SR EEI|AIEE K| Vol.19 No.2 2010. 4. pp. 184~190
Journal of the Korean Society of Machine Tool Engineers

o} A 8L 0]43 BK7 22 MR Polishing 373 ¢]

As AA 270 4

* + ++ +++
US2*, oY, 2L NN

oo _?_ ’ I° =
(=234 2010. 2. 24, AAEEY 2010. 3. 15)

Analysis of Material Removal Rate of Glass in MR Polishing Using
Multiple Regression Design

Dong-Woo Kim*, Jung-Won Lee’, Myeong-Woo Cho™, Young-Jae Shin" "

I Abstract I

Recently, the polishing process using magnetorheological fluids(MR fluids) has been focused as a new ultra-precision
polishing technology for micro and optical parts such as aspheric lenses, etc. This method uses MR fluid as a polishing
media which contains required micro abrasives. In the MR polishing process, the surface roughness and material
removal rate of a workpiece are affected by the process parameters, such as the properties of used nonmagnetic
abrasives(particle material, size, aspect ratio and density, etc.), rotating wheel speed, imposed magnetic flux density
and feed rate, etc. The objective of this research is to predict MRR according to the polishing conditions based on
the multiple regression analysis. Three polishing parameters such as wheel speed, feed rates and current value were
optimized. For expetimental works, an orthogonal array L27(313) was used based on DOE(Design of Experiments),
and ANOVA(Analysis of Variance) was carried out. Finally, it was possible to recognize that the sequence of the
factors affecting MRR correspond to feed rate, current and wheel speed, and to determine a combination of optimal
polishing conditions.

Key Words : Magnetorheological Fluids(Z}7]-3-H-8-4]), Polishing(3uh), MRR(A| & | #-8), Regression analysis(3]7 #4),
ANOVA(Z/4HEA)
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Fig. 1 Basic polishing principle using MR fluid
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Fig. 2 Experimental setup for MR polishing system

Table 1 Experimental condition of Properties of MR
fluids

CI-Powder | DI Water NaxCOs Glycerin

50% 48% 1% 1%

Fig. 3 SEM image of CI particles and nano ceria slunry
particle
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6 1 2 3 04154
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: j 8 1 3 2 0.735
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(a) CI particle size analysis 11 2 ! 2 0.537
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Fig. 4 Particle size analysis of MR fluids and nano 19 3 1 1 0.900
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Table 2 Design of experimental 2 3 5 1 1.273
o Value each level 23 3 2 2 0.470

Polishing parameter | Symbol

1 2 3 24 3 2 3 0.302
Wheel Speed (pm) | A 100 | 200 | 300 25| 3 3 1 1.587
Current (A) B 05 | 1.0 | 20 26 | 3 3 2 0.612
Feed Rate (mm/s) C 01 | 03 | 05 271 03 3 3 0.343
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Main Effects Plot (data means) for Depth.
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Fig. 5 Variation of machined depth according to the
process parameters
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Table 4 ANOVA table for regression analysis

Model SSZTar(;f ];erii;)rgf Sl\c/ll j:?e F-ration| R?
Regression | 9.8160 9 1.0907 (49.14** 0.963
Residual | 0.3773 17 0.222
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