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Abstract: In this paper, PV module is designed. The different characteristics curve of solar cell is
obtained and its dependency is observed on temperature and irradiation. The flyback converter is used
as interface between PV panel and the load. A detailed analysis and operation of converter has been
discussed. Perturb and Observe (P&O) MPPT algorithm has been employed for operate the PV panel
voltage at the Maximum power point (MPP). Initially, the PV panel peak voltage is obtained directly
by varying the duty cycle of the flyback converter. Due to direct duty Ratio control method causes
stress on the converter switch. That’s why converter besides a significant amount of power loss. The
second MPPT algorithm is also implemented with PI controller and P & O algorithm where algorithm
is used to calculate the reference PV voltage. The performance of both method is compared in this
paper. The DC voltage is converted into AC voltage by use of single-phase voltage source inverter
(VSI).

Keywords: Maximum Power Point Tracking, Fly back converter, Solar Voltaic cell, Voltage source
inverter.

1. Introduction

Among the renewable energy resources, the energy
through the solar photovoltaic effect can be considered the
most necessary and prerequisite sustainable resource
because of the ubiquity, large quantity, and sustainability
of solar energy. The output characteristics of PV module
depends on the solar irradiance, cell temperature and
output voltage of PV module. Since PV module has
nonlinear characteristics, it is necessary to model it and
simulate for Maximum Power Point Tracking (MPPT) of
PV system applications. A PV module generates small
power, so the task of a MPPT in a PV energy conversion
system is to continuously tune the system so that it draws
maximum power from the solar array regardless of
weather or load conditions. Previously buck, boost and
buck-boost converters are used to transfer the power
generated by PVA to load . In literature it is reported that
direct control of Flyback converter minimizes power loss
and avoids the discontinuous conduction. The PI controller
increase complexity of system. In this work direct control
of duty cycle using MPPT technique is explore.
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2. Block Diagram of Tracking System

A block diagram of the solar PV energy conversion system
with a dc-dc converter, a VSI, an output filter and the
feedback control loop is shown in figure 1.
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Fig. 1. Block diagram of system configuration
2.1 Proposed Configuration

This is two stage stand-alone PV system in which low PV
voltage is stepped up using converter and then is converted
to AC. Flyback converter is used as DC-DC converter.
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Here P & O algorithm is used to track the maximum power
point. The P & O algorithm is implemented in two ways,
one by direct duty control and other by reference voltage
control with Pl controller. The duty ratio of flyback
converter is controlled by MPPT control. The output
voltage of converter is fed to voltage source inverter
whose pulse is generated by sinusoidal pulse width
modulation. The circuit configuration is shown in Fig 2.
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Fig 2. Proposed configuration of PV system

3. Mathematical Model of PV Module

PV device present a non-linear I-V characteristics with
several parameters that need to be adjusted for
experimental data of particular devices, the mathematical
model of PV device may be convenient in the study of
dynamic analysis of converters, in the study of PV systems
and its components using circuit simulator. The equivalent
circuit model of the solar cell is given in Fig. 3.
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Fig. 3. Equivalent circuit model of the solar cell
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Where,

Ir is photon current which is directly proportional to solar
insolation Iy is diode reverse saturation current q is charge
of electron.
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The PV voltage and current vary when there is change in
temperature and irradiance. So the PV power also varies.
The different characteristics of PV module at different
temperature and irradiation is shown.in the following
figures [3.2], [3.3], [3.4] and [3.5].
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Fig. 4. P-V characteristics at 1000 W/m2 for different temperature

200 - +KkWim?
——T08kWIim?

T O kWM

Power (W)

- L . \ X
o 5 10 15 20 25 30 35
Voltage (V)

Fig. 5. P-V characteristics at 1000 W/m2 for different temperature
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Fig. 6. V-1 characteristics for G=1000 W/m2 at different temperature
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Fig. 7. P-V characteristics at 1000 W/m2 for different temperature

Table 1. Electrical parameters of photovoltaic module

Peak power 200 watt
Voltage at MPP 26.3V
Current at MPP 7.61A
Shart circnit clirrant Q21A
Open circuit voltage 32.9V
Number of cell connected in series 54
Number of cell connected in parallel 1
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3.1 Perturb & Observe Algorithm

P&O method is mostly used because it is simple and less
expensive. This algorithm is mainly based on the sign of
slope of PV curve of solar module. In this algorithm,
voltage is perturbed and slope (dP / dV) is checked
weather it is positive, negative or zero. If the slope is zero
then that point is MPP and if slope is negative then voltage
is perturbed in reverse direction else voltage perturbation
is continued in same direction until we reach peak point.

Measure V(k) and I(k)

Calculate P(K)=V(K)*I(k)

Fig.4. Algorithm for P&O

3.2 Direct Duty cycle control
we can write the output power with load R
N2D% 2PV
°~ 1-D)R
Assuming lossless system output power should be

equal to input power supplied by PV panel. Panel output
power is

Poy =Vey lpy

Equating Eq.(4.1) and (4.2) we will get,
Ve, _(@-D)’R
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Thus, by varying duty ratio we can vary the
impedance of converter seen by PV panel. The algorithm
will track mpp by matching impedance of PV panel and
impedance of converter seen from PV. The general block
of duty ratio control in Fig.5.
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Fig. 5. Block diagram of duty cycle control

The direction of perturbation of duty cycle depends on the
slope of PV curve. If the slope is positive then perturbation

direction is reversed, in other word D becomes D—AD

3.3 Reference voltage control with PI controller

In Voltage reference control, Vref is given by P&O
algorithm. The voltage is perturbed in opposite fashion of
the direct duty ratio control. If the dP/dV is positive then
voltage is perturbed in same direction. In both method
proper selection of perturbation time and perturbation step
size are more important. The system should be allowed to
settle in each perturbation period. In this view perturbation
time should be more than settling time. Similarly if
perturbation step size is high then oscillation in steady
state will be more. The Vref generated by MPPT block is
compared with converter input voltage VPV. The
generated error signal is fed to the Pl controller which
control the duty cycle of DC-DC converter.
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Fig.6. Block diagram of Reference voltage control with PI controller

The open loop transfer function is derived in chapter 3
taking d as input and VPV as input. The controller
constant can be calculated by pidtool or sisotool auto
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tuning control toolbox in Simulink. The function of MPPT
control box is to find the Vref and controller is trying to
reduce the error generated by VPV and Vref .This control
mechanism track the MPP faster than direct duty ratio
control.

3.4 Reference voltage control with PI controller

A full-bridge voltage source inverter (VSI) is used here
which consists of four switches. Two complimentary
PWM pulses are generated by the sinusoidal PWM
controller. The basic principle in generating pulses with
sinusoidal PWM is to divide the period of the desired sine
wave output into number of intervals. In each interval, the
control signal remains on for part of the time and off for
the other part of the time. The ratio of the ON time and
OFF time at any given instant determines the amplitude of
the desired output signal commonly known as duty cycle,
which is fed to switches of the VSI. One signal is sent in
pair to S1 and S2. The other signal is sent to S3 and S4.
The basic circuit of full bridge inverter is shown in Fig. 7.

Fig. 8. Gate signal pattern for switches
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4. Simulation Results
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Fig.10. PV voltage of converter using duty ratio control

Fig 11. PV current of converter using duty ratio control
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Fig. 12. converter output voltage at D=0.54 using duty ratio control
MPPT algorithm
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Fig. 13. Inverter current using direct ratio control with R=100 ohm at
duty cycle 0.46
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Fig. 14. Inverter voltage using direct ratio control with R=100 ohm at
duty cycle 0.46

‘fn“l“'b“n-‘v‘“h“-ﬂ"\“ﬁ‘
‘\‘\ \“ “‘ L4l 1)L M‘
‘M \ w \ \ w“
\H || il ’ | \‘Mm{‘\‘
\1““““ ‘H\ ‘[\"‘H‘\; }m‘\\l
T 1| M‘»}H\ IR

| [ ’M\T’"
\y““\““\ Il

\ |l
|5 \

] 02 03 04 05

T T T

,,“ 1 } |
p \J‘ | ,\\ u u \h |
100 et 111 H\ ‘J “ ‘1 \“ 1
I \H“\H‘\ AL
| ‘IHM:“M ‘\ H\HJH{
L_‘J’U\N‘MJ“! ‘l“\“\g“[\’ﬁ“u ‘HH[J“
| , LA
W\;{‘}J].‘U“‘H‘[‘\M‘,‘J‘J“‘MHJHH‘i‘zx

i ! Tt T
|l [ | |
O (T | | | 1\ \‘ “ \f |

il 01 02 03 04 05 06

Fig. 16. Inverter voltage using reference voltage control with R=100 ohm

4. Conclusion

This paper presents a comparative analysis of the reference
voltage perturbation and direct duty ratio perturbation
method. The response of the system is faster with
reference voltage method. Energy utilization is poor with
reference voltage method but direct duty ratio method
offers better utilization of energy and better stability. The
P-V and V-I curve is plotted for different temperature and
irradiation. We observe that with the increase in
temperature PV power decreases and with the increase
insolation PV power increases. Perturb and Observe (P&O)
MPPT algorithm has been also implemented in the
Simulink to extract maximum power form solar PV array.
The curves of the PV power, current, voltage is plotted
using both direct duty ratio control and reference voltage
control with Pl on MATLAB/Simulink platform. We
observed that tracking time is less in latter method.
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