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This study demonstrates a novel hybrid surface polishing process combining non-traditional
electrochemical polishing(ECP) with external artificial ultrasonic vibration. ECP, typical non-
contact surface polishing process, has been used to improve surface quality without leaving any
mechanical scratch marks formed by previous mechanical processes, which can polish work
material by electrochemical dissolution between two electrodes surfaces. This research suggests
vibration electrochemical polishing(VECP) assisted by ultrasonic vibration for enhancing
electrochemical reaction and surface quality compared to the conventional ECP. The localized
roughness of work material is measured by atomic force microscopy(AFM) for detailed
information on surface. Besides roughness, overall surface quality, material removal rate(MRR),
and productivity etc. are compared with conventional ECP.
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Table 1 Experimental conditions

Power supply

50V, 12A

Anode Stainless steel 3161
Cathode Cu
Electrode gap 10 mm
Sonication 28 kHz, 100 W

Surface roughness

AFM(PSIA, XE-100)

Workpiece
Electrode gap
Polishing time
8L Electrolyte
H,80,+ H,PO,+ H,0

Surface Roughness, nm

T

STS 316L
10 mm
120 sec

Anode Cathode

4

{

\- ’
Electrolyte

Ultrasonic
Vibration

Processing
Zone

MLy

Test piece

Fig. 3 Schematic diagram of ultrasonic vibration ECP
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Fig. 4 Comparison of surface roughness variation in ECP
and VECP according to various input voltages
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Fig. 5 Comparison of surface roughness variation in ECP
and VECP according to various polishing time
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Fig. 6 Sample surface with ECP. (a) AFM topographical
image (b) cross sectional profile along a-a” at 7 V
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Fig. 7 Sample surface with VECP. (a) AFM topographical
image (b) cross sectional profile along a-a” at 7 V
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Fig. 8 Sample surface ECP. (a) AFM topographical image
(b) cross sectional profile along a-a’ in polishing
time 120 sec
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Fig. 9 Sample surface VECP. (a) AFM topographical
image (b) cross sectional profile along a-a" in
polishing time 120 sec
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