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Sensitivity Analysis of Numerical Variables Affecting the Electromagnetic
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Abstract

Electromagnetic forming (EMF) simulations consider 3-dimensionally coupled electromagnetic-mechanical phenomenon
using LS-DYNA, therefore the calculation cost is normally expensive. In this study, a sensitivity analysis in regard to the
simulation variables affecting the calculation time was carried out. The EMF experiments were conducted to form an
elliptically protruding shape on a high-strength steel sheet, and it was predicted using LS-DYNA simulation. In this
particular EMF simulation case, the effect of several simulation variables, viz., element size, contact condition, EM-time
step interval, and re-calculation number of the EM matrices, on the shape of elliptical protrusion and the total calculation
time was analyzed. As a result, reasonable values of the simulation variables between the simulation precision and
calculation time were proposed, and the EMF experiments with respect to the charging voltages were successfully predicted.

Key Words : Electromagnetic forming, 3-dimensionally coupled electromagnetic-mechanical phenomenon, LS-DYNA,
simulation variable
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Table 1 Material properties

DP780 | AA1050

Density (kg/m?) 0.0078 | 0.0027

Elastic modulus (GPa) 210 68.9

Yield strength (MPa) 546.9 89.3

Ultimate tensile strength (MPa) 832.4 107.7

Uniform elongation (%) 14.51 2.15

Total elongation (%) 23.89 6.01

Electric conductivity (mS/m) 3.5 35.6

Magnetic permeability (uWH/m) 875 1.26
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Table 3 Condition variation
No. Type Variation (mm)
1.0mm x 1.0mm,
1.5mm x 1.5mm,
1 Element size in plane 2.0mm x 2.0mm,

2.5mm x 2.5mm,
3.0mm x 3.0mm

Perfectly bonded (node
share) solid-solid,
Separated solid-solid,
Separated shell-solid

Contact conditions
2 between DP780 and
AA1050 sheets

0.1ps, 0.5us, 1.0ps,
1.5us, 2.0us, 2.5us,
3.0us, 3.5us, 4.0us

3 EM-timestep interval

1,5, 10, 15, 20, 25, 50,
75,100
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Table 4 Recommended simulation variables

No. Type

1 Element size in plane
Contact conditions
2 between DP780 and
AA1050 sheets
3 EM-timestep interval 2.0us
N-cycle 20

Variation (mm)
2.0mm x 2.0mm,

Separated solid-solid
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charging voltage
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