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IMPROVING SURFACE QUALITY OF POLYCRYSTALLINE DIAMOND
COMPONENTS USING WIRE ELECTRICAL DISCHARGE MACHINING

Sintered polycrystalline diamond (PCD) is renowned for its exceptional hardness and wear
resistance, making it a promising candidate for applications in micro cutting and grinding tools.
The wire electrical discharge machining (WEDM) technique can precisely shape PCD tools,
improving the material removal efficiency and machined surface quality of the PCD parts [1].
Zhang et al. also demonstrated that the short-circuit current had a greater effect on the material
removal rate and a lesser impact on the electro-erosion layer depth.

It should also be noted that the efficiency of wire electrical discharge machining of high-entropy
hard alloys and related superhard materials is relatively low, necessitating enhancements in the
material removal rate, the electrode wear ratio and formation of cracks and chips on the PCD
surface. It is hypothesized that WEDM performance is improved when conducted in water.
Nevertheless, this process may induce electrochemical corrosion on the PCD surface.

In this study, the machinability of the PCD test parts (Fig. 1) was estimated using the WEDM
Mitsubishi FA10 machine with a cutting speed of 1-10 mm/min, containing a 25 um diamond size
bimodal grain structure with diamond content ~95%, using the WEDM process [2, 3]. The
produced parts were subjected to grinding after the WEDM processing.

Fig. 1 — General view of the workpiece used (D = 60 mm; T = .8 mm; t = 4.8 mm)
supplemented with image of PCD grain structure.

To reduce the number of key WEDM parameters that need to be considered during the
experimental study, it was decided to leave all the parameters of the basic cutting mode unchanged,
except for a peak current and WEDM discharge gap (pulse off-time). The peak current parameter
was changed from 4 to 10 A, and the pulse off-time parameter from 1 to 16 ps. Experiments
conducted with various cutting mode parameters showed that optimal performance and minimal
edge defects can be achieved.
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