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The drive motor of the rolling mill and the rolling spoke are connected by a long shaft, and the 
rigidity of the connecting shaft is limited. Therefore, when the strip is rolled at a high speed, the 
double closed-loop control of conventional current and speed is prone to electromechanical 

vibration and strip breakage. Robust control performance against load interference poor. In 
order to overcome this shortcoming, a robust speed controller based on Lyapunov stability 
theory for the electromechanical drive speed of the rolling mill was designed. The torsional 

vibration mode of the electromechanical drive system of the rolling mill is established by using 
the mathematical models such as Kirchhoff’s law, Newton’s second law and the law of the action 
of the magnetic field on the current-carrying coil. On this basis, a speed robust controller is 

designed. The controller is the conversion of the symmetric terms of the main diagonal of the 
matrix. Therefore, considering the fragility of the controller, through the Lyapunov stability 
theory and the LMI method, the sufficient conditions for the existence of the state feedback 

controller are obtained. Rod non-brittle controller and feedforward compensator. The simulation 
research results show that the design in this paper can effectively improve the control 
performance of the main drive system of the rolling mill, suppress the electromechanical 

vibration phenomenon of the system, and also has strong robustness to the perturbation of the 
internal parameters of the system such as the rolling moment of inertia. It has strong 
effectiveness and superiority to reduce the vibration of support roll and work roll.    

Keywords: Lyapunov stability theory; rolling mill; electromechanical drive system control; robust 

controller. 

 

1. Introduction 

The iron and steel industry is the pillar of national modernization development and the 

basis of national production and life. With the acceleration of national development and the 

improvement of national production and living standards, the demand for quality and 

quantity of iron and steel products is higher and higher. As a large-scale rolling equipment 

for steel production in iron and steel industry, the rolling mill directly affects the quality 

and output of steel products. With the installation of automatic plate thickness control, 

automatic width control, plate shape detection and other automatic systems on the rolling 

mill, the equipment level of rolling mill has been greatly improved, and the rolling industry 

has put forward higher requirements for the performance of rolling mill’s drive system. 

However, the torsional vibration phenomenon of rolling mill’s electromechanical drive 

system has a serious impact on the stability of the system, and the torsional vibration 

question of rolling mill’s electromechanical drive system has become a key issue [1-3]. 

Since the 1950s, the United States and the Soviet Union have begun to model and calculate 

the torsional vibration of the rolling mill’s electromechanical drive system. China and other 

countries have also studied the torsional vibration of the rolling mill’s electromechanical 

drive system. In this stage, the research is mainly carried out by simplifying the rolling 

mill’s electromechanical drive system and analyzing the linear torsional vibration of the 
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system. Scholars at home and abroad have carried out a series of research, put forward the 

calculation model of torsional vibration such as straight series, branch and closed type, 

solved the dynamic response of torsional vibration, and made analysis. 

The electromechanical drive system of rolling mill plays the role of electromechanical 

energy conversion and energy transfer in the rolling process. The existence of torsional 

vibration destroys the stability of the system, which makes it unable to work normally, even 

causes damage to the transmission shaft and other components, and reduces the product 

quality. When the natural frequency of rolling mill torsional vibration coincides with the 

frequency of electrical system, electromechanical resonance will occur [4]. One of the most 

simple methods to restrain the resonance of the electromechanical system of the rolling mill 

is the filter lag. Because of the lag, the dynamic response performance is affected. The 

traditional double closed-loop control system is composed of two PI control regulators. The 

increasing rate of armature current is blocked, and the output electromagnetic torque of the 

motor can’t balance the load torque quickly. The robust control performance of this kind of 

control to load disturbance is poor. In order to solve this question, a control method for 

electromechanical drive system of rolling mill based on Lyapunov stability theory is 

designed. 

 

2. Control method for electromechanical drive system of rolling mill based on 

Lyapunov stability theory 

 
2.1. Establishment of torsional vibration model for electromechanical drive system of 

rolling mill 

 

The electromechanical drive system of plate and strip mill includes two parts: one is the 

motor drive part, which is the link of electromechanical energy conversion; The other is the 

mechanical drive part such as connecting shaft and roller, which is the link of energy 

transmission. The establishment of the system model considers both the motor drive part 

and the mechanical drive part. The nonlinearity caused by the armature reaction of the 

motor drive part and the quasi periodic stiffness nonlinearity of the connecting shaft of the 

mechanical drive part are considered. Based on Kirchhoff’s law, electromagnetic induction 

law and Newton’s second law, the torsional vibration model of electromechanical drive 

system of strip mill with armature reaction nonlinearity is established; based on Lyapunov 

stability theory, the torsional vibration model of electromechanical drive system of strip 

mill with parametric stiffness nonlinearity is established [5-7]. The electromechanical drive 

system of plate and strip mill mainly includes motor, coupling, gearbox, connecting shaft, 

working roll and supporting roll. The model building process is simplified and 

approximate. The actual system contains many degrees of freedom, such as the existence of 

motor shaft, reducer, roller and other free rotating parts, as well as a variety of non-linear 

factors, such as non-linear, excitation nonlinear, non-linear stiffness, non-linear damping, 

gear clearance, joint clearance and joint inclination caused by armature reaction. The 

structure of electromechanical drive system of strip mill is shown in Figure 1. 
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Fig. 1: Structure of electromechanical drive system of strip mill 

 

In the figure, 1 stands for DC motor; 2 stands for coupling; 3 stands for gearbox; 4 

stands for connecting shaft; 5 stands for working frame which can be seen from the figure. 

The driving motor is in double motor mode, and the working frame includes roller and 

support roller. In the process of model building, the parts with large mass and small 

elasticity are ignored, such as motors, reducers, gearboxes and rolls, and the parts with 

large mass and small elasticity are ignored, such as intermediate shaft and connecting shaft. 

The whole system is similar to mass spring system [8-10]. The stiffness of multiple 

adjacent connecting shafts can be equivalent to that of one connecting shaft, which makes 

the model clear and simple. For the electromechanical drive system of strip mill driven by 

DC motor, the nonlinearity caused by armature reaction is considered, and its form is as 

follows: 

U U
k C Mi= +  (1) 

In the above formula, 
U

k  is the back EMF coefficient of the motor; 
U

C  is the back EMF 

constant of the motor without load; M  is a small negative number, about -0.0011 ~ -

0.0009; i  is the current flowing through the armature winding [11] [12]. The moment of 

inertia of the motor and roll is converted to the motor shaft, and the viscous friction 

coefficient of the motor and load is correspondingly converted to the motor shaft. The 

torsional vibration model of the electromechanical drive system of the strip mill with 

armature reaction nonlinearity is obtained. According to the electromagnetic induction law, 

the induced potential 
D

E  of the motor is obtained as follows: 

D U
E k ω=  (2) 

According to Kirchhoff’s law, Newton’s second law and the law of action of magnetic 

field on current carrying coil, considering that the value of viscous friction coefficient is 

very small, almost zero [13] [14], ignoring the influence of viscous friction on the system, a 

simplified model of the system model can be obtained: 

230 30

U

U

di
U Ri L C Mi

dt

Cd M
J i i T

dt

ω ω

ω

π π


= + + +


 = + −


                       (3) 

In the above formula, R  is the resistance of armature winding; U  is the input voltage 

of motor armature; L  is the inductance of armature winding; J  is the moment of inertia of 
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motor and load converted to motor shaft; ω  is the speed of motor; T  is the load torque 

[15-17]. So far, the establishment of the torsional vibration model for the electromechanical 

drive system of the rolling mill has been completed. 

 

2.2. Design of speed robust controller 

 

With the birth and development of modern control theory, modern control theory based 

on feedback control is widely used. The structure of the electromechanical drive system 

model of strip mill has been simplified and approximated a lot, and some model parameters 

are difficult to measure, resulting in the uncertainty of parameters [18-20]. In the process of 

plate rolling, there is a load impact process caused by undercutting, which causes periodic 

disturbance to the system. Based on Lyapunov stability theory and related lemma, the 

sufficient conditions for the existence of the state feedback controller are obtained, and the 

concept of the approximate matrix of the system’s steady-state matrix is proposed. Then 

according to the different selection methods of the approximate matrix of the system’s 

steady-state matrix, combined with the given sufficient conditions, three state feedback 

controllers are solved, and the designed feedforward compensator is used as the control 

input of the system [21] [22]. According to the Lyapunov stability theorem, the state 

formula of the system is assumed to be: 

( , )x f x t=&  (4) 

where, ( , )f x t = 0, 
0

t t≥ . If there is a scalar function ( , )V x t&  with a first-order continuous 

partial derivative, and it satisfies the condition that ( , )V x t  is positive definite and ( , )V x t&  

is negative definite, the equilibrium state at the origin is asymptotically stable. If there is 

( , )V x t → ∞  with x → ∞ , the equilibrium state at the origin is gradually stable in a large 

range. The state formula of a given linear system is: 

x Ax=&  (5) 

where, x  is the n-dimensional state variable, A  is the n-dimensional constant and non-

singular coefficient matrix,. If a positive definite Hermite matrix Q is given, there is a 

positive definite Hermite matrix P, which makes the following formula hold: 
TA P PA Q+ = −  (6) 

Then the equilibrium state of the system at =0x  is asymptotically stable in a large 

range. The torsional vibration model of the electromechanical drive system of the rolling 

mill established above is processed. Because the value of M  is very small, and the range 

of motor speed ω  and current i  are bounded, the values of Mi  and Mω  are bounded, and 

smaller. Therefore, it can be considered to separate the term Miω  into the product of Mi  

and ω , or the product of Mω  and i . Since 
2Mi  can only be separated into the form of 

Mi  and i , a relatively simple separation method, i.e. the product form of Mi  and ω , is 

chosen for Miω . Let the given motor speed be 
r

ω . In order to track the given motor speed 

signal, the following state variables are introduced: 

( )
0

t

r dtξ ω ω= −∫  (7) 

Taking the current i  and motor speed ω  as the state variables, the torsional vibration 

model of the electromechanical drive system of the rolling mill can be processed into the 

following matrix form: 
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0 1
0 0

30 1
0 0 0 0

0
0 1 0 0 1

U

U

r

C MiR

L Li i L
TC Mi

U
J J

ω ω
ωπ

ξ ξ

+ 
− −               +      = + + −                     −     

   

                             (8) 

When the above formula is stable, the steady-state value of the system state variable is 

taken as ˆ, ,rx i ω ξ =   , the control input is u  at this time, and the steady-state matrix of 

the system is A  at this time. Assuming that the system matrix A can be expressed in the 

form of the sum of the system steady-state matrix A  and an unknown bounded dynamic 

perturbation matrix B∆ , we can get: 

( ) ( ) ( )x x A x x B x x B u u Bx− = − + ∆ − + − + ∆&&                   (9) 

In the formula, Bx∆  is a small constant. For a single-input and single-output system, 

Bx∆  can introduce a constant 
1

u  to compensate it by controlling the input u  [23]. The 

design goal of this section is to design a state feedback controller K for the augmented 

controlled system under zero initial condition, so as to make the closed-loop system 

quadratic stable. It can be seen from the solution process of the control input that the system 

matrix A of the controlled system is described as a steady-state form in the process of 

processing. The above algorithm is applicable to the case that the steady-state value of the 

system state variable is easy to be obtained. 

 

2.3. Design of non-fragile robust controller 

 

As the controller is a static controller, once affected by the environment, the system may 

be unstable due to the parameter changes of the controller. In this chapter, on the basis of 

speed robust controller, considering the vulnerability of the controller, based on Lyapunov 

stability theory and LMI method, the sufficient conditions for the existence of state 

feedback controller are obtained, and robust non-fragile controller and feedforward 

compensator are designed. Combined with the sufficient conditions, two groups of state 

feedback controllers are obtained, and the average value of the parameters of the two 

groups of state feedback controllers is taken as the robust non-fragile controller [24-26]. 

The objective of the design of the non-fragile robust controller is that the system is 

quadratic stable under zero initial condition after the introduction of the robust non-fragile 

controller; when there is external interference, the following interference suppression 

indexes are met: 

0 0
( ) ( ) ( ) ( )T T

z t z t dt w t w t dt
∞ ∞

<∫ ∫  (10) 

Based on the relevant lemma of H∞  theory, Lyapunov stability theory and LMI method, 

the following control objectives can be achieved: giving constant y > 0, for the established 

system model, there is a non-fragile state feedback controller K, which makes the closed-

loop system stable without disturbance; Under the zero initial condition, a sufficient 

condition for satisfying the above interference suppression index is that there are three 

constants greater than 0, positive definite symmetric matrix X  and matrix Y , which satisfy 

the following matrix inequality: 
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* 0 0 0

* * 0 0

* * * 0

* * * *

T T T T T

kXF XF XC Y D

I

I

I

N

ε

κ

 Ω
 

− 
 −
 

− 
 − 

 (11) 

In the above formula, the controller 1K YX −= , *  is the transposition of the symmetric 

term of the matrix’s main diagonal. When the controller does not consider its vulnerability, 

the theorem is simplified as: given a constant that is not zero, for the established system 

model, there is a state feedback controller K, which makes the closed-loop system quadratic 

stability under zero initial condition; When there is external interference, a sufficient 

condition to satisfy the interference suppression index is that there is a constant greater than 

0, positive definite symmetric matrix X  and matrix Y , which satisfies the following 

matrix inequality: 

* 0 0
0

* * 0

* * *

T T T TXF XC Y D

I

I

I

ε

 Φ
 

−  <
 −
 

−  

 (12) 

The above theorem is given under the condition of zero initial assumption. In order to 

ensure the condition and make the observation output track the given signal 1:1, let 

u Kx Kr= +  and [ ]1 2,K k k=  in the system, the following feedforward compensator is 

obtained: 

1

2
ˆR k

K CU k B i
r

− 
= − + + 

 
 (13) 

In the above formula, r  is the given speed signal, î  is the current steady-state value, 

which is obtained from the inertia filtering of armature current. The overall control 

structure is in Figure 2. 
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Fig. 2: The whole third-order control structure 

 

So far, the research on the design of the speed robustness controller for the 

electromechanical drive of the rolling mill based on the Lyapunov stability theory has been 
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completed. In order to verify that the method designed in this paper has automatic control 

capability and good robust control performance, a simulation example will be analyzed. 

The method designed in this paper is compared with the traditional control method, and the 

specific vibration amplitude is obtained by testing the vibration test signal of the frame roll, 

the vibration test signal of the support roll and the vibration test signal of the work roll, so 

as to analyze the superiority of the system. 

 

3. Experiment 

 

In view of the vibration question of the strip mill’s electromechanical drive system 

constrained by the nonlinear factors in the rolling process and the rolling structure, the 

vibration model under different nonlinear constraints is established, and the variation law of 

the response characteristics and stability of the electromechanical vibration under the 

influence of nonlinear constraints is obtained by theoretical analysis. Taking the relevant 

parameters of the transmission system on the fourth stand of the 2030 mm cold rolling mill 

as an example parameter: the rated power of the main motor is 2 × 1500 kW, the rated 

voltage is 938 V, the rated current is 1720 A, the rated speed is 290 r/min, and the moment 

of inertia of the motor rotor JM-1552 kg·m2, the working mixing support roller, which is 

calculated as the sum of the moments of inertia on the motor shaft J = 1542 kg·m2, because 

the rolling mill is driven by two motors of the same model, each motor undertakes half of 

the rolling task. The control method designed in this paper and the traditional control 

method are used to control it, and the control results are compared. 

 

3.1. Building vibration test platform 

 

The test system used in this paper is based on NI Compact RIO platform, and the sensor 

used for vibration signal acquisition is the ICP piezoelectric acceleration sensor of PCB. 

Based on the reconfigurable embedded chassis CRIO-9114, equipped with NI CRIO-9024 

real-time controller, data acquisition card uses 4-channel C-series dynamic signal 

acquisition module NI-9234, the system can realize the real-time test of 16 channel signal 

after expansion. NI Compact RIO is a kind of industrial control and acquisition system with 

solid and exquisite structure. On the basis of it, the function can be customized by using 

reconfigurable FO (RIO) FPGA technology. Compact RIO system contains real-time 

processor and reconfigurable FPGA chip, in addition, it also has hot pluggable industrial 

I/O module and signal conditioning module which can be directly connected with sensors 

and regulators, so it is common in independent embedded or distributed application 

systems. Compact RIO embedded system not only has the advantages of low cost and open 

access to low-level hardware resources, but also can be developed quickly by using 

efficient Lab VIEW graphical programming tools. NI 9234 is a 4-channel C-series dynamic 

signal acquisition module, which mainly aims at the high-precision vibration signal 

measurement of integrated circuit’s piezoelectric (IEPE) sensor and non-integrated circuit’s 

piezoelectric (IEPE) sensor based on NI CompactDAQ or RIO system. Four input channels 

use the built-in anti-aliasing filter which can automatically adjust the sampling rate, and 

digitize the signal at a rate of up to 51.2 kHz per channel. The Compact RIO embedded 

system includes a real-time embedded processor, a 4- or 8-slot reconfigurable chassis with 

a programmable FPGA, and hot-swappable industrial I/O modules. This low-cost 
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embedded architecture supports open access to low-level hardware resources to quickly 

develop customized independent or distributed control and acquisition systems. In the data 

collection process, the piezoelectric acceleration sensor can effectively obtain the real-time 

vibration signal of the measured object, convert the signal into a corresponding voltage 

change signal, and send the change signal to the signal conditioner at the same time. The 

specific parameters of the ICP piezoelectric acceleration sensor are shown in Table 1. 

 

Table 1: Parameters of ICP piezoelectric acceleration sensor 

Sensor parameters Performance index Unit 

Frequency response 1-20000 Hz 

Voltage sensitivity 1 (mV/g) 

Maximum measurable acceleration 5000 m/s 

Resolution ratio 0.02 Ppi 

Temperature range -54 ~ +121 °C 

Weight 0.7 G 

 

NI CRIO-9024 embedded real-time controller is a device in high-performance 

Programmable Automation Controller (PAC) platform. It not only has an 800 MHz 

industrial real-time processor, but also can realize certain and reliable real-time 

applications. DDR2 RAM with 512 MB and 4 GB non-volatile storage medium can be used 

as program storage and data recording. The structure design of the controller is solid and 

reliable, and the energy consumption is low. The 9 ~ 35V DC dual power input can supply 

power to the case and each module separately, and the operating temperature range can 

reach - 20 ~ 55 °C. After the front-end test is completed, the vibration data obtained from 

the test are analyzed and processed by programming corresponding programs based on 

LabVIEW software development platform and MATLAB simulation software. The 

vibration test system platform is in Figure 3. 

 

 
Fig. 3: Vibration test platform 

 

The main function of the signal conditioner in the platform is to filter the received signal 

and provide high quality power supply for the acceleration sensor. The main function of 

data collector is to convert the output voltage signal of acceleration sensor into digital 

signal by A/D, and finally store the digital signal to computer for data analysis and 

processing. 
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The vibration question of the electromechanical drive system of the rolling mill studied 

in this paper is mainly based on the modelling analysis of 1780 rolling mill. In order to 

better verify the consistency between the theoretical model and the actual rolling system 

and the validity of the theoretical research results, the vibration test experiment of the 

electromechanical drive system of the strip rolling mill involved in this paper is mainly 

conducted with 1780 finishing mill as the tested object. Table 2 shows the technical 

parameters of finishing mill of 1780 strip mill: 

 

Table 2: Parameters of 1780 finishing mill 

Name F1 F7 

Maximum rolling force kN 39227 33354 

Rolling speed m/min 106/212 605/1210 

Reduction force kN 18200 16680 

Diameter of hydraulic pressure 

cylinder /mm 
1050 1050 

Stroke of hydraulic pressure cylinder 

/mm 
120 120 

Diameter of balance cylinder of 

backup roll /mm 
290 290 

Stroke of balance cylinder of backup 

roll /mm 
470 470 

 

The experiment is carried out on the 1780 strip rolling line. The vibration of the stands, 

backup rolls and work rolls of the F1 and F7 units are tested respectively. The stand rolls 

are several individually driven work roll tables closest to the rolls of the rolling mill. They 

are used to install roll chocks and roll adjustment devices and to support the frame of the 

work stand that bears the rolling force. Usually the material covered on the front roll is 

called the work roll, and the back roll without covering material on the surface is called the 

free roll. The work roll is the roll closest to the rolled piece, and the spare roll is used to 

assist the rolling mill. Simply put, it can provide strong support and reduce the load-bearing 

capacity of the work roll. The vibration signals of 95 and 168 groups of billet rolling are 

tested on the F1 and F7 mills respectively. 

 

3.2. Wiring and data collection of vibration test field  

 

In the test, the F1 and F7 stands are tested respectively. The main test points include the 

vertical direction of the machine, the vertical direction of the upper and lower supporting 

rollers, the horizontal direction of the upper and lower supporting rollers, the axial direction 

of the upper and lower supporting rollers, the vertical direction of the upper and lower 

working rollers, the horizontal direction of the upper and lower working rollers, the axial 

direction of the upper and lower working rollers and the vertical direction of the base of the 

stand. 

The piezoelectric acceleration sensor used for vibration test is fixed on the 

corresponding measuring points, which are polished and levelled in advance with strong 

magnetic base, and each measuring point is numbered. The data line is connected to the 

corresponding data interface of the controller according to the numbering sequence. The F1 

unit of the tested strip mill is shown in Figure 4. 
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Fig. 4: F1 unit of the mill 

 

A sensor is a device or device that can sense the specified measurement and convert it 

into a usable output signal according to a certain rule. It is mainly used to detect the 

mechatronics system itself, the operating object, and the state of the working environment, 

and provide some for the effective control of the operation of the mechatronics system. 

Related Information. With the expansion of the field and space of human detection, the 

types of electronic information are becoming more and more diverse, the speed of 

information transmission is getting faster and faster, and the ability of information 

processing is increasing. Everywhere. This paper mainly uses pressure sensors to test the 

vibration effect and degree of the rolling mill electromechanical system. Pressure sensors 

mainly use mechanical signals as the medium, linking flow and other parameters with 

electrical signals, and can measure the intake pressure, cylinder pressure, atmospheric 

pressure, oil pressure, etc. of the rolling mill electromechanical system [27]. Commonly 

used pressure sensors can be divided into capacitive and semiconductor piezoresistive 

types. Differential transformer type and surface elastic wave type. The pressure sensor can 

convert the pressure into an electrical signal, and the intelligent pressure sensor of Yima has 

multiple sets of programmable output signals, which can program the output signal type in 

all directions. The capacitive multi-detection of negative pressure, hydraulic pressure, and 

air pressure can measure the pressure of 20-100 kPa, and the dynamic response is fast and 

agile, and can withstand harsh working conditions; the piezoresistive type requires an 

additional temperature compensation circuit, which is often used in industrial production; 

compared to differential Transformer type unstable digital output, surface elastic wave type 

has the best performance, it is small and energy-saving, sensitive and reliable, and is not 

affected by temperature. The sensor installation of each vibration test point of mill’s roll 

system is shown in Figure 5. 
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Fig. 5: Vibration test 

 

Wiring the system on the test site can effectively obtain the actual test values, and use 

the data generation software to generate the display interface of the vibration test results. 

The specific wiring distribution and results are shown in Figure 6. 

 

According to Figure 6, through the vibration test of the electromechanical drive system 

in the actual rolling process of F1 and F7 rolls, under the conditions of a sampling rate of 

2000 and a time of 15 s, the spectrum analysis time is selected for the electromechanical 

equipment in the range of 0-2400. Drive the vibration band to analyze the vibration signal 

of the electromechanical drive system during the rolling process of F1 and F7. 
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Fig. 6: Wiring and vibration test interface of the field test 

 

 

3.3. Experimental results 

 

3.3.1. Vibration test signal analysis 

 

Under the above-mentioned experimental conditions, two control methods are used to 

carry out vibration tests on the rolls of the stand. The stand of the rolling mill is an 

important basic part of the electromechanical system to support the fixed and floating 

bearings and to withstand the crushing force. The structure of the frame is a steel plate 

welded rod. When extrusion occurs, the smaller the vibration frequency of the frame roll, 

the better the robust control effect. The specific vibration test signal is shown in Figure 7. 
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Fig. 7: Vibration test signal of frame 

 

In the figure, Figure 7(a) is the vibration test signal of the rack obtained by the control 

method in this paper, and Figure 7(b) is the vibration test signal of the rack obtained by the 

traditional control method. The vibration test signal voltage of the control method in this 

paper is relatively stable. The voltage changes only when the number of samples reaches 

33300, and the value of 0 V voltage is restored at 35000 times. The traditional control 

method has a long-term voltage change at 25000 times, and a large voltage change at 33000 

times. This shows that the method in this paper can effectively alleviate the 

electromechanical vibration and the broken belt phenomenon. The electromechanical 

support roll of the rolling mill can improve the effect of electromechanical use. After the 

support roll is off the machine, a certain amount of grinding can remove the fatigue layer on 

the surface to ensure the normal use of the support roll. The vibration test of the support roll 

can be effectively analyzed and used. In order to improve the service life of the support 

roller. The vibration test results of the support roll are shown in Figure 8. 
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Fig. 8: Vibration test signal of support roll 

 

In the figure, Figure 8(a) is the vibration test signal of the support roll obtained by the 

control method in this paper, and Figure 8(b) is the vibration test signal of the support roll 

obtained by the traditional control method. The signal voltage of the vibration test of the 

control method in this paper is relatively smooth. When the number of samples reaches 

27500 times, a small degree of voltage vibration occurs, and the vibration range is between 

-0.02 V ~ 0.03 V, which shows that the method in this paper is more robust. This is because 

Kirchhoff’s law is used to improve the calculation ability of voltage vibration when 

constructing the torsional vibration mode of the electromechanical drive system of the 

rolling mill, and some dynamic problems are solved by Newton’s second law of motion. In 

the traditional control method, the voltage vibration occurs at 25000 times, and the 

vibration range is between -0.04 V ~ 0.05 V, and the vibration effect is relatively large. The 

rolling mill adopts small-diameter work rolls, which can significantly reduce the rolling 

pressure and reduce the minimum rollable thickness. Therefore, analyzing the vibration 

degree of the work roll plays an important role in obtaining high-precision lateral thickness 

difference and good plate shape. The specific vibration test results of the work roll are 

shown in Figure 9. 
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Fig. 9: Vibration test signal of working roll 

 

In the figure, Figure 9(a) is the vibration test signal of the working roll obtained by the 

control method in this paper, and Figure 9(b) is the vibration test signal of the working roll 

obtained by the traditional control method. The signal voltage of the vibration test of the 

control method in this paper is relatively gentle, and it is maintained at a voltage value of 

0.2 V in the 40000 sampling surveys, and the vibration effect is not obvious. However, the 

traditional control method has been experiencing strong vibration fluctuations during the 

test, and the voltage amplitude is more obvious. It can be seen from the three test results of 

the above frame roll, support roll and work roll that the voltage amplitude of the vibration 

test signal of the electromechanical drive system control method designed in this paper is 

significantly smaller than that of the traditional control method. Therefore, we can judge 

that the rolling mill electromechanical drive speed robustness controller based on 

Lyapunov’s stability theory designed in this paper is effective. 

 

3.3.2. Fluctuation frequency analysis 

 

During operation, the rolling mill sometimes exhibits violent vibrations and strips appear 

along with strips, which leads to downtime or failure. When the rolling mill tension is a 

specific value, the rolling machine will produce strong vertical vibration, and the rolling 

mill tension will change greatly. When the vertical vibration of the rolling mill drops 

sharply, the rolling mill runs smoothly. Therefore, the current characteristics of the main 

circuit of the rolling mill motor are tested and analyzed, and the specific results are shown 

in Figure 10. 
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Fig. 10: Vertical vibration frequency spectrum of work roll 

 

According to Figure 10, it can be seen that when the protruding peak frequency of the 

vertical vibration of the work roll is close to 600 Hz, this indicates that the rolled strip has 

transverse vibration instability. Because the strip tension has a harmonic component of 600 

Hz, and at this time, the third-order natural frequency of the strip transverse vibration of 

301.11 Hz is similar to the frequency of the 600 Hz harmonic component of the strip 

tension, and the transverse vibration of the strip is unstable. Cause the upper and lower 

work rolls to vibrate violently in the vertical direction together. It can be seen that when the 

natural frequency of the transverse vibration of the strip is close to or close to the frequency 

of the harmonic component of the periodically varying tension, vibration instability will 

occur. The natural frequency of the transverse vibration of the strip is related to the tension, 

so the instability can be avoided by changing the tension and the stable operation of the 

rolling mill can be ensured. 

 

3.3.3. Rolling mill speed 

 

The electromechanical speed of the rolling mill is measured by a pressure sensor 

installed on the electromechanical shaft, which can effectively analyze the stability effect of 

the rolling mill operation. The specific test results are shown in Figure 11. 

 
Fig. 11: Rolling mill speed diagram 
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Rolling mill speed diagram as can be seen from Figure 11, the robust controller can 

quickly and steadily accelerate from standstill to the set value, and then maintain a steady 

state without oscillation. After a sudden load of 60 N.m is added in 0.4 s, the speed remains 

unchanged and remains at the set value, indicating that the system has excellent anti-

interference ability. After a given speed drop signal of 0.5 s, the mill electromechanical can 

drop the speed with the fastest acceleration and almost no overshoot, which is in line with 

the expected design effect. 

 

4. Conclusions 

 

The electromechanical vibration of the main drive system of a rolling mill is a new 

multidisciplinary field, and it is also a new subject facing the technological transformation 

of large-scale continuous rolling mills in my country. Starting from the electromechanical 

dynamics, this paper studies the robust control of the torsional vibration of the 

electromechanical drive system of the rolling mill. The Lyapunov stability theory and LMI 

method are described. Based on the torsion model of the electromechanical drive system of 

the strip mill with nonlinear parametric stiffness, a robust non-brittle controller and 

feedforward compensator are designed. The simulation research results show that the 

design in this paper effectively improves the tracking performance of the main drive system 

of the rolling mill, suppresses the electromechanical vibration of the system, reduces the 

dynamic speed drop caused by the uncertain load disturbance, and at the same time, the 

internal parameters of the system, such as the rolling inertia, etc. The perturbation also has 

strong robustness. Through the analysis of the vibration test signal of the frame, the 

vibration test signal of the support roller and the vibration test signal of the roller, the 

effectiveness and superiority of the method are proved. Among the various rolling mill 

electromechanical vibration control methods, the auto disturbance rejection control system 

has the best effect, which can effectively control the electromechanical vibration of the 

main drive system of the rolling mill. However, due to limited time and research conditions, 

the selection of the experiment range is not broad enough, and the results still have 

limitations. For example, this study only selects each vibration test point of the roll system 

as the experimental object, and the data lacks universality. Therefore, it can be selected in 

the subsequent experiments. Go deeper and choose multi-dimensional experimental objects 

to consolidate the experimental research results and provide theoretical support for the 

design of the electromechanical drive system of the rolling mill in the future. 
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