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Abstract—The main drive system using for four-high rolling 

mill is usually a double closed-loop DC motor speed 

regulating system, whose performance influences the 

product quality directly.  In this paper, the model specific 

parameters required for the main drive system are 

calculated by the method of engineering design. Then, a 

double closed-loop speed regulating system is established for 

the rolling mill. The designed speed control system is tested 

by the simulation software. Simulation results show that the 

designed double closed-loop speed regulating system for the 

main drive system of rolling mill has a good effect on speed 

controlling. 
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I. INTRODUCTION  
Magnesium alloy is by far the lightest metal in 

structural materials engineering applications in defense, 
aerospace, high-speed trains, automobiles and electronic 
communications and other fields. It is known as the most 
potential "green engineering metal structural materials” in 
the 21st century [1-2]. With the various sectors of the 
growing demand for magnesium alloy sheet, magnesium 
alloy sheet rolling technology is getting more and more 
important.   

 1750mm four rolling mill group is a very important 
device for magnesium plate rolling process, which drives 
rolls up and down work synchronistically through the 
main drive system [3]. Speed adjustment of the main drive 
system is the primary attention of the link. In practical 
applications, for rolling mill main drive speed control, 
double closed-loop DC speed control system is the most 
commonly used [4-6]. In this paper, based on the specific 
parameters of 1750mm four-high rolling mill, a double 
loop DC speed control system was designed after analysis 
and calculation.  

II. DESIGN OF THE MAIN DRIVE SYSTEM 
In this paper, engineering design approach is used to 

design the speed, current double-loop speed regulating 
system. In accordance with the general principles of 
designing a multi-loop control system, the system is 
designed from inner loop to outer loop. For a double 
closed-loop system, the inner current control is designed 
first, then the entire current loop is regarded as one part of 
the speed regulation system, and then outer speed 

regulator is designed [5]. The dynamic block diagram of 
the double closed-loop speed regulating system is shown 
in Fig. 1 

 
Figure 1. Dynamic block diagram of double closed loop speed control 

system 

The difference with traditional system is that adding 
filter links, including the current filter, speed filter and 
two given signal filter links. Current detection signal often 
contains AC component, in order not to make it affect the 
regulator input, preceded by a low-pass filter. In order to 
balance the delay of the feedback signal filtering links, a 
given filter link with constant equal time is added on the 
given signal path. Similarly, the speed feedback voltage 
which is obtained from tachometer generator contains 
ripple, also need filtering. A given filter link with constant 
equal time is added on the speed channel [7-11]. 

A Main Parameters Calculation 

1750mm four-high rolling mill of magnesium alloy 
uses two identical DC motor as the main drive motor. The 
double closed-loop DC speed regulating system is used 
for controlling the upper and lower work roller motor. The 
main drive motor is chosen as ZD250 / 105. The main 
parameters of the motor are as follows: the power rating is 
2500kW, the voltage rating is 870V, the rated current is 
3100A, the armature resistance is 0.01Ω, and the 
magnetizing inductance is 2.223H, the excitation 
resistance: 0.8978Ω, the overload multiples is 1.25, the 
moment of inertia is 32625kgm², the rated speed is 50r / 
min. According to the above parameters gained by 
nameplate or test, parameters required for the engineering 
design can be calculated. 

The control voltage  * *
n iU U  is designed in the range 

of 0-10V. The design index of speed overshoot is 
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The counter electromotive force of the motor is 
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The electrical and mechanical time constant of electric 
drive system is  
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B Design of The Double Closed-Loop Speed 

Regulating System 

According to engineering design methods, the double 
closed-loop DC speed regulating system controller can be 
designed to meet the requirements. 

The main drive system of the 1750mm four-high 
rolling mill adopts two three-phase-bridge rectifier 
circuits in parallel to form a 12-pulse power feeding 
equipment. This part of the transfer function of the filter 
can be indicated by an order inertia link. The filter time 
constant Ts  can be selected as 0.0017s. 
 Design of current regulator 

The control voltage *
iU  is designed in the range of 0-

10V, the armature voltage d0U  of the DC motor is 0-
870V. So the magnification coefficient of the rectifier is 

870 /10 87sK   . Considering the wave front time is 
1.67ms，the filter time constant of the current feedback 
link is set at 1ms 0.001soiT    

The feedback coefficient of the current loop is 
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Judging from the steady state requirements, in order to 
get the ideal stall characteristics, we hope that the current 
has no static error. According to the dynamic 
requirements, in the actual system, the armature current 
system is not allowed with much overshoot during sudden 

action. So as to ensure the current in the dynamic process 
does not exceed the allowable value. To this end, the 
current loop should follow nature-based. I type of system 
should be used [12-13]. Since the current loop control object 
is a double inertia, to be corrected as typical system, PI 
type current regulator should be used apparently. The 
transfer function can be expressed as 

( 1)( ) i i
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
                          (6) 

Where Ki is the scale factor of the current regulator; 

i  is ahead of the current time constant of the regulator. 
 As can be seen from the formula (6), the current 

regulator parameter Ki and i are still unknown. In order 
that the zero of regulator can be neutralized by the great 
time constant of the controller object, 
choose 0.185i lT s   , then the only one unknown 
parameter is the scaling factor  Ki   

So the typical form of the current loop is converted to    
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The minimum time constant of the current loop is the 
sum of iT , in accordance with the small time constant 
approximation process, taking 

0.0017 0.001 0.0027i s oiT T T s s s       
Depending on the required dynamic performance, the 

exception of the design of the current overshot 
is 5%i  .According to the condition, 0.707  , 

0.5I iK T  . 
 So the open loop gain is designed as  

0.5 / 0.5 / 0.0027 185I iK T    （8） 
So the scale factor for the ACR is 
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Then, the current loop ACR regulator can be 
expressed as 

          
1.525(0.185 1)( )

0.185ACR

s
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s
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C Design of speed regulator 

The feedback factor of the speed loop voltage is 
/ 10 / 50 0.2 .min/N Nu n V r     
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In order to achieve speed static error, so the speed open 
loop transfer function should consist two integral parts, so 
it should be designed to type Ⅱ system Id, such a system 
should meet the requirements of good performance for 
dynamic Immunity [14]. Thus, ASR PI regulator should be 
adopted. The transfer function is 
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The transfer function of the open-loop speed control 
system is 
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Where the open loop gain is 

                        n a
N

n e m

K R
K

C T



 
                         (13) 

So the closed loop gain is 
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After simplified, the current loop can be regarded as a 
part of the speed loop; the equivalent time constant of the 
current loop is1/ IK  .According to the ripple size of the 
tachometer, the filter time constant of the speed loop can 
be determined as 0.01onT s .So the small time constant 
of the speed loop can be determined by 

1 1 0.01 0.0154
185n on
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Depending on the principle of both follow resistance 
and immunity performance are good. 5h  . The ahead 
time constant of ASR can be determined as 

5 0.0154 0.077n nhT s s      

The closed loop gain is designed as 
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Then the speed loop controller ASR can be expressed 
as 

                                              
10.71(0.077 1)( )
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s
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III. SIMULATION AND RESULTS ANALYSIS 
According to the above parameters that calculated by 

the methods of engineering design. A specific model of 
the main drive speed control system is designed. The 
model is tested in MATLAB simulation platform. 
Simulation results for the drive system are shown in the 
following figures. Simulation curves shown in Fig. 2 are 
the current simulation results. The speed simulation 
results are shown in Fig. 3.The current loop feedback 
voltage Ui simulation results are shown in Fig. 4 .The 
speed loop feedback voltage Un simulation results are 
shown in Fig. 5. 

The simulation graphs show that at the moment the 
motor starts the armature current increases instantly. 
However, due to mechanical and electrical inertia, the 
speed of the motor will not grow quickly. Because the 
value of the input offset voltage △Un for the speed 
regulator ASR is still large, so the output voltage keep the 
limiting value forcing the armature current remains a 
rapid rise. Until d dmI I , i imU U   ，the growth of Id 
is suppressed by the current regulator. At the same time, 
ASR enters and keeps saturation. However, ACR is not 
saturated generally. 

When the speed rises to the given value 
50Nn n rpm   . The input bias of the ASR speed 

regulator reduces to zero. Due to the integral action, the 
motor is still accelerating, resulting in speed overshoot. 
After speed overshoot, ASR begins to withdraw from 
saturation. Ud and Id start to decrease quickly, the speed 
keeps on rising as long as Id is larger than Idl .When the 
motor starts, the current loop feedback voltage Ui is the 
biggest value 12V, the speed closed-loop feedback 
voltage Ud is the least value 0V, along with the speed 
increases, the current decreases. Until the speed reaches 
the maximum value, both the armature current and the 
current loop feedback voltage decrease to minimum value. 
When the speed reaches a peak, the motor begins to slow 
down under the load resistance, at the same time, the 
armature current also decreased rapidly until stable [15-16]. 
Finally, both the armature current and the speed reach 
steady state .The armature current reaches at the rated 
3100A, the speed reaches and keeps at the rated 
50rpm.Both the current loop feedback voltage and the 
speed loop voltage reach steady state. 
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Figure 2.The curve of current simulation 

 
Figure 3.The curve of speed simulation 

 
Figure 4.The curve of current loop feedback voltage simulation  

 

IV. CONCLUSIONS 
The double-loop control system designed in this paper 

applies to the main drive speed regulating system has a 
good control effect. 
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