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Electrohydraulic forming (EHF) is high velocity forming process in which the electric energy
stored in the capacitors is suddenly discharged between two electrodes submerged in water-
filled chamber. During the discharge, the water between the electrodes vaporizes and creates
shock wave that is transferred to the blank using the water and forms it. One of the key
parameters in electrohydraulic forming is the determination of the suitable position of the
electrodes. In this research the effect of electrodes position in electrohydraulic free-forming is
investigated using the finite element simulation. First, the experiments available in the literature
are simulated using the software ABAQUS/ Explicit and compared with the experimental results,
which show good agreement. Then by changing the position of the electrodes, the effect of their
position on the formability and thickness distribution of the blank is investigated. The results
indicate that formation of component is only possible in limited positions of the electrodes and
there is position for the electrodes that not only improves the sheet thickness but also decreases
the possibility of the failure.
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Fig. 1 A schematic of electrohydraulic forming process [3] 
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1- Explosive Forming
2- Electromagnetic Forming
3- Electrohydraulic Forming
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4- Miniature Parts
5- Hydro Forming
6- Dual Phase Steels
7- Electrohydraulic Free Forming (EHFF)
8- Electrohydraulic Die Forming (EHDF)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

1.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                               2 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.51.7
https://mme.modares.ac.ir/article-15-11301-en.html


    

     

13941511  313  

  .
   

   ]12 .[
  

 
   .

1 AA5182-O 

  ]13 .[   
 

    
 

 .
 

 ]14 .[  -2 
   

 

 .

 
  

2 - 

 
  .  

3  .

 
 . 

 .  

 .

 
 

   

2 -1- 
 

 .

1- Forming Limit Diagram 
2- Coupled Eulerian- Lagrangian  
3- Abaqus 
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Fig. 2 The geometry of Chamber, Blank and die used in this
research  
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Fig. The finite element model of electrohydraulic forming
process  

3  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

1.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                               3 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.51.7
https://mme.modares.ac.ir/article-15-11301-en.html


    

     

  

314  13941511  

0.1  .
1

   .1000  
  

2 -2-   
 –   

     
  .– ) 1 (.  

)1(  = A + B p
n

1+Cln
0

1- T-Tr

Tm-Tr

m
   

 )1(  p  2 .  0 
3 4 .  T 

 Tr Tm   .ABC 
mn     .

 
 .  

DP600 
7800 210 

0.3  . - 
] 15 [1 

  

2  -3 -   

– 5 
6  ) 2 (

  

)2(  D =
f

  

) 3 (   

)3(    
f =[d1+d2 exp(-d3 )] 1+d4ln

0
1+d5

T-Tr

Tm-Tr
 

) 3  ( 7 
8 9  .

     .
D   

  

1 –   DP600 ]15[  
Table 1 Parameters of Johnson –Cook material model for 

dual phase steel DP600  [15] 
  A(MPa)  B(MPa)  nC  0 

335  614  0.33  0.015  0.001  

1- Explicit
2- Equivalent Plastic Strain
3- Instantaneous Strain Rate
4- Reference Strain Rate
5- Johnson Cook Damage Criterion
6- Johnson Cook Damage Parameter
7- Stress Triaxiliaty
8- Hydrostatic Stress
9- Equivalent Stress 
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Table  2 Parameters of Johnson –Cook fracture model used 
for dual phase steel DP600 [14] 

  d1  d2  d3d4  d5  
0.7  0.5  0.5  0.006 -  0  

  
Fig.  4 The amplitude of volume acceleration applied to the 

fluid  
4    

10- Bulk Modulus
11- Shell  
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Fig. 5 The final shape of the part in finite element simulation 
corresponding to the experimental condition  
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1- Acoustic
2- Major Strain
3- Minor Strain
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Fig. 6 The comparison of thickness distribution in numerical 
simulation with experimental results  
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Fig. 7 The comparison of major strain in numerical simulation 
with experimental results  
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Fig. 8 The comparison of minor strain in numerical simulation 
with experimental results  
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Fig. 9 Distribution of Johnson – Cook damage parameter of the 

parts with the same height of 34 mm  
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Fig. 10 Effect of electrodes position on Johnson – Cook 
damage parameter in center and die arc region of the parts with 

the same height of 34 mm  
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Fig. 11 Thickness distribution of the parts with the same height 
of 34 mm  
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Fig. 12 Effect of electrodes position on minimum thickness of 

the parts with the same height of 34 mm  
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Fig. 13 Thickness distribution of the part formed with 
electrodes distance of 23.5 mm from blank 

13 23.5 
   

23.5   
         

13     
23.5     

4 -  
  

  .
 

   .  
  

  
  

 .  
   

 
  .  

  
 

  .  
   

    .  

5 -   
   –  )Pa(  
 – ) Pa(  
   
, , , , -  

   -   
  -   

  -   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

1.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                               7 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.51.7
https://mme.modares.ac.ir/article-15-11301-en.html


    

     

  

318  13941511  

 ) K(  
               

   
   

 ) s-1(  
 ) s-1(  

   
 ) Pa(  
   

               

f   
m   
r   

6 -   
 ( ) 

 .   

7 -   
[1] L. A. Yutkin, Electrohydraulic effect Moscow:Mashgiz, 1995.
[2] E. J. Bruno, High velocity forming of metals Michigan: American Society

of Tool and Manufacturing engineers,1968.
[3] S. F. Golovashchenko, A. J. Gillard, A. V. Mamutov, Formability of dual

phase steels in electrohydraulic forming ,Journal of Materials
Processing Technology Vol. 213 pp. 1191 1212, 2013.

[4] V. S. Balenthiram, X. Hu, M. Altynova, G. S. Daehn, Hyperplasticity:
enhanced formability at high rates. Journal of Material Process
Technology Vol. 45, pp.595-600, 1994.

[5] W. Bleck, I. Schael, Determination of crash-relevant material
parameters by dynamic tensile tests, Journal of Steel Research
International Vol. 17, pp. 173-178, 2000.

[6] H. Yu, Y. Guo, X, Lai, Rate dependent behavior and constitutive model
of DP600 at strain rate from 10-4 to 103 s-1 Journal of Material and
Design Vol. 30, pp. 2501-2055, 2009.

[7] M. Farzin, H. Montazerolghaem, Manufacture of thin miniature parts
using electro hydraulic forming and viscous pressure forming methods,
Archives of metallurgy and materials Vol. 54, pp.535-547, 2009.

[8] W. Homberg, C. Beerwald, A. Pröbsting, Investigation of the
electrohydraulic forming process with respect to the design of sharp
edged contours, 4th International Conference on High Speed Forming
pp.58-64, Columbus, Ohio, USA, 2010.

[9] M. K. Knyazyev, Ya. S. Zhovnovatuk, Measurmnent of pressure fields
with multi-point membrane gauges at electrohydraulic forming 4th

International Conference on High Speed Forming pp.65-82, Columbus,
Ohio, USA, 2010.

[10] J. Samei, D. E. Green, S. Golovashchenko, A. Hassannejadasl, Quantitive
microstructural analysis of formability enhancement in dual phase
steels subject to electrohydraulic forming, Journal of Material
Engineering and Performance Vol. 22, pp. 2079-2088. 2012.

[11] A. Melander, A. Delic, A. Björkblad, P. Juntunen, L. Samek, L. Vadillo,
Modelling of electro hydraulic free and die forming of sheet steels,
International Journal of Material Forming Vol. pp.223-231, 2013.

[12] A. J. Gillard, S. F. Golovashchenko, A. V. Mamutov, Effect of quasi-static
prestrain on the formability of dual phase steels in electrohydraulic
forming, Journal of Manufacturing Process Vol. 15, pp. 201-218, 2013.

[13] A. Rohatgi, A. Soulami, E. V. Stephens, R. W. Davies, M. T. Smith, An
investigation of enhanced formability in AA5182-O Al during high-rate
free-forming at room temperature:qualification of deformation history,
Journal of Materials Processing Technology Vol, 214, pp. 722-732,
2014.

[14] A. Hassannejadasl, D. E. Green, S. F. Golovashchenko, J. Samei, C. Maris,
Numerical modelling of electrohydraulic free- forming and die-forming
of DP590 steel, Journal of Manufacturing Processes Vol. 16, pp. 391-404,
2014.

[15] A. Hassannejadasl, Simulation of electrohydraulic forming using
anisotropic, rate-dependent plasticity models PhD thesis, University of
Winsdor, Canada, 2014.

[16] D. Björkström, FEM simulatoion of electrohydraulic forming Msc Thesis,
KTH Royal Institute of Technology, Stockholm, 2008. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

1.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.51.7
https://mme.modares.ac.ir/article-15-11301-en.html
http://www.tcpdf.org

