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Tungsten Wire Micro Electrochemical Machining with Ultra Short Pulses

Hong Shik Shin®, Bo Hyun Kim* and Chong Nam Chu"

ABSTRACT

Tungsten wire micro electrochemical machining (W-wire micro ECM) with ultra-short pulses enables precise micro
machining of metal. In wire micro ECM, platinum wire has been used because it is electrochemically stable. However,
the micro metal wire with low strength is easily deformed by hydrogen bubbles which are generated during the
machining. The wire deformation decreases the machining accuracy. To reduce the influence of hydrogen bubbles, in
this paper, the use of tungsten wire was investigated. To improve machining accuracy, suitable pulse conditions which
affect generation of bubbles were also investigated. The tungsten wire micro ECM can be applied to the fabrication of
various shapes. Using this method, various micro-parts and shapes were fabricated.
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Fig. 2 Micro groove on stainless steel (Qyo = 0.4 Vpy,
applied voltage: 6.5 V, pulse period: 7 ps, pulse
on-time: 75 ns, electrolyte: 0.1 M H,SO,); tool
electrode: (a) Pt-wire, (b) W-wire

Table 1 Mechanical properties of platinum and tungsten

Platinum Tungsten
Yield
Strength 14 ~35 MPa 550 MPa
Ultimate
200 ~ 240 MPa 980 MPa
Strength
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Fig. 4 Polarization curve of stainless steel (RE: Pt, CE: Pt,
electrolyte: 0.1 M, 0.5 M, 1 M, 1.5 M H,SO,)
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Fig. § Micro groove on stainless steel (Qyqn = 0.4 Vo
pulse: 6.5 V, pulse period: 7 ps, pulse on-time: 75
ns, electrolyte: 1.5 M H,80,)
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Fig. 6 Machining gap according to electrolyte
concentration (@, = 0.4 Vp,, applied voltage:
6.5V, pulse period: 7 ps, pulse on-time: 75 ns)
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10 Micro grooves with different pulse on-time
(applied voltage: 6.5 V, pulse period: 7 us,

Fig.

electrolyte: 0.1 M H,SOy)

(a) pulse period: 1 ps (b) pulse period: 6 ps
Fig. 11 Micro grooves with different pulse period (applied
voltage: 6.5 V, electrolyte: 0.1 M H,SOy)
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Fig. 12 Micro triangular shapes with different pulse
conditions (applied voltage: 6.5 V electrolyte:
0.1 M H,S0,), (a) pulse period: 1 ps, pulse on-
time: 120 ns, (b) pulse period: 6 ps, pulse on-
time: 75 ns
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Fig. 13 Machining gap according to pulse period (®yoi =
0.4 Vp, ®por = 0 Vp, applied voltage: 6.5 V,
pulse on-time: 75 ns, electrolyte: 0.1 M H,SO4)
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Fig. 14 Micro wall on 304 stainless stee! (@0 = 0.4 Vp,,
D01 = 0 Vp,, applied voltage: 6.5 V, pulse period: 6
us, pulse on-time: 70 ns, electrolyte: 0.1 M H,SO,)

Fig. 16 Micro gear (workpiece: STS 304, @, = 0.4 Vp,,
@01 = 0 Vg, applied voltage: 6.5 V, pulse period:
7 ps, pulse on-time: 75 ns, electrolyte: 0.1 M
H,S0,)
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Fig. 15 Micro groove shape on 304 stainless steel (®yor =
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