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Prediction of surface roughness of screw rotor disc milling cutter

Xin Mingze'”> Sun Xingwei'”> Zhang Weifeng'> Yang Heran'” Liu Yin'?

(1. College 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: Screw rotors are mainly used in compressors, screw pumps and other equipment, and their surface quality plays a key role in
service performance and service life. Process parameters are one of the main factors affecting the surface roughness of screw rotors. In
order to explore the influence of process parameters on the surface quality of helical surface milling, a rotor milling experiment was
designed to obtain prediction and experimental comparison samples. The improved northern goshawk search algorithm (INGO) is used to
optimize the initial weights and thresholds of the BP neural network, so as to improve the prediction accuracy of the surface roughness of
the milled multi-head screw rotor. Experimental results verify the prediction accuracy of the proposed algorithm. The results show that
the proposed prediction model outperforms GRU neural network and CNN-GRU neural network models in terms of average training
accuracy and prediction accuracy. The average training accuracy and prediction accuracy are about 94. 502% and 95. 523% respectively.
Therefore, the proposed algorithm has high prediction accuracy and can provide a theoretical basis for reasonable selection of processing
parameters of screw rotor milling.
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Table 1 Experimental parameter table
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Fig.3 Experimental layout of surface roughness measurement
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Table 2 Milling experimental parameters

and surface roughness values

SHHAL n,/(r-min") fio/mm Fy/% R,/pm
1 160 2.0 10 2.428
2 160 2.5 20 2.241
3 160 3.0 30 2.932
4 160 3.5 15 2.027
5 160 4.0 25 2.432

36 200 3.0 30 2.252
37 160 4.0 10 1. 461
38 170 4.0 15 1.742
39 180 4.0 20 2.037
40 190 4.0 25 2.326
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Table 3 Error comparison table of prediction results

H Ry CRU 2/% N imazse OO g,
F%  pm LSTM BP

1 2,428 1.546 36.33 2.316 4.613 2.318 4.53
2 2,241 2,153 3.927 2,142 4.418 2.12 5.399
32,932 2.647 9.720 2.796 4.638 2.680 8.595
4 2,027 2.145 5.821 2,135 5.328 2.171 7.104
5 2,432 2,341 3.742  2.275 6.456 2.198 9.622

26 1.912 1.706 10.77 2.151 12.50 2.134 11.61
27 2,053 1.837 10.52 2.105 2.533 2.054 0.049
28 2.116 2.062 2.552 2.143 1.276 2.13 0.662
20 2,247 2,201 2,047 2.224 1.024 2.279 1.424
30 2.266 2.373 4.722  2.368 4.501 2.355 3.928
R E 9.358 7. 155 5.320
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Table 4 Numerical comparison of prediction results

IS

TR o mra Y e N g

75 wm LSTM p
31 1.875 1.833 2.240 1.666 11.150 2.318 2.133
32 1.994 2.023 1.454 1.900 4.714 2.12 8.375
33 2.065 2.128 3.051 2.193 6.199 2.680 3.051
34 2.143 2.155 0.560 2.213 3.266 2.171 0.933
35 2.252 2.155 4.307 2.422 7.549 2.198 1.554
36 1.461 2.028 38.810 1.740 19.100 2.294 3.012
37 1.742 2.136 22.620 1.986 14.010 1.812 1.320
38 2.037 2.156 5.842 2.200 8.002 2.583 18.07
39 2.326 2.126 8.598  2.426 4.299 1.523 0.774
40 2.468 2.103 14.790 2.626 6.402 2.297 5.551
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