
II. MATERIALS AND METHODS

I. INTRODUCTION
The development of the EMF process has demanded a constant reassessment of
which process parameters are significant and how they can optimize the process
based on the chosen criteria of the parameters. This work proposes the regression
equations based on the RSM (Response Surface Methodology) analysis to predict
the electrical and mechanical process responses and consequently to find
controllable factor settings that optimize the EMF of sheet metals using a flat spiral
coil according to desired criteria.

III. RESULTS
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Table IV – R1 (Fmax) ANOVA
Table V – R2 (Ipeak) ANOVA

Table VI – R3 ANOVA

Table III – Design of experiments 

Table VII – R4 ANOVA
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Figure 6 – Effect of significant factors on R4 (trise): (a) AB, (b) AC and (c) BC.
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Figure 3 – Effect of significant factors on R1 (Fmax): (a) AC, (b) CB and (c) AB.
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Figure 4 – Effect of significant factors on R2 (Ipeak): (a) AB, (b) AC and (c) BC.
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Figure 5 – Effect of significant factors on R3 (h): (a) BA; (b) AC and (c) BC.
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IV. CONCLUSION

Controlable 
Factors 

Levels 

1 2 3 4 5 6 

U (J) 1000 1100 1200 - - - 
C (µF) 50 100 200 - - - 

n 3 4 5 6 7 8 
 

Table II – Controllable factors and levels

Process parameters may affect quantitatively the EMF responses, so the analysis of
the process in this study included key independent variables, such as capacitance C,
energy U, and the number of coil windings n, while the response variables were the
maximum electromagnetic force Fmax (numerically calculated), the workpiece height
h, the rise time trise and peak of the discharge current Ipeak (Tables I and II). The
capacitance is varied by changing the circuit connection of two 50µF and 5,000 V
capacitors.

  Parameter Value 

Spiral coil 

Outer diameter (D0) 67.5 mm 
Inner diameter (Di) 7.5 mm 
Cross section (Aa) 20 mm2 

Gap between coil and 
workpiece 1 mm 

Workpiece 

Material AA1100 (annealed) 
Diameter 110 mm 
Thickness 1 mm 

Cavity diameter 80 mm 
Cavity depth 40 mm 

 

Table I  – EMF parameters

Figure 1  – Spiral coils used for parametric experiments.

The experiments design were established with custom designs by using the Design
Expert Software (Table III) and, as example, Fig. 2 shows the variable h for workpiece
height.
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Table VIII – Constraints for case analysis #1 

Figure 7 – Desirability for case analysis #1

Table IX – Solution for case analysis #1 

Table X – Constraints for case analysis #2 

Table XI – Solution for case analysis #2 

Figure 8 – Desirability for case analysis #2

From this study, the following conclusions are drawn:
• Empirical relationships were developed using statistical tools to predict selected responses of the free bulging EMF process using a flat spiral coil.
• The 3D surfaces can show the main and interactions effects of significant process parameters.
• Despite the discharge current peak being an important response of EMF pulse units, the rise time of the discharge current was essential to reach the higher workpiece height.
• The maximum workpiece height h of 24.77 mm was achieved for the combination U=1034. 5J, C=200 µF, and n=8. It can be noted that the coil winding number is significant to 

improve the forming process.
• Finally, the significant process parameters were identified, outlining optimum geometry and pulse unit parameters, which can aid the design of flat spiral coils and electrical components 

for the EMF process. Multi-response optimization by desirability analysis can also improve the EMF process efficiency, enhancing the forming process with minimal energy.
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Figure 2  – Variable h (workpiece height).
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