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Power Quality Improvement In Photovoltaic Systems

J.Devi Shree' and P.Anbalagan®

Abstract — In this paper, a maximum power point tracker
and an optimum design of a pulse-width modulation (PWM)
inverter for a grid connected photovoltaic energy conversion
system is proposed. The MPPT provides the improved
tracking operation under different conditions such as
changing insolation and temperature. First, the implemented
hardware of the system is described. Next, the principle of
the MPPT control and selection of input and output variables
and tuning of the membership functions are discussed. Then
the multi-carrier pulse-width modulation (PWM) approach
is introduced as a convenient way to implement a high-
frequency link inverter. The approach is a direct extension
of conventional PWM, and supports square- wave cyclo
conversion methods that have appeared in prior literature.
Finally, the performance of the system is described.
Simulation results of the experiments for inspecting the
working of the system are presented.

Keywords - Phase detector (PD), phase locked loop (PLL),
current source inverter (CSI), electro magnetic pollution,
zero crossing detection.

1. INTRODUCTION

In recent years, the efforts to spread the use of renewable
energy resources instead of pollutant fossil fuels and other
forms have increased. As a result of advances in the
production of photovoltaic modules and equipments like
inverters and charge controllers, the use of photovoltaic on
houses in urbanized areas has become more practical. A
grid-connected inverter is a system, which is capable of
converting the solar energy to AC electricity and
supplying this electricity to the utility grid, to which the
building is connected. Many methods have been proposed
for maximum power point tracking (MPPT). So far,
algorithms to achieve MPPT techniques are based on
perturb and observe techniques [1] or incremental
conductance methods and techniques employing
intelligent control such as those using fuzzy logic,
neural networks etc. [2-4]. In this study logic controller
used for MPP tracking of a grid connected photovoltaic
conversion system. The method employed is believed to
give a closer tracking of available energy from the sun.
High-frequency (HF) ac link inverter topologies. It is
possible to obtain the basic advantages directly in a PWM
inverter, but only if the transformer can handle the low
modulating frequency [5]. HF link topologies have not
been common for medium power (1 to 20 kW), largely
because of the number of power stages and control
complexity. The complexity draw back has been overcome
with a multiple-carrier PWM technique, which is
introduced in this paper. We extend the control
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concept introduced in [6-7] and demonstrate that multiple-
carrier PWM methods can lead to HF link inverters that
are about as simple as the conventional PW M inverters.
Here we also add elements to support natural commutation,
thus reproducing results in [8] directly from familiar PWM
processes.

II. MULTI-CARRIES PWM SEQUENCE GENERATION
DESCRIPTION

A block diagram for the generation process is shown in
Fig. 1. A base carrier (triangle or ramp) is phase-shifted,
then divided into independent time segments by means of
a decommutator [12] operating in synchronism with the
carrier clock. A decommutator is more common in time-
division multiplexing (TDM) communication systems, but
its function here is the same segment the base carrier into
time slices that can be used as the basis for the multiple-
carrier approach.

III. HF LINK INVERTER CIRCUIT CONFIGURATION AND
SWITCHING TIMING

Fig.2 shows a three-phase cycloconverter-type HF link
inverter, which consists of an open-loop inverter to
generate a 50% square wave, the HF link transformer, the
output converter stack, and passive filtering for the output.
The primary-side inverter bridge uses unipolar devices
(MOSFETs or IGBTs with inverse diodes), while the
three-phase output bridge consists of twelve unidirectional
switches organized in six pairs. With natural commutation,
only the leading edge of the gate pulses is needed, and the
only feedback is the sign of the output currents [5]. The
single-phase version of Fig.2 is interesting because control
can be applied either at the input bridge or the output
bridge. The gate sequence, multiplied by the square wave,
recovers a conventional PWM output. Natural
commutation in the HF link circuit is not affected
significantly by dead time. When a short dead time is
provided for the primary-side inverter, the output voltage
cannot be quite as high, but the general operation is
unchanged [11].
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Fig.1: The general two-carrier PWM sequence generation
process
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IV. DISCUSSION AND EXPERIMENTAL WORK

Fig.3 shows a test circuit for a naturally-commutated
square wave cycloconverter (similar to the power circuit in

[10]), that uses the two-carrier process in Fig. 1 for control.

Since the devices are SCRs, only the leading edge of the
PWM pulse is needed. The decommutator is not
necessary because only pulse transformers are needed to
transmit the signal leading edge.  Therefore, both
comparators in Fig. 1 can be used directly with the original

ramp. Two multivibrators use the rising edge to produce a
15 ps gate pulse train. The upper multivibrator creates a
phase-delayed gate pulse train to be used when current is
positive, while the lower multivibrator creates a phase-
advanced gate pulse train. Simple logic is used with a
current comparator to separate the positive and negative
current conditions. Notice that in contrast with [9], the
gate pulses have been generated directly with conventional
sine-ramp PWM comparisons, with the ramp doing
double-duty for both carriers.
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Fig. 3: Experimental circuit configuration

Fig. 4 shows experimental waveforms generated with the
circuit of Fig. 3. The top trace is the ramp, at 2 kHz. The
second trace is a 50Hz sinusoidal modulating function set
for 70% modulation depth. Since only the leading edge is
concerned, there is no need to add or subtract to produce a
50% duty ratio pulse train. We can consider signal P1(t)
as phase lagging with respect to a 1 kHz square wave
synchronized with the ramp, while P2(t) can be treated as
phase leading. Fig. 5 shows waveforms from converter
operation. The 2 kHz ramp is shown again at the top,
along with a synchronized 1 kHz square wave from the H
F link. The bottom two traces are the output voltage,

which demonstrate the conventional two-level PWM
behavior, and a signal proportional to the output current.
Since the load is 60mH in series with 25 ohms, the filter
allows a significant component to pass through in order to
make the switch action and PWM behavior clear. Notice
that this converter is using a 1 kHz link, and that the SCRs
are switching at 1 kHz each. The combined behavior of
devices in a pair gives rise to 2 kHz effective switching at
the output. This property of the process can be used to
extend the effective operating range of any given
switching device [13].
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In this paper, it has been shown how to generate such a
switch sequence based on conventional PWM techniques.
Just as important, the switch sequence can be configured
to provide certain desirable properties, such as 50% duty
ratio, effective frequency doubling, or natural
commutation.

In our application [12], the use of two-carrier PWM leads
to a more streamlined inverter topology. Total system
losses can be reduced com pared to a forward-
converter/PWM inverter cascade, both because one
conversion stage has been eliminated and because of the
frequency doubling effect possible with two-carrier PWM.

V. MPPT TRACKING

A. PV Characteristics

Fig.6 shows the typical Power versus Voltage curve of the
PV array [13]. In this figure, P is the power extracted
from PV array and V is the voltage across the terminals of
the PV array. The objective of the controller is to draw as
much power as possible from the PV array. This point
corresponds to the maximum power point (MPP) on the
PV curve [14]. The change of PV curve and the new
maximum power point is seen on the curve. It may be
seen from Fig.6, that the PV curve changes when
insolation changes e.g. if insolation increases the
maximum power available from the PV array increases.
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The PV curve is also dependent on the temperature of PV
array as shown in Fig.7. It is seen that as the temperature
increases, the maximum power available from the PV
array decreases. AP and AV are change in power and
change in voltage respectively and calculated using P and
V values as shown in Fig. 8 in successive steps. The slope
of the tangent lines to the curve is different at different
points. By inspecting Fig.5, it may be seen that the slope
is negative and large when power extracted from the PV
array is small. It is zero at maximum power point. AP is
required to ensure movement towards the peak i.e. MPP.

Increasing
msolation

. Max Power
P Pont
™

B(Watt)

Fig: 6. Change of PV curve with increasing insolation

P{Wait)
-
Max. Power
Y Pomt
4 i’ 1\‘L«.'
;f i Increasing
f,-"' \ temperature
W !
i \
\
!
e U (Volt)

Fig: 7. Change of PV curve with increasing temperature

The technique is based on observing the calculated
slope and AP and perturbing the system appropriately.
The basic principle of the fuzzy controller can be
explained with the following algorithm

1. Calculate slope (AP/AV) and AP.

2. If slope is negative, increase reference current so that
more power is drawn from PV array.

3. Else if the slope is positive, system is operating at the
left hand side of the MPP so decrease the reference current
to return to MPP point.

4. Return to 1 in the next control step.

If some extreme cases are handled separately, much better
performance can be obtained from the controller. Thus the
conditions are checked to identify whether any extreme
cases are present. If they do not exist then the controller is
allowed
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Fig: 8. The slope at different points on the PV curve.

B. Priority Rules
Rule 1:
Starting algorithm:
IF PV array voltage is not very small AND system is
shutdown
THEN Start applying reference current.

Rule 2.
IF “PV Array Voltage” is very small AND “PV current”
is not very small
THEN Decrease “reference current” a little.

Rule 3
IF “PV Array Voltage” is very small AND “PV
current” is very small
THEN Set “Current Reference” to zero.

Rule 4
IF Change in “PV Array Voltage” is very small
THEN
Decrease “reference current” a little.

If the change in PV array voltage is very small then
division by zero exception occurs in the calculation of the
slope and slope is calculated as very large which is shown
in Fig.9. This condition may arise when change in PV
curve occurs. For instance, assume the previous command
was to increase reference current to extract more power.
As a result, the PV array voltage is expected to decrease
due to the fact that the power drawn from PV increases.
On the other hand, if insolation increases as well, the PV
curve moves also upwards increasing available power.
Then the slope will be calculated incorrectly. In this
condition, the fuzzy controller output will not be valid and
it must be by-passed.
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Fig: 9. Occurrence of very small change in PV array voltage due
to increase in insolation
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In order to calculate slope correctly in the next control step,
operating point is moved towards right simply by
decreasing the reference current by 0.1A.

VI. CONCLUSION

In this paper a logic based MPP Tracker for a grid
connected PV system is presented. The controller
performance is optimized for better performance under
changing PV conditions such as insolation and
temperature. In order to increase the robustness of the
system under exceptional conditions, and to maximize
energy efficiency, the controller supported with a set of
“if-then” like priority rules. Multi-carrier PWM serves as
a direct way to construct HF inverter control waveforms.
The results of multi-carrier PWM provide gating singles
suitable for square-wave cycloconverters, for isolated gate
drives, and for other implementation aspects of HF link
inverters. The output results match those of conventional
two-level PWM, except that the effective switching
frequency doubles. Multi-carrier PWM techniques have
special promise in the implementation of low-cost
inverters. They support reduction in the number of stages,
reduction in switching frequency, enhancements to gate
drive design. ~ When multi-carrier PWM is used,
cycloconverter-type HF link inverters can be realized
without additional complexity when com pared to
conventional cascaded inverters.
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