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Super Fine Finishing of Si;N4 Ceramic Ball Using Spin Angle Controlled Machining Method

Toshiji KUROBE , Tomoyuki MORITA and Naohisa TSUCHIHASHI

Spin angle controlled ball lapping method developed recently, is to have an excellent performance to finish the ball, in which

V-groove lapping plate is separated into two parts and three plates are able to rotate independently. However, lapping of ceramic ball

such as a silicon nitride one is very hard. Present paper focuses on both of the grinding characteristics and polishing ones of a silicon

nitride ball. Grinding is conducted using the diamond wheels with grain size degradation, and then polishing is performed with very

fine diamond of average grain size of nano-meter. It is found that the grain size degradation grinding method has very effective

performance of finishing of the silicon nitride ball. Polishing of the ceramic ball with slurry mixed super fine diamonds into an

ion-exchanged water yields higher decrease of nano-meter level of surface roughness. Spin angle controlled finishing method

describes that higher finishing performance rather than conventional one.

Key words: ceramic ball, spin angle controlled grinding, grain size degradation diamond wheel, super fine diamond, surface

roughness
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Fig.1 Kinematics of a ball in spin angle controlled method
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Fig.2 Schematic view of grinding machine
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Table 1 Grinding conditions

Ball Silicon nitride (Si3Ny4)
Diameter 1/4 inch

Lot size 4

Grinding Fluid Rape seed oil

Initial supply 100 cm3

Every 15 min 10 cm?

Wheel Diamond wheel

Grain Synthesis diamond

Grain size #800, #1500, #3000,#12000

#64000, #1280000

Revolution radius R , 35 mm
V-groove angle 90 deg
Grinding load 22N
Grinding time 0 - 205 min
Spin rate w1, 3000 rpm
Spin angle 0

Spin angle controlled 60 deg

Conventional 3.5 deg
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Fig.3 Optical micrographs of formed polyurethane pad

Fig.4 Optical micrograph of super fine diamond(UDD)
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Fig.5 Relation between surface roughness and grinding time
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Fig.6 Relation between surface roughness and grinding time

(Spin angle controlled)
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Fig.7 Effectof #64000 and #128000 diamond wheel
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Fig.8 Optical micrographs and profiles of ground surface
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Fig.9 Relation between surface roughness and polishing time
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Fig.10  Optical micrographs and profiles of UDD polished surface
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Fig.11 Grinding mechanisms of ball with grain size degradation

Fig.12 Polishing mechanism of ball with super fine UDD grain
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