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A Novel Polishing Method for High Precision Ceramic Balls
Based on Magnetorheological Polisher
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(School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China)

ABSTRACT: The work aims to provide a new technology of clustered magneto rheological polishing for ceramic ball to realize
the effective and supper-smooth polishing of ceramic ball surface. On the basis of the traditional V-groove polishing ceramic
ball, the cluster magnetic pole and rotary motor of the upper plate were increased, and appropriate magnetorheological polishing
liquid was prepared. The magnetorheological polishing pad was formed by the cluster magnetic pole of the upper and lower pol-
ishing plates for grinding and polishing. Based on geometric kinematics and dynamic analysis of ceramic ball work piece, the
influence relation of various motion parameters of the ball was obtained. The ball forming process was simulated dynamically
by the analysis software ADAMS in the mechanical system. This polishing method could actively control the motion of the

sphere and realize the fast and uniform full envelope of the spherical polishing trajectory. According to the simulation results,
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the rotation angle of the ceramic ball was controlled by adjusting the parameters such as rotation speed, eccentricity and ma-

chining gap of the upper and lower polishing plates, so as to achieve fast and efficient super smooth polishing of the spherical

surface. The silicon nitride ceramic balls were polished for 2.5 h with the self-designed magnetorheological polishing experi-

mental device. The surface roughness Ra decreased from about 60 nm to about 10 nm, and the sphericity error was 0.13 mm,

which reached the national standard (level of G5), the national standard for ceramic ball bearings. The clustered magnetor-

heological polishing method can realize fast uniform full envelope of spherical polishing trajectory, and achieve efficient ul-

tra-smooth polishing on the surface of ceramic balls and can be studied further.

KEY WORDS: ceramic ball; clustered magneto rheological polishing; motion trajectory simulation; surface roughness; sphericity
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Fig.1 Traditional polishing method of ceramic balls with
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Fig.2 Schematic diagram of ceramic balls polished by new method
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Fig.3 Schematic diagram of driving model of ceramic ball and polishing pad:
a) principle diagram; b) planform; c) space coondinates system; d) kinematic unit
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Tab.1 Speed function expression of polishing plate

Speed Function expression
Upper polishing plate (step (time, 0, 0, 5, 2.09)+
20/(r-min™") step (time, 5, 0, 100, 0))*time
Lower polishing plate (step (time, 0, 0, 5, 3.14)+
30/(r-min~") step (time, 5, 0, 100, 0))*time
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Fig.4 Polishing track of the surface of the ball blank: a) trajectory of point A relative to the center of the ball; b) trajectory of
point B relative to the center of the ball; c) trajectory of point C relative to the center of the ball; d) polishing trajectory of the ball
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Tab.2 Process parameters of silicon nitride ceramic ball by cluster magneto rheological

Concentration of Concentration of The upper polishing plate The lower polishing plate Eccentricity/ Machining process

iron powder/% abrasive/% speed/(r-min")

speed/(r-min”") mm gap/mm  time/h

16 4 20

30 10 0.4 2.5

®3 SHERTHEERAEBERNREAEENEREENEE

Tab.3 Surface roughness and roundness of silicon nitride balls by clustered magneto rheological polishing

Position 3 Mean

number Roughness/nm Roundness/pum Roughness/nm Roundness/um Roughness/nm Roundness/pm Roughness/nm Roundness/pm

Ball- Position 1 Position 2
1 7.9 0.13 8.5 0.12
2 11.89 0.11 9.74 0.14
3 9.96 0.13 8.52 0.12

10.3 0.11 8.9 0.13
10.15 0.13 10.59 0.14
11.13 0.13 9.87 0.13

~ Before processing
| Ra 60 nm

After processing
Ra 11 nm

pS-

K6 TR i B A B BRE TR SN L
Fig.6 Comparison of surface morphology of silicon nitride
ceramic balls before and after processing
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