=AW A A19d A3 (20029 12Y)
Journal of the Korean Society of Precision Engineering Vol. 19, No. 12, December 2002.

ll

(=]

olg¢t olo|a = BT H=E
olE S, AMS", olMR”, ANY, HHE"

A Study on the Micro Tool Fabrication using Electrolytic In-process
Dressing

Hyun Woo Lee*, Hon Zong Choi**, Seok Woo Lee", Jae Young Choi*, Hae Do Je:ongm

ABSTRACT

With increasing the needs for micro and precision parts, micro machining technology using micro tools has
been studied to fabricate a small part with high density such as electronics, optics, communications, and medicine
industry more than before. Though these micro tools have developed rapidly, it is difficult to apply them to micro
fabrication technologies, because of the inherent manufacturing. In this study, micro tools (WC) to produce micro
structures and parts were manufactured by cylindrical grinding machine employing ELID (Electrolytic In-process
Dressing) technique and the micro tools are fabricated as square shape with the dimension less than 100gm. With
the micro tools on the same machine, characteristics of micro grooving and drilling are evaluated. Also we
compare normal micro machining with ultrasonic micro machining on the vibration table. It is confirmed that the
developed micro tools ‘are fully applicable to micro grooving, micro drilling and free form cutting.

Key Words : Micro Tool(W}o] Z2 ¥, Cylindrical Grinding Machine( %38 42+7)), Electrolytic In-process
Dressing(A 3] < =), Micro grooving(71F %), Micro drilling(=E %)

3L
[}

4

(micro machining)7]&°] tF S gtk g
d AoIME DA tholetE =g XRFWOLAE
WA M FEDM)T Aabg o] &3fe] mloldR F

1. NE

=

(micro tool)E A|2Hetz} E Ao nlo]lg 2 @]
ZBo|gER] RE it HE&Hm o a8
U AztEs o]8g velag I3 AZAFHA

HAA 2 7154 BES AFE2 HFA 4
Azl nAYIE o} sk FAd) o,
vlo]a 2 7HEo 9% nlo|aEmAl BEC )

Jm oft

7 Pk olE P Ao Rgae) A2 33
9 g vHRES g 24, 1AE 42
2 M 2AE 5gd02 HEe7] feta dat
(cutting)? <A 4H(grinding) & °14& FlolAZ 1

3
23} H301% Buot Fa St ZAges He
=3

2002 38 1Y FF
FAAdistn FU)A g
** QAN EdTY YT E
Hidista 7] Al s

*

m

el A 7}+E 3 (machining force)S Ao T WA
of 743 WAZo| dAstE TA) oy, dAg
ol &3le A $-odx a3 (grinding force)S ook
e BAEE 7HA 2 ek 3 vlela g I



SEERELEE

SEEREE L

X7} FebFe wel g Foll gaHARAY
AFARE7t FA FA He 2% I I4E F
A dtdxE FEAAIZ YA 5ol W A3
Zl(scratch) 2 13} FAl sl et sHFo] 2@
Ea=g

ojgj gt o] & & AT vlolAE FT 7}
Foll A3 A& =) (Electrolytic  In-process
Dressing)= 283l 2t 7FFA] T sE A E
& ZaAPTH FAY vlelag F7Y EHA A
7Ne 23R E FAANA F=Fde] a7%E Qa
A SAck) =3 AHoj wlojgz FTE 9
23t Agld A 29 (stainless steel)ol] LojA 9] u}
ojAZ IFH(micro grooving)¥ A&E HoisH
(silicon wafer)oll SleiA 9] mloja 2 = % (micro
dilling)& Fqst] A5 S BrhetnA 3hglo
o 7HEAE FEATIE Bt 253 HolES
o] g3t} YAl mlo]a 2 FHF e HlAE sha
2 st

2. 718 HFIHE

FHEA deldol g Mo Sl go] o
Aoz A4 £ UM YT
g ol§F + Ut =4 WEe

= 84 (Blectrolytic In-process Dressing)©l

g

S o
RISt

=)

LA
=
A
o

¢ (8 o o

i

P

Fig1& 2 d7M dal 44 =449 4%
€ 9% 7FE HI7bY F(mechanism)& WERA A
o2A lAE gololZr AnYE 7HA g
B £E5L2 EFYtruing) Y Foles YA 2
e Bast @) datgdel Astdr. A
z7] A3 =dde 3t 2¥AE 259 ¢
AE FFANTQ) o] BN E A4 =&
o 2¢At ¢ mEET F WMEA FEA AY
(FAEHE, A E 5y A F AAFol RE X
BEHED R FEL YHAF (@) 2L 7HE
& AFstd FEEo] o] FuA] g PF3to
AA7L vhEEd EFRE I To] WAITH@) ==
o g 2FAE A7) Eejol st To HHF
2 AASA A4 dAE EF AA AL HEE
#2131 (®)

ofhe] FH L E FHAA dolke A3} wk
TS BEY A2 FI(—)F EEE
(H)Akelol A e FHA7|n B2 HRE

ANE  eFYRF
e ——

a3 A A19P A12%E

© After Truing @ Dressing started (DDressing completed
O 0D @@@@Lfa@@@%
® B i3 ol
Fot face Fe ons ° Erorgityx;uding (Hydroxide, oxide)

Tnsulating layer
|

'
) (® Process smbiliz?d I@Pmcess started ‘
EEYEXEY 6 B 6 B
e

Contacted Chip
Scraped oxide

Oxide layer
removed

Worn

Fig. 1 Process mechanism of ELID Grinding
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Fig. 4 Close-up View of ELID Grinding System

Table 1 Truing and Dressing condition

Truing Condition
Peak current 1 A
Open voltage 150 V
Truing wheel 1000 rpm
Grinding wheel 3000 rpm
Dressing Condition
Peak current 05 A
Open voltage 90 V
Grinding wheel 20000 rpm
Electrolytic gap 0.1~0.3 mm
Electrolytic fluid solution type(50:1)
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Fig. 5 Electrical bebavior of dressing
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Fig. 6 SEM image of surface of grinding wheel

Table 2 Experimental Condition

Raw material WC(150m)
Grinding Wheel #2000
Depth of cut 1 (m
Rotation speed 20000 rpm
Grinding fluid Solution type(50:1)
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Fig. 7 Schematic of Measurement Points of Micro
Tool

Table 3 Dimensions of Micro Tool at A and B

A B Aspect ratio
dimensions | dimensions P ,
Top 64.2um 62um
9
Center 69.14/m 66.94/m
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Table 4 Dimensions of Micro Tool at A and B

A B
dimensions | dimensions |Aspect ratio
60m 60um
Top 62.3m 62.3/m 9
Center 63.3m 63.31m
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Fig. 10 SEM image of Micro Tool
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Fig. 11 AFM measurement of surface roughness of
micro tool



19 A9 -

Pz . #F53LFYA A19A A2k

42 ojoj32 ZT78 ol EEHP HAE

oo AjZHE wlojm g FFE o]R3o =F
7FEo FEAA dwHQ] vlolaE =¥ F4
(diameter 250m)S}F AH2HE BH(84x86m)S 7HRL w}
olmg Fv< HlE HEE 3.

7bE AAEN dutz oz Z A AHA A
59 Si waferE AIE3% o} npolm 2 FHE A}
13 Age =8 T g8 Haldo] glem
2 =4 71E& Y54 Batn I3t viE sd
o]l Hleoeng nolax FTE =Y HE o
23 Aol Z2S 37 S (ultrasonic vibration)El ©]
Hol Qi wafer® R 2A]7A A48S 3%t

7V AR Auls G4 vholaz FF UM
A ALEE ZAAE agE ALRS 259 FF9
A4 £E N FTE FEd =€Y HEEE
Sy Fig. 12+ A AHeE =9 FT79
f‘é’?}é Yellly =43 g AEd AlEHo A 7HF

A& Table 5o} JERA T

ZBYV EGidL

l8G gs1s

Fig. 12 SEM. image of Drill tool

Fig. 132 vlola 2 =¥ 7138 3T b Jev =3
vebith =28 AFRSHY Si wafer® 7}%6]—0:] o
2 A7E BE HAASAA &3 B F de A
3 A B crack)@A T 353 (chipping) @3 -%
F7F dRey JhE Fole FHAE 1
Ade WYE L AFEL A %9}0‘4
E HEANA volAR FFE 0] 83o =
2EEZ 3 A9E 1d FFo|HER 7
Bol Zadts e & 5 den Z‘%E e
9% R} & @43 < T IR °]
ARe 28509 Pz B 7 YA

rt
&MNM¢
u[o]o_!l}l'

(ool O T B oW pgh o

—“—F‘O)l

176

Table 5 Drilling Test Condition

Rotation speed 20000 rpm
Feed rate 30 /s
Dwell time 500 us

Depth of drilling 250
Workpiece Si wafer

Frequency (20kHz)
Amplitude (5/m)

water

Vibration table

Cutting fluid

(a) Conventional micro drilling

(b) Ultrasonic machining using vibration table

Fig. 13 SEM image after drilling test in Si wafer
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Table 6 Pattern Test Condition

Shape and size of tool Square(84*86m)
Rotation speed 20000 rpm
Feed rate 400 gm/s
Depth of cut 5 um
Total depth of patterning 10 fm
Workpiece SUS plate
Vibration table Frequency (20kHz)
Amplitude (5/m)
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Fig. 14 Compare conventional with ultrasonic
machining in micro patterning(stainless

steel plate)
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