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Study on the new development of combined electrochemical processes using pulse current
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ABSTRACT

Some investigators who have tried to achieve the highly smooth surface finish using electrochemical processes have
reported that high current density produced lustrous surfaces while the opposite conditions produced a passive layer and had
a tendency to produce a black surface. However, processing at a low current density may produce a non-lustrous surface but
the improvement of dimensional accuracy of the surface is significant. The surface with pulse process was a bit more lustrous
than with continuous current but the black passive layer still could be found at grooved surface. There are two ways to
achieve highly smooth surface finish. One is brushing it with a brush the other is electrochemical machining (ECM) with
high current. The former method is the most common polishing practice, but not only may the surface obtained differ from
operator to operator, but precision smooth surface on micro grooves are difficult to obtain. The latter one recently has been
used to produce a highly smooth surface after EDM process. However, the material removal rate in ECM with high current is
relatively high. Hence the original shape of the micro grooves, which was formed by electrochemical micro-machining
(EMM) process, may be destroyed. In this study, an electrochemical polishing process using pulse current is adopted as a
possible alternative process when micro grooves formed by EMM process should be polished. Mirror-like micro grooves
with lustrous and smooth surface can be produced electrochemically with pulse current because the voltage and current used
can be lower than the case of continuous current. This study will discuss the accurate control of physical and electrical
conditions so as to achieve mirror-like micro grooves with lustrous and smooth surface without destroying the original shape

of micro grooves.

Key Words : electrochemical polishing(# 8} &1 #}), electrochemical micro-machining(7} Al A &1 7}-3),
pulse current(H 2= F), micro groove(7} Al 18 H)

1. MB AN ZFEH o HErtEe £33 459 A4,
gug, T+H%7, 327 59 43% 713 2y
gt w4 Hae sEE @43 E 7lso)n.

b7 olgstd AUE G4 A7lax
g Ae] Aol o3tE £& AFLES A A
bzl QoAM= 7tFEdol B e A

28} 718 71 < (Electrochemical Machining, ECM)<&
A7188 wgs AEs) sn A tFaEnEs
Qoy|iM NEFEEE T FEHELES o83
dile FUPASE =i E51er1e9 sy

& Y%, HEA, 2387 9 713 AHeH

= BRold. FAEL $FoE dn SIHIH

QJate tiAFEo] HE AAHE Qlolth vlol
Az As7HE 71&(Electrochemical Micro  —
machining, EMM)2 A#71F 71L& & @A AR

& yvehhgleor @ AFEES ALE3IE BRI
AL RAFol ZASA H& ARE 2 H
AG(~@) 2y *e AFLENAE Ewe
A¢RE= dA3] Fhstn, =3 B2 WY
50T Beoe 200 m olste) wlA 2FH
ME RYF Agxdo] shesiy xde de ¥

- 918 -



Aol tih AARE € F U F, B2 A
7}& 7] (Pulse Electrochemical Machining, PECM) <
A&3H LG BHAT Ao FAF9 AA%
BAo) olFolA ZEAol FTusty FLTEI S
& & 5 Aot 2 o FEE £F) o
A 399 X5 AEE B9 olJet ¥u AAY
£ F83% ot HoE o) #adty] ¢
g odiotel FF7E AlFsith @A oiFEHI e
Hete 2= HEH(brush), FutAl & AMEE 7)
A <anpagzr ArEE AvbY(Electrolytic
Polishing, EP)°o] U dl, MAre] H-folle 849
A8 o)A 2FB9 (DR
FA9 Ase ¢ F& 771011 9% v g
Aol HFEol ddsithes @3ol gloy M =)
el 2HE F3 o)F M4a¥ F Y& 5ol
Ak,

wetr B AR e vlolaz AsIrgs
8 A" uld oFB9 dnie] o HAPA
Tl wEz Hadede A Hadete] HE
=, W44, FdEx Fote oF dlF& EisiH
vjAdl AW 258 E g4 go] FFojtt

'
'
'
i
'
'

Electrolyte Tank

..........................................

Cathode T00| ) Process Bath

‘
'
'
5
i
'

Pulse
Power
Generatot

'
'
)
|

Workpiece' (+
A

; : : Data
Acquisition

Eleclrode Gap PS
System

Fig. 1 Schematic diagram of combined electrochemical
process
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H,: groove depth

W_: width of lower area
Wy: width of upper area
R.: roughness of lower area
Ry: roughness of upper area
B :slope angle

Fig. 2 Nomenclature of micro groove parameters

Table 1 Experimental setup

50V~10A, DC, Pulse

Power supply Ton 0~99%ps

7,7 0~999us
Workpiece

STS304 DISC
(anode)

Al ECM Elec.
Electrolyte dueous e

Aqueous EP Elec.

Tool electrode Type 1 for ECM (A=56.55mm?)

(cathode) Type 2 for EP (A=134.30mm?)
Surface Taylor Hobson
roughness tester Form Talysurf Series 2
Surface

CCD Camera
measurement
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Fig. 3 Sequential diagram of combined electrochemical
process
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Fig. 4 Relationship between duty factor and roughness of
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Fig. 5 Relationship between duty factor and decrease of
groove depth (Hyp)
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Fig. 6 Relationship between duty factor and increase of
slope angle (B )
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Fig. 7 Relationship between duty factor and decrease of

width of upper area (Wy)
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