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Evaluation and optimization of drawing depth in electrohydraulic forming (with
bridge wire between electrodes)
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ARTICLE INFORMATION ABSTRACT

Nowadays high velocity forming methods have become popular among industrial companies due to
their capability of improving formability in various materials in comparison to conventional methods.
Electrohydraulic forming (EHF) is a high velocity sheet metal forming process in which two electrodes
are positioned in a water filled chamber and a high-voltage discharge between the electrodes generates a
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high-pressure to form the sheet metal. In this work, extensive experimental tests have been designed
based on design of experiments (DOE) technique to investigate the effective parameters in EHF (with
bridge wire between electrodes). Discharge energy, material, length and diameter of bridge wire have
been considered as effective input parameters. Response surface methodology (RSM) has been used to
model and optimize the EHF performance with respect to drawing depth for Brass 260. Based on the
results, it can be stated that maximum drawing depth is obtained when discharge energy is maximum. It
was found that the aluminum wire was more efficient than copper and tungsten. There are optimum
values for the length and diameter of bridge wire depended on the experimental conditions in order to
increase the drawing depth.

Keywords:

Electrohydraulic forming process
Effective parameter

Drawing depth

Optimization

Response surface methodology (RSM)
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Fig. 1 Schematic of sheet metal forming with EHF [1]
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-1 0 +1 63959 s,
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0.14 0.32 0.5 (MM) s e

Sy ey 7SI 28 S (slaiules] i 2 Jguar
Table 2 Results of EHF experiments

0 WM WL wb o
mles! mm) s

1 1 1 1 1 181
2 1 1 a1 26.9
3 a1 1 1 9.7
4 11 1 4 16.8
5 1 - 1 1 19.7
6 11 1 1 28.3
7 a1 1 1 1 9.9
8 11 1 1 15.2
9 1 1 -1 1 17.1
10 1 1 1 26.0
1 1 1 1 1 9.1
12 11 1 1 15.9
13 1 1 1 1 19.0
14 14 1 1 27.8
5 1 1 1 1 9.1
16 11 1 1 14.1
7 1 0 0 0 155
18 1 0 0 0 22.4
19 0 1 0 0 28.4
20 0o 1 0 0 185
21 0 o0 1 0 17.1
2 0 0 1 0 18.3
23 0 o0 0 -1 19.6
24 0 o0 0 1 18.8
25 ) 0 0 20.8
26 0 o 0 0 215
27 ) 0 0 20.8
28 0 0 0 0 20.3
29 0 o0 0 0 21.4
30 0 o0 0 0 20.8
31 0 0 0 0 21.2

1 Normality assumption
2 Structure less
% Independence assumption
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m_\..fac)l..al J..\.n 4.:J5| J.\n
ST ) e
P e aolee e NI o
- P -
O O
0.000 20.8072 0.000 20.8072 oy
0.000 3.6778  0.000 3.6778 DE
0.000 -5.1667 0.000 -5.1667 WM
0.010 0.2611 0.018 0.2611 WL
0.000 -0.4056  0.001 -0.4056 WD
0.000 -1.6656 0.000 -1.6656 DE*DE
0.000 2.8344  0.000 2.8344 WM*WM
0.000 -2.9156  0.000 -2.9156 WL*WL
0.000 -1.4156  0.000 -1.4156 WD*WD
0.000 -0.6812 0.000 -0.6812 DE*WM
0.021 -0.2438 0.034  -0.2438 DE*WL
---------- 0.861 -0.0188 DE*WD
0.000 -0.6188 0.000 -0.6188 WM*WL
—————————— 0.861 -0.0188 WM*WD
---------- 0.861 0.0187 WL*WD
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4 Center point
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s J5b 5 o ooz (RS0 2 15 S

9 opleibs 17 095 1396 ,3T (I3 SHlle (Swiue



Sgw9e Eire Saw 9 )94l 3o

(39 355Ul cyaz awn 1 0 Lianl &) (SWlg ) Sag yisll (2.3 JSbs A T58 )3 S Fos »3 350 S ol G )wain 9 LI

[8] J. Priestley, Experiments on the lateral force of electrical explosions. by
joseph priestley, L LDFRS, Philosophical Transactions, Vol. 59, No. 4, pp.
57-62, 1769.

[9] L. Yutkin, Electrohydraulic Effect, Armed Services Technical Information

Agency, Moscow, pp. 1-23, 1955.

[10]E. Bruno, High-Velocity Forming of Metals, pp. 43-70, Dearborn: American
Society of Tool and Manufacturing Engineers, 1968.

[11] R. Davies, E. R. Austin, Developments in High Speed Metal Forming, pp.
85-120, New York: Industrial Press, 1970.

[12]V. Chachin, Electrohydraulic Treatment of Structural Materials, pp. 80-87,
Minsk: Nauka i Texnika, 1978.

[13] M. Oyane, S. Masaki, Fundamental study on electrohydraulic forming,
Bulletin of JSME, Vol. 7, No. 26, pp. 474-480, 1964.

[14] L. Coman, Using the initiation system of electrical discharge in the case of
electrohydraulic forming, U.E.M. Journal, Vol. 59, No. 3, pp. 93-100, 2011.

[15] M. Knyazyev, Y. S. Zhovnovatuk, Measurements of pressure fields with
multi-point membrane gauges at electrohydraulic forming, Proceeding of 4th
International Conference on High Speed Forming, Ohio, USA, March 9-10,

2010.

[16] A. Sayapin, A. Grinenko, S. Efimov, Y. E. Krasik, Comparison of different
methods of measurement of pressure of underwater shock waves generated
by electrical discharge, Shock Waves, Vol. 15, No. 2, pp. 73-80, 2006.

[17] M. Woetzel, M. Loffler, E. Spahn, H. Ritter, Preliminary examination of
high-velocity metal-shaping with electrical wire explosion, Proceeding of 1st
Euro-Asian Pulsed Power Conference, Chengdu, China, September 18-22,
2006.

[18]D. C. Montgomery, Design and Analysis of Experiments, pp. 400-450, New
York: John Wiley & Sons, 2008.

[19] F. Bennett, High temperature exploding wires, Progress in High
Temperature Physics and Chemistry, Vol. 2, No. 1, pp. 1-63, 1968.

[20]A. Luchinskii, Electrical Explosion of Wires, pp. 15-50, Moscow: Nauka,
1989.

9 ol 17 095 1396 ,3T (e Sle (Swiye

Lng).';.J)l% Leovy) ;T;l;'v;:.ﬂ L> WJlas Q.'J 6&&&51 (§odgde 4O L]

34 L (oo 313 4,91 5D 1) 1iS Gee lgi oo il )d

&xlp-b

[1]1 M. Zohoor, S. M. Mousavi, A. Ashrafi Tafreshi, Study of electrohydraulic
forming process by using experimental observations and numerical
simulation with ALE method, Modares Mechanical Engineering, Vol. 17,

No. 4, pp. 301-308, 2017. (in Persian  _..,l8)

[2] W. G. Chace, H. K. Moore, Exploding Wires, pp. 27-35, New York: Springer,
2014.

[3] T. Tobe, K. Masana, H. Obara, Energy consumption at underwater
exploding-wire gap in electric discharge metal forming, Bulletin of JSME,
Vol. 21, No. 162, pp. 1780-1786, 1978.

[4] T. Tobe, K. Masana, H. Obara, Metal forming by underwater wire explosion:
1. an analysis of plastic deformation of circular membranes under impulsive
loading, Bulletin of JSME, Vol. 22, No. 164, pp. 271-278, 1979.

[5] T. Tobe, K. Masana, H. Obara, Metal forming by underwater wire
explosions: 2. experiments on bulging of circular aluminum sheets by copper

wire explosions, Bulletin of JISME, Vol. 27, No. 223, pp. 130-135, 1984.

[6] T. Tobe, K. Masana, H. Obara, Pressure pulses produced by underwater wire
explosions in electric discharge metal forming, Bulletin of JSME, Vol. 22,
No. 166, pp. 613-619, 1979.

[7]1 T. Lane, Description of an electrometer invented by mr. lane; with an
account of some experiments made by him with it: in a letter to benjamin

franklin, LL. DFRS, Philosophical Transactions, Vol. 57 No. 1, pp. 451-460,
1767.

144



