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Fabrication of PCD Micro Tool and its Hybrid Micro Machining
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Since polycrystalline diamond (PCD) has high hardness like diamond, it has been used as tool
material for lathe and milling of non-ferrite material. A micro tool fabricated from PCD material can
be used for micro machining of hard material such as tungsten carbide, glass, and ceramics. In
this paper, micro PCD tools were fabricated by micro EDM (electrical discharge machining) and
used for micro grinding of glass. Craters generated on the tool surface by EDM spark work as like
grits in grinding process. The effects of tool shapes, tool roughness and PCD grain size were
investigated. Also studied was a hybrid process combining electrochemical discharge machining
(ECDM) and micro grinding for micro-structuring of glass.
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Fig. 1 Schematic diagram of hybrid machining system
(WEDG, Grinding and ECDM)

Table 1 Properties of PCD

Model Grain size (um) | Diamond (vol %)
TPOL-CMW 10 90
IPOL-CUF 2 90

(®
Fig. 2 PCD for tool material: (&) cylindrical PCD rod
machined by wire EDM (@ 1 mm), (b) micro tool
machined by WEDG (0 60 um)
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(a) D-shape tool

(b) Triangle-shape tool

(¢) Cylindrical tool
Fig. 3 Micro PCD tools with various shapes

Pre-machined
groove by ECDM

~

PCD machining area
Workpiece V
Fig. 4 Micro grinding of ECDMed grooves
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(b) Triangle-shape tool
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(c) Cylindrical tool

Fig. 5 Micro grooves machined by micro PCD tools of
various shapes

(b) 5000 pF
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400, 5000, 10000 pF & & %< @esld 1 A machining surfaces of glass
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THel SEM Af Table 2 Surface roughness of tool and glass surface

Holth, T #dY EAH AIVE v = Capacitor Tool (Ra) Glass surface (Ra)
=572 SR on, wble 29l FAHE i 400 pF 0.085 pm 0.05 pm
A 2 FATE =1 odd g 43
Lf“ ;}'] Siz/[ ;};ﬁ] . f}fﬁ; I ﬁoﬂ:?. :“? 5000 pF 0.171 pm 0.07 pm
= usiH, dol Watoe =2 o 100 um JE S &
sl 10000 pF 0.242 um 0.102 pm
Table 2 o] Yebd 2", HHd8%Fe] ol
5 T4 BW AAIE FopAH o= A& 4.3. CO|OIEE QIX 37|
A717F Aotxr] wEoltt. R FTY W A PCD & TojolE=29] Ff-Folt thololZE
A7 AAE, 71 EHE A E AL B AL A7) wet 1 FFHe} EAo] gEdoh B
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(b
Fig. 7 Glass surface machined by PCD of different grain

size: (a) 2 um (b) 10 ym
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Fig. 8 Surface of micro tool (a) before and (b) after
machining of glass (radial depth of cut: 10 um,
machining length: 600 pm)
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aE ol&3d FHE 42 =9 AAsE el

ECDM 2 #2u Algte] F dA7|7F 834 9g&
AeXZ 7HE & AT, A57E ol FobA A
AHZ] & Fd AU=rt w21 stz 79
Fdo) *& FA7F vk’ Fig. 9 & ECDM 22 #
goll vAl F& 71 dolth AN B £
Aol FHol FUFHA FIH, Gtz B

Fig. 9 Micro groove by ECDM (soda-lime glass, 30 %wt
KOH, 23 V, 1ms/1ms pulse on/off-time)
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7Ie RS ThEEglen, 1 thg At A
ME Sum ZolE ¥HE 71FEe] nhig 1Ee

3HSITh ECDM 3 @2te)] #9 743 2L table 3
o YeERHRATH

Finishing by gring
after ECDM

100 pm

(b)
Fig. 10 (a) Micro grooves machined by ECDM and
hybrid process, (b) enlarged view of the groove
machined by hybrid process

(b)
Fig. 11 (a) Micro column machined by hybrid
machining(roughing by ECDM, finishing by
grinding) and (b) enlarged view of (a)
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Table 3 Machining condition for hybrid process

ECDM Grinding
tool 0 50 pum WC 9 60 pm PCD
spindle 300 5000
speed P P
feedrate 3 pm/s 0.75 um/s
25 pm depth i
depth of cut p'm epth of layer | 5 pm radial depth
(axial depth of cut) of cut
electrolyte 30 %wt KOH -
23V
voltage- pulse . -
Ims/1ms on/off-time
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