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Springback control and deformation analysis for
electromagnetically assisted bending of U-shaped parts
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Abstract: To evaluate the efficacy of springback-control effect during electromagnetically assisted sheet metal stamping
(EMAS), the experimental schemes of electromagnetically assisted bending of U-shaped parts were established on the
basis of the idea of EMAS, and the involved springback-control effect and deformation characteristics undergoing pulsed
magnetic forces were investigated. The results show that the way of applying pulsed magnetic forces to the bending area
can effectively reduce springback, and which will be enhanced with the increasing of discharge energy and discharge
times. During EMAS, the springback control effect of magnetic force is mainly presented in two aspects: the role of
magnetic force changing the strain distributions of bending area and the role of tool-sheet interaction during high-speed
loading. Both processes can successfully reduce spingback. Moreover, the way of many times of small discharges can not
only control springback, but can also improve the deformation quality of the bending area, which provides a meaningful
reference for engineering application.
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Fig. 1 Technology experiment schemes for electromagnetically assisted bending: (a) Scheme I ; (b) Scheme I
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Fig. 2 Schematic diagram of coil skeleton construction
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Fig. 3 Photograph of rectangle coil
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Table 1 Parameters of electromagnetic forming facility

Maximum Rated Maximum
Equipment )
energy/k]  voltage/kV  capacitance/pF
EMF 30/5-IV 30 5.0 2288
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Table 2 Average springback angle of pre-formed parts

Average springback angle/(°)

Material
Scheme [ Scheme I
5052-0 20.9 2.1
Cu-T3 28.2 13.1
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Fig. 4 Effects of discharge voltages on springback angles
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Fig. 5 Bending parts with different discharge voltages under
scheme [ : (a) 5052-O aluminum alloy; (b) Cu-T3 (with

discharge voltage increasing from left to right)
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Fig. 6 Forming quality of 5052-O aluminum alloy parts with
high discharge energies in scheme [ : (a) Bending corner

region; (b) Bottom region
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Percent true value Percent true value
major strain (a) major strain (b)
5.06 3.35
4.38

2.94
2.53
2.12
1.71
1.29
0.88
0.47
0.06
-0.35

Percent true value (C) Percent true value (d)
major strain major strain

10.47 6.03
9.94 5.26
9.41 4.49
8.88 3.72
8.35 2.95 ‘ 3
7.83 2.18
7.30 1.42
6.77 : . 0.65
6.24 -0.12

5.72 -0.89

ke
B9 AR T 2R 2 AT IR A i K T AR ) A
Fig. 9 Major principle strain distributions at bottom regions of bending part with different discharge modes: (a) Scheme 1 with
discharge voltage of 3.5 kV (lower left); (b) Scheme [ with two discharges at 2.0 kV (lower right); (c) Scheme II with discharge
voltage of 3.5 kV (lower left); (d) Pre-bending part (top left)

Percent true value (a) Percent true value (b)
major strain major strain
5.25 5.59
4.88 5.19
451 4.79
4.15 4.39
3.78 3.99
3.42 3.59
3.05 3.19
2.69 2.79
232 2.39
1.96 1.99

P
Percent true value (C) Percent true value (d)
major strain major strain
13.16 .6

11.89 6.09
10/61 5.58
9.34 5.07
8.06 4.57
6.79 - 4.06
5.51 3.55
4.24 - 3.04
2.96 2.53
1.69 2.03

B 10 AT RS A ) ok TR AR S A
Fig. 10 Major principle strain distributions at corner regions of bending part with different discharge modes: (a) Scheme [ with
discharge voltage of 3.5 kV; (b) Scheme 1 with twice discharges at 2.0 kV; (c) Scheme II with discharge voltage of 3.5 kV; (d)
Pre-bending part
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