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Effect of Process Parameters in Electromagnetic Forming Apparatus on Forming Load
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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, numerical simulations were conducted to
determine the practical parameters for the EMF process. A 2-D axis-symmetric electromagnetic
model was used, based on a spiral-type forming coil. In the numerical simulation, an RLC circuit
was coupled to the spiral coil to measure various design parameters, such as the system input
current and the electromagnetic force. The simulation results show that even though the input
peak current levels were at the same level in each case, the forming condition varied due to
differences in the frequency of the input current. Thus, the electromagnetic forming force was
affected by the input current frequency, which in turn, determined the magnitude of the current
density and the magnetic flux density.

Key Words: Electromagnetic Forming(& Xt7| 4&), High-Velocity Forming (1% &), RLC Circuit (RLC 3| &), Lorentz
Force (2& &)

7|49 1. N8

B = Magnetic flux density 212171 24 & (Electromagnetic forming: EMF)< 3L
C = System capacitance B A7)E o] &3sto] 1LEH(15~300m/s) 2 =
£ = Damping factor &5 A¥Yste wolth. AV ENS HE =
I = System current Ao o3 Ao R ARV HHEHT F99 A
J = Current density 4 W3l ol 1 7} Al(workpiece)dll F=7]17
L = System inductance go] wAgit, olge FEHFI 7tEEY 2
o = Frequency factor A =\ Z#Z* 3 (Lorentz force) o2 I 7}aE 9|
R = System resistance AEEnh AAVIEEHS AP T del o3 TR
V = Input voltage H A7k el ThEEel AA 7helA olmE =8
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Fig. 1 Electromagnetic forming apparatus at PNU
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Table 1 Numerical simulation parameters at each case

Case 1 2 3 4 5
Input Voltage (kV) 510 | 15 | 20 | 30
System Capacitance (uF) |7400(1280| 500 | 280 | 130
System Resistance (Qm) 0.01
System Inductance (uH) 2.4
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Fig. 5 System input current at each simulation case
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Fig. 6 Input current frequency at each simulation case
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Fig. 8 Electromagnetic force at each simulation case

Table 2 Maximum forming force at each simulation case

Case 1 2 3 2 5
System
Current (kA) 188 | 189 | 185 | 187 | 190
Maximum
Force () | $94 | 1960 | 2825 | 3655 | 4674
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Fig. 9 Maximum electromagnetic force through the coil
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Table 3 Maximum current density and magnetic flux
density at each simulation case

Case 1 2 3 4 5
Maximum Current
Density (x10%A/m?) 200\ 34 ) 44 ) 53 69
Magnetic Flux
Density (Tesla) 90 | 110 | 117 | 124 | 132
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Fig. 10 Maximum current and magnetic flux density
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