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Study on the Characteristics of Precision Electrochemical Polishing
by Using Lorentz’s Principle
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Abstract
Magnetic~electrolytic-abrasive polishing(MEAP) system
was newly developed and the finishing characteristics of
Cr-coated roller was analyzed. The paper describes the
operational principle of MEAP system and magnetic field
effect on the MEAP process by experimental results. The
finishing characteristics and optimal finishing condition for
Cr-coated roller were experimented and analyzed.
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Table 1 Experimental conditions

Workpiece

Electrolyte

Flow rate of electrolyte
Electrode gap
Magnetic flux density
Feed rate

Abrasive

Vibration of abrasive

Cr-Coated Roller (¢ 94 mm)
NaNO, (2026)

1000 mVmin

10 mm

600 Gauss

0.073~0.205 mm/rev

WA #360, #800, #1000

a=6mm, f=16Hz

Electrolytic current density

0.0, 0.1, 0.15 A/em®
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Surface roughness. Rmax[um]}
N
i

Work: Cr coated roller
Electrolyte: NaN@ (207%)

1.5+ Abrasive: WA #360
i 2 Gap : Imm
Abrasnye pressure 0.1' 0.3' 05 kgf/cm Im‘l’nl surface: Rmax 2.18 m
Workpiece speed 80, 110, 140 m/min Mach. time: | min. &
i T T T
70 o] 0.08 Q.16 0.24 0.32
[M= R'aR—'.Ra Y100, R'...:zl...“ool Electrolytic current densily. J{A/cm*]
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R 52,5%
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Workpiece rotation, N[rpm]

a: with magnetic—electrolytic field

b:without magnetio—slectrolytic field

Fig.3 Effect of magnetic field on removal
rate(%) of surface irregularities
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Fig.4 Electrolytic current and current density
with respect to the electrode potential

Fig.5 Effect of magnetic field on surface roughness
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Fig.6 Surface roughness with respect
to the electrode feed rate
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Table 2 Design and results of experiments

. Surface )

No. Cur. denﬂsnty Pressur;e Work.sp?ed | _roughness Luster
Alem” kgf/em m/min Ra | Rmax grade

1@ o005 @ 01 (@ & 0.057 | 0.597 D
2 005 @ 03 |[@ 10 0030 1 0327 B
30 005 |@ 05 |® 140 0.030 | 0.207 B
4 @ 010 @ o1 |@ 140 0.057 | 0457 C
5@ 010 (@ 03 | 8 0.060 | 0.500 B
6 @ 010 @ 05 |@ 110 0033 [ 0400! A
7@ o1 |@ 01 @ 110 0.053 | 0533 C
8 |@ 015 @ 03 @ 140 0.064 | 0.480 B
9I® 015 I® 05 |@ 8 0043 |0403| B

%* the luster is graded A(high class), B, C and D (low class)
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Table 3 Analysis-of-variance(ANOVA) of SN
for surface roughness

Source SS dof MS Fo
Current, A 13.05 2 6.525 163
(AL (1102 | 1 11.02 2.755
(Ag) (2.03) 1 2.03 051
Pressure, B | 27.46 2 13.73 343"
(By) (2722) | 1 27.22 6.81°
(Bg) 0.24) 1 0.24 0.06
Speed, C 12.02 2 6.01 1.50
(o) (1196) ;1 11.96 2.59
(Cq) (0.06) 1 0.06 0.015
Error 8.0 2 40 |
Total 60.53 8 \

Table 4 Analysis-of-variance(ANOVA) of SNz
for rate of surface roughness

Source | SS Tdof MS Fo
Current, A 16.73 2 8.365 9.24"
(Ar) (14.73) 1 14.73 16.28"
(Ag) 2.0) 1 2.0 2.21
Pressure, B | 683 2 3415 377
(BU) (6.83) 1 6.83 755°
(Ba) 0.0) 1 0.0 0.0
Speed, C 1.13 12 0.565 0.63
(CU 113 1 1.13 1.25
(Co) 0.0 vl 0.0 0.0
Error ;1.8 |2 0.905
Total | 2650 ( 8 |

*a, b : significant at a=0.1 and a=0.25, respectively
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Fig.7 Effect of each parameter on surface roughness
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Fig.8 Effect of each parameter on SN2 for
surface roughness reduction ratio
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Electrolyte: NaNO»(20%), Polishing time: 3min.
Abrasive: WA#360

Fig.9 Roller surface(a) and the surface profiles(b)
before/after polishing by MEAP process

5 & &

A7) A EGFAE N2gE ALsn 2FaY2 ¢
29 YLAvLET BAE FAY I 9Ly g YES
At

MAZ|AHE A RN 274 AAANES F7HA]
ez IFHo2 AnlFSE L BHANINE HA4g
Lig= 3

QA7)1% e A71FR $AGAN YAy AEUE= 2%
AQ2gele HF¢ A3 ImmAAN 0.06[TI7} Aol
=3

@)A71ge] 0.06TY ZAGA dAvis 89 4l Zlag
T AE AFLFE 2mmolvola 30| & F& z}
71 a8 5 go] Aupao)ry),

DAHARLVEE FE58 goo] Y47 A A
FRZAN driEdzzs A3 22 B Ayl e=
0.1A/cm®2 vbepy},

O7IFAYL & £8 F&AAG} 2y XHx=EF 1
Bt HF drtdAld s B $e 4y MRS
o @t} 7] AvteAolA 05kgf/em® AF AnbgA )
A 03 kgf/em’Z HRsa 8o Addntg A
qdY $ 9

6738 A% E: & =2 &AM A A} 27 o
ntg Al e 28 Ao o] ROJAEE JFE
AAEEE A3 F3E Ao vz s

(NALF T o)$& 5 242 42 oz NAgol &
o HEFEL nEy 27 AntgAdgME By &
€ ol$&TE AAsqor ¥},

@A A B dnl Y B 27 gHzs Rmax1.0
mE Rm0.15xmZ, Ydz= 195mellA 08lumE
AN Zed, & YA o ZhEET 3 &
2 713 E L AEEHY.

{um]

. abrasive: WAJ320
H 14 work speed : 110m/min.
=1 workpiece: Cr—coated roller
T alectrolyte: NaNO (20%) ]
3 current density: p.1a/em
2 magnelic flux density: 0beT

0.5+ Onishing time: 3min.

T
0 01 02 03 04 o5

Finishing pressure [kg,/cm? ]

Fig.10 Effect of finishing pressure on roundness

roundnelb

after MEAP

Fig.11 Roundness profile record of Cr-coated roller
before/after polishing by MEAP process
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