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Numerical simulation of crack formation process in lapping fused silica optics

WANG Hongxiang, YAN Zhilong, WANG Jinghe, ZHOU Yan, BAI Hua, ZHAI Wenjie

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The conventional finite element method is over-reliance on the mesh dimension, specifically, the mesh
distortion is usually serious in the contact area of the abrasive particle and workpiece which makes it more difficult
to simulate the formation process of internal cracks in brittle materials. To simulate the lapping process of fused
silica optics, FE/SPH model of the machining process for a single abrasive particle was established. Then a new
way to simulate the cutting process of brittle materials was provided. The formation process of subsurface crack and
the influence of cutting parameters on subsurface damage depths were analyzed. Simulation results show that the
brittle material is in the elastic-plastic deformation stage when abrasive particle is just beginning to cut into the
workpiece, further amounts of microcracks arise under the extrusion and tear effects of the abrasive particle. The
combination and extension of microcracks produced transverse and longitudinal cracks, which are parallel and
perpendicular to the workpiece surface, respectively. Consequently, brittle-fracture removal of the workpiece
material is completed.
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Tab.1 JH-2 constitutive constants for fused silica glass

G/GPa A B C M N

T/GPd SFw.\x HEL/GPd

Py /GPa BETA D, K,/GPa K,/GPa K,/GPa FS

30.4 093 0.088 0.003 035 0.77 0.15 1.0 5.95

2.92 1.0 0.053 45.4 -138 290 1.0
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Tab.2  Mechanical properties of silicon carbide
WRE/ (kg - m™) PR/ GPa LA
3.21 475 0.14
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Fig.1 Finite element model of diamond abrasive grains and

workpiece
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Fig.2 Symmetry plane of SPH model
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Fig.3 Simulation results of brittle material removal process
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Fig.5 Effects of cutting speed and cutting depth on subsurface
crack depth
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Fig.6  Simulation results of subsurface crack depths in different

grain angle of sharpness
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