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Analysis and Control of Harmonics Using Shunt Active Power Filter

Abstract—In the recent decades, the world
has seen an expansion in the use of non-linear
loads. These loads draw harmonic non-
sinusoidal currents and voltages in the
connection point with the utility and distribute
them through it The excessive of power
electronics devices in distribution system has
evolved the problem of power quality. Arc
Furnaces, Variable Frequency Drives (VFD),
Computer power supplies play major role in
the deterioration in the quality power by
injecting harmonics in the utility supply
source. This work represents the effective
solution of shunt active power filter for
eliminating the harmonics to maintain the
quality of utility power supply. The proposed
topic comprises of an insulated gate bipolar
transistor (IGBT), series inductance, phase
locked loop (PLL), dc link capacitor. The
switching signal generation for filter is from
hysteresis current controller techniques. With
the all these element shunt active power filter
reduce the total harmonic distortion.

In this work, three-phase shunt active power
filter to compensate harmonics and reactive
power by nonlinear load to improve power
quality is implemented for three-phase three
wire systems in a substation. The
compensation process is based on sensing line
currents only, an approach different from
conventional methods, which require sensing
of harmonics or reactive power components
of the load.
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A MATLAB program has been developed to
simulate the system operation. Results from
simulation studies are investigated and
compared with a healthy condition.
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1. INTRODUCTION

Early equipment was designed to
withstand disturbances such as lightning, short
circuits, and sudden overloads without extra
expenditure. Current power electronics (PE)
prices would be much higher if the equipment
was designed with the same robustness.
Pollution has been introduced into power
systems by nonlinear loads such as
transformers and saturated coils; however,
perturbation rate has never reached the present
levels. Due to its nonlinear characteristics and
fast switching, PE create most of the pollution
issues. Most of the pollution issues are created
due to the nonlinear characteristics and fast
switching of PE. Approximately 10% to 20%
of today’s energy is processed by PE; the
percentage is estimated to reach 50% to 60%
by the year 2010, due mainly to the fast growth
of PE capability. A race is currently taking
place between increasing PE pollution and
sensitivity, on the one hand, and the new PE-
based corrective devices, which have the
ability to attenuate the issues created by PE, on
the other hand.
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In order to face the problem of
harmonics, many solutions have been
proposed. These solutions included
modifications on the load itself for less
harmonic emissions like the case of special
structure single phase and three phase rectifier,
and PWM rectifiers or the connection on the
polluted power grids of other traditional or
modern compensation systems.

Most of traditional harmonic reduction
solutions include the use of harmonic trapping
passive filters based on RLC elements
calculated in accordance with the harmonic
ranges to be trapped. In addition, these passive
filters can be designed to compensate reactive
power simultaneously with the desired
harmonics. Nevertheless, these solutions are of
poor efficiency due to different factors.

1. Insufficient fitness for large bands of
harmonic frequencies, which implies
the use of many filters.

2. Possibility of series and parallel
resonance with the grid which lead to
dangerous amplification of
neighboring frequency harmonics.

3. Highly dependent on the grid and
load parameters and main frequency.

4. Bulky equipments.

5. Very low flexibility for load
variations which implies new filter
design for each load variation.

There are two approaches to the
mitigation of power quality problems. The first
approach is called load conditioning, which
ensures that the equipment is made less
sensitive to power disturbances, allowing the
operation even under significant voltage
distortion. The other solution is to install line-
conditioning  systems that suppress or
counteract the power system disturbances.
Passive filters have been most commonly used
to limit the flow of harmonic currents in
distribution systems. They are usually custom
designed for the application. However, their
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performance is limited to a few harmonics, and
they can introduce resonance in the power
system. Among the different new technical
options available to improve power quality,
active power filters have proved to be an
important and flexible alternative to
compensate for current and voltage
disturbances in power distribution systems.
The idea of active filters is relatively old, but
their practical development was made possible
with the new improvements in power
electronics and microcomputer  control
strategies as well as with cost reduction in
electronic components. Active power filters are
becoming a viable alternative to passive filters
and are gaining market share speedily as their
cost becomes competitive with the passive
variety. Through power electronics, the active
filter introduces current or voltage
components, which cancel the harmonic
components of the nonlinear loads or supply
lines, respectively. Different active power
filters topologies have been introduced and
many of them are already available in the
market.

Power Quality Problems

Power quality problems arise when these
deviations are exceeds beyond the tolerance
limit, and can occur in three different ways —

Frequency events: Change of the supply
frequency beyond the normal range, which is
mainly governed by the rotational speed of the
power station generators and are very rare.

Voltage events: Change of the voltage
amplitude outside its normal range. These can
be long —term variations short term variations,
unbalance, continuous or random fluctuations
(flickers) or complete interruption. Long-term
variations sustain for more than one minute,
and are called under voltages (if less than 90%
of the nominal value) or overvoltage’s ( if
greater than 110% of nominal voltage). Short
term variations are of duration less than one
minute. These are called sags (voltage between
10% and 90% of nominal) or swell (voltage
greater than 110 of nominal voltage). Over
voltages may cause loss of life of the
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equipment due to over stressed insulation.
While, due to under voltage, load would draw
more current in an attempt to take the same
power from the source. Thesis would increase
the motor temperature and leads to the loss of
service life.

Waveform events: Distortion of the
voltage (Current waveform from the normal
sinusoidal wave shape are considered as
waveform events and can be identified as
steady state distortions and transient distortion.

Steady State Distortion:

1. DC offset: The presence DC voltage
or current in an AC power system is
termed as DC offset. It causes
additional heating and loss of
transformer life.

2. Harmonic distortions: These are due
to additional frequency components
present in the mains voltage or
current, which are integral multiples
of the main frequency. In case of
harmonic distortion, each cycle is
distortion but identical. Harmonic
distortion originates due to the
nonlinear  characteristics of the
devices and loads on the power
system.

3.  Inter-harmonics distortions: These
are due to the presence of additional
frequencies, which are non-integral
multiples of the mains frequency. In
such cases neighboring cycles are not
identical.

4. Notching: It is a periodic voltage
disturbance caused by the normal
operation of power electronic
devices, when current is commutated
from one phase to another.

Noise; It is a disturbance with a broad
200KHz.frequency distribution up to about
Transient Distortions

Transients are generally large, short
duration voltage changes, usually resulting
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from lighting strikes or switching operations
on the network. They can be classified into two
categories—impulsive and oscillatory, last for
less than one half cycle of the mains voltage.
Although, transient disturbance contain high
frequency components, transients and
harmonics are distinctly different phenomena
and analyzed differently.

2. SHUNT ACTIVE POWER FILTER
COMPONENTS USED

Hysteresis Current Controller:

The hysteresis band current controller for
active power filter can be carried out to
generate the switching pattern of the inverter.
There are various current control methods
proposed form such active power filter
configurations, but in terms of quick current
controllability and easy implementation
hysteresis current control method has the
highest rate among other current control
methods. Hysteresis band current controller
has properties like robustness, excellent
dynamics and fastest control with minimum
hardware. The two-level PWM-voltage source
inverter systems of the hysteresis current
controller are utilized independently for each
phase. Each current controller directly
generates the switching signal of the three
phases. In the case of positive input current, if
the error current e(t) between the desired
reference current iref(t) and the actual source
current actual(t) exceeds the upper hysteresis
band limit (+h), the upper switch of the
inverter arm becomes OFF and the lower
switch is become ON as shown in the Figure 1.
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Figure 1: Hysteresis band current controllers
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Advantages of Hysteresis PWM:
. Excellent dynamic response

. Low cost and easy implementation.

Disadvantages of Hysteresis PWM:
. Large current ripple in steady-state.

. Variation of switching frequency.

. The modulation process generates
sub-harmonic components.

DC Link Capacitor

DC link capacitor serves two main
functions:

. It maintains a constant DC voltage
with small ripples in steady state.

. It serves as an energy storage
element to supply real power
difference between load and source
during transients.

. In steady state the real power
supplied by the source should be
equal to the real power demand of
the load plus small power to
compensate the losses in the active
filter. Thus DC link voltage can be
maintained at a reference value.

However, when the load condition
changes the real power balance between the
mains and the load will be disturbed. This real
power difference is to be compensated by the
DC link capacitor. This changes the DC link
voltage away from the reference voltage. In
order to keep the satisfactory operation of the
active filter, the peak value of the reference
current must be adjusted to proportionally
change the real power drawn from the source.
This real power charged/discharged by the
capacitor compensates the real power
consumed by the load.

Insulated Gate Bipolar Transistor (IGBT)

The IGBT is basically the hybrid MOS-
gated bipolar junction transistor that combines
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the best attributes of a MOSFET and a BJT. It
has lower switching losses and higher
switching speed than a BJT and also has the
advantage of a high impedance MOS gate
drive. The device was commercially
introduced in 1983 and has come to dominate
the medium power (up to a several hundred of
kilowatts), medium frequency (up to 50 KHz).
The IGBT combines the simple gate-drive
characteristics of the MOSFETSs with the high
current and low saturation handling capabilities
in the order of hundreds of amperes with
blocking voltages of 6000V, equating to
hundreds of kilowatts.

The IGBT is a fairly recent invention.
The first — generation devices of the 1980s and
early 1990s were relatively slow in switching,
and prone to failure through such modes as
latch up(in which the device won’t turn off as
long as current is flowing) and secondary
breakdown (in which a localized hotspot in the
device into thermal runaway and burns the
device out at high currents). Second-generation
device were much improved, and the current
third-generation ones are even better, with
speed rivaling MOSFETs, and excellent
ruggedness and tolerance of overloads.

The extremely high pulse rating of
second and third-generation devices also make
them useful for generating large power pulses
in areas like particle and plasma physics,
where they are starting to supersede older
devices like thyratrons and triggered spark

gaps.

IGBTs are finding increasing
applications such as in medium-power.

Applications such as dc and ac motor
drives, power supplies, solid —state relays, and
contractors.

3. METHODOLOGY OF WORK

In this paper two case studies have been
studied. In both simulations, it is used simulink
and powersys toolboxes of MATLAB software
and results have been seen from FFT blocks.
The proposed circuit models a standard shunt
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AHF with IGBT inverter and series inductor
on the AC side and DC capacitor energization.
In this model balanced three phase three wire
system with supply voltage present in the
distribution system is presented at the 11kv
substation is used. The loads are supplied from
11KV bus through three phase supply using
11KV/440V transformers, having capacity of
66MW.The main objective of Shunt Active
Power Filter is to reduced the existing level of
harmonic distortion present in the system
which are injected by using nonlinear loads are
studied. The THDs is recorded using Fast
Fourier Transform (FFT) less is less than 1%
in the system is studied.

Simulation Model with Using Shunt Active
Power Filter
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Figure 2 : Block of Shunt Active Power Filter

Circuit Description

The circuit models a standard shunt APF
with IGBT inverter and series inductor on the
AC side and DC capacitor energization. The
load consists of two diode rectifiers which are
phase-shifted by 30 degrees. The Delta-Y
connected rectifier is connected after 10 cycles
to change the load from 6-pulse to 12-pulse.

The APF uses a PLL to generate a
reference sinusoidal source current which is in-
phase and has the same RMS gain as the load
current. The current error between the load
current and the reference current is generated
by the IGBT Bridge through hysteresis
switching. The APF aims to inject this current
error at the point of common coupling in order
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to match the source current as closely as
possible with the reference current.

Inner Block of Shunt Active Power Filter
(SAPF)
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Figure 3 : Inner Block of Shunt Active Power Filter

Simulation Model without Using Shunt
Active Power Filter
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Figure 4 : Block of Without Using Shunt Active Power
Filter

4. SIMULATION RESULTS

1. Simulation model without shunt active
power filter.

Frequency spectrum

Figure 5 : Graph showing Frequency Spectrum without
Shunt Active Power Filter for Reference Current
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Figure 6: Graph showing Frequency Spectrum without
Shunt Active Power Filter for Source Current

2. Simulation model with shunt active
power filter:

Without use of any filters the total
harmonic distortion is very high. Therefore
shunt active power filters were used to
improve THD and this make the supply current
more sinusoidal. The system consists of shunt
active power filter, balanced supply system,
nonlinear load.
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Figure 7 : Graph showing Frequency Spectrum with
Shunt Active Power Filter for Reference Current

Figure 8 : Voltage & current waveform in Shunt active
filter responses
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FFT waveform of source current with SAPF
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Figure 9: Graph showing Frequency Spectrum with
Shunt Active Power Filter for Source Current

5. CONCLUSION

A comparative study using shunt active
power filters & without using shunt Active
Power Filter are used. When no filter filters
were used the total harmonic distortion (THD)
was very high 36.70%. but according to IEEE
standard THD should be below 5%, therefore
active filters were used. On using shunt active
filter THD reduced to 0.56%. Hence it is
proved that by using active power filter for
three phase three wire system is giving better
results and supply current is more sinusoidal
and less of harmonics.

6. FUTURE SCOPE

1.  Experimental investigations can be
done on shunt active power filter
by developing a prototype model
in the laboratory to verify the
simulation results for both P-1 and
hysteresis controllers.

2. The extension of work can be done
on high level for industrial
purpose.

3. This process can also analyze
using 3ph. & 4 wire for fuzzy and
neural networks.
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