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Abstract. This paper presents a three-phase four-
switch converter aimed at compensating reactive power
in case of distorted and unbalanced source voltages. An
original closed-form solution of line currents, based on
the mixed p-z approach is presented. The analytical and
experimental results are provided to verify the
effectiveness of the proposed control scheme.
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1. Introduction

AC-DC conversion is used more and more in a wide
field of applications. A great attention has therefore
been focused recently on the research and development
of pulse width modulated rectifiers (PWM rectifiers)

(11, [2].

It is well known that a three-phase converter can
develop various faults. The interruption of the
manufacturing or other process due to a PWM rectifier
fault would result in financial losses or even in some
serious damage. That is why improved reliability, and
fault tolerant operation of such systems are welcomed
today. In general, when one of these faults occur, the
isolation of the fault is preferable, keeping the system
in partial operation, instead of shutting down the whole
process.

The converter topology and operation modes of the
component minimized three-phase PWM rectifier
supplied from unbalanced source voltage are analysed
in the paper as well as the novel strategy of the SVM
suggested. Finally, an original closed-form solution of
line currents, based on the mixed p-z approach [3], [4],
[5] is introduced. The results of simulation and tests
done on the component minimized three-phase PWM
rectifier connected at the three-phase unsymmetrical
mains are shown as well.
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Fig.1 Three-phase four-switch rectifier

2. Topology of converter and mode of
operation

A circuit diagram of the four-switch rectifier is shown
in Fig.1. Three inductors are used to achieve line
current filtering and to obtain dc link voltage boost
operation. The scheme employs four switches S,;, Sa,,
Sp1, and Sy, and four diodes to generate output voltage.
The phase “a” is directly connected to the midpoint of
the split dc capacitor.
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Fig.2 Voltage vector decomposition into two
symmetrical sequences: positive Vp(n) and negative
VN(H).

From the combination of the conduction states of the
power switches originate four different vectors in the
o plane as shown in Fig.2. These vectors are m/2

away from each other. Additionally, these vectors do
not have the same amplitude as in the classical B6
connection. Vectors lying in the real axis have the
amplitude of V,/3, whereas the vectors lying in the

imaginary axis have the amplitude of \/ngC /3. Letus
define the per unite time
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where T is a period of the modulation (period of the
symmetry) and is next called a sector, € is per unit time
inside of sector.

The voltage vector V(n) can be expressed by means of
the discrete Fourier transform in the symmetrical form
as follows from [3]:

N-1 N-1 ji(n— m)—
V(n)—— 2 V(m) ¥ e
rn—() 1=0

2
where N is the number of the vectors used per output
period and n is a variable (number of the sector).

For the voltage vectors with /2 symmetry (N=4) we
get:

Vin)=
=Vp(m)+Vy(n)

Vac (16+ V3) 5V (16— V3) o _

3)

If we wuse only four voltage vectors, this
unsymmetrical sequence (2) can be decomposed into
two symmetrical ones (3). The first sequence has a
positive direction of rotation with the amplitude

Vac(1+43)
6

and the second sequence has a negative

Vae(1-V3)
- :

direction of rotation with amplitude

These negative sequences can be used for elimination
of the unbalance input voltage. The situation is shown
in Fig. 2 .On the left side we can see unsymmetrical
sequence of the four-switch converter. The reference
voltage Vay has a polar angle pto the real axes.

3. Space-vector PWM

To control the transient responses of the line
currentsis, ,Isp, Isc precisely, the four-switch

rectifier in Fig. 1 has to be operated as a Pulse Width
Modulated (PWM) rectifier. By using a proper PWM
strategy, the line currents will be able to follow their
reference values with small errors. The higher the
switching frequency will be applied, the lower the
errors will appear. The line currents are determined by

the voltage drops at the ac inductors ( Lg, Rg). If the
line voltage vector Vg is measured, the reference of

the rectifier ac-terminal voltage vector v* may be
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calculated by using the inductor parameters Lg, Rg

and the reference of the line current vector i; as

v* =Vvg _(RS +L3%jl‘§

follows:

“

We have proposed a new Space Vector Modulation
(SVM) strategy for the three-phase four-switch rectifier
in Fig.1.

4. Closed-form solution

If the four-switch rectifier is operated as the PWM
rectifier with the SVM strategy mentioned in the
previous chapter, expression (3) must be modified to
respect the switching intervals. If € (p.u.) is the time
inside every sector, the voltage vector may be defined
as follows [5]:

V(n,&)=Ve(n,&)+Va(n, &)=
3N

ZZV (1+3)1 f(&,k,x)e"™e 2

k=1 x=1
cA/ ( ) */ﬁ(x D

+ZZV 1A=B3)L f(ek,x)e e 2

k=1 x=1
(5)
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With regard to the SVM strategy mentioned, we get
after using the Laplace transform
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where k=1,2,..3N; and x=1,2
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The solution in the time domain contains both the
steady-state and the transient parts. As our attention is
the steady-state solution we can get for n—oo the
closed-form solution.

5. Analytical and experimental results

To confirm the validity and effectiveness of the
proposed analytical method, the closed form analytical
and experimental results are presented.

To compare also the influence of the high frequency
ripple in the phase currents, Fig. 3 shows the simulated
phase current (in p.u.) with its ripple waveform.
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Fig.3 One period of the phase line current

The detail of one period of the measured line current ig,
and its harmonic spectrum is presented in Fig. 4.
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Fig. 4 Experimental results. Detail of one period and
harmonic spectrum of line current ig,

5. T

Fig. 5 Experimental results. Three phase line currents
Isa, sb, Isc
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Fig.5 shows captured time responses of all three line
currents isa, ish, ise. From Fig.4 we can see that phase
currents are symmetrical and in high correlation with
analytical results in Fig 3.

Fig.6 Experimental results. Grid phase voltage, and
two line currents

In Fig.6 we can see the time responses of the source
voltage with the line current, in the phase “b”, together
with the current in the phase “a”. The responses have
been reconstructed from the data captured and used by
the controller. It is evident that the line voltage and

current are actually in the phase.

6. Conclusion

A three-phase four-switch converter based on a new
space-vector PWM strategy is analytically investigated.
The scheme with a reduced number of power switches,
improving the rectifier efficiency, can compensate the
unbalanced source voltages. The analytical results and
experiment tests on the component minimized three-
phase PWM rectifier connected at the three-phase
unsymmetrical mains are shown as well to demonstrate
the validity and effectiveness of the proposed control
scheme.
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