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Study of electrohydraulic forming process by using experimental observations
and numerical simulation with ALE method
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Faculty of Mechanical Engineering, Khaje Nasir Toosi University of Technology, Tehran, Iran
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Electrohydraulic forming (EHF) is a high velocity sheet metal forming process in which two or more
Received 04 January 2017 electrodes are positioned in a water filled chamber and a high-voltage discharge between the electrodes
Accepted 05 March 2017 generates a high-pressure to form the sheet. In this study extensive experimental tests were carried out

Available Online 23 April 2017 to investigate the effect of different parameters (such as discharge energy, stand off distance and

electrodes gap) on the maximum drawing depth and implicit on shock wave maximal pressure in

E?gthfer,‘iigty forming electrohydraulic free forming. EHF is a complex phenomenon and experimental work alone is not
Electrohydraulic process sufficient to properly understand this process. To explain different aspects of the problem, Arbitrary
Numerical simulation Lagrangian Eulerian (ALE) formulations coupled with fluid—structure interaction (FSI) algorithms that
Abitrary Lagrangian Eulerian are available in the advanced finite element code LS-DYNA were used for the numerical simulation. In

order to model the effect of the electrical discharge, two different approaches were implemented;
explosive equivalent mass and energy leak. In the first approach, according to the similarity between
explosion and electrical discharge in the water, electrical discharge energy was converted to equivalent
TNT mass. In the second approach electrodes gap is replaced by a plasma channel and electrical
discharge energy was leaked to it in a short amount of time which makes the channel expand and
generate shock waves propagating toward the workpiece. Finally, a good correlation was observed
between the experimental and simulation results.
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Table 1 Material and equation of state parameters for TNT
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Fig. 15 Velocity at the dome apex (Z-direction)
Z cqz 1) 35 ol 4o ey 15 Y5

35
. 30
g Aoy,
5 %
= P P,
Eh \\:‘
i 20 — i
T \‘ —— Experiment
g . AN == ALETNT
A NeaTng ke Leak
N ~ 4o+ ATE Energy Leak
10 \-‘
5 T T "
20 40 60 80

Stand off Distance (mm)

Fig. 16 The effect of stand off distance on dome height
25 el 69y 2 Gyp U Loy psUlalols 51116 S

5 oS sl abex ) jlae (S Sl sl el Lo Sl i)y (o e 1S,
s Bl Wl ks Leadl JUIS LSis b9ms p peiitas 3G 45 (o
b amlin ;o 2285 lagialejl | Jolo JS8 it olpe 251 50 Toyis
Conl Hbls b ay Baes jol cpl Jds cl 1eS cgoue (giloans mls
S)lMe 5 398 god 43S 39 1S 93 (e (3 53 0o 33 (5560 S oS
Slasiotin Gz S5y 0 B3g Sl & o, 51 S B T
ilin gl 9,55, 5l fiton Bitee 39 2,505, b s3lotends 51 ol

St Jl Jol>) oloj ez Byg S bl 12 lage
3 ok 30 59 5l 99 2SI akols (J5okS 3.2 oudo 33 (5551 L wnl b
99y sl ol ooy ialed 1y (e e 15,5055 5l 59 uSUl alsls
S 65zl e 3y 99 so oulive (4l e 400 5l amy) Jloges
ROW AP JCT SURPINVRVE BN LIL SREL SN

it 3,59, 93 alie 5 §y9 JSB s 8950 14 5 13 (sla S
amd oo iales |y anld Job 53 (S pSIladss ST Jleel 5o

35 ;
_ )
— 30 .
g ‘;"’
% 25 .
K gl —e—Experiment
o] .}‘,4
g2 A2z === ALE-TNT
A «saes ALE EnergyLeak
15
10 T T 1
1 2 3 a

- Discharge Energy (kT)
Fig. 11 The effect of discharge energy on dome height
A5 el (59, andsw (g5, S 1L IS

0
—_
S " — ALE-TNT
had —— ALE-EnergyLeak
= 0
W b
=) A
& 18 ~
= N
2 AR
-
2
= 2
= .
W ]
0 100 200 300 400

Time (micro second)
Fig. 12 Displacement of the middle node of the blank
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Fig. 20Discharge channel expansion (second approach)
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Fig. 18 Shock wave pressure-time history on the surface of the blank
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