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Modeling of radial gap formed by material dissolution in simultaneous

microEDM and microECM drilling using deionized water
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2. Theoretical analysis

2.1. Radial gap model

In conventional micro-EDM drilling, material is removed by
the discharge through melting and vaporization. Therefore, the
machining gap formed is constituted of the critical distance and
the discharge depth [17]. However, in SEDCM drilling, a thin layer
of affected material on the lateral surface generated by the sparks
is further removed to enhance the surface integrity of micro-hole,
as illustrated in Fig. 1. As a result, aside from the critical distance
and the discharge depth, the radial gap in this hybrid process also
consists of the dissolution depth which stems from the electro-
chemical reaction. For the critical distance and the discharge
depth, due to the stochastic nature of electrical breakdown in
dielectric liquids, there has been no robust understanding of the
electrical discharge [18,19]. Therefore, the breakdown strength of
dielectric and the spark gap after EDM process are usually
obtained by empirical methods. Moreover, the final radial gap in
SEDCM drilling is dependent on the thickness of material layer
which is further dissolved by electrochemical reaction. Hence,
this model focuses on the material dissolution characteristic after
the discharge to perform the modeling of radial gap of obtained

micro-holes. For that reason, the side gap formed after micro-
EDM is considered as the initial gap for material dissolution. In
addition, the average surface roughness caused by overlapping
discharge craters (around 0.142 pm R,) is significantly smaller
than the side gap after micro-EDM (about 5 um) [16]. Hence, the
roughness of surface generated by micro-EDM could be neglected
when modeling the gap distance.
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