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Abstract: - No doubt that, power electronics play an important role in the modern industry and power system
networks. This paper presents the performance analysis of a multi-source, single-output, buck-boost dc-ac
converter suitable for use in different applications such as feeding ac loads from photovoltaic systems. In this
paper, the performance of the proposed converter is studied, through power simulation program (PSIM), under
different modes of operation during feeding active power to a distribution network. The most important
features of the proposed converter are the possibility to control voltage, frequency, voltage and frequency

together, and the low value of the total harmonic distortion (THD) in the voltage and current waveforms.
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1 Introduction

Now days, power electronics are extensively used in
electrical power applications. It can be found in a lot
of applications such as feeding dc loads from ac
supplies, feeding ac loads from dc supplies (e.g.
batteries and photovoltaic cells), voltage regulation
of electrical sources, electrical drives, FACTS
devices and a lot of applications. Frankly speaking,
they become indispensible parts of the industrial and
power life. DC-AC converter [2-7] is a one of power
electronic converters which used in different
applications such as feeding ac loads from
photovoltaic cells. According to the number of
sources, they can be classified to single-source
converter, double-source converter and multiple-
source converter. Single-source dc-ac buck-boost
converters are extensively presented in a lot of
papers. Recently, the double-source dc-ac buck-
boost converter has been presented by M EZZAT
[1]. In this research, the study of a multiple-source
dc-ac buck-boost converter is presented. This
converter uses the same principle of control of the
double-source converter presented in [1]. Also, the
performance of the proposed converter is studied
when feeding power to a distribution network under
different operating conditions such as voltage
variation of one or more than one of the feeding
sources.
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2 Construction of the Multiple-

Source Converter

Fig. 1 shows the circuit diagram of only one phase
of the proposed converter. As shown from the
figure, the proposed converter consists of two
simple choppers feeding a half bridge inverter. The
chopper switches are controlled so as to make the
capacitor voltage vary in a half-wave sinusoidal
manner (The control technique will be described in
the next sections). As seen from the figure, the
converter contains four switches. Fig. 2 shows the
block diagram of the proposed multi-source
converter. As seen from this figure, the converter
consists of three similar single-phase converters
each supplied from two separate dc source (the
excitation source may be a photovoltaic cell).
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Circuit Diagram of a One-Phase of the Proposed
Multi-Source, DC-AC Buck-Boost Converter
Fig. 1
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Block Diagram of the Proposed Multi-Source, DC-
AC Buck-Boost Converter
Fig. 2

3 Principle of Operation

The principle of operation of the proposed converter
can be discussed as follows:

The DC-DC choppers provide DC output voltages
lower or higher than the supplies voltage. The
principle of operation of each chopper circuit can be
discussed as follows:

Figs. 3a & 3b show the modes of operation of the
DC-DC chopper. From these figures, the principle
of operation of this converter can be discussed as
follows:

o When the switch S1 is turned on, the current
rises through the inductor and the inductor
voltage polarity will be in a direction that
opposes the supply polarity.

¢ When the switch S1 is opened, the inductor
reverses its polarity and a current passes
through the diode to charge the capacitor C.
The capacitor voltage depends on the duty
ratio at which the semiconductor switch is
switched.
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Equivalent Circuit for S1 is Closed
Fig. 3a
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Equivalent Circuit for S1 is Opened
Fig. 3b

The function of the DC-AC converter (Half Bridge
Inverter) is to convert the output voltage from the
DC-DC converter to AC voltage. Figs. 4a & 4b
show the modes of operation of this converter.

Equivalent Circuit for S3 is Closed & S4 is Opened
Fig. 4a

Equivalent Circuit for S3 is Opened & S4 is Closed
Fig. 4b

4 Principle of Converter Control

To reduce the total harmonic distortion in the
current and voltage waveforms, the output voltage
from the proposed converter is controlled to track a
reference sinusoidal signal. The positive half-wave
of the reference signal acts as a reference to the left
hand side converter and the negative half-wave acts
as a reference to the right hand side converter. In
this paper, the reference signal is a sinusoidal signal
with its phase angle is generated from the error
signal resulting from comparing the reference power
by the measured power. In this paper, a simple
proportional-integral (PI) controller is used but any
controller types can be used. Figs. 5a & 5b
illustrating the philosophy of reference phase angle
generation for the three phases. Fig. 5¢ shows the
schematic diagram of the proposed control for only
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one-phase. The control for the other two phases is
similar to the control of phase A. for this block, a
simple proportional-differential (PD) controller is
chosen.
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5 Simulation of the Proposed
Converter When Feeding a 3-Phase

Distribution System

This section presents the performance of the
proposed converter under closed loop control when
feeding active power to a 3-phase distribution grid.
In this paper, the distribution grid is modeled as a 3-
phase voltage source behind impedance as depicted
by Thevenin theorem and the control strategy is
done as described before in section 4. Fig. 6 shows
the schematic diagram of the proposed converter
feeding a 3-phase grid as studied in this paper.
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Schematic Diagram of the Proposed Converter
Feeding a 3-Phase Grid
Fig. 6

Fig. 7a shows the reference and the measured power
for a power command (reference) of 500 watt. From
this figure, it can be seen that the measured power is
equal to the reference power (approximately).

ReferencePower W3

---------------------------------------------------------------------------------

Time 5}

Reference and Measured Power
Fig. 7a
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Figs. 7b&7c show the generated sinusoidal reference
signal for phases A and the synchronized square
wave respectively.
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Fig. 7b
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Fig. 7c
Figs. 7d&7e show the generated sinusoidal reference
signal for phases B and the synchronized square
wave respectively.
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Fig. 7e
Figs. 8a&8b show the reference signals for the left
hand side and the right hand side parts of phase A
respectively.
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Fig. 8a
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Figs. 9a&9b show the 3-phase currents which
injected to the distribution grid and the fast Fourier
transform (FFT) of these currents respectively.
From these figures, it can be seen that the injected
current waveforms are very close to the sinusoidal
waveform which means low harmonic content.
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Figs. 10a&10b show the 3 —phase voltages across
the converter terminals and the FFT of these
voltages. Also, one can find that the harmonic
content is very low.
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Fig. 10a
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Figs. 11la&11b show the left hand side supply
current and the right hand side supply current that
feeding converter A respectively.
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Figs. 12a to 12d show the control pulses to the four
switches (IGBT) included in phase A.
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Fig. 12a
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Fig. 13a shows the reference and the measured
power for a power command (reference) of 1000
watt. From this figure, it can be seen that the
measured power is equal to the reference power
(approximately).
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Figs. 13b&13cb show the 3-phase currents which
injected to the distribution grid and the fast Fourier
transform (FFT) of these currents respectively.
From these figures, it can be seen that the injected
current waveforms are very close to the sinusoidal
waveform which means low harmonic content
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Figs. 13d&13e show the 3 —phase voltages across
the converter terminals and the FFT of these
voltages. Also, one can find that the harmonic
content is very low.
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Figs. 13f&13g show the left hand side supply
current and the right hand side supply current that
feeding converter A respectively.
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6 Simulation of the Proposed
Converter under Supply Voltage
Variations

This section presents the performance of the
proposed converter under supply voltage variations.
Fig. 14a shows the reference power and the
measured power with a sudden change in one of the
left hand side supplies from 100 volt to 80 volt.
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Fig. 14a
Figs. 14b&14c show the 3-phase currents which
injected to the distribution grid and the fast Fourier
transform (FFT) of these currents respectively.
Although there is a change in voltage in one of the
left hand side supplies, the harmonic content in the
injected currents remains low.

Issue 5, Volume 11, May 2012



WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS

T

Time (3)

3-Phase Currents Injected to the Grid,
Sudden Change in One of the Left Hand Side

Supplies
Fig. 14b
I IL23)
B0
2000 -----------------------------------------------------------------
.

00 femefermmcmcnnns 'E """""""" prrmmmmmmmme——- qmrmmmmmmmsmees premmmemmsmme———
O L OO S O
. IS
1000 |l e S [ [
O O N RO
000 Lk P Al

000 0.20 0.40 0£0 0.80 1.00

Fragquancy [KHz)

FFT of the 3-Phase Currents Injected to the Grid,
Sudden Change in One of the Left Hand Side
Supplies
Fig. 14c
Figs. 14d&14e show the 3-phase voltages across the
converter terminals and the fast Fourier transform
(FFT) of these voltages respectively. Although there
is a change in voltage in one of the left hand side
supplies, there is no effect appears on these

voltages.
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Figs. 14f&14g show the left hand side supply current
and the right hand side supply current that feeding
converter A respectively.
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Fig. 15a shows the reference power and the
measured power with a sudden change in all left
hand side supplies from 100 volt to 80 volt.
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Figs. 15b&15c show the 3-phase currents which
injected to the distribution grid and the fast Fourier
transform (FFT) of these currents respectively
during the sudden voltage change in all left hand
side supplies.
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Figs. 15d&15e show the 3-phase voltages across the
converter terminals and the fast Fourier transform
(FFT) of these voltages respectively during the
sudden voltage change in all left hand side supplies.
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Figs. 15f&15g show the left hand side supply current
and the right hand side supply current that feeding
converter A respectively during the sudden voltage

change in all left hand side supplies.
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From all the above results, it can be shown that the
performance of the proposed converter seems to be
good under normal and abnormal conditions.

7 Conclusion

The performance analysis of a multi-source, buck-
boost dc-ac converter has been presented. Also, the
simulation of this converter has been presented,
through PSIM, in different modes of operation. The
performance of the proposed converter has been
found to be good especially, with the variable
voltage sources so that it can be used with the
photovoltaic applications.
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Appendix:

Circuit Parameters:

Converter Capacitance =50 micro Farad.
Converter Inductance =1milli Henery.
Resistance of the Inductor = 1 Ohm.

P Controller Gain= 15. (For the PD Controller)
Differentiator Time Constant = 0.004 Sec.
Filter Inductance =1milli Henery.

Filter Capacitance=500 micro Farad.

P Controller Gain= le-4. (For the PI Controller)
Integrator Time Constant = 0.001 Sec.

Grid Inductance = 1e-5 Henery.

Issue 5, Volume 11, May 2012





