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Fig.1 Instability maps of SP700 titanium alloys at different strains: (a) 0.3, (b) 0.5, (c) 0.7, and (d) 0.9
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Fig.2 Simulation results of instability deformation of SP700 titanium alloy at deformation temperature of 750 °C and strain rate of
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Fig.4 Simulation results of instability deformation of SP700 titanium alloy at deformation temperature of 750 °C and strain rate of
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Fig.5 4 physical quantity change curves of 4 representative points of SP700 titanium alloy at deformation temperature of 750 C and

strain rate of 0.1 s (a) strain rate, (b) true strain, (c) temperature, and (d) true stress

P3

P4
X a

P2

]

1

30%

P3 pa P
c
P2 P3  p; P4
— G

Unstable

Stable

60%

Bl 6 SP700 £k & fEE LR E A 750 C. AN 1s™ I 1) KA A4 45 3]

Fig.6 Simulation results of instability deformation of SP700 titanium alloy at deformation temperature of 750 ‘C and strain rate of 1 s™:

(a) 0%, (b) 30%, and (c) 60%

2.3 KWHRS5ERLEREIE

MR R 15 2 1) KRR TR 25 L DA K 4 MR
MU A ANYERE AR, P DU R R L2
AT, AHR AN T 45 A A 40 S 00 45 Bk itk — D i
SE B R 45 S A R I . B EL SP700 4k & 4 AE AR
Wi EA 750 C, MAZHZ S350 0.001. 0.01, 0.1
AL s R R 4 B R ROA 60%[K IR RE, JEAT ROW
HENEE, K 8 fin. Bl 8a il zn y SP700 k& & 1
RN 750 C, BIASIEIR N 0.001 s F [ HE 46
WAL, B AMES N o, 2O HEERMR, H
BRACRE T R, WA AL, AR EEE T R
HHUR. K 8b Fian A SP700 4k & &EZ IR E N

750 C, MAFHFE )y 0.01sT N HIBEgE MO AL, it
B o FHER AL 4 ] 8a BRI, {H L JF oK BB 2R Fa AR
TERI A GUIRZS . 17 B 8¢ AT 8d Tz 43 il /& SP700
K& EA IR EE N 750 'C, MASHEE AN 0.1 PLM
1 st R JEGE A2, 727 8c A 8d R EL T
JRARRIAN I G, X SR R RE R AR T R AR AR T B
WMAHLIRE

i LA EXF SP700 Bk & & /2L il 2R 750 °C,
% 353 2243 55 4 0.001. 0.01. 0.1 Al 1 s NkAT &
JE R 24 609% 1 #4456 fOW 2 24 %2 43 B v T, SP700
BK A & AR 4 5256 45 5 45 Deform-3D A5 B JC 44
HEAT R4 RAR BT B AR SR+ W5



* 2990 -

GEAE e

51 %

hoN W
o wu o
T T

Strain Rate/s™
[5N
[6;]

a
v. —=—P1
/ '\v —e—P2

O R
AN
. \

<
1.0+ .
\\\\ jk
05 ‘\‘_.‘6-‘.:’
00 1 1 1 1 1
0 10 20 30 40 50 60 70 80
810
C
800+ TPl
—e—P2
(@] A
S 700} =
=1 '
= —
é 780
§ 770+
760+ /
750

K 7 SP700 (k& &I

Reduction in Height/%

2.4

o g
[e)] o
T :

Ture Strain
=
N

/

P
A

—=—P1
—e—P2
—aA—P3
—v—P4

0.4+ /‘/‘
0.08="1 . . . . . .

0 10 20 30 40 50 60 70 8
350 d
300 —m—p1

—e—P2
& 250+ —a—P3
—v—P4
3 200
2
? 150}
S
~ 100t

0 10 20 30 40 50 60 70 80 0

0 10 20 30 40 50 60 70 80
Reduction in Height/%

JE 750 ‘C RIARIEF A 157 4 AR AU 4 A P)EL R AR A 2k

Fig.7 4 physical quantity change curves of 4 representative points of SP700 titanium alloy at deformation temperature of 750 ‘C and

strain rate of 1

3 & it

5! (a) strain rate, (b) true strain, (c) temperature, and (d) true stress

1 8 SP700 k& &AEA TR
Fig.8 Microstructures of SP700 titanium alloy under hot compression at deformation temperature of 750 ‘C and different strain rates
(a) 0.001 s, (b) 0.01s™, (c) 0.1s7, and (d) 1 5™

1)F| i SP700 %k A 4 72 A FE 3. & v 700 ~ 950 °C.

N ASHE # N 0.001~1 st

TS 3 0 A i 1 AR 3 R A

SIS, M@ T AT Prasad KARHEN R TR,

J 9 750 C.

A [ 87 A A HEAT #A T 46 HO O L 2R

BT IR N A S RERBER NS HEE.
2) Ll SP700 #k& & RAERERINSELE N

BT, BT %A S RIRE RN 750 T, MNAF

HER 354 0.001. 0.01. 0.1 711 sty kFaE T,

21X B A M, RIS B AR L 45 B S5 S0 4

HRMIE -



3 8

BR  AF4%F: SP700 k& & HE 4 LA AL TR BUBEAEIT 5T

+ 2991 -

3) @it Deform-3D A FR ok AF Al DA% i 3
Xt SP700 £k & 4 & A S e AR F2 f [X 3k 30 A7 B 481 70

£ 3 3Lk

[1] Jiang Xueqi(ZZ 25 %), Fan Xiaoguang(#t1% %), Zhan Mei(/Z
H¢) et al. Journal of Plasticity Engineering(¥8 1 T #2 2:3%)[J],
2020, 27(7): 33

[2] Dong Xianjuan( & 45), Lu Shigiang(&-tt5%), Wang Kelu(E
7, #) et al. Rare Metal Materials and Engineering (%4 4 /&
MRS TRE)[J], 2018, 47(5): 1485

[3] Sun Y, Zeng W D, Zhao Y Q et al. Materials Science and
Engineering A[J], 2011, 528(3): 1205

[4] Su Juanhua(75454E), Sun Hao(#) #%), Ren Fengzhang({E X
#) et al. The Chinese Journal of Nonferrous Metals(# [Ef
4 J@ £ )[J], 2018, 28(1): 78

[5] Prasad Y V R K, Gegel H L, Doraivelu S M et al.
Metallurgical and Materials Transactions A[J], 1984, 15(10):
1883

References

[6] Lu Shigiang, Li Xin, Wang Kelu et al. Transactions of
Nonferrous Metals Society of China[J], 2013, 23(12): 3739

[7]1 Zhang Gang(ik %M), Zhang Fengshou(5k3U&). The Chinese
Journal of Nonferrous Metals(# E & & 4 )& 2=k )[J], 2010,
20(S1): 687

[8] Fu Mingjie(f}Bi7), Chen Li(% 1), Zeng Yuansong( Jt

¥4). Rare Metal Materials and Engineering (& & &kl 5
T)[J], 2018, 47(8): 2555

[9] Ding Haochen(T #4/2), Zhao Yanjun(E ¥ E), Hu Zhiliu(i]
¥A7) et al. Journal of Netshape Forming Engineering (¥ %
I TRE)[J], 2021, 13(3): 97

[10] Li Hongjiang(Z=# L), Yu Yang(F ¥£), Song Xiaoyun(# 1%
) et al. Chinese Journal of Rare Metals(#if 4 J&)[J],
2020, 44(5): 462

[11] zhao Qinyang, Chen Yongnan, Xu Yiku et al. Rare Metal
Materials and Engineering[J], 2020, 49(11): 3653

[12] Ziegler H. Progress in Solid Mechanics[M]. New York: John
Wiley and Sons, 1963: 93

[13] Luo Liangshun( %% R Jlii), Wang Fuxin( L & %), Wu
Xiaoming( 5 B& B3 ) et al. Rare Metal Materials and
Engineering(#i 6 4 J& #1 kL 5 TR2)[J], 2018, 47(7): 2049

[14] Liu Cheng(x] i), Dong Hongbo(# 7 ¥%). Journal of
Aeronautical Materials(fi == #1 K} 224k ) [J], 2015, 35(2): 21

[15] Wei Lili(F5# %), Pan Qinglin(i# & #k), Zhou Jian(JF %) et
al. Journal of Central South University, Science and Technology
(PR R, AR RR)[J], 2013, 44(5): 1798

[16] Qiu Qian(ER 4F), Wang Kelu(E 35 &), Lu Shigiang( &t 3#)
et al. Transactions of Materials and Heat Treatment (44} #k
L FR2EAR)[I], 2021, 42(2): 145

Numerical Simulation Research on Hot Compression Instability Deformation of
SP700 Titanium Alloy
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Abstract: Using the experimental data obtained by isothermal and constant strain rate compression of the SP700 titanium alloy on the
Gleeble-3800 thermal simulation test machine, the instability map based on the Prasad instability criterion was constructed. The boundary
conditions for the thermal compression instability deformation of SP700 titanium alloy when the deformation temperature is 700~950 C
and the strain rate is 0.001~1 s were obtained. Based on this, combined with Deform-3D finite element software to analyze the SP700
titanium alloy in the process of hot compression, the distribution and change of the unstable deformation area were studied by finite
element numerical simulation. The results show that the microstructure of the SP700 titanium alloy obtained by the hot compression
experiment is in good agreement with the finite element numerical simulation results. The Deform-3D finite element software can
effectively simulate and predict the distribution and change of the unstable deformation area of the SP700 titanium alloy during the hot
compression process.
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