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1. Introduction

Research geometrical parameters influence of
the discharge channel, determined by the length |
and diameter d of the conductor priming of
discharge was performed by many researchers but
at much higher energies discharge, 50 -150 KJ [1]
[2] [3].

In this paper we studied the influence of these
factors at energies much smaller download up to
1200 J and rooms small volume to 1 dm3.

It was also studied the influence of the capacity
and voltage of the capacitors, the stamping depth.

Studying these influences at energies much
smaller download up to 1.5 KJ is absolutely
necessary because the material behavior is
different from the energy behavior of large and
very large download that typically uses for
industrial plants [2] [3] [4].

The research was conducted on laboratory
installation IDEH 1260 electro deformation with
maximum energy of 1260 J and whose technical
characteristics are: the maximum capacity of the
capacitors 70 uF and maximum discharge voltage
of 6000 V.

Necessary conditions for deformation were
provided, using FePO3Am sheet for deep drawing,
EN 10130, with the following mechanical
properties: yield strength R, = 240 MPa, tensile
strength m average R,= 320 MPa, relative
elongation at break Agqi, = 34%.

Semi-finished products used had a thickness of
0.5 mm and diameter d, = 80 mm and bore diameter

active plate mold d,, = 40 mm, height H = 40 mm
hole to allow free deformation of the material and
the joining radius of stamp ry=5 mm.

Distance J, between semi-finished products and
retaining plate was 0.5 mm, to prevent high levels
of ripple and at the same time to allow easy
movement of the semi-finished product.

2. Plan development experience

To study these influences, we used the Taguchi
method [5].

For the study we used a factorial plan for 4
factors and 2 levels as 2.2.2.2-2%_-16

experiences
The factors are:
A - length of initiation wire
B - diameter of the initiation wire
C - tension of loading
D — capacity of the battery
Levels are: low (1) and maximum (2)

Values of the four factors are date in table 1.

Table 1
Factor Level 1 Level 2
(minimum) (maximum)
A 20 mm 80 mm
B 0,2 mm 0,8 mm
C 1000 V 6000 V
D 12 uF 70 uF
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Factors and levels are shown in table 2 Figure 2 is present the effect of the factor B
Table 2
Nr. Factori Y 14,5
exp. | A B ¢ D "
mm
1 1 1 1 1 0,1 135 T
2 1 1 1 2 8,3 ’ I
3 1 1 2 1 12,4 13
4 1 1 2 2 18,7 125 l g?'
5 1 2 1 1 0,8 ' I
6 1 2 1 2 9,5 12
7 1 2 2 1 16,9 i
8 1 2 2 2 21,7 11,5
9 2 1 1 1 0,3 11
10 2 1 1 2 10,2
11 2 1 2 1 18,6 105 ¥
12 2 1 2 2 24,9 0123
13 2 2 1 1 1,1 Figure 2
14 2 2 1 2 12,7
15 2 2 2 1 20,6
16 2 2 2 2 28,4 Calculation the effect of the factor C
. 1.8
3. Calculation of the average effects . E,, - gZYcu M =—7.45mm  (6)
Calculate the overall average responses ™ i=1
n 1 8
M = %ZY,“” = % =12,825mm (1) Ec, = gZYczi —M =+7,45mm  (7)
i=1 i=1

Calculation the effect of the factor A

8
E,.= %ZYM ~M =-1,775mm  (2)

i=1 25

Figure 3 is present the effect of the factor C

1 8
Eo,==> Y., —M=+1775mm 3
A2 8 ; A2i ( ) 20 ¢
Figure 1 is present the effect of the factor A /
Calculation the effect of the factor B 15 :|
138 |+C
Eg = gévmi ~M =-11375mm  (4) y /
1 8
E., = gZYB2i -~M =+11375mm  (5) 5 |
i=1
16 0 T+
14 L3 0123
12 ‘/ Figure 3
10
g [——A| )
Calculation the effect of the factor D
6 8
1
4 Epi == Yo —M =-3975mm  (8)
2 8
0 +—r——v—— 13
0123 = =§§YM -M =+3975mm  (9)
Figure 1 Figure 4 is present the effect of the factor D
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Figure 5 present the effect of factors A, B,
C, and D on the drawing depth.
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Figure 5
4. Calculation of the interaction

A-B Interaction
EAlBl =M AIB1 — M - EAl - EBl =

=+1,455mm (10)
EAlBZ =M ALB2 M - EAl - EBZ =
=+0,31875mm (11)
EAZBl =M A2B1 — M - EA2 - EBl =
=-0,32mm 12)

EAZBZ =M A2B2 M — EAz - Esz =

Table 3

=-1,45625mm
A-B interaction is present in table 3.
Factors B
1 2
1 +1,455 +0,31875
A2 032 1,45625
A-C Interaction
Epmci =Muci —M —Ey —Egp =
=+4,6125mm 24)
Epco =Mpyc,-M-Ey —Ec, =
=-2,5375mm (15)
Epci =M —M —E,, —E¢ =
=+2,8375mm (26)
Epoco =My, -M -E,, —E¢, =
=—-4,3125mm @an
A-C interaction is present in table 4.
Table 4
Factors C
1 2
1 +4,6125 -2,5375
A 2 +2,8375 -4,3125
A-D Interaction
Erot =Muyp —M —Ey —Ep =
=+2,875mm (18)
Exnpz =Mup, —M —Ey —Ep, =
=-11mm 29)
EA2D1 =M A2D1 M — EAz - EDl =
=+11mm (20)
Epepz =M ppo ~M —E,, —Ep, =
=-2,295mm (22)
A-D interaction is present in table 5.
Table 5
Factors D
1 2
1 +2,875 -1,1
A 2 +1,1 -2,295
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B-C Interaction

EBlCl =M BIC1 — M - EBl - Ec1 =

=+4,2925mm (22)
EB1C2 =M BIC2 — M — EBl - Ecz =
=-2,8575mm (23)
EBZCl =M B2C1 M - Esz - Ec1 =
=+3,15625mm (24)
Eszcz =M B2C2 — M - Esz - Ecz =
=-3,99375mm (25)

B-C interaction is present in table 6.

Table 6
Factors C
1 2
1 +4,2925 -2,8575
B 2 +3,15625 -3,99375

B-D Interaction

EBlDl =M B1D1 — M — EBl - EDl =

=+2,555mm (26)
Egios =Mgip, —M —Eg —Ep, =
=-142mm (27)
EBZDl =M B2D1 M — EBz - EDl =
=+1,41875mm (28)
EBZDZ =M B2D2 — M - EBZ - EDZ =
=-2,55625mm (29)

B-D interaction is present in table 7.

Table 7
Factors D
1 2
+2,555 -1,42
B 72 [ +141875 | -2,55625

C-D Interaction

EClDl = MClDl -M - Ec1 - ED1 =

=+45,7125mm (30)
EClD2 =M cib2 — M — ECl - ED2 =
=+1,7375mm (3D

Eczm = Mczm -M - Ecz - EDl =

=-1,4375mm (32)
ECZD2 = MC2D2 -M - Ecz - Eoz =
=-5,4125mm (33)
C-D interaction is present in table 8.
Table 8
Factors D
1 2
1 +5,7125 +1,7375
C ™ -1,4375 5,415

5. Calculation of theoretical responses Y; and
the residues

Yo =M+E, +E; +E,, +E;, +

+ EAlBl + EAlCl + EAlDl + EBlCl +
+Egip; + Ecipr =19,99 (34)
Yoo =M +E, +E;, +E, +E,, +

+ EAlBl + EAlCl + EA1D2 + EBlCl +

+ Egp, + Ecip, =16,015 (35)
Yoo =M +E, +E; +E., +Ep +

+ EAlBl + EAlCZ + EAlDl + EBlCZ +

+ Egipy + Ecypy =14,8775 (36)
Yoo =M+E, +Eg +E., +Ep, +

+ EAlBl + EA1C2 + EA1D2 + EBlCZ +

+ Egips + Ecyp, = 9,465 (37)
Yes =M +E, +Eg, +E, +Ep +

+ EAlBZ + EAlCl + EAlDl + EBZCl +

+ Eg,p; + Ecip; =18,85625 (38)
Yee =M+E, +E;, +E, +E, +

+ EAlBZ + EAlCl + EA1D2 + EBZCl +

+ Eg,p, + Ecip, =14,88125 (39)
Yo, =M +E, +Eg, +E., +Ep +

+ EAlBZ + EA1C2 + EA1D1 + EBZCZ +

+ Eg,p1 + Ecop; =12,30625 (40)
Yee =M +E, +Eg, +E., +Ep, +

+ EAlBZ + EAlCZ + EA1D2 + EBZCZ +

+ Eg,p, + Ecop, =11,32925 (41)
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Yoo=M+E,, +E; +E., +E +

+ EAZBl + EA2C1 + EA2D1 + EBlCl +

+ Egipy + Ecip; = 26,165 (42)
Yoo =M+E,, +E; +E, +Ep, +

+ EAZBl + EA2C1 + EA2D2 + EBlCl +

+ Egipy, + Ecip, =14,82 (43)
Yeu =M +E,, +Eg +E., +Ep +
+ EAZBl + EAZCZ + EA2D1 + EBlCZ +
+ Egip; + Ecopy =11,665 (44)
Y,=M+E,, +E; +E., +E, +
+ EAZBl + EAZCZ + EA2D2 + EBlCZ +
+ Egipo + Ecopp =8,27 (45)
Y013 =M + EAZ + Esz + Ec1 + EDl +
+ Epogo + Enocr + Epops + Egocs +
+ Eg,py + Ecipy =17,08125 (46)
Y014 =M + EA2 + Esz + E01 + Eoz +
+ EAZBZ + EA2C1 + EAZDZ + EBZCl +
+ Egypy + Ecip, =13,68625 (47
Yeas =M +E,, +Eg, +Ec, + Ep, +
+ EAZBZ + EA2C2 + EA2D1 + E82C2 +
+ Egopy + E —cop; =10,53125 (48)
Yoo =M +E,, +E;, +E., +Ep, +
+ EAZBZ + EAZCZ + EA2D2 + EBZCZ +
+Egupy + Ecop, = 713625 (49)

In figure 6 are measured values Y, and values
calculated Y, in points of the experimental plan.

30
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Figure 6

In table 9 are given measured values Y,

mi

theoretical answers Y, and residues R,

Table 9
Nr. Y i Yei Ri
exp.
1 0,1 19,99 -19,89
2 8,3 16,015 -7,715
3 12,4 14,8775 -2,4775
4 18,7 9,465 9,235
5 0,8 18,85625 -18,05625
6 9,5 14,88126 -5,38126
7 16,9 12,30625 4,59375
8 21,7 11,32925 10,37075
9 0,3 26,165 -25,865
10 10,2 14,82 -4,62
11 18,6 11,665 6,935
12 24,9 8,27 16,63
13 11 17,08125 -15,98125
14 12,7 13,68625 -0,98625
15 20,6 10,53125 10,06875
16 28,4 7,53125 20,86875

6. Analysis of the variation of results

The parameters have the following meaning:
VaiVe.iVeiVagiVaciVeg - Variation  between
experiences

V- is residual dispersion from interior of the

experiences.
n - number of the experiences

n, - number of levels A factor;
n, - number of levels B factor;
n. - number of levels C factor;

N, - number of levels D factor;

Ng =16, number of residues

vy - first degree freedom Fisher-Snedecor test;

¥z - second degree freedom Fisher-Snedecor test
vy =N—1=15, number degree freedom of the
residues

ve=n—-1=16-1=15 (50)
v =n —1=2-1=1 (51)
Vg =N, —1=2-1=1 (52)
Ve=h—-1=2-1=1 (53)
Ve = (0, =1)n, -1)=1 (54)
Viac = (na _1)(nc _1): 1 (55)
Vies = (N, =1, —1)=1 (56)
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v,=n-1=16-1=15 (57) Fro :\ﬁ:ﬂ:o,ogs (72)
V., 189,22
7. Calculating sums, dispersions and coefficients na e
for Fhiser-Snedecor test n- Zz Eaici
Spc = :; Jf; =217,45mm? (73)
n- ZE s
V,. =———AC __ 217 45mm? 77
S, =—=— =50,4mm’ (58) " (n, —1)ny —1) m ¢
n
R - Vae _ 21745 1149 (75)
V., 189,22
VA _ nSA:L: 50,4 :50’4mm2 (59) n.nza Ny EiD
a - i i ™
S,p = ——3= =63,81mm? (76)
_Va_ 504 _ 456 (60) b
*TV, 189,22 Vo= _638Imm®  (77)
e (v, ~1)n, 1)
n-> EZ Vv 63,81
S, =—=1 __ —20,70mm? (61) Fao =<, =1gg 25 ~ 03%7 (78)
n, R
V, =2~ 220 _20,70mm*  (62) - Edo
b — — i=1 j=1 _ 2
v. 20,70 Sec = — =210mm~ (79)
F, = — —=0,109 (63) b " e
V., 189,22
e S
V.. =—8 _—210mm?’ 80
n-> ES " (n,-2)n.-1) &
S, = -— =888,04mm? (64) - Vac 210 1109 @81)
° °° v, 189,22
v, =S¢ - 828’24 —888,04mm®  (65) S S EZ,
Ne — - '
Sgp=— 1L -6836 (82)
Fo— V. 888,04 _469 (66) n, - nd
V., 189,22
n, Veo = 68,36mm” (83)
n- ZE Di (a 1)(nb )
S, = —=L1— =25281mm? 67
0 =" (") o= B30 500 (89)
S, _ 25281 Ve 189,22
V, = —0_— > '~ =252,81mm*>  (68) N,
L e RN
F,—Yo _ —133 (69) Sep =——=—— =268,05 (85)
V., 189,22 n, nd
n- E i Vo, = 268,05mm’ (36)
S _ i=1 j=1 =17 76mm2 (70) ( )(nb )
AB = n-n T \Y/ 268,05
a My Fop =-2 =2"""_-1416 (87)
. V., 189,22
oL =17,76mm? (71) L6
*® (n, ~2)n, -2) =Y R? =2838,44881  (88)

i=1
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Residual dispersion is:
V, :S_R:M:mg,zz (89)
Vi 5
In table 10 are summarized final results of
the work.

Table 10
[<5]
=
T
g8 |8 | "¢ 35
3 | = o cZz
T 13g | e S S
== R =
O > — w s >
A 0,26
Fe (Fr nor
B 0,109
Fe (Fr nor
C 4,69
Fc > FT YES
D 1,33
4,54 Fc < FT NOT
AB | 0,093
Fc < FT NOT
AC 1,149
Fc < FT NOT
AD | 0,337
Fc < FT NOT
BC 1,109
Fc < FT NOT
BD 0,361
Fc < FT NOT
CD 1,416
Fc < FT NOT

8. Conclusions

From the table 8, result as the factor that has a
significant influence on the drawing depth is
discharge tension of the battery capacitors.

So we can say that in the closed rooms and with
small volume and discharge energies smaller than
1,5 KJ, electrical parameter of the circuit, which
acts mainly on the growth of material deformation
and the operating pressure, is discharge tension of
the battery capacitors, work which is also found
experimentally [2] [4].

If in the rooms with large volume, all four
factors have a significant role, in low rooms, the
pressure must be made solely to the discharge
voltage.

In rooms with low volume, is not recommended
to use priming discharge wires,

because reduce productivity and swell cost of
the processing.

In these cases, must use free download with
adjustable electrodes or mobile electrodes, to meet
the optimal distance between electrodes [6] [7] [8].
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