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Abstract: A normal inverter always uses a transformer. By presenting a transformer in the inverter
causes its size, losses and efficiency to be relative big, high and low, respectively. An alternative to
remove the transformer is very important to solve the problems, but it is still has good performance,
especially in the required power quality. This paper presents a design of multiple pulse width
modulation (MPWM) transformer less photovoltaic inverter (TPVI) system. It consists of a full bridge
inverter circuit, a photovoltaic (PV) voltage storage circuit, a pulse driver circuit, and a circuit of LC
filter. An experimental setup is conducted to observe the performance of MPWM TPVI system. The
result shows that its performance depend on the solar irradiance and temperature because it operates
directly on the sunny day.

1. Introduction

The installation of photovoltaic standalone system growths rapidly, it serves a small electrical load
and it is suitable installed in rural area where no utility grid connection. An analysis of solar
irradiation at the potential site should be made at stage of inception. it is due to meteorological
condition (solar irradiation and temperature) in different area are always different. Knowing solar
irradiation potential in an area, it can be decided that it can be suitable or not to develop photovoltaic
power generation [1].

Normally, f& low frequency (50 Hz) inverter uses a transformer that it is bigger in size, heavy and
expensive. The simplest technique to invert DC power into AC power is to generate a square wave.
However, the harmonic content of the square wave is relatively high, also the efficiency of this
waveform is relatively low. [2] — [7] stated that for reducing the size, weight and manufacturing cost,
the transformerless PV inverter is suitable, it improves the efficiency system.

2
[3]stated that the full-bridge inverter with bipolaPWM generates no common-mode voltage. This
inverter is simple, as it only requires four IGBTs. The IGBTs that are used in this inverter must deal
with input voltages (V,,) close to 800 V, so 1200 V IGBTs are chosen. Consequently, it is used

nowadays in some transformerless inverter.

[6]stated for reducing the manufacturing cost and for increasing the efficiency of module-integrated
converter [{P& transformerless concept is suitable. The new type inverter, which is proposed, basically
works as buck boost DC-DC converter. Therefore, it is possible to reduce the number of the active
switches in comparison with conventional inverter for AC modules because of simple circuit
topology. The control method and operation test results including both stand alone and grid connected
for the new type transformerless inverter are presented. These measurement results show that the
performances can compete with the conventional small inverter (rated capacity around 50 W).
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This paper presents the solar irradiation in Kangar for observing and analyzing the potential of
MPWM TPVI system application. A MPWM TPVI system was constructed by four main circuits,
namely photovoltaic (PV) voltage storage circuit, pulse driver circuit, full bridge circuit and LC
circuit. The AC output voltage waveform of MPWM TPVI system is sinusoidal that it is driven by
microcontroller PIC 16F877A in the full bride circuit. It is due to the MPWM TPVI system is
operated directly by PV module.

Transformerlees PV inverter presented by some researchers still uses diode or capacitor as DC link
(connection between PV array and inverter), it can still produce leakage current. They also still use
IGBT as switching, in which it can produce high losses when operating as switching mode. They also
use conventional pulse wave conventional (PWM) to produce pulse wave, it do not perform well and
it is easy to burn. A proposed MPWM TPVI is interesting to be designed which consists of power
factor correction (PFC) circuit, pulse driver circuit, full bridge inverter circuit and LC filter. The PFC
circuit has diode and capacitor, it is as DC link. It can eliminate leakage current and store DC voltage
of the PV array. The pulse driver circuit produces pulse wave. It is easy to create the pulse wave using
microcontroller PIC16F628A-I/P. The full bridge inverter circuit is constructed by high switching
MOSFET, it has low losses, thus high efficiency of inverter can be obtained. The LC filter has
function to generate the pure AC voltage waveform.

2. Methodology

This section presents a design of the MPWMTPVI system which consists of photovoltaic (PV)
voltage storage circuit, a full bridge inverter circuit, a pulse driver circuit, and a circuit of LC filter.
The detail explanation of each circuit is stated in this sub section.

Circuit and components of)PWM TPVI system

The PV voltage storage circuit as sHig#n in Figure 1 is applied to store the PV voltage for the
momentary time if there is fluctuation of solar irradiance and temperature. The point +S and -S are
the input voltage terminal which is supplied by the PV array. The output of this circuit at point +PV
and —PV is connected to the full bridge inverter circuit to produce the multiple PWM AC waveform.
The choice of integrated circuit (IC) MC 34262 is due to it is a power §fiitor control IC designed for
use as pre-converter in power converter application (PV standalone). The IC is fully protected and
eliminates the often noise sensitive line voltage sensing requirement of existing solution. The MC
34262 feat§¥s include programmable switching frequency, programmable dedicated over voltage
protection, open loop and micro power start up current.
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Figure 1. PV voltage storage circuit

The MC 34262 can be applied into DC voltage up to 400 V, while the multiple input pin of the MC
34262 at pin 3 needs DC voltage -1 V to +10 V. Therefore resistor divider is needed to divide the DV
voltage. The resistor of 1 M €2, 330 k€ and 12 k Q) are suitable for this case. The DC voltage across
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the resistor of 12 k) is around 3.6 V and it is paralleled to the capacitor of 001 2 , 30 V. The
choice of the capacitor is suitable to be applied into DC voltage of 3.6 V.

The pin V. of the MC 34262 at pin 8 needs DC voltage of 12 V which is connected to a diode
BYM26C and capacitor of 0.01 1/ ,50 V and 100 gF , 50 V. The capacitors are suitable to be applied
into the DC voltage of 12 V and their function is as filter.

Switching frequency selection is based on capability of the current flowed through the system. A
MOSFET IRFP460 is selected as switching frequency that it has rating current 20 A and imis high
switching mode. It is accomplished by selecting the value of resistor of 1 k€2 and 330€). A parallel
combination of 20 units of 1 £ resistance is to reduce the effect of soldering resistance. This is
difficult if one 0.05 € resistance is used.

Capacitor of 470 g, 450 V and 0.1 gF , 630 V at the end of the power factor correction circuit are

chosen that they can store the DC voltage and also the choice is suitable to be applied into the DC
voltage of 400 V.

The pulse driver circuit is used to produce four square waves and 160 PWM outputs with difference
duty cycle but same period in time of 10 ms as shown in Figure 2. They are needed to drive the
MOSFETs IRFP450 in the full bridge inverter circuit. The square waves and PWM outputs are
developed by a microcontroller PIC16F877A-I/P at PORT RD1, RD2, RD3, RD4 and RC1/CCP1 as
shown in Figure 3. Two AND gates are needed to convert the square waves and PWM outputs at
PORT RD2, RD4 and RC1/CCPI. The square waves and PWM outputs at PORT RD2, RD4 and
RC1/CCP1 and the AND gate outputs at point B and D are shown in Figure 4.
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Figure 2. Proposed pulse driver and full bridge inverter circuit of MPWM TPVI system
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Figure 3. Four square waves and 160 PWM output with Figure 4. The square waves and PWM outputs at
difference duty cycle but same period in time of 10 ms PORT RD2, RD4 and RC1/CCP1 and the AND gate

outputs at point B and D
The full bridge inverter circuit which is shown in Figure 2 is used to convert the 240V DC PV voltage
to an AC waveform. The square waves and PWM outputs from the pulse driver circuit as shown in
Figure 2 are needed to drive the MOSFETs IRFP450. The point F and F are the AC output
waveform as shown in Figure 5 in which its magnitude depends on DC input at point +PV and -PV
between 200 V and 240 V. A circuit of LC filter connected at the point F and F are needed to
generate pure sinusoidal voltage wavetorm as shown in Figure 6 [8].
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Figure 5. AC output waveform generation Figure 6. AC voltage waveform before and after LC
filter

Experimental setup of MPWM TPVI System
Main experimental setup equipments of the MPWM TPVI system consist of PV module, PV voltage
storage, pulse driver, full bridge, LC filter and AC load types. The measurement equipments consist

of electrocorder voltage logger, Vantage Weather Station Pro2, textronix oscilloscope and PM 300
4
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Analyzer as represented in block diagram in Figure 7.

e MPWM TPVl input is connected to the PV array and its output is connected to the resistive lamp
load. The PV array output voltage is measured by el@ocorder voltage logger which its value
depended on solar irradiance and temperature. The solar irradiance and temperature are measured by
the Vantage Weather Station Pro2. Performances of the load are measured by the PM 300 Analyzer.
The measurements are real time system and recorded every minute.
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Figure 7. Experimental setup of the MPWM TPVI system
3. Result and Discussion

The pure sinusoidal AC voltage waveform is generated based on the conversion of PV voltage source
that it is fed into port +PV and —PV of the full bridge circuit as shown in Figure 2. The full bridge
circuit is constructed by four MOSFETs IRFP450 and each gate is driven by two square waves and
two PWM outputs that have duty cycle of 10 ms. The square waves and two PWM outputs are
generated by PIC16F877A at PORT RD1, RD2, RD3,RD4 and RC1/CCP1 via two AND gates.

Square wave and PWM output generated by PICI6F877A

Four square waves and 160 PWM outputs are generated by PIC16F877A at PORT RD1, RD2, RD3,
RD4 and RC2/CCP1 as shown in Figure 8. For the first half cycle of 10 ms PORT RDI and RD4
generate the high value square wave, PORT RD2 and RD3 generate low value square wave, while the
PORT RC2/CCPI generate the 160 PWM outputs. For the second half cycle of 10 ms PORT RDI and
RD4 generate the low value square wave, PORT RD2 and RD3 generate high value square wave,
while the PORT RC2/CCP1 still generate the 160 PWM outputs.

Pure sinusoidal AC v&Rlige waveform

The pure sinusoidal AC voltage waveform is generated at output terminal of LC filter. The
inductance of inductor and capacitance of capacitor affect thef{Bire sinusoidal AC voltage waveform.
The choice of suitable value is very important to obtain the pure sinusoidal AC voltage wavef§Eh.
Some inductance of inductors and capacitance of capacitors have been tested to obtain the pure
sinusoidal voltage waveform. The testing was done by increasing the inductance of inductor and
decreasing the capacitance of capacitor. Every change of the inductance of inductor and capacitance
of capacitor were observed and recorded to obtain the pure sinusoidal AC voltage waveform using
Textronix oscilloscope.
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(a) Four square waves (b) 160 PWM outputs
Figure 8. Measurement result of four square waves and 160 PWM outputs using Textronix oscilloscope

The increasing of capacitance of capacitor to be 0.022 uF and the decreasing of inductance of inductor
to 4498 mH have been done. This condition produces a pure sinusoidal AC voltage waveform as
shown in Figure 9. The 0.022 uF capacitance of capacitor and the 4.498 mH inductance of inductor
are fix values in the LC filter circuit of the MPWM TPVI system.

Voltage (volts)

Angular angle
(degrees)

180 360

Figure 9. Sinusoidal AC voltage waveform C=0.022 uF and L= 4 498 mH

Performance of MPWM TPVI System

To understand and analyze the performance of MPWM TPVI system, it was tested by connecting to
the three PV modules that connected in series as DC voltage source input of the MPWM TPVI
system, each PV module has data sheet of 91.8 VEZJ9 A and 60 W. It indicates that the DC voltage
source input has 275.4 V,0.9 A and 180 W for the standard test condition (STC) of solar irradiance of
1000 W/m?* and temperature of 25 “C. The output terminal of MPWM TPVI system is connected to a
15 W resistive lamp.

The performance of MPWM TPVI ffflem depends on the capacity of PV module connected @ Fts

input and PV module performance depends on the solar irradiance and temperature. If the solar

irradiance increase and the temperature is constant, the performance of PV module will also increase
6
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ED
and it can increase the power capacity of MPWM TPVI system. Inversely, if the solar irradiance is
constant and the temperature increase, the performance of PV module will decrease and it can
decrease the power capacity of MPWM TPVI system.

In the experiment, the solar irradiance and temperature are measured using weather station Pro2. The
PV module voltage and current are measured using electrocorder voltage logger. The performance of
MPWM TPVI, in term of AC load voltage and power are measured using PM 300 analyzer. The
measurements were done on the real system and they were recorded every 5 minutes on 23" April
2015 from 7.45 am to 6.45 pm.

The MPWM TPVI system was observed on 23" April 2015 from 745 am to 6.45 pm and also
analyzed their performance which depended on solar radiation and temperature. The weather
condition of the solar irradiance and temperature are shown in Figure 10. The average of solar
irradiance is 44546 W/m? or 5320.7 Wh/m?. It means that the solar irradiance on 23" April 2015 is
classified in very high solar radiation and it is suitable to run the MPWM TPVI.

7
Values of the solar irradiance and temperature as shown in Figure 9 affect the g\/ array output power.
If the solar irradiance increase and assuming the temperature is constant will cause the PV array
output power increase, otherwise if the temperature increase and assuming the solar irradiance is
constant will cause the PV array output power decrease [9]. The PV array output power capacity
affects the performance of MPWM TPVI system.
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Figure 10. Weather condition on 23™ April 2015

The measurement and simulation rms load voltage and power on 23" April 2015 are shown in Figure
11. The solar irradiance as shown in Figure 10 affects the AC load voltage and power. Exactly, on the
time of 12.00 noon to 2.00 , the solar irradiance is fluctuation and forward to decrease, it is
followed by the decreasing of AC load voltage and power.
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Figure 11. rms AC load voltage and AC load power on 23™ April 2015
4. Conclusion

From the study of solar radiation potential in Kangar, Malaysia to generate the multiple pulse wave
modulation (MPWM) transformerless photovoltaic inverter (TPVI) following conclusions can be
deduced:

Based on solar radiation data through the year 2015, the average monthly solar radiation for the year
of 2015 is 407.0 W/m? or 4861.44 Wh/m?. It is classified as a very high solar radiation and indicates
that the sky in Kangar is very clear and very suitable for generating the MPWM TPVI system.

Normally, the low frequency (50 Hz) inverter uses a transformer that it is bigger in size, heavy and
expensive. For reducing the size, weight and manufacturing cost, the MPWM TPVT is suitable, it can
generate a sinusoidal AC waveform which is suitable for the long life of AC loads. The MPWM TPVI
system is designed by using MOSFET IRFP 450 and LC filter that can flows the current of 5 A .
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