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Simulation and Experimental for Silicon Nitride Cutting

WAN Linlin LIU Zhijian DENG Zhaohui LIU Wei ZHAO Xiaoyu

(' Hunan Provincial Key Laboratory of High Efficiency and Precision Machining of Difficult-to-Cut Material ,
Hunan University of Science and Technology, Xiangtan 411201)

Abstract Responding to the variability and irregularity of the size and shape, and the uncertainty spatial loca-
tion of abrasive in diamond wheel, this paper proposes a better virtual model of diamond grain and a workpiece model
containing typical cracks, based on the method of random planes to segment the solid and truncated polyhedron in
spherical coordinates. The FEM simulation and experiments are carried out on silicon nitride cutting with single dia-
mond grain. The results show that a good agreement trend between simulations and measured results of grinding force.
The relative error is less than 8%. The cutting force decreases with the increases of the rotational speed of the grinding
wheel, while increasing along with the increases of the workpiece velocity and the cutting depths. The effect of cutting
depth on cutting force is maximum.
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Fig.1 Schematic diagram of single grain cutting device
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Fig.4 Schematic diagram of workpiece after miter

grinding and polishing
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Fig.5 SEM chart of silicon nitride ceramic workpiece

polishing section
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Fig.7 Finite element cutting model
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Fig.9 Process of grain cutting into the workpiece
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Fig.10  Change curve of cutting force in single grain cutting simulation
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Tab.1 Design of L, (4°) orthogonal experiment scheme

for single grain cutting

i WREE/resT TAREE/mmes™ YIHIAE pm
1 15 15 4
2 15 20 6
3 15 25 8
4 15 30 10
5 20 15 6
6 20 20 4
7 20 25 10
8 20 30 8
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10 25 20 10
11 25 25 4
12 25 30 6
13 30 15 10
14 30 20
15 30 25
16 30 30
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Fig.11 Cutting force curves of single grain machining
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Fig.12  Comparison of simulation value and experimental
value of cutting force
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Tab.2 Analysis table of orthogonal experiment

results of cutting force

A B C
K, 11.4 4.68 5.01
K, 9.65 5.89 6.71
K, 6.64 9.99 9.85
K, 5.86 11.80 10.78
ky 2.85 1.17 1.25
k, 2.41 1.47 1.68
ky 1.66 2.50 2.46
ky 1.46 2.95 2.69
R 1.39 1.78 1.44

*3 BERIVIHEIAZIEEEE
Tab.3 Significant analysis of the influence of different

processing factors on the cutting force

HWE  EHZE HBE ¥F2E KRRERFE) A
A 6.05 3 2.02 4.28 WiE
B 5.42 3 1.82 3.84 B
C 8.47 3 2.82 5.99 W
W 2.83 6 0.47
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Fig.13  Visual analysis of the factors and cutting forces
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