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Abstract: The thesis report presents design, simulation and development of passive shunt filter and shunt hybrid power
filter (SHPF) for mitigation of the power quality problem at ac mains in ac-dc power supply feeding to a nonlinear load.
The power filter is consisting of a shunt passive filter connected in series with an active power filter. At first passive filter
has been designed to compensate harmonics. The drawback associated with the passive filter like fixed compensation
characteristics and resonance problem is tried to solve by SHPF. Simulations for a typical distribution system with a shunt
hybrid power filter have been carried out to validate the presented analysis. Harmonic contents of the source current has
been calculated and compared for the different cases to demonstrate the influence of harmonic extraction circuit on the
harmonic compensation characteristic of the shunt hybrid power filter.
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l. INTRODUCTION

ow a day’s power electronic based equipment
N are used in industrial and domestic purpose.

These equipment’s have significant impacts on
the quality of supplied voltage and have increased the
harmonic current pollution of distribution systems. They
have many negative effects on power system equipment
and customer, such as additional losses in overhead and
underground cables, transformers and rotating electric
machines, problem in the operation of the protection
systems, over voltage and shunt capacitor, error of
measuring instruments, and malfunction of low
efficiency of customer sensitive loads.Passive filter have
been used traditionally for mitigating the distortion due
to harmonic current in industrial power systems. But
they have many drawbacks such as resonance problem,
dependency of their performance on the system
impedance, absorption of harmonic current of nonlinear
load, which could lead to further harmonic propagation
through the power system [2].To overcome of such
problem active power filters is introduced. It has no
such drawbacks like passive filter. They inject harmonic
voltage or current with appropriate magnitudes and
phase angle into the system and cancel harmonics of
nonlinear loads. But it has also some drawbacks like high
initial cost and high power losses due to which it limits
there wide application, especially with high power rating
system. [3].
To minimize these limitations, hybrid power filter have
been introduced and implemented in practical system
applications [4] - [8]. Shunt hybrid filter is consists of an
active filter which is connected in series with the passive
filter and with a three phase PWM inverter. This filter
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effectively mitigates the problem of a passive and active
filter. It provides cost effective harmonic compensation,
particularly for high power nonlinear load [5]. Different
control techniques are present for extracting harmonic
components of the source current. Some of them are
synchronous reference frame (SRF) transformation,
instantaneous power (p-q) theory, etc. where high pass
filters (HPFs) are wused or extracting harmonic
components of the source current from the
fundamental components [6].

In This Paper, a shunt hybrid power filter (SHPF) is
modeled in the stationary “a-b-c” reference frame and
then, the model is transformed into the rotating “d-q”
reference frame to reduce the control complexity. Two
different decoupled current control techniques using
proportional— integral (Pl)-type controller and hysteresis
controller, are implemented to force the current of the
filter to track their reference value. On the other hand
the dc-voltage of the filter is regulated using P-I
controller. The harmonic current of the non-linear load
is controls by feeding it to the passive filter, hence no
harmonic currents are drawn from the ac mains. LC
passive filter is connected with an active filter; the
required rating of the active filter is much smaller than
that of a stand-alone shunt active filter. Here switching
ripple filter is not required because its LC circuit
accomplishes the filtering of the switching ripple.

1. IMPORTANCE OF POWER QUALITY
Power quality is defined by the parameters that express

reactive  power, harmonicpollution, and load
unbalance.The best ideal electrical supply would be a
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sinusoidal voltage waveform with constant magnitude
and frequency. But in reality due to the non-zero
impedance of the supply system, the large variety of
loads may be encountered and of other phenomena
such as transients and outages, the reality is often
different.If the power quality of the network is good,
then any load connected to it will run satisfactorily and
efficiently. Installation during cost and carbon footprint
will be minimal.If the power quality of the network is
bad, then loads connected to it will fail or will have a
reduced lifetime, and the efficiency of the electrical
installation will reduce. Installation running cost and
carbon footprint will be high and operation may not be

possible at all.
a. Power Quality Improvement Using Lc Passive
Filter

During last decade, passive LC filters have been
used to eliminate harmonic currents and to
improve the power factor of ac mains. However,
these passive filters have many drawbacks such as
tuning problems and series and parallel resonances
[2]. To avoid this resonance between an existing
passive filter and the supply impedance, typical
shunt or series active filter topologies have been
proposed in the literature [3].
Power Quality Improvement Using Active Filter
Active filter suffer from high kilovolt-ampere rating.
The boost-converter forming the shunt active filter
requires high dc-link voltage in order to effectively
compensate higher order harmonics. On the other
hand, a series active filter needs a transformer that
is capable to with stand full load current in order
compensate for voltage distortion[4], [6].
Power Quality Improvement Using Hybrid Filter
Hybrid filters provide cost-effective harmonic
compensation particularly for high-power nonlinear
load [7]. A parallel hybrid power filter system
consists of a small rating active filter in series with a
passive filter. The active filter is controlled to act as
a harmonic compensator for the load by confining
all the harmonic currents into the passive filter.
This eliminates the possibility of series and parallel
resonance [8], [9].
. CONTROL STRATEGIES
A number of control concepts and strategies of
active power filters have been reported in the
literature [10]-[12]. The most popular are time
domain methods such as the notch filter, the
instantaneous reactive power theory, and the
synchronous reference frame theory. In [11], a
nonlinear control technique is proposed to enhance
the dynamic performance of a shunt active power
filter which is modeled in the synchronous
orthogonal d-g frame. In [12], the authors reported
an adaptive nonlinear control law to a three-phase
three-level neutral-point-clamped boost rectifier
operating under severe conditions. The control
techniques consists in applying an adaptive
nonlinear control to the exact nonlinear model of
the rectifier obtained in the (d, g, 0) reference
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frame. In [12], linear and nonlinear controllers are
employed for a three-level rectifier for harmonic
and dc-voltage regulation.
V. P- CONTROLLER

In Figl. the three phase supply currents lsa, lsg, Isc
are measured and transformed into synchronous
reference frame (d-q) axes rotating at the
fundamental angular speed. Power p and q contain
two components i.e. dc and ac. A dc components
arising from the fundamental component of the
source current, and an ac component due to its
harmonic components. The ac components igp,ign
are extracted by two high pass filters and then, the
harmonic component of the source current are
obtained by applying the inverse transformation.
To provide the inverter power losses and to
maintain the DC voltage with in desired value, a dc
component P is added to the ac component of
the imaginary power. It is generated by comparing
the DC capacitor voltage with its reference value
and applying the error to a P-lI controller. To
generate the required voltage command for the
active filter inverter a d-q to a-b-c transformation is
applied to convert the inverter voltage command
back to the three phase quantities. The reference
voltage of the active power filter is achieved by
multiplying ac component of the source current in
gain ky as V¥AF = kyigh.

Voltage-Source type nonlinear load

Active filter

Shunt passive filter

P-l
Controller

—

Subsystem

Fig.1 Schematic diagram of SHPF with P-I controller

i la Va [/
Iy 'y : Iy v i
' ta [— L - ) e
+

Vi

,@- .1

Fig.2 Block diagram of the Subsystem of P-I
Controller
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V. HYSTERESISCONTROLLER

The load current is supplied to RMS block and P,
block. We are getting the fundamental frequency
of the load current from the P, block. This current
is getting multiplied with the RMS value of the load
current and the resulting current is subtracted from
the load current. Hence we are getting the
harmonics current. This harmonic current is fed to
the hysteresis block as a reference current (ies). The
filter current is also fed to the hysteresis block as
measured current (imeas)-

L.
Lo
m

L.

3 Phase ac mains

Shunt Passive Filter

% I

Fig.3 Schematic diagram of SHPF with Hysteresis
Controller
In the hysteresis block the ineas is subtracted from
the i,r and feeding to hysteresis band, from where
we are getting the switching pulses of the inverter
to provide the inverter power losses and to
maintain the DC voltage within its desired value.

VI. MATLAB SIMULINK MODAL AND
SIMULATION RESULTS
With the increasing use of adjustable speed drives,
arc furnace, controlled and uncontrolled
rectifiers and other nonlinear loads, the power
distribution system is polluted with harmonics.
Such harmonics not only create more voltage
and current stress but also are responsible
for Electromagnetic interference, more losses,
capacitor failure due to overloading, harmonic
resonance, etc. Introduction of strict legislation
such as IEEE519 limits the maximum amount of
harmonics (THD-Total Harmonic Distortion) that a
supply system can tolerate for a particular type of
load. Therefore, use of active or passive type filters
is essential.
a. Simulation Model of Proposed Hybrid Filter

Fig.4Matlab-Simulation Model of Proposed Hybrid
Filter
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b. Proposed Model
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Fig.5 Subsystem of the Model
c. Simulation Response With Proposed Filter
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Fig.6 Simulation Response with Proposed Filter
d. Waveform of 3 phase supply voltage with
Hybrid controller
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Fig.7 Waveform of 3 phase supply voltage with Hybrid
controller
e. Voltage Input Waveform of proposed model
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Fig.8 Voltage Input Waveform of proposed model
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f.  Current Input Waveform of Proposed model
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Fig.9 Current Input Waveform of Proposed model
g. Voltage output of the proposed Hybrid Filter

Fig.10 Voltage output of the proposed Hybrid Filter

h. Input Source Current and Output Load
Current Comparison Waveforms

i. THD Output of The without Proposed Filter
Fundamental (50Hz) = 11.12, THD= 23.24%
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Fig.11 THD without filter

ii. THD Output of the Proposed Hybrid Filter
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Fig.12 THD Output of the Proposed Hybrid Filter
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It can be seen that THD is drastically reduced when we
use hybrid filter.
VII. CONCLUSION

In this Paper, different control methodologies are
implemented and simulated to understand the
performance of HAPF under different load conditions.
On the basis of simulation results performed in
MATLAB/Simulink environment, it is concluded that
hybrid filter is more stable than normal filter and hence
improved the power quality by reducing the THD. The P-
I controller and hysteresis controller extracts the
reference current from the distorted line current and
hence improve the power quality parameters such as
harmonic current and reactive power due to nonlinear
load. Here two types of non-linear load i.e. voltage
source type of non-linear load and current source type
of non-linear load is implemented. The harmonic
current control and DC capacitor voltage can be
regulated under these two non-linear loads. We
obtained it from the simulation responses. The shunt
hybrid power filter is verified with the simulation
results. The performance of the P-I controller and
hysteresis controller is verified with the simulation
results.
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