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The main characteristics of the equipment are: 
• maximum capacity of capacitor bank, 200 μF; 
• discharge voltage of bank, 0...50 kV. 
 
3. EXPERIMENTAL RESULTS 
 

The first group of experiments aimed to establish the ability 
of different metallic materials to be electromagnetically deep-
drawn, for which several tests were performed on steel, 
aluminium and zinc coated sheets. 

The results obtained on steel parts have shown that these 
materials present a proper behaviour upon EMF. The depths of 
achieved parts were over 25 mm, the forming of rather thick 
sheets (1.2 mm) being accomplished, as well. As expected 
aluminium sheets are even very well formed by means of EMF, 
depths typically about 40 mm being obtained. 

Zinc coated sheets were subjected to EMF as a consequence 
of the actual tendency in automotive industry to use deep-
drawn parts obtained from sheets covered with a protective 
layer (painted, galvanized etc). In this case, though forming 
energies were large (4.9 kJ) resulted depths were smaller than 8 
mm. This fact could be explained by the extremely high electric 
resistance of zinc (375 μΩ cm), much larger than recommended 
values for the materials subjected to plastic deformation by this 
procedure (30 μΩ cm). However the method might be valid for 
deep-drawing of metallic sheets coated with other metallic or 
plastic materials. 

Next group of experiments aimed to emphasize the 
influence of discharge voltage and capacity of the capacitor 
bank on the depth of the free bulged disks. 

The workpiece parameters were: 
• sheet disk diameter: 110 mm; 
• part diameter: 80 mm; 
• thickness: 0.6 mm; 
• material: deep-drawing steel sheet. 

Forming coil has the following characteristics: 
• number of windings: 10; 
• coil diameter: 78 mm; 
• material: electrotechnical copper. 

Discharge voltage influence was first determined using a 
capacity of 200 μF and increasing values for discharge voltage, 
which led to the data listed in Table 1. Then plate disks were 
formed at constant voltage (6 kV) using different capacities of 
the capacitor bank (Table 2). With the data included in Tables 1 
and 2, Figure 4 is obtained. 

Regarding the influence of the forming die material on the 
depth of free bulged parts several experiments were performed 
on deep-drawing steel sheet. For this purpose, two types of tests 
were performed the only varying parameter being the material 
of the forming die. The above tests allowed obtaining the 
results included in Table 3. 
 
Voltage, U [kV] 2 3 4 5 6
Energy, E [kJ] 0.4 0.9 1.6 2.5 3.6
Depth, h [mm] 1.8 6.1 10.3 14.4 19.3
Tab. 1. Values of forming depth as a function of discharge 
voltage of the capacitor bank 
 
Capacity, C [μF] 100 125 150 175 200
Energy, E [kJ] 1.8 2.25 2.7 3.15 3.6
Depth, h [mm] 12.7 14.2 16.0 18.1 19.3
Tab. 2. Values of forming depth as a function of capacity of the 
capacitor bank 
 
Energy, E [kJ] 0.9 1.6 2.5 3.6 4.9
h [mm], steel die 1.9 6.2 12.8 18.4 25.1
h [mm], textolite die 1.8 6.7 12.1 18.7 26.3
Tab. 3. Values of forming depth as a function of the material of 
the forming die 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Dependence of forming depth on the energy, for U=ct. 
and C=ct. 
 

The workpiece parameters were: 
• sheet disk diameter: 175 mm; 
• part diameter: 145 mm; 
• thickness: 0.7 mm; 
• material: deep-drawing steel sheet. 

Forming coil has the following characteristics: 
• number of windings: 11; 
• coil diameter: 170 mm; 
• material: electrotechnical copper. 
 
4. CONCLUSIONS 
 

The results lead to the conclusion that both discharge 
voltage and electric capacity of the capacitor bank have a direct 
influence on the forming depth. For the same value of storage 
forming energy (0.9 kJ) a larger depth resulted by capacity 
variation (7.9 mm) as compared to discharge voltage variation 
(6.1 mm). This fact suggests that the change of bank capacity 
might have a more favorable influence on plate disks forming 
as compared to the change of the discharge voltage. 

The material of forming die does not have a significant 
influence on EMF efficiency, the depths values being 
approximately equal in the case of the two experimental dies. 

EMF is the procedure to be applied for deep-drawing of 
sheets coated with other metallic or nonmetallic materials. 

Future research will aim to check the influence of 
parameters specific to the working tool (coil) such as: the 
distance between coil and workpiece; the number of windings 
of the flat coil; the shape of the winding section; the size of the 
winding section; the type of spiral. 
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