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Mathematical and experimental modeling of plasma channel radius in
alternating magnetic field assisted electric discharge machining process
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Article Information Abstract
Original Research Paper Today, the use of ceramics and hard alloys in advanced industries has led to the creation of new methods such
Received: 29 December 2022 as electric discharge machining in order to reduce the disadvantages of traditional methods of chipping these

First Decision: 11 June 2023

materials. In turn, these methods also have defects, such as the quality of the machining surface, which in this
Accepted: 16 July 2023 quality 2

paper has been tried to solve some of them by using an external alternating magnetic field and conducting

practical tests on Inconel 718 hard alloy. In this paper, a Helmholtz coil is proposed to create an external

fﬁigf;ff,sé magnetic field magnetic field using an alternating current around the area of the electric discharge process. In the traditional

Plasma channel and proposed method, the radius of the plasma channel is modeled mathematically and numerically, and

Electric discharge machining experimental tests are defined to validate the theoretical results. Comparison of surface uniformity

Mathematical modeling (morphology) and surface roughness (Ra) are considered as effective parameters between the traditional
method and the proposed method. The plasma channel is assumed to be cylindrical. A roughness meter is used
to control surface roughness. The results of mathematical-numerical modeling show a 10% reduction in the
diameter of the plasma channel. According to the obtained results, the amount of surface roughness (Ra) has
decreased in fixed times. The basis of validation of the proposed method is to compare the output parameters
of machining surface quality in practical tests.
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Fig. 2 Simple schematic of a circular Helmholtz coil
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Table 4 Percentage of constituent elements of Inconel 718 super alloy
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Fig. 3 The effect of the external magnetic field on the moving path of
charged particles
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Fig. 4 Particle motion vector after the impact of external magnetic field
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Fig. 5 The effect of the magnetic field on the radius of the plasma
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Fig. 8 The layers created by the heat transfer process
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Fig. 6 Schefnatic of heat distribution to the work piece
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Fig. 7 Gaussian function of temperature time distribution
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Fig. 9 Forces on the plasma channel
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