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The technology roadmap for optimizing the temperature

measuring points based on IFCM-GRA
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Fig. 2 The isotherm comparison of the motorized spindle

interval of one hour in operation
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by IFCM clustering algorithm
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the temperature measuring points
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Fig.5 The actual arrangement of the eddy current

displacement sensors
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Tab.1 The parameters of the eddy current

displacement sensor
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Tab.2 The parameters of the purpose-made check bar
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Tab.3 The parameters of the temperature sensor
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Tab.4 The arrangement of the temperature sensors
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Fig. 6 The actual arrangement of the temperature
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Tab.5 The clustering result of the temperature

measuring points
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Tab.6 The grey synthetic degree of association
between the temperature and the thermal
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for different optimization methods of
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Optimization of temperature measuring points in multi-dimensional space
for thermal error based on IFCM-GRA

MA Yue'. WANG Hong-fu', SUN Wei"', HUANG Yu-bin', JU Xiu-yong’

( 1. School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China;

2. Machining Center Institute of Dalian Machine Tool Group Corp. , Dalian 116620, China )

Abstract: Thermal error is one of the main error sources for the precision and ultra-precision
machining. Optimizing the temperature measuring points for the thermal error is the key problem for
the thermal error compensation. The numerous temperature measuring points arranged in the multi-
dimensional space of machine tool exist multiple correlations. The quality of choice of the feature
points from the numerous measuring points directly affects the thermal error compensation effect. By
comprehensively analyzing the multiple correlations among the temperature measuring points and the
relation between the temperature and the thermal error, an improved fuzzy C-means (IFCM)
clustering algorithm is adopted to classify the temperature measuring points. It can reduce the
correlations of the temperature measuring points for different classes and avoid the shortcoming of the
FCM algorithm which is too sensitive for the initial clustering center to get global convergence. The
temperature measuring points are sorted by the grey synthetic degree of association in the grey
relational analysis (GRA), which can comprehensively reflect the relation between the temperature
and the thermal error at the perspective of the value of change and the rate of change. Using IFCM-
GRA to optimize the temperature measuring points can improve the robustness and accuracy of the
thermal error model and decrease the number of the temperature measuring points greatly. This
method was tested on a horizontal precision machining center. The temperature measuring points were
reduced to 4 from 17. At different revolving speeds, by using the multiple linear regression, the
model for the optimal temperature measuring points and the thermal error is established. It can predict
the thermal error change well. The axial thermal error could be reduced from dozens of microns to 5

microns by analyzing the forecasting model.

Key words: CNC machine tool; measuring points optimization; fuzzy C-means clustering; grey

relational analysis; grey synthetic degree of association



