Vol.53, No.132 (2019)
%

il

(=

JK

>

FPLHSG 2 W IERZ O IR LIS £ %

SHEG A A T KD 3 WITH R AT

SR AR R RRE™

Fabrication of Polycrystalline Diamond Three-dimensional Structures
by Sinking EDM Using Carbon Diffusion Reaction

Shimpei KASAI, Tomoki SODETAI, Jiwang YAN

Abstract
In our previous report, the electrical discharge machining (EDM) of polycrystalline diamond (PCD) using a
carbon diffusion reaction with transition metal electrodes was proposed. The material removal rate and surface

roughness were improved using a rotary cupronickel electrode for finish machining. In this work, we performed
sinking EDM of PCD with a piezo-electrically vibrated cupronickel electrode for microstructure generation. Results
showed that the material removal rate was improved by 2.3 times compared with a copper electrode even in rough
machining. By observation of the machined surface and removed debris, it was found that molten cupronickel
induced the carbon diffusion reaction and the promoted graphitization of diamond grains. Precise three-dimensional
structures of PCD were successfully fabricated by vibration-assisted sinking EDM using the cupronickel electrode.
Key words : EDM, polycrystalline diamond, carbon diffusion reaction, electrode vibration
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Fig.1 Diamond grain dislodgement in conventional
EDM of PCD
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Fig.2 Schematic model for EDM of PCD using the
cupronickel electrode in finish machining
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Table 1 Exprimental conditions

Machining steps Rough Finish
\oltage [V] 110 70
Condenser
capacity [pF] 3300 220
Feed speed [um/s] 1 0.3
Polarity Electrode(-), Workpiece(+)

Dielectric fluid EDM oil

Amplitude: 3 pm

Vibration
Frequency: 500 Hz
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Fig.3 Experimental setup
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Fig.4 Result of material removal rate
for two kinds of electrodes
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Fig.5 Tool wear rates for two kinds of electrodes
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Fig.6 Raman spectra of PCD machined
by two kinds of electrodes
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(a) By copper electrode

(b) By cupronickel electrode
Fig.7 SEM photographs of debris generated
by two kinds of electrodes
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Fig.8 Result of material removal rate for two kinds of

electrodes with two feed direction
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Fig.10 SEM photograph of PCD side surfaces
machined by two kinds of electrodes
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(a) Discharge occurrence

(b) Diamond graphitization and carbon diffusion
Fig.11 Schematic model for EDM of PCD using a

cupronickel electrode in rough machining
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Fig.12 A two-step cupronickel electrode
and a PCD mold having a gear shape

Fig.13 Gear shape generated on PCD
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Fig.14 A two-step cupronickel electrode and
a PCD punching tool having a cross shape

Fig.15 Fabricated cross-shape PCD pillar
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