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Electrical discharge machining (EDM) is a process whereby material is removed by thermo-electrical discharge 
between the workpiece and the tool electrode, enabling the machining of conductive difficult-to-machine materials 
and microstructures. However, a finishing process is required after EDM because of the occurrence of a 
resolidified layer, an altered layer with various defects, on the machined surface. Electrochemical machining 
(ECM) is a surface smoothing process in which a voltage is applied with the tool electrode as the negative 
electrode and the workpiece as the positive electrode, and the electrolyte dissolves the workpiece as ions. ECM on 
stainless steel also produces a film on the machined surface, which protects it from oxidation. In this study, a 
hybrid process of EDM and ECM of stainless steel using the same electrode was carried out to investigate the 
machining phenomena and mechanisms. A 2 mm thick disc-shaped copper electrode was used in the experiment, 
which rotated and moved parallel to the workpiece. Stainless steel (SUS 304) was used as the workpiece. EDM 
was first carried out by circulating dielectric oil between the tool electrode and the workpiece. The same tool 
electrode and workpiece were then immersed in electrolyte (NaNO3) and ECM was performed as a finishing 
operation. The surface was then observed by a scanning electron microscope (SEM) and the surface roughness 
measured by laser microscopy. Similar experiments were carried out using a tool electrode with micro-scale V-
grooves machined on the sides to investigate groove machining characteristics. An image of the machined surface 
taken by SEM is shown in Fig. 1. The EDM surface was covered by a resolidified layer with a thickness of about 
20 micrometer, on which discharge traces occurred with surface roughness of 0.44 micrometer Ra (Fig. 1(a)). The 
ECM surface had a shiny finish and grain boundaries were also observed (Fig. 1(b)). The surface was found to be 
smooth, with surface roughness of 0.03 micrometer Ra; laser microscopy of the cross-sectional shape of the V-
grooves confirmed that the period of the V-grooves was the same before and after ECM. These results confirm that 
ECM using the same electrode can completely remove the resolidified layer generated by the EDM. The fact that 
the V-grooves could be machined without any displacement during the process changeover is useful for the 
commercialization of fiber-optic connectors and other products with micro-scale V-grooves. 

Fig. 1 SEM images of (a) EDM-ed surface and (b) ECM-ed surface
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