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Machining Characteristics in Micro Electrochemical Drilling and Simulation
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ABSTRACT

Micro hole is one of basic elements for micro device or micro parts. By micro ECM, micro holes less than 50 | 1m in

diameter can be machmed easily. Machining characteristics of micro ECM were mvestxgated according to machmmg

conditions such as electrolyte concentration and pulse conditions. From the investigation, optimal machining conditions were

suggested for micro ECM of stainless steel. For the micro machining with high resolution, the change of machining gap

should be predicted. By using electrochemical principle equations, the change of machining gap was simulated.

Key Words : Electrochemical machining (A 38) 7}%), Micro machining (2} 4} 7}, Simulation (A1 & ¥ 0] 41)

1. ME (STS 3042} PIA ¢33 7k 5400 disl A5t

o}
v59 A7) sdhd Bgg o] g g
7} a9 Amo Fashl st 4 A 2. 78 =0 g s §4
o] &3 7}101] Wol ol gLt A 7hEely

540l 9of AR 3 ABAE fAd. AL o dold 19D WA FY iFe 4
Aol wgo] dofubs Aol ol AF FAuwrk Ao} Aol wE F59 A 2 A5 T
270 hEol G £AP) 2ol AL 94 bael o ol %ivn AEAA 7HE EAe

£ olgsA RAh AW 2T B2F ogdd & AnA ddAe ¥, B2 AL, T
AF 230l 4 pm AEZ B Bol WAl ATS o geld olF 246 wE AF 139
2 o) P4 AT B S Yok WA YL W & dwmugn

A REANN 7P AR axoln Aol &
Helels 43 ge dddel O 42 279 o
fe qEEst 87T w4 799 $87 5w
ek olel@ vlA T AF WHor: w4 =
g9, dold 73, wlA BA AHE Fol Ak
A% 2 FHE 7Y A7 5 A um olsrt 94
oleld WHOE ATehE Aol dA Wtk 53
TP AT I, vhEE AR e ol 4o
s el Abgelde A9 vhesl w4

domz oy ual P slgel sl B

_‘j,o
2

rR ofn rir

oxr

ES Mk 7‘41 ol 7t gl dAEE Fig. 1 & A dsal 71z 718 A 7

ot ¥ ko o 3

“=Ho|e A& 7Ee o]Ld ~gdas % Fig. 1 Micro hole machined by micro ECM (STS 304, @

0

15 pm, 50 pm depth)

1202



2.1 Mafjiol 55

SEEEREEE %8

oAl s Zpgel Al g

LA e S
stoh. gk ZEQlels o A 7lFoME e
F50) NaCl £ NaNo, 2 Algdl go. 82w
ulal A"a) pEolAE b AYE, A 5 B
& wgste] HalYe FHY 2 FEE Hddo}
Hrt}. Schuster’ T2 2ejQla]~ o] njA A 7}
€ 93 3M E2F AHCHH 6M BAF & oA(HF)
& AL dalg A8sigich sARE deldo F
T7F 33 /M BUX $Xx 242 wdo) ) B
Aol e vla dal 713 g Hsl 34 28 A}
&g vA HUEE xolr) fgaAe ASH

ﬂa}%e} Apole} ol Hasrh HES E 2

dg dgdel 9o gidos Ao 7]
%M—% G50l waAAD #e¥ A 4

A7k g Fx Q) mga E
a5 usE wsiva 49 ﬂ“@" Fig 2 9

Zol A& 35 ym o AFE AMgsta] Zof 10 um
o 7HE AT H 7 AEL FAHSA 3
9o AZVE Hrsidd. AT ol £EE 01
pm/sec .2 YA} AT}

Fig. 3 & Ao Fxo wa 71F o) ¥
g Ve 2 Zol). 6V, 60 ns B Fo] Hx
E Y7tstd 7tk sl Fsmr) ol
5 D50l 2%en 01 M sEeME o] o

6.5 pm ojlc}. spA| 7k +57} 01 M Bt} g dho}
A 7hE AAZE SRS A T deto] ol 24y

shgich ot hFolA ojee naE sl AW
A sl PojA 2y Wl merd »
AglHE 713 Auss) dAH AT 1els)

of AaRo® 0.1Mel 4 SAL HesAct

35 um

AL LS
Fig. 2 Hole machmmg for measuring machining gap

1203

Machining gap (um)
w0

v
05 1
Concentration (M)

01

Fig. 3 The machining gap according to the electrolyte
concentration (H,SOy4, 6 V, 60 ns pulse on-time, 1

us period)
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Fig. 4 The machining gap according to the electrolyte
concentration (H,SO,, 6 V, 60 ns pulse on-time, 1

us period)

A 3 HA Hghol 74F k3o vAEe o
F2 Ao v] Aste] AE 60 pm ¢ AIFow F
2 F3 2 HYg 49l sl o] 10 um dole
THE 7ed H 458 SHIAG Fig 58 62
do Rl B dgo] TGS E JME o] B
Jbete g Helm t) 74EF AUEEZ ko]



CEREE L) Se WAE AMgTHE
Aol wgAelel AT Aol 4 v olst 9
Y, 82 %ol 40 ns olel7l U AHE L5 ok
Rgron W33 3R
4V 7k 2EQE s Fe] AFel AW o] Fol L
HREe GAYlE BFHR ABol ol ol F
S g2 Fol U o} o) Adel old7] WE

21, Aol

L B L ]

olth, witr Y& EFE Adte] ojx= UHA
o) o] A A %/\ Fo] B a3} Ulﬂl il
8 7ol o] o] n *30}01 7tE B F4
of 4gg nA & »10 2 ;¢°M~ °J%}6¥
S 9 A 207 60ns FY 6V Ha
AR
10 /
9
e
g .l / ]
=
5t /
/
M 5 6 7 8

Pulse amplitude (V)

Fig. 5 The machining gap according to the pulse amplitude
(0.1 M H,S0,, 60 ns pulse on-time, 1 ps period)
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Fig. 6 The machining gap according to the pulse on-time
(0.1 M H,S0,, 6V, 1 us period)

23 7ta AlZE

Fig. 7 € 7}8 Aol W& 30 ¥EE Y
O aEojr). 4z Ajmith stEd Fdel A
A% 40 A3 AFL YBALh 7HE A

<]

| Aola s d3e A% e AF 27
Aol W) Z7ksket, Azl AuwA A
3 %57 =EAE A% % 4 Ak

rir

)

B gol WAL

1204

20
LT
/./-/.

Machining time (um)

X L I 2 i 1

0 L L
0 200 400 600 800 1000 1200 1400 1600
Machining time (sec)

Fig. 7 The machining gap according to the machining time
(0.1 M H,S80,, 6 V, 60 ns pulse on-time, 1 us
period)
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Fig. 8 The double layer model [6].
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Fig. 9 The change of machining gap according to
machining time
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