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Abstract: Due to its good starting and braking performance, DC motors are suitable 

for smooth speed regulation in a wide range, and are widely used in many fields of 

power drag that require speed regulation or fast forward and reverse. This paper first 

introduces the composition and working principle of the double closed-loop DC speed 

control system, and introduces the model of each module in the system. Finally, the 

system is built in Matlab/Simulink and simulated. Finally, the comparison is opened. 

Ring, single closed loop and double closed loop DC speed control system, and analyze 

the superiority of double closed loop speed control system. 
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1. The composition of double closed loop DC speed control system 

In order to realize the two negative feedbacks of speed and current respectively, two 

regulators are set in the system to adjust the speed and current respectively, and a 

cascade connection is implemented between them, as shown in Fig.1, that is, the 

speed regulator The output acts as an input to the current regulator, and the output 

of the current regulator is used to control the triggering device of the thyristor rectifier. 

From the closed-loop structure, the current regulating ring is inside, called the inner 

ring; the rotating ring is outside, called the outer ring. This forms a double closed loop 

speed control system for speed and current. 

 

2. The working principle of double closed loop DC speed regulation 

system 

When the motor is in the starting phase, the actual speed (voltage) of the motor is 

lower than the given value, and there is a deviation signal at the input end of the 

speed regulator. After the amplification, the output voltage is kept at the limit value, 

and the speed regulator works in the open loop state. The output voltage of the speed 
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regulator is sent to the current regulator as a current reference value. At this time, 

the current regulator outputs a phase shift signal with the maximum current reference 

value; the DC voltage rises rapidly, and the current also increases until it equals the 

maximum given The value of the motor is accelerated at the maximum current 

constant current. The maximum current of the motor can be changed by setting the 

output limit of the speed regulator. After the motor speed rises to a given speed, the 

deviation signal at the input of the speed regulator is reduced to near zero, the speed 

regulator and the current regulator are out of saturation, and the closed loop 

regulation begins to function. For the fluctuation of the speed caused by the load, the 

deviation signal generated at the input of the speed regulator will correct the phase 

shift voltage of the trigger through the speed regulator and the current regulator at 

any time, so that the DC voltage of the rectified output changes accordingly, thereby 

correcting and compensating the motor. Speed deviation. In addition, the small time 

constant of the current regulator can also quickly adjust the change of the armature 

current of the motor caused by the fluctuation of the power grid. It can quickly restore 

the current to the original value when the motor speed changes in the future, thus 

making the speed more It is stable and stable at a certain speed. The system 

schematic is shown in Fig.2 

 

 

Fig.1 DC speed control system block diagram 

 



Volume 6 Issue 6 2019 

   3 

 

Fig.2 Current double closed loop DC speed regulation system 

 

3. DC speed control system module modeling 

3.1 Modeling of the transformation link 

From the dynamic block diagram of the double closed-loop speed control system (Fig. 

3), when the current regulator ACR outputs the maximum limit, the rectifier bridge 

outputs the maximum voltage value Ud0(max), that is, the current regulator output 

signal and the rectifier bridge output voltage. Proportional, but in Matlab, the input 

signal of the synchronous flip-flop is the conduction angle α, and the relationship 

between the output voltage of the rectifier bridge Ud0 and the conduction angle α is: 

( )d0 d0
= cos( )

max
U U   

 

Fig.3 Dynamic block diagram of double closed loop speed control system 

From the conversion module, when the current regulator ACR output is 0 voltage, the 

synchronous 6-pulse trigger input signal α is 90°, the rectifier bridge output voltage is 

0; when the current regulator ACR output is the maximum limiting (10V), The input 

signal of the synchronous 6-pulse trigger is 0°, and the output voltage of the rectifier 

bridge is Ud0(max).      

     

3.2 Modeling of rectifier modules 

The sync trigger includes a synchronous power supply and a 6-pulse flip-flop. The 6-

pulse trigger can be obtained from the module, and the synchronous synthesis voltage 

is changed to 50 Hz on the setting of its parameters. The 6-pulse trigger needs to be 
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synchronized with the three-phase line voltage, so the task of the synchronous power 

supply is to convert the phase vol ld winding and the armature winding. From the DC 

motor module in Matlab, it can be seen that the type is a separately excited DC motor, 

and the mutual inductance parameter formula is: 
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Note: Motor constant: eC , Excitation current: fI , Excitation voltage: fU , 

Excitation resistance: fR , Motor rated voltage: NU , Rated current: NI ,  

Rated speed: Nn ,Armature resistance: aR  

In the specific simulation, firstly, according to the basic data of the motor, the 

corresponding parameters in the motor body module are written. As for the mutual 

inductance parameter of the motor body module, the motor constant and the 

excitation current are changed to the formula 3.2. 

 

4. Simulation of DC speed control system 

4.1 Simulation of open loop DC speed control system 

 

Fig.4  Simulation model of open loop DC speed control system 
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Fig.5 Open loop DC speed control system simulation waveform 

Obtained by the above simulation: 

(1) When the static speed drop is too large at the rated negative cutting, the speed 

regulation range that the open-loop speed control system can achieve under the 

requirement of the static rate is small. 

(2) The armature current may be too large during the dynamic process, which is 

unfavorable for the safe operation of the system. 

(3) The anti-load disturbance ability is poor. From the simulation results, when the 

load is changed from 50 to 100 in 1.5 seconds, the rotation speed is lowered because 

the open loop cannot be adjusted. Therefore, it is necessary to study the closed-loop 

DC speed control system. 

 
4.2 Single closed loop no static speed reverse feedback speed control system 

 

Fig.6 Simulation model of single closed loop non-stationary speed negative feedback 

speed control system 
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Fig.7 Simulation model of single closed loop non-stationary speed negative 

 feedback speed control system 

From the simulation waveform you can get: 

(1) Compared with the open loop, the speed can be maintained at the rated speed 

when the load changes. Therefore, the closed-loop speed control significantly 

improves the steady-state performance of the open-loop system. 

(2) The overshoot is greater than 10%, the rise time is greater than 0.5s, the 

adjustment time is greater than 1s, the dynamic maximum speed drop is close to 

50r/min, and the recovery time is close to 0.8s. Therefore, its dynamic performance 

is difficult to meet the engineering requirements, so it is necessary to further study 

the engineering design method of a set of closed-loop feedback DC motor speed 

control system. 

 

4.3 Simulation of double closed loop DC speed control system 

The simulation model consists of a given signal, a speed regulator, a synchronous 

pulse trigger, a three-phase rectifier bridge, a smoothing reactor, a DC motor, and a 

speed feedback link. Double closed loop, PI proportional adjustment. 
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Fig. 8 double closed loop DC speed control system simulation model 

 

Table 1 Simulation model module parameters 

Power supply 220V 50Hz 

Electric motor 

0.5aR = 
 

2.007afL H=
 

240fR = 
  

220fU V=
 

2=0.255kg mJ   

Speed regulator PI-ASR 

_ 7n PK =
 

_ 19n IK =
 

Limiting（0,13.9） 

Current regulator PI-ACR 
_ 1i pK =

    _ 40i IK =
 

Limiting（0,8） 

Rectifier bridge 0.25onR = 
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4.3.1 Simulation Results 

 

Fig. 9 Simulation Results 

By adjusting the PI parameters and limiting of ASR and ACR, the overshoot can be 

reduced, the adjustment time can be reduced, the armature current impact value can 

be reduced at startup, and the armature current fluctuation can also be reduced. 

Comparing the single closed loop speed control system can be concluded: 

(1) The dynamic performance of the double loop system is greatly improved, the 

overshoot is greatly reduced, and the sudden dynamic load drop is also greatly 

reduced. 

(2) The double-loop system enables the motor to start at a constant current 

acceleration during the start-up phase, making full use of the overload capability and 

achieving the shortest start-up time control that allows the condition to change. 

 

5. Conclusion 

This paper introduces the model of double closed loop DC speed regulation system 

based on speed and current, and simulates the established mathematical model under 

Matlab/Simulink. By comparing the simulation results of open loop, single loop and 

double closed loop DC speed regulation system, it is intuitively verified that the speed 

and current double closed loop DC speed regulation system has better dynamic 

performance and achieves the same speed under the premise of ensuring system 

stability. At the same time, it can have a good anti-interference effect on load changes 

and grid voltage fluctuations. Provides good information for future study and 

application. 
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