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Abstract

A sequential coupled field analysis of electromagnetic free bulging was performed by using FEM. A 2D axi-
symmetric electromagnetic model based on the magnetic vector potential is proposed for the calculation of magnetic field
and Lorentz’s forces. The Newmark integration method is used to calculate the transient dynamic plastic deformation of
sheet during free bulging. In the finite element model, the effect of sheet deformation on the electromagnetic field
analysis is taken into consideration. In order to confirm the sequential electromagnetic-mechanical coupling analysis, an
experiment with an electromagnetic forming apparatus was conducted. The results showed that the final bulge height of
the sheet predicted from the proposed method is in good agreement with experimentally measured height.
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Fig. 2 Morphing region for updating electromagnet-
ic field according to shape change
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Fig. 3 Finite element model of the morphing region Fig. 6 Line contour of magnetic vector potential with
different processing time
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Fig. 7 Vector plot of magnetic flux density with
different processing time
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Fig. 8 Comparison of magnetic flux density with and
without considering of shape change
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tﬂ§}7} 27174 A7 e e dFE
d F Atk FHo| TS AR
] XM%H A7) g %OW A =i, 5
HAF ol 2z 3o Z}O}Xlﬂl =
9 = EARYF)S YERH oA, 7t
Foll we F9 F71949 Wsts g

ﬂ—‘mu
& 2 2

O

o
rlE jo ot -
o 1 (%

Ayell= Holgko] 446.6N o] 3, e 3hA] &
()7} 481.8N O 2 A & F7] oo A}ol
7b AA GARE T oA F7] o]Fed= ujg-
2ol & Holal glth whebA| 7}%%4 HyES 2
H3lA] 2e 2ARHG JpFE &= AY
Hoz AgsA =W ?@8& AP AAds

w5317k olel & & qlu

2.3 NrEA 942t
F7 0.7mm <1 SPCC & A9 At #7A
100mm 9 7}$d 7o) Edgs 2¥S ,\}&

sto] 2RAZEE o] &3 AFEA AR E 3
AE st AAl "AAr] Gy %fﬁ%
%7} 1000/s o] & A ozA WMYS
%Eoﬂ O EAQ AmAT EEE AR&EoF A
W2 =dAe 27 ARAY Aol AiA
o2 A Fof WPE FL9 ¢t O“%Lc —r}\]
3 dnka ZHAskd T weEb AAY §
P& BAHS 5=52857g"%0] 1, ANSYS 011*1
= dedd e84 7}J*74§}(Multllmear isotropic

hardening) A &R XY 54 F o3 & wAy
I} =5 4 3] A (Transient dynamic analysis)S 4= 3t
o AR Aol AFEEIE S AES BT A
At 7FEE HIFHE 8 A2ET ANSYS 9
PLANE183 © & oA gt} Fig. 10 & #x}7]74 3



(c) T=122 ps
Fig.10 Load conditions transferred from Lorentz’s
forces
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Fig.11 Comparison of maximum bulge height with
and without considering of shape change
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Fig.12 Experimental setup for free bulge test using
electromagnetic forming

(b)
Fig.13 (a) Die and working coil, (b) deformed sheet
under free bulge test
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(a) FEM result
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Fig.14 Comparison of deformed shape between FEM
and experimental results

Table 1 Comparison of maximum bulge height between
FEM and experimental results

FEM
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