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Numerical study of electrohydraulic forming using sheet aluminium alloys 
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Abstract. Electrohydraulic forming (EHF) process is one of the high-speed forming which uses the high voltage 

discharge in water. Shock waves resulted from the discharge are propagated to the blank and they make the blank 

deformed. In the current study, a finite element model of EHF process was developed using Arbitrary Lagrange-

Eulerian (ALE) Multi Material formulation in LS-DYNA. The results showed that the blank was deformed 

successfully and that bouncing did not affect the formability of the blank.  

1 Introduction  

Electrohydraulic forming (EHF) has received much 
attention in recent years due to many advantages. EHF is 

a high-speed forming that uses electric arc generated by 

high voltage discharge in water. Under high-speed 

condition, the blank is deformed in a very short time 

about 1ms. According to [1], under high-speed condition, 

the strain rate of the blank is above 1000/s and the blank 

shows much improved formability in comparison with 

static forming process. Also, the blank is deformed to 

rather complex shape in one operation [2].  

In this research, numerical model for EHF is 

developed using LS-DYNA. The results show that 
pressure distribution of the fluid parts can be confirmed 

using a plane strain model and that the deformation 

behavior of the blank is observed using a quarter model.  

Through the results of the quarter model, it is verified 

that the blank can be deformed successfully without 

bouncing. 

 

 
 

Figure 1. Schematic view of EHF apparatus. 
 
 

2 Numerical simulation for EHF  

2.1 Finite element modelling of fluid parts 

A typical configuration of EHF process is shown in 

Figure 1. When the electric energy is discharged, the 

electric arc is generated between the two electrodes 

connected at the capacitor. From the arc, high pressure 

wave is created and it deforms the blank into the forming 

die.  

To confirm the pressure distribution, a plane strain 

model is used and the model is composed of plasma, 

water and vacuum as shown in Figure 2. The pressure in 
the plasma can be calculated using the following equation  
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where is mass density inside the plasma, is initial 

mass density inside the plasma, E is the electric energy 

and  is an adiabatic index.  
In fluid parts, the numerical elements are generated 

using Arbitrary Lagrange-Eulerian (ALE) multi material 

method in LS-DYNA. ALE method enable to illustrate 

the movement of fluid parts and not to have mesh 

distortion problem. 

 

Figure 2. Fluid parts for EHF simulation. 
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Table 1. Material properties of Al 1100-O. 

 

 

 

 

 

 

Figure. 3 Structural parts of EHF simulation. 

Figure 4. Pressure distribution of the fluid parts. 

 
 

2.2 Finite element modelling of structural parts 

Figure 3 shows the structural parts composed of the 

chamber, forming die and the blank. The forming die has 

trapezoidal block and it is situated in the middle of the 

die. The chamber and the forming die are assumed as a 

rigid body. Al 1100-O is used as the blank material and 

the shell element is applied to model the blank elements. 
Material properties of Al 1100-O are shown in Table 1. 

Thickness of the blank is 1.27mm. 4-node shell elements 

were used to model the blank and the element 

formulation is Belytschko-Tsay, which is generally used 

in structure analysis. 

EHF is the high-speed forming, so the strain rate 

effect should be considered in numerical simulation. To 

take account of strain rate, cowper-symonds constitutive 
model is used. The model is defined as following 

equation:  
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In this simulation, parameter p=7854, C=0.3338. 

Property  Value 

Density 2.71 g/cc 

Poisson ratio 0.33 

Young’s 

modulus 
68.9 GPa 

Yield stress 58.74 MPa 
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Figure 5. Deformation bahavior of the blank . 

 
Figure 6. Comparison of Z-displacement with the blank and the 
die. 
 

 
Figure 7. Forming limit diagram of the blank (Al 1100-O). 
 

When the EHF finite model is developed, it is very 

important to define the interaction between the fluid and 

structural parts (Fluid-Structure Interaction, FSI). To 

define the FSI, *CONSTRAINED_LAGRANGE_IN_ 
SOLID keyword is used in LS-DYNA.   

3 Results of the simulation for EHF  

3.1 Results of the plane strain model 

Figure 4 shows the pressure distribution of the fluid parts. 

After the energy input, electric arc generates the pressure 

wave and this wave is propagated to the whole water part. 

In the initial stage, 0~s, the propagation of the wave 

can be identified clearly. But after s, the wave 

contacts the chamber wall and its shape becomes 
complex.  

 

3.2 Results of the quarter model 

A quarter model is employed to see the behavior of the 

blank in detail. As shown in Figure 5, the blank contacts 

the block first and it is formed into the corner area next. 

Figure 6 plots the z- axis displacement of the blank and 

the forming die. The results show that there is no 

bouncing and the blank is deformed toward the die 

successfully even at the corner area.  

To verify the formability of the blank, forming limit 
diagram (FLD) of Al 1100-O is applied[3]. The major 

and minor strains of the blank can be obtained using LS-

PrePost.  

The elements that is situated near the middle block is 

taken into account in FLD because these are predicted to 

have some cracks. The strain distribution is illustrated in 

Figure 7. All strains are positioned below the curve and it 

means that any fracture such as a crack or a wrinkle does 
not occur in the blank and the blank is formed well 

around the middle block.  

4. Conclusions 

Electrohydraulic forming is one of the high-speed 

forming that forms the blank under the high strain rate 

condition. In this paper, numerical simulation of EHF 

was performed using Al 1100-O blank. The pressure 
distribution of the fluid parts was observed using the 

plane strain model and the deformation bahavior of the 

blank was confirmed using the quarter model. The results 

showed that the blank was deformed successfully and the 

bouncing did not occur. Also the result of FLD shows 

that EHF single process can deform the Al 1100-O blank 

without any crack because of high strain rate effect.   

Acknowledgements 

This work was supported by the National Research 

Foundation of Korea (NRF) Grant founded by the Korea 

Government (MSIP) through the Engineering Research 

Center (No. 2012R1A5A1048294) and the Mid-career 

Researcher Program (No. NRF-

2014R1A2A1A11054473). 

Reference 

1. S. Golowin, M. Kamal, J. Shang, J. Portier, A. Din, 

G. S. Daehn, R. Bradley, K. E. Newman, S. 

Hatkevich, J. Mater. Eng. Perform,, 16, 4 (2007) 

2. S.F. Golovashchenko, N. M. Bessonov, A. M. 

Ilinich, J. Mater. Process. Technol., 211, 5, 875-885, 

(2011)  

3. S. Kohara, J. Mater. Process. Technol, 38, 4,723-

735, (1993) 

 


