-10 s . The microstructure evolution of the alloy during high temperature deformation

was investigated by analyzing the stress—strain curves and the microstructure obtained under different hot deformation

conditions. The results show that TC21 titanium alloy is very sensitive to deformation temperature and strain rate, and the

flow stress increases with increase of strain rate and decrease of temperature. With increasing deformation temperature

and decreasing strain rate, the dynamic recovery effect in the microstructure is enhanced and the number of dynamic

recrystallized grains in the microstructure decreases. In addition, the high temperature constitutive equation of TC21

titanium alloy was established by the regression method. The experimental results show that the constitutive model is in

good agreement with the experimental results. The processing map on the basis of Prasad instability criterion was

established, which provided a theoretical basis for planning the forging process of TC21 titanium alloy.
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Foundation item: Project(51965043) supported by the National Natural Science Foundation of China

Received date: 2019-11-04; Accepted date: 2020-04-28

Corresponding author: SUN Qian-Jiang; Tel: +86-791-83863032; E-mail: sunqj@vip.163.com

(RiE  IF)



