
Control of Three-Phase Pulse Width Modulation Voltage Rectifier 
 

R.Guedouani 1, B.Fiala2,  E.M. Berkouk3, , M.S. Boucherit4

(1,2,)  Faculty of  Electronic and Computer Department of Electrical Engineering 
University of Sciences and Technology ‘Houari Boumediene’ 

P.O. Box 32 El-Alia. Bab-Ezzouar, Algiers 
ALGERIA. 

(3, 4) Laboratoire de commande des Processus  
Ecole Nationale Polytechnique 

 BP182, 10 avenue Hassen badi. El harrach, Algiers 
ALGERIA.  

    
   

 
 

Abstract: - In this paper, we develop an algorithm to control the input currents of three-phase voltage PWM rectifier in 
ABC frame. We start by elaborating knowledge and control models of this converter using Petri nets. Then, an 
algebraic modulation strategy using the triangular-sinusoidal with two carriers is presented. The digital simulation 
results show the performances of the network currents control with a unit power-factor. 
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1   Introduction 
The power quality problem has interested many studies. 
Harmonics in transmission systems have attracted 
engineers attention even before the advent of thyristors 
[1]. In the modern power electronics era, the concern on 
harmonic problems is increasing.  This is mainly spurred 
by the incessant proliferation of power electronic 
equipments as nonlinear loads, such as diode rectifiers.  
One of effective methodologies to handle harmonic 
problems is to use another electronic system. Among 
representative approaches are the active power filter and 
the PWM rectifiers. The latter is the approach of interest 
in this paper. 
A great amount of work has already been done 
concerning the three phases PWM boost rectifier and the 
buck rectifier [2-3].  
The three-phase PWM buck converter, with six-step, 
provides adjustable DC output voltage and sinusoidal 
input currents with no low-frequency harmonics [4-5-6]. 
However, the switching frequency harmonics contained 
in the input currents must be eliminated by the input 
filter, which produces a phase shift between the line 
frequency components of the input currents and input 
voltages [4]. 
This paper presents a new control algorithm which 
provides output voltage regulation with line input 
currents and input voltages in phase.    
 

A control loop, designed by considering only output 
filter dynamics, is employed for output voltage 
regulation. The line input currents are controlled through 
control loop of input filter.  This algorithm assures a 
unity power factor at the network side. In the following 
sections, a power stage topology of the converter, 
operating principle and control model are described. 
Then, a new algebraic PWM strategy for the three-phase 
source voltage rectifier is developed.  A steady dynamic 
modelling and representative results of circuit 
simulations are presented. 
 
2   Converter Modelling 
 
 
2.1 Knowledge model 
A circuit diagram of the three-phase buck converter is 
shown in Fig. 1. The rectifier consists of six switches 
(diode - transistor) TDki commendable with the opening 
and closing, where the indices k=1, 2, 3 are the order of 
the phase and i = 1, 0 are respectively the upper and 
lower switches of the bridge.    
The two current sources are connected via a parallel 
capacitor. Practically, however, the available ac source is 
a voltage source; accordingly, the ac current must be a 
series combination of an ac voltage source and inductor 
(Fig.1). The LC network between the ac voltage source 
and the ac current source has a function  
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Cell N°1

to filter output switching frequency components due to 
current chopping on the rectifier side [1-6-7]. 
A topology analysis of this structure shows two 
commutation cells (Fig.1) [5-6]. At any given instant, 
only one switch of the upper cell and one switch of the 
lower one of the bridge conducts, so that the input 
voltage source are never shorted, and a freewheeling 
path for the inductor current is always provided. 
The symmetry of the three-phase rectifier allows its 
modelling by half bridge (cell N°1 or cell N°2)[5-7-8]. 
The transition receptivities Rij between the different 
configurations of the Petri nets associated to the working 
model of half Converter Bridge (Fig.2) are logic function 
between [5-6-9]: 
1- External control Bki of the switches 
2- Internal control defined by the sign of the ac input 
voltages and rectified current. 
The following equation: give the receptivity Rij: 
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2.1 Control model 
In order to develop the model of rectifier without 
presumption on its control, we represent each pair 
Transistor-diode (Tki,Dki) by a bi-directional switch TDki 
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In controlling mode, the optimal complementary law 
used for this converter is presented below: 

1BBB 3i2i1i =++                                 (4) 
Bki: control signal of the semiconductor Tki
The switching functions of a switch Tki in Fig.1 is 
defined as: 
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Equation (4) can be expresses as  
1fff 3i2i1i =++                                       (6) 

Then, from Fig.1, the input currents are given by: 
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While the output voltage Ured is: 
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Where ,  and  are capacitors input voltages. c1U c2U c3U
At frequencies significantly below the switching 
frequency, operation of the circuit can be modelled by an 
average model. Thus, we define the generating function 
“ Xg  ” of the discontinuous one “X”, as the mean of “X” 
on a modulation period Th  supposed very small as 
follow[4-5-6]: 
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The average model of three-phase rectifier, where all 
quantities are continuous, is given by the following 
equations with 1ei , 2ei  and 3ei  representing the mean 
value of the instantaneous ones, and  are generating 
connection function of each switches T
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3   Algebraic PWM Strategy  
Different Triangular-sinusoidal strategies could be 
achieved with digital mean by sampling reference signal 

such as:  refki

[ ] 1))(k
3

2πt(ωsin2Ii refref −−=k             (12) 

With f2.πω =  is the network pulsation and f is the 
network frequency. 
In this paper, we develop a new digital PWM algorithm 
of three-phase buck rectifier dedicated for a digital 
realisation and obtained by using the control model 
developed previously[6-7]. The general flow chart of an 
algebraic PWM using this control model is presented in 
Fig.3. This strategy is characterised by modulation index 
m defined as a ratio between the frequency of the 
carrier and the frequency of the reference signal 
(

cf

ffm c= ), and amplitude modulation index (r) is the 
ratio of the reference signal magnitude and that of the 
carrier ( cm AAr = ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This algorithm is based on the triangular-sinusoidal 
strategy with two carriers [10].The generating 
conversion functions  are: kng
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With Ired is the rectified current. 
Fig. 4 represents the line input current of three-phase 
buck voltage rectifier controlled by the proposed 
algebraic modulation for m=30 and r=0.8.  
The current harmonics gather by families centred around 
frequencies multiple of mf. The most important 
harmonics are (m±1) and (2.m±1) in view their 
magnitude (Fig. 4) 
The adjusting characteristic is linear from r=0 to rmax= 1, 
and the total harmonics distortion (THD) decreases 
when r increases as is shown in Fig. 5  
 
 
 
 
 
 

Compute of the conversion 
generating functions ngi

iref[k] 

Step1

Compute of the connection 
generating functions (fki) g 

Step2

Compute of the instantaneous connection 
functions f11, f10, f21, f20, f31, and f30Step3

Compute of the commands of the 
different switches 
(control gate Bki)) 

Step4

Bki

Fig. 3 The general of flow chart of an algebraic 
modulation using average model of the three-phase 
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4   Converter Modelling 
 
 
4.1 Input filter model 
Due to discontinuous currents, the converter must be 
preceded by an input filter shown in Fig.1. 
The input filter model is given by the following 
equations: 
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Where: 
rkV , : source voltage and current (k=1, 2, 3), ki
ckU , : capacitor voltage and current, cki

eki  : Converter input current, 
eL , : filter inductance and capacitance, eC
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eR  : Line resistance, 
The relationship between the rectifier input and output is 
given by (7).  

Harmonic Rank 
 Fig. 4 The input line current of three-phase and its spectrum for 

Algebraic strategy control with m=30, r=0,8  
4.2 Output filter model 

THD (pu) The following equations describe the mathematical 
model of the output filter (Fig 1.) Fundamental Magnetude (pu) 
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Where: Uc , ic : capacitor voltage and current 
Ired , ich : rectified and load current respectively. 
C : output filter capacitance Amplitude modulation index r 
We assume that losses in   the converter and in the input 
filter are negligible. The relationship of the rectifier 
output and input is obtained by: 

Fig.5 Adjusting characteristic of the input line current 
for Algebraic strategy with m=30 

redcredredeffeff IUUIcosIV3 ==ϕ               (17) 
With : efficient source voltage and current of 
network, 

effeff I,V

ϕ : Phase shift between the line source current and 
corresponding phase voltage. 
For a unit power-factor operation ( 1cos ≈ϕ ), the 
equation (17) can be represented by the block diagram 
depicted in Fig 6 
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Fig. 6 Block diagram of the output filter model. 
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4.3 Circuit Simulation 
For the PWM three-phase voltage rectifier, the 
magnitude of dc output voltage can be regulated either 
constant or variable. In this paper, we propose a new 
algorithm to control the output filter voltage (Uc) for 
constant reference value. 
Fig 7 shows a control block diagram used in the 
simulation. Three-phase currents and dc voltage are 
sensed for the feedback control purposes.  
Moreover, the load current ich is also measured and 
added to capacitance current to improve the dynamic 
response in the dc voltage control. Thus we obtain the 
input current magnitude reference of the rectifier. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
The later gives us the instantaneous input currents for 
the desired dc voltage. PI regulator is used for 
controlling the input current, and IP regulator to 
regulating the input capacitance voltage. 
 
 
5   Simulation Results 
To verify the validity of the proposed control scheme, 
simulations are carried out, with the parameters used as 
follows: 

- line filter capacitor: ce = 50µF  , 
- line filter inductor : Le = 1mH     , 
- dc link inductor : lf =  10 mH      , 
- output filter capacitor: C =1mF  , 
- load parameters: Rch =20Ω , 

-  Lch=0.1mH . 
- switching frequency of the converter : 

fc=1500hz 
Fig. 9 shows the dc output voltage of the rectifier 
following its reference. The rectified current oscillates 
around mean value because of the switching 
commutations. The Fig. 10 shows the input capacitor 
voltage filter which is sinusoidal and equal to its 
reference. However the effect of the rectifier switches 
commutations on the wave. In Fig. 11, it is compared the 
real input line current i1 with its reference i*

1. The 
network current follows the reference wave with good 
accuracy. It is closely sinusoidal. 
shape is not eliminated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The input phase current and the corresponding input 
phase voltage are given by the Fig. 12. With this 
algorithm, the obtained power factor is nearly equal to 
0.999. 
 
 
6   Conclusion 
An input filter is necessary for the three-phase PWM 
source voltage rectifiers to suppress the switching 
harmonics contained in the inputs currents. The inputs 
filter produce a phase shift between the line input 
currents and input voltages. The phase shift is caused by 
the input filter parallel capacitors.  It varies with the load 
and with the magnitude of the input phase voltage.  It 
can result in some operating conditions unacceptably 
low power factor.  
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Vr1 (V) 

In this paper, a new simple control algorithm for three-
phase PWM source voltage rectifier with an input filter 
is proposed, which applies a multivariable state feedback 
control and feed forward control.  

 

With the PWM converter, the source current can be 
sinusoidal and the unity power factor control is obtained. 
In addition, the input filter capacitor voltage is regulated 
so that the resonance between the LC filter can be 
avoided.  
By using IP regulator, the control scheme of the PWM 
converter is directly applied to regulate the output dc 
voltage. The IP regulator is used for anti-saturation.  
The simulation results confirm that the proposed overall 
control algorithm is effective. 
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Fig. 12 Source voltage and corresponding input current  
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