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Combined prediction of hot strip crowns of hot tandem rolling based
on mechanism and data driving

CHEN Nan', LI Xu', LUAN Feng’, DING Jingguo', LI Ying', ZHANG Dianhua'

(1. State Key Laboratory of Rolling and Automation ( Northeastern University) , Shenyang 110819 ;
2. School of Computer Science and Engineering, Northeastern University, Shenyang 110819)

Abstract: To address defects of the traditional method for predicting the strip outlet crown of hot tandem rolling,
which suffers from low accuracy and poor interpretability, a model for combined prediction of hot strip crowns based
on mechanism and data driving is proposed. The strip crown reference value is obtained using the strip crown
mechanism prediction model. The deviation between the reference value and the actual value is used as the
prediction variable of machine learning models, and then the deviation prediction value and the reference value are
summed to obtain the strip crown prediction value of the combined prediction model. This combined prediction
strategy is verified using multiple neural networks. It is found that the proposed strip crown combined prediction
model has better prediction performance than the traditional model, with over 97% of the predicted data having an
absolute error of less than 0. 02 mm and more than 82% of the predicted data showing an absolute error of less than
0.01 mm. Additionally, the model is both satisfactorily feasible and widely applicable. The proposed model
integrates the relative strengths of the mechanism model and the data-driven model, resulting in a representation
that is more closely aligned with the actual physical phenomena. The combined model not only alleviates the
problems of poor interpretation and low reliability with the results from the black-box neural network prediction, but
also compensates for the defects of the mechanism model, which often produces results that deviate from the
production conditions and cannot be adjusted in real time. This proposed model makes a significant contribution to
the shape control of hot strip and the improvement of hot strip product quality.
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Fig.1 Strip outlet crown prediction process for hot tandem rolling
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Tab.2 Factors affecting strip outlet crown of hot tandem rolling
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Fig.2 Three-dimensional visualization of data
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Fig.3 Removing outliers based on PauTa criterion

[ AN [F PR R PR B A AN R 4R, Ry
T R AR BT A 1 5 R, T Ak B A B a0k
TTPREALAL B . AR SCiE I Min-Max IH—AL ) 7 20K
el v V-1 o3 AT 4 R S 2R BT o3 A, RIS R Ei i
Frees it AR R S 0 F1 1 Z A (E, DAAE
THEREE R T Y 22 57, AUnF
_ Yi ™ Ymin (13)

Ymax ~ Ymin

Ay, FIA—E B,y NI EREE v, I EL
PatE P R Ny, RS T R R R R

PR 70% (291 247 o) VE R4,
TUNGRIN 2% IF ] 5% 00 288 19 2 50, R IROCH P % 30%
(2535 Ho) VR AE , Tl 2505 i 4 28 1)
28 oF BRI LA™ B TN PR B AR R Y A
TR B G WL 3

Yi



.78 - R

[N AN

55 %

x3 MOTRYBIE

Tab.3  Part of experimental data

HATS 5L 77 F1/kN TR FI/KN ADREFL/C HWORE F8/C AR FI/m A BE/mm
1 7 876.85 357.01 1.009.48 910.97 66. 869 0.021
2 7978.55 345.73 1017.87 875. 80 133.779 0.012
3 8 210.33 340. 48 1017.07 873.38 201.271 0.022
4 8 891.07 361.45 1014.42 871.77 271.021 0.014
5 9 072.67 362.86 1 006. 02 877.81 340.900 0.012
1781 10 308. 17 402. 44 974.10 848.51 4 090. 849 -0.010
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Fig. 6 Workflow of combined prediction model
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Tab.4  Error indexes of proposed models

F5 RIS HY Mysp/mm Rpysp/mm Myzg/mm Ssmare”/ % R
1 B uR S EEAL (DNN) 3.59 x10 ~* 0.018 9 0.0150 71.19 0.873
2 SR S (SCN) 7.89 x10°° 0.008 9 0.006 6 66.73 0.871
3 MR R AY (MPM) 5.51x10°° 0.007 4 0.005 7 68.25 0.909
4 B + B ak S %0 ( DNN + MPM) 9.81 x107° 0.006 2 0.004 7 53.25 0.940
5 PLIE + B AR aK S B4 (SCN + MPM) 4.77 x10 73 0.006 9 0.005 3 60.22 0.922
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