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Abstract

The possibility of micro/nano machining through electro-chemical process is discussed in this research.

Electro-chemical dissolution region is localized within 1 um by applying ultra short pulses with tens of

nanosecond duration. The effects of voltage, pulse duration, and pulse frequency on the localization distance

are investigated. Localization distance can be manipulated by controlling the voltage and pulse duration, and

various hole shapes are produced including stepped holes and taper free hole. High quality micro-hole with 8

pm diameter with 20 pm depth and micro-groove with 9 um width with 10 um depth are machined on 304

stainless steel.
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Fig. 2 Equivalent circuit model of electro-chemical cell

T,
)
[
i
ro
N
i

.

ook By
N
o
il
rlo
o
12

A5, A5 | A 9
Ziig- (Rsilarge) O] 3-7] W%Oﬂ
ARG o7k v 2v gl

2
of\
ol
1o
ofje
2

NAFRT e 2EQle] Flald A, BT
Aol ool A @ waA Aa) 2ol
A ereth W BB APhe A e
A os AL EMNAE Ry gnn) &= QA3 Al
oo A @e et s ke A

19155 A45E 1, 1 AR A7)05%
AFEE 2 Sy, < TK 1,9 2B T

[*]
0
&
o

o

St 7hald A9, AlAF 1 A Tt
s zt-go] dojubA =i wet

T 5stEth g o ojuje] b
/pCpy 2 A = 9t} 7]

qaolar, Cp, & 7o) FTF2

A ZHL&FS ov s

2R 22 N oot > 0 oX oo oox Mo O N
3L 2
ok N, A
o2
12
rlo

jgbjg\‘r—lor

1053



2003

23 Ml 2 Zel MY SA4315 oM, Z %2 DeltaTau AF2] PMAC Motion
A A A F453 HHgEhe] e AAHES Controller = A3}t 78 59 AE]= CCD
[e)

omw 25 Aele] AAY] AAE o Axdom, AF PP FA A4 AvA
A Feld BAel Aaglel viA AT (sEM) o2 BRI,

Aslor APE Aow deld Qo B
A = A &HE AREete]  ZHQI#E A = HHHHHH
28 304 SS 2 7}FEA 3] T AR A BEE= ,......... M
__]__E%ﬁ]’ /\]—5]-0 7]__‘__ 4 E]iﬂ‘ 7]__‘__01] 'é_g_?fl' -/-i_]lxé +| Pulse Generator
ol T shEwe ALY F EW ESlelth
Ashe wre gojel wAel wnesn
Tt wo® Jhy gl HoAA dnh AA
200 pm WC 958 A=5 o]&alA 4V, =-E<
400 ns oA &N Fo] M Fvy A
Hsls Adstlnh. Folxl HeelAl St 0.05 M
A u A Wk Y AR S0k b Ae

A% ¢ F ggou, olec AuHom

Workpiece

PMAC Controller

Fig. 4 Schematic diagram of pulsed ECM system

= PRI —

=8t Jbg F whEA o] Ha Ak Figure 4 o4 W50 2B Hx ugr|o
ot o] FHol dFeA o2 AR A gz = oo A} oA WM
Agel  a=A eyl sl 7hgwol balance =2 & ¢} M, 7 oo
NEAde A3 olgld dAE wEeR gor g o]z mAHFE e g
Asfes G4t o.M = A, Fe bR Hls &) A mHA o]

A Tpgol Mol T r3Eojof @ 2He A o 7] wlFEo] HEAEo] A olZ 213
2 A7) ALZ7F Fofop dtal Aol AX Tk BB Ao 73t= BEY JFBE Aol Al

Foll WMol glojo drt® B HFeAE Al oojuy =l oo uka AAAom s
beom Aol Jhsstal Aol % pug gy 3HE g n)$ e A7}
Jzdlzhutel = (WO & ARESHITE Figure  Qlzbgth 300 mV ~ 1000 mV gua o A9

3 Gk el %7 200 pm ] GAEZMEOIE oo xi= 304 S8 ¢ EWO) Fig 5 ¢} Lol A%
o A Aol D AAHeR A7t A gsiate] AAEe ©] oo stES wHE|EHA
30 pm, 20 pm, 7 pm, 6 pm, 4 pm = 7FEEte VIAL g0 ©0 Balance AT ALEEHA i A S
T 7S e AR AgEdntY wol Ao R Al Adrt FFeh g

Afolefl Al o] Fojx|aL, o]z <lel] §oe] HF}
=9 A7|Esfel olg 7|xr7p LAkl e
s A=A7IA Evh Me Balance =&
AAAMH ez Vo] WS HAastetdA AF
ahshere] S mdtHow WA & QU

Fig. 3 WC electrode fabricated using the deep immersion
method (¢ 30 um)®

|98}
s
gk

U

3.1 AE A
Age] Alg"  FAx dAl7[E TARBO

electronics AF2] 8551 Pulse Generator (50MHz) ©] 3L

T A= Fe Ak AR<e Fig. 5 Blind hole surface covered with Cr oxide layer
Tektronix A}2] TD3034 (300MHz) QA ZA~F>XZ after machining without balance electrode

1054



2003

a8 482 o&d TUL AT A9
TR Avle T AR A g b
Aol o] ARt 79 7k Al 7 23
2 0y g kg Aes detry] SleE ¢
30 um 9o FFE VHEE RWolA Zowdgo=w
10 um °]% A7 el A A A2 Foxl
AFEESE Ay F2E 7be & gAY
a718 S48 7tE Al &9 Fg&
AgsHA 3b7] S8 T Bae A R
AAs] A wbE 5 um ¢ T EAYE
ZE= = 3FSlTh
1200
’5;1000— -
& 800- _/
% 600/ /
S 4001 =
£ 200 -
% 30 60 90 120

Machining Time (min)

Fig. 6 Hole diameter according to machining time using
DC voltage (3.5V)

Figure 6 <= 3
AlZEe] mE
e Zloltt Oﬂ’b
Az Rl A -1 37] 7t 74]5—.: =7t
= 9 At} Figures 7, 8 & H2~ 2
w}% T A7]9] WstE HoFr
7k Alko]l o] uwep A& S
Zlo] ofue} dAQGg AV|E FRsh=
6.0 V, =-Et%] 80 ns oA T AAL
FHote] vg o ® 15 pm 9 THE
7HA T

o
1o ok
ok
S
Do xo
rE o ox rl dlo

m ke o 2 o ol

=

o2 i

%O?O]
eE %N
%5 e o

804 On-time
E —%—20ns —®—40ns
= 70+ —v—60ns —4—80ns
& 60
£
§ 501 jﬁjjiiji::::::
o
[
T - -
304 o S

T T T T T T T

0 10 20 30 40 50 60
Machining Time (min)

Fig. 7 Hole diameter according to pulse on-time
(5.0V, 2 us period)

80+ On-time
— —%—20ns —@—40ns
E 70+ —w—60ns —4—80ns
& 60
£
8 50+ y
o
® ]
S 40
T '././——I——I
30

0 10 20 30 40 50 60
Machining Time (min)
Fig. 8 Hole diameter according to pulse on-time
(6.0 V, 2 ps period)

ey 5.0V, 2-EF 20 ns A4 = A
FHstel @A 1 um «] bl I I
Zt7 ®e B 2= 9t}

T OMH &>
7}Eo] o]FojXI I o]TRE
7P AR AVR sEdve
o] 2 ELg] i

FR% A F dn A

E
o
(98)
)
=
B

H
=2
[l
=2
2
& N o

‘6‘]— x40 17] 10

o & o
Lo & au

o go £ tu

[l

4 g do &

o
S
r 32 o K kN
[t [.“
jaks
lo
© 2
Lo
[
N
Ll
X
>,
d
2T T g
om e 2
o rh

n
to

WZEA 71 AR, 7}* O
o §En em ¥
ALY A7olFZFel FH
AA=A Fekd WA DC
frabgh 27lo] Hof e
7 et Al =W w7
A= Foinh, ek do] yrzhw
7be ol Asfjode]  H]FatHA
FodAste] s gl wd SiA
o] FX A Huh T upgHeg A
of A=V} 7HE =71 witel] Ao
oA =FEAoR oA Ho. 184
Are U=z Aol Ee FF9
Holit :r“jq Fow sEA HolA T
AAIL Y F ®Hol HAHo=
01 7hadol AFHAXA #HY. Figure 9 &
Ekﬂ40nsﬂ-6ov<ﬂﬁ é*-Tﬂ%-
A REA SEAad Be ¥4 Aaa
e 23 3Z o]t} 500 ns —r7] 460 ns
EERIS] A97F 2 us 7] 5 1960 ns Q-

L

o 4 -

_‘I

2
2(31:1
12

2L O g of o
aly

b 3o o rlo o X 0100

0

N
-

0,

ol e

B HE
[}

¢

o O o @ rfr 2 X & O o

o

of o L At 9 k| go off i
2 4 12 18 ml @ N Ml 2 ofy @ W &

o >

A

Jol ok
fr

il

H =
T

st

ol

[¢]

N R

iﬁllj_i-u

ke

7
7

-

rE 1o g

[

wﬂm

>

il

| dou dob 00 1 o (R (R DL ol

I-orErEom—{n:_lﬁ.lNﬂ_ﬁ

1055



2003

&
%0
£
v
k)
T

]
A AR mgets AL %
3 gL Folx F7] 200 ns oAE

A T Aol ALAHoR TS B

Qom, o uwE JhEFEo] HAHo=R
FAEHEA o] AHojHT) o]y QZ-EF Y
Zol7} FHA %o} DC & A7FFS wo} FAFSH
AdNE vEH o2 AzbEn

801 Period
— —m—2us —v—1us
€ 70 — @500 ns —4A— 200 ns
g 601
£
S 50+
[m)
[0]
2 40
T
301

0 10 20 30 40 50 60
Machining Time (min)

Fig. 9 Hole diameter according to pulse off-time
(6.0 V, 40 ns on-time)
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Fig. 11 Blind hole machining. ¢ 20 um tool and 100 pm
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Fig. 13 Hole on 20 um thickness 304 SS. ¢ 6 um tool,
4.2 V, 21 ns on-time, 2 ps period, and 30 min machining
time. 1.0 ° taper angle
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