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Electrochemical micromachining (ECM) processes use anodic dissolution of metals to remove workpiece materials. ECM
processes including electrochemical milling and drilling, wire electrochemical machining and electrochemical etching offer a
better alternative in manufacturing complex features and nano-pattern surface. Electrochemical discharge machining
(ECDM) uses high temperature of electrochemical spark, which is suitable process for micro machining of hard brittle and
non-conductive materials such as glass and ceramic. In this paper, the state of the art in electrochemical micro machining
technologies was reviewed. Also, some hybrid machining methods are introduced.
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Fig. 1 Schematic diagram of ECM system
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Fig. 2 Micro groove-array fabricated by micro ECM' (Workpiece:
304 stainless steel, Electrolyte: H,SO,) (Adapted from Ref. 1
on the basis of open access)
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Fig. 3 Tree-Like microstructure array machined in MWECMM with
three wire electrodes® (Workpiece: 304 stainless steel,
Electrolyte: H,SO4) (Adapted from Ref. 6 on the basis of
open access)
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Fig. 5 Micro wall array fabricated by photo-assisted electrochemical
etching’® (Silicon wafer) (Adapted from Ref. 15 on the basis
of open access)

Fig. 6 Porous-Pyramids structure fabricated by electrochemical
etching?' (Adapted from Ref. 21 on the basis of open access)
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4. Mo{ Y47} (Electrochemical Discharge Machining)
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Fig. 7 Experimental system for the micro ECDM* (Adapted from
Ref. 26 with permission)

Fig. 8 Micro column and grooves machined on quartz (30 V pulse
voltage, 10 V offset voltage, 0.5 ms pulse on-time, 0.5 ms
pulse off-time)* (Adapted from Ref. 26 with permission)
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Fig. 9 The air bubble linking modus with and without the
surfactant®® (Adapted from Ref. 33 on the basis of open
access)
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Fig. 10 Micro structures machined by (a,c) ECDM and (b,d) then
ground by a PCD tool®® (Adapted from Ref. 35 with
permission)

Fig. 11 Result of machining of piezoelectric ceramic®® (Adapted
from Ref. 36 on the basis of open access)
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Fig. 12 Electrochemical  oxidation assisted micromachining

processes: (a) formation of oxide layer before machining,
(b) removal of GC substrate with its oxide layer, (c)
regeneration of oxide layer and (d) machining of GC
workpiece by the repetition of the (b) and (c)** (Adapted
from Ref. 44 with permission)
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Fig. 13 Experimental setup for electrochemical oxidation assisted
machining*® (Adapted from Ref. 46 with permission)
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Fig. 14 Electrochemical impedance spectra before and during
tribocorrosional experiment: (a) measured data shown in
Nyquist diagrams; (b) equivalent circuit model and sketches
of the oxidized surfaces with and without wear*’ (Adapted
from Ref. 45 with permission)
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image and (b) depth profile® (Adapted from Ref. 45 with
permission)
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Fig. 16 Two plots of chip thickness value; (a) 3D surface plot of the
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the effect of oxidation on the chip thickness (b) plot for
occurring ductile mode micromachining below the critical
chip thickness plane on the surface’® (Adapted from Ref. 46
with permission)
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