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Effect of Profiling Magnetic Pole Head on the Inner Surface of

Electromagnetic Finishing Pipe Fittings

Pan Mingshi Chen Yan Zhang Dongyang
(School of Mechanical Engineering and Automation, Anshan 114051, China)

Abstract: In view of the difficulty in processing the oxide film on the inner surface of the 304 stainless steel tube and the quality
problems such as groove-like texture, micro-cracks and pits on the surface after processing, the magnetic abrasive finishing method was
used to remove the oxide film on the inner surface of the 304 stainless steel tube. The variation law of magnetic field intensity and
lapping pressure in the processing area is explored by designing magnetic pole heads with different taper and combined with simulation.
Finally, the finishing test is compared with simulation. The results show that with the increase of the taper of the magnetic pole head,
the magnetic field strength increases first and then decreases, and the lapping pressure increases first and then decreases under the
influence of magnetic field strength. When the taper of the magnetic pole head is 80 °, the magnetic field strength is the strongest and
the lapping pressure is the largest. After finishing, the inner surface roughness of the pipe fitting is changed from the original Ra 3.06
pm down to Ra 0.23 pm. The maximum height difference of the surface is changed from the original 47.4 um down to 19.6 um. The
oxide film on the inner surface is removed, showing uniform lapping marks. The force simulation of magnetic abrasive particle
movement and finishing test show that the machining with 80 ° profiling magnetic pole head can effectively improve the inner surface
quality of 304 stainless steel pipe.

Keywords: profiling magnetic pole head; magnetic abrasive finishing; alternating magnetic field; lapping pressure; 304 stainless steel

pipe; surface quality
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Fig. 1 Schematic diagram of electromagnet
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Fig. 2 Machining schematic diagram
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Fig. 3 Magnetic pole heads with different shapes
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Table 1 Simulation parameters of magnetic field intensity

Parameters Values
Total number of turns of coil /r 4320
AC effective voltage/V 72
Coil resistance/Q 24
Frequency/Hz 3
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Fig. 4 Magnetic field intensity curves of magnetic pole heads

with different shapes
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Fig. 5 Variation diagram of magnetic pole head taper
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Fig. 6 Magnetic field intensity curve of magnetic pole head
with different taper
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Fig. 7 Magnetic field nephogram of magnetic pole head with different taper
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Fig. 8 Magnetic field intensity curve of magnetic
pole head with different taper
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Fig.9 Spatial distribution of magnetic field intensity in
processing area
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Fig. 10 Time fluctuation diagram of magnetic
field intensity in processing area
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Fig. 13 Stress diagram of magnetic abrasive particles and pipe wall
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Fig. 14 Motion diagram of magnetic abrasive particles at different times in a single cycle
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Fig. 15 Experimental device diagram
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Table 2 Experimental conditions

Name Specification

304 stainless steel
Workpiece material

pipe
Workpiece size/mm 2 25%x1%200
Magnetic pole head material DT4
Taper of magnetic pole head/® 80, 85
Processing time/min 105
Magnetic abrasive particles size/um 250, 185
Amount of grinding fluid per stage/ml 10
Quality of magnetic abrasive particles
in each stage/g 2
Spindle speed/r/min 500
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Fig. 16 Variation of surface roughness with time
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