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1. INTRODUCTION

In today’s world where the energy demands are increasing in every minute and the environmental
conditions are degrading, generation of electricity efficiently and in a greener way is essential. Due to the
availability and its clean nature, solar energy is one of the most favorable forms of renewable energy.
Photovoltaic (PV) systems [1-4] are constantly being improved to be more efficient. As the outputs of the
solar panel are irregular and fluctuate with changing irradiance, optimal operations of the panels are required.
Maximum Power Point Tracking (MPPT) techniques [5-6] are used in photovoltaic systems to maximize the
PV array output power in irregular conditions. MPPT is a fully electronic system that tracks the maximum
power point of a PV module and tries to keep it at that point. The concept is to continuously monitor the
terminal voltage and current, calculate the change in power simultaneously and then to take necessary steps
to achieve Maximum Power Point [7-8]. A DC-DC converter with MPPT algorithm based circuit is used
between PV module and DC-AC converter to extract maximum available power.

A lot of research efforts have been made to achieve faster, better and accurate MPPT techniques
under changing irradiation, varying temperature and load. Several algorithms exist for tracking MPP like
Perturb and Observe (P&O) [5-8], Incremental Conductance (InCon) [9], Neural Network, Current Sweep,
Fuzzy Logic [10-12] Methods.
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This paper illustrates a control strategy for MPPT in a photovoltaic system using the P&O method
due to its straightforward, easy implementation and high performance characteristics as described in
section 2B. The proposed photovoltaic system consists of a solar panel, a DC-DC boost converter [13-17], an
MPPT sub-circuit to drive the boost converter, a DC-AC H-bridge inverter [18], an SPWM control circuit
[19-21] to operate the inverter, a step-up transformer and a low pass LC filter to produce harmonics free
output with a fundamental frequency of 50 Hz.

2. PROPOSED SYSTEM
2.1 Photovoltaic Panel Modeling

For modeling the photovoltaic panel, two physical models of solar modules are placed in series
using capacitors and reverse parallel diodes to provide the desired input to the system. The solar panel used
here is Resun Solar Energy’s solar panel [22] under Standard Test Condition (STC). At STC condition of 25°
temperatures, and irradiance of 1000 W/m, the panel is simulated to give an output voltage of 24V. The
design parameters of the solar system are listed in Table 1. Moreover, a triangular voltage source of 24 V., is
put in parallel with the panels to demonstrate the varying nature of panel voltage.

Table 1. Design parameters of solar system

Parameter Value
Number of cells 60
Standard Light Intensity, So 1000W/m?
Reference Temperature, Tre 25°C
Series Resistance, R 0.0155Q
Shunt Resistance, Ry 1000Q2
Short Circuit Current, I 8.68
Temperature Coefficient, C; 0.005454

2.2 Photovoltaic Panel Modeling

In the Perturb and Observe (P&O) method the operating voltage or current is perturbed and then
power is measured. The power calculated is observed to decide the direction of further changes in the voltage
or current. If change in power is positive then the voltage change is done in the same direction by a
constant K. On the other hand, if the power change is negative then change in voltage is done in the opposite
direction by a constant K. The flowchart of the P&O algorithm is drawn in Figure 1. Here we proposed a
simple analog subcircuit using logic gates to implement P&O technique as shown in Figure 2. This analog
subcircuit is suitable for them who are not familiar or feels uneasy with the microcontroller coding.

Here, logic ‘1’ is set for ‘yes’ in the algorithm and logic ‘0’ is set for ‘no’ [5]. The summarized truth
table of logic is listed in Table 2, with V,+K=0 and V,—K=1. Initially, this sub-circuit measures instantaneous
voltage (V,) and current (1,) and multiplies them to find the power (P,) of the solar panel. The differentiator
calculates the change in power (dP) which can either be positive or negative, and feeds it to the comparator to
get either logic 0 or logic 1. The second differentiator calculates the change in voltage and repeats the same
operation. The logic values from both these conditions are given as input to XOR gate. The input logic
combination activates either dP>0 or dP<0 and this turns on the desired switch for either addition or
subtraction of voltage to or from the input voltage. The total voltage is then passed on to the third comparator
which compares it with a DC reference voltage. The output of this comparator is the PWM control signal
which is used to operate the boost converter. The PSIM circuit shown in Figure 2 demonstrates the P&O
method. The proposed MPPT sub-circuit helped to achieve the constant 312V ., ac at the inverter output
from the fluctuating solar panel voltage (~24V) by varying duty cycle of the boost converter.

Figure 3(a) shows the 24 V_, triangular input voltage (V,) which represents the fluctuating voltage
of the solar panel and the Figure 3(b) shows the pulsating input power (P,). The output voltage from the
summer (Vgm) and a DC reference voltage (V) are demonstrated in Figure 3(c). For clear verification, the
frequency of V,, is chosen to be low as 200 Hz and the simulation time is fixed to 0.008s. These three figures
help to understand the P&O algorithm. Since both voltage and power are increasing till approximately
0.0025s, V, becomes incremented by 5V as K is given as 5V in the sub-circuit. Here K is considered as a
high value just to help in verifying the function of the P&O algorithm. After that as the voltage is decreasing
while power is increasing, 5V gets decremented from V,. This addition and subtraction of voltage from
instantaneous input voltage depending on the combinations result in the graph in Figure 3(c). The reference
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voltage (V) is taken as 14V. The PWM signal generated by the process is shown in Figure 3(d), which is
used for switching the boost converter. In our design, as the voltage and power from the solar panel varies,
the duty cycle of switches also varies accordingly, as shown in Figure 3(d), using the MPPT control
mechanism to achieve the constant desired output voltage and power.
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Figure 1. Flow chart of P&O algorithm

Table 2. P & O truth table
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Pn >Pn-1 1 1 0 0
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Figure 2. Schematic diagram of MPPT in PSIM
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2.3 Design of DC-DC Boost Converter

A boost converter has been designed and implemented to the proposed system to step up the
unregulated voltage of the photovoltaic panel (~24V dc) to 48V DC, which is finally stepped up to a desired
output voltage for grid application (312V e ac or 220V ms) by using a step-up transformer. Figure 4 shows
the boost regulator using a MOSFET switch. The boost converter output (Vyeest) Of 48V from a varying dc
source (~24V) is demonstrated in Figure 5. Pulse width modulation (PWM) of gating signal is done using the
MPPT control strategy as described in section 2.2 and applied to the transistor. As the voltage varies, the duty
cycle also varies accordingly to produce the constant desired output voltage. The designed parameters for the
boost converter are listed in Table 3.

Table 3. Boost Converter’s Parameters

Symbol  Actual Meaning Value

Vin Given input voltage 24v

Vout Desired average output Voltage 48V

fs Minimum switching frequency 20KHz

D Duty cycle 0.5

I max Maximum inductor current 500A

Al Estimated inductor ripple current (2.6% of I max) 5A

AVt Desired output voltage ripple (0.1% of V) 0.1v

lout Maximum output current(Vqu/R) 4.8A
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Figure 3. (a) Triangular input voltage, (b) input power, and (c) the summer and reference voltages (d) PWM
pulses to the boost converter

Figure 4. Boost converter
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Figure 5. Boost converter output

Figure 5. H-bridge inverter with control circuit

2.4 H-Bridge Inverter

The H-bridge inverter [29-30] as shown in Figure 6 is used to convert the 312V DC voltage of the
boost converter to 312V ..« AC (220V,,s) voltage which matches the specifications for grid connection [6].
Sinusoidal pulse width modulation (SPWM) is used for operating the four transistors A, B, C, D.

In order to generate gating signals, a sinusoidal reference signal (V,) is compared with a high
frequency triangular wave (V.) called carrier signal. A 20 KHz frequency of V. is considered for this model.
The value of the inverter output increases with an increase of modulation index, which is the ratio of two
signals expressed by the following equation:

V.

M=
V.

1)

2.5 Design of LC Low-Pass Filter

An LC low pass filter has been employed in the proposed system to prevent harmonics from being
injected to the grid. The requirement of the national grid of Bangladesh is 312V pes OF 220V s With 50Hz
frequency. For a characteristic impedance of 30Q and a cut-off frequency of 50Hz, the inductor capacitor
values are calculated by applying the equations (2) and (3) and are used in the proposed system.

1
R=x= 2nfC @)
_ 1 3
fe= 2nvIC @)

The capacitor value of LC low-pass filter is calculated using equation (2) as

1 1
C = =
2nfR ~ 2m x 50 x 30

= 106puF

Putting the value of capacitor in equation (3), the inductor value of LC low-pass filter is calculated as

1 1
L = =
(2m)2f2C  (2m)2 x (50)2 X 106 X 10-6

= 95.58mH

The 48V output of the low-pass filter is stepped up by using a step-up transformer as shown in
Figure 7 to have the peak output voltage of 312V or an rms voltage of 220V, which is the single-phase grid
voltage in Bangladesh.

3. RESULTS AND DISCUSSIONS
The complete schematic of the proposed PV system for PSIM (Power SlIMulation Software)
simulation is depicted in Figure 7. The output of the H-bridge inverter is shown in Figure 8(a) which is
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distorted and contains high frequency components with a total harmonic distortion (THD) of 0.707. In order
to reduce the harmonics at the output, the low pass L-C filter is designed and integrated with the proposed PV
system. Figure 8(b) shows a pure sinusoidal output voltage of 220V, at a frequency of 50Hz, which
emerges after passing through the low-pass LC filter. The THD is found to reduce significantly from 0.707 to
0.001 after filtering, which is much lower than the IEEE 519 standard.
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Figure 7. Complete PSIM circuit of proposed PV system

The THD is calculated using the following equation:

H .2
oD — ’Z armonics (4)

"~ Fundamental Voltage

The Fast Fourier Transform (FFT) of the inverter output before filtering and after filtering can be
seen from Figure 9(a) and (b), respectively. The FFT reveals that before filtering additional harmonic spectra
is present with fundamental harmonic component at 50 Hz. However, after filtering the higher harmonics are
seen to disappear with only the 50 Hz component remaining. This indicates that a pure sinusoidal wave has
been generated.

The performance of the proposed photovoltaic inverter is tested by varying the output load from 5Q
to 100Q at an interval of 5Q as shown in Figure 10. The testing result shows that the output current remains
almost constant with changing load, which confirms the applicability of the proposed PV system for dynamic
loads.
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Figure 8. (a) Output voltage before filtering and (b) after filtering
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Figure 9. FFT of the inverter voltage (a) before filtering and (b) after filtering
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Figure 10. Output current variations with increasing load

4. CONCLUSION

This paper puts forward the design and simulation of a transformer-less PV system with an
integrated maximum power point tracking (MPPT) with a sub-circuit using simple logic gates. This simple
design of MPPT sub-circuit will be helpful for the researchers who are not familiar with the microcontroller
coding. The designed MPPT circuit satisfies all the conditions of the P&O algorithm and accurately adds or
subtracts K to the input voltage as per demand of the situation to produce the output voltage as a perfect
sinusoidal wave with 220V,s and 50 Hz. The THD is found to be a significantly small value of 0.001 after
filtering, which is much lower than the IEEE 519 standard. FFT of the inverter output before and after
filtering demonstrate the effectiveness of the filter. The output current remains almost constant with changing
load, which confirms the applicability of the proposed PV system for dynamic loads.
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