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Micro Electrochemical Milling by Using
Magnetic Field Assisted Helical Tool

Hai-Ping Tsui, Biing-Hwa Yan, Yao-Kuang Yang

Abstract

The study presents a novel process of micro hole, micro channels and 3D micro
structures in electrochemical milling by using magnetic field assisted helical tool. A helical
tool and Lorentz force of the magnetic field are utilized to enhance the renewal of the
electrolyte and machining efficiency. According to the experimental results, the machined
hole at magnet angle of 0 degree is smaller than the hole at magnet angle of 90 degree and
the electrolytic current can be raised and stable under the magnetic field assisted.
Furthermore, the diameter difference between entrance and exit is substantially improved in
upward feed mode.the feed rate can be raised from Sum/sec to 8um/sec under the magnetic
field assisted. Furthermore, groove width and groove depth are reduced to 344 um and 98
um respectively. The surface roughness also can be reduced from Ra 1.26pm (Rmax 6.5um)
to Ra 0.54pum (Rmax 4.47um). The study shows that the magnetic field assisted approach

indeed can improve machining efficiency, accuracy and surface roughness.
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Parameters Description

Pulse-on time (ps) 50

Pulse-off time (us) 100

SUS304 specimen size (mm) 30x 60 x 1.5t
Initial gap (um) 100

Z Axis feed stroke (um) 150

Rotation (rpm) 20000
Electrolyte concentration (wt%) 12

Solution Pure water
Additive Sodium nitrate

Parameters Description
Voltage (V) 45,5,6,7,8
Feed rate (umy/s) 1,2,3,4,5,6,7,8
Magnet distance 3,5,7,9,11
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| Electrode : Cylindrical Eletrode(without coating)

Workpiece : SUS304 (380pm thick)

| Electrolyte : NaNO3(12%wt)

Voltage : 6V

| Pusle on-time : 50ps

Pusle off-time : 90pus
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Magnet Angle (Unit : degree)
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(a) Downward feed mode |(b) Downward feed mode
without magnet with magnet
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(d) Upward feed mode
with magnet

(c) Upward feed mode
without magnet
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Downward feed mode
without magnet
(Entrance)

Diamete: 2266.2 um

Downward feed mode
without magnet
(Exit)

Diameter: 872.20pum
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Downward feed mode
with magnet (Entrance)

Downward feed mode
with magnet (Exit)
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