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Influence of process parameters on surface roughness of
ultrasonic-assisted wire sawed monocrystalline silicon based on finite element method
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(1. Fujian Key Laboratory of Intelligent Processing Technology and Equipment, Fuzhou 350118, China;
2. School of Mechanical and Automotive Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract; In order to study the influence of ultrasonic vibration-assisted cutting of monocrystalline silicon on
the surface roughness of silicon wafers, a two-dimensional simulation model of single abrasive grain cutting
monocrystalline silicon was established by ABAQUS software, and the interaction between the surface
roughness of monocrystalline silicon and the set wire-cutting process parameters was obtained by analyzing the
simulation data by response surface method (RSM) , and the influence of single abrasive grain on the surface
roughness of monocrystalline silicon under different process parameters was studied. Results show that by es-
tablishing a regression model to evaluate the relationship between surface roughness and process parameters,
and optimizing the model, the optimal process parameters are as follows: ultrasonic frequency /=31 kHz, ul-
trasonic amplitude A =10 pwm, abrasive velocity v, =28 m/s, abrasive inclination angle §=-15°, abrasive half
cone angle ¢ =60°.

Keywords : monocrystalline ; ultrasonic vibration; finite element simulation; response surface method; regres-

sion models; surface roughness
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K HEFEARR f/kHz PRIE A/ pm  BRGERE o /m - 5T BRI 6/(°) JERLEHER o/ (°)
-1 20 10 28.0 -15 30
0 30 15 31.5 0 45
1 40 20 35.0 15 60
%*2 BBD M EIRIEHFRUARER
Tab.2 BBD response surface test scheme and results
v AR R IR PR B {15 P24 £ LR
N #/kHz A/pm o/m s 6/(°) o/(°) R,/mm
1 40 15 31.5 -15 45 0.006 3
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6 20 15 31.5 -15 45 0.006 9
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15 40 15 31.5 0 30 0.007 5
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30 30 15 35.0 0 30 0.007 3
31 30 15 31.5 15 30 0.006 7
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38 30 10 31.5 0 30 0.006 9
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