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ABSTRACT: As an important factor reflecting the surface shape accuracy of the sphere, the motion trajectory during the
lapping process of the sphere has not been introduced and analyzed in the current research. For the above reasons, the lapping
trajectory of the ceramic ball is introduced into the process of studying the effect mechanism of the surface quality of the sphere,
which can be more accurate. The work aims to analyze the effect of lapping trajectory on the surface quality of the ceramic ball
under the same lapping liquid ratio and abrasive type, but the different lapping disc rotation speed, load applied by the lapping
device and abrasive particle, and clarify the optimal lapping parameters of silicon nitride ceramic ball processed by taper
lapping, so as to improve the surface quality of the ceramic ball. Through the optimal lapping parameters, a silicon ceramic ball
with good surface quality and high precision can be fabricated. Firstly, the relative motion model between the taper lapping disc
and the silicon nitride ceramic ball was established during the lapping. On the basis of the established model, MATLAB was
used to simulate the lapping trajectories of the silicon nitride ceramic ball under different lapping parameters. By analyzing these
lapping trajectories, the effect of the lapping parameters on the motion state during the lapping process of the ball was obtained.
Then, the taper lapping device was used for single-factor experiment verification, and the three variables involved in the
experiment were set as the type of abrasive particles (particle size), the lapping disc rotation speed and the load applied by the
lapping device. The experimental results were sampled, the surface roughness of the ball was measured by roughness meter, and
the surface morphology of the lapping ceramic ball was detected by scanning electron microscope and ultra-depth
three-dimensional microscope. Combined with the simulation analysis and experimental results, the effects of the lapping disc
rotation speed, the load applied by the lapping device, and the size of the abrasive particles on the surface quality of the ball after
processing were investigated. Combining the variation laws of lapping parameters obtained under different simulated lapping
trajectories with the experimental results, the optimal lapping parameters obtained were: when the lapping disc rotation speed
was 50 r/min, the applied load was 1.30 N and the abrasive particle type was W7, the surface roughness value of the ceramic ball
obtained by processing was 0.009 6 pm, which basically met the quality requirements of G3-grade precision full-ceramic ball in
actual production. The surface quality of the ceramic ball is greatly affected by the rotation speed of the lapping disc, the load
applied by the lapping device and the size of the abrasive particles. With the decrease of the rotation speed of the lapping disc
and the decrease of the load and the size of the abrasive particles, the lapping trajectory of the ceramic ball tends to be sparse,
and the surface roughness shows a downward trend. Lapping silicon nitride ceramic ball by abrasive particles with smaller
diameter at a lower rotation speed of the lapping disc and a smaller load applied by the lapping device is beneficial to improving
the surface quality. The research results have important guiding significance for improving the surface quality of ceramic ball.

KEY WORDS: silicon nitride ceramic ball; taper lapping; lapping parameters; lapping trajectory; single-factor experiment;

surface quality
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Tab.2 Experimental factors and level setting

Factor
Level

Grain size/mm Rotate speed/(r-min™") Applied load/N

1 w7 50 1.30
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4 W30 200 8.67
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Tab.3 Correspondence between L, R, P and E(Ra)

E(P; R Ly) Ly L, Ly Ly

Ry E (P, Ry, Ly) E (P Ry, Ly) E (P1, Ry, Ly) E (P Ry, Ls)

P, Ry E (P1Ry, L) E (P, Ry, Ly) E (P Ry, L3) E (P Ry Ly)

R;3 E (PR3, Ly) E (PR3, Ly) E (PR3, L3) E (PR3 Ly)

Ry E (P Ry L) E (P Ry Ly) E (P Ry L3) E (P Ry Ly)

R, E (PR, Ly) E (Py, Ry, Ly) E (Py, Ry, Ly) E (Py, Ry, Ly)

Py Ry E(PyRy Ly) E(Py Ry L) E (Py R,y L) E (PR Ly)

R; E(PyR; Ly) E (P3R5 L) E (P, R; L) E (P, R; Ly)

Ry E (Py, R4 Ly) E (Py, Ry, Ly) E (Py, R4 L) E (Py, R4 Ly)

Ry E (P3, Ry, Ly) E (P3 Ry, Ly) E (P3, Ry, Ls) E(P3 Ry, Ls)

P, R, E (P3R; Ly) E (P3,Ry, Ly) E (P3,Ry, L3) E (P3 Ry Ly)

R, E(P3 R; Ly) E (P3R5 L) E (P35 R; L) E(P3 R; Ly)

Ry E (P3 Rq L)) E (P3 Ry, Ly) E (P35, Ry Ly) E (P35 Ry Ly)

Ry E(Py Ry, Ly) E (P4 Ry, Ly) E (P4 Ry, L3) E (P4 Ry Ly)

P Ry E (PyR; Ly) E (P4, Ry, Ly) E (P4 Ry L) E (P4Ry Ly)

R; E (P4 R; Ly) E (P4, R; Ly) E (P4, R; L) E (P4, R3 Ls)

Ry E (P4 Ry Ly) E (P4 Ry Ly) E (P4 Ry L3) E (P4 Ry Ly)
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Fig.10 Change trend of Ra: a) effect trend of lapping disc rotation speed on Ra; b) effect
trend of applied load on Ra; c) effect trend of particle size on Ra
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Fig.11 Change trend of surface roughness at different rotation speed under the same
load variation range for different types of abrasive particles
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b) three-dimensional morphology of defects
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Fig.13 Ultra-depth 3D microscope map of ceramic ball surface by W30
abrasive particles under load variation
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Fig.14 Ultra-depth 3D microscope map of ceramic ball surface W7 abrasive
particles under rotation speed variation
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