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Abstract: In view of the influence of process parameters on the dimensional accuracy of capillaky in the cross-rolling and preforating pro-
duction of seamless steel pipe, a multi-objective prediction model based on least squares support vector machine was established consider-
ing the factors of production process and production demand optimization, and the influencing factors were analyzed and screened by the
grey correlation analysis method. Then, taking five process parameters of forward extension amount, roll spacing, guide plate spacing,
plug diameter and blank diameter as inputs of the prediction model and the two pipe shape parameters of capillary wall thickness and outer
diameter as outputs of the prediction model, considering the small data sample and the cross correlation between input and output parame-
ters, a multi-input and multi-output least squares support vector regression model was constructed to predict the capillary shape. Further-
more, taking the actual data as training samples, the effectiveness of the model was proved by simulation experiments. And the research
results provide reference for the adjustment and optimization of the process parameters required in the cross-rolling and preforating produc-
tion process of seamless steel pipe.
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Fig. 1  Schematic diagram of relationship among product

influencing factors
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Table 1 Correlation degrees of influencing factors on pipe shape

e T BERLCHCE iy AMESCEE HEP
1 R E R 0. 8453 1 0.9758 2
2 Tk Bt 0.8165 4 0.9318 4
3 WA 0. 5980 8 0.6017 6
4 L 0. 6070 7 0.5584 8
5 A HEF 0. 5966 9 0. 5487 9
6 A 0. 5966 10 0.5487 10
7 %t £ 0.6118 6 0. 5640 7
8 FLER R PR 0. 8446 3 0.9761 1
9 SR 0. 8451 2 0. 9644 3
10 RifhE 0. 6359 5 0. 6981 5
11 FLAR G 0. 5666 11 0.5238 11
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Fig. 2 Structure diagram of MIMO system
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Fig. 3 Structure diagram of pipe shape prediction model for seamless steel pipe based on MLSSVR
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Fig. 4 Measurement process of experiment data

(a) Outer diameter measured by callipers
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Fig. 5 Measured results of capillary for seamless steel pipe
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Fig. 6 Comparison of actual values and MLSSVR predicted values

(a) Outer diameter
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Table 2 Comparison of pipe shape prediction results for

different optimization algorithms
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BOFREL 0. 1453 0.2127 0.9972 0. 9640
SVR 0. 0984 0.1732 0.9977 0. 9662
LSSVR 0. 0527 0.1293 0. 9982 0.9714
MSVR 0. 0069 0. 0455 0. 9997 0.9738
MLSSVR 0. 0068 0.0325 0. 9997 0. 9864
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