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Thermal error prediction of CNC machine tool feed system based on neural
network optimized by improved squirrel search algorithm

Yang Heran'"*,Li Shuai'”,Sun Xingwei"”, Dong Zhixu'*,Liu Yin"’

(1. School of Mechanical Engineering, Shenyang University of technology, Shenyang 110870, China; 2. Key Laboratory
of Numerical Control Manufacturing Technology for Complex Surfaces of Liaoning Province, Shenyang 110870, China)

Abstract; To explore the influence of various factors on thermal error in the feed system of CNC machine tools, an accurate thermal error
prediction model is formulated. Thermal error measurement experiments are implemented on the feed system at a feed speed of 10 m/min
and ambient temperature of 20°C to obtain the temperature rise and thermal error of the key points of the feed system. To improve
prediction accuracy, Tent chaos is used to improve the squirrel search algorithm. The improved algorithm is utilized to optimize the
neural network and establish a thermal error prediction model. The data obtained from thermal error measurement experiments are used
for validation, and the results show that the prediction error of the neural network before improvement is 12. 23% , while the prediction
error of the improved model is 8. 92% , indicating a significant improvement in accuracy. The prediction model is used to analyze the
thermal error at the same position under different feed speeds. The results show that the temperature of key temperature measurement
points in the feed system and the thermal error at each point of the lead screw increased with the increase in feed speed. Therefore, the
proposed prediction model can accurately predict the thermal error of the feed system and provide a theoretical basis for error
compensation.
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Fig.7 Temperature change curve with time at different locations
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Table 1 Thermal error experimental data

-~ ARz E AT/ C AR B AR 2E/ wm
AT1 AT2 AT3 P1(0,0)  P2(55,0) P3(110,0) P4(165,0) P5(220,0) P6(275,0) P7(330,0) P8(385,0)
1 0.5 0.4 0.1 17. 30 15.95 15. 40 13.90 12.90 11.75 11. 30 10. 50
2 1.3 1.0 0.2 26. 50 24.80 23.50 21.85 20. 05 18. 60 17. 60 16. 20
3 2.1 1.3 0.5 33.00 30. 85 29.10 27.35 24.85 23.00 21.35 20.75
4 3.4 1.8 0.7 36.90 34.80 32.75 31.00 27.75 26. 15 24.30 23.35
5 3.9 1.9 0.8 38.75 37.10 35.05 32.85 30.20 28.10 26. 30 25.25
26 7.9 4.0 1.8 53.65 51.30 48. 05 45.95 42.35 39.2 36. 65 35.20
27 7.9 3.9 1.7 53.45 51.15 48.00 45.05 41.50 38.7 35.75 33.80
28 7.7 3.8 1.7 53.10 50.95 47.50 44. 65 41.50 38.5 35.60 33.75
29 7.8 3.8 1.8 53.30 51.20 47.80 45.30 41.50 38.5 35.75 33.75
30 7.4 3.6 1.6 52.40 50. 45 47.30 44.25 41.10 37.95 35.55 33.15
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Fig. 11  Comparison curve of prediction results
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Table 2 Comparison results of prediction error values of four algorithms

SR J At BP W2 GA-BP % SSA-BP R Tent-SSA- .
/pm /pm /% /pm /% /pum /% BP/pm
1 17.30 25.792 49.09 26. 445 52.86 24. 404 41.06 24. 478 41.49
2 44.05 43.397 1.48 42.377 3.80 43.367 1.55 40. 890 7.17
3 50. 25 50.910 1.31 50. 785 1.06 50. 655 0. 81 50. 745 0.99
4 51.35 51.850 0.97 52.007 1.28 51. 960 1.19 51.939 1.15
5 54.00 53.991 0.02 53.420 1.07 54.043 0.08 53. 446 1.03
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