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I. Introduction 
Electromagnetic forming (EMF) is a high velocity forming technique that uses electromagnetic forces 

to shape metallic work pieces. The process starts when a capacitor bank is discharged through a coil. The 

transient electric current which flows through the coil generates a time-varying magnetic field around it. By 
Faraday’s law of induction, the time-varying magnetic field induces electric currents in any nearby conductive 

material. According to Lenz’s law, these induced currents flow in the opposite direction to the primary currents 

in the coil. Then, by Ampere’s force law, a repulsive force arises between the coil and the conductive material. 

If this repulsive force is strong enough to stress the work piece beyond its yield point then it can shape it with 

the help of a die or a mandrel. 

 

Principal of electromagnetic forming  

The equivalent circuit diagram for the setup of electromagnetic forming is shown in fig-3. To form 

highly electrically conductive material a magnetic field is required, which is achieved by pulse generator. There 

were so many circuit diagrams of this setup given in literature but fig-3 is the most descriptive design of circuit. 

In this circuit capacitor C, inductance Li and resistor Ri are in the series, representing as a forming machine. The 
tool coil Rcoil and its inductance Lcoil both are connected to the pulse power generator in series (see Fig-3). 

The reduced version of this circuit is shown in Fig-4. Fig.3. Detailed version of equivalent circuit diagram Fig.4. 

Reduced version Capacitor battery stores the energy. The charging energy Ec of this capacitor battery is 

calculated from the charging voltage U(t)and the capacity C (see eq-1). 

Ec (t) = ½ CU(t)² 

 

 
                                  Fig. 3                                                                fig. 4 

 (1) Magnetic pressure acts only in areas of work piece close to coil. Therefore the deformation of work piece 

starts in these areas with velocity 10² m/s. The different directions of current, magnetic field lines, and magnetic 

pressure are shown in Fig-2. The setup is complimented by an additional component in tube compression 

process. This component is known as field shaper. In some publications it is called field concentrator. Firstly 

Babat and Losinsky Dhiraj Gayakwad et al. / Procedia Materials Science 6 ( 2014 ) 520 – 527 523 (1940) used 
field shaper to heat work piece inductively. In comparison to direct acting coil, the mechanical loading of tool 

coil can be significantly reduced by using field shaper, resulting in a higher coil tool life (Kim and Platner, 

1959). Combination of inductive heating and electromagnetic forming can be used. To produce a more uniform 

magnetic field and pressure for sheet metal forming Kamal and Daehn (2007) used a field shaper. During 

electromagnetic tube compression to support the work piece a mandrel can be placed inside the work piece. 
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Application 

The forming process is most often used to shrink or expand cylindrical tubing, but it can also form 

sheet metal by repelling the work piece onto a shaped die at a high velocity. High-quality joints can be formed, 
either by electromagnetic pulse crimping with a mechanical interlock or by electromagnetic pulse welding with 

a true metallurgical weld. Since the forming operation involves high acceleration and deceleration, mass of the 

work piece plays a critical role during the forming process. The process works best with good electrical 

conductors such as copper or aluminium, but it can be adapted to work with poorer conductors such as steel. 

 

Comparison with mechanical forming 

Electromagnetic forming has a number of advantages and disadvantages compared to conventional mechanical 

forming techniques. 

Some of the advantages are; 

 Improved formability (the amount of stretch available without tearing) 

 Wrinkling can be greatly suppressed 

 Forming can be combined with joining and assembling with dissimilar components including glass, 

plastic, composites and other metals. 

 Close tolerances are possible as springback can be significantly reduced. 

 Single-sided dies are sufficient, which can reduce tooling costs 

 Lubricants are reduced or are unnecessary, so forming can be used in clean-room conditions 

 Mechanical contact with the workpiece is not required; this avoids surface contamination and tooling 

marks. As a result, a surface finish can be applied to the workpiece before forming. 

The principle disadvantages are; 

 Non-conductive materials cannot be formed directly, but can be formed using a conductive drive plate 

 The high voltages and currents involved require careful safety considerations 
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