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Prediction on rolling force in continuous rolling of seamless steel pipe
based on improved BP neural network
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(1. Heavy Machinery Ministry of Education Engineering Research Center, Taiyuan University of Science and Technology,
Taiyuan 030024, China;
2. School of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China;
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Abstract; The seamless steel pipe rolling process has the characteristics of multivariable, strong coupling and nonlinear, and the tradi-
tional mathematical model can not predict some parameters accurately. Therefore, in order to improve the accuracy of rolling force predic-
tion during rolling process, BP neural network was optimized by the improved initial value selection method, and the improved BP neural
network rolling force prediction model was established. First, the historical production data of a steel mill were collected and prepro-
cessed, and the main factors affecting rolling force were determined by grey correlation degree. Then, the initial value was set, and the
simulation program was written by MATLAB to predict the rolling force of continuous rolling mill. The results show that the rolling force
prediction model based on the improved BP neural network has strong learning ability and expression ability, and the rolling force predic-
tion accuracy is greatly improved, which is of great significance to the actual production.
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Table 1 Part of experimental samples for BP neural network

training
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Jie A BEJEL/mm 3.92 3.92 3.92 10.92
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Table 2 Correlation degree of rolling force input variables
for the first stand

P55 A RS
1 55 1 BRI L 0.8762
2 A AME 0.7984
3 JR T BE JE 0. 7846
4 R R 0. 8147
5 R ER 0. 8239
6 WARHR 0.8918
7 R RE 0. 8872
8 HEA R EL 0. 8456
9 S IME 0. 8212
10 o e 0. 6832
11 i 0. 5487
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Table 3 Correlation degree of rolling force input variables
for the fourth stand

A= A5 i IR
1 o5 4 WL L R 0. 8922
2 MR 0. 7663
3 TR R R 0.7976
4 A 0K 0. 8147
5 T EAR 0. 8239
6 R 0.8774
7 Ul B R 0. 9044
8 JIR S 0. 8686
9 FiEME 0. 5492
10 Tic i BE 0. 8432
11 T Hi 0.5214
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Table 4 Relationship between numbers of hidden layers and

nodes and correlation coefficient

e } 9 UBLLES 5 4 UL
w0 VBRI ez r HIXFHR
o MZITH MK .
4 I WY U W
1 3 — 0.94867 0.95691 0.95408 0.94965
2 4 — 0.96589 0.89496 0.96847 0.97658
3 6 — 0.96846 0.94587 0.94571 0.93746
4 7 — 0.97618 0.93319 0.95874 0.96463
5 9 — 0.97884 0.94584 0.96548 0.96687
6 11 — 0.98145 0.96567 0.97465 0.95983
7 12 — 0.99547 0.96547 0.97631 0.94672
8 13 — 0.99012 0.96129 0.97776 0.95679
14 — 0.98645 0.93654 0.98654 0.97462
10 15 — 0.98745 0.94265 0.99113 0.99156
11 16 — 0.97548 0.97693 0.97468 0.95647
12 3 3 0.97165 0.95421 0.97654 0.96346
13 4 3 0.97058 0.95141 0.95687 0.96573
14 5 5 0.97884 0.94784 0.98654 0.91657
15 5 4 0.94781 0.92354 0.97942 0.98431
16 5 3 0.98471 0.97221 0.98746 0.95874
17 6 6 0.96315 0.95165 0.96874 0.95998
18 6 5 0.99849 0.99291 0.98659 0.95647
19 6 4 0.96894 0.94683 0.98746 0.96544
20 6 3 0.94872  0.92441 0.97857 0.95674
21 7 6 0.96398 0.93618 0.99541 0.99125
22 7 5 0.95416 0.93851 0.98568 0.97651
23 17 3 0.94664 0.93278 0.98016 0.95415
24 9 6 0.94513  0.94687 0.96487 0.96644
25 9 4 0.94547 0.93994 0.96333 0.96108

RS A BP MZ R E AT R

Table 5 Structures and functions of two BP neural networks
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Fig. 1 Broken line chart of comparison between actual and

predicted rolling force values for the first stand
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Fig. 2 Broken line chart of comparison between actual and

predicted rolling force values for the fourth stand
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Fig. 3 Performance curves for training set samples

(a) Rolling force of the first stand
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(b) Rolling force of the fourth stand
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Fig. 4 Performance curves for test set samples
(a) Rolling force of the first stand ~ (b) Rolling force of the fourth stand
25— R 307 —
”0 e ] gH= 25
e 20t []
g 15 - N — (]
" u "
® x 0
' 1.0 ®
z E 10
0.5 0.5 H —‘
Hﬂ o
0.0 2 4 6 8 10 12 14 16 18 20 0.0 2 4 6 8 10 12 14 16 18 20
FEALIH FEAHL 3

Fl5 Kasegess 1 HLAREL I AR ez
Fig. 5 Relative error diagram of rolling force for the first stand

in inspection set
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Fig. 6 Relative error diagram of rolling force for the fourth stand

in inspection set

IEA —E B A T PR RS

ACHE R BP 2 R 25 368 W 2% AT U Sk i i R
Mz BAICICH B2 Tife, & A3hTHRIEEmA
RO R 28000 Foe (e I 2 BAEL AN B AL, ATt )
KPRIK B R, TFELAE B MATLAB it 22 6 25 1) 1T
HARHE S A W25 T, U RS 2 At HL AR 5 SE B
AR LTS, 5 TR BP #4512 5L
SELA 3 P T A R WA S5 B2 A PN B P g, T
PL, T—2B0F5¢ BP #2825 R RE S L O 25 5 18
TCAE A L PP A R o

S 3k

(1] H. TsEmEEld a5 R Maiki (D). K.
HE A, 2014,



160 S S SIS 47 %
Xiao C. Modeling and Rolling Schedule Optimization of Seamless [10] M& WA RN, S BT N e E ELALEL
Steel Tube Rolling Process [ D]. Changsha: Central South Uni- ﬁﬁ&&ﬂ[ﬂ.¢ﬁkMMﬁ BREL 22 BR, 2006, 37
versity, 2014. (6): 1155-1160.

(2] . TEEWEEL S R S 8iik [D]. . Zhou F ), Cao J G, Zhang J, et al. Prediction model of rolling
FgAER:, 2013. force for tandem cold rolling mill based on neural networks and
Tang T. Numerical Simulation and Parameter Optitmzat-ion for mathematical models [ J]. Journal of Central South University:
Tandem Rolling Process of Seamless Steel Tube [ D]. Hengyang: Science and Technology, 2006, 37 (6): 1155-1160.
University of South China, 2013. [11] 3Rifh, B2k, 8%, BEiLd s dlsl sl i Rlse 4 S5

[3]  ®AVL. ATMEMEHEAR KN [J]. B8R 584 FOgEm [J]. dbstBh4i sz 244k, 2007, 29 (4): 413-
T, 2016, (23): 16 416.

Meng D J. Artificial neural network technology and its application Guo L. W, Yang Q, Guo L. Comprehensive parameters self-adap-
[J]. Electronic Technology & Software Engineering, 2016, ting for a rolling force model of tandem cold rolling process control
(23): 16 [J]. Journal of University of Science and Technology Beijing,

[4]  HHUEAN, BIE. A THHZ R S0TR R S J1. AR 2007, 29 (4): 413-416.

Iﬁ””ﬁ ﬁ%ﬂ”ﬁ,mm,%(ﬂ;ﬁkﬁ4 [12] 7%, fgsEe, B4, 5. ST 2RSSR L

Yang Y J, Huang D. Research and application of artificial neural LA SRR (1], TRRIEER, 2015, 37 (4).

networks [ J]. Journal of East China University of Science and 517-521.

Technology: Natural Science Edition, 2002, 28 (5): 551 - He F, Shi LI, Li M, et al. Tntelligent prediction of rolling forces

554. in hot rolling based on a multi-modal and weighted support vector
[5]  XUEgE:, EFE, EWEE, S B E MR i & machine [ J]. Chinese Journal of Engineering, 2015, 37 (4):

HIFTIALBRSE [J/0L]. il TAE: 1-8 [2021-03-24]. 517-521.

DOI: 10. 14107/j. enki. kzge. 20200277. [13]  #iaE, kA, KOZ%E FUNRS L AshiEsk (M. Jba.

Liu H P, Wang Y X, Wang Y Q, et al. Research on rolling force fe2 Tl B A, 2010.

modeling and parallel optimization of deep neural network [ J/OL] Cao J G, Zhang J, Zhang S J. Rolling Equipment and Automatic

Control Engineering of China: 1-8 [ 2021 -03-24]. DOI. Control [M]. Beijing: Chemical Tndustry Press, 2010.

10. 14107/j. enki. kzge. 20200277. [14] W%&E, THE, TME, % 25588 H2%3 1) BP #4550

(6]  Thpl, ZEERI, BoiE, % FETWE I MPGEFLALH D Pz i L 0 Wik (1], RALR#EE iR B AR IR,
o [J]. EIEsEeER, 2019, 31 (9): 805-815. 2002, 23 (11): 1089-1092.

Ma W, Li W G, Zhao Y T, et al. Prediction of hot-rolled roll force Hu X L, Wang Z D, Yu J M, et al. Prediction of rolling load by
based on deep learning [ J]. Journal of Iron and Steel Research, BP neural networks integrating with self-adaption of traditional
2019, 31 (9): 805-815. model [ J]. Journal of Northeastern University; Natural Science,

[7]  Bagheripoor M, Bisadi H . Application of artificial neural networks 2002, 23 (11): 1089-1092.
for the prediction of roll force and roll torque in hot strip rolling [15] RHEME, fRer £, Ehesk, 55 ST PSO-BP Ayl F R HT
process [J]. Applied Mathematical Modelling, 2013, 37 (7): RSB A TR ER ()], BERHA, 2021, 46
4593-4607. (11): 190-196.

(8]  BR#E, R, ML, %5 454 VUHITE 504 k2% H Zhu Q P, Xu HY, Wang X Q, et al. Prediction on degree of work
TCEENEELH B [J]. a4 A shtk, 2015, 39 (4): hardening for surface of bearing ring by ultrasonic rolling extrusion
32-37. based on PSO-BP [J]. Forging & Stamping Technology, 2021,
Chen X, Zhu M J, Wu M, et al. Rolling force modeling for seam- 46 (11) : 190-196.
less steel pipe combining mechanism model and neural network S S S G O G S G S U
prediction [ J]. Metallurgical Industry Automation, 2015, 39
(4): 32-37. =

(9] AR5, 700K, a6, 4 PG BAL WD B B 2 o Sk

it [J]. JERBHEE4, 2010, 32 (6):
Song Y, Su L, Jing F W, et al. Self - learning algorithm optimiza-

802-806.

tion for the rolling force model of hot strips [ J]. Journal of Uni-

versity of Science and Technology Beijing, 2010, 32 (6): 802-

806.

(BREHAR) A&
ST I HURAF UGBS RDRL T RES RO — 30, 45250
B S A 3 |
AR 3 ) BURA RA R

Ji 2021 45 46 45 2 W55 173 71, (iR
ARARH B A A" By~ BiR

(BEHAR) a3





