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Abstract: In this paper, we modeled the devices used in PV system for easy analysis. The modeled library was used to simulate the
effects of solar cell temperature and spatial radiation. In addition, the operation of the DC-DC buck-boost converter and the MPPT
control system was modeled and simulated for complete operation of the PV system. In addition, to prove the operation of the
simulation, the experiment was performed by configuring the actual system under the same conditions as in the simulation, and it was
confirmed that the results of the experiment and the simulation result performed the same operation. In addition, we proposed a single-
phase 3kW grid-connected solar power converter and confirmed the possibility of great help in improving efficiency and power factor.
In the future, it can be used as a stand-alone system when attaching ESS by using solar inverter, and it is possible to regenerate energy

to the battery power side, and it has efficiency of more than 95 [%] and has an energy saving effect.
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INTRODUCTION

The photovoltaic device is composed of a solar cell, a
power converter, a connection panel, a support structure,
and the like. The most important of these is solar cells,
and power converters play an important role as well.
Power converters are in charge of converting direct
current electricity produced from solar cells into
alternating current electricity that can be used at home. In
addition, the junction board for supplying direct current
electricity produced by several solar cells to the power
converter also plays an important role.

In the field of power electronics such as converters,
inverters, and choppers composed of power
semiconductors, various semiconductor power converters
with excellent characteristics began to be developed and
distributed with the development of thyristors. In addition,
due to the development of power semiconductor
technology, new devices such as IGBT and new devices
have been developed and used in various power
conversion devices, and the introduction of
microprocessor enables control technology that was
impossible in the past to realize power conversion
technology and control. The method is also evolving
greatly.

According to the recent trend of the power converter
market, it is impossible to conduct sales activities in the
market unless SMEs have secured cost-saving technology
in a situation where low prices are constantly being
demanded. The companies that install solar systems are
having difficulty in supplying and receiving power
converters. Since the development form of grid-
connected solar power converter has been transformed
into a large capacity, it is difficult to research and develop
various technologies, and it is difficult to establish a
technology for realizing a converter efficiency of more
than 97 [%] using the unit power factor control method.

In this paper, in consideration of these problems, we
propose a system that can operate stably even when the
voltage fluctuation rate is severe or unbalanced power,
and can control with high efficiency and unit power factor.
Integrating the converter and the connection panel
reduces cost and improves efficiency.

MODELING OF THE PROPOSED PV CELL

In this In practical solar cells, resistive losses are tied
to a series resistor R_s. This effect is very visible in PV
modules configured in series, and the value of the resistor
increases with the number of cells.
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Figure 1. PV Cell Model.

To summarize these effects, the voltage-current
relationship of PV cells can be written as in equation (1).
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The combination of the diodes , and , allows
Equation (1) to be represented as equation (2).
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It can be seen that the series resistance gives
most of the electrical parameters of the solar cell by the
fill factor.

If the analysis is limited by the effect of series
resistance alone, the solar cell is modeled as a diffusion
diode and can be summarized as in equation (3).
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In open circuit, it can be written as equation (4).
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From equation (2-14),
(5).

becomes like equation
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Substituting equation (5) into equation (3) yields
equation (6).
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At maximum power point, we can write as in
equation (7).
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If equation (7) is multiplied by voltage V and the
derivative is equal to 0, the maximum power point
coordinate can be expressed as equation (8).

+( - )(—)=0 (8)

Knowing and : and can be
calculated from equations (7) and (8).

The maximum power derived from the solar cell
can be calculated by equation (9).

©

Equation (9) means that the maximum power point
is moved to the same place as the current value
In Eqg. (9), multiplying by and dividing by the
second term on the right gives us the equation (20).
T (1-—) (10)

Assuming that Eq. (11) is obtained, Eq. (12) can be
obtained.
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Fill Factor can be calculated | required from
equation (12) like equation (13).

== - ) (13)

Figure 2 shows the V-l curve of the PV cell
according to the series resistance under the
condition of 1000[W/ 2] solar radiation.
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Figure 2. V-1 curve of PV cell.

This is the loss associated with the micro-leakage
current flowing through the resistor in paralleled
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devices. This is represented by shunt resistor . This
effect is less pronounced in PV modules configured in
series, and is significant when large numbers of PV
modules are connected in parallel.
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Figure 3. V-1 curve of PV cell (Irradiation 1000[W/ 2])

Shunt resistance degrades the operation of solar
cells. To eliminate this effect, set the series resistor and
the second diode to set =1x10% ],0,=0.
Figure 3 shows the resulting waveform at this time. The
open circuit voltage is very slightly modified unless the
shunt resistance is at a small value. If =0, 4,=0,
V = 0 becomes equation (14).

= (14)

To eliminate the effect of the recombination diode
in Figure 4, select the high shunt resistance and the low
series resistance.

Figure 4 shows the simulation result when the
value of parameter ,, is changed. This shows the
effect of the recombination diode, which is much less
characteristic at the open circuit voltage and FF. The
short circuit current is constant.

Figure 4. V-1 curve at J_02 change of recombination diode.

PowER CONVERTER DESIGN CONNECTED WITH
SOLAR CELL

When applied as a voltage-type power converter using
PWM (Pulse Width Modulation), reactive power can be
adjusted, enabling high power factor operation. In
addition, in the case of controlling a rotating device, there
is a characteristic that the voltage and phase of the AC
side can be changed, which has the advantage of
simplifying the structure of the power converter.

As shown in Fig. 5, the voltage converter has a
structure in which a 180”0 energized power converter and
an AC power source are reacted together. The power
converter is a voltage converter using a forced current
structure or a device having self-extinguishing capability.

Since the magnitude of the DC voltage is not defined,
the function of controlling the DC voltage must be
provided as shown in Fig. 5. In addition, since the AC
power factor is not defined, reactive power can be
generated and reactive power can be controlled.

Figure 5. Construction and production of proposed power converter.

SIMULATION RESULTS AND DISCUSSION

MPPT control in DC-DC step-down chopper: In order
to prove the validity of the modeling and simulation using
PSPICE, the same system was actually manufactured and
tested. A block diagram of the overall configuration of the
experimental setup is shown in Figure 6. A DC-DC buck-
boost converter with the same value as in the simulation
was fabricated for output voltage adjustment, and the
controller used for overall system control was
implemented in C-language using TMS chip. The
controller consists mainly of an A / D converter for
voltage and current detection, an MPPT algorithm
implementer for maximum output point control, and a
PWM signal generator for generating control signals of
the converter.
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Figure 6. Block diagram of main system.

The MPPT algorithm uses the improved P & O MPPT,
and Figure 7 shows the actual controller.

Figure 7. Real controller.
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Figure 8. Wave of PV system.

Figure 8 shows the output waveform displayed by
driving the actual controller. The output of the PV system
is an oscilloscope waveform implemented on a PC using
labview for processing and storing various data. As
shown in the figure, a good experimental result showing
the normal maximum output was obtained after the
transient time of about 50ms. This confirms that the
previous simulation was performed correctly. Therefore,
the simulation using the PSPICE library proposed in this
paper can be used for new system development and
performance evaluation as well as to improve the
reliability.

Solar power converter test device and experiment:
order to test the basic performance characteristics of the
single-phase 3kW low voltage inverter developed for
solar power generation and to derive the improvement in
performance, the test apparatus is constructed as shown
in the following Figure 8. It is a 10kVA three-phase
voltage-type PWM converter with a 600V / 150A IGBT
module rating, 1mH inductance, and 3000uF filter
capacitor. The sample and hold circuit was composed by
using analog input multiplexer by detecting the three-
phase supply voltage and the supply current, respectively.
Figure 9 shows the test setup for the performance test of
the power converter.
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Figure 9. Configuration of electric power converter test equipment.
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Figure 9. Test equipment used for electric power converter test.

3kW single phase inverter performance test: In order
to grasp the performance characteristics of the developed
3kW single-phase inverter for solar photovoltaic, the test
was conducted using the power converter test apparatus.
Figure 10 and Figure 11 are images of heat generated by
using a thermal imaging camera to check the temperature
distribution generated during the operation of the power
converter. It can confirm that it shows. The temperature

at the highest heat was 68.4°C where IGBTs were
concentrated, and the average power converter except this
area was about 40°C or less.

684 °C

Figure 10. Power Converter Temperature.

Figure 11. Power converter temperature characteristics.

3KkW Single Phase Inverter Performance Test Results:
As a result of power converter design and performance
test, it is a waveform output by space vector PWM
modulation method as shown in the following Figure 12.
Figure 13 shows the results of the load test and Risaju
results waveforms.
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(b)  Sync Signal Waveform.

Figure 12. Modulation waveform test result.
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Figure 13. Load test and Risaju result waveform.

CONCLUSIONS

In this paper, we modeled the simulation so that it can
be easily performed before the actual PV system is
manufactured. The simulation tool uses PSPICE, which
enables intuitive electrical circuit simulation. The
modeled library was also used to simulate the effects of
temperature and spatial radiation on solar cells. In
addition, the complete operation system for the DC-DC
buck-boost converter and the maximum power point
tracking (MPPT) control system was modeled and
simulated to ensure good operation of the PV system.
Also, in order to prove the operation of the simulation, the
experiment was carried out by constructing a real system
with the same conditions in the simulation. Considering
capacity, we have secured design data that can be
diversified and large in capacity. In particular, GaN type
MOSFET is a next-generation switching device, and it is
confirmed that it is not inferior, and it is possible to extend
the switching frequency to 200kHz and greatly improve
the efficiency and power factor by greatly reducing the
size of the heat sink. It was confirmed.

Therefore, the modeling performed in this paper was
confirmed to be accurate, and it can be used to facilitate
the simulation of the basic photovoltaic power generation
system.
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