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Abstract— In electrical power system power quality is a major
issue that’s why we always focus on PQ. This paper presents
mitigation of harmonics of single phase inverter by using passive
filters. Under normal situation, a three-phase inverter generates
high-order harmonics, which can generally be filtered by low
pass filter, while Single Phase inverter generates not only high-
order harmonics but also low-order harmonics even in normal
situation, which is hard to be eliminated. In this research work,
a Passive filter is designed in order to diminish the harmonics
generated at the output of single phase inverter to improve the
performance of device toward it is connected. The results have
been obtained with and without installation of filters and finally
observed that after installation of filters the harmonics of
current are reduce and power factor is improved.

Index Terms— passive filter, harmonics distortion, current
distortion, power factor.

I. INTRODUCTION

Due to latest development of fast switching solid state
devices, power electronic technology is expanding in the

areas of residential, commercial, industrial, aerospace,
electric vehicles, motor drives and power system utilities [1-
3].

DC-AC converters also known as inverters can generate
voltage with any required magnitude, frequency and phase
angle. Nowadays, inverters widely used in solar systems,
wind power plants, high voltage dc transmission systems
(HVDC),flexible ac transmission systems (FACTS), active
filters, [1-3]. Inverters provide lower consumption of energy,
better system efficiency and improved the quality of product
[2-3]. The efficiency of inverters is increased day by day due
to switch mode action of semiconductor devices, but on other
hand switching action of semiconductor devices generate
harmonics which will lead the power quality issues in
electrical systems. The power quality issues particularly
harmonics in electrical energy system have become a major

challenge for engineers to maintain the sinusoidal waveform
for inverters. Now day by day power quality issues are
growing up because of the widespread use of nonlinear
loads.The use of power electronics and nonlinear loads,
power networks facing high levels of unwanted harmonic
distortion and they create additional losses, decreased
equipment life span, protection of systems ,low power factor,
hindrance in control system, communications and low
efficiency. Also these loads inject the harmonic current into
electrical networks that leads to various problems such as
overloading of neutral conductors, power correcting
equipment and transformers, failure of control system &
unpredictable behavior of protection & relay connected in
system etc. Nonlinear loads create harmonics in electrical
power system that’s why power quality of a system is
decreased. so various techniques are used to eliminate the
harmonics from the system. The active and passive filters are
utilized to improve power factor and mitigate the harmonic
currents. Active filters are extremely elastic, but they make
system complicated and costlier.[1-4] Passive filters are
preferable choice being simple, reliable and cost effective
contributing in improvement of power factor and harmonic
currents filtering. They also decrease harmonic voltages in
installations where the supply voltage is troubled. Various
techniques have been planned for conniving the passive
filters. The aim is to reduce the harmonic impedance at
particular frequencies and to exploit the fundamental
frequency impedance of the filter for minimizing losses[5-6].
The types of harmonic filter are given in Fig. 1.
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Fig. 1: Passive Harmonic Filters

Il. LITERATURE REVIEW

Mitigation of Harmonics are done by different methods or
techniques by using filters. Active and passive filter are used
to mitigate the harmonics. Passive filter are widely used
because of better stability and withstand large current and
also improve the power quality , THD and gives us pure sine
wave. Where active filter require external power supply and
also require dc power supply for operation[4-7]. That’s why
we use LC passive filter to mitigate the harmonics of single
phase inverter. Some authors apply these techniques in
different ways like using simulink software and some authors
apply these technique in three phase system. But now we are
design a prototype model of mitigation of harmonics of single
inverter using passive filter[11-14].

I11. SINGLE PHASE PARALLEL INVERTER

The basic circuit diagram of a single phase parallel inverter is
shown in Fig 2. The capacitor employed for its commutation.
It includes two thyristors T1 and T2 an output transformer, an
inductor (L) and a commutating capacitor (C).The turns ratio
of transformers assumed to be unity from each primary half
to secondary winding. The output voltage and output current
are indicated as V, and |, respectively in the given circuit..
The inductor (L) is used to make the source current constant
at |, positive directions for voltages and currents are marked
in fig nol.(Indicate lo and Vo on Figure)

Fig.2.Single phase capacitor commutated parallel inverter
circuit with center tapped transformer diagram

The proposed topology of inverter is operated in two modes:

Mode I: In this mode, thyristor T1lis forward conducting
mode and a current is flowing in the upper half of primary
winding. The magnetic flux is established by this current
linked with both halves of primary winding that result in to
induce emf in upper and lower halves of the primary. Hence,
voltage appeared across primary winding becomes 2Vs,

which energizes the commutating capacitor C to a voltage of
2Vs with upper plate positive as shown in Fig.2.ThyristorT2
is forward biased through T1 by the capacitor voltage 2Vs.
Hence, a constant current lo flows through Vs, L, T1 and
upper half of primary winding [7-9].

Mode II: At switching time t = 0, turn on thyristor T2 occurs
at application of triggering pulse to its gate. Meanwhile,
capacitor voltage 2Vs establishes as a reverse bias across T1,
which turned off it. In the, lower half of primary winding, Vs
and L as shown in fig, the current lo starts to flow through
T2. During this time, capacitive voltage 2Vs is appeared
across the transformer primary and a capacitor current—ic is
developed. Before the turn on of T2 i.e at t = 0-, mmf in
upper section primary winding becomes IoN1 and vanishes in
the lower portion of the primary winding i.e. becomes zero.
After turn on of T2 at t = 0+, mmf slinked with both upper
and lower halves would not vary suddenly. Thus, at t = 0+,-ic
= lo such that mmf in the lower half remained zero and mmf
in the upper half portion becomes equal to mmf at t = 0-.After
t = 0, capacitor C de energizes and current ic is such that it
supplies the load current io and balance the primary and
secondary ampere turns of the transformer. Capacitive current
flows continuously till capacitor becomes energized from
+2Vs, to -2Vs at time t = t1. The voltage across load also
varies from Vs att=0to —Vsatt=11.[10-12]

IV. HARMONIC ANALYSIS OF SINGLE PHASE
PARALLEL INVERTER

Fig. 3 shows the experimental setup of parallel inverter.
The harmonics of this inverter with and without passive
filter is analyzed with the help of power quality analyzer.
The waveform of output voltage for inverter is
nonsinusoidal shown in Fig. 4. The harmonic spectrum
of output voltage is also shown in Fig.5 which only
contains odd harmonics due to half symmetry in output
voltage waveform. The dc offset is also absent due to this
half symmetry. The total harmonic distortion (THD) is
39.3% preset in the waveform of output voltage [13-14].
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Fig. 3 Experimental setup of single phase parallel inverter
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Fig.4.0Output voltage waveform of Parallel inverter without
passive filter
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Fig. 5. Harmonic spectrum of output voltage of Parallel
inverter without passive filter.

The behavior of single phase parallel inverter is also
analyzed by connecting the passive filer at the output of

inverter. The results of this inverter with passive filter is also
measured with power quality analyzer. The passive filter is

39.3 %

Inverter

well mitigated the distortion in the output voltage of filter.
The output voltage waveform of an inverter with passive
filter is shown in Fig. 6 and the harmonic spectrum is shown
in Fig.7. The total harmonic distortion (THD) in output
voltage is 4.6 % only after filtration which is within the limit
of IEEE standards.
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Fig. 6. Output voltage waveform of Parallel inverter with
passive filter
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Fig. 7. Harmonic spectrum of Parallel inverter with passive
filter.

Comparison results without and with filter
Tableno 1

V. CONCLUSION

In this paper, the harmonics of single phase parallel inverter
is mitigated by using LC passive filter. It is clear from the
obtained results that after employing LC passive filter the
total harmonic distortion in the output voltage are reduced
from 39.3% to 4.6 %.
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