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Abstract - This paper presents the analysis of a static e High reliability, and low maintenance.
conversion system for treatment of the solar energy
from photovoltaic panels. This system is interconnected
with the mains power supply, contributing to the

generation of the electrical energy. The power structure
is composed by a current-fed push-pull converter, a
buck converter, and a current inverter. The main

Besides, photovoltaic solar systems represent a silent,
safe, not polluted, and renewable source of electrical
energy hardly appropriated for the integration in the urban
area, reducing almost completely the energy transmission
losses, due to the proximity between the generation and the

features of the system are: simple control strategy, consumption.
robustness, lower harmonic distortion of the current This kind of energy source, traditionally attractive in
and natural isolation. The principle of operation, design rural areas, begins now to be economically viable in
procedure and experimental results are presented. applications interconnected to the mains power supply. In
that case, the photovoltaic panels are incorporated in the
| — INTRODUCTION roofs or facades of commercial buildings and residential

houses, delivering electric energy to the mains. Thus, the
The conventional energy sources, obtained from oyshotovoltaic panels can operate as little power stations in
environment, tend to exhaust with relative rapidity due tgarallel with the Commercial Electric Utility.
its irrational utilization by the humanity. This uncontrolled L o . .
extraction of the natural energies, certainly will lead the Con5|dt_'-3r|ng the _appllcauon mentioned above, this
harmony of our ecological system to the instability. It ioaper describes a static conversion system for treatment of

important to point out, that if it occurs the recuperation ofhe solar energy_from pho';ovoltalc cells. This system Is
this system will be practically impossible. Interconnected with the mains power supply, contributing

to the generation of the electrical energy. The complete
As a consequence of this possibility, the apprehensiasystem consists of a current-fed push-pull converter
for a diminution of the petroleum sources, natural gas ancbnnected to a buck converter, and in the output stage a
natural resources of coal has been intensified. For thiurrent inverter. The control circuit strategy is very simple.
reason, the effort to find new sources of energy, to permit uses an average current control and a PWM modulation
reduction in the utilization of the natural resources of fuelin the buck converter, for obtaining a rectified sinusoidal
became a challenge for all scientific and technologicaturrent.
areas in the world, and specially for the electrical

engineering area. Many works in this application area have been

proposed in the technical literature [2, 3, 4]. Some of them

Within this content, the solar energy appears as aare very interesting and important; however, the isolation
important alternative to the increase of the energetiof the power structure is not natural or is accomplished
consumption of the planet, once that, the quantity of th@ith low frequency, and their control strategies are

energy from the sun, that arrives on the earth surface insamewhat sophisticated. The power structure proposed in
day, is ten times more than the total energy consumed ftiis paper is particularly robust and naturally isolated. Its
all the people of our planet during a year [1]. main features are: simple control strategy and lower

Through the photovoltaic effect the energy containetﬁ]armonIC distortion of current.

in the sunlight can be converted directly into electrical

energy. This method of energy conversion presents some
advantages, such as: Il — PHOTOVOLTAIC PANELS CHARACTERISTICS

The photovoltaic panels transform the sunlight energy
directly in electrical energy. Figure (1) shows the typical
output current-voltage characteristic of a photovoltaic
panel, for two different levels of solar insolation, with a
constant temperature.

e Simplicity;

e Does not exist any moving mechanical part;

e Its modular characteristic offers large flexibility
in the design and application of this kind of
energy generator;

e Short time of installation and operation;



Themppcan be obtained multiplying the voltayg,,
by the currentl,,, This power represents the area
delimited by the dashed line G, andlmp, (Fig 1).
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There is an important item, that we have must
consider, in designs that use the sun as a source of energy.
The irradiation that reaches the earth surface varies daily,
and besides it depends on each season of the year. So, for a
given system, the solar energy available varies
considerably during the year.
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Fig. 1: Typical output current-voltage characteristic of a
photovoltaic panel, for two different Il — PRINCIPLE OFOPERATION

levels of solar insolation. . . . . .
In the engineering view, the interconnection between

In Fig. 1, curve 1 corresponds to the highest isolatiof’® Solar panels and the mains, must follow some
level. In this curve exists one point, where we have tharerequisites, so that the energy delivered to the mains will
maximum power delivered by the photovoltaic panel. Thi¢!@ve high quality, and the system will have to offer high
point is represented bgpp. For the lowest insolation reliability and safety.

level (curve 2), another point form maximum power is  For that, the proposed power static conversion system
obtained pp,). Therefore, for each solar irradiation level, must present some important items, to produce high quality
that reach the photovoltaic panel, exists one point adnergy to the mains. These items are shown in Fig. 2, and

maximum power. It is important to emphasize that thehey can be considered as the principal objectives of the
temperature of the semiconductor PN junction also affecisroposed circuit.

the maximum power point{pp and the efficiency of the
panel.

« Increasing the panels voltage.

e Galvanic isolation between panels

and mains.

DC - AC inversion.

e Delivering current with low harmonic
distortion.

PV Array ¢ Avoiding the islanding effect. Mains

v
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Fig. 2: Principal objectives of the static conversion system.
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Fig. 3: Proposed power structure diagram.



I1l.A — FIRST STAGE supply, so that, in the absence of the mains the photovoltaic

In this stage the duty cycle is kept constant (D = 0.7 s.ystem does not work, avoiding standingeffect.

So, the output voltag&/{n) is not controlled by this stage. The current modulation is based on the following
The next stage (buck converter), controls the voltdige  equations:
through the closeobp voltage connected in its input (Fig.

6). Va6) = Vm= Vp sid 2)
Small variations of the voltag¥in, around 400V Va(6) = Vin- O6) 3)

permit the power transferred by the panels to the input of

the buck converter to be variable and dependent of the (9)=E-sin9 > Duty cycle of the buck

available power in the photovoltaic panels, in a defined Vin '

instant. (4)
When the panels is delivering no power, tim The current ripple in Lis given by:

voltage will fall around zero, and consequently the duty ] )

cycle of the buck converter goes to zero too, and will not i _ [Vin-Vp- sing] D(6) 5)

have power delivered to the mains. Lo L, fs

The proposed static conversion system for treatment  Thus
of the solar energy is composed by three stages. The power .
structure diagram is presented in Fig 3. A, Vin 6)

. . 2T 4, fs
In the first stage we have the photovoltaic panels 2

connected to the current-fed push-pull converter. The  \yherefsrepresents the switching frequency.
objectives of this stage consist in providing the isolation . . ]
between the panels and the mains, and increasing the Fig. 5 represents the buck output current, obtained via
voltage for the next stage. The output voltage of this stagimerical simulation.

is approximately 400V. This stage operates in high
frequency (20 kHz), with the aim to reduce the volume of
the transformer.

Due to the current-fed characteristic, the switchgs S
and S can not keep up opened simultaneously. The drives
control voltages of those switches are shown in Fig. 4. The
push-pull converter operates in continuous conduction
mode with constant frequency, and its duty cycle is defined ***
by Eqg. 1, wherels represents the switching period of the
converter.
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Fig. 5: Output current in the second stage.
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In third stage we have a current inverter, that permits
¢ to obtain a sinusoidal current with the same frequency of
< Ata Atd «——Ata Atd the mains power supply (60 Hz), but with a phase angle of
Ts/2 Ts 18C. This current is delivered to the mains, transferring
Fig. 4: Drive control voltage of switches &nd S. energy from the sun to the Commercial Electric Utility
(220V / 60 Hz).

) Fig. 6 shows the whole structure diagram, including
The second stage is formed from the buck convertéghe control circuit strategy employed in this work.
In this stage the control circuit strategy is very simple,

where a current feedback loop is imposed. It uses an
average current control and a pulse width modulation
(PWM), with 20 kHz switching frequency, for obtaining in

the output a rectified current of 120 Hz. The reference
sinusoidal voltage is obtained from the mains power
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Fig. 6: Power structure and its control strategy.

IV — DESIGNPROCEDURE ANDEXAMPLE P%

=LV D78
IV.1 — SPECIFICATIONS =S ave D
Vpy = 14V (Push-pull input voltage); where AVo= 0.1-Vin
D = 07 (Duty cycle of the push-pull);
Po = 300W (Mains delivery power); IV.5 — INDUCTANCEL ,
fs = 20kHz (Switching frequency); Vin

_ _ L,=—————=1296nH;
f = 60Hz (Mains frequency). 4. fs-Ai
2max

Mains power supply: single-phase 220V / 60 Hz; ) ,
AI LZmax = 02| I-2 peak'

IV.2 — INDUCTANCEL where i = 2\'/P° and
peal p
The inductance L.can be obtained from the following
equations: Vp=+/2-220.
h IV.6 — QUTPUT FILTERS(CT, Lf)

where Al 20.1.[Py j For the output filters the conventional design was
: Vpv used. So, the following values were obtained:

Cf =560 nF ; Lf=2.0 mH
IV.3 — TRANSFORMER TURNS RATIQQ)

Vvl o1
Vin 1-D

where  Vin =400V (buck input voltage);

IV.4 — CAPACITORC,

The capacitor Cis given by:



V — EXPERIMENTAL RESULTS AL L - —
r \ \
A prototype rated 300W was built to evaluate the current : voltage
proposed circuit. The specifications are given in the W . / \\ Cihean
previous item. MOSFETSs were used for the main switches. \ ! W
Fig. 7 presents the current and voltage in the MOSFET of \ M M C1RMS
the push-pull converter. The voltage and the current in the Y foo1meay
MOSFET of the buck converter are shown in Fig. 8. Fig. % \IJ W
shows the voltage and current in the switch S4. The drive i PR
signals of the current inverter are given in Fig. 10. Fig. 11
presents the voltage and current transferred to the mains C2 RMS
. . . 14.40mv
power supply. Fig. 12 and Fig 13 show the total harmonic
distortion (THD) of the voltage and current respectively.
An efficiency of 80% was obtained at full load 5
Conditions. Chi 100V h?10.0mv M7.00ms Tine /7 3.7
Fig. 9: Voltage and current in switch.S
100 V/div; 0.5 A/div; 2 ms/div.
Tek stop: 5.00MS s 217 ;ch: . ‘
r ‘ T i T ! TekK Stop: 100kS s 176 Acgs |
current ’
[~ [~ C1 Freg A B —
J \WNWWMJ \WMWM' 20.1620KkHz GLMax
A e L s
- L L 1 S
T 60.029 Hz
1 voltage Il — [ 1
C1 +Duty
L | ] 46.64 %
: i |
A1 500 ; 12 5t TTHe =30V 28 Aug 1008
. Ax1  5.00V & 11:55.06
Ch1 0.0 hz2 10.0mve M 10 0us Cht J 1.2
Fig. 7: Current and voltage in switch. S Fig. 10: Drives signals of the current inverter switches.
20 V/div; 10 A/div; 10us/div. SignalA—> &, S
SignalB—> &, §
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Fig. 8: Voltage and current in switch.S
100 V/div; 1 A/div; 10us/div.

Fig. 11: Voltage and current in the mains power supply.
100 V/div; 1 A/div; 2 ms/div.
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Fig. 12: Voltage harmonic analysis of the mains power supply.

THD = 3.69%.
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Fig. 13: Current harmonic analysis of the mains power supply.
THD = 4.89% , phase = -175

VI — SUMMARY

This paper has presented the analysis of a statjd]
conversion system for treatment of the solar energy from
photovoltaic cells. This system is interconnected with the
mains power supply, contributing to the generation of thtfz]
commercial electrical energy.

According to the results obtained we have a DC-AC
static conversion system with the following features:

It is particularly robust; [3]
It has a simple control strategy;

It uses low cost technology;

Does not presenslandingproblem in the failure [4]
of the mains power supply;

Many systems can be associated in parallel;
Simple installation;

Lower harmonic distortion of current; [5]
Natural isolation.

This system can be applied in residential or
commercial buildings, for low or high power. Therefore,
authors believe that this topology can be very useful for
some residential and/or industrial applications.
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