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forming based on copper ring
2 KBRRESHEHESR

2.1 R

RSB R4 PR F K B 1T 2R 1) LA 45 44
WE 3 . Hr, &l 10 )2, &2 4100, H
BRI A 2 mmx4 mm [4E B S o8 gk, 7
H BRSO IR EAT HE AR N [ s 4 A th 242 80 mmy
JE 8 mm (1[5 FE A T R IS, LA

!——dzsmmifa‘ . !!J

MM TA
2 b

| 140 mm A E
AR

I
Zua |

80 mm

< >

I 200 mm I
Kl 3 A B 3R B BT (1 JLART 45 44

Fig.3 Geometry of electromagnetic drive forming with

copper ring



40 B 11 7k

25 TP IRE ) TA2 B BB BB AU, 5 S B0 AT 5T 3341

B~ A AR TESERE s R OB TS MR
VO TSk 7 i TA2 4idk i, HLHEBE N
200 mm. JEEH 1 mm, HHSRNCAET 120,
HAAMEZH N 1.

R1 MRSH

Tab.1 Material parameters
R B
W ¥ /(kg/m®) 4500
143 %/(S/m) 1.8x10°
A2 B AR 2 1
B 43 JE R 5 /M Pa 340
HER V= 0.34
¥ IG#% i /GPa 116
# P /(kg/m®) 8 430
45 %/(S/m) 3.6x107
- IEPuR s 1
WA T I 7 /M Pa 323
AL E 0.33
¥ KB4t /GPa 110
W ¥ /(kg/m®) 7900
H 73R B A A HA L 0.34
¥ I 1 /GPa 210

Bl 4 R 7TSEih B8 Rk & b,
PR e — Bkt i 28 as 41, o A IRk T sk
WL 0~640 wF 0] 2540 s OB 3 E 3 2 AR 255
BRMC. IR, R DL R, BARRSFS 520
Bl 3 i R bR, e E
4 0.5 MPa.

SN LI TER 354
Fig.4 Main equipments used in the experiment
Kl 5a o T4 B4 RGBSl T A5 A R i, T
LR Bl R AR R LS 8O0 HEL B Reg ATHLJ Leg
MR o TR S BERIR T, A A P S R IEC

SEVHLPL Ry A1 M VD 4L S i, 3 i ik
WL IR, AT A A 2 R L R
L2, P Sy A A 320 pF LB LR 7 kV
FRAEFI ML IR, HOh IR LT
0.28 ms, FUURIRMELA N 10.5 kA. FAKIIHLEE 25
W 2.

(a) 2520 HL %
12

(0.28 ms, 10.5 kA)

EAELERI LN

1 1 1

n 1 L
0 0.5 1.0 1.5 2.0
fif [)/ms

(b) L&l v o 7%
IS FL R K ) )T 25 A v i e L A
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Fig.7 Stress-strain curve of titanium plate and copper ring

under quasi-static state
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Abstract

Electromagnetic drive forming technology is a special forming process that uses pulsed Lorentz

force to drive a high-conductivity sheet to move, thereby driving a low-conductivity sheet to cause plastic

deformation, which can effectively make up for the shortage of traditional electromagnetic forming in forming

low-conductivity materials. However, in the existing electromagnetic drive forming, the driver sheet also

undergoes plastic deformation, which tends to lead to a serious problem of wastage of the driver sheet, and it is

difficult to regulate the forming shape.

To solve this, instead of the traditional circular drive sheet, a solid copper ring with a specific thickness is

employed, utilizing the strong electromagnetic force generated in the copper ring to propel it at high speed into

collision with a metal sheet. This impact generates a contact force, causing the sheet to undergo plastic

deformation. Additionally, an electromagnetic-structural coupling model for the copper ring electromagnetic

drive forming process is developed using LS-DYNA software. A series of electromagnetic drive forming
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experiments are then conducted, using a TA2 titanium plate as the test material, to validate the feasibility of the
proposed method. Numerical simulation and experimental results show that under a single discharge (7 kV), a
metallic copper ring with a diameter of 80 mm can drive the titanium plate to deform and the forming height can
reach 14 mm. Meanwhile, based on strain analysis of the forming sheet and the driven ring, the solid copper ring
does not deform and can be reused. In addition, by changing the size and shape of the copper ring, the forming
profile of the plate can be flexibly adjusted. For example, when the diameters of the circular driving rings are 65,
80, and 95 mm, uniformly deformed areas with diameters of 58, 72, and 87 mm are observed on the top of the
sheet, which is highly consistent with the shape of the rings. Even if the forming height is increased, the forming
shape of the center area of the sheet remains a flat-topped profile when enhancing the discharge voltages. On this
basis, the dynamic deformation process of the sheet is further investigated through numerical methods, to reveal
the deformation behavior and forming mechanism of the titanium plate driven by the copper ring, which

demonstrates that the forming velocity approaching 100 m/s and the strain rate is up to 1 000 s™'

. Hence, this
forming process belongs to the category of high-speed forming technology.

The obtained results indicate that, since the copper ring is a solid ring with a specific thickness, it does not
experience plastic deformation during the electromagnetic drive forming process and can be reused. This
effectively addresses the issue of excessive waste of the driver sheet in conventional electromagnetic drive
forming. The copper ring also provides shape adjustment capabilities, allowing for the formation of sheets with
circular, quadrilateral, and hexagonal flat tops. The height of the flat-topped profile can be controlled by
adjusting the discharge voltage, overcoming the problem of limited shape flexibility in existing electromagnetic
drive forming methods. These results are of significant practical value for advancing and expanding the
applications of electromagnetic drive forming technology.

Keywords: Electromagnetic forming, drive forming, titanium plate, deformation, morphology control
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