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Abstract : Due to recent environmental regulations in the automobile industry and the expansion of the electric - hybrid
vehicle market, vehicle weight reduction technology is emerging as a key factor influencing market competitiveness.
Demand for aluminum alloy instead of steel is increasing driven by the demand to reduce vehicle weight. However, due to
the low formability of aluminum alloys, the application area in the automotive industry is limited. To improve this limitation,
electromagnetic forming(EMF) has been proposed. EMF is a high-speed forming technology that applies a strong
electromagnetic field to a metal workpiece to form the workpiece at high speed and within a short time. In this paper, it was
confirmed that formability was improved through electromagnetic forming using finite element analysis.
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Table 2 Materials properties of CW004A and Al 6014-T4

Material Property Value
Density[ kg/m®] 7940
Copper Young’s modulus[ GPa] 117
CWO04A Poisson ratio 0.35
Electrical conductivity .
[ Siemens/m] 58510
Density[ kg/m’] 2680
Young’s modulus[ GPa] 70
Al 6014-T4 Poisson ratio 0.30
Electrical conductivity ;
[ Siemens/m] 30710
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Comparative Analysis of the Formability of Electromagnetic Forming and Deep-drawing through Finite Element Analysis

Shell Thickness
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(a) Case 1

.,

Fig. 5 Final thickness for deep-drawing

(c) Case 3

Table 4 Von-Mises stress and effective plastic strain distribution diagram corresponding to the deep-drawing process(Case 1,
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Forming process Von-Mises stress Effective plastic strain
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Table 5 Von-Mises stress and effective plastic strain distribution diagram corresponding to the EMF (Case 2, depth 4 mm)

Forming process Von-Mises stress Effective plastic strain
Von-Mises Stress Effective Plastic Strain
1.076e+09 9.123e-02
9.226e+08 ‘ 7820!-021
Time EE\— — ( J roeer oy
= 002 ms 4.6139"0!1 !910!4)2
3.075e+08 2.607e-02
1.538e+08 1. 303:-02
0.000e+00 _| 0.000e+00 _|
Von-Mises Stress Effective Plastic Strain
1.307e+09 2.459e-01
e r— 1.120e+09 e
Time \\ i J 9.335e+08 _ : ;::,::
7.468e+08 1.405e-01
_ 0025 s f \’\ ﬁ_w(emsi ﬂ 1. |5u-q11
3.734e+08 7.026e-02
Bouncing effect souvesco ] oottt
Von-Mises Stress Effective Plastic Strain
lifi:ﬁi{ 2:?22211{
Time — — 1.096e+09 _ 265201 _|
~0.03 ms ﬁ = ’ 22312331 fililiili
4,385e+08 1.061e-01
2.193e+08 5.304e-02
0.000e+00 _| 0.000e+00 _§
Von-Mises Stress Effective Plastic Strain
1.680e+09 3.757e-01
1.440e+09 3.220e-01 _§
Time E:\ S~ iy ey |
=0.04 ms 7:!n9e+l81 1.610e.01
4.799e+08 1.073e-01
2.400e+08 5.367e-02
0,000e+00 0.000e+00 _k
Von-Mises Stress Effective Plastic Strain
1.680e+09 3.75Te-01
1. momo] 3.220e-01 _k
Time :\‘—\ f—; 12000400 268301 |
—1.5ms ﬁ 3_32221'.21 et0e01
4.799e+08 1.073e-01
2.400e+08 5.367e-02
00002400 0.000e+00 _k
Table 6 Sheet inflow of each case after forming Table 8 Maximum effective plastic strain of each case
Deep-drawing EMF Case 1 Case 2 Case 3 Case 4
Deep-
X-axis Y-axis X-axis Y-axis . 1.54 0.984 1.22 0.780
. . . . drawing
inflow inflow inflow inflow
EMF 1.12 1.02 1.11 1.07
[mm] [mm] [mm] [mm]
Case 1 0.96 1.80 0.05 0.11
Case 2 0.62 1.20 0.06 0.12 _%__5_}04 *é 30:] o] ‘%‘1\] Oﬂ ﬁ?sgg = nb ]9]_ EE;I Oﬂ 4
Case 3 0.43 0.83 0.04 0.08 _6_H A Q 01 ol = T;]-O] R o:] ‘8‘ ] EEH a1 9}\{‘_
Case 4 0.19 0.40 0.02 0.04
ase 751 Getel ola) Ag=o] A

Table 7 Final thickness of each case

Case 1 Case 2 Case 3 Case 4
[mm)] [mm)] [mm)] [mm]
Deen-
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drawing
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