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Abstract: The conventional method of magnetic abrasive polishing is not suitable for non-magnetic materials because
such polishing is basically possible when magnetic force exists and the magnetic force in non-magnetic materials is
very low. The installation of an electromagnet under the working area of a non-magnetic material, which is called
second-generation magnetic abrasive polishing in this study, can enhance the magnetic force. Experimental evaluation
and optimization of process parameters for polishing magnesium alloy steel was performed by adopting the design of
experiments and the response surface method. The results indicated that the intensity of the magnetic force and spindle
speed are significant parameters that affect the improvement of surface roughness. A prediction model for the surface
roughness of the magnesium alloy steel is developed using the second-order response surface method.
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Table 1 Experimental setup and conditions

Item Condition
Workpiece AZ31B( 80x60x2¢ )
. GC grain(#3000)+Iron
1::[]; garslie\tflec powder(150/m)+Silicone
£el(300,000cs)
Working gap 1.5mm
Working time Smin
Feed rate 4m/min
Tool diameter 20mm
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Table 2 Factors and levels used in experiment

.o’l

Factors Levels
1 2 3
Current of table, A(A) 0.2 0.5 0.8
Current of tool, B(A) 1.5 2.0 2.5
Spindle speed, C(rpm) 900 1200 1500
Weight of abrasive, D(g) 1.5 2.0 2.5

Table 3 Experimental results and calculated S/N

ratios
o Improved

Initial surface Calculated

No. surface .
roughness(/4n) S/N ratio

roughness(/mn)

1 0.63 0.48 -16.478
2 0.71 0.53 -15.089
3 0.53 0.44 -21.012
4 0.64 0.44 -13.850
5 0.58 0.32 -11.701
6 0.54 0.45 -20.915
7 0.47 0.27 -14.111
8 0.61 0.46 -16.654
9 0.58 0.45 -17.924
10 0.58 0.46 -18.132
11 0.57 0.36 -13.432
12 0.58 0.42 -16.138
13 0.59 0.39 -14.155
14 0.58 0.31 -11.277
15 0.60 0.50 -20.000
16 0.57 0.41 -16.082
17 0.53 0.27 -11.701
18 0.57 0.38 -14.563
19 0.46 0.20 -11.734
20 0.52 0.27 -11.903
21 0.53 0.27 -11.701
22 0.50 0.27 -12.803
23 0.58 0.37 -13.432
24 0.53 0.33 -14.155
25 0.68 0.49 -14.471
26 0.59 0.43 -15.864
27 0.61 0.38 -12.765
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Table 4 ANOVA for each factor
S D Vi Foi Fo.o1

A 46.777 2 23.388 | 14.994 | 10.9
B 0.6190 2 0.309 | 0.198 | 10.9
C 44.734 2 22.367 | 14.339 | 10.9
D 1.892 2 0.946 | 0.606 | 10.9
AxB 20.931 4 5232 | 3.354 | 9.15
AxC 52.155 4 13.038 | 8359 | 9.15
BxC 31.360 4 7.840 | 5.026 | 9.15
Error 9.358 6 1.559
Total | 207.829 26
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Fig. 6 Influence of polishing factors on surface
roughness
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Table S5 Analysis of the variance for S/N ratio

S: D, Vi Foi Fo.o1

Model 0.0427 | 4 | 0.0106 | 4.5597 | 4.33

Residual | 0.0515 | 22 | 0.0023

Total 0.0942 | 26

ARa=—0.677525238 + 0.046606 4 + 0.2633557 B
+0.00113841 C— 0.05471886 D+ 0.0606419 A >
—0.056942335B%— 0.000000523 C*

+0.063218003 D2 — 0.029700025 4 B
+0.0002948944 C— 0.145297703 A D
+0.0000123 BC— 0.023207141 BD
—0.0000592 CD @)

Table 6 Verification of S/N ratio model

.. Measured Predicted

MAP condition value(zan) value(zan)
A3;B,C,D5(0P) 0.342 0.275
AB,CoD, 0.226 0.207
A3B3C3D; 0.209 0.187

Table 7 Analysis of the variance for RSM

S; D Vi Fo Foo
Model | 0.0504 14 0.0036 |1.5544|0.2248

Residual | 0.0278 12 0.0023
Total 0.0782 | 26
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Table 8 Verification of response surface model

MAP condition 1\\;5321(1;;()1 ‘lj;fsel((zig
A3ByCoD3(OP) 0.342 0.249
A»B,C,D; 0.226 0.212
AsB;C3Ds; 0.209 0.173
Current of tool : 2.04
Weight of abrasive : 2.5g 024

Improvement of surfaceroughness, ARa(jum)
-
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Fig. 7 3D plot and contour plot of second-order
RSM for predicting improvement of surface
roughness according to the current of table
and spindle speed
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