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Performance Evaluation of Magnetic Abrasive Polishing by Design of Experiments

Sang-Oh Kim+, Man-Hee You',

Jae-Seob Kwak*

{ Abstract }

the surface roughness improvement.

A&7 BFAD, Process parameter(37 H)

R/In order to satisfy the customer’s variant needs for a product quality in recent years, a demand for developing
higher precision machining technologies in a lot of application areas such as automobile, cellular phone and
semiconductor has been increased more and more. Magnetic abrasive polishing(MAP) process is one of these precision
technologies. In this study, to verify the parameters’ effect of the MAP process on the surface roughness improvement
of the plane and the inclined workpiece, well planned experiments which was called the design of experiments were
carried out. Considered polishing factors were spindle speed, supplied current, abrasive type and working gap between
the workpiece and the solid tool. As a result, it was seen that the supplied current and the working gap greatly affected

Key Words : Magnetic abrasive polishing(Z}7]&1u}7}-8h), Design of experiments(Al & #| &), Surface roughness improvement(
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Fig. 3 Experimental set-up for MAP

Table 1 Specifications of MAP machine

Items Conditions
Motor AC servo motor
(0~60Hz)
Inductor Ball end, flat end
Magnetic flux density 0~0.2T
Power supply SA, 50V
X - Y axis control drive 0~1Zm/min
Feed rate 9m/min
Surface roughness tester | Surftester 301 (Mitutoyo)
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Table 2 Factors and levels used in plain experiments

Level
1 2 3
Supplied current, A (Amp) 1 2 3
Working gap, B (mm) 1.5 2.0 2.5
Rotational speed, C (rpm) | 600 700 800
Abrasive type, D (-) ‘a’ ‘b’ ¢’

Factors

Table 3 Magnetic abrasive type

Mixing form
bonded
bonded

un-bonded

Grain size
200¢m
1004m

200m, 9um

Component
‘@’ Al Os+Fe
‘b ALOs+Fe
‘¢’ ‘a’ + SiC
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Table 4 Orthogonal array for plain experiments

No. Factors

A B C D
1 1 1.0 600 ‘a’
2 1 2.0 700 ‘b
3 1 2.5 800 ¢’
4 2 1.0 700 ‘’
5 2 20 800 ‘a’
6 2 25 600 ‘b’
7 3 1.0 800 ‘b’
8 3 2.0 600 ‘¢’
9 3 25 700 ‘a’

Table 5 Experimental result and calculated S/N ratio

No. m m m; Average | S/N ratio
1 0.11 0.1 0.07 0.093 | -20.6303
2 018 | 008 | 014 0.133 -17.523
3 015 | 028 | 021 0213 | -13.4324
4 022 | 038 | 027 0.290 -10.752
5 0.05 012 | 014 0.103 | -19.7433
6 0.1 004 | 013 0.090 | -20.9151
7 009 | 015 | 023 0.156 | -16.1375
8 03 027 | 019 0253 | -11.9376
9 031 014 | 0.14 0.196 | -14.1549
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Fig. 4 Effect of polishing factors on surface roughness

Table 6 ANOVA for polishing factors

SS DOF v FO
A 0.00493 2 0.00247 15.432*
B 0.00032 2 - -
C 0.00627 2 0.00313 19.612**
D 0.03053 2 0.01526 95.564**
Emor | (0.00032) | (2) | (0.00016)
Total | 0.01784 8
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Table 8 Orthogonal amay for inclined experiments

No. Factor
A B C D
1 700 1 1 50
2 700 1.5 2 150
3 700 2 3 200
4 800 1 2 200
5 800 1.5 3 50
6 800 2 1 150
7 900 1 3 150
8 900 LS 1 200
9 900 2 2 50

Table 9 Experimental result and calculated S/N ratio

bt N\
i Experimental result S/N ratio
et 1 } No
s my my ms my my ms
Workpiece |/ 1 1029015 0.02 | -10.752 | -16.478 | -33.979
Fig_ 5 Surface mughness measuﬁng poin(s 2 0.56 | 0.24 | 0.02 | -5.0324 | -12.395 | -33.979
3 052014 ) 008 -56799 | -17.077 | -21.938
Table 7 Factors and levels used in inclined experiments 4 10311012009 -10172 | -18416 | 20915
Level 5 1047 {025 004 | -6.5580 | -12.041 | -27.958
Factor
1 2 3 6 | 038 0.13 ] 0.01 | -8.4043 | -17.721 | -40.000
Rotational speed, A (rpm)| 700 800 900 7 1036 03 | 0.19 | -8.8739 | -10.457 | -14.424
Supplied current, B {A) 1 1.5 2 8 | 047 | 0.66 | 04 | -65580 | -3.6091 | -7.9588
Workpiece angle, C (°) 1 2 3 9 059|025 023 -45829 | -12.041 | -12.765
Abrasive size, D (um) 50 150 200 Total] 3.95 | 224 | 1.08 |-66.6134 | -120.235 |-213.916
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<0 Table 10 ANOVA for polishing factors at m; point

st Ss DOF v Fo

wl . A 14641621 | 2 | 232081 |91.82085%+
g \ B | 2886839 | 2 144342 | 571.1325%*
I \ o C | 6444503 | 2 | 3222251 | 1274981
A R D | 0050546 | 2 | 0025273 .

i Error [(0.050546)| (2) | (0.025273) -

Total | 39.95452 | 8
E a i H L L 8 2 s L i

At A2 A3 B1 B2 83 C1 C2 ©3 Dt D2 D3
Polishing factors

Fig. 6 Influence of polishing factors on surface roughness
at my p()illt
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Table 11 ANOVA for polishing factors at m; point

ss DOF v Fo
A | 9842732 | 2 492137 | 20647+
B | 72.46822 36.3841 | 152.65%*
C | 43684 217422 | 9.17*
D | 04767 2 0.2383 -
Error | (04767) | (2) | (0.2383) ;
Total | 1760407 | 8

Table 12 ANOVA for polishing factors at m; point

ss DOF v Fo
A | 653.8581 32692 | 112.24%*
B 5.8251 29125 -
C | 583714 12064 | 41.423**
D | 2412981 29.185 | 10.020*
Error | (58251) | (@) | (2.9125) -
Total | 953.52 8
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