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Abstract

The high-velocity electromagnetic forming (EMF) process is based on the Lorentz force and the energy of
the magnetic field. The advantages of EMF include improved formability, wrinkle reduction, and non-contact
forming. In this study, the electromagnetic-structural interlocking analysis was performed in order to analyze
the moldability of aluminum pipe using electromagnetic molding. The magnetic flux density was decreased
due to increasing electrical resistance as the temperature increased, and the stress-strain curve decreased. The
higher the temperature, the lower the flow stress, increasing deformation.
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Fig. 2 Schematic diagram of analysis model

the eddy current. (a)Side view. (b)Top view

Fig. 1 Schematic illustrations for flow mechanics of
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Table 1 Material properties for analysis

. Yield . , Magnetic
. Density Poisson's .
Material (ke/m®) Stress i permeability
m ratio
s (GPa) (H/m)
Air - - - 1.26E-6
Aluminum| 2,740 | 68.9 0.33 1.26E-6
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Fig. 3 Flow stress-strain curves of AL6061 in
compression for the temperatures|[7]

Conductivity (% LACS)

Fig. 4 Electrical conductivity curve of Aluminum
with temperature[8]
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Fig. 5 Pulse waveform of EMF(8kV) measured by
Rogowskii coil
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Table 2 Input condition employed in simulation

Case T (C)
I 20
I 100
m 200
v 300
\ 400
VI 500

# Initial temperature of Aluminum pipe

Table 3 Max. magnetic flux density at each case

Case [

Case 1I

8.695 T

8.669 T

Case 1II

Case IV

8.628 T

8.583 T

Case V

Case VI

8.542 T

8.5611 T

7
1.7 34 51 68 85 102119136153 17 18.720.422.1238255

Distance(mm)

~—Case |
Case Il
Case lll
—Case IV
—Case V
—Case VI

Fig. 6 Distribution of magnetic flux density
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Table 4 Max. deformation at each case

Case 1 Case II

0.835 mm 0.941 mm

Case III Case IV

1.058 mm 1.127 mm

Case V Case VI

2.219 mm 2.485 mm

~—Case |
Case I
Case lll
—Case IV
~—Case V
—Case VI

0 20 40 60 80 100 120 140 160 180 200
Distance(mm)

Fig. 7 Distribution of deformation
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Table 5 Summary of the EMF analysis

Case T (T) B(T) U(mm)
I 20 8.695 0.835
I 100 8.669 0.941
I 200 8.628 1.058
v 300 8.583 1.127
\4 400 8.542 2.219
VI 500 8.511 2.485
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