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Taper Reduction in Micro Electrochemical Milling
Using Disk-type Electrode

Bo Hyun Kim", Young Soo Lee”, Choi Deok Ki"* and Chong Nam Chu’

ABSTRACT

In this paper, micro electrochemical machining (ECM) for micro structure fabrications is presented. By applying
ultra short pulses, the chemical reaction can be restricted only to the region very close to the electrode. Micro ECM is
applied to machining micro structures through electrochemical milling process becasuse it doesn’t suffer from tool wear.
Using this method, 3D micro structures were machined on stainless steel. It was found that micro machining is possible
with good surface quality in the low concentration electrolyte, 0.1 M H,SO4. In ECM, as the machining depth increases,
better flushing of electrolyte is required for sufficient ion supply. Layer-by-layer milling is advantageous in flushing.
However, layer-by-layer milling causes taper of structures. To reduce the taper, application of a disk-type electrode was
introduced. By electrochemical milling, various 3D micro structures including a hemisphere with 60 um diameter were

fabricated.
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Fig. 2 Micro electrochemical machining system
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Fig. 3 Micro electrode fabricated by WEDM (WC, ¢ 20
pm)

3. o|M Ms 2y

oA A 7tEFL A vlRy) glen® )
F9 93 7MFAY AFE ol$dtd 3 Y Y
7Hge] $8E F Ug’ B =FdaE g2 E
60ns, 7] 1us o 6V BAE AL83lo] 2HSE
273 g3 339 AL JHEEGTh

7tE& AlFAd7] Ao FEAERR AFE A7)
Hoz HAEAA AU JAE FH & TS
A 1 pm Do A HAAMFE 71FE A FEY
o} 7}F ZAol7t AojAE 7HE Foll B Ast= 7
zo &} Adade 4Ed FHol oA
2 Fig. 4 9 Zo] AFE T BEE wet oF
AlZ1H el 1 -3 um A 7HE8T ogd
7HEL Asde ¢go] folsitte FHo]l Ut
AZe) ol £EE F umis 28 AASPY v
A AFE FREYR FE: A HEH] H92=2
7V e 82 27, 7HF Hold ui ol
57t 2AHEF 3t



LR R

oG A 3%

A= ARFTEIA] A2 A4E
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Fig. 5 Micro groove machined by electrochemical
milling (STS 304, 50 um width, 300 um length,
110 pm depth, 6 V, 60 ns pulse on-time)
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304, 6 V, 60 ns pulse on-time, 1 us period)
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Fig. 7 Machining gap according to machining time
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Fig. 8 Micro groove machined by a ¢ 38 um cylindrical
electrode (STS 304, 1 MHz, 6 V, 60 ns pulse on-
time, 1 us period)

Fig. 9 Micro cylindrical column with 50 pm diameter
(bottom) and 45 pm height which was machined
by a ¢ 40 um cylindrical electrode (STS 304, 6 V,
60 ns pulse on-time, 1 us period)
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Fig. 10 Machining gap change according to tool shape

Fig. 11 Disk-type electrode fabricated by micro EDM
(disk diameter: 54 pm, neck diameter: 22 pm)
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Fig. 12 Micro cylindrical column with 50 pum diameter
and 75 pm height machined by a ¢ 40 pm disk-

type electrode (STS 304, 6 V, 60 ns pulse on-time,

1 ps period)
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