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Localized Electro-chemical Micro Drilling Using Ultra Short Pulses

Se Hyun Ahn’, Shi Hyoung Ryu*, Deok Ki Choi"" and Chong Nam Chu’

ABSTRACT

By the localization of electro-chemical dissolution region, we succeeded in a few micrometer size hole drilling on

stainless steel with the radial machining gap of about 1 pm. Tens of nanosecond duration voltage pulses were applied
between WC micro-shaft and stainless steel in the 0.1 M H,SOj, solution. Pt balance electrode was used to drill the high
aspect ratio micro-hole without generation of Cr oxide layer on the machined surface. The effects of applied voltage,

pulse duration, and pulse period on localization distance were investigated according to machining time. We suggested
the taper reduction technique especially brought up on blind-hole machining. High quality micro-holes with 8§ pm
diameter with 20 yum depth and 12 pm diameter with 100 um depth were drilled on 304 stainless steel foil. The various

hole shapes were also produced including stepped holes and taper free holes.

Key Words : Electro-chemical machining (3 3] 7}3F), Machining localization (73 =53}, Passivation (353},
Ultra short pulses (& ¥+8 22), Micro-hole (7] 4] 7)), Micro drilling (F] A| =8 &)
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Fig. 2 Equivalent circuit model of electro-chemical cell
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Fig. 3 Hole diameter according to electrolyte concentrati-
ons. 200 um tool, 5.5 V, 400 ns on-time, 2 us
period (without balance electrode)

Fig. 4 The machined surface in 0.05 M H,SOy solution
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Fig. 6 Schematic diagram of pulsed ECM system
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Fig. 8 Hole diameter according to machining time using
DC voltage (3.5V)
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Fig. 10 Hole diameter according to pulse on-time
(6.0 V, 2 us period)
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(a) long pulse off-time (b) short pulse off-time

Fig. 11 Current flow according to pulse off-time
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Fig. 15 Blind hole machining. ¢ 20 um tool and 100 um

thickness 304 SS
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(a) ¢ 8.0 um entrance

(b) 7.3 um exit
Fig. 17 Hole on 20 um thickness 304 SS. ¢6 umtool, 42V,

21 ns on-time, 2 ps period and 30 min machining
time. 1.0° taper angle
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