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Abstract – This Paper describes Power Quality Problems in 
Power system and there solutions with Power electronics 
based equipment. Several international standard issues to 
control power quality are briefly described and some 
important methods to analyses Electrical Circuit with non-
sinusoidal waveforms are introduced and evaluated. Passive 
filters, Shunt, hybrid and series active power filters are 
described showing their compensation characteristics and 
principles of operation .Different power circuit’s topologies 
and control scheme for each type of power filter are analyzed. 
The compensation characteristics of each topology with 
respective control scheme are proved by simulation and 
experimentally. The filter can compensate for harmonic 
current, power factor and load unbalance. A power filters 
which has been used there monitors the load current 
constantly and continuously adapt to the changes in load 
harmonics. Power quality has different definition, depending 
upon ones frame of reference. Any problem in electrical 
quantity i.e. in voltage, current, frequency deviation results in 
failure in the system. There are lots of power quality problem 
like transients, voltage harmonics, current harmonics, voltage 
imbalance, long duration voltage variation, short duration 
voltage variation, power frequency variation etc.  
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1. INTRODUCTION  
 

In recent years both power engineers and consumers 
have been giving focus on the “electrical power quality” i.e. 
degradation of voltage and current due to harmonics, low 
power factor etc. A power quality problem exists if any 
voltage, current or frequency deviation results in a failure or 
in a bad operation of customer’s equipment. So, for the 
better performance of the system it should be free from 
harmonics. For that purpose filters are used. There are so 
many types of filters such as active filter, passive filter, 
recently power quality has become one of the most 
important issues in modern power industry. The origin of 
events which affect quality of power is mainly 
electromagnetic transients, harmonic distortion in addition 
to voltage sag, swell, flicker, and other power quality 
disturbances that proliferate in modern electric power grids. 
Power quality means the physical characteristics of the 
electrical supply provided under normal operating 
conditions that do not disturb the customer’s processes. 

 

1.1 POWER QUALITY 
 
“Power quality” is defined as ―the concept of powering 

and grounding electronic equipment in a manner that is 
suitable to the operation of the equipment in a manner that 
is suitable to the operation of that equipment and 
compatible with the premise wiring system and other 
connected equipment. Power quality has become a strategic 
issue 1for the following reasons: 

 
1. The economic necessity for businesses to increase their 
competitiveness. 
2. The widespread use of equipment which is sensitive to 
voltage disturbances and /or generates disturbances itself. 
3. The deregulation of the electricity market. In this context, 
it is essential for the utility and the customers to prevent and 
detect power quality problems and to have solutions 
available to fix them. 
4. The power quality correction and harmonic filtering 
system give solution to solve the problems of harmonic 
disturbances and voltage fluctuations. 
 

Most of the more important international standards 
define power quality as the physical characteristics of the 
electrical supply provided under normal operating 
conditions that do not disrupt or disturb the customer’s 
processes. Therefore, a power quality problem exists if any 
voltage, current or frequency deviation results in a failure or 
in a bad operation of customer’s equipment. However, it is 
important to notice that the quality of power supply implies 
basically voltage quality and supply reliability. Voltage 
quality problems relate to any failure of equipment due to 
deviations of the line voltage from its nominal 
characteristics, and the supply reliability is characterized by 
its adequacy and availability. 

 
Power quality problems are common in most of 

commercial, industrial and utility networks. Natural 
phenomena, such as lightning are the most frequent cause of 
power quality problems. Switching phenomena resulting in 
oscillatory transients in the electrical supply, for example 
when capacitors are switched, also contribute substantially 
to power quality disturbances. Also, the connection of high 
power non-linear loads contributes to the generation of 
current and voltage harmonic components. Between the 
different voltage disturbances that can be produced, the 
most significant and critical power quality problems are 
voltage sags due to the high economical losses that can be 
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generated. Short-term voltage drops (sags) can trip electrical 
drives or more sensitive equipment, leading to costly 
interruptions of production. For all these reasons, from the 
consumer point of view, power quality issues will become an 
increasingly important factor to consider in order to satisfy 
good productivity. On the other hand, for the electrical 
supply industry, the quality of power delivered will be one of 
the distinguishing factors for ensuring customer loyalty in 
this very competitive and deregulated market. To address 
the needs of energy consumers trying to improve 
productivity through the reduction of power quality related 
process stoppages and energy suppliers trying to maximize 
operating profits while keeping customers satisfied with 
supply quality, innovative technology provides the key to 
cost-effective power quality enhancements solutions. 
However, with the various power quality solutions available, 
the obvious question for a consumer or utility facing a 
particular power quality problem is which equipment 
provides the better solution. 
 

2. POWER QUALITY IMPROVEMENT WITH THE 
HELP OF DIFFERENT TYPES OF FILTERS 
 

Basically two types of filters are used in methods of 
Power Quality improvement such as Active Power filter and 
Passive Power filters. Detailed Explanation and solution of 
power quality with the use of these filters is described 
below:- 
 

2.1 ACTIVE POWER FILTER 
 

An active filter is a type of analog electronic filter 
that uses active components such as an amplifier. Amplifiers 
included in a filter design can be used to improve the 
performance and predictability of a filter, while avoiding the 
need for inductors (which are typically expensive compared 
to other components). An amplifier prevents the load 
impedance of the following stage from affecting the 
characteristics of the filter. An active filter can have complex 
poles and zeros without using a bulky or expensive inductor. 
The shape of the response, the Q (quality factor), and the 
tuned frequency can often be set with inexpensive variable 
resistors. In some active filter circuits, one parameter can be 
adjusted without affecting the others. Using active elements 
has some limitations. Basic filter design equations neglect 
the finite bandwidth of amplifiers. Available active devices 
have limited bandwidth, so they are often impractical at high 
frequencies. Amplifiers consume power and inject noise into 
a system. Certain circuit topologies may be impractical if no 
DC path is provided for bias current to the amplifier 
elements. Power handling capability is limited by the 
amplifier stages. Active filters are special equipments that 
use power electronic converters to compensate for current 
and/or voltage harmonics originated by non-linear loads, or 
to avoid that harmonic voltages might be applied to sensitive 
loads. There are basically two types of active filters: the 
shunt type and the series type. 

2.2 SHUNT ACTIVE POWER FILTER 
 

Shunt active power filter compensate current 
harmonics by injecting equal-but-opposite harmonic 
compensating current. In this case the shunt active power 
filter operates as a current source injecting the harmonic 
components generated by the load but phase shifted by 180:. 
This principle is applicable to any type of load considered a 
harmonic source. Moreover, with an appropriate control 
scheme, the active power filter can also compensate the load 
power factor. In this way, the power distribution system sees 
the nonlinear load and the active power filter as an ideal 
resistor [5]. The current compensation characteristic of the 
shunt active power filter is shown in Figure. 
 

 
 

Fig-1:  Compensation characteristics of a Shunt active 
Power filter 

 
2.3 CONTROL SCHEME 
 

The block diagram of a shunt active power filter 
control scheme is shown in Figure and consists of a current 
reference generator, a dc voltage control and the inverter 
gating signals generator. The current reference circuit 
generates the reference currents required to compensate the 
load current harmonics and reactive power, and also try to 
maintain constant the dc voltage across the two electrolytic 
capacitors. There are many possibilities to develop this type 
of control. Also, the compensation effectiveness of an active 
power filter depends on its ability to follow with a minimum 
error and time delay the reference signal calculated to 
compensated the distorted load current. Finally, the dc 
voltage control unit must keep the total dc bus voltage 
constant and equals to a given reference value. The dc 
voltage control is achieved by adjusting the small amount of 
real power absorbed by the inverter. This small amount of 
real power is adjusted by changing the amplitude of the 
fundamental component of the reference current figure. 
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Fig-2: The block diagram of a shunt active power filter 
control scheme [6] 

 
2.4 SERIES ACTIVE POWER FILTER 
 

It is well known that series active power filters 
compensate current system distortion caused by non-linear 
loads by imposing a high impedance path to the current 
harmonics which forces the high frequency currents to flow 
through the LC passive filter connected in parallel to the 
load. The high impedance imposed by the series active 
power filter is created by generating a voltage of the same 
frequency that the current harmonic component that needs 
to be eliminated. Voltage unbalance is corrected by 
compensating the fundamental frequency negative and zero 
sequence voltage components of the system. 
 

 
 

Fig-3: The proposed series active powers filter Topology 
 
2.5 CONTROL SCHEME 
 

The block diagram of the proposed control scheme 
is shown in Figure 4. Current and voltage reference 
waveforms are obtained by using the Instantaneous Reactive 
Power Theory. Voltage unbalance is compensated by 
calculating the negative and zero sequence fundamental 
components of the system voltages. These voltage 

components are added to the source voltages through the 
series transformers compensating the voltage unbalance at 
the load terminals. In order to reduce the amplitude of the 
current flowing through the neutral conductor, the zero 
sequence components of the line currents are calculated. In 
this way, it is not necessary to sense the current flowing 
through the neutral conductor. Where Pref and qref are the 
instantaneous active and reactive power associated with 
harmonics current components. 
 

 
Fig-4: The block diagram of the proposed series active 

power filter control scheme [9] 

2.6 PASSIVE POWER FILTERS 
 

The passive filters are used to mitigate power 
quality problems in six-pulse ac-dc converter with R-L load. 
Moreover, apart from mitigating the current harmonics, the 
passive filters also provide Reactive power compensation, 
thereby, further improving the system performance. For 
current Source type of harmonic producing loads, generally, 
passive shunt filters are recommended. These filter apart 
from mitigating the current harmonics, also provide limited 
reactive power Compensation and dc bus voltage regulation. 
[10] There are basically two types of passive filters, the 
shunt type and the series type. 
 
2.7 SHUNT PASSIVE POWER FILTER 
 

Figure shows the schematic diagram of a passive 
shunt filter connected at input ac mains of six pulse ac-dc 
converter with R-L load. This is the most commonly used 
configuration of passive filters. In this configuration different 
branches of passive tuned filters (low pass and high pass) 
tuned for the more dominant harmonics are connected in 
parallel with the diode rectifier with RL load. It consists of a 
set of low pass tuned shunt filters tuned at 5th and 7th 
harmonic frequencies and high pass tuned for 11th harmonic 
frequency. This passive filter scheme helps in sinking the 
more dominant 5th and 7th and other higher order 
harmonics and thus prevents them from flowing into ac 
mains. The diversion of harmonic current in the passive filter 
is primarily governed by the source impedance available in 
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the system. The higher value of source impedance offers 
better performance of the passive filter 
 

 
 

Fig-5: Diagram of a six pulse ac-dc converter with R-L load 
and passive shunt filter. 

 
2.8 SERIES PASSIVE POWER FILTER 
 

For voltage source type of harmonic loads (such as 
diode rectifier with R-L load filter), passive series filter is 
considered as a potential remedy for harmonic mitigation. 
Here, the different tuned branches of passive filters are 
connected in series with the supply and the diode rectifier. 
Shows the schematic diagram of a passive series filter 
connected at input ac mains. It consists of a set of low block 
tuned shunt filter tuned at 5th and 7th harmonic frequencies 
and high block tuned filter for 11th harmonic frequency. 
These passive filters blocks most dominant 5th, 7th and 
other higher order harmonics and thus prevents them from 
flowing into ac mains. Here, the performance of the series 
filter is not much dependent on the source impedance. 
However, it results in reduction in dc bus voltage due to 
voltage drop across filter components. 
 

 
 

Fig-6: Schematic diagram of a ac-dc converter with R-L 
load and passive series filter at input. [11] 

 
3. CONCLUSION 
 

This paper deals with problems related with 
harmonics in power system networks. Several international 
standards Issued to control power quality problems are 
briefly described and some important tools to analyze 
electrical Circuits with non-sinusoidal waveforms are 
introduced and evaluated. Among other application, these 
tools are useful in the implementation of control algorithms 
for filters. 
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