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Study on compound control of vibration displacement system of
continuous casting mold based on parameter optimization
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Abstract : This paper takes the vibration displacement control system of continuous casting mold driven by servo motor as the study
object, aiming at the problem of the servo motor requirements of single direction and variable angular speed rotation in system processing
control and considering that the selection of the system controller parameters mainly depends on experience, a compound tracking control
strategy based on feedforward control and PID feedback control with parameter optimization is proposed. Firstly, an approximate
mathematical model between the output speed of servo motor and vibration displacement is established according to the characteristics of
the vibration displacement system of continuous casting mold driven by servo motor. Secondly, aiming at the processing constraints of
servo motor single direction rotation, it is determined that the vibration displacement system of continuous casting mold takes speed
compensation as the feedforward controller to ensure that the output of the system controller is greater than zero. Thirdly, aiming at the
problem that the controller parameters of vibration displacement system are selected mainly depending on experience, a strategy adopting
ameliorated moth-flame optimization (AMFO) algorithm to optimize the PID controller parameters is proposed, which can achieve high
accuracy tracking control of the mold vibration displacement. Finally, simulation and experiment verify the effectiveness of the proposed
control strategy, and the experiment results show that the adjustment time of the vibration displacement is shortened by 0.3 s and the
relative error of vibration displacement tracking is reduced by 1. 8% after optimization.
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Fig. 1 Basic composition of the vibration displacement

system of continuous casting mold driven by servo motor
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Fig. 2 Structure diagram of vibration displacement control system of continuous casting mold driven by servo motor
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Fig. 3 Experiment platform of the vibration system of

continuous casting mold driven by servo motor
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Fig. 9 Experiment curve of vibration displacement tracking error of continuous casting mold after optimization
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Fig. 10 Input curves of control speed after optimization

0. 106 mm , FXF iR 2ZE AR /N T 1. 8%
&l 8 5 10 ASEALTT 5 o4 il i dtdm A i Ze b
B TRl 8 B R i A 2R R AR b sh B T AE
10, i i s 46 B 1 B EORS B B Sl AT SE B g mT
TE 5 | AT A oA m A s A
LRI AR B S5 1e TN Ll i AMFO B3
P T A IR SIS R G0 IR R RS B RE R AT Y

N B 7 S R v R R N B T 2 T IR IR A
At P R i A B A, AN A U T AR R A
SR AT R S0 Z AR Sl 5 BT el A5 Y Y S il
S MATLAB B2 0 BS80S 56 0 1
AEARA SRR 1A 4 i 2 A 25 i £ Al L AL ) R g
Pz,



296 O H42%
37(17) : 101-108,114.
4 _Q_E -L/[,_\' ZHANG J Y, MENG Q X, FENG X G, et al. lterative

S 4 R B0 0 B 0 T2 %K
E T AR LIy ) A R T S
P SRR S 200 S A, B T — B T
Pl 5 AMFO SO PID R IR RS £ 105
AR, Ak RN AT B T e A R
HLM ) 25 s E R S, 1 T W12 7 5 M 2
HE2 DRGSR R A% 1
R H R AL 1 AMFO 2500l B vk B 0 e T
2 B TR 26 50 ) ) 5 5 30 3ok R 7 1015 92
ST T T B W O

S0

(1]

LIU J, LIU C. Optimization of mold inverse oscillation
control parameters in continuous casting process [ J |.
Materials and Manufacturing Processes, 2015, 30(4) .
563-568.

BT AR B3 45 ot A8 WU AR 3 2R G0IR 25 i I 1 6
WFFE[1]. 4 HBhik, 2006, 30(5): 1-5.

HU J H. Test research on status monitoring of mould
hydraulic oscillator for slab continuous caster [ J .
Metallurgical Industry Automation, 2006, 30(5) : 1-5.
T — g el sk SO, S ] 1A ALK B 9 45 A A% R
SRR RS [T]. Bk, 2019, 54(8): 137-143.
FANG Y M, ZHOU J, ZHANG W ], et al. Vibration
distributed control system for mold driven by servo
motor[ J]. Iron and Steel, 2019, 54(8) . 137-143.
A5E4E Jy— 0 A i i ALK Bl Y 3% 55 45 B AR AR IE 5K
PRsh kA2 E P, hEE A CN 1318163 C, 2005.

LI X K, FANG Y M. Non-sinusoidal vibration generator
of continuous casting mould driven by servo motor[ P].
Chinese Patent CN 1318163 C, 2005.
ZHOU C, ZHANG X Z, WANG F,
with

Mold

non-sinusoidal

et al.
optimized

Metallurgist, 2019, 63 (5):

oscillating  system
oscillation profile [ J].
585-597.

ZHOU C, ZHANG X Z, WANG F, et al. Investigation of
non-sinusoidal oscillator of continuous
by double
technological parameters [ J ]. Journal of the Chinese
Society of Mechanical Engineers, 2019, 40(1) : 33-40.
LIU L, DUN Y R, FANG Y M, et al. Modeling and

verification of the nonlinear system of oscillation platform

casting mold

synchronously  driven servomotors  and

of continuous casting mold driven by servo motor [ ] ].
Advances in Mechanical Engineering, 2016, 8(7) :1-9.

2y il

R R RN, S QA > 5 ] s 1 1
e IR RGP R[], R3S uhik, 2018,

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

learning control strategy for the application of CCM
vibration system [ J ]. Journal of Vibration and Shock,
2018, 37(17) . 101-108,114.

TN s SO A S5 fR i e LK Bl Y 3% B 4
A IR SN LR R GERT I+ RN S B [T, AL
Sl EA, 2020, 24(12) :130-141.

FANG Y M, ZHANG W J, LI J X, et al. Compound
control of feedforward and iterative learning for vibration
displacement system of continuous casting mold driven by
a servo motor[ J ]. Electric Machine and Control, 2020,
24(12) :130-141.

XIA T, KANG K S, FANG Y M, et al.

processing and control for the oscillation displacement

Nonlinear

system of continuous casting mold driven by servo

motor[ C].  Proc. of the 34th Chinese Control
Conference, 2015, 4443-4448.

KANG K S, LIU L, FANG Y M, et al. Backstepping
sliding mode control for continuous cast mold oscillation
displacement system driven by servo motor[ J]. Control
Theory & Applications, 2016, 33(11) . 1442-1448.
Lot Jy — g 2 M S5 I AR B A8 ) I s LK
SR IEES A IR SR R GEAMERER [T ], AL
WRE, 2018, 29(3) : 295-300.

MA ZH, FANG Y M, LI J X, et al

control research of vibration displacement system for

Compensation

continuous casting mold driven by servo motor with
torque [ J ]. China
Engineering, 2018, 29(3) ; 295-300.

ZHENG H C, LIU L, FANG Y M, et al. Nonlinear auto

disturbance rejection control for vibration displacement

time-varying load Mechanical

mold driven by
35th  Chinese

system of continuous cast
motor[ C].  Proc. of the
Conference, 2016, 879-884.
ik 7 g A A ERR S T A IR S R
AR AL EE [ )], P E VLR TR, 2019, 30(12) .,
1433-1440.

LI Q, FANG Y M, LI J X, et al. Non-linear processing
for vibration displacement systems of continuous casting
molds [ J ]. 2019,
30 (12) : 1433-1440.

SHI S L, KANG K S, LI J X, et al. Sliding mode control

for continuous casting mold oscillatory system driven by

Servo

Control

China Mechanical Engineering,

servo motor [ J ]. International Journal of Control
Automation & Systems, 2016, 15(4) . 1669-1674.

LIU L, LI Z, FANG Y M, et al. Sliding-mode control of
continuous cast mold oscillation displacement system
driven by servo motor [ J ]. Electric Machines and

Control, 2016, 20(12) : 101-118.



55113

O o S TSR L

ek Sl 088 R SIS 297

[17]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

MA ZH, FANG Y M, ZHENG H C, et al.
with

Active

disturbance  rejection  control self-adjusting

parameters for  vibration system  of
continuous casting mold [ J]. TEEE Access, 2019, 7.
52498-52507.

MA ZH, FANG Y M, LI J X, et al.

tracking control for continuous casting mold driven by

displacement

Displacement

servo motor based on composite control strategy [ J]. ISIJ
International, 2020, 60(4) . 628-635.
Pk B0, I 245, 4. 56 T otk i L S R i ALK
FRhAR 1 AT 22 Ar B HORBETE [ J]. AR AR
2021, 42(1) . 82-91.

YANG H R, ZHAO T, SUN X W, et al. Research on
radial rotation error separation technology of machine tool
spindle based on the improved genetic algorithm [ J ].
Chinese Journal of Scientific Instrument, 2021, 42(1) .
82-91.

PR B8, T, M AR, PSO_SVM 537k 76 A PH 8 L i
B A ik B A I IS [0 ], A7 DA S A 2 4l
2021, 35(1) . 18-25.

CHEN ZH Y, YU Z J, LIN S. Research on crack defect
detection of solar cell based on PSO_SVM[ J]. Journal of
Electronic Measurement 2021,
35(1): 18-25.

DENG W, XU J J, SONG Y J, et al.

improved co-evolution ant colony optimization algorithm

and Instrumentation,

An effective

with multi-strategies and its aplication[ J]. International
Journal of Bio-Inspired Computation, 2020, 16 (3):
158-170.

LI J Q, SONG M X, WANG L, et al. Hybrid artificial
bee colony algorithm for a parallel batching distributed
flow-shop problem with deteriorating jobs [ J ]. IEEE
Transactions on Cybernetics, 2020, 50(6) ; 2425-2439.
YILDIZ B S. Optimal design of automobile structures
using moth-flame optimization algorithm and response
surface methodology [ J ]. 2020,
62(4) . 371-377.

ZHAO X D, FANG Y M, LIU L, et al. Ameliorated

moth-flame algorithm and its application for modeling of

Materials Testing,

silicon content in liquid iron of blast furnace based fast
learning network [ J]. Applied Soft Computing, 2020,
9. 1-17.

T e AL, 2 e, A ) J el ML BIK Bl % 5 45
RSN RGUERL S BT[], AR 4R, 2014,
35(11): 2615-2623.

FANG Y M, LI G Y, LI J X, et al. Modeling and
analysing for oscillation system of continuous casting mold
driven by servo motor[ J]. Chinese Journal of Scientific

Instrument, 2014, 35(11) :2615-2623.

EEE

Solt,2001 4F T PU R 2CE R ARG 1
2007, 2006 AF Tt 5 R K S R AR - 2
fF, BRI R A B 22 B R %,
4 TG AR R G | A3 R
i i 5 RGEHM,

E-mail ; tmzhuange_mail@ sina. com

Ma Zhuang received his B.Sc. degree from Southwest
Jiaotong University in 2001, M. Sc. degree from University of
Science and Technology Beijing in 2006. He is a Ph.D.
candidate in Yanshan University and an associate professor in
School of Intelligence and Information, Tangshan University. His
research interest includes nonlinear system, adaptive robust
control, and system identification.

ErEs F—M8(EE/EE) , 1985 4EF0 2003 4F
I3 ARATHIE L1 R 2 8 1 B2 A5 2 o TR
TR S P AL, B L R L TR
SRR, EEWTTETT 10 IS F S AR
VATINCE Yk cx  SoF AL INEBRIVA=E 5
P Be 5 0

E-mail ; fyming@ ysu. edu. cn

Fang Yiming ( Corresponding author) received his B. Sc.
degree and Ph. D. degree in Control Science and Engineering
from Yanshan University in 1985 and 2003. He is currently a
School  of
University. His

professor in Electrical ~Engineering, Yanshan

main research interest includes automation
technology and application of continuous casting, complex system
modeling and control,

adaptive robust control theory and

application.

BRBETR , 2014 4F T IR TR 23
2, 2017 AR TGN R ARAG A L2417
B P IDNE (R e S S 0 S A
FER REDL AL L SR
E-mail ; xiaodongzhaoys@ 163. com

Zhao Xiaodong received his B. Sc. degree
in 2014 from Shandong University of Technology, M. Sc. degree
in 2017 from Yanshan University. Now, he is a Ph. D. candidate

in Yanshan University. His main research interest includes swarm

Q B, 2018 FF Il ARl Kep3RE2E 1
FRIT, E BT 5 10 R R 7 & i pL AR 2

intelligence optimization algorithms and its application.

SPA, 2021 A F HELL R F RAF B2 s, B

: LA 4 KUK P A A B ] o S T

‘HE

x E-mail ; zhoujianxsgz@ 163. com.

Zhou Jian received his B. Sc. degree in 2018 from Shandong

Agricultural University, M. Sc. degree in 2021 from Yanshan

University. Now, he is an electrical assistant engineer in Jiangsu

Goldwind Software Technology Co., Ltd. His main research

interest is pitch control of wind turbine.



