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APPLICATION OF RELATIVE ERROR BASED LEAST SQUARE METHOD
IN CUTTING FORCE PREDICTION

. * .
LIU Zhao-hui, XIAO Zhong-yue, XIAO Shou-ren, XIE Shi-kun
(School of Mechanical and Electrical Engineering, Jinggangshan University, Ji’an, Jiangxi 343009, China)

Abstract: Comparative analyzing Gauss least square method and relative error based least squares method, the
latter method has smaller mean relative error and is more suitable for practical engineering application analysis. In
the study of mechanical processing, cutting force is obtained by stress, strain sensors or dynamometer, which is of
higher cost; this paper proposes a cutting force measuring method based on CNC machine tool servo parameters.
Measure and obtain current loop servo parameters TCMD and cutting force, build the relationship model through
relative error based least square method, and apply this model for cutting force prediction. The experiment results
show that the cutting force can be predicted by using the servo parameters, and the relative error based least
square prediction model has high precision.
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Fig.1 The three-loop control structure of Fanuc CNC system
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Table 1 Cylindrical longitudinal cutting scheme and measurement data

F ap f Ve FZ TCMDi TCMDw f¢ ap f Ve FZ TCMDi TCMDw
S (mm) (mm/r) (m/min) () (%) (%) % (mm) (mm/r) (m/min) () (%) (%)
1 0.2 0.1 370 30.19 4,195 4.359 16 1.2 0.4 170 486.4 3.676 6.379
2 0.2 0.2 475 49.65 3.751 4.039 17 1.2 0.5 193 512.7 3.599 6.35
3 0.2 0.3 550 54.44 3.701 3.996 18 1.6 0.2 240 444 4 4.149 6.622
4 0.4 0.1 475 75.83 4,071 4,537 19 1.6 0.3 217 564.5 3.895 6.877
5 0.4 0.2 550 81.19 3.765 4,263 20 1.6 0.4 193 646.9 3.66 7.14
6 0.4 0.3 370 107.1 3.708 4,293 21 1.6 0.5 170 722.9 3.597 7.489
7 0.6 0.1 550 115.1 4.079 4772 22 2 0.2 193 525.5 4.164 7.107
8 0.6 0.2 370 152.8 3.854 4,683 23 2 0.3 170 708.1 3.96 7.728
9 0.6 0.3 475 163.5 3.766 4.672 24 2 0.4 240 8432 3.895 8.409
10 0.8 0.2 170 2154 4214 5.546 25 2.25 0.225 170 717.9 4.129 7.989
11 0.8 0.3 193 246.7 3.975 5.292 26 2.25 0.3 205 707.7 4,107 7.934
12 0.8 0.4 217 273.1 3.811 5273 27 2.25 0.375 240 732.8 3.895 7.795
13 0.8 0.5 240 302 3.666 5.27 28 2.5 0.225 205 800.4 3.828 8.078
14 1.2 0.2 217 290.6 4.067 5.825 29 2.5 0.3 240 712.5 4,021 7.803
15 1.2 0.3 240 4054 3.755 5.979 30 2.5 0.375 170 762 3.833 7.852
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Table 2 Cylindrical longitudinal cutting force fitting error analysis
lig bR — afevk: AR 2 fe N Tt o bR — afevk: AR 2 f N Tt
B R WXbEE R HiA 2 B HiA 2 B HIxH 2
1 -10.04 -33.24% -5.05 -16.73% 16 13.86 2.85% 12.31 2.53%
2 -6.05 -12.18% -1.38 -2.78% 17 -3.33 -0.65% -5.08 -0.99%
3 -9.51 -17.47% -4.87 -8.94% 18 12.40 2.79% 11.38 2.56%
4 1.43 1.89% 5.63 7.43% 19 -11.46 -2.03% -13.77 -2.44%
5 2.13 2.62% 6.24 7.69% 20 0.32 0.05% -3.30 -0.51%
6 -7.34 -6.85% -3.44 -3.21% 21 2.24 0.31% 2.46 -0.34%
7 5.09 4.42% 8.70 7.56% 22 20.18 3.84% 17.97 3.42%
8 -6.89 -4.51% -3.62 -2.37% 23 6.44 -0.91% 10.76 -1.52%
9 -3.02 -1.85% 0.03 0.02% 24 0.42 -0.05% -6.75 -0.80%
10 25.63 11.90% 27.59 12.81% 25 1.15 0.16% 3.37 -0.47%
11 -8.51 -3.45% -6.51 -2.64% 26 5.17 0.73% 0.64 0.09%
12 7.48 -2.74% 5.87 -2.15% 27 6.16 -0.84% -10.85 -1.48%
13 -9.54 -3.16% -8.27 -2.74% 28 -7.60 -0.95% -13.21 -1.65%
14 30.98 10.66% 31.85 10.96% 29 8.19 -1.15% -12.54 -1.76%
15 4.30 1.06% 3.97 0.98% 30 -12.88 -1.69% -17.83 -2.34%
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Fig. 3 Comparison of predicted and measured values
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