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Abstract

For electromagnetic forming(EMF) the most important feature is a forming coil which creates the electromagnetic
force(Lorentz force), using current density and a magnetic field. Most previous papers have concentrated on the final
configuration of the blank or the efficiency of EMF process. Studies focused on the design parameters affected by the
forming coil performance have not been conducted. In order to design a suitable forming coil for an object, the current study
uses LS-DYNA EM-Module to not only optimize the coil but also to examine the effect of coil performance. By this method
a suitable forming coil was made and tested to determine whether or not good formability was achieved in a free bulge test
Numerical analysis was also used. The workpiece was Al 1100-O with a thickness of 1.27mm and the coil was made from
copper CWOO04A, which has good electrical conductivity and is suitable for electrical components.

Key Words : Electromagnetic Forming, Spiral-Type Forming Coil, LS-DYNA EM-Module, High Speed Forming, Lorentz’s

Force, Electromagnetic-Structural Coupling
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Fig. 1 Schematic diagram of a free bulge test apparatus
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Table 1 Design parameters for selecting proper coil
Case Width | Height Number of Turns
1 1mm 50mm 13
2 2mm 25mm 10
3 5mm 10mm 6
4 10mm 5mm 3
5 15mm | 3.33mm 2
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Fig. 2 Isometric view and input voltage

Table 2 Materials properties of CW004A and Al 1100-O

0

500 1000 1500 2000 2500

Time (us)

(f) Input voltage

Material Property Value(Unit)
Density 7940kg/m3
Young’s Modulus 117GPa
Copper - -
CWO04A Poisson Ratio 0.35
Electrical 5.8500E+7
Conductivity Siemens/m
Density 2712kg/m3
Young’s Modulus 68.895GPa
Al 1100-0 Poisson Ratio 0.33
Electrical 3.445E+07
Conductivity Siemens/m
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Table 3 Current density, magnetic field and Lorentz force distribution and maximum value
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Fig. 3 Von-Mises stress and maximum value
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Table 4 Cases of numerical simulation Iml
Case Blank Holder Force Strain Rate
1 Not Applied Not Applied
2 Not Applied Applied
3 Applied Applied

Table 5 Material relative permeability of CWO004A, Al
1100-O and Air used in electromagnetic FEM

Fig. 6 Numerical free bulge test model of case 1 and 2

Material Value(Unit) Housing
Copper (CWO004A) 1
Al 1100-O 100
Free space(Air) 1

Table 6 Each part materials types

Part

Material type

Die

MAT_RIGID

Forming coil

MAT_ELASTIC

Blank

MAT_PIECEWISE_LINEAR_PLASTIC
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Fig. 9 Profile comparison between experiment and
numerical results

SR ] PEEEE
Q4T e HA57] wEel o HlolEE AgA
Z1=H SAZF Ao HMEE £5E 183 Case 2
NA = Ho sl =ole

2 Case 2 HE‘r AA YA, Hx]9] FAE FE
ol o FestA dS5H= AS B & AdTh

oé /\47;]] a2 3-D 5}]}31;]] 437

0.00

-0.01

-0.02 4

-0.03 4

Height (mm)

-0.04 4

-0.05 4

—&— Height of Experimental Result

—e— Height of Numerical Result Case 1
—A— Height of Numerical Result Case 2
—w— Height of Numerical Result Case 3

-0.06

Fig.10 Cross-section comparison between experiment
result and all cases numerical results

Table 7 Comparison of the highest deformed height
between experiment and numerical

Case FEM Experiment Error
1 50.09mm 16.92%
2 42.29mm 42.838mm 1.27%
3 40.37mm 5.76%
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