58 % 3 | L3 Vol. 58, No. 3, p89-96,127
2023 4F 3 A Iron and Steel March 2023

DOI:10. 13228/j. boyuan. issn0449-749x. 20220532

B T El& R M 45 P 5L 5K %L $1 71

Zgenl?, X EHET, M B, REH
(. BB K200 4 A s b SR AR 2083 TR O, #dt ®I 430081 ;
2. B RFE BRI S TRE%BE . B4t 3 430081)

OE POEELA O Z WA 2 KR 2% i 9 2R AL R L AR LA I AL AR o T O EE N R R B A N 1S
K 25t 50 L o) O TR ok AR A Ay ok S TS SR DRI Y L X AR AR AN A B SE PR 0 o R R — A TR f R L ) B
B 42 T - B 3 FR 28 X 4% (gradient boosting decision tree-graph convolutional networks, GBDT-GCN) /1, 1 4%,
e g T L 1 0 TR0 0 4 AR O R TR G5 R R B B v 1 e R B A PR R B AR 0 L R )Y L2 S
KRR A A S TR 3% e 1R % L AR TR) 2 0 B A A OGOk s 42 A L 0 TR B R e A 2 R T S Y
GCN 7L, 3R - ¥ 260 %8 58 22 4E 451 2% R B AT B 25, R T GBDT X %Lt Jy 9 5% i R 3R R 47 1 M 4w O
M GCN A5 7Y {000 RS B A2 £ i 3 Hh T 22 ) B VR o e R 0 A AR AE ) & I D P 3 G FL LA 1 2
P A 7 RO AT 3 98 98 3T, 45 2R R U] GBDT-GON A58 B4 1 0 10 45 1 04 1 34 28 X 3% 22 9 405. 6 kN, A X R 22 7
=10 %0 LAY A8 BT o5 L 91, 506, AR T2 58 SIMS R 81 \RF Bl HL AR MG 5 W MLP 2 J2 AL R, ) o
B9 22 R 5 # 35 SL 1 F7 89 GBDT-GON A8 50 ELA B 55 i T3 4R0KG JEE

KR PGEELAT N SLIE D B REAEERE; MR EEAR TR RIS TR 4 W 4%

XERIRER: A XEHS: 0449-749X(2023)03-0089-08

Rolling force prediction of hot rolled strip by
graph convolutional networks
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Abstract; Hot strip rolling is a continuous rolling process of strip steel with multiple steel grades and specifications,
however the current machine learning methods could not consider the influence of strip layers, and treat the rolling
force prediction process as an independent process of each strip rather than a related process, which is not in line
with the actual situation. A gradient boosting decision tree-graph convolutional networks (GBDT-GCN) model is
proposed to predict the rolling force of strip steel. Firstly. a strip relational graph structure for rolling force predic-
tion was constructed. Each strip in the data set was regarded as a node in the graph structure, and the connecting
edges were generated according to the rolling sequence and layer relationship of the strip. The same layer strips or
the strips which were continuously rolled are associated by graph edges. Then, the graph structure was input into
the adjusted GCN, and the mean absolute error was used as the loss function for model training, and the GBDT was
utilized to rank the influencing factors of rolling force, the important factors were selected as the final node feature
vector according to the change of prediction accuracy of GCN model. Finally, the actual production data of a domes-
tic hot strip mill are used for experimental verification. The results show that the average absolute error of the GB-
DT-GCN model on the test set is 405. 6 kN, and the proportion of data with relative error within =£10% is 91.5%.
Compared with the traditional SIMS model, RF random forest algorithm and MLP multi-layer perceptron model, the
GBDT-GCN model of predicting rolling force by strip graph structure has higher prediction accuracy.
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Table 1 Initial input features of rolling force model

P i AN FEAE FEAE 24 e/ME BRE
1 A HE R /mm ENTRY_THICK 1.70 15. 36
2 R BE /mm EXIT_THICK 1.38 13. 64
3 R/ °C ENTRY_TEMP 843.52 992. 06
4 W FEE /mm STRIP_WIDTH 845. 41 1663.95
5 WA/ (m e s™ D STRIP_SPEED 2,49 12.73
6 A 15K 7 /MPa ENTRY_TENSION 7.20 46. 80
7 [k J3/MPa EXIT_TENSION 8. 40 62. 40
8 LR H A2 /mm ROLL _DIAM 642.59 687.76
9 w(C) /% CARBON 0.01 0.23
10 w(SD /% SILICON 0 2.18
11 w(Mn) /% MANGANESE 0 2. 80
12 w(P)/ % PHOSPHORUS 0 0.13
13 w(S) /% SULPHUR 0 0.03
14 w(Cw /% COPPER 0 0. 30
15 w(NiD /% NICKEL 0 0.15
16 w(Cr) /% CHROMIUM 0 0.59
17 w(As)/ % ARSENIC 0 0.01
18 w(Sn)/ % TIN 0 0.12
19 w(Nb) /% NIOBIUM 0 0.05
20 w(V)/ % VANADIUM 0 0.12
21 w(AD /% ALUMINIUM 0 0.77
22 w(TD /% TITANIUM 0 0.11
23 w(Mo)/ % MOLYBDENUM 0 0.23
24 w(B) /% BORON 0 0.01
25 w(W) /% TUNGSTEN 0 0.01
26 w(Ca)/ % CALCIUM 0 0.01
27 w(H) /% HYDROGEN 0 0.01
28 w(O) /% OXYGEN 0 0.01
29 w(N) /% NITROGEN 0 0.01
30 w(SOL AD (FRIE#) / % SOL_ALUMINIUM 0 0.76
31 w(Sb) /% ANTIMONY 0 0. 06
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Fig. 3 Comparison diagram of GCN node difference
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Table 2 Comparative experiment of network structure

5 2% 45 1ty Y 7 A% 45 e/kN  o/kN
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GCN(regression) GCN:31—16—1 428.5 583.5
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Table 3 Order of importance of GBDT

rolling force related features

He? iy AR AE oE T4
1 AR 0.117 2
2 A FE 0.097 2
3 R 0.091 5
4 AR R 0.070 5
5 L il 0.065 9
6 LR HE R 0.062 6
7 w(C) 0.040 6
8 w(Mn) 0.038 7
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9 w(Sh) 0.033 7
10 w(P) 0.033 3
11 w(Th 0.029 0
12 w(SOL AD 0.028 5
13 HEk ) 0.028 1
14 w(Nb) 0.026 2
15 INEEI | 0.025 1
16 w(AD 0.021 0
17 w(S) 0.021 0
18 w(Cw) 0.019 0
19 w(N) 0.018 6
20 w(B) 0.017 1
21 w(Cr) 0.015 7
22 w(Ni) 0.013 5
23 w(0) 0.012 9
24 w(H) 0.012 2
25 w(As) 0.012 0
26 w(Mo) 0.011 6
27 w(Sh) 0.011 4
28 w(V) 0.007 8
29 w(W) 0.007 5
30 w(Ca) 0.006 6
31 w(S)n 0.002 4
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Table 4 Variation of GCN accuracy with deleted features

I 154 4 11 A % e/kN o/kN A../kN
0 428.5 583.5 490. 5
1 427.9 586. 4 491. 3
2 423. 4 586.7 488.7
3 411.0 565.7 472.9
4 414. 8 572.4 477.9
5 416. 7 563.0 475.2
6 405. 1 560. 2 467. 1
7 414.6 553.4 470. 1
8 402.5 558.8 465.0
9 405. 6 552.0 464. 1
10 424.3 579.8 486.5
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Fig. 4 Scatter plot of predicted and actual rolling force
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Table 5 Precision comparison of different model

A Pr /% e/kN o/kN R?
SIMS 84. 2 475.7 629.2 0.938
MLP 83.5 489.5 648. 2 0.937
RF 86. 1 463.1 660. 8 0. 934
GCN 89.6 428.5 583.5 0. 957
GBDT-GCN 91.5 405. 6 552.0 0.963
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