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ABSTRACT: There are many deficiencies for burrs removal in the traditional method by magnetic abrasive finishing, such as
the small change rate of magnetic induction intensity in the grinding area, the splash and serious loss of magnetic abrasives. The
work aims to design the magnetic pole of involute groove based on the involute principle, optimize the magnetic field

distribution, and rotate the magnetic pole against the involute expansion direction, to improve the efficiency and quality of burrs
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removal. The grinding area of the involute groove pole was compared with that of the traditional unslotted pole. The effective
area of the unslotted pole accounted for about 60.7%, and the effective area of the involute groove pole accounted for more than
90%. Magnetic field simulation of magnetic poles with involute groove for three different base circle diameters: 4, 8 and 24 mm
was carried out. A radial reference line with length of 50 mm was drawn at 2 mm above the magnetic pole model, and the
variation law of magnetic induction intensity was analyzed and compared. Compared with other magnetic poles, the magnetic
field distribution of the involute groove pole with a base circle of 8 mm was more uniform and the magnetic induction intensity
gradient changed more greatly. Therefore, the magnetic pole of this specification was selected for subsequent experiments.
Using response surface method (RSM), an experimental study on the burrs removal by magnetic abrasive finishing on the
helical-milling holes of nickel-based superalloy GH3128 plate was carried out. The effects of spindle speed, abrasives filling
amount and average abrasives size on the finishing effect were analyzed, and the optimum combination of process parameters
were selected. It was verified by experiments that the average height of the cutting burrs decreased from the original 29.6 um to
10.2 pm, and the average width of the burrs decreased from the original 288.6 um to 169.4 pm after 18 min grinding for holes in
nickel-based superalloy GH3128 plate by involute groove pole with base circle diameter of 8 mm at spindle speed of
1 600 r/min, average abrasives size of 250 um, feed speed of 0.05 mm/s, filling amount of magnetic abrasives of 30 g and
machining gap of 2 mm. The results show that the magnetic pole with involute groove can improve the change rate of magnetic
induction intensity, suppresses the splash loss of magnetic abrasives, accelerate the cutting edge renewal of abrasives, and

improve the grinding efficiency and uniformity. In addition, the machining plan can provide reference for the removal of other
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types of burrs.

KEY WORDS: magnetic abrasive finishing; magnetic pole; nickel-based superalloy; hole; burr removal; involute grooves
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Fig.3 Magnetic induction intensity pattern of different base circle diameters
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Tab.1 Experimental conditions of grinding

Numerical value
100x100x1
(Nd-Fe-B magnet) ¢40x40
$40%5 (Q235)

Components

Workpiece (Ixb xh)/mm

Axial magnet type D/mm
Magnetic pole D;/mm

Pole slot size /mm 2x2
Spindle speed n,/(r-min") 1 600
Size of abrasives d/um 250
Abrasive filling amount M/g 30
Feed rate f/((mm-s™") 0.05
Machining gap H/mm 2
Acting time #/min 18
Grinding fluid O/mL 6
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Tab.2 Factor level

Test Spindle Speed  Size of abrasives Abrasive filling

No. (4) ny/ (rrmin ") (B) d/pm amount (C) M/g
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2 1 600 250 30
3 2 000 375 40
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Fig.9 Micromorphology of hole edge before and after processing: a) before processing; b) after processing
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