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Abstract. In power electronic converter device, using the ordinary thyristor phased rectifier, to 
inject a large number of harmonics and reactive power grid, power grid pollution; With full control 
of PWM rectifier device, which can realize the grid side current according to the sine law of change, 
and run in unit power factor, reduce the pollution to the grid. By establishing the model of 
three-phase voltage source PWM rectifier, this paper analyzes the working principle of feed forward 
decoupling control strategy, structures, based on Matlab/Simulink simulation model, the running 
results show that the system works well, to meet the design requirements. 

Introduction 
In the power system, the harmonic distortion will cause many problems, such as by the control 
device diode, semi-control device thyristor form of the traditional rectifier, due to the power grid 
into a large number of harmonic components, resulting in reduced power factor seriously affected 
the power grid Of the safe operation, and cause other electronic equipment does not work [1]. In 
order to solve this problem, PWM rectifier begins to develop continuously. In this paper, by 
analyzing the three-phase voltage-type PWM rectifier model, a hysteresis current control method is 
proposed to reduce the harmonics, and the grid current is changed sinusoidally to meet the unit 
power factor of PWM rectifier. By running the simulation model and analyzing the waveform 
parameters, we achieve the design requirements. 

Three-Phase PWM Rectifier Model 
Three-phase voltage-type PWM rectifier main circuit from the full control device 

The basic circuit shown in Fig. 1, mainly by the AC circuit, power switching circuit, DC circuit 
and PWM control module circuit. AC circuit includes the AC voltage source and the power side 
inductance [2]; DC circuit includes the load resistance and DC side capacitor, power switch circuit 
consists of six full-controlled IGBT composition. DC-side capacitor for the PWM rectifier output 
stability of the DC voltage to provide a guarantee, and can filter out the DC voltage pulsation 
components. Since the n-th harmonics contained in the DC-side busbar voltage are modulated, 
higher harmonics are generated in the line-side current, and therefore, the capacitor has the effect of 
reducing current harmonics. If the capacitance value is too large, the harmonic content of the DC 
voltage can be reduced and the disturbance capacity of the load can be improved. However, if the 
capacitance value is too large, the PWM rectifier volume will increase and affect the dynamic 
performance of the system. Capacitance value is too small, can not guarantee the DC side output 
voltage stability.  
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Fig. 1 Three-phase voltage type PWM rectifier 

PWM control module circuit according to different control methods can be composed of the 
corresponding system [3]. PWM rectifiers to ensure that the output voltage is stable, the use of 
feedback has closed-loop control. To achieve the goal, the output side of the voltage across the 
capacitor C and a given reference voltage difference, the difference after the signal is generated, 
after the PWM control module operation processing, control PWM rectifier 6 off, control network 
side current, the current Same as the grid voltage and sinusoidal. 

When the DC side current is positive (ie, rectifier mode), the output side of the capacitor C 
discharge, the resulting differential signal requires PWM control module to extract more power 
from the power side, the control module generates the appropriate signal control PWM rectifier 
switch In this mode, more current flows from the AC side to the DC side, and the capacitor voltage 
is restored [4]. When the current is negative (ie, inverter mode), the process is reversed. Using 
PWM control method, not only can realize the active power and reactive power control, and can 
achieve the AC side of the current to maintain sine, greatly reducing the harmonic pollution on the 
grid. 

Fig. 1 shows, PWM rectifier using three-phase sinusoidal AC power supply, the main circuit 
from the six anti-parallel diodes with fully-controlled switching tube composed of these switches is 
mainly used to implement PWM control signal can be realized two-way flow of energy. And 
inductance in series with the power supply directly affect the working state of the rectifier, 
inductance value is too small will increase the current harmonic; if the increase in inductance value, 
although the current harmonics can be reduced, but will slow down the system response, in the 
circuit Need to be calculated by the specific parameters. 

PWM rectifier with output DC voltage stability, energy can be two-way flow, current harmonic 
distortion is small, etc., have been widely used. 

Three-phase PWM Rectifier Model Analysis 
Three-phase voltage-type PWM rectifier power supply voltage and current expression (1) 
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Where, a b ce e e、 、 three-phase power supply voltage, E respectively, for the three-phase power 
supply voltage amplitude, ω  angular frequency 2 fω π=  ,. 

Therefore, in the three-phase static coordinate system, can be obtained three-phase PWM 
rectifier mathematical model, such as (2) [5]: 
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In the formula (2), L is the inductance of the AC side, R is the equivalent resistance of the 
wire, a b ci i i、 、  is the output current of the three-phase power source, a b cu u u、 、  is the AC side 
voltage of the PWM rectifier. 

    Three-phase sinusoidal AC power supply voltage for the balance system, type (3) is 
established, 
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In order to simplify the design of the system and realize the independent control of the controlled 
volume, it is necessary to use the coordinate transformation to transform the three-phase static 
coordinate system into three-phase static coordinate system Of the exchange of two-phase 
synchronous rotating coordinate system to transform the amount of DC [6]. Equation (4) is the 
transformation of the variable into three-phase stationary coordinate system, (5) is the two-phase 
stationary coordinate system transformed into two-phase synchronous rotating coordinate system 
[7] 
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In the equation (4), u ua b、 the voltage variable in the two-phase stationary coordinate 
system d qu u、 is the voltage variable in the two-phase synchronous rotating coordinate system. 
Using the above transformation formula, we can obtain the expression (6) 
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Three-phase PWM Rectifier 
From the above analysis, it can be seen that the d and q axis variables of the PWM rectifier in the 
two-phase synchronous rotating coordinate system are coupled with each other and the design 
system is difficult to realize. Therefore, the mathematical model is decoupled. Transform (7) can be 
obtained formula (8): 
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To improve the current waveform, the PWM rectifier in the unity power factor under the current 
feedback loop based on the hysteresis control method, when the actual value and the difference 
between the value of more than a specified range, will produce a control PWM rectifier Power 
switch signal [9]. The output value is adjusted by PI and is obtained by adjusting the actual value of 
the current and the reference value. (9) 
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(8) pk  is substituted into (9), ik  is the linear model of current decoupling can be obtained 
completely. The equation of state is shown in equation (10): () () () () 
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As can be seen from the above equation, the decoupling method can realize decoupling of the 
alternating current measured in the two-phase synchronous rotating coordinate system of the PWM 
rectifier, and can independently control the active current and the reactive current to make the 
design of the current loop easier. 

Control system structure shown in Fig. (2):c 
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Fig. 2 three-phase voltage-type PWM rectifier control system diagram 

Simulation Results Analysis 
According to the above three-phase PWM rectifier system block diagram, using Matlab / Simulink 
to build simulation model, the model structure shown in Fig. (3), the main parameters of the 
parameters shown in Table 1: 

Parameter Set value 
Three phase AC power supply phase voltage 220V 

Power frequency 50Hz 
AC side inductance 4.3mH 
DC side capacitor 2000uF 

DC side reference voltage 660V 
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Fig. 2 Simulink simulation model 

 
Fig. 3 DC side voltage waveform 

It can be seen from Fig. 3: DC side output voltage after about 0.05s to reach a stable state, the 
output value and set the same value. 

 
Fig. 4 power supply current waveform 

 
Fig. 5 shows the supply current detail waveform 

Fig. 4 for the power supply current waveform, adjusted by 0.03s, the output reaches a stable 
value. Fig. 5 shows the power supply current stable waveform, can be seen from Fig. 5: the power 
supply current waveform according to sinusoidal law, phase and frequency and voltage the same, 
and the amplitude in the set range adjustment, consistent with the hysteresis control characteristics. 
Fig. 7, Fig. 8 are for the AC side of the phase voltage and line voltage waveform. 
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Fig. 6 phase voltage waveform 

 
Fig. 7 Line voltage waveform 

 
Fig. 8 Current harmonic analysis 

Fig. 8 shows the power supply output current harmonic analysis, from Fig. 8 can be seen: THD 
value is small, to meet the design requirements. 

Conclusion 
In this paper, a novel PWM rectifier control model is proposed, which can improve the system 
performance by adjusting the parameters by using PI controller based on hysteresis current. 
Through the simulation analysis, the system output stability, with good power factor correction and 
sinusoidal current. So the system has a convenient control, good dynamic performance 
characteristics. 
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