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Thermal Error Modeling of a Horizontal Machining Center
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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 1tself, 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 overcome limitation of
accuracy in the linear regression model or the
engineering judgment model. And this model is
compared with the engineering judgment model. It
is not necessary complex process such like
multi-reg.ession  analysis of the engineering
judgment model. A fuzzy model does not need to
know the characteristics of the plant, and the
parameters of the model can be mathematically
calculated. Like a regression model, this model can
be applied to any machine, but it delivers greater

accuracy and robustness.
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Fig. 1 Placements of thermal sensors
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Table 2 Structures of models

Fuzzy If Ty is Small then
Logic 8 = ‘.-6.42 + 8.692 4T, — 55.29 4T,
If T, is Big then
Model 8 = 4.922 + 2.142 4T, — 28.3 4T,
Engineering| 8 = — 73.39 — 15.14 AT + 11.424T,
Judgement + 14.49 4T 3 + 5.12 AT% — 0.28 4T
Model - 0.984T%
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Consequence Parameter

[-36.426 -10.055 7.532]

[-6.42 8.692 -55.29]
[4.922 2142 -28.3]

-6.894 6.345 -43.16]

[
[-6.048 3.492 -24.54]
[
[

-8.421 6.016 -37.49]
~21.27 9.217 -5.718]
(13.66 -2.515 19.42]

[-3.681 9.155 -55.97]
[-17.13 14.48 -112.4]
[9.491 0.9092 -34.78]
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Table 1 Summary of the fuzzy identification process
S Fuzzy Partition E .
tep AT, 4T, Premise Parameter
1 62.6110
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Table 4 Performances of prediction by two models

Engineering .
Index Judgment Fuzzy Logic
Model
Model
E 71.1181 54.9634
Maximum of
. . 19.9331 11.4575
spindle drift error

R? 0.945 0.9761
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Fig. 4 Comparison of prediction with noises
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