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ABSTRACY

The past several years have seen a rapid increase of power electronics-based loads
connected to the distribution system. These types of loads draw non sinuseidal current from the
mains, degrading the power quality by causing harmonic distortion. This project proposcs a
single-phase hybrid active power filter. The proposed topology interconnects a passive high-pass
filter in parallel with a shunt active power filter. The specialty of the proposed project is that the
control circuit is implemented by extended instantaneous reactive power theorem algorithm
which is the best suited time domain control for single phase filters. This theorem simplifies the

equations for the current reference estimation, thus leading to a more cfficient process of filtering

To generate the compensation current that follows the current reference, the fixed-band
hysteresis current control method 1s adopted. This work describes the design of circuit topology.
control system, high-pass filter and compensation cwrent reference cstimation. The system i3
verified by simulation using MATLAB/Simuhink simulation package. Simulation results show
that the system effectively reduces the total harmonic distortion of the source current {rom
21.35% to 4.41 %. Furthermore, it is demonstrated that the system can also supply active power
to the load. The prototvpe experimental setup with mricrocontroller has been developed which

shows the improvement of quality of input current.
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CHAPTER 1
INTRODUCTION

1.1 POWER QUALITY

The power guality (PQ) problems in power distribution systems are not new, but only
recently the effects of these problems have gained public awareness. Advances in semiconductor
device technology have fuelled a revolution in power electronics over the past decade, and therc
are indications that this trend will continue. However these power equipments which include
adjustable-speed motor drives (ASDs), electronic power supplies, direct current (DC) motor
drives, battery chargers, electronic ballasts are responsible for the rise in related PQ probiems.
Thesc nonlinear loads are constructed by nonhinear devices, in which the current is not
proportional to the applied voliage. In the case of a sinusoidal voltage when applied to a simpilc
nonlimear resistor in which the voltage and current vary non-linearly, the voltage is periectly

sinusoidal, the resulting current 1s distorted.

Nonlinear loads appear to be prime sources of harmonic distortion in a power distribution
system. Harmonic currents produced by nonlinear loads are injected back into power distribution
systems through the point of common coupling (PCC). These harmonic currents can interact
adversely with a wide range of power system equipment. most notably capacitors, transformers.

and motors, causing additional losses, overheating and overloading.

There are set of conventional solutions to the harmonic distortion problems which have
existed for a long time. The passive filtering 1s the simplest conventional solution to mitigate the
harmonic distoriion. Although simple, these conventional solutions that use passive clements do
not always respond correctly to the dynamics of the power distribution systems. Some even
tuned to bypass specific harmonic frequencies. However, the use of passive elomens at high
power level makes the filter heavy and bulky. Moreover. the passive filters are known o cause

resonance, thus affecting the stability of the power distribution systems.



Remarkable progress in power electronics had spurred interest in active power filter
{APF) for harmonic distortion mitigation. The basic principle of APF 1s to utilize power
electronics technologies to produce currents components that cancel the harmonic currents from
the nonlinear loads. Previously, majority of controllers developed for APF are based on analogue
circuits. As a result, the APF is inherently subjected to signal drift. Digital controller using
digital signal processor (DSP) or microprocessor is preferable, primarily due to its {lexibility and
immunity to noise signals. However it is known that using digital methods, the high order
harmeonics are not filtered effectively. This ts due to the hardware limitation of sampling rate in
real-time application. Moreover, the utilization of fast switching transistors (i.e. IGBT or
MOSFET) in APF application causes switching frequency noise to appear in the compensated
source current. This switching frequency noise requires additional filtering te prevent

interference with other sensitive cquipments.

The idea of Hybrid Power Filter has been proposed by several researchers. In this
scheme, a low cost passive high-pass filter (HPF) 1s used in addition to the conventional APF is
implemented. The harmonics filtering task 1s divided between the two filters. The APF cancels
the lower order harmonics, while the HPF filters the higher order harmonics. The main objective
of Hybrid Power Filter therefore is to umprove the filtering performance of high-order harmonics

while providing a cost-effective low order harmonics mitigation.

1.2 Objective of Project

The objectives of the research are
(1) to propose a hybrid Acuve Power Filter topology.
(2) to design a simple current reference estimation method for the proposed topology.

(3} to fabricate a hardware system as per the design.

To achieve the first objective, this research proposes a Hybrid Power Filter topology tor a
stngle-phasc system, connected to a DC source which is preferable. The topology is well suited
because it effectively filters harmonic currents of low and high [requencics to obtain sinusoidal

source current.

I



For the second objective, this research proposes the application of the cxtension
instantaneous reactive-power (p-q) theorem to estimate the compensation current reference.
Although the estimation of current reference based on extension p-q theorem is not new. this
approach has proved to be one of the most efficient time domain approaches to a single-phase
Hybrid Power Filter system involving passive HPF and a shunt APF. Using the extension p-g
theorem, the resulting equations for the current reference 1s simpler compared with the
conventional p-q theorem.

A prototype will be developed using a PIC microcontroller and an H-Bridge mostet
inverter acting as the shunt filter. Injection of compensation current 1s done through a coupling

transformer into the supply-load system and the waveforims obtained on a CRO.

1.3 Outline of the report

The report consists of an introductory chapter which briefs about power svstem
harmonics, its sources and the conventional and advanced methods of mitigation. The other
chapters are as follows.

Chapter 2 gives a detailed study about fundamentals of power harmonics, its impacts on power

system. Harmonic mitigation methods with various topologics are discussed. The various control

techniques and reference signal estimation is also explained.

Chapter 3 presents the single phase hybrid filter topology proposed. The proposed overall

system and control technique is discussed.

Chapter 4 is dedicated to the control algorithm and the estimation of reference current using

the p-q theorem.

Chapter 5 shows the complete details of the simulation model devetoped. The detaiis of

mdividual blocks and the design values of the power elements are given.

In Chapter 6, the results with and without [ilter shows the improvement in power quality

conforming to the IEEE standards, by the filter designed in the matlab simulink.

Chapter 7 explains the hardware implementation using a PIC microcontrolicr. Details of

individual components used and their images are included. The image results obtained betfore and

after compensation are shown. nd then the report is concluded discussing the future scope of the

project using advanced techniques and the applications are also discussed.

3



CHAPTER 2
POWER SYSTEM HARMONICS AND FILTERS

2.1 Introduction

This chapter reviews the development of active power filter (APF) technologies. The
discussion also includes a brief overview of harmonic distortion problems and their impacis on
electric power quality (PQ). The conventional harmonic mitigation approaches using passive
filters are presented first, followed by the timproved mitigation methods using APF technigues. .
In addition, different types of reference signal esttimation techniques are reviewed. Finaliy, an

Overview on the APF control strategies is also provided.

2.2 Power Quality Problems

Power systems are designed to operate at frequencies of 50 or 60 Hz. However, cerlain
types of loads produce currents and voltages with frequencies that are integer multiples of the 50
or 60 Hz fundamental frequency. These frequencies components are a form of electrical
pollution known as harmonic distortion. Harmonic distortion has sparked rescarch that has led o
the present-day understanding of PQ problems. In this section, the concept of

Harmonic distortion is introduced and its impacts on clectric PQ are discussed.

2.2.1 Fundamental of Harmonic Distortion

Due to the proliferation of nonlincar loads from power electronics converters, cne of the
electric PQ 1ssues that received much attention ts the harmonic distortion. These nonlincar loads
control the flow of power by drawing currents only during certain intervals of the 30/60 Hz
period. Thus, the current drawn by the nonlinear load is nonsinusoidal and appcear chopped or
flattened.

Figure 2.1 illustrates that any periodic, distorted waveform can be expressed as a sum of
pure sinusoids. The sum of sinusotds is referred to as a Fourier series. named after the great
mathematician who discovered the concept. The Fourier analysis permits a periodic distorted

waveform 1o be decomposed into an infinite series containing DC component, fundamental
4



component (50/60 Hz for power systems) and its integer multiples calicd the harmonic

components. The harmonic number (4) usually specifies a harmonic component, which 15 the

ratio of its frequency to the fundamental frequency.

S0 Hz
(=1}
+
-+ 150 Hz
{h=3}
+
250 Mz
= 5\‘

Figure 2.1 Fourier series representation of a distorted waveform

The total harmonic distortion (THD} 1s the most common measurement indices ot
harmonic distortion. THD applies to both current and voitage and is defined as the root-mean-

square (rms) value of harmomcs divided by the rms value of the fundamental, and then

multiplied by 100% as shown in the following equation:

Where M} is the rms value of harmonic component /i of the quantity M.
THD of current varies from a few percemt to more than 100%. THD of voltage is usually

less than 3%. Voltage THDs below 5% are widely considered to be acceptable, while values

Lh



above 10% are definitely unacceptable and will cause problems for sensitive equipment and

loads.
2.2.2 Harmonic Distortion Impacts on Electric Power Quality

For nearly all analyses, it is suffictent to treat nonlinear loads simply as harmonic
currents source. As Figure 2.2 shows, voltage distortion is the result of distorted currents passing
through the linear, series impedance of power distribution system. Although the source bus is a
pure sinusoid, there is a nonlinear load that draws a distorted current. The harmonic currents
passing through the impedance of the system cause a voltage drop for each harmomc. This
results in harmonic voltages appearing at the PCC. The amount of voltage distortion depends on
the source impedance and the current. Harmonics have a number of undesirable effects on
electric PQ. These falls into two basic categories: short-term and long-term. Short-term citects
are usually the most noticeable and are related to excessive voltage distortion. On the other hand,
long-term effects often go undetected and are usually rclated to increased resistive iosscs or
voltage stresses. In addition, the harmonic currents produced by nonlinear loads can interact
adversely with a wide rangc of power system equipment, most notably capacitors, transformers.
and motors, causing additional losses, overheating, and overloading. These harmonic currents

can also cause interferences with telecommunication lines and errors in metering devices.

Because of the adverse effects that harmonics have on electric PQ), certain Standards have
been developed to define a reasonable framework for harmonic control. The ebjective of such
Standard is to propose stecady-state harmonic limits that are acceptable by hoth clectrice utilities

and their customers.

O
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Figure 2.2 Harmonic currents flowing through the system impedance result in

harmonic voltages at the PCC

2.3 Harmonic Mitigation Approaches

Harmonic distortion in power distribution systems can be suppressed through three basic
approaches namely:
(1) Passive filter.
(2) Active power filter.
(3) Hybrid power filter.
This section discusses general properties of various approaches for harmonic distortion
mitigation. The advantages, disadvantages, and limitations of these approaches are also compiled

in this section.

2.3.1 Passive Filtering of Harmonic

Conventional solutions to the harmonic distortion problems have existed for o long time.
The passive filtering is the simplest conventional solution to mtigate the harmonic distortion.
Passive filters are inductance, capacitance, and resistance clements configured and tuncd to

control harmonics. Figure 2.3 shows common types of passive filters and their conligurations.
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Figure 2.3 Common types of passive filters and their configurations

The single-tuned “notch” filter is the most common and economical type of passive filter.
The notch filter is connected in shunt with the power distribution system and is series-tuned to
present low impedance to a particular harmonic current. Thus, hannonic currents are diverted

from their normal flow path through the filter.

Another popular type of passive filter is the high-pass filter (HPF). A HPF wili allow a
large percentage of all harmonics above its comer frequency to pass through. HPF typically takes
on one of the three forms., as shown in Figure 2.3. The first-order, which is characterized by large
power losses at fundamental frequency, is rarely used. The second-order HPF is the sumplest to

good filtering action and reduced fundamental [requency losses. The

=
<

apply while providing
filtering performance of the third-order HPF 3s superior to that of the second-order HPE.
However, it is found that the third-order HPF is not commonly used for low voltage or medium-
voltage applications since the economic, complexity. and reliability factors do not justify them.
Although simple and least expensive, the passive filter inherits several shortcomings. The
filter components are very bulky because the harmonics that need to be suppressed are usually of
the low order. Furthermore the compensation characteristics of these filters are influcnced by the
source impedance. As such, the filter design is heavily dependent on the power system in which
it is connected to. The passive [ilter is also known 1o cause resonance, thus atfecting the stability
of the power distribution systems. Frequency variation of the power distribution system and
tolerances in components values affect the filtering characteristics. The stze ol the components
become impractical if the frequency variation is large. As the regulatory requirements become

a



more stringent, the passive filters might not be able to meet future revisions of a particular

Standard. This may required a retrofit of new filters.

2.3.2 Active Filtering of Harmonic

Remarkable progress in power electronics had spurred interest in APF for harmonic
distortion mitigation. The basic principle of APF is to utilize power electronics technologies to
produce specific currents components that cancel the harmonic currents components caused by
the nonlinear load. Figure 2.4 shows the components of a typical APF system and their
connections. The information regarding the harmonic currents and other system variables are
passed to the compensation current/voltage reference signal estimator. The compensation
reference signal from the estimator drives the overall system controller. This in turn provides the
control for the gating signal generator. The output of the gating signal generator controls the
power circuit via a suitable interface. Finally, the power circuit in the generalized block diagram
can be connected in parallel, series or parallel/series configurations depending on the inierfacing

inductor/transformer used.

supply
mrerfacing ) (
maductor? ponlmear Zoad
transformer J L
3
y_ ¥
4 S
ceiteh QWer Cireint -
swaleng pow svatem variables
pattern - detection
> mtertace
gating signals ]‘ compensaed
Senerator J‘ warizhles
A ¥

overai] system

coutroller S5TLMAlor

reference

srgnat

Figure 2.4 Generalized block diagram for APF
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APFs have a number of advantages over the passive filters. First of all, they can suppress
not only the supply current harmonics, but also the reactive currents. Moreover, unlike passive
filters, they do not cause harmful resonances with the power distribution systems. Consequently.

the APFs performances are independent of the power distribution system properties.

On the other hand, APFs have some drawbacks. Active filtenng 1s a relatuvely new
technology, practically less than four decades old. There is still a need for further rescarch and
development to make this technology well established. An unfavorable but inseparable feature of
APF is the necessity of fast switching of high currents in the power circuit of the APF. This
results in a high frequency noise that may cause an electromagnetic interference (EMI) in the

power distribution systems.

2.3.2.1 Shunt Active Power Filter

This is most important configuration and widely used in active filtering applications. A
shunt APF consists of a controllable voltage or current source. The voltage source inverter (VS1)
based shunt APF is by far the most common type used today, duc to its well known topology and

straight forward installation procedure.

Figure 2.6 shows the principle configuration of a VSI based shunt APF. It consists ol a
DC-bus capacitor {Cy), power electronic switches and an interfacing inductors (L ). Shunt APF
acts as a cwrrent source, compensating the harmonic currents due to nonlinear foads. The
operation of shunt APF is based on injection of compensation current which is cquivalent o the
distorted current, thus eliminating the original distorted current. This is achteved by “shaping”
the compensation current waveform (i), using the V8I switches. The shape of compensation
current is obtained by mcasuring the load current {7, ) and subtracting it from a sinusoidal
reference. The aim of shunt APF is to obtain a sinusoidal source current (7, ) using the

relationship: i; = i;- 7p
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Noulmear
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Figure 2.5 Principle configuration of a VSI based shunt APF

Figure 2.6 shows the ideal source current when the shunt APF performs harmonic
filtering of a diode rectifier. The injected shunt APF current completely cancels the current
harmonics from the nonlinear load, resulting in a harmonic free source current. From the
nonlinear load current point of view, the shunt APF can be regarded as a varying shunt
impedance. The impedance is zero, or at least small, for the harmonic frequencies and infinite in
terms of the fundamental frequency. As a result, reduction in the voliage distortion occurs
because the harmonic cuurents flowing through the source tmpedance are reduced. Shunt APFs
have the advantage of carrying only the compensation current plus a small amount of active
fundamental current supplied to compensate for system losses. It can also contribute to reactive
power compensation. Moreover, it is also possible to connect several shunt APFs 1n parallel to
cater for higher currents, which makes this type of circult suitable for a wide range of power

ratings.

11



Figure 2.6 Shunt APF harmeonic filtering operation principle

2.3.2.2 Series Active Power Filter

The series APF is shown in Figure 2.7. It is connected in series with the distribution linc
through a matching transformer. VSI is used as the controlled source, thus the pnnciple
configuration of series APF is similar to shunt APF, except that the interfacing inductor of shunt

APF is replaced with the mterfacing transformer.

The operation principle of series APF is based on 1solation of the harmonics n between
the nonlinear load and the source. This is obtained by the imection of harmonic voltages { vy )
across the interfacing transformer. The injected harmonic voltages arc added/subtracted, to/from
the source voltage to maintain a pure sinusoidal voltage waveform across the nonlincar load. The
series APF can be thought of as a harmonic isolator as shown in Figure 2.8. It 1s conirolled in
such a way that it presents zero impedance for the fundamental component, but appears as a
resistor with high impedance for harmonic frequencies compenents. That 1s. ne current

harmonics can {flow {rom nonlinear load to source, and vice versa.
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Figure 2.7 Principle configuration of a VSI based series APF

Figure 2.8 Operation principic of series APF: (a) single-phase equivalent of

series APF, (b) fundamental equivalent circuit, and (c) harmonic cquivalent circutt

Series APFs are less common than theiwr rival, 1.e. the shunt APF. Tlus is because they
have to handle high load currents. The resulting high capacity ot load currents will increases
their current rating considerably compared with shuni APF. especially in the sccondary side of
the interfacing transformer. This will increase the / “R losses. However, the main advantage of
series APFs over shunt one is that they are ideal for voltage harmonics elimination. It provides
the load with a pure sinusotdal waveform, which is important for voltage sensitive devices (such
as power syster protection devices)., With this teature. series APF is suitable for tmproving the

quality of the distribution source voltage.



2.3.2.3 Hybrid Power Filter

Previously, majority of the controllers developed for APF are based on analogue circuits.
As a result, the APF performance is inherently subjected to signal drift. Digital controliers using
DSPs or microcontrollers are preferable, primarily due to its flexibility and immunity to noise.
However it is known that using digital methods, the high-order harmonics are not filtered
effectively. This is due to the hardware limitation of sampling rate in real-time apphlication.
Moreover, the utilization of fast switching transistors {i.e. IGBT or MOSFET) in APF
application causes switching frequency noise to appear in the compensated source currcnt. This
switching frequency noise requires additional filtering to prevent interfercnce with other
sensitive equipment. Technical limitations of conventional APFs mentioned above can be
overcome with Hybrid Power Filter configurations. They are typically the combination of basic
APFs and passive filters. Hybrid Power Filters, inheriting the advantages of both passive filters
and APFs provide improved performance and cost-effective solutions. The idea behind this
scheme is to simultaneously reduce the switching noise and electromagnetic interference. There
arc various Hybrid Power Filters reported in literature, but the two most prominent ones are
shown in Figure 2.9. Figure 2.9 (a) is the system configuration of the hybrid shunt APF. Both the
shunt APF and passive filter are connected in paraltel with the nonlinear load. The tunction of
the Hybrid Power Filter can thus divided into two parts: the low-order harmonics arc cancelled
by the shunt APF, while the higher frequency hanmonics are filtered by the passive HPE. This
topology lends itself to retrofit applications with the existing shunt APF. Figure 2.9 (b) shows the
system configuration of hybrid series APF. in which the series APF is coupled to the distribution
line by an interfacing transformer. The shunt passive filter consists of one or more single-tuned
LC filters and/or a HPF. The hybrid series APF is controlled to act as a harmonic isolator
between the source and nonlinear toad by injection of a controlied harmonic voltage source. Tt is
controlled 10 offer zero impedance (short circuit) at the fundamental frequency and high
impedance (ideally open circuit) at ali undesired harmonic frequencies. This constrains all the
nonlinear load current harmonics to flow into the passive filter. decoupling the source and

nonlincar load at all frequencics, except at the fundamental.

P4
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Figure 2.9 Hybrid Power Filters: (a) combination of shunt APF and shunt passive filter

and (b) combination of serics APF and shunt passive fitter
2.4 Reference Signal Estimation Techniques

As shown m Figure 2.4, the reference signal to be processed by the controller is the key
component that ensures the correct operation of APF. The reterence signal estimation 1s initiated
through the detection of essential voltage/current signals to gather accurate system vartables
information. The voltage variables 1o be sensed are AC source voltage. DC-bus voltage of the
APF, and voltage across interfacing transformer. Typical current variables are Joad current. AC
source current, compensation cwrent and DC-link current ot the APF. Based on these system
variables feedbacks, reference signals estimation in terms of voltage/current levels are estimated
in frequency-domain or time-domain. Numerous publications, for example report on the theorics
rclated to detection and measurement of the vartous svstem variables for reference signals
estimation. Figure 2.10 illustrates the considered reference signal estimation techniques. Thesc

techniques cannot be considered to belong to the control loop since they perform an independent

task by providing the controller with the required reference for further processing. This section
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presents the considered reference signal estimation techniques, providing for each of them a

short description of their basic features.

Frequeacy ” Fourter Transform
Domam
Reference Signal —
Estimation Techniques p-q Theorem
Extension p-g Theorem
Tune
Domain Syachronous-Detection Theorem
Synchronous-Reference Trame
Theorem

Sme-Multiplicatzon Theorsm

Figure 2.10 Subdivision of reference signal estimation techniques

2.5 Control Techniques for Active Power Filter

The aim of APF control is to generate appropriate gating signals for the switching
transistors based on the estimated compensation reference signals. The performance of an APF 1s
affected significantly by the selection of control techniques. Theretore. the choice and
implementation of the control technique is very important for the achicvement of a satistactory
APF performance. A vartety of control techniques, such as linear control. digital dcadbeat
control, hysteresis control, etc., have becen implemented for the APF applications. Scveral
publications comprchensively report the theories refated 1o APF control techniques. This section

briefly describes the considered control techniques and their basic featurces.



2.5.1 Linear Control Technique

Linear control of an APF is accomplished by using a negative-feedback system as shown
in Figure 2.11. In this control scheme, the compensation current { 7 ;) or voltage ( v ;) signal is
compared with its estimated reference signal (i 7 ,.r or v ., ) through the compensated crror
amplifier to produce the control signal. The resulting control signal is then compared with a saw
tooth signal through a puise width modulation (PWM) controller to generate the approprnate
gating signals for the switching transistors. The frequency of the repetitive saw tooth signal
establishes the switching frequency. This frequency is kept constant in linear control technique.
As shown in Figure 2.11, the gating signal is set high when the control signal has a higher

numerical value than the saw tooth signal and via versa.

Compensated
ertor amplifier
r—— " — 1
| — 1
| | control
1 } \ I 51005 gatins
T } - ' siznal R gatng - .
1 / I PN signal g Active Power | 7
} I * o s Tee L
e ,/{M ,| conirolier Filter
T 0TV, . sawtooth
T ey )
signal

Figure 2.11 Block diagram of linear control technique

Generally, the Nyquist stability criterton and the Bode plots are used to determine the
appropriate compensation in the feedback loop for the desired steady state and transient
responses. With analogue PWM circuit. the response 1s fast and its implementation 15 simple.
Nevertheless, due to inherent problem of analogue circuitry, the hinear control technigue has an
unsatisfactory harmonic compensation performance. This 1s mainly due to the limitation of the

achievable bandwidth of the compensated crror amplifier.



2.5.2 Hysteresis Control Technique

The control of APT can also be realized by the hysteresis control technique. It imposes a
bang-bang type instantaneous control that forces the APF compensation current ( i) or voltage (
vr ) signal to follow its estimated reference signal within a certain tolerance band. This control
scheme is shown In a block diagram form in Figure 2.17. In this control scheme, a signal
deviation (/1) is designed and umposed on i s 0F vy s to form the upper and lower mits of a
hysteresis band. The i, or v/is then measured and compared with reference values .the resulting
crror is subjected 1o a hysteresis controller to determine the gating signals when exceeds the
upper or lower limits set by (estimated reference signal + /2 ) or (esumated reference signal
H2Z ). As long as the error 1s within the hysteresis band, no switching action 1s taken. Switching
occurs whenever the error hits the hysteresis band. The APF 1s thercfore switched in such a way
that the peak-to-peak compensation current/voltage signal is limited to a specified band

determined by / as illustrated by Figure 2.12.

Hysteresis band

COMmparator
LHL ) zammg o
P A1 - oy,
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SILO . »>
N Filter

%

Figure 2.12 Block diagram of hysteresis control technique

In this particular work, a hysteresis current controller with a fixed H s implemented. To
obtain a compensation current { £/ ) with swiiching ripples as small as possible, the vulue of /7
can be reduced. However, doing so results in higher switching frequency. Thus, increases losses
on the switching transistors.
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The advantages of using the hysteresis current controller are its excellent dynamic
performance and controllability of the peak-to-peak current ripple within a specifted hysteresis
band. Furthermore, the implementation of this control scheme is simple; this is evident from the
controller structure shown in Figure 2.12. However, this control scheme exhibits several
unsatisfactory features. The main drawback is that 1t produces uneven switching {requency.
Consequently, difficulties arise in designing the passive HPF. Furthermore, there 1s possibly
generation of unwanted resonances on the power disiribution system. Besides, the trregular

switching also affects the APF efficiency and reliability.
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oA P reference signal
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Figure 2.13 Gating signal generation by hysteresis controller



CHAPTER 3
A SINGLE PHASE HYBRID POWER FILTER

3.1 INTRODUCTION

An alternative to the passive filter is use of the Active filter, which displays better
dynamics and controls the harmonic and fundamental currents.

Due the intensive use of power converter and other non linear load in industry and by
consumers in general it can be observed an increasing deterioration of the power systems. Only

one filter needed to eliminate all the unwanted harmonics

3.2 LINEAR AND NON LINEAR LOAD
Linear Joad is a load that is having constant impedance and the resulting current follows
the supply voltage changes.
Examples ot such loads are
* Resistance heating
* Incandescent lamp
» Unsaturated reactor
A non linear load is a load whose impedance various within each cycle and draws current
disproportional to the supply voltage. At each and every  point of the waveform, the load
impedance varies resulting into higher or lower current then it should be. This makes load
current to be non sinusoidal, resulting i to harmonics creation or distortion.
Examples of non linear load are
» Computer
e Printers
e Modem
e Variable frequency drives
e UPS
e Adjustable Speed Drives
* Diode Bridge
Figure 3.1, represent as the distortions in current sunilarly Hnear and non hinear Toad.
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Figure 3.1 Problem due to Non linear load

3.3 Principle of the Proposed Hybhrid Power Filter

The operation principle of the proposed Hybrid Power Filter 1s illustrated in Figure 3.2
it generates compensation current { i ;) equal to the reactive load current (1, , ). harmonic load
current ( 1, } and reactive HPF current ( 1, , ). This compensation current is injecied into the
point of common coupling (PCC) through an interfacing inductor. The compensated source
current (i ) is desired to be sinusoidal and in phase with the source voltage { 1, ) 10 vicld a

maximum power factor.

In the proposed scheme, the Jow-order harmonics are compensated using the shunt APF,
while the high-order harmonics are filtered by a passive high-pass filter {HPF). Since the aim in
using the HPF is to improve the filtering performance of high-order harmonics. the HPF's
resonant frequency can be tuned to {requency where the filtering performance of the shunt APF
1s impaired. 1.e. over 1 kHz. In this way, the size of the HPF can be kept small. It 1s cnvisaged

that this configuration is effective to improve the filtering performance of high-order harmonics.
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Figure 3.2 Operating principle of the proposed hybrid power filter

3.4 The Proposed System Configuration
In this section, the system configuration of the proposed single-phase Hybnd Power

Filter topology is presented.

3.4.1 Proposed Overall System

Figure 3.3 shows the system configuration of the proposed single-phase Hybrid Power
Filter topology, connected in parallel with the ronlincar lead. It consists of a passive HPF. a
single-phase shunt APF constructed using a full-bridge voltage source inverter (VSI) and a DC
source that represents PV array. Subscript s, L. f, and /ip refer to source, load, shunt APEF and
passive HPF. The shunt APF and the DC source are connected back-to-back with a DC-bus
capacitor  (Cy). The VSI used i this topology is operated in current controlled mode (CCM) 1o
make the compensation curvent { 1 ) control possible. This VSI uses DC-bus capacitor as the
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supply and switches at high-frequency to generate a compensation current that tollows the
estimated current reference. Thus. the voltage across the DC-bus capacitor { Ver ) musi kept to a

value that is higher than the amplitude of the source voltage ( > v2 - Vo).

The proposed Hybrid Power Filter is connected with the distribution line at the PCC
through an interfacing inductor ( Ly ). This interfacing inductor provides isolation from the
distribution line. A large interfacing inductor is preferable because it results in small switching
ripple. However, the large interfacing inductor limits the dynamic response of the compensation

current. Therefore, there is a compromise involved in sizing the interfacing inductor.
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Figure 3.3 Svstem configuration of the proposed Hybrid Power Filter
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3.4.2 Proposed Extension Instantaneous Reactive-Power Theorem

The conventional p-q theorem is revised and extended to make it applicable for three-
phase unsymmetrical and distorted voltage system. It differs from the conventional p-q theorem
presented in. In extension p-q theorem, the source voltages are shifted by 90° for instantaneous
reactive power calculation. Instead of the AC components in conventional p-q theorem, the DC
components are extracted using low-pass filters (LPFs) and taking inverse transformation 1o
obtain the compensation reference signals in terms of either currents or voltages. The mam
advantage of this technique is that it is simpler to find three-phase instantaneous reactive power
than the conventional p-q theorem.

This technique is also suitable tor single-phase APF systems. In order to illustrate the
difference between the extension p-q thcorem with its former, the basics of extension p-g

theorem for single-phase system are presented.
The instantancous active power of the load can be denived as
P ift)=ptp
The instantaneous reactive power of the load can be derived as
g =vi(t). ii(t)=qg + ¢
The DC components ( p and ¢ ) are extracted from the derived instantaneous active and
reactive power using LPFs. The extracted DC components are then used for compensation
reference signal estimation. It 1s clearly seen that the resulting equations for the instantancous

active and reactive power of the load based on extension p-g theorem are simpler compared with

the conventional p-q theorem.



CHAPTER 4
THE CONTROL SYSTEM

The overall contro] system of the proposed single-phase Hybrid Power Filter is described
in this section. The extended instantancous reactive power theorem is used to compute the
compensation current.

4.1 Overall Control System

Figure 3.4 shows the overall control system for the proposed Hybnid Power Filter.
Subscript s, L, £, and Ap refer to source, load, shunt APF and passive HPF. The task of the control
system is to produce appropriate gating signals for the switching transistors (IGBTs or
MOSFETs). The control system consists of an instantancous active/reactive power calculator,
three LPFs, a compensation current estimator, a proportional integral (PI) controller. a PLL and a
hysteresis current controller.

Three current sensors and two voltage sensors are required for system variables detection.
The load current { i; ), HPF current { 15, ) and compensation current { i+ ) are detected using Hali-
Effect current sensors, while the source voltage ( V. ) and DC-bus voltage ( Ve ) are detected
using Hall-Effect voltage sensors. The digital based PLL js responsible to generate the reterence
sinewave ( sin{ @ ¢} and sin{ w ¢ — 90°) ) with unity amplhitude and synchronous with the sourcc
voltage.

The instantancous active/reactive power calculator receives the Joad current, source
voltage and passive HPF current signals in real time. The instantancous active load power ( Pr ),
instantaneous reactive load power { ¢; ) and the instaniancous reactive HPF power ( qi» ) are
calculated based on the extension p-q theorem. Their DC components are filtered with three
digital second-order Butterworth LPFs. These DC components are then fed to the compensation
current reference estimator to obtain the reactive load current, harmonic load current and rcactive
HPF current. The summation of these three current signals wifl form the first component of the

current reference signal,

~J
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Figure 4.1 Overall control system ol the proposed Hybrid Power Filter

The DC voltage across the DC-bus capacitor is detected and compared with its relerence
voltage { Ve oy ). The compared result 1s processed by a Pl controller to obtain the desired
amplitude of the DC-bus capacitor charging current ( ler ). The resulting current is then
multiplied with the reference sinewave ( sin(w ) ) to form the sccond component of current
reference signal (1702 ).

In order to generate the compensation current that follows the current reference signal.
the fixed-band hysteresis current control method 1s adopted. The estimated compensation current
reference stgnal (7.4 ) and the actual compensation current signal { 7. ) are fed to a fixed-hand

hysteresis current controller to generate appropriate gating signals for the switching transistors.

26



4.2 DC-Bus Voltage Control

Under a loss free situation, the Hybrid Power Filter need not provide any active power to
cancel the reactive and harmonic currents from the load, and the reactive current from the HPF.
These currents show up as reactive power. Thus, it is indeed possible to make the DC-bus
capacitor delivers the reactive power demanded by the proposed Hybrnd Power Filter. As the
reactive power comes from the DC-bus capacitor and this reactive energy transfers between the
load and the DC-bus capacitor (charging and discharging of the DC-bus capacitor), the average
DC-bus voltage can be maintained at a prescribed value.

However, due to switching loss, capacitor leakage current, etc.. the distribution source
must provide not only the active power required by the load but also the additional power
required by the VSI to maintain the DC-bus voltage constant. Unless these losses are regulated.

the DC-bus voltage will drop steaduy,

DC-bus actual PI controller
voltage
. voliage e e
¥ A f A TANS o j{:.‘
& transducer E : K
capacitor

charzing current

T

DC-bus voliage
reference

Figure 4.2 PI controller for DC-bus voltage control

4.3 Compensation Current Reference Estimation

Compensation current reference estimation for single-phase shunt APF based on
extension p-q theorem. In this work, the application of the theorem is further extended to a
single-phase Hybrid Power Filter. In the proposcd topology, the extension p-q theorem is
adopted for the estimation of active, reactive and harmonic components of load current. and the

reactive component of HPF current.



The compensation current reference can be estimated as

Here,

if’ref = iL.q+ iL.h + ihp_,q - Icf.Sin((Dt) + P .Sin((l)t)

ch: ref

1Lq - Reactive load current

iLn . Harmonic load current

ihpq - HPF current

| .DC bus capacitor charging current

Vfs rer - DC bus reference voltage
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CHAPTER 5

SIMULATION OF THE PROPOSED HYBRID
ACTIVE POWER FILTER

5.1 INTRODUCTION

The simulation of power electronic systems provides advantages in the design process by
allowing various options to be tried out before the hardware is built. To validate the feasibility of
the proposed approach, a virtual implementation of the SAPF is done using Simulink.

MATLAB is a software package for high performance numerical computation and
visualization, and programmuing in an easy-to-use environment where problems and solutions arc
expressed in famtliar mathematical notation. The name MATLAB stands for matrix laboratory.
There are scveral optional toolboxes available from the developers of MATLAB. Thesc
toolboxes are collection of functions written for special application such as sim power systens,

control system, artificial intelligent, image processing etc.

5.2 SIMULINK MODEL OF PROPOSED SYSTEM

The complete simulation model of the proposed scheme, constructed using the
MATLAB/Simulink environment is depicted. It consists of distribution source, nonlinear load,
shunt APF, passive HPF, overall control system and DC bus capacitor. Both the modcls of the

system with and without power filter are shown.

Figure 5.1 simulink model without hvbnid filier
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Figure 5.2 simulink model with hybrid hiter

The power distribution source considered in the simulations 15 a 240 Vi 30 Hz
sinusoidal single-phase AC voltage source. This corresponds to the domestic uulity voltage in
India. The distribution voltage is gencrated by the “AC Voltage Source”™ blockset from
“SimPowerSystems'\Electrical Source™ library. The isolation transformer with turn ratio of 2:1 1s
constructed using the “Lincar Transformer”™ blockset from “SunPowerSystemsiElements™
library. Note that the secondary leakage inductor of the isolation transformer 1s considered as the
source mductor ( L, ). A source resistor (R} is connected in series to limit the inrush current. The
L.and R, are constructed using “Series RI.C Branch™ blocksct.
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A diode bridge rectifier circuit which feeds a resistive load filtered by a capacitor which
symbolizes normal rectification process in practical loads like arc furnace, smps. cte. A
controlled rectifier circuit with thyristor can also be chosen as a source of non hincar current
which practically takes place in the case of variable speed drives.

The shunt APF block consists of a VSI bridge inverter fed by a DC bus capacitor. The
bridge inverter circuit is simulated using IGBTs as the switching devices. IGBTs have a good
dynamic response and fast switching compared to other options like mosfet. The DC bus
capacitor is the source for VSI whose DC voltage should be controlled ( a PI controller 1s used

for that purpose).

5.3 OVERALL CONTROL SYSTEM

Figure 5.3 simulink model of overall control system



The overall control system performs the extended p-q theorem. The subsystem pq gets
input data of load current, high pass filter current, pce voltage, dc bus capacitor voltage and i3
current. The outputs generated from this block are real and reactive powers of load, real power
of dc bus capacitor and the reactive power of HP filter. From these outputs the subsystem 1

gencrates further the compensation reference current which is used to generate the compensaiion

current from the VSI bridge.

[
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CHAPTER 6

SIMULATION RESULTS

6.1 INTRODUCTION

The purpose of the simulation is to show the usefulness of the proposed APF control
strategy. The main aim of this simulation 1s to bring the THD value n the source current

waveform to a level below 5% as per the IEEE standards.

6.2 PROPOSED SYSTEM WITH OUT FILTER

The filter is not connected in between the source and load side means current harmonics
will acquire in the source side. Its clearly represent the figure 5.1 and 5.2. The below mentioned
figure represent as the wave form of a source current and THD plot value of source current in
without filter. There for source current obtain the high distortion. So the Current THD is 21.35%.
It is higher than the IEEE (IEEE 519) standard. So we reduced the THD value usc the active

power fiiter.

Figure 6.1 source current without filter
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Figure 6.2 source current and THD values without filter

6.3 PROPOSED SYSTEM WITH FILTER

Use the proposed algorithm is used to minimize the current harmonics in source side,
thereby reducing the THD value, and improve the power factor. Its clearly represent as the
following figures.

Therelore source current with reduced distortions arc obtained and the Current THD
reduced to 1s 4.41%. The following figure represents the source current and their THD with the

presence of hybrid filter.
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6.4 ANALYSIS AND DISCUSSION OF SIMULATION RESULTS

The simulation results are available for two cases considered From figure 5.1 to Figure

5.3, 1t 1s clearly represent the with filter and without filter conditions and the APF compensates

harmonic currents into the line there for making the input supply is sinusotdal. The improvisation

of power quality 1s given below as THD improvement.

Source current THD in %
(Without filter)

Source current THD in %
(With filter)

U
th

4.41



CHAPTER-7
HARDWARE IMPLEMENTATION AND RESULTS

7.1 INTRODUCTION

A prototype of the project is developed using a PIC microcontroller as the control
circuit and a mosfet bridge as the VSI inverter. A H-bridge inverter with four IRF250 mosfets is
constructed which is then coupled to the main system using a coupling transformer. The inverter
circuit obtains the command from the microcontroller. A potentiometer is used to bring changes

1n the source current and to which the controller code activates the gating pulses to the inverters.
7.2 HARDWARE SETUP

The hardware consists of three main portions. The power supply and load section, the

microcontrotler and the VSI inverter bridge with DC capacitor.

Three separate power supply circuits are being used in this project. A 230V/50 Hz power
supply is stepped down to 9V by a step down transformer. This stepped down supply is fed to the
diode bridge rectifier through a 63V/2200mfd capacitor in parallel which acts as a smoothing
filter. A | ohm /5V resistor is fixed in series with the rectifier across which the CRO is
connected to view the wavelorm. A 230VAC supply is stepped down to a 5V and 15V by step
down transformers to supply the isolation circuits. These supplies are regulated by the 1C vollage

regulators.

The VSI Bridge 1s supplied from a step supply across a 1000mid capacitor which derives its
energy from the stepped down supply. The microcontroller senses the input current through the
port RAO in pin2 which acts an ADC in this project. The driving commands 1o the VSI bridge

inverter is fired through the ports RB4, RB5, RB6, RB7 through an opto-isolator circuit.

The VSI bridge inverter converts the input de to the compensaiing wavelom as commanded
by the microcontroller. A reset circuit is also provided to the microcontroller through a 7414 IC
at pinl. The output of VSI Bridge 1s injected into the source —load system through a coupling

transformer with 1:1 ratio.
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7.3 WORKING:

The RL load connected in the setup acts as the source of harmonics. The harmonics
produced due to this load is shown below in the picture. The supply is 9V AC. The current is
sensed through a potentiometer which is adjusted to bring the compensation. The microcontroller
performs the algorithm to generate the PWM driving pulses for the H-bridge MOSFET. These
signals are 1solated and amplified through the opto-isolators provided for each MOSFET device.

The opto-coupler devices are given with separate supply for functioning.

The inverter is supplied with DC supply of [2V through a bridge rectifier. The inverter
produces compensating waveforms as commanded by the controller. This compensating current

1s fed to the line through a transformer.

As the load varies the distortion or the waveform shape varies accordingly. This project is
designed for a particular load of bridge rectificr supplving an RL load. To view the resuits for
various values of the resistance / inductance a reset circuit of the controller is used cach time for

the corresponding compensation waveform.
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FIG 7.2 The hardware setup with a RL load (without filter condition)
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7.4 WAVEFORM RESULTS:

FIG 7.32a WAVEFORM OF SOURCE CURRENT WITH R-L LOAD

FIG 7.3b WAVEFORM WITH SAME SETUP AFTER FILTERING
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7.5 DESCRIPTION OF THE COMPONENTS

7.5.1 POWER SUPPLY

The ac voitage, typically 220V rms, is connected to a transformer, which steps that ac voltage
down to the level of the desired de output. A diode rectifier then provides a full-wave recufied
voltage that 1s initially filtered by a simple capacitor filter to produce a dc voltage. This resulting

dec voltage usually has some ripple or ac voltage variation,

A regulator circuit removes the ripples and also remains the same dc value even it the input
dc voltage varies, or the load connected to the output dc voltage changes. This voltage regulation

is usually obtained using one of the popular voltage regulator 1C units.

THREE-TERMINAL VOLTAGE REGULATORS

Fig shows the basic connection of a three-terminal voltage regulator IC to a load. The fixed
voltage rcgulator has an unregulated dc input voliage, Vi, applied to one input terminal, a
regulated output de voltage, Vo, from a second terminai, with the third terminal connected to
ground. For a selected regulator, IC device specifications list a vollage range over which the
input voltage can vary to maintain a regulated output voltage over a range of load current. The
specifications also list the amount of output voltage change resulting from a change in load

current (load regulation) or in input voltage (line regulation).
FIXED POSITIVE VOLTAGE REGULATORS:

Vi Vo
IN out O

7805

Unregulated DC

GND

Fig 7.4 voltage regulator I1C



The series 78 regulators provide fixed regulated voltages from 5 to 24 V. Figure shows
how one such IC, a 7812, is connected to provide voltage regulation with output from this unit of
+12V dc. An unregulated input voltage V1 is filtered by capacitor Cl and connected to the IC's
IN terminal. The IC’s OUT terminal provides a regulated + 12V which is filtered by capacitor
C2 (mostly for any high-frequency noise). The third IC terminal is connected to ground (GND).
While the mput voltage may vary over some permissible voltage range, and the output load may
vary over some acceptable range, the output voltage remains constant within specified voliage

variation limits. These limitations are spelled out in the manufacturer’s spectfication sheets. A

table of positive voltage regulated ICs 1s provided in table below.

Qutpat Voltage (V) Minimum Vi (V)

IC Part
7805 -5 7.3
7806 +6 8.5

7808 -8 10.5
7810 +10 L 125
7812 +12 f 14.6
7815 +15 17.7
o
7818 118 21.0
|
7824 24 i 27.1
|
L
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7.5.2 H-BRIDGE INVERTER

The bridge inverter circuit is constructed using mosfet devices. They are isolated from the

control cwcwit using opto-coupiers  which protects the damage of any control

devices.

TSOLATION WITH MOSFET H-BRIDGE
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Fig 7.6 H-bridge inverter circuit
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CIRCUIT WORKING DESCRIPTION:

The isolation circuit 1s mainly used to isolate the high voltage and low voltage circuit,
SCR and Triac circuit, mechanical relay and pulse transformer. Here the isolation circuit is
constructed by the 6N135 opto coupler. The opto coupler consists of photo LED and photo
transistor. The photo transistor conducting only when light rays falls on the base of the transistor.

The signal to be isolated s given to base of BC547 switching transistor.

Whenever the signal is high, the transistor is switched ON, so the emitter and collector
termunals are shorted. Now the photo LED is conducting and light rays falls on the photo
transistor. Due to that the photo transistor is conducting and shorts the emitter and coliector
terminal. The 7667 nverter is connected in the collector terminal. So the ground signal that is
zero signals is given to inverter input and high pulse is taken from the inverter output. Now the

output pulse is cqual to nput pulse as applied to the base of the transistor BC547 (Q1).
OPTOCOUPLER :

In electronics, an opto-isolator (or optical isolator, optocoupler, photocoupler, or
photoMOS) is a device that uses a short optical transmission path to transfer a signal between
clements of a circuit, typically a transmitter and a recciver, while keeping them electrically
isolated - since the signal goes from an electrical signal to an optical signal back to an clectrical
signal, electrical contact along the path is broken. A commen implementation involves a LED
and a phototransistor, separated so that light may travel across a barrier but electrical current may
not. When an electrical signal 1s applied to the input of the opto-isolator, its LED lights. its light
sensor then activates, and a corresponding electrical signal is generated at the output. Unlike a
transformer, the opto-isolator allows for DC coupling and generally provides significant

protection from serious overvoltage conditions in one circuit affecting the other.

With a photediode as the detector, the output current is proportional to the amount of incident
l1ght supplied by the emitter. The diode can be used in a photovoltaic mode or a photoconductive
mode. In photovoltaic mode. the diode acts tike a current source in parallel with a lorward-biased

diode. The output current and voliage are dependent on the load impedance and light intensity.
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In photoconductive mode, the diode is connected to a supply voltage, and the magnitude of the
current conducted is directly proportional to the intensity of light. An opto-isolator can also be
constructed using a small incandescent lamp in place of the LED; such a device, because the
lamp has a much slower responsc time than an LED, will filter out noise or half-wave power in
the input signal. In so doing, it will also filter out any audio- or higher-frequency signals in the
input. It has the further disadvantage, of course, (an overwhelming disadvantage in most
applications) that incandescent lamps have relatively short life spans. Thus. such an
unconventional device is of extremely limited usefulness, suitable only for applications such as

science projects.

Fig 7.7 Optocoupler

The optical path may be air or a dielectric waveguide. The transmitting and receiving elements ol
an optical isolator may be contained within a single compact module. for moeunting. tor example.
on a circuit beard; in this case, the module is often called an optoisolator or opto-iselator. The

photosensor may be a photocell. phototransistor. or an eptically triggered SCR or Triac.

—
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Occasionally, this device wiil in turn operate a power relay or contactor. They are used 10 isolate
low-current control or stgnal circuitry from transients generated or transmitted by power supply
and high-current control circuits. The latter are used within motor and machine control function

blocks.
MOSFET:

The metal-oxide—semiconductor field-effect transistor (MOSFET, MOS-FET, or
MOS FET) is by far the most common field-effect transistor in both digital and analog circuiis.
The MOSFET is composed of a channel of n-type or p-type semiconductor material {sce article
on semiconductor devices). and is accordingly called an NMOSFET or a PMOSFET (also

commonly nMOSFET, pMOSFET).

The 'metal' in the name is now often a misnomer because the previously metal gate material is
now a layer of polvsilicon (polycrystalline silicon; why polvsilicon is used will be explained
below). Previously alumimum was used as the gate material until the 1980s when polvsilicon

became dominant, owing to its capability to form self-aligned gates.

To overcome power consumption increase due to gate current lcakage. high-? dielectric is
replacing silicon dioxide as the gate insulator, and mctal gates are making a comcback by

replacing polysilicon .

Fig 7.8 Mosfet IRF250

IGFET 1s a related, more general terin meaning insulated-gate field-ctfect transistor. and is
almost synonvmous with MOSFET, though it can refer to FETs with a gate insulator that s not
oxide. Some prefer to use "IGFET" when referring 1o devices with polysilicon gates. but most

still call them MOSFETs.
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Usually the sermiconductor of choice is silicon, but some chip manufacturers, most notably {BM,
have begun to use a muxture of silicon and germanium (SiGe) i MOSFET channels.
Unfortunately, many semiconductors with better electrical properties than silicon. such as
gallinm arscmide, do not form good semiconductor-to-insulator interfaces and thus are not
suitable for MOSFETs. However there continues to be research on how to ¢reate msulators with

acceptable electrical characteristics on other semiconductor material.

The gate 1s separated from the channel by a thin insulating layer of what was traditionally silicon
dioxide, but more advanced technologtes used silicon oxymtride. Some companies have siarted

to introduce a high-7 dielectric + metal gate combination in the 45 nanometer node.

When a voltage is applied between the gate and source terminals, the electric field generated
penetrates through the oxide and creates a so-called "inverston layer” or channel at the
semiconductor-insulator interface. The mversion channel is of the same type - P-type or N-type
— as the source and drain, so i provides a conduit through which current can pass. Varying the
vollage between the gate and body modulates the conductivity of this laver and makes it possible

to control the current flow between drain and source.

.;i
vt

Fig 7.9 Opto Coupler with isolation

7.5.3 MICROCONTROLLER:

The microcontroller that has been used for this project ts from PIC series. PIC

microcontrolier is the first RISC based microcontroller fabricated in CMOS {complimentary

47



metal oxide semiconductor) that uses separate bus for instruction and data allowing simultancous

access of program and data memory.

The main advantage of CMOS and RISC combination 1s low power consumption
resulting in a very small chip size with a small pin count. The main advantage of CMOS is that 1t

has immunity to noise than other fabrnication techniques.
PIC (16F877):

Various microcontrollers offer different kinds of memories. EEPROM, EPROM.,
FLASH etc. are some of the memories of which FLASH is the most recently developed.
Technology that is used in pic16F877 is flash technology, so that data is retained cven when

the power is switched off. Easy Programming and Erasing are other features of PIC 16F877.

SPECIAL FEATURES OF PIC MICROCONTROLLER:
CORE FEATURES:
» High-performance RISC CPU
+ Only 35 single word instructions to leamn
+ All single cycle instructions except for program branches which are two ¢ycle
* Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
* Up to 8K x 14 words of Flash Program Memory,
Up to 368 x § bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM data memory
= Pin out compatible to the PIC16C73/74/76/77

» Interrupt capability (up to 14 internal/external

48



« Eight level deep hardware stack
« Direct, indirect, and relative addressing modes
» Power-on Reset (POR)
« Power-up Timer (PWRT) and Oscillator Start-up Timer (OST)
« Watchdog Timer (WDT) with its own on-chip RC Oscillator [or reliable operation
= Programmable code-protection
« Power saving SLEEP mode
+ Selectable oscillator options
» Low-power, high-speed CMOS EPROM/EEPROM technology
+ Fully static design
= In-Circuit Sertal Programming {ICSP) via two pins
» Only single 5V source needed for programming capability
+ In-Circuit Debugging via two pins
* Processor read/write access to program memaory
= Wide operating voltage range: 2.5V to 3.5V
* High Sink/Source Current: 25 mA
« Commercial and Industrial temperature ranges
* Low-power consumption:

< 2mA typical @ 5V, 4 MHz

20mA typical @ 3V, 32 kHz

< ImA typrcal standby current
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PERIPHERAL FEATURES:
« Timer(Q: 8-bit timer/counter with 8-bit prescaler
» Timerl: 16-bit timer/counter with prescaler, can be incremented during sleep
via external crystal/clock
+ Timer2: 8-bit timer/counter with 8-bit period register, prescaler and postscaler
« Two Capture, Compare, PWM modules
Capture is 16-bit, max resolution 1s 12.5 ns,
Compare 1s 16-bit, max resolution is 200 ns,
PWM max. resolution is 10-bit
+ 10-bit multi-channel Analog-to-Digital converter
« Synchronous Serial Port (SSP) with SPI. (Master Mode) and 12C. (Master/Slavce)
* Universal Synchronous Asynchronous Receiver Transmutter (USART/SCI) with
9- bit address detection.

ARCHITECTURE OF PIC 16F877 :

The complcte architecture of PIC 16F877 is shown in the fig 2.1, Table 2.1 gives
details about the specifications of PIC 16F877. Fig 2.2 shows the complete pin diagram ot the 1C

PIC 16F877.
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/0 PORTS:

Some pins tor these /O ports are multiplexed with an alternate function for the peripheral
features on the device. In general. when a peripheral is enabled, that pin may not be used as a

general purpose I/O pin.



MEMORY ORGANISATION:

There are three memory blocks in cach of the PIC16F877 MUC’s. The program memory

and Data Memory have separate buses so that concurrent access can occur.

PROGRAM MEMORY ORGANISATION:

The PIC161877 devices have a 13-bit program counter capable of addressing 8K *14
words of FLASH program memory. Accessing a location above the physically implemented

address will cause a wraparound.
The RESET vector is at 0000h and the interrupt vector is at 0004h.
DATA MEMORY ORGANISTION:

The data memory is partitioned into multiple banks which contain the General Purpose
Registers and the special functions Registers. Bits RPI (STATUS<6) and RP0 (STATUS<5>)

are the bank selected bits.

RP1:RPO Banks

T e —
01 1
10 2

l 8 3

Each bank extends up to 7Fh {1238 bytes). The lower locations of each bank are
reserved for the Special Function Registers. Above the Special Function Registers are General
Purpose Registers, implemented as static RAM. All implemented banks contain special function
registers.  Some frequently used special function registers from one bank may be mirrored in

another bank for code reduction and quicker access.
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ANALOG TO DIGITAL CONVERTER (ADC)

There are two types of analog to digital converter is present in this 1C. We usce 10-bit
ADC. The ADC module can have up to eight analog inputs for a device. The analog input
charges a sample and hold capacitor. The output of sample and hold capacitor 1s the mput into
the converter. The converter then generates a digital result of this analog level via successive

approximation. The A/D conversion of the analog input signal results in a

Corresponding [0-bit digital number. The A/D module has high and low voltage reference input

that is software selectable to some combination of VDD, VSS, and RA2 Or RA3J.
The A/D module has four registers. These registers are

A/D result high register (ADRESH)

A/D RESULT LOW REGISTER (ADRESL)

A/D CONTROL REGISTER 0 (ADCONO)

A/D CONTROL REGISTER | (ADCONT)
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CHAPTER 8
CONCLUSION

8.1 POWER QUALITY IMPROVEMENT

The current harmonics in the power utility systems cause various quality problems
like low power factor, overheating of electrical equipments, reduction i efficiency, false
tripping of CB without fault currents. By this project a methodology is developed to compensaile
the harmonics present in the current waveform and bring current i phase with the voltage thus

rectifying the effect of harmonics on source side.

The simulink model performs the instantaneous reactive power theorem algorithm
to extract the reference waveform. The size of the coupling inductor should be compromised
between the dynamic response of the filter and the switching rippies. From the simulation we
obtamed nearly sinusordal source current waveform with THD 21.35% improved to 4.41%
which conforms to the IEEE (519-1992) standards which specifies acceptable levels of

harmonics in power systeins.

A prototype is then developed using a PIC microcontroller and an H-Bridge mosfet
inverter acting as the shunt filter. Injection of compensation current ts done through a coupling

transformer into the supply—load system and the wavcforms obtained on a CRO.
8.2 FUTURE SCOPE :

The future scope of the project involves the implementation of the p-q theory
algorithm using advanced and sophisticated digital controllers like Digital Signai Processors.
Digital Signal Processars are well suited for this implementation with their high sampling and
processing speeds and better immunity to external interferences. Still researches are made on
DSP implementation to bring better results than existing and mainly to figure out a cost effective
method. More advanced techniques using Artificial Neural Networks and Wavelet technologies

arc still under research. These methoeds prove to bring far better results in near futarc.
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APPENDIX



A.1 HARMONIC LIMITATION
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A.2 MEASURES OF HARMONIC DISTORTION

A distorted periodic current or voltage waveform expanded into a Fourier series expressed as

follows.
i(t) = Z ficos (hoot + ¢i) (A 1.1)
P
v(t) = Z Vicos (heot + 04) (A1.2)
h=1
Where

I, is the h ™ harmonic peak current
Vi, is the h ™ harmonic peak voltage
by 18 the h " harmonic current phase

¢y is the fundamental angular frequency

A.2.1 Rms Voltage And Rms Current

The expressions for rms voltage and rms current are given by.

o 2
V s - \/Z h=1 V s (f\ 1 3)
Es 2
[FH’LS = \/Z h=1 ] frms (/\ 1.4)

Where,

V s 18 the rms harmonic voltage

I homs 18 the rms harmonic current
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A.2.2 VOLTAGE AND CURRENT DISTORTION FACTORS

Voltage distortion factor or voltage total harmonic distortion 1s defined as

THD, = \/z V.= /V!) ] (A 1.5)

Current distortion factor or current total harmonic distoriion 1s defined as

THD = —I'q/ili N e (A16)

Where V) and |, represent the fundamental peak voltage and peak current respectively.

A3 MICROCONTROLLER CODE
#include<pic.h>

#include<led h>

void Adc_ Tmr_Init(void):

vold adcO(void);

static bit mput  {@((unsigned) &PORTC*Z+0);

static bit outputl (&((unsigned) &PORTB*8+0);
static bit output? g((unsigned} &PORTB*8+1);
static bit output3 @ ((unsigned) &PORTB*8+2);

static it outputd @{(unsigned) &PORTB*8+3);

unsigned int count,val.countl al;

/funstgned char val;

&0



bit a,b;

void main()

{
TRISC=0x01;
TRISB=0x00;

outputl=output2=output3=outputd=0;

led 1mit();

f/Ade Tmr_Init();

command(0x80);
led_condis(” 50Hz Sine.W. ™,16);
command(0xc0);

.]cdﬁcondis(”with Sgre Pulse.”,16);

k]

delay(50000);

while("mput);
while(input);
a=0;
/TMRION=1;
while(1)

P
t

adcC();



//command(0xc0);
/ihex_decl(val);
if(val>40)

{

if{input && 'a)

{
cutput3=output2=0;
delay(50);

a=1;
outputl=outputd=1;
}

f{(linput && a)

{
outputl=output4=0;
delay(50);

a=0;
oulputZ=output3=1;

}

3
¥

else outputd=outputl=output3=output2=0:

i)
¢

¥
1)
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void Ade Tmr Init()
d
ADCONI1=0x(2, /f 8-channel, Left justified, ADC control

TRISA=0x{T; /1 to select the port A as input port

GIE=1;
PEIE=];
TMRIIE=];
TMRI1L=0x05;
TMRI1H=0x{t;
T1CON=0x80;

TMR 1ON=0:

void interrupt FUNCTION(void)

e

void adcO()

{
/val=0;
{for (j=0; 1<10; j++)

f
1
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ADCONO=0x01; // Channel select (Cha: 0)

// ADON=I; 7/ ADC module ON
delay(1);
ADCONO =0x05; /! selecting a particular channel and making the go/done bit high

while(ADCONO0!=0X01); // Chk whether conversion finished or not

val = ADRESH;  // 8 bit value taken mmto onc variable

}
/val= val*2;
/f{val>250) val=250;

/Mtemp 1=val;

1
i
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A.4 DATA SHEETS
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international
TR Rectifier

Advaneced Process Technoicgy
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Ease of Paralleling

Simple Drive Requirements

s & & & = » 8

Description

Fifth Generation HEXFETS fromintemational Rectifiertiiize advanced processing
lechniques to achieve extremely iow on-resistance per sikcon area. This benefd,
combined with the fast switching speed and tuggedized device design that
HEXFET Power MOSFETs are well known for, provides the designer with an
extremely efficient and relizble device for use in 3 wide vanety of applicatons.

The TO-247 package is preferred for commercial-indusinal applications whers
higher power levels preciude the use of TO-220 devices. The TO-247 is simifar
but sugeriortothe earlier TO-218 package because of its isolaled mounting hole,

PO - 54003

IRFP250N

HEXFET? Power MOSFET

!
LD
/ %\! Vpss = 200V
foT '“““} y
‘\» + A Rpsieny = 0.07542
G ) : |7 \
- N S i 4
\““‘/: by = 304
'5

TO247AC
Absolute Maximum Ratings
Parameter Max Units
I i@ Te=25°C Centinucus Drain Current, Vigz @ 10V 28
i@ T =160°C| Continuous Drain Cunrent, Vag € 10V 1 =
losa Pulsed Crain Current 7 123
Po@Te = 25°C Power Dissipalicn 213
Linear Derating Faclor 14 Rt
Vaz Gats-lo-Source Voltage + 30
Exs Singie Pulse Avalanche Ensrgy 3 W
las Avalanche Cument? G =
Ezz Repatiive Avalanche Eneray by “1)
Sl Pezk Dicde Recovery dwidt N e
T, Coeraing Jurnstion and SR ~tTE
Tera Storage Temperature Rangs
Scidenng Temperatura, for 10 s2oonds
Mouning worque, 6-32 of M3 srew |
Thermal Resistance
Parameter Typ. Wax. Units
Rt Junclion-o-Caze a7
Fuoa Case-10-8ink, Flat, Greased Surace .04 — Py
Ria Junction-to-Aambent _ E
e it com 1
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IRFP250N

Electrical Characteristics @ T3 = 25°C {unless

Aisrrey
ISR

otherwise specified)

Parameter Min.: Typ. {Max. |Units Cont[it'sons

ViERIDSS Drain-to-Source Breakdown Voitage 20| — | — Vool Wiae = OV i = 2500 -
M mmnas/AT, | Breakdown Voltage Temp. Coeflicient | — | .25 Wec Pe erence I" 25°C. '_. = TmA
Rosien Static Drain-te-Scurce On-Resistance | — | — [3075; Q | °

WEsin Gate Trreshoid Yoltags 20 | — | 42

O Forward Transconduciancs 17 | — | — 3

fozs Drair-to-Source Leakage Curent . 92;3 A

. Gate-to-Source Forwvard Leakage — | — | 1G5 .

ess Gate-to-Source Reverse Leakage _ | — |10 A

i Total Gale Charge — | — | 123

Cgs Gate-to-Source Charge — | —{ 21 ne

Cige Gate-to-Drain MMiter Charge —_— | &F

Lsian) Tum-Cn Delay Time e 14—

i, Rise Time _ 43 | — .

o TUm-Gif Catay Time — s =17

t Fall Time —_— 3 | —

to fmemal Dean Induciance — | 45 | — o

ns ‘LTT‘.’E.‘; . et

Lg ‘memal Source inductance — | FE | d;rj C:;:;i; die coprae ’-:w
Cae Input Capacitance — 215G —

Coess CQutput Capaciance —_— 315 — wF

s Reverse Jransfer Capaciarcs — | A3 | — e Fig b
Source-Drain Ratings and Characteristics

Parameter Min. | Typ.| Max. | Units Caonditions
'z Continuecus Source Currant I D MOSFEY symibol P
(Body Diode) |4 | snowing the S
ienr Puised Source Cusrant o ire :\.'\r"\] royerss
(Body Diogsr — | -

Vso Diode Forward Vollage —_—— 13 3

- Reverse Ratovery Tims — | 188 272 i

G- Reverse Recavery Charg — | 13 20 LS| A = 130 AEs

e Forward Tom-Cn Tire TINST LE-N Ime S regig e dum-on s dominals

Notes:

tJ

“ Puize
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Internarenal
ISR Rectitiar
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I, Draindo-Source Current (A}
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Yn3 . Drain-to-Source Yoitage &)
Fig 1. Typical Cutput Characteristics
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Fig 3. Typical Transfer Characteristics
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IRFP250N e

Package Outline
TO-247AC Qutline
Dimensions are shown in milimeters {inches)

b
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Part Marking Information
TC-247AC

internatioral
RRem fier

IR WORLD HEADQUARTERS: 222 wansas 81, Ef Segunde, Cabfornia 0248 LEA T
(R ELROFEAN REGHONAL CENTRE: 230/425 ';"-‘*Stc-n Rd. "\hy =h=\‘1,, t51;n‘e;f ’"RJ O::

iR GERMANY: Sa:ait:urt_ﬁr:s.xe HE 3

IRITALY:

IR JAPAN: KAH Bidg.. 2F, 30-4 Nishi-lkabuky
SCUTHEAST ASIA: 1Km & u:=ng P. Jmendr_"‘ o
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EAIRCHILD
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SEMPITIONORITTOR

LM78XX/LM78XXA
3-Terminal 1A

Features

B Onpout Curment up 1o 14

B Ooput Votages of 5, 8.3, 6,10 42 1518, 24
W Thermal Owercad Proecion

W Snart Tiroett Protaction

B Oopat Transisior Seie Operaing Arsa Protscion

Naroh 2002

Positive Voltage Regulator

General Description

oF twes s posthe 1

Q/U packange a')d
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Ordering Information

Product Number Cuitput Voltage Tolerance

Package Operating Temperature
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Block Diagram
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Figure 1.

Pin Assignment

Figure 2.

Absolute Maxtmum Ratings
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Refar io the

s oiroeds 00 2Ty 2 1250, [n = 32ma V. =

Electrical Characteristics (LM7808) con

12V Gy = CE3R

Parameter

Conditicns

f= 120Hz Ve = 13

2B arn 3.4
Fegine |Line Beguwaion - &5 ! Y
- 20 ke
Regioad |Lood Teguiation'” - PR 183 [
- 45 300
[ Cuigsant Current - L an A
Alg Crpsscent Gurrart Chanos - - = rmA
SeaT {Crput Volags D™ - RN N i
Wy Cripul No'se Woltage P 0E2 10 100K Hz, Ty = #5570 - -

AT

ot
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Electrical Characteristics (LM7B

Aefor to hetest crouts, <0G < T, < 12370

122 :

. uress gtharpse g

Symbol Parameter Caondditions Hin Typ. | Max
Yo Cuaput Wiokiage To= 250 15 R 123 W
EmA g ln g 1A, P 5 150 12 Xy 123
Yy = 145V 10 2TV
Pagine |Liny Pequiztanil) T.= #2580 Y, = 145 10 20V - 120 240 -y
V.= 18 10 28V — 27 20
To=+2E 0 = Emats  SA - H3 o
by = 250man F3imA - R
i Ouescent Curent T,=+85°C - 3. ]
2l Ofescent Current Changa | in = SmA g {A - o o5 A
Y= 145y e B0V - 0.5 ta
AMoaT | Ouput Volkaga Dt i~ =5ma = A3 - e
Wy utpd Noise Voltage P={0Hz 10 100xHz T = <25°C - TES - g i
AR Rippia Pajection 1! f=120Hz V. = 1SV w0 28y 713 - =
Weper | Dropoutiicinge = 1A T, = 42570 - 27 - vl
oy DUl B {=ikiz - BN - A, E
i Short Chout Cerent RN - Z30 - A
Feax Current i@ T = +25°T ~ - A
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Load and line reguiaion 37s
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