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Table 1 Thermophysical performance parameters of Ti55 alloy

Temperature/ Thermal Specific heat  Coefficient of
C conductivity/ capacity/ linear expansion/
wm?tK? JkgtK? 10°K*?
20 5.44 611 9.10
100 6.68 685 7.90
200 8.81 695 9.05
300 10.50 710 9.42
400 12.60 745 9.30
500 14.30 760 9.42

600 15.55 890 9.51
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Fig.2 Tensile true stress-strain curves of Ti55 alloy
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Fig.5 Temperature rise curves at different location points (d) and different current densities: (a) 7 A/mm?, (b) 8 A/mm?, and (c) 9 A/mm?
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Fig.6 Cloud diagram of equivalent stress (a~c) and strain (d~f) distribution at current density of 8 A/mm? for different forming time:

(a,d) 20 s, (b, e) 30s,and (c, f) 40 s
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transverse ribs at current density of 8 A/mm?
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Fig.8 Equivalent stress-time (a), equivalent strain-time (b) and wave height-time (c) curves of the maximum instability of transverse ribs

at different current densities

L7y SN A I B R AR A 42 . i 10a WA
LPARIEIT, W2k B SRR /N, 2% 452 F 74 0L
RENAH N, WAk RFRFEREE DN . B 10b NAN[E R
LARAR N I 2k R AR AL RS AR BRI (G R, R AR
4 60+ 80, 100 mm B i 2 J Fi b 1 B 28 S5 280N AL 43 il
7y 0.36. 0.32. 0.05, EZARMGN, kM- Y &k
Z AR/ o B 11 AN (R 25 245 T A ) 35 2% S e fi 4o mT
A, EBAKEENR R AR, B R LR RN R R
BK, ok RARBR SRR ™ L, A ) 1 2% R AR R R
K, REH RIS QRS R & BES PR
/N, R 2 R A R P R E, S R AR TR RN
SR FLER S DN
2.5 BHETEE LT ER IR KRR IE M Y E2 M

Bl 12 From AN [ A5 o e B I 5 2 B R R AR Ak
SNy - A2 . B 12a S5 RGN - (A
KRTH, 5 5 e B A ) A5 2% B K R AR Ak B 5 TG B
TR . & 12b P i Ak T e B SR AR I 1 1 B2 W,
Kl 12¢ v 12b W REBCRIE, HERTRUE H, Hi%k
F&E 29 9~11 mm B 86 5] 55 2% HF 46 kA= 2 R 0 I 18] 43331

1.5¢ —a— 7 A/Imm?
—a— 8 A/mm?
1= 1.2+ ——9 A/mm?
S
% 0.9+
3 06}
©
= 03t
0.0+
0 10 20 30 40 50
Length/mm
B9 ANIF] 2 B R ) 5 2% R AR AR

Fig.9 Instability of transverse ribs at different current

densities

600L Heating stage Forming stage a
= —=— R=60 mm
= 450 —*—R=80mm
2 ——R=100 mm
3
2 300}
<
©
=
= 150+
i (.‘__,——-J
ol
0 10 20 30 40
0.4 - -
Heating stage Forming stage b
0.3
£ —s— R=60 mm
= 0.2 —4— R=80 mm
2 U ——R=100 mm
ks
EN
=]
il ——
0.0
0 10 20 30 40
Time/s

K 10

A5 6] 24

Fig.10 Equivalent stress-time (a) and equivalent strain-time (b) of the

AN s 25 2 A2 A6 17 75 4 o K R A Ak A8 2 7 - I TR A 2

maximum instability of transverse ribs at different bending

radius R

241

1.8
1.2
0.6
0.0
-0.6
-1.2
-1.8

Wave Height/mm

K11
Fig.11

—=— R=60 mm
—— R=80 mm
I ——R=100 mm

0 10 20

30 40

Length/mm

50

AN TR T 25 4 TR B 1) A 4 SR AR L

Instability of transverse ribs at different bending radius R



+1792 -

Wiy @A RS TR

50 %

24.21. 23, 21.33s, fhskm e, BERRCT 46 1 K Fa
(I B T R o 3K 3 B 5 4 o R S 5 4k R AR T
(I SR AT N, R A SR R B TR R, A B AR S
R e R ZE. B 13 A4 58 s L BRI
WA R UL o FH T, R B AR B A% SR AR
Bt 5 9 2% v P R 3G 0, 7 2% SRR e ot R R e K
2.6 BEHRIEE XA KTEE ARG

Bl 14 BT R AN [R) BEAR S FE T 58 1) i 2% de Rk R Rk
SN ST SRR e R B B I RS A R il 2R . el
14a AT, AN 7] AR B () BEAR 7 2 AR SR AR 1) i 4 Ak

IR AT o P 14b ATEAE Y, IEARE A, #isk
RIS ZIIRAEAE 24 s A, TRFEZER, PrUAER
JE BEAN 28 53 2% ) SR AR IR 207 A 50 o 1 18] 14¢ 7] B
MR FERI 3G, BERRCHA IR, i SRR BT

P 15 Dy AN R AR JS B2 T I 1) A5 2 R Rt O« R
W FESEIN, 55 R AS I AR RE IR, IR R B —
AN, BERGHHGR D, SBORE LTE, BOEBER T
7 AT IRy, BEAR A A BN, SR T AR R
A T/ o HEAR 5 FEE ML SI 52 M 5 2% 14 ik P2 AN T 5 1
W 2 RS AL o

600k Heating stage Forming stage @ 18 Heating stage Forming stage o}
.0
% 500¢ \ g 15 E .
3 L —=—9mm —=—9mm .
@ 00 —a— 10 mm E 12 —a—10 mm %
@ 300f  ——1imm 2009 ——11mm @
€ T
= 200t 2 0.6 g
£ g = !
Z 100 = 03} o !
1
0 10 20 30 40 0 10 20 30 20 21 22 23 24 25 26 27 28
Time/s Time/s Timels
Bl 12 ANIR] 5 5 e A I i85 2 B K SR A b I g - s i) R0 98¢ - P 1) ot 2

Fig.12 Equivalent stress-time (a) and wave height-time curves (b, ¢) of the maximum instability of transverse ribs at different rib height
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Study on Instability of Ti55 Titanium Alloy Monolithic Panel by Electric Pulse
Assisted Bending

Xue Kemin, Wang Huigan, Xie Xiuming, Yan Siliang, Wang Lusheng, Li Ping
(Hefei University of Technology, Hefei 230009, China)

Abstract: The high-temperature titanium alloy mesh rib panel is more efficient than the traditional aluminum alloy rib wall plate, but the
titanium alloy monolithic wall plate is difficult to form at room temperature. The use of current electroplasticity effect and Joule heat
effect can effectively reduce the forming load and increase the forming limit, and can effectively avoid the problem of serious oxidation of
titanium alloy. In this paper, the electric-thermo-mechanical coupled finite element model of electric pulse assisted bending forming of
Ti55 integral panel was established, and different forming process parameters and panel geometric parameters were simulated. The results
show that when the current density applied at both ends of the wall plate is 8 A/mm?, the temperature range of press forming is more
suitable. As the height of the ribs increases, the degree of instability buckling becomes larger and larger. The smaller the critical load
required when the ribs are unstable, the worse the stability of the ribs. The thickness of the web mainly affects the temperature of the ribs
and thus the instability of the ribs. The greater the spacing of the longitudinal ribs of the overall wall panel, the worse the stability of the
ribs and the more serious the buckling of the ribs.

Key words: integral panel; electric assisted bending; finite element model; rib instability
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