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Abstract— Electromagnetic Welding (EMW) is a promising 

and relatively new manufacturing technology which is 

advantageous over conventional welding in many ways. 

EMW is a type of impact joining process which makes use 

of rapid energy source to accelerate and cause collision 

between two different metals at very high velocities by 

removing the layer of oxidation. The important 

characteristic of this process is non-contact Electromagnetic 

forces causes welding or joining process. The technique can 

be implemented for different applications, especially those 

in automotive industry. EMW is more efficient to produce 

complex components in high strength or low ductility 

materials. Also due to the plastic deformation in the process, 

welding between different materials is possible. It is 

necessary to concentrate the magnetic field in the desired 

region. The capacitor banks stores the high electrical energy 

in it. The changing magnetic field will induce eddy currents 

in the conductive outer work piece, also named the flyer 

tube. So considering the Lorentz force, the magnetic field 

outside the flyer tube will exert a force on the flyer tube due 

to the eddy currents, thrusting the tube inward in radial 

direction. If correctly executed the high velocity of the 

inward motion and thus the high-energy impact between 

outer and inner work piece will result in bonding/joining. It 

is necessary to concentrate the magnetic field in the desired 

region. To concentrate the magnetic flux and produce the 

magnetic pressure over the desired area of workpiece, field 

shaper can be used inside the working coil. This paper 

carries out a numerical simulation of different geometries of 

field shaper and effect of field shaper in EMW. 
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I. INTRODUCTION 

In the recent years, the automobile industry has called for 

the advanced techniques of manufacturing, joining and 

forming processes. The designer and manufacturer of 

automobiles, aerospace and railway are focusing on the 

environmental condition by reducing the air pollution [1]. 

They tried to reduce the consumption of energy and fuel by 

use of lighter weight metals, fuel cell power and hybrid gas 

as well as electrical power to drive the cars, planes and 

trains. Lightweight aluminium material is the best selection 

for application in automobiles as well as in aerospace 

structure, shipbuilding, and railway. To improve fuel 

efficiency and control air pollution, the weight of 

automobiles and aerospace should be reduced. It is difficult 

to weld aluminium to other metal by conventional technique 

because of thermal and metallurgical incompatibility and a 

large difference in their melting points and due to formation 

of brittle inters metallic compounds. To obtain a good 

quality joint we need a special machine which belongs to the 

field of non-conventional machines to do this kind of 

welding to obtain a good quality joint. Electromagnetic 

Welding has been the advanced tool for the industrial 

applications since it is suitable for welding of dissimilar 

materials (widely varying melting points and thickness). 

Also EMW is cold weld and there is no bulk melting of 

material. 

II. ELECTROMAGNETIC WELDING PROCESS 

The principle of electromagnetic forming and 

electromagnetic welding [2, 3] are same until point of 

contact of the two workpieces are formed or as well joined. 

The below figure shows the division of process into two 

systems which is helpful in understanding the steps that 

happen inside the work coil and also what happens inside 

the workpiece. 

 
Fig. 1: Division of Process into Two Systems. 

III. FIELD SHAPER 

The field shaper is one of the most important and effective 

elements in all the EMF system [4]. The configuration used 

in the simulation is as shown in the fig. 2. An EMF system 

without a field shaper is a system in which there is no 

control over the field distribution in the space between the 

coil and workpiece. With the help of field shaper more 

amount of pressure can be exerted on only specific regions 

of the workpiece. The shaper should be made of material 

such that it withstands the high pressures. For the simulation 

an aluminium material is used. Fig 3 shows the distribution 

of pressure on the walls of shaper. 
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Fig.  2: Schematic of Field Shaper 

IV. NUMERICAL ANALYSIS 

 
Fig. 3: Disc Type Field Shaper 

The thick walled cylinder [5] shown above is loaded by 

internal pressure Pi and external pressure P0. Inner radius is 

ri and outer radius is r0. The structure of the typical field 

shaper used for concentrating the magnetic field to the 

desired region is as shown in Figure 2 

 
Fig. 4: Structure of Field Shaper 

Geometric details 

No. ri(mm) ro(mm) 

1 50 25 

For preliminary analysis we apply only internal 

pressure i.e. Pi=600MPa. Hence P0=0. The stresses in the 

thick walled cylinder are determined from, 
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1) At inside surface, r=ri 
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2) At outside surface, r=r0 
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Where, 

                 σθ= Tangential stress 

 σr= Radial stress 

 Pi= Internal pressure 

 P0= External pressure 

 ro= Outer radius 

 ri= Inner radius 

 r= Effective mean radius  

The above formulas [5] are used to determine the values of 

σθ  and σr for different radii. 

V. SIMULATION RESULTS 

The material properties of aluminium are as given in table 1. 

Property Aluminium 

Young’s modulus (Gpa) 70 

Density (kg/m
3
) 2700 

Poisson’s ratio 0.33 

Melting point (K) 933 

Table 1: 

 
Fig. 5: Distribution of Pressure (Isometric View) 

 
Fig. 6: Stress Values at Different Radii 

VI. CONCLUSIONS 

1) The numerical simulation with field shaper is 

carried out. The results revealed that in contrast to 

the case without field shaper, it contributes to the 
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obvious increase and uniform distribution of 

magnetic field. 

2) As the effective area of field shaper increases, the 

bigger the uniform pressure area is, where the 

magnetic pressure decreases. The magnetic 

pressure decreases with the increase of relative 

diameter of field shaper. 

3) The effect of field shaper on the distribution of 

magnetic pressure goes well with measurements of 

deformed workpiece material from experiments. 
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