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Abstract

To improve the accuracy, generality and convergence of thermal error compensation model based
on traditicnal neural networks, a genetic algerithm was proposed to optimize the number of the
nodes in the hidden layer, the weights and the thresholds of the traditional neural network by
considering the shortcomings of the traditional neural networks which converged slowly and was
easy to fall into local minima. Subsequently, the grey cluster grouping and statistical correlation
analysis were proposed to group temperature variables and select thermal sensitive points. Then,
the thermal error models of the high-speed spindle system were propeosed based on the back
propagation and genetic algorithm—back propagation neural networks with practical thermal error
sample data. Moreover, thermal errer compensation equaticns of three directions and
compensation strategy were presented, considering thermal elongation and radial tilt angles.
Finally. the real-time thermal error compensation was implemented on the jig borer's high-speed
spindle system. The results showed that genetic algorithm—back propagation models showed its
effectiveness in quickly solving the global minimum searching problem with perfect convergence
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‘ improve the jig borer's machining accuracy effectively. The results of thermal error compensation
showed that the axial accuracy was improved by 85% after error compensation, and the axial
maximum error decreased from 39 to 3.6 pm. Moreover, the X/ Y-direction accuracy can reach up to
82% and 85%, respectively, which demonstrated the effectiveness of the proposed methedolegy of
measuring, modeling and compensating.

Keywords

‘ High-speed spindle, thermal error compensation, grey cluster grouping, back propagation neural
network, genetic algorthm, thermal tilt angles

Introduction

High-speed and high-precision machining is an important development direction of modermn
manufacturing industry, and the application of high-speed spindle systems is crucial for the
implementation of high-speed and high-precision machining. However, in order to improve the
transmissicn performance, the built-in moter and high-speed bearings take the place of gearbox
box, belt drive and so on, introducing a large amount of heat into high-speed spindle systems. In
addition, the coupling of heat resource's location and intensity, the heat dissipaticn, the spindle
structure and the matenal properties also leads to complex thermal charactenistics of high-speed
spindle systems. Thermal errors caused by the uneven distribution of the temperature field are the
most significant factors influencing the machining accuracy of computer numerical control (CNC)
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To improve the accuracy, generality and convergence of thermal error compensation model based {
on traditional neural networks, a genetic algorithm was proposed to optimize the number of the
nodes in the hidden layer, the weights and the threshelds of the traditicnal neural netwerk by
considering the shortcomings of the traditional neural networks which cenverged slowly and was
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Abstract

To improve the accuracy, generality and convergence of thermal error compensation model based on traditional neural
networks, a genetic algorithm was proposed to optimize the number of the nodes in the hidden layer, the weights and
the thresholds of the traditional neural network by considering the shortcomings of the traditional neural networks
which converged slowly and was easy to fall into local minima. Subsequently, the grey cluster grouping and statistical cor-
relation analysis were proposed to group temperature variables and select thermal sensitive points. Then, the thermal
error models of the high-speed spindle system were proposed based on the back propagation and genetic algorithm—
back propagation neural networks with practical thermal error sample data. Moreover, thermal error compensation
equations of three directions and compensation strategy were presented, considering thermal elongation and radial tilt
angles. Finally, the real-time thermal error compensation was implemented on the jig borer’s high-speed spindle system.
The results showed that genetic algorithm—back propagation models showed its effectiveness in quickly solving the global
minimum searching problem with perfect convergence and robustness under different working conditions. In addition,
the spindle thermal error compensation method based on the genetic algorithm—back propagation neural network can
improve the jig borer’s machining accuracy effectively. The results of thermal error compensation showed that the axial
accuracy was improved by 85% after error compensation, and the axial maximum error decreased from 39 to 3.6 pm.
Moreover, the X/Y-direction accuracy can reach up to 82% and 85%, respectively, which demonstrated the effectiveness
of the proposed methodology of measuring, medeling and compensating.
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