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Table 1 Chemical composition of Ti55 (mass fraction, %)
Al Sn Zr Mo Nd Si Ti
52 35 3.0 1.0 0.4 0.3 Bal.
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Fig.1 Microstructure of as-received sheet

B2 SR¥E

Fig.2 Device of experiment
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Table 2 Physical properties of Ti55 alloy™™”!

TIK Specific heat/ Thermal conductivity/ Thermal expansion Conductivity/
(J'kg K™ (Wm K™ coefficient/10 K’ (10°S'm™)
293 462 4.8 9.10 5.61
373 492 5.7 7.90 5.47
573 556 9.0 9.42 5.29
773 610 12 9.51 5.23
973 643 15.8 9.79 5.21
1173 697 19.4 9.88 5.19
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b= 500 Table 3 Heat transfer coefficient of sheet
é 600 | T/IK Heat transfer coefficient/(W-m K ™)
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573 45.5
2007 773 52.1
1173 68.8
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Fig. 4 Stress—strain curves of Ti55 alloy at different strain
rates: (a) 0.01 s™'; (b) 0.001 s
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Fig. 5 Process of electrical heating-assisted V-bending:
(a) First stage; (b) Second stage; (c) Third stage; (d) Fourth
stage

FEE A 900, ARXTE AR 5. BB 0.5
mm/s A1 RRITEE 3 A/mm’ 0T, BE
BUPRRL L 5 ANRFAE DX I8 55 2000 AR i I 1) 2244 G 4
6 e W& 6 AT UL, 5l 4 AbsrsEaE NEBTERTEL,
ERVEIXIBAE B AL EEHE s 5 A AbSER0 N AR o it d
m, JEgtg Bt C. E AMRZAE T #VERT B, 45
HOBVERAZ N 05 D A e #t NIEVERT B, H 4 4k
E S INE ST N

0.20
—A4
—B
016+ —C
—D
—EF

e
pat
%)

Equivalent strain
=)
o>
[e o]

o
[e)
N
T
l
)

0 10 20 30 40 50
Time/s

6 FGHDN VI R RS RN AR N () AR AL

Fig. 6 Variation of equivalent strain of each characteristic

point with time of electric assisted V-bending

22 BESH

A VR S Pk e e 9 B RV U8 R A IE Bk P AR
FEH, BRBEREE Jor it HRQ)FTR:

, T
Jeff = %J.(‘]m )zdt =Jm\/§ (2)
0

A TR TR IEE Jn A KT

W ME . A VUREILLE T A R 3 FEAE AN S 4L

PEHUE A 900, AHXTES AR 5 MR
0.5 mm/s JREFAAL, HURA B ILE LD, 155
R V B &L PRI AR S R AT .

1) 7EA TR 3~5 A/mm® TR Al Y)
PR Bl e e ] Ak — it 2 B I [ AR A sz,
B 7()ff7R. BFUINARILEITBL R SRR )
RZEERUN, HURKIIAEMR D, THRR®E. IR
G-

¢ 2
AT =(cp) " | y(éj dr (3)
0

e AT RFIIRFEs TRk IR ¢ 2K
MR AN: S RWFEMBEEREA: v, o o B
AESEIG AR L RE . 2 AT, d I T AR
B (I TEFIRE UL 45 AT

PR R P TN, [ A SR ) R R A
K, HPE LR, WRHR AR EE. 7 TiS5
WM A BN FE R, R A SRR, A
FEHMKQ, =R, —#5 Be R sk 1 Py S
&, MR E: Ao feR s AR,
REELACR M B S miRIR S (R IEE H)
MIHAL S Beonas 1 i TR T ] 3 855 10 A48 B
Draa: FERIEHSG SN2 S 7= A HOHR R Peonyo
MRyEae P e, Bl O)-@s+Pcona+ Praa+ Pcony -
HUHBIOM V2R R S I R B A IR A N
3~5 A/mm’, FXH R IRANER FE X I 7E 500~900 °C .

2) FEAHBMEE 4 A/mm® RS BIHR
75 HAH BN A — Bt 18] 5 rh B b5 B o A, (EJRFE
ANFERE DT A E S AN AL S5 B 7o), W
PRRE5 2 S A B ARG IR SRR, A A 2k
S5 11 H R X AR P AR TE BRI 1 AR A
FEARCRH I 58 B A EERE 7 ) LR RS0, B
TP R R

3) EHRCRIMEE 4 A/mm® NS R
B V AR R AR X (PR T A
APRTH IR FERE I [ AR AL a5 5, Wi 7(c)Fm. W
F T K AR (KRRl B, 3 P BT 2
Ko FEBIEIREA, HORLS AL B, FE0h
BHAZ A, EEPHAAAS K. EH8 0 4 F B A A2 DA
PR AR, DT B H IR 1 AT



&5: Tiss G V E R IRR £ 0 3R 5 F 851

531 &5 4 W) F
1000 | @
800
o
E
g 600
3
g 400
& —a— 3 A/mm?
—e— 4 A/mm?
200 + —— 5 A/mm?
0 20 40 60 80 100
Time/s
760
(b) Thickness
direction
755+
o
)
Ei
S 750
(]
o
5
F
745
740 L
1 2 3 4 5
Width direction
780

—s— Inner layer
—e— Neutral layer
760 - —a— Outer layer

\R—‘

Temperature/'C
2
N
(=)

720

700 1 1 1

0 10 20 30 40
Time/s

7 AFERBRE S

Fig. 7 Temperature results at different stages: (a) Individual

electrical assisted; (b) Individual electrical assisted ends;

(c) Electrical assisted V-bending forming
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Table 4 Electrical assisted V-bending simulation

orthogonal table and simulation results

Factor
Number A/ o Resillts/

© % amm) @ms)
1 60 2 3 0.1 5.3
2 60 5 4 0.5 6.3
3 60 8 5 1 7.1
4 9 2 4 1 5.4
5 9 5 5 0.1 7.0
6 9 8 3 0.5 7.9
7 120 2 5 0.5 7.2
8 120 5 3 1 9.4
9 120 8 4 0.1 9.8

x5V ERFEAEENR
Table S5 V-bending springback angle range analysis table

Factor
Result
AC) B (A-rifﬁ) (mrlr)l-/s*l)
K, 18.7 17.9 22.6 22.1
K, 20.3 22.7 21.5 21.4
K 26.4 24.8 21.3 21.9
ky 6.23 5.97 7.53 7.37
ky 6.77 7.57 7.16 7.13
ks 8.8 8.27 7.1 7.3
R 247 2.5 0.43 0.24
Fo6 M EDMER
Table 6 Analysis of variance analysis table
Factor Deviation sum  Degree of Mean F
of squares freedom
A 11 2 5.5 122.2
B 8.34 2 4.17 92.7
C 0.33 2 0.165 3.66
Error, E 0.09 2 0.085
Sum 19.76 8
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Fig. 10  Springback angle of mechanical V-bending and
electrical assisted V-bending
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Temperature distribution of electrically-assisted
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Fig. 12 Ti55 alloy sheet after electrical-assisted V-bending
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Table 7 Process parameters

Number A B C D
1 90 5 3 0.5
2 90 5 35 0.5
3 90 5 4 1
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—s— Experimental results
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Fig. 13 Comparison of physical experiment and finite
model: (a) Thickness;

element simulation results

(b) Temperature
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Table 8 Springback test value, simulation value and

response function prediction value

Simulation/ Prediction/ Experiment/ Error/

Number " o) ©) @ ©
1 5.5 5.1 4.7 0.4
2 53 5.4 4.6 0.8
3 5.8 5.6 4.9 0.7
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Electric-thermal-mechanical coupled simulation and springback
prediction of TiS5 alloy electrical assisted V-bending

LI Ping, XIE Xiu-ming, WANG Hui-gan, YAN Si-liang, XUE Ke-min

(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: In order to study the springback law of Ti55 alloy sheet by electrical assisted V-bending, a
three-dimensional electric-thermal-mechanical coupled finite element model of electrical assisted V-bending of
Ti55 alloy sheet is established based on the ABAQUS software. Orthogonal test simulation was carried out on the
V-bending and springback process, the influence of bending angle, relative bending radius, effective current density,
forming speed was studied, and a springback prediction model based on radial basis function was established. The
results show that: within the range of selected parameters, as the bending angle and the relative bending radius
increase, the springback angle increases. The springback angle decreases with the increasing of effective current
density. As the bending velocity increases, the springback angle decreases first and then increases. Range analysis
and analysis of variance show the bending angle and the relative bending radius have a significant effect on the
springback angle. Compared with the mechanical V-bending, electrical assisted V-bending reduces the springback
angle by 48.7% on average. Conducted an electrical assisted V-bending experiment, comparing the thickness,
temperature change and springback angle, the average errors were 9.4%, 4.6% and 13.4%, which verified the
accuracy of the finite element simulation and springback prediction model.

Key words: titanium alloy; electrical assist; springback prediction; finite element simulation
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