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Abstract.

The topology of Three-Phase PWM Voltage Source Rectifier (VSR) is
introduced in this paper. The mathematical model in three-phase static and
two-phase rotary coordinate system is built. According to the component of
reference voltage vector in two-phase static coordinate, the sector and the action
time can be calculated directly. Then, a three phase PWM rectifier model is
established. The simulation results indicated that the dc-side can output stable
voltage, verified the correctness and feasibility of the theory.
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Introduction

SVPWM control strategy is a new control strategy via the space voltage
vector (current Vector) switch the converter, which is put forward by Japanese
scholars in view of the AC motor variable frequency drive [1]. The PWM
rectifiers present in this paper have excellent features such as undistorted
sinusoidal waveform, unit power factor, bidirectional energy flow and rapid
dynamic response [2]. It is proved that the DC voltage utilization ratio of
SVPWM is the highest, which is helpful to increase the inverter’s output voltage.
Applying SVPWM in rectifier, mainly because of high efficiency, rapidly
response, etc.[3]. Therefore, Three-phase PWM rectifiers are popular in modern
power electronics.
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Model of Three-Phase PWM Rectifier
The main circuit of three-phase PWM rectifier is shown in Fig.1.Here,
e, (k=a,b,c) represent source voltage and the input current, L is the

AC-side inductance and C is the DC-side filter capacitance.

To be convenient to analyzing, the three-phase VSR will be converted to the
synchronous rotating d-q coordinate system. Under the d-g coordinate the
mathematical model defined as:
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Fig.1.Main circuit of three-phase voltage source PWM Rectifier
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Principle of the SVPWM

There are eight voltage space vectors, except the two zero vectors, the rest are
non-zero and distributed on the complex plane [4,5]. When the target vector is in
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hexagon, the reference voltage vector can be synthesized through weighted
average of the basic vector, as shown in Fig.2. The higher the switching
frequency is, the rounder the trajectory is.
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Fig.2. Diagram of space vectors of three-phase voltage rectifier
For example, in the first sector, the reference voltage can be synthesized in

the two-phase static coordinate system [6], and the reference voltage can be
expressed as:

U.,T,=UT +U,T,

ref
o _ o @)
Where, T, i switching period, T, and T, are the action time of U,

and U, .And then decomposed the equation 2, we can get Eg.3 and Eq.4.

U re
T, = /3T, ‘—fsin(z — )
U, 3
(3)
Ure
T, =+/3T, o sin(y)
Udc
(4)

According to the Eq.3 and Eq.4, the action time T, and T, in a control

cycle period can be calculated, the rest of vector are similar to the reference
voltage.
The sector can be determined by the following rules:

V,,=U,V, >0then A=1, else A=0;

1075



V3 1

V., =7UQ —EUﬁ,V72 >0,thenB =1, elseB=0;
V3, 1

Vs :—TUQ —EU/j,Vy3 >0 ,thenC =1, elseC =0;

N=A+2B+4C

The corresponding relationship between N and sectors is shown in Table 1.
Table.l  The Relationship of Sector and N

N 3 1 5 4 6 2

Sector I II I11 v \Y VI

Determine the Time Switch Works

AN Ja

S
X 0. u, Y 20, (WU, +U,)  Z 2, (-/3U, +U,)
®)
Switch operation time is put forward in table.2.
Table.2 Switch Operation Time
sector I II I v \ VI
T -Z Z X - X =Y Y
T, X Y -Y Z -Z - X

According to table 2, T, and T, in different sector can be obtained. Then

the conduct time of g b ¢ phases can be calculated via the Eq.6 to Eq.8;

T, =(-T,-T,)/4

(6)
Tb :Ta +T1/2 = (Ts +Tl —Tz)/4
(7
T, =T, +T,/12=T,+T,+T,)/4
(8)
Table.3 Switch Time
sector I 11 [T IV \Y VI
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Teml T, T, T, T, T, T,
Tcm2 T, T, T, T, T, T,
Tcm3 Tc 71._- Tb Ta Ta Tb

Simulation results

Three-Phase SVPWM controller simulink simulation model of SVR is shown
in figure 3. The models parameters is follow: power grid phase voltage’s RMS is

220V, f =50Hz, L=5mH C=2200uF U, =400V, R, =100,
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Fig.3. Three-phase SVPWM controller simulink simulation model of SVR
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(a) DC output voltage

600
400 ”

200

0 LT A \ ﬁ\m
-200

et LAY

600, o1 02 03 04 05
(b) A phase input voltage and current
Fig.4.Simulation result
The results of the simulation is shown in Fig.4, Fig.4(a) is the DC-side

voltage, the DC-side voltage will reach 400V within 0.2S, Fig.4(b) is the
power grid voltage and input current of A phase. The result indicated that the

DC-side voltage is stabile, and the validity and effectiveness of this strategy.

Conclusion

Based on the analysis of the space vector PWM, the model is established and
simulated with the MATLAB. The simulation results show the control method is
effective, it also provided a favorable guiding significance in hardware system
design. We also find the overshoot of system is much bigger, and the disturbance
is not mentioned. In order to reduce these defects, the dual-closed Pl regulator
will be considered in the future.
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