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Abstract: To enhance the excitation performance and processing quality of magnetorheological polishing,

a Halbach array-based permanent magnet arrangement is proposed, and the influence of process parame-
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ters on the polishing performance of K9 glass is investigated. Magnetic field simulations were conducted to
compare the Halbach array, traditional N-S pole alternating array, and inner-outer alternating array in
terms of magnetic field strength, magnetic flux density magnitude, gradient distribution, and the force act-
ing on carbonyl iron particles. Combined with single-factor experiments, the effects of workpiece rotation
speed, magnetic field rotation speed, working gap, and excitation gap on surface roughness and material
removal rate were systematically studied. The results indicate that the Halbach array expands the effective
acting area of the magnetic field, maintains good uniformity, and enhances both magnetic field strength
and abrasive particle force, thereby exhibiting superior excitation performance. With increasing workpiece
rotation speed, magnetic field rotation speed, and working gap, the surface roughness decreases initially
and then increases, while the material removal rate increases at first and then decreases. As the excitation
gap increases, the surface roughness keeps rising and the material removal rate declines. Under the condi-
tions of a workpiece rotation speed of 650 r/min, magnetic field rotation speed of 70 r/min, working gap
of 1. 2 mm, excitation gap of 4 mm, and a polishing duration of 30 min, the surface roughness of K9 glass
reaches 0. 029 7 pm, and the material removal rate is 51. 928 nm/min. The Halbach array excitation meth-

od and its corresponding polishing process effectively improve the performance of magnetorheological pol-

ishing.
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Fig.1 Principle diagram of magnetorheological polishing
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Tab.1 Physical and mechanical properties of K9 glass

Properties Value

Density/(gecm *) 2.55
Moh's hardness 7
Elastic modulus/(GPa) 82

Poisson's ratio 0.21
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Tab.2 Magnetorheological polishing process parameters

Process parameters Value
Polishing time #/min 30
Workpiece speed n1/(remin~") 350~800
Magnet rotational speed 7,/ (rsmin ") 50~80
Working gap h,/mm 1~1.6
Excitation gap h,/mm 4~10
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Fig. 10 Distribution of surface roughness measurement
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(a) Top view of the experiment  (b) Top view of the simulation
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Fig. 11 Distribution of magnetic field
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