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Abstract

As current manufacturing processes require high spindle speed and precise machining, increasing
accuracy by reducing volumetric errors of the machine itself, particularly thermal errors, is very
important. Thermal errors can be estimated by many empirical models, for example, an FEM model,
a neural network model, a linear regression model, an engineering judgment model, etc. This paper
discusses to make a modeling of thermal errors efficiently through backward elimination and fuzzy
logic strategy. The model of a thermal error using fuzzy logic strategy overcomes limitation of
accuracy in the linear regression model or the engineering judgment model. It shows that the fuzzy
model has more better performance than linear regression model, though it has less number of
thermal variables than the other. The fuzzy model does not need to have complex procedure such
like multi-regression and to know the characteristics of the plant, and the parameters of the model
can be mathematically calculated. Also, the fuzzy model can be applied to any machine, but it

delivers greater accuracy and robustness.
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Table 1 Summary of the fuzzy identification process

Fuzzy Partition
Step AT, l AT, I AT, E Premise Parameter Consequence Parameter
1 60.19 [-43.37 -7.81 6.34 1.02]
[3.295 2 1.39 0] [-16.82 10.1 -1.674 -38.61]
2 2 1 ! 90.3360 [3.295 2 7.98 0] [11.26 -9.226 9.928 47.27]
[10.48 2 3.82 0] [-7.114 2.326 1.801 -39.47}
! 2 ! 50.8646 [10.48 2 24.77 0} [11.56 -8.514 7.306 72.09]
1 1 2 81.1471 [6.005 2 421 0] [-6.645 8.472 -4.201 -31.98]
[6.005 2 16.22 0} [-1.502 1.396 3.346 -9.626]
[3.295 2 1.39 0} [2.04 12.06 -3.498 -17.88]
[3.295 2 7.98 (] [22.23 6.807 3.791 -186.1]}
3 2 2 ! 72.2592 [10.48 2 3.82 0] [176.4 -10.01 17.68 -928.9]
{1048 2 24.77 O} [5.166 -2.531 5.262 -33.77}
[10.48 2 3.82 0] [-10.83 -5.617 21.43 -98.39]
[10.48 2 24.77 0] [5.9 70.29 -131.4 920.6]
! 2 2 92.0397 [6.005 2 4.21 0] [11.6 156.3 -356.6 522]
[6.005 2 16.22 0] [9.049 -18.14 14.07 265.7)
{5.237 2 3.82 0] [-6.653 9.995 -1.665 -46.38]
1 3 1 96.1243 {5.237 2 143 0] [3.064 3.765 6.83 -112.9]
15237 2 24.77 0] [8.855 -1.011 1.7 -10.02]
{1.648 2 1.39 0] [-14.19 -0.8328 3.719 -19.02]
3 1 1 95.2849 [1.648 2 4.685 0] [-34.56 10.64 -0.3073 373]
[1.648 2 7.98 0] [12.51 -11.53 8.24 122]
[3.003 2 421 0] [-8.644 -4.712 6.796 -23.24]
1 1 3 256.2623 [3.003 2 10.22 0] [-4.307 7.029 -2.155 -32.34]
) [3.003 2 16.22 0] [12.56 -7.51 6.802 42.82]

Table 2 Structures of models

Fuzzy Logic Model

If AT; is Small,
then ¢
It AT; is Big,
then &

—=T7.11 +2.334T, + 1.80 477, —39.47 4T}

11.56 —8.514 4T, +7.306 4T7;+72.09 4T3

Judgement Model

Engineering 6=—173.39—15.14 ATg+ 11.424T; + 14.49 4T3

+5.124T% — 0.28 4T% — 0.98 4T

%Eq ¥l 3ol %4 ﬂﬂﬁ Ao Wit
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Table 3 Performances of prediction by two models
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Index Fuzzy Logic Model ©®

Model Model
Maximum of spindle drift
16.1 11.6 13.3
error( pm)
R? 0.9440 0.9673 0.9661
1.01
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