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Fig.1 Structure of BP neural networks
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Table 1 Weights and thresholds of learning with experimental data samples

between hidden layer 1 and inputs

Units in hidden layer 1

e Cone angle/ (9) Feed angel/ (9) Shell size/ mm Plug advance/ mm  Temperature/ C  Thresholds
Unit 1 0.6410 0.2787 0.5734 0.3505 0. 6809 0. 466 3
Unit 2 0.690 6 0.3812 0. 680 1 0.3375 0.6515 0.2729
Unit 3 0.5619 0.350 6 0. 680 4 0. 466 2 0.690 8 0.3813
Unit 4 0.680 6 0.3377 0.6523 0.278 5 0.5727 0.3507
Unit 5 0.680 6 0.466 3 0. 690 3 0.3811 0.6805 0.3377
Unit 6 0.3487 0.3703 0.3773 0.8513 0.2359 0.3718
Unit 7 0.6410 0.2787 0.5734 0.3505 0.466 5 0.690 7
Unit 8 0.3812 0.6805 0.3375 0.6525 0.278 8 0.5737
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Table 2 Weights and thresholds of experimental data samples

between hidden layer 2 and those in hidden layer 1

Hidden layer 1

Units in hidden layer 2

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8
Unit 1 0.3779 0.902 8 0.996 6 0.266 6 0.8434 0.5870 0.6416 0.9863
Unit 2 0.8408 0.5927 0.6418 0.978 7 0.3615 0.8891 0.594 6 0.3938
Unit 3 0.3590 0.894 8 0.594 8 0.3862 0.3605 0.2667 0.896 8 0.7872
Unit 4 0.3580 0.272 4 0.896 8 0.779 6 0.6807 0.9791 0.2743 0.484 6
Unit 5 0.678 1 0.984 8 0.2747 0.4772 0.8437 0.3865 0.986 7 0.986 4
Unit 6 0.8414 0.3919 0.9863 0.9793 0.3902 0.8975 0.3935 0.1922
Unit 7 0.3878 0.902 7 0.3940 0.1855 0.690 7 0.5893 0.5943 0.4818
Unit 8 0.688 4 0.594 5 0.5942 0.4750 0.478 4 0.64717 0.8962 0.3836
T hresholds 0.4729 0.651 8 0.8819 0.3750 0.901 6 0.9934 0.2649 0.844 4
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Table 3 Weights and thresholds of learning with experimental data

samples between hidden layer 2 and output layer

Hidden layer 2

Units in output layer

Outer diameter in
longitudinal direction

Inner diameter in
circumr direction

Inner diameter in
longitudinal direction

Outer diameter in
circumr direction

Unit 1 - 0.4671 -0.9747 - 0.2857 - 0.8079
Unit 2 - 0.9579 -0.5053 -0.9142 - 0.5438
Unit 3 - 0.6530 - 0.8079 - 0.7097 - 0.8784
Unit 4 -0.8324 -0.7173 - 0.376 4 - 0.5392
Unit 5 - 0.4194 - 0.3829 - 1.0069 -0.9177
Unit 6 - 0.7492 - 0.7587 -0.3121 -0.642 1
Unit 7 - 0.448 1 - 0.8087 - 0.9066 - 0.864 4
Unit 8 - 1.0563 - 0.4872 - 0.8143 -0.5211
T hresholds 0.9856 0.2729 0.6926 0.468 1
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Table 4 Results of comparing theory with experiment by known technology parameters

N Conel Feedl Shell dPlug Temperstare D.evliatio.n tested De.viatio_n tested  Deviation calculated Devigtion_ca}culqted
0. ange ange size advance q in longitudinal  in circumr direction in longitudinal in circunr direction
/(9 /(9 /mm /mm direction/ mm /mm direction/ mm / mm

1 3.50 8.00 80.00  45.00 1 150. 00 3.43, 2.06 2.67, 1.70 3.15, 2.28 2.99, 1.90

2 3.50 8.00 79.60  42.00 1210.00 1.89, 1.05 1. 80, 2.52 2.07, 1.17 1.90, 2.26

3 3.50 7.00 83.00  45.00 1 200. 00 4.03, 0.85 1.91, 1.45 3.60, 0.96 2.12, 6.50

4 3.50 7.00  83.40  40.00 1 130.00 2:22; 4.72 5.77, 1.23 1.99, 4.48 5.19, 1.32

5 3.50 9.00 83.80 45.00 1 160. 00 3.04, 3.87 3.61, 1.50 2.88, 3.75 3.52, 2.05

6 3.50 9.00 82.00  40.00 1 190. 00 2.04, 4.90 6.48, 2.23 2.24, 3.64 5.10, 2.33

7 2.50 8.00 82.50  45.00 1 170. 00 2.06, 5.92 1.73, 2.63 2.12, 5.20 2.01, 2.40

8 2.50 8.00 82.60  40.00 1 160. 00 1.90, 6.00 3.64, 4.71 1.97, 5.21 3.52, 4.09

9 2.50 7.00 83.80  45.00 1 180. 00 1.94, 4.64 1.68, 5.89 2.11, 4.22 1.98, 5.10
10 2.50 7.00  85.00  40.00 1 150. 00 2.17, 4.48 4.93, 4.11 2.25, 3.89 5.06, 3.74

11 2.50 9.00 84.30 45.00 1 120. 00 2.37, 2.06 1.83, 1.05 2.25, 2.32 1.86, 1.13

12 2.50 9.00 85.80  42.00 1110.00 3.28, 4.85 3.97, 2.65 2.95, 4.41 3.88, 2.33

Note: the two values in the deviation data are the largest deviation of inner and outer surface
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Application of artificial neural networks on

predicting deviation of tube in cross piercing process

SHUANG Yuamhua', LAT Ming dao®
(1. Department of Engineering, Taiyuan Heavy Machinery Institute,
T aiyuan 030024, P.R. China;
2. College of Mechanical Engineering, Y anshan University, Qinhuangdao 066004, P.R. China)

[ Abstract] The quality of tube hollow in cross piercing process is concerned with complicated factors, such as technical parameters

including roller shape, feed angle, plug advance and temperature, and the piercing mill properties including stiffness and precision of

the mill manufactured, vibration of the plug and driven systems. It is difficult to solve further problems on qualities using traditional

rolling theory, and the prediction of tube hollow qualities is even more difficult. T he artificial neural networks were used to solve the

above problems easily. Weights and thresholds of the networks were learnt by experimental data and the model has been established in

production. Technical parameters optimized and deviation of tube have been predicted.

[ Key words] cross piercing; artificial neural networks; mathematical modal
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