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Magnetic Abrasive Finishing of Ceramic Tube Inner Surface Based
on Low Frequency Alternating Magnetic Field

LIU Wenhao CHEN Yan ZHANG Dongyang
(School of Mechanical Engineering and Automation, University of Science and Technology Liaoning,

Anshan 114051, China)

Abstract: In order to solve the problem of inner surface quality of ceramic tube, improve the utilization rate of abrasive, and seek the
best process parameters of magnetic abrasive finishing under low frequency alternating magnetic field, Maxwell software was used to
simulate the magnetic field in the processing area. Box Behnken was used to design the response surface test and optimize the process
parameters. The rationality of the surface roughness prediction model was verified by ANOVA. The results show that the magnetic field
intensity can reach 650. 04 kA/m and the magnetic induction intensity can reach 0. 82 T in the low frequency alternating magnetic field

processing area. The fitting goodness of surface roughness prediction model adjusted R, is 91. 65%. The optimum process parameters

adj
after response surface optimization are as follows: workpiece speed 977.78 1r/min, ferromagnetic particle size 210. 61 pm, diamond
particle size 3.35 wm, current frequency 3. 01 Hz. The surface roughness of the inner surface of alumina ceramic pipe is decreased
from Ra 2.25 pm to Ra 0. 34 pm after 120 min processing with the adjusted process parameters. The inner surface quality of ceramic
tube can be effectively improved by using low frequency alternating magnetic field for magnetic abrasive finishing.

Keywords: magnetic abrasive finishing; alternating magnetic field; process parameters; alumina ceramics; surface roughness;

response surface methodology
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Fig. 1 Mechanism of magnetic abrasive finishing in low frequency alternating magnetic field
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Table 1 Simulation parameters of magnetic field intensity

Parameters Values
Coil turns/r 1 400
AC effective voltage/V 220
Coil resistance/{} 9.2
Maximum element length/mm 20
Frequency/Hz
Pole distance/cm 4
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Fig. 2 Schematic diagram of electromagnetic simulation device model
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Table 2 Experimental conditions

Name Specification
Workpiece material Al, 04
Workpiece size/ ( mmXmmXmm ) $25%p20x 142
Grinding fluid/mL 10
Processing time/min 120
AC effective voltage/V 220
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Table 3 Test factor level table

Code Levels
Parameters
name -1 0 1
Rotational speed/ (r/min) X, 800 1000 1200
Ferromagnetic particles size/pm X, 150 200 250
Diamond particles size/pum X 2.5 3.5 4.5
Current frequency/Hz X, 2 3 4

o )57 T fH TET B3 F B9 Box: Behnken 5211
27 AR 5, b 8O 3, IXEC 1, 01T
o 1, BT Rk 4 s,

#& 4 Box Behnken iXI&i%it R &R

Table 4 Box Behnken experimental design and results

Exp . No. Rotational speed(r/min) Ferromagnetic particles size/pm Diamond particles size/pm Current frequency/Hz  Surface roughness Ra/pum

1 1 000 150
2 800 250
3 1200 200
4 800 150
5 1200 200
6 1000 150
7 1000 150
8 1200 150
9 800 200
10 1 000 200
11 1 000 200
12 1 000 250
13 1 000 250
14 1 000 200
15 800 200
16 800 200
17 1 000 250
18 1 000 200
19 1 000 200
20 1 000 250
21 1200 200
22 1200 250
23 1200 200
24 1 000 200
25 1 000 150
26 1 000 200

27 800 200

4.5 3 0.74
0. 60
0.76
0.67
0.68
0.69
0.68
0.82
0.63
0.20
0.20
0. 64
0. 40
0.52
0.58
0. 65
0.50
0.49
0.20
0.36
0.78
0.72
0.70
0.56
0. 66
0. 47
0.55
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Table 5 Optimal process parameters after adjustment

Parameters Values
Rotational speed/ (1r/min) 980
Ferromagnetic particles size/pm 200
Diamond particles size/pm 3
Current frequency/Hz 3
Grinding fluid/mL 10
Processing time/min 120
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