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As advanced materials with high hardness, strength, and heat resistance are increasingly applied in fields such as
aerospace, semiconductors, biomedical engineering, and mold manufacturing, the demand for high-precision machining
technologies is growing. Micro electrical discharge machining (Micro-EDM) has gained attention as a non-contact process
that locally melts and vaporizes conductive materials using electrical sparks, allowing for the fabrication of intricate 3D
microstructures with high precision. This study analyzes the impact of capacitance in RC-type discharge circuits on the
machining characteristics of single discharge craters using aluminum, brass, copper, STS304, and WC-Co. Additionally, we
compare the overlapping behavior and morphological evolution of multiple discharge craters across these materials. We
investigated the diameter and depth of single discharge craters, as well as the geometrical characteristics of overlapped
craters. The results demonstrate the influence of discharge energy and material properties on discharge crater geometry,
providing a quantitative basis for analyzing surface morphology in the Micro-EDM process.
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100V, 0.2 nF

Fig. 2 SEM image of WC-Co electrode (@ 580 pm)
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Table 1 Material properties of workpiece [22-25]

Tm[K] c¢[J/KgxK] k[W/mxK] p[kg/m’]
Aluminum 933 840 237 2700
Brass 1173 382 121 8450
Copper 1358 387 400 8930
STS304 1673 504 16 7930
WC-Co 3073 303 110 15800
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Fig. 4 Schematic diagram of discharge crater size

Table 2 Average diameter of single discharge crater according to
workpiece materials and capacitance (100 V)

Average diameter of discharge crater [um]

Material
0.2 nF 2 nF 20 nF 200nF 2000 nF
Aluminum 6.5 15.0 314 65.8 191.4
Brass 5.9 12.3 30.5 52.1 145.6
Copper 5 10.5 21.8 50.9 1333
STS304 42 10.5 20.5 61.6 131.0
WC-Co 4.1 10.1 20.5 455 125.6

Table 3 Average depth of single discharge crater according to
workpiece materials and capacitance (100 V)

Average depth of discharge crater [um]

Material
0.2 nF 2nF 20 nF 200nF 2000 nF
Aluminum 1.5 4.6 6.6 13.2 30.9
Brass 1.3 32 7.1 9.0 16.9
Copper 1.1 1.4 2.7 7.5 11.6
STS304 0.9 1.1 1.4 22 4.9
WC-Co 0.6 0.9 1.2 1.59 4.6
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Fig. 5 Average diameter and depth of single discharge crater
according to workpiece materials and capacitance (100 V)
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Table 4 Change in average diameter and depth of single discharge
crater per unit capacitance (applied voltage = 100 V)

ACapacitance ADiameter [pm/

Material [nF] nF] ADepth [um/nF]
02—2 25.14 52
2—20 5.95 2.01
Aluminum
20 — 200 1.26 0.27
200 — 2000 0.23 0.05
02—2 23.52 5.31
2—20 4.64 1.29
Brass
20 — 200 1.27 0.31
200 — 2000 0.19 0.04
02—2 19.75 4.81
2—20 4.17 0.6
Copper
20 — 200 0.84 0.1
200 — 2000 0.19 0.03
02—2 15.88 3.99
2—20 423 0.51
STS304
20 — 200 0.72 0.06
200 — 2000 0.24 0.01
02—2 15.72 2.81
2—20 4.05 0.42
WC-Co
20 — 200 0.8 0.05
200 — 2000 0.16 0.01
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unit capacitance (applied voltage = 100 V)
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