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Experimental Study on Magnetorheological Finishing Using
Large Polishing Tool for Zirconia Ceramic Plane

GUO Mei-jianl, LUO Hu', WANG Chang—bingz, YIN Shao-hui', CHEN Feng-junl, GUO Yuan-fan1

(1.National Engineering Research Center for High Efficiency Grinding, Hunan University, Changsha 410082, China;
2.Hunan Chiopt Optical Technology Co., Ltd, Changsha 410202, China)

ABSTRACT: The work aims to develop a high efficiency and quality ultra-smooth surface polishing technique for zirconia ce-
ramic. The zirconia ceramic was processed in the method of magnetorheological finishing. A self-developed magnetorheological
polishing device was used, and magnetorheological polishing fluids containing diamond abrasives were prepared. A sin-
gle-factor experiment was designed to study the effects of main process parameters including polishing time, working gap,
workpiece speed and polishing trough speed on magnetorheological polishing properties of zirconia ceramics. The material re-

moval rate (MRR) and surface roughness was analyzed using precision electronic balances and white light interferometry profi-
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ler, respectively. Provided with the process parameters as follows: working gap of 1.4 mm, workpiece speed of 100 r/min and

trough speed of 25 r/min, the workpiece surface roughness Ra decreased over time before reaching saturation, and finally

reached saturation value 0.7 nm after 30 min polishing. As polishing time advanced, surface roughness was no longer improved

anymore. The MRR of zirconia ceramics increased with the increase of workpiece speed and trough speed, and decreased with

the increase of working gap. The MRR could be up to 1.03 mg/min at workpiece speed of 300 r/min, 0.80 mg/min at trough

speed of 25 r/min, and 0.77 mg/min at working gap of 1.0 mm. Higher MRR of zirconia ceramic and nanoscale surface rough-

ness can be improved in the method of magnetorheological finishing based on large polishing tool, and efficient ultra-smooth

surface processing of the zirconia ceramic can be achieved.

KEY WORDS: zirconia ceramic; large polishing tool; magnetorheological polishing; materials removal rate; surface quality;

ultra-smooth surface
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Fig.2 Experimental setup of magnetorheological polishing
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Tab.1 Composition of magnetorheological polishing fluid

Parameters Parameter values

Volume of MR fluid 1200 mL
pH 10

Carbonyl iron powders 40 vol.%
Deionized water 50 vol.%
Active agent 2 vol.%
Na,CO;, 2 vol.%
Diamond abrasives 6 vol.%

x2 RKWEH
Tab.2 Experimental conditions
Testno,  Working Workpiece Trough  Polishing
" gap/mm speed/(r + min") speed/(r *min™) time/min
1 1.0~1.8 100 25 30
2 1.4 100~300 25 30
3 1.4 100 15~35 30
4 1.4 100 25 10~90
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Tab.3 Performance parameters of (3Y-TZP) zirconia ceramic

Properties Typical values
Density 6.0 g/cm’
Vickers Hardness 11.5 GPa
Fracture toughness 8.0 MPa/m’
Flexural strength 1200 MPa
Thermal expansion 10x107/°C
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Fig.3 Schematic diagram of workpiece surface
roughness measuring method
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