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Motivation

1. Electromagnetic forming involves large deformation, high
velocity and high strain rate.

2. Tube expansion is a simple 2D axisymmetric forming
process.

3. Photon Doppler Velocimeter (PDV) enables the reliable
measurement of high velocity.

4. Electromagnetism module of LS-DYNA allows the
simulation of electromagnetic forming.

5. Combination of PDV and LS-DYNA can help the study of
the dynamic behavior of aluminum alloys at high strain
rate and high velocity.
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‘% Basic Layout of Electromagnetic Forming
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Rogowski coil measures current; PDV measures expansion velocity.
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§ A 16Kk Magneform
® machine in OSU

(1) Maximum
charging voltage is
8.66KkV;

(2) Total
. capacitance is
~ 426yF;

~ (3) Internal
- inductance is
~ around 100nH;
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‘/A%/ Three-turn Coil
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OD: 61mm; Gap between turns: 1.8mm; 6.3mm x 6.3mm cross section
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‘/’%/ Al16061-T6 Tube
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OD of Al tube: 63.5 mm; Wall thickness: 0.89mm; Length: 45mm
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A%)lelocity and Current Measurements (0.8 kJ)
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2D Axisymmetric Modeling
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‘% 2D Axisymmetric Modeling (Closer I:ook)
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Johnson-Cook Strength Model
X 9
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Johnson-Cook strength model was selected, because of high
strain rate in electromagnetic forming.

oc=(A+Bs)1+Cln&)1-T™)

Model 1 [1]

Model 3 [3]
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Comparison --- Velocity B (0.8 kJ)
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A

%/ Strain and Strain Rate for Position A (0.8 kJ)
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Stress-strain Plots for Position A (0.8 kJ)
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Parameters for J-C model
X
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oc=(A+Be")1+Ché)1-T")

(1) Strain rate sensitivity C should be small for Al 6061-T6;

(2) Strain hardening has smaller effect than strain rate hardening in this case;
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Summary

) PDV was applied for the velocity measurement and Ls-
dyna electromagnetism module was applied for the
simulation of the Al 6061-T6 tube EM expansion;

2) Comparison between the numerical and experimental
results showed the good agreement;

3) Four different parameter sets for Johnson-Cook strength
model were used in the numerical simulation. The results
showed that the value of the strain rate sensitivity for Al
6061-T6 should be small;

4) Strain rate hardening has larger effect in EM expansion;
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