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Modeling on the parameters of laser cutting quartz crystal

Zhou Yan, Liu Xiaosheng, Chen Xiangyang, Yang Lemin
( School of Mechatronic Engineering, Harbin Institute of T echnology, Harbin, 150001)

Abstract: With the help of regression analytical technology, two mathematical models are present

ed. One is about the relationship betw een laser power and laser cutting parameters, the ot her is about the
relationship between cutting velocity and laser cutting parameters. Their errors have been analyzed. The
models give the theory ground to increase the efficiency of production, improve the quality and reduce the

energy. Experiments show that the models can meet the requirement of industrial manufacturing process.
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Table 1 Results of regression
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square sum of average standard coefficient of . . . square sum of
coefficient of deflection relation
deflection deflection complex relation regression
v(0) v(1) v(2)
(q) (s) (r) (u)
0. 0567 0.0753 0.9771 0. 9985 0. 9446 0.9681 1. 1937




76 2000 4
! ’ 15" -
0.9771, , o 12_ =
2.1.2 MAER Z ARSI IE E 0 ;53 :567 39 test!numbert
: PR | . -
| o
2 , 2 80% Fig.2 Error analysis of selecting the laser
0% 5 3 2 pow er
Table 2 Analyzing of model errors ’ 2
velocity of  depth of  width of power( W) s
;‘: cutting cutting culting value of  value of errors
v (mm/s)  §(mm) d(mm) tests calculating (%)
1 10.0 0.51 1.09 200.0 204. 8 2.42 , 3
2 10.0 0. 85 1. 15 300.0 336.6 12. 20
3 10.0 1.01 1.20 400.0 404. 4 1. 10 ’
4 15.0 0.74 1.37 500.0 442. 4 - 11.53
5 12.0 1.01 1. 47 500.0 543.4 8.68 ’
6 15.0 0.95 1.52 600. 0 600. 9 0.16
7 13.0 1.09 1. 60 600. 0 652. 8 8. 80 2.2
8 13.0 0.96 1.52 600.0  561.6 - 6.4l 2.2.1 AT dik Ee R
9 8.0 0.90 1. 06 300.0 286.9 - 4.38 7};;,{7;2
10 8.0 1.23 1.31 500.0 459.0 - 8.20
» ,
2.1 ,
: Q AP 82" (4)
(5) v = 0.562 x PO. 874 x 60.582 x dO. 289 (5)
4 , 0.9394, ,
Table 3 Verificaton of the second group of tests
 velocity of  depthof  width of pow er( W) results
;e:t cuiting  cutting  cuiting value of value of  resulis of  results of
v (mm/s)  8(mm)  d(mm) tests calculating  theory tests
1 10.0 1. 18 1. 80 600. 0 676.5 not cut cut
2 8.0 1. 18 1. 19 500. 0 404.7 cut cut
3 8.0 1.2 1.28 500. 0 446.0 cut cut
4 4.0 1. 18 1.18 500.0 272.3 cut cut
5 8.0 0.4 0.50 400.0 76.8 cut cut
6 10.0 0.76 0. 86 400.0 231.7 cut cut
7 4.0 1. 18 1.20 300.0 276.6 cut cut
8 6.0 0. 46 0.50 300. 0 67.9 cut cut
9 8.0 0. 76 0. 80 300.0 191.0 cut cut
10 4.0 0.74 0.75 200.0 119.2 cut cut
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Table 4 Results of regression

square sum. of average standard coefficient of coefficient of deflection relation square sum of
deflection deflection complex relation regression
) (0 ) (1 2
(0 (5) (0 o e e (u)
0. 0569 0. 0754 0.939%4 0.9998 0. 9462 0.9222 0. 4275
Table5 T able of model errors analysis
pow er of depth of width of velocity v (mm/s)
test ) X
No laser cutting cutting value of value of errors
(W) 6( mm) d(mm) tests calculation (%)
1 200.0 0.51 1.09 10.0 10. 8 7.58
2 300.0 0.85 1.15 10.0 8.9 - 10.93
3 400.0 1.01 1.20 10.0 9. - 17.61
4 500.0 0.74 1.37 15.0 14. 8 - 1.09
5 500.0 1.01 1.47 12.0 11.8 -2.04
6 600. 0 0.95 1.52 15.0 14.0 - 6.40
7 600. 0 1.09 1.60 13.0 12.8 - 1.27
8 600. 0 0.96 1.52 13.0 13.9 7.09
9 300.0 0.90 1.06 8.0 8.1 1.54
10 500.0 1.23 1.31 8.0 9.3 15. %
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Fig.3 Error analyss of selecting the laser
Table 6 Verification of the second tests pow er
power of depth of width of velocity v (mm/s) result
test . .
No lser cuting cuttng value of value of value of value of
(W) 6( mm) d(mm) tests calculation tests calculation
1 600. 0 1. 06 1.71 12.0 13.7 cut cut
2 500.0 0.98 1.01 10.0 9.7 not cut cut
3 500.0 1.18 1.20 6.0 9.1 cut cut
4 500.0 0. 66 0.77 10.0 11.7 cut cut
5 400.0 1.27 1.30 8.0 7.9 not cut cut
6 400.0 1.18 1.24 6.0 8.2 cut cut
7 300.0 1. 10 1.13 6.0 7.0 cut cut
8 300.0 0.90 1.06 8.0 8.1 cut cut
9 200.0 1.22 1.24 4.0 5.4 cut cut
10 200.0 1.20 1.25 4.0 5.5 cut cut
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