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Constitutive equation and thermal processing map of thermal compression for
TC21 titanium alloy

Sun Yue, Sun Yong, Yang Yong, Ling Yunhan, Yuan Chao, Huang Dali
(Beijing Research Institute of Mechanical & Electrical Technology Co., Lid. CAM, Beijing 100083, China)

Abstract: In order to accurately obtain the plastic processing deformation characteristics and thermal processing conditions of TC21 titani-
um alloy, and reasonably design the forging process parameters, the Gleeble-3500 thermal simulator was used to conduct isothermal ther-
mal compression tests with constant strain rate, and the deformation temperatures of TC21 titanium alloy was 830—1010 °C, the thermal

deformation behavior under the condition of strain rates of 0. 01-10 s™'

was studied, the constitutive equation of TC21 titanium alloy was
derived by using the Arrhenius hyperbolic sine function. Based on the dynamic materials model (DMM) , the thermal processing map of
TC21 titanium alloy was established. The results show that under the deformation conditions of this test, the flow stress of alloy increases
with the decreasing of deformation temperature and the increasing of strain rate. According to the thermal processing map, the thermal pro-
cessing safety zone of alloy is determined as: the deformation temperature of 900-940 °C , the strain rate of 0.01-0.05 s™' and the de-
formation temperature of 970-1010 °C, the strain rate of 0. 01-0. 08 s~".

Key words: titanium alloy; constitutive equation; flow stress; thermal deformation behavior; thermal processing map

TEARR AR . LR B | T s G R IS ek 4
GO, RIS S AE R R EE /A R B T3
T KAz st TC21 Sk A4 e —Fh a+p
A4, HoASREMB G TEREY , fEh—Fh
SERIA AL H L FH T ) 38 A0 DR A 225 RN 2 T 4 4% i 2
TR 14 45 g B R EC A s 12

ek £ AR KA SR B IR RO T ik,

W EE: 2023-03-17; f&ITHHER: 2023-04-01
E£mHE.: EERESHRITIETE (2022YFB3706904)
EERBN, I M (1997-), B, WLk

E-mail: 578347945@ qq. com

WEEE: v B (1971-), B, L, #F55

E-mail: sun_yong_89@ 163. com

HAT, EEEEM RS T A SOk ARG &
TRRPERES . BT TC21 Sk A &M . BRI h
K. wshtkzE . BUBRE XA ERE, S8 TC21
A SIS EAR R BUR, TR IR G S B
FAPFR BB RG BE | OB 1 B DA B 7= dh A A 4, —
g B S AT T AR AT, HE RS 4
s H AR R RIS A A, 55 B AN o e i A
HRERM 2,

R TR ARAT TC21 8K G 4 R 18 P R AiE Al #k
T2, AR E T 2S8R LA 4
il e E TR, F, AL TC21 KA 4
RS G, TR IR N 830~ 1010 °C | B2 3
A 0.01~10 s G T A7 45 T 1 N A% 3 56 1 4



55 4 3] PN HAE TC21 BhE G PR A AR T7 R A T & 243

Y, R TIZAEENIERAT R, T Arrhe-
nius AU ZRIE 5% pRECH ST T TC21 k&4 A M i,
AL T TC21 SR AN T &, hA BH & TC21
HKESRETEZSHEME T — 2.

1 3R At ok

ARSCFERY TC21 KA 4 5 A Ti-6A1-2Zr-2Sn-
3Mo-1Cr-2Nb, HAL2ER AR W 1,

R1 TC2HEEHWUERS (%, RESFH)
Table 1 Chemical compositions of TC21 titanium alloy

( %, mass fraction)

Si Cr Ni Mo Nb Al Sn Zr Ti

0.084 1.56 0.0071 2.8 1.97 6.44 2.06 2.16 &=
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Fig. 1 Schematic diagram of thermal compression test
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Fig. 2 True stress-true strain curves of TC21 titanium alloy under different strain rates
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Fig. 3 True stress-true strain curves of TC21 titanium alloy under different deformation temperatures



55 4 3] PR TC21 BRE SRR A 5 e S T 1A 245

0F v A on
1 F
o2
3
E
3k
» AT 890 C
4+ ® I B 920 C
A I 950 °C
v IR B 980 C
_5 1 1 1 1 1 1 1 1 'S
32 34 36 38 40 42 44 46 48 50
In(o/MPa)
(a)

0F [
-1k
2
5
E
3k
» IR E 9890 C
4l o B % /9920 C
A BT 9950 C
v AT 980 C
-5 1 1 1 1 1 1
20 40 60 80 100 120 140
o/MPa
(b)

P4 AR R 5 D TR AR

(a) Ine-lno

(b) Ine-o

Fig. 4 Relationships between strain rate and stress
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Fig. 8 Power dissipation diagram of TC21 titanium alloy
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