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Abstract

Multilevel inverters have been extremely applied in industries. A family of optimal pulse width modulation (PWM) methods
for multilevel inverters, such as step modulation, can generate output voltage with less harmonic distortion. In grid
connected multiple inverter systems, it is normal to synchronize the output voltage of each inverter to the common network
voltage. Any controller deficiencies, which result in low order harmonics, are also synchronized to the common network
voltage. As a result the harmonics produced by individual converters show a high degree of correlation and tend to be
additive. Each controller can be tuned to achieve a different harmonic profile so that harmonic cancellation can take place in
the overall system, thus reducing the net t total harmonic distortion level. The simulation results based on MATLAB/Simulink
environment shows that the proposed system offers improvement in harmonic elimination and simultaneously inject the

maximum power available from PV array into the grid.
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Introduction

Multiple string inverters are frequently used to connect a PV
system to the network'. In this approach, each panel is
connected through its own inverter, the inverter units being
connected in parallel up to the required volt-ampere rating of the
system (figure-1). This avoids the need to run long lengths of
high current dc cabling, with the attendant problems of
expensive circuit breakers. It is normal practice for the output
current of each inverter to be controlled to be sinusoidal, with
low harmonic levels, and at unity power factor with respect to
the network voltage.

Low harmonic levels are desirable since harmonics have long
been recognized as causing a number of operational problems to
the grid network™. Some of the major effects caused by
harmonics include capacitor bank failure, overvoltage and
overcurrent on the network, dielectric breakdown of insulated
cables and kWh metering errors. To preserve the quality of the
utility current and voltage, set limits are imposed on the current
and voltage harmonics that may be injected into the grid™®.
However, as more and more distributed generation systems are
being interfaced to the network, the problem of harmonic
injection into the grid is becoming an increasing problem’”®,

For this reason, there is considerable motivation to improve grid
connected inverter performance through the reduction, or ideally
complete elimination, of the output harmonics. Several
techniques aimed at inverter system harmonic improvement
have been presented. Holmes and McGrath® considered the
effect of a number of different PWM strategies in various
converter topologies. It was demonstrated that certain PWM
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strategies and sampling techniques could help eliminate
particular side-band switching harmonics. This work also
identified further opportunities for harmonic elimination in
multilevel cascaded inverter systems. Liang er al. ' described
the use of Walsh Functions in a single phase full bridge inverter
for the purpose of voltage harmonic elimination at the inverter
output.

The Walsh Function technique allowed the harmonic amplitudes
of the inverter output voltage to be expressed as functions of the
inverter switching angles. A series of linear algebraic equations
could then be solved to eliminate unwanted harmonics.
Infield'"'* discussed the manner in which random phase
harmonics in multiple inverter systems combined. In particular,
the work was applicable to switching harmonics, which are
random in phase. Mathematical rules, based on probabilistic
integrals, were formulated to help assess the overall degree of
harmonic cancellation arising from multiple connection of
inverter systems to a common point'*'*,

This paper suggests a new idea to improve the overall current
harmonic output of a grid connected multiple inverter system. In
particular, the work focuses on reducing low order current
harmonics. This is achieved through simple randomization of
the inverter current control parameters'™'®. This technique is
shown to significantly reduce the correlation of low order
current harmonics between inverters. As a result, on average,
the inverter harmonics at the common point of coupling are
likely to demonstrate a degree of cancellation, as opposed to
harmonic reinforcement when correlated.
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Figure -1
Grid connected, multiple string inverter system

Grid connected inverter harmonics

The harmonics in the output current of an inverter can be
grouped according their source: switching harmonics which are
related to the PWM circuits in each inverter and lower
frequency harmonics which are due to deficiencies in the
control of the inverter output current. The majority of the
switching harmonics are easily filtered at the inverter output.
The low order harmonics, however, are at frequencies much
closer to the fundamental. Therefore, it is more difficult to filter
these harmonics without impairing the fundamental current
waveform. The output current harmonics related to the PWM
are synchronized to the clock circuits within the inverter
controller and therefore, will not be correlated because the
crystal controlled clocks within each inverter are usually
independent. A recognized power quality benefit of this
arrangement is that the harmonic distortion arising in each
inverter is uncorrelated and therefore cancellation will take
place in multiple inverters systems. The harmonics due to the
current controller performance will, however, behave
differently. It is normal to produce a current reference waveform
within the inverter, which specifies the magnitude and power
factor of the output current in accordance with the active and
reactive power generation requirements at a particular time. For
a grid connected system, the current reference waveform in each
inverter must be synchronized to the common network voltage
waveform. Therefore, any low order harmonics resulting from
controller deficiencies will also be synchronized to the common
network voltage and the harmonics produced by individual
converters will have a high degree of correlation. This will
mean that the lower order harmonics from each inverter will be
additive. The grid-connected inverter has to drive current
against the supply voltage and impedance, which are not fixed
quantities. Grid connected inverter performance has been shown
to be very much dependent on grid operating conditions.
Controlling current to be injected into the grid network is,
therefore, considerably more difficult than controlling current
into fixed loads such as motor windings or isolated consumer
load systems. The output current waveform fidelity is dependent
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on the tuning of the current control loop but changes in the grid
supply characteristics mean that it is not possible to achieve an
optimally tuned output current loop at all times. Normally the
inverter output current is tuned by adjusting settings within the
controller while monitoring the low order harmonics. By trial
and error, various harmonics can be minimized and total
harmonic distortion (THD) can be reduced. A point is normally
reached where further tuning does not produce any further
improvement in THD. By adjustments to the controller tuning,
however, it is possible to alter which harmonics are suppressed
while maintaining the total harmonic distortion reasonably
constant. This is due to the interaction between the controller
dynamics and the dynamics of the supply and line inductance.

Harmonic Cancellation Scheme

In principle, for a multi inverter system, each controller could be
tuned to achieve a different harmonic profile. Harmonic
cancellation would take place in the overall system and the net
THD level would be reduced. To force this to happen, however,
inter-inverter communications would be required, a feature
which is not desirable on cost grounds. An alternative approach
is therefore considered, which is to arrange for the tuning within
each inverter to be adjusted automatically with a random
component. This will result in a harmonic varies with time but
is uncorrelated with the harmonic spectrum of any other inverter
in the system. As a consequence, the net harmonics from all the
inverters will undergo a degree of cancellation while each
individual inverter THD will remain almost constant. Thus, the
overall system of inverters yields a net improvement in power
quality. One of these inverter modules is shown in figure-2.
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Figure-2
Inverter model

Simulation of photovoltaic system

The Simulator used should be capable of modeling of not only
PV cells/modules but as well as possess the ability to simulate
connected power electronics so that a simulation of a whole PV
system can be carried out.

In this part a photovoltaic system with filter is simulated.
Designed system is shown in figure-3. Figures 4-10 shows the
results of simulation.
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Figure -3
Simulated Network
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Figure-8
Input voltage of inventor(consist of harmonics)
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Flgure -9
Out put voltage (after filtering)

Flgure -10
Out put voltage (after filtering in shorter time)

The harmonic mitigation in photovoltaic system with Active
Power Filter (APF) has been studied. The proposed system
consists of a PV array, a DC-DC boost converter and a DC-AC
inverter. It also includes a control strategy, based on
instantaneous reactive power theory for the APF. The
simulation results based on MATLAB/Simulink environment
shows that the proposed system offers improvement in harmonic
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elimination and simultaneously inject the maximum power
available from the PV array into the grid.

Figure-9 shows the compensated source voltage, PV system
power to the grid with low harmonics and balanced currents.
This verifies the effectiveness of the proposed filter system.

Conclusion

In this paper, an active power filter is included to eliminate the
harmonics in photovoltaic system has been discussed. The
simulation results, carried out by MATLAB/simulink, show the
effectiveness of the suggested control systems in grid-connected
mode. Also, it shows that the proposed control system improve
the harmonics suppression. MPPT control strategy is also used
to extract maximum power from the proposed PV system.
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