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Abstract. In metal forming process, application of electric current pulses changes the material property owing to 

electroplastic effect. With this effect, the electromagnetic forming (EMF) process can be a more efficient metal 

forming process. In this study, EMF process on Al5052 alloy under intense electric current pulse was numerically 

simulated by finite element method. The numerical simulation results are compared with experimental results. It is 

shown that the electroplastic effect can successfully reduce the strength and the EMF force. 

1 Introduction  

Recently, the use of ultra-high strength steels and 

aluminium alloys has increased to improve the efficiency 
of the fuel in the automotive industry. These materials 

have difficulties in industrial utilization because of its 

limited formability (increase of the forming load, 

reduction in die life, spring back occurs after the forming 

process) in the environment of a typical room 

temperature. As it is well known, forming at an elevated 

temperature can definitely improve its formability. 

However, hot stamping process has notable drawbacks, 

e.g., adhesion between the forming die and the material, 

difficulty in lubrication; require such facilities as heating 

furnace. Thus, new forming process for aluminium alloys 
and ultra-high strength steels are needed. 

 

 

Figure 1. Conducting tensile test grips and DC supply. 

When passing electric pulses through metals, the flow 

stress is decreased and the plasticity is increased. Such 

phenomenon is called, the electroplastic effect.[1-4] The 

electroplastic effect is not enough to applied to the 

conventional forming process because of the short 
occurrence time (100~200ms). Electromagnetic forming 

(EMF) is a high-speed forming process that using the 

intense magnetic force.[5]  

In this study, in order to simulate the effect of the 

electric current pulses on the electromagnetic forming 

process of the Al5052 alloy sheet, electroplastic material 

properties are obtained by a tensile test with specifically 

self-designed DC supply as shown in Figure 1. In addition, 

electroplastic material model is examined using LS-

DYNA EM module version 970 to simulate that tensile 

test. The ultimate goal of this study is developing the 
modeling and simulation method for electromagnetic 

forming process with the intense electric current pulse. 

2 Experimental test and numerical 
simulation conditions 

In this study, it is built that finite element analysis 
method for conducting tensile test. Approach for 

electroplastic effect in LS-DYNA is limiting the 

application yet. So, a new material model is built through 

deriving independently electroplastic material properties 

according to a current waveform as shown in Figure 2 and 

the cross-sectional diameter, applying to nodes of the 

specimen model. 

For experimental test and numerical simulation, the 

dimensions of the tensile specimen as shown in Figure 3 

are as per ASTM E8, except the width of reduction from 

12.5mm to 9mm.[6] 
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Figure 2. The applied current waveform. 

 

 

Figure 3. Finite element model of specimen. 

3 Results 

Figure 4 & Figure 5 show the experimental results. 

Experimental and numerical results of a tensile test under 
intermittent DC electric current pulse are consistent in the 

reduction of flow stress and the increase in temperature.  

Additionally, electromagnetic forming process with the 

electroplastic effect was simulated by LS-DYNA. The 

result of forming simulation is similar to experimental 

results. 

 

Figure 4. Stress-strain curve in accordance with the current 

 

Figure 5. Temperature change due to electric current 
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