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ABSTRACT
The requirement of precision products about
difficult-to-cut

Aluminium alloy is becoming more and more.

materials such as Cu and

Because of soft materials, the exist narrow
grooves on surface are difficult to gotten off
even on the polishing stage. It has been proved
that
(MEAP) is a efficient method to resolve this
problem by using the nonwoven-abrasive pads
together [1, 2]. In this study, through the

experiments, their machining properties of newly

Magnetic-Electrolytic-Abrasive  Polishing

developed polishing material of SiC, Al:Os and
diamond nonwoven abrasive pads have been
proved. Through the experiments, the optimal
machining conditions on larger cylinder shape
workpiece of Cu and Aluminium alloy have been
through the Taguchi[3] method the

optimal machining conditions can be selected.
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Fig.2 Schematic diagram of Magneto—Electric
-Abrasive Polishing System
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Workpiece: Cu cylinder

Electrolyte: NaNO3(20%)

Electrode gap: 4mm

Magnetic flux density: 0.15T

Electrolytic current density: 0.01(A/cm?)

Initia} surface roughness: Rmax 2.3um, Ra 0.28um
Machining pressure: 0.104kgf/cm?

Workpiece rotation: 30Srpm(160m/min)
Machining feed rate: 0. imm/rev

Abrasive pads: WA #320, #1000, #2000, Diamond #1000
Vibration of pad: 24Hz

Fig.3 Effect of Diamond nonwoven abrasive pads
on surface roughness (Cu)
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Workpiece: Cu cylinder
Electrolyte: NaNOx(20%)
Electrode gap: 4mm
Magnetic flux density: 0.15T
Electrolytic current density: 0.01(A/cm?)
Initial surface roughness: Rmax 1.5Sum, Ra 0.2um
Machining pressure: 0.052-0.26(kgf/cm?®)
Workpicce rotation: 305rpm(160m/min)
Machining feed rate: 0. 1lmm/rev
Abrasive pads: Diamond #1000
Vibration of pad: 24Hz

Fig.4 Effect of machining pressure on surface
roughness (Cu)
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Fig.5 Effect of machining feed rate on
roughness (Cu)

surface

42 430533 (A12024) 4D AT AY

Fig.6& Al12024 A¥dde] W3] Diamond e
A duAe A% testdFZAAE YEhd Aot
dabziql AI024 ddde 7] ¥¥ AAIE
Rmax 1.9xmelZ Ra 0.15gmo|t};. Diamond %
g4 driAgeE 943 7HFE Tl did HEE 2
3} GC AEA dnArg o FL& &34E Iy
ASS FA3A

Fig7< 7FE¢tde g 38 FUAA
MalE Ul Rolth 7HEEE e 0017kgf/em™F
B 0.056kgf/cm®7tA WA of 0.034kgf/cm’el
AN 2AE FUAAYNN A FL AHE YEY
AL ¢ F Uh

Fig.8< 1.75mm/rev¥E 25mm/rev7tAl 7H&
o)$EEE WA F o JFolFEEd HE
EdAA7 ] A 9P A ZFE e
Aoltt. 71FEEA W&ty AZEA 2.0mm/rev
ol$& e Mdo] vt

Surface roughness, Rmax{pum]

Fig.6 Effect

Surface roughness, Rmax|um]

25

08 I

06

."GC #320 j el
i " gevion 108

025

“ree0C —~—Rmax
e Diamond | | 84— Ra

02

GC #2000

Surface roughness, Rafum]

0.1

Diamond ﬁl0001
= 005
3 4

i 2
Number of path
Workpiece: A12024 cylinder
Electrolyte: NaNO»x(15%)
Electrode gap: 4mm

Magnetic flux density: 0.15T
Electrolytic current density: 0.01(A/cm®)

Initial surface roughness: Rmax 1.9um, Ra 0.15um
Machining pressure: 0.052kgf/cn!

Waorkpiece rotation: 305rpm(]60m/min)

Machining feed rate: 0.2mm/rev

Abrasive pads: GC #2320, #1000, #2000, Diamond #1000
Vibration of pad: 24Hz

of Diamond nonwoven abrasive pads
on surface roughness (Al2024)
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Fig.7 Effect of machining pressure on surface
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Fig.8 Effect of machining feed rate on surface

-193-

roughness (A12024)



5 Af7tExd HA 3}

51 bR WYL o] &8 AFHA
B a7 FHF HEc 4dd

Cu$t Al2024] wigh =713

& Take 74°]E} Hell

o AYE s dFEE, ZP71 LE,

%3
—1&
H

}_?;FE,
o

N

2L

L

g

M Ay 2

% o H
i
lo
o ot mt  drodo AL oo of 2

N
N
O
i
i
R 2N B

R el ZlE2ded oty
AJ20249) g A7) AE A H A}
HTEES Aojdatet Aojstz] X
A2 vE F Utk 2 FFY
A HAFse (p), A71F F= B), A
) R IOl EERE (f)9Jr 2E dzes
oz BHNA F 5 U7l W ﬂﬂ
A5t © v ﬂ*%a<m4 SRR
5 (e AEHEFY AMYS ngs L%ﬂ
AR EAEAT. Ao & 2REFIS
i st thA Wygol &3t AofIAES
-10.0~10.0%9 SAXFZolWE 3(1, 2, 3) level
2 UyFri FEAqAES -100~10.0%9
ZolulZ 2(1, 2) levelZ ¥t} Table 1& ¥ 4
FoA AFAD Cust Al2024°) digk 27184
Table. 1 Classification of Polishing Conditions (Factors)

R LR T R A )
2o A oan rff ol =
ook N oy 8o
—_ ot o

S 2
o

of
OQL' #

QA 5

Levels
. 1 2 3
Vanables
Cu [AI2024| Cu [A12024| Cu |Al2024
Electrolyte density 135 18 15 20 16.5 22
Magnetic flux density 0.135] 0.135 [ 0.15{ 0.15 [0.165] 0.165
Electrode gap distance 36 36 4 4 44 44
Polishing feed rate 225 175 | 25 20 [2.75( 225
0.14
Polishing pressure 0,022 003 |0.156} 0.034 | — —
Electrolytic current density ’5 “| 0.225 |0.025] 025 | — —
Wevtel dFALEL A el sl 2
g ME2A[FES UEd Feoln. Table 2v
Heose] e AT Fol A¥AIHEY F

aufd el ol ZFWFHAE TE A
o}, AloQlzlel s L9 FmujEE AAsRL
FedAlo] el L4 A AR HAS
A A olfZEe FF2AAE]

FFE A 29 + UL
To HA x| Aol FdF AA
o & o)t} [7]

AA

oft
2
_Q
2 o
)

i

N o

U 2] &

rin
e

Table. 2 Designs for Polishing Conditions (Factors)
(a) Ly Orthogonal Array for the |(b) Li Orthogonal Array for the
Easy Controllable Factors Difficult Controllable Factors
Variable Variable
Run f B & op Run P i
1 1 1 1 1 1 1 1
2 1 2 2 2 2 1 2
3 1 3 3 3 3 2 1
4 2 1 2 3 4 2 2
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
52 Ag27d A AgAR 2 2
Fig9(a)2 ¥&=2 Cu A¥del g 7t A

o7t BEHAAZY HF BAAy o w3 o
S IHoz yveld Aolth Figdb)i= SNHZ
Zk Aejelxtzt Aol Ao v Fge el

051
B(magnetic flux density) p(electrolyte density) \
os T

049 ——
J 2 3
(a)

8(electrode gap)

.55 k floscillation)

SNL .57

| B(magnetic flux density)

plelectrolyte density)

i 2 3
(b)

Fig.9 The effects of conditions on ; and SN

about Cu cylinder

-194 -



Fig10(a)2t (b)& F2EQ Al2024 Ao
Wl 2 AeiAAt dYds EUALIY P
&y o SNHlel mx: Y¥e FHoz y
Bl Rolth Cudl A$9 e 2Muye E3
A2024%) D& Aoiabsh gl HA xy
HExde HAYE F Aok

0.56

0.54

052

y

(]

048

0.46

-5

-55 {
f(oscitlation) plelectrolyte density )

m /'
) S(electrode gap)

B(magnaetic flux density)

(b)

Fig.10 The effects of conditions on ; and SNL
about Al2024 cylinder

OFA HHE BalA Addd @A Cus
Al2024°) Wi A7 A ABAvTE R By
3 7tExdEY HH x2S HAAFsNes An

= Table 6] et} Qich

6.4 &

A7) ARG (MEAP) A9 o] §3]
F (Cw ¥ LFUEEE (AR T A3
g AWAZE BRHoz Sussl 9
ogg FR9 FVY dAviAE Aesn AUz

49e #9823} e 2L ARE 2

o o

() 7ied Hed drtde 283" 29 §
34 Mge £ F, &FviedEd e 493
Aaol dME TEHA BAAC7} 7Hedeh

(2) gl e dvtAle dAgfFe] 30
%Y W FF IAAY AV|HAAA HAHIEF

4 T g -
st

(3 Fu4 dotAe $4E A2 2R @
B Ao A3 A=A £7 LToEYE
o e dvtsE R EWRALsE HeZoubo)
E (GO) EE 420G (A2024)7 By Ak
Ho golol2E dntidxE G4 Yod du
A7k S5 A5 e

(@) o7 PEe olgsa HAH Ay AHA
"eloh 27¢ AAs

15 E AW} s

(D BAF, AWA, A7) A 8¢74d Hel @
& AF(A1R)", 1995 $2EZ7| A7 2852 A
4 A A 3 %, pp. 25~30.

(2) Jeong-Du Kim, "Development and Application of
the Surface Finishing System Using Magneto-
Electrolytic Process”, Int. Manufacturing Engineering
Conference, 1996, U.S.A, pp. 175~ 181.

(3) Douglas C. Montgomery, “DESIGN AND
ANALYSIS OF EXPERIMENTS” ,  Third
Edition

(4) J.Dash and W.W. King, "Electrothinning and
Electrodeposition of Metals Fields",
January 1972, J. Electrochem. Soc. Vol. 119, No. 1.
pp. 51~56.

(5) Hidehiko MAEHATA and Hiroshi

in  Magnetic

KAMADA,
"Studies on the Electrolytic-abrasive Mirror Finishing
(II)--Roughness of Finished Surface", Bull. JESP,
Vol. 19, No. 2(June 1985) pp. 131~132.

(6) Takeo SHINMURA, Koya TAKAZAWA, Eiji
HATANO and Toshio AIZAWA, "Study on
Magnetic-Abrasive  Process--Finishing Characteristics”,
Bull. JESP, Vol. 18, No. 4 (Dec. 1984), pp. 347~348.
(7) Byoung-Chan Lee and Dong-Yol
“Estimation of Formability for Sheet Metal
Forming of Electronic Parts” , #2384

=53, 199412,

Yang,

-195-



