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ABSTRACT

An electric power can be converted from one fornatother form by using
power electronics devices. The function of poweeckbnics circuits by using
semiconductor devices as switch is modifying ortemling a voltage. The goal of
power electronics circuits are to convert electrmaergy from one form to another,
from source to load with highest efficiency, higiagability and high reliability with
the lowest cost, smallest size and weight. The teatification refers to the power
circuit whose function is to alter the ac charaster of the line electric power to
produce a “rectified’ac power at the load side #w@itain the dc value. In this project
task, the rectifier circuit should be possible toduce a variable average voltage by
controlling the delay. The single phase 24Qs\AC source is stepped down to 12,V
by using step-down power transformer. A versatitghnad of controlling the output of a
full-wave rectifier is to substitute controlled sehes such as SCRs for the diodes. The
output is controlled by adjusting the delay angleeach SCR, resulting in an output
voltage or output current which is variable ovdinaited range with programmed the
microcontroller (PIC16F84A ).



Vi

ABSTRAK

Kuasa eletrik boleh diubah daripada satu bentulbdwuk yang lain dengan
menggunakan litar peranti kuasa elektronik.Fundar lelektronik berkuasa dengan
menggunakan peranti semiconductor sebagai suik umémgawal dan mengubah arus
voltan.Matlamat litar elektronik berkuasa adalakuirmengubah kuasa elektrik kepada
bentuk yang lain, daripada sumber kuasa kepadanbadragan tahap kecekapan yang
tertinggi, perihal boleh didapati yang tertinggierinal yang dapat dipercayai tertinggi
dengan kos yang paling murah ,saiz dan berat yatiggpkecil.lstilah rektifikasi
merujuk kepada litar kuasa yang berfungsi untukgubah ciri ac dalam “line” kuasa
elektrik untuk menghasilkan “rectified” ac pada @ebyang mengandungi nilai dc
.Dalam tugasan projek ini, litar “rectifier” septitya akan menghasilkan nilai purata
arus voltan yang berubah dengan mengawal kelamb&amber kuasa satu fasa 240
Vrms, diturunkan kepada 12 Vrms dengan menggunakastep-down power
transformer”.Berbagai kaedah mengawal keluaran |-tfalve rectifier” dengan
menggantikan diod kepada suis yang boleh dikawial iICR’s.Keluaran dikawal
dengan mengubah nilai “delay angle”setiap SCR’sigymana nilai arus voltan atau
nilai arus adalah berubah pada lingkungan yangaterdengan memprogram
mikropengawal (PIC16F84A ).
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CHAPTER 1

INTRODUCTION

11 Overview

The modern era of power electronics began in 195&n the General Electric
Company introduced a commercial thyristor ,two geafter it was invented by Bell
Telephone Laboratory. Soon all industrial applmasi that were based on mercury-arc
rectifiers and power magnetic amplifiers were repth by silicon-controlled
rectifiers(SCRs).In less than 20 years after comcrakrSCRs were introduced
significant improvements in semiconductor fabricati technology and physical
operation were made ,and many different types ofvgposemiconductor devices
appeared.

The growth in power electronics was made possilté te microelectronic
revolution of the 1970s and 1980s ,in which the fmwer IC control chips provided the
brain and the intelligence to control the high wpo semiconductor devices .Moreover
the introduction of microprocessors made it posstblapply modern control theory to
power electronics. In the last 20 years ,the grawthower electronics application has
been remarkable because of this introduction of ¥ast and high-power switching

devices, coupled with the utilization of state-tiie-—art control algorithms.



An electric power can be converted from one formatmther form by using
power electronics devices. The function of poweeckbnics circuits by using
semiconductor devices as switch is modifying ortamlng a voltage. The goal of
power electronics circuits are to convert electrigaergy from one form to another,
from source to load with highest efficiency, higra#ability and high reliability with the
lowest cost, smallest size and weight.

There are four conversion circuits that are usetthénmajority of today’s power
electronics circuits. Firstly are ac-to-ac ,secgridlac-to-dc ,thirdly is dc-to-ac and the
last is dc-to-dc.In terms of functional descriptionodern power electronics system
perform one or more of the following conversiondtians.

AC to DC: RECTIFIER

Y

AC input DC output

DC to DC: CHOPPER

DC input DC output

DC to AC: INVERTER

DC input AC output

N e W

AC to AC: CYCLOCONVERTER

Y

AC input AC output

B B V) B

Figure 1.1 Four Types of Conversion



1.2  Background

Power electronic converters can be found wherénaretis a need to modify the
electrical energy form (i.e modify its voltage, @nt or frequency). Therefore, their
power range from some milliwatts (as in a mobilend) to hundreds of megawatts (e.g
in a HVDC transmission system). With "classicaléatonics, electrical currents and
voltage are used to carry information, whereas witer electronics, they carry power.

Therefore the main metric of power electronics Inee® the efficiency.

The first very high power electronic devices werercary arc valves. In modern
systems the conversion is performed with semicomduswitching devices such as
diodes, thyristors and transistors. In contrastekectronic systems concerned with
transmission and processing of signals and datapowver electronics substantial
amounts of electrical energy are processed. An AC¢bnverter (rectifier) is the most
typical power electronics device found in many eoner electronic devices, e.g.,
television sets, personal computers, battery chsrgac. The power range is typically
from tens of watts to several hundred watts. Irugtdy the most common application is
the variable speed drive (VSD) that is used to robrain induction motor. The power

range of VSDs start from a few hundred watts ardlanens of megawatts.

Most power electronics systems consist of two majmdules as shown in
Figure 1.2 which are power electronics processar ltndles power transfer from input
to output and controller that tells the power peste of what to do by taking the

measurement that happens at output and companelutio
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http://en.wikipedia.org/wiki/Megawatt

For example, if we have an AC power input, but nB€linput for charging the
laptop, thus, we need something to convert thautinfp another form. Power
semiconductor devices are characterized by haniegwo states which “on” and “off”
or being either a short circuit or an open circAitlvance in semiconductor switching
capability combined with the desire to improve thiéiciency and performance of
electrical devices are making power electronicsaat-§rowing area in electrical
engineering [1]. Thereby using switching devices rftany applications are desirable
because of the relatively small power loss in theak.

Applications of power electronics range from hmgbhwer conversion
equipment, for examples DC transmission to everydppliances such as power
supplies for notebook computers. Conversion of AOEC produces a DC output from
an AC input is shown in Figure 1.1. This AC-DC certer is also specifically classified
as a rectifier. Average power is transferred framaa source to a dc load [1]. An AC-
DC converter enables integrated circuits to opdrata a 50/60 Hz AC line voltage by
converting the AC signal to a DC signal of the appiate or suitable voltage.
Therefore, this project is assigned as to desighbarild a single phase controlled AC to
DC converter. Most electronic devices are soldchim stories that required fixed AC to

DC conversion.

POWER POWER  Load
INPUT OUTPUT . —
Power ,/ \-.
Processor '

=I'. |
N/
[

Vi, I v, 1,

measurement

Controller [
+— reference

Figure 1.2 Power Processor & Controller



1.3  Objectives

The objective or the purpose of this project is tmportant part of getting started
because it will drive to the outcomes of this pcaasiclly there are two main purpose
which are |firstly to explore and learn the openmatof PIC16F84A to control thyristor
circuit and secondly to build and test the cirdaoitcontrol variable speed DC motor.
Besides the two main objectives there are alsorsthgicomes that need to be reach at
the end of this project such as to produce DC geltar current with low ripple and to

produce the output close to the theoretical value.

14  Scopes

This project concentrates on a development of rauitiand hardware to get dc
output using SCR and PIC16F84A as main componérhe project. Besides the
scopes is to program a microcontroller to contrelag angle alfa and it produced

variable outputs (speed).

To develop the whole project, it consists of thmethods which are the concept

of switching , the electrical structure, and th&ware programming.

After designing and building completely the raetifcircuit, the driver circuit
should be able to control the delay angle that can be adjusted by using
microcontroller. It will involve the programming delopment to control the ON state of
the power switch and adjust the phase angle. Hieeetrigger angle of SCRs will be
programmed in certain time sequence to ensurenghg voltage goes from low to full

voltage



14 Problem Statement

A rectifier is an electronic circuit that convertsdirectional voltage (AC
voltage) to unidirectional voltage (DC voltage) lsing power diodes or by controlling
the firing angle of thyristor/controllable switche®ectifier usually can be divided into
two types that are uncontrolled and phase-conttolsach type can have either single-
phase or three-phase. A diode is the simplestreld@cs switch which it is uncontrolled
that the on and off states can be determined bpadker supply in the circuit itself. AC
to DC converter is mostly used in industries arsb ah domestic equipment. But many
rectifiers in the market only produce fixed outgatthe applications of the rectifiers are
limited for certain equipment only. So, the DC lewé the output and the power

transferred to the load are fixed when the souncel@ad parameters are established.

Hence, to overcome this problem there is a wayotdrol the output voltage of
the rectifier. Basically, the single phase rectifiedesigned using the thyristors or more
specifically are called Silicon Control RectifiecBGR) which connected in full-wave
rectifier. A thyristor is four layers (pnpn) semimhuctor devices that act as switches,
rectifiers or voltage regulators. Thyristors areecélonic switches used in power
electronics circuits where control of switch tumm-& required [1]. Thus, the output
voltage can be variable from the range of zeroagatto full voltage by controlling the

delay angle of the SCR.



15 Thesis Outline

There are all five chapters being structures is thesis and every chapter will
elaborate in detail about this project. For thstfahapter, an overview about this project,
single phase controlled rectifier is discusseduditig the objectives and scopes of the

project as a guide to develop the single phaseated rectifier.

Chapter 2 will explain and discuss on the literatteview of the single phase
controlled rectifier. It also focuses on generataduction of the AC to DC converter
with the complete information about this convertiérgives a brief review about the
types of the rectifiers: uncontrolled and contrdllsingle phase and three phase
converters used as rectifiers. In this chapter disouss about the type of thyristor and

the characteristic of each type.

Chapter 3 discusses the methodologies of theesipghse controlled rectifier
that has been applied in completing this projectthis chapter, it consists of block
diagram and flow chart which are explained aboet ghocess of implementation and
how the AC voltage converts to DC voltage then eated to the load such as DC
motor. It is also discusses briefly how the outmltage can be varied.

Chapter 4 is discussing and displaying all thelltesobtained and the limitation
of the project. All discussions are concentratedhenresult and the overall performance

of the single phase controlled rectifier.

Chapter 5 in overall will discuss on the conclasiand summary of the
development of the single phase controlled rectié@mpleted project. In this chapter
also discusses on the problems and recommendatrothis project development or

modification.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The literature review about this project have besde from various sources
like journals, books, articles and others. Fromlitezature review ,the input that have
been collected is useful for better understandirttpie project. It is because for nearly a
century, rectifier circuits have been the most cammower electronics circuits used to
convert AC to DC. The AC-DC converter produces adput from an AC input while
the average power transferred from an AC sotoca DC load. This converter usually
also called as a rectifier. The word rectificatisnused not because these circuits
produce DC but rather because the current flonsnm direction. Generally, there are
two types of AC-DC converters which are uncontlend controlled. The input of

these converters can be single phase or multi-pl3askease).



2.2 Uncontrolled Single Phase Rectifier

This type of rectifier consists of half-wave reicttion and full-wave
rectification. Uncontrolled rectifiers make use diodes. Diodes are two-terminal
semiconductor devices that allow flow of current anly one direction. The two
terminals of a diode are known as the anode andatiede. The designs are cheap and
popular in the industrial applications. In someladse rectifiers, the AC source from the
electric utility is directly rectified without usgnof an expensive and bulky transformer.
In some applications, the DC voltage from the festis connected to a DC bus for
distribution to several different circuit systeraapsystems and other converters as loads
[10]. In other applications, the rectifiers alsopgly power to inductive-resistive

(motors) and capacitive-resistive (power supplieails.

2.2.1 Single Phase Half-Wave Rectifiers

The simplest of the rectifier circuit is a singlease half-wave rectifier consists
of a single diode as shown in Figure 2.1. A dialéhe simplest electronic switch. It is
uncontrolled in that the on and off conditions determined by voltages and currents in
the circuit [1]. By using diode, the DC level oktloutput and the power transferred to
the load are fixed when the source and load paemere established. It produces an

output waveform that is half of the incoming AC tagle waveform.

The positive pulse output waveform occurs becaokdhe forward-biased
condition of the diode. A diode experiences a fodsaiased condition when its anode

is at a higher potential than its cathode. Revkeiag occurs when its anode is lower than
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its cathode. During the positive portion of the uhpvaveform, the diode becomes
forward biased, which allows current to pass thiotlge diode from anode to cathode,
such that it flows through the load to produce saitpee output pulse waveform. Over
the negative portion of the input waveform, theddias reverse-biased ideally so no
current flows. Thus, the output waveform is zermearly zero during this portion of the

input waveform.

>

) 2

Figure 2.1 Single Phase Half-Wave Rectifier

2.2.2 Single Phase Full-Wave Rectifiers

The purpose of the full-wave rectifier is basigathe same as that of the half-
wave rectifier but full-wave rectifiers have soniadamental advantages. There are two
types of full-wave rectifiers that are the bridgetifier and the center-tapped rectifier as

shown in Figure 2.2 and Figure 2.3.

Figure 2.2 The Bridge Rectifier
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© 3l | ¢

Figure 2.3 The Center-Tapped Transformer Rectifier

The lower peak diode voltage in the bridge reatifwdich consists of four diodes
arranged makes it more suitable for high-voltaggliegtions. Thus, the center-tapped
transformer rectifier in addition to including efecal isolation has only one diode
voltage drop between the source and load makidgsirable for low-voltage and high

current applications.

2.3  Controlled Single Phase Rectifier

The previous rectifiers are classified as uncdietlorectifiers but once the
source and the load parameters are establisheBGHevel of the output and the power
transferred to the load are fixed quantities. Asitiomed before that the output voltage
of the AC-DC converters using diodes is not cotafile because the diodes are not self-
controlled switch [10]. Thus, there is a way to ttohthe output by using thyristor
instead of a diode. A thyristor is a four-laypngn), three-junction device that conducts

current only in one direction similar to a diode.
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2.3.1 Single Phase Half-Wave Rectifiers

Unlike the diode, the silicon controlled rectifié6CR) will not to begin to
conduct as soon as the source becomes positiveaté. trigger current is the minimum
current required to switch silicon controlled réetis from the off-state to the on-state at
the specified off-state voltage and temperatureceCthe SCR is conducting, the gate
current can be removed and the SCR remains onthatdurrent goes to zero [1]. Figure
2.4 shows a basic controlled half-wave rectifier.

Figure 2.4 A Basic Half-Wave Controlled Rectifier


http://semiconductors.globalspec.com/Industrial-Directory/switch_silicon_controlled
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2.3.2 Single Phase Full-Wave Rectifiers

Popular AC-DC converters use full-bridge topologi¢s0]. Full-bridge
converters are designed for delivering constant dartrollable DC current or DC
voltage to the load. Similar to the diode bridgetifeer topology, a versatile method of
controlling the output of a full-wave rectifier ie substitute controlled switches such as
SCRs for the diode. Because of their unique abititype controlled, the output voltage
and hence the power can be controlled to desireldeThe triggering of the thyristor
has to be synchronized with the input sinusoidétge in an AC to DC rectifier circuit.
The delay angle is the angle interval between the forward biasihthe SCR and the
gate signal application [1]. Otherwise, if the gebngle is zero, the rectifiers behave
exactly like uncontrolled rectifiers with diodesgére 2.5 shows a basic controlled full-

wave rectifier.

Figure 2.5 A Basic Full-Wave Controlled Bridge Riet
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2.3.3 Phase Angle Delay Control

Converter operation in steady-state is best desttrdwver a period that begins
from the phaser to 2n+ o [10]. This operation involves two circuit modesridg a
single period of the source waveform depending uperstate of the switches as shown
in Figure 2.7. Mode 1 starts when the SCRs T1 a®@&re turned on at an angleby
control pulses applied at their gate terminals.imjumode 1, SCRs T1 and T3 are in
forward-biased mode and SCRs T2 and T4 are in sevalocking mode. The current lo
flows through the path shown in Figure 2.6. Aftegle r, the input source voltage
become negative but the SCRs T1 and T3 still camuyicNote that the current sink is
the model of a high value inductor, voltage acribssan change instantaneously but
current cannot [10]. Hence, the output voltage,¥odme negative and follows the input
voltage,\6 waveform. The input source is supplying powerte toad durings to i
which is referred also as the rectifier operation.

Mode 2 begins when the SCRs T2 and T4 are turneat an angle. + n by the
control pulses applied at their terminals. The entris steered away from the SCRs T1
and T3 to T2 and T4 effecting a natural commutatdow thyristors T1 and T3 are in
reverse blocking mode [10]. This converter operaiio this mode is identical to that

mode 1 during the angle from+a to 2n+o.

There several possible output voltages are showkigure 2.8 given duty ratio
of 50%. The phase delay angle allows control oher DC output just as duty ratio
control permits adjustment of the output in DC-D&heerter [9]. Since DC output is of
interest and because the output current comes alothga DC source, the average

voltage Vo needs to be determined. Its value vl b

OL+T o

=— [Fm, sinlot dor = —2
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2.4  Three Phase Redctifiers

Three phase rectifiers are more commonly used Iecai the following
reasons: [8]
I.  Three phase AC power is readily available.
ii. Itis economical to provide DC supply to DC motofscapacity 20kW and more
from a three phase rectifier rather than singlespha
iii.  The ripple frequency of the output current of theeé phase rectifiers is higher

than that for single phase ones.

2.4.1 Three Phase Uncontrolled Rectifiers

Three phase rectifiers are commonly used in ingiustrproduce a DC voltage
and current for large loads [1]. Like single phasetifiers, three phase rectifiers also
have two types that are uncontrolled and controll€éde three phase full-bridge
uncontrolled rectifier is shown in Figure 2.8. Asemtion before in single phase
uncontrolled rectifier, this three phase full-brdgectifier is using diodes as switch.
Three phase rectifier divides into two groups whacé top group and bottom group. For
top group, diode with its anode at the highest micd€ will conduct at one time. The
other two will be reversed. Thus for bottom grodmpde with the its cathode at the
lowest potential will conduct. The other two wile bbeversed. Figure 2.10 shows the
phase voltage and the resulting combinations @&-tosline voltages from a balanced

three phase source.
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2.4.2 Three phase Controlled Rectifiers

Similar to single phase controlled rectifier, theput of the three phase rectifier
can be controlled by substituting SCRs for diodggure 2.10 shows a controlled six-
pulse three phase rectifier. As mention beforeingle phase controlled rectifier, SCRs
will conduct until a gate signal is applied whileetSCR is forward biased. Thus, the
transition of the output voltage to the maximunmansaneous line-to-line source voltage
can be delayed [1].

Figure 2.10 The Three Phase Full-Bridge ControRedtifier
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2.5  Types of Thyristor

2.5.1 Silicon Controlled Rectifier

The thyristor is a solid-state semiconductor dewaé four layers of alternating
N and P-type material. They act as a switch, cotmugiovhen their gate receives a
current pulse, and continue to conduct for as lasmghey are forward biased (that is, as

long as the voltage across the device has notgeger

Some sources define silicon controlled rectifiemsl #hyristors as synonymous;
others define SCRs as a subset of thyristors, ahdtig gate turn-off thyristor (GTO),
triode ac switch (triac), static induction transrs{SIT), static induction thyristor (SITH)
and MOS-controlled thyristor (MCT). Among the laitehe International Electro
technical Commission 60747-6 standard stands out.

Non-SCR thyristors include devices with more thaarflayers, such as triacs and DB-
GTOs.

Function

The thyristor is a four-layer semiconducting deyiwéh each layer consisting of
alternately N-type or P-type material, for exampi®l-P-N. The main terminals, labeled
anode and cathode, are across the full four laysrd,the control terminal, called the
gate, is attached to p-type material near to thieock. (A variant called an SCS Silicon
Controlled Switch brings all four layers out torténals.) The operation of a thyristor
can be understood in terms of a pair of tightlypied Bipolar Junction Transistors,
arranged to cause the self-latching action:


http://en.wikipedia.org/wiki/Solid_state_%28electronics%29
http://en.wikipedia.org/wiki/Semiconductor_device
http://en.wikipedia.org/wiki/N-type_semiconductor
http://en.wikipedia.org/wiki/N-type_semiconductor
http://en.wikipedia.org/wiki/P-type_semiconductor
http://en.wikipedia.org/wiki/Silicon_controlled_rectifier
http://en.wikipedia.org/wiki/International_Electrotechnical_Commission
http://en.wikipedia.org/wiki/International_Electrotechnical_Commission
http://en.wikipedia.org/wiki/Triac
http://en.wikipedia.org/wiki/Distributed_Buffer_-_Gate_Turn-off_Thyristor_%28DB-GTO%29
http://en.wikipedia.org/wiki/Distributed_Buffer_-_Gate_Turn-off_Thyristor_%28DB-GTO%29
http://en.wikipedia.org/wiki/N-type_semiconductor
http://en.wikipedia.org/wiki/P-type_semiconductor
http://en.wikipedia.org/wiki/Bipolar_Junction_Transistor
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Figure 2.11  Thyristor
Thyristors have three states:

Reverse blocking mode -- Voltage is applied indhrection that would be blocked by a
diode

Forward blocking mode -- Voltage is applied in theection that would cause a diode to
conduct, but the thyristor has not yet been triggento conduction

Forward conducting mode -- The thyristor has bemggéred into conduction and will
remain conducting until the forward current dropsolwv a threshold value known as the
"holding current”

Function of the gate terminal

The thyristor has three p-n junctions (serially ednd1, J2, J3 from the anode).

S

Figure 2.12  Layer Diagram of Thyristor


http://en.wikipedia.org/wiki/Image:Thyristor.svg
http://en.wikipedia.org/wiki/P-n_junction
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When the anode is at a positive potential VAK wigspect to the cathode with
no voltage applied at the gate, junctions J1 andréd3orward biased, while junction J2
is reverse biased. As J2 is reverse biased, nouctind takes place (Off state). Now if
VAK is increased beyond the breakdown voltage VBOthe thyristor, avalanche
breakdown of J2 takes place and the thyristorstamducting (On state).

If a positive potential VG is applied at the gaéeminal with respect to the
cathode, the breakdown of the junction J2 occueslawer value of VAK. By selecting
an appropriate value of VG, the thyristor can beitdwed into the on state
immediately.lt should be noted that once avalanbheakdown has occurred, the
thyristor continues to conduct, irrespective of tpege voltage, until either: (a) the
potential VG is removed or (b) the current througl device (anode-cathode) is less
than the holding current specified by the manufatuHence VG can be a voltage

pulse, such as the voltage output from a UJT rélaxascillator.

These gate pulses are characterized in terms eftggger voltage (VGT) and
gate trigger current (IGT). Gate trigger currenties inversely with gate pulse width in
such a way that it is evident that there is a mimmygate charge required to trigger the
thyristor.

Switching characteristics

In a conventional thyristor, once it has been dwdtton by the gate terminal, the
device remains latched in the on-state (i.e. da#sneed a continuous supply of gate
current to conduct), providing the anode currerst éeceeded the latching current (IL).
As long as the anode remains positively biasethnnot be switched off until the anode
current falls below the holding current (IH).


http://en.wikipedia.org/wiki/Avalanche_breakdown
http://en.wikipedia.org/wiki/Avalanche_breakdown
http://en.wikipedia.org/wiki/UJT
http://en.wikipedia.org/wiki/Relaxation_oscillator
http://en.wikipedia.org/wiki/Electric_charge
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Figure 2.13 V- | Characteristics

A thyristor can be switched off if the externalatiit causes the anode to become
negatively biased. In some applications this isedby switching a second thyristor to
discharge a capacitor into the cathode of the fiingtistor. This method is called forced

commutation.

After a thyristor has been switched off by forcemmenutation, a finite time
delay must have elapsed before the anode can ltevglysbiased in the off-state. This
minimum delay is called the circuit commutated twfh time (tQ). Attempting to
positively bias the anode within this time caudesthyristor to be self-triggered by the

remaining charge carriers (holes and electrons)hi#ae not yet recombined.

For applications with frequencies higher than tbmestic AC mains supply (e.g. 50 Hz
or 60 Hz), thyristors with lower values of tQ aegjuired. Such fast thyristors are made
by diffusing into the silicon heavy metals ions lsws gold or platinum which act as
charge combination centers. Alternatively, fastrigigrs may be made by neutron

irradiation of the silicon.


http://en.wikipedia.org/wiki/Image:Thyristor_char.JPG
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http://en.wikipedia.org/wiki/Electron
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http://en.wikipedia.org/wiki/Heavy_metals
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Gold
http://en.wikipedia.org/wiki/Platinum
http://en.wikipedia.org/wiki/Neutron
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History

1956 The Silicon Controlled Rectifier (SCR) or Tisyor proposed by William
Shockley in 1950 and championed by Moll and otla¢rBell Labs was developed first
by power engineers at General Electric (G.E.) lgdSlordon Hall and commercialized
by G.E.'s Frank W. "Bill" Gutzwiller.

Application

Figure 2.14 A bank of six, 2000 A Thyristors (whitecks).
The clear tubes are for cooling water

Thyristors are mainly used where high currents amithges are involved, and
are often used to control alternating currents,reviiee change of polarity of the current
causes the device to automatically switch off; el to as Zero Cross operation. The
device can be said to operate synchronously as tre device is open, it conducts
current in phase with the voltage applied overcashode to anode junction with no
further gate modulation being required to replic#ite device is biased fully on. This is
not to be confused with symmetrical operation,resdutput is unidirectional, flowing
only from cathode to anode, and so is asymmetimcahture. Thyristors can be used as
the control elements for phase angle triggeredrobhets, also known as phase fired

controllers.


http://en.wikipedia.org/wiki/1956
http://en.wikipedia.org/wiki/William_Shockley
http://en.wikipedia.org/wiki/William_Shockley
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http://en.wikipedia.org/wiki/Alternating_current
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Thyristors can also be found in power suppliesdigital circuits, where they
can be used as a sort of "circuit breaker" or "txawW to prevent a failure in the power
supply from damaging downstream components. Thastby is used in conjunction
with a zener diode attached to its gate, and wherotitput voltage of the supply rises
above the zener voltage, the thyristor conductsrtisiy the power supply output to

ground (and in general blowing an upstream fuse).

The first large scale application of thyristorsttwassociated triggering diac, in
consumer products related to stabilized power seppVithin color television receivers
in the early 1970s. The stabilized high voltage ®@ply for the receiver was obtained
by moving the switching point of the thyristor dexiup and down the falling slope of
the positive going half of the AC supply input {fife rising slope was used the output
voltage would always rise towards the peak inpltage when the device was triggered

and thus defeat the aim of regulation).

The precise switching point was determined by tael lon the output d.c. supply
as well fluctuations on the input a.c. supply. Tipegved to be unpopular with the a.c.
grid power supplier companies because the simuwtasswitching of many television
receivers, all at approximately the same time,oohiced asymmetry into the supply
waveform and, as a consequence injected d.c. backhe grid with a tendency towards
saturation of transformer cores and overheatingri$tors were largely phased out in

this kind of application by the end of the decade.

Thyristors have been used for decades as lighiimgnérs in television, motion
pictures, and theater, where they replaced inféecinologies such as autotransformers
and rheostats. They have also been used in phptogras a critical part of flashes

(strobes).
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http://en.wikipedia.org/wiki/Circuit_breaker
http://en.wikipedia.org/wiki/Zener_diode
http://en.wikipedia.org/wiki/Fuse_%28electrical%29
http://en.wikipedia.org/wiki/Diac
http://en.wikipedia.org/wiki/Television
http://en.wikipedia.org/wiki/1970s
http://en.wikipedia.org/wiki/Electric_power_transmission
http://en.wikipedia.org/wiki/Electric_power_transmission
http://en.wikipedia.org/wiki/Dimmer
http://en.wikipedia.org/wiki/Television
http://en.wikipedia.org/wiki/Motion_picture
http://en.wikipedia.org/wiki/Motion_picture
http://en.wikipedia.org/wiki/Theater
http://en.wikipedia.org/wiki/Autotransformer
http://en.wikipedia.org/wiki/Rheostat

25

Snubber circuits

Because thyristors can be triggered on by a highohrise of off-state voltage,
in many applications this is prevented by connectnresistor-capacitor (RC) snubber
circuit between the anode and cathode terminatsder to limit the dV/dt (i.e., rate of

change of voltage versus time).

Comparisons to other devices

The functional drawback of a thyristor is thatelik diode, it only conducts in
one direction. A similar self-latching 5-layer dewj called a TRIAC, is able to work in
both directions. This added capability, thoughpalan become a shortfall. Because the
TRIAC can conduct in both directions, reactive lwasn cause it to fail to turn off
during the zero-voltage instants of the ac powetecyBecause of this, use of TRIACs
with (for example) heavily-inductive motor loadsualy requires the use of a "snubber”
circuit around the TRIAC to assure that it will iuoff with each half-cycle of mains
power. Inverse parallel SCRs can also be usedaicepf the triac; because each SCR in
the pair has an entire half-cycle of reverse pblasipplied to it, the SCRs, unlike
TRIACS, are sure to turn off. The "price" to beg#or this arrangement, however, is the

added complexity of two separate but essentiabpiidal gating circuits.

An earlier gas filled tube device called a Thyratprovided a similar electronic
switching capability, where a small control voltageuld switch a large current. It is
from a combination of "thyratron” and "transisttinat the term "thyristor” is derived.
Modern thyristors can switch large amounts of pofuprto megawatts). In the realm of
very high power applications, they are still themary choice. However, in low and
medium power (from few tens of watts to few tenkitdwatts) they have almost been
replaced by other devices with superior switchitngracteristics like MOSFETs or
IGBTs. One major problem associated with SCRsas tirey are not fully controllable
switches. The GTO (Gate Turn-off Thyristor) and G&re two related devices which
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address this problem. In high-frequency applicajdhyristors are poor candidates due
to large switching times arising from bipolar contion. MOSFETS, on the other hand,
have much faster switching capability because @frtlunipolar conduction (only

majority carriers carry the current).

Failure modes

As well as the usual failure modes due to exceedoitage, current or power
ratings, thyristors have their own particular modggilure, including:
Turn on di/dt — in which the rate of rise of ontst@urrent after triggering is higher
than can be supported by the spreading speed dddiinee conduction area (SCRs &
triacs).

Forced commutation — in which the transient peakerse recovery current
causes such a high voltage drop in the sub-cathegien that it exceeds the reverse
breakdown voltage of the gate cathode diode jund&CRs only).

2.5.2 RCT — Reverse Conducting Thyristor

Reverse conducting thyristor (RCT) is high-poweritsiing semiconductor
device similar to thyristor with integrated revediede. This thyristor is not capable of

reverse blocking mode.

These devices are advantageous where reversesarhieel diode must be used.
Because the SCR and diode never conducts at the same, thus do not need
simultaneous colling, they can be placed togethdnee less space and smaller cooler.
Reverse conducting thyristors are often used iquieacy changers and inverters.
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2.5.3 DIAC & SIDAC — Both forms of trigger devices

VA

Figure 2.15  Symbol of DIAC

DIAC

The DIAC, or Diode for Alternating Current, is adbiectional trigger diode that
conducts current only after its breakdown voltage fbeen exceeded momentarily.
When this occurs, the resistance of the diode alyrulecreases, leading to a sharp
decrease in the voltage drop across the diode wmudlly, a sharp increase in current

flow through the diode.

The diode remains "in conduction” until the catréow through it drops below
a value characteristic for the device, called tb&ling current. Below this value, the
diode switches back to its high-resistance (nordooting) state. When used in AC

applications this automatically happens when threeot reverses polarity.
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Figure 2.16  Typical Diac voltage and current relaships.

Once the voltage exceeds the turn-on thresholdddwce turns on and the

voltage rapidly falls while the current increases.

The behavior is typically the same for both direct of current flow. Most
DIACs have a breakdown voltage around 30 V. In tiny, their behavior is somewhat
similar to (but much more precisely controlled aaking place at lower voltages than) a

neon lamp.

DIACs are a form of thyristor but without a gateatode. They are typically
used for triggering both thyristors and TRIACs bidirectional member of the thyristor
family. Because of this common usage, many TRIAG@#an a built-in DIAC in series
with the TRIAC's "gate" terminal.

DIACs are also called symmetrical trigger diodeg ¢ the symmetry of their
characteristic curve. Because DIACs are bidirectiadevices, their terminals are not
labeled as anode or cathode but as A1 and A2 or (Y/Main Terminal”) and MT2.

The trisil device has very similar V-A charactedst
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SIDAC

Figure 2.17  Symbol of SIDAC

The SIDAC is a less common electrically equivaldatice, the difference in
naming being determined by the manufacturer. Inegdn SIDACs have higher

breakover voltages and current handling.

The SIDAC, or Silicon Diode for Alternating Curreig a semiconductor of the
thyristor family. Also referred to as a SYDAC (8dn thyristor for Alternating
Current), bi-directional thyristor breakover diode; more simply a bi-directional
thyristor diode, it is technically specified as sateral voltage triggered switch. Its
operation is similar to that of the DIAC; the dmdiion in naming between the two
devices being subject to the particular manufacturegeneral, SIDACs have higher

breakover voltages and current handling capaditias DIACs.

The operation of the SIDAC is quite simple andusdtionally similar to that of
a spark gap. The SIDAC remains nonconducting uhgl applied voltage meets or
exceeds its rated breakover voltage. Once entehisgconductive state, the SIDAC
continues to conduct, regardless of voltage, timéilapplied current falls below its rated
holding current. At this point, the SIDAC returns its initial nonconductive state to

begin the cycle once again.
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Somewhat uncommon in most electronics, the SIDA€Ilsgated to the status
of a special purpose device. However, where partisoare to be kept low, simple
relaxation oscillators are needed, and when theéaget are too low for practical
operation of a spark gap, the SIDAC is an indispblescomponent.

Versions of the SIDAC that are designed to tolelatge surge currents for the
suppression of voltage transients are known as igtoyr Surge Protection Devices
(TSPD), SIDACtors, or the now-obsolete Surgector.

2.5.4 TRIAC — Triode for Alternating Current-A bidirectio nal switching device
containing two thyristor structures

q
A

Al

Figure 2.18 Triac Schematic Symbol

A TRIAC, or Triode for Alternating Current is an eeltronic component
approximately equivalent to two silicon-controllezttifiers (SCRs/thyristors) joined in
inverse parallel (paralleled but with the polargyersed) and with their gates connected
together. This results in a bidirectional electcoswitch which can conduct current in

either direction when it is triggered (turned on).

It can be triggered by either a positive or a niggatoltage being applied to its
gate electrode. Once triggered, the device corgitme€onduct until the current through
it drops below a certain threshold value, suchtdbeaend of a half-cycle of alternating

current (AC) mains power.
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This makes the TRIAC a very convenient switch f& Aircuits, allowing the
control of very large power flows with milliampeseale control currents. In addition,
applying a trigger pulse at a controllable poinemAC cycle allows one to control the
percentage of current that flows through the TRIACthe load (so-called phase

control).

Low power TRIACs are used in many applications satight dimmers, speed
controls for electric fans and other electric mstaand in the modern computerized
control circuits of many household small and mappliances. However, when used
with inductive loads such as electric fans, careste taken to assure that the TRIAC

will turn off correctly at the end of each half-éyof the ac power.

Figure 2.19  Triac semiconductor construction

A snubber circuit is often used to assist this toffn Snubber circuits are also
used to prevent premature triggering. For highevgyed, more-demanding loads, two
SCRs in inverse parallel may be used instead of TRAC. Because each SCR will
have an entire half-cycle of reverse polarity vgitapplied to it, turn-off of the SCRs is

assured, no matter what the character of the load.
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2.5.5 GTO — Gate Turn-Off thyristor

A gate turn-off thyristor (GTO) is a special typé thyristor, a high-power
semiconductor device. GTOs, as opposed to normistbrs, are fully controllable
switches which can be turned on and off by therdtiead, the GATE lead.

Device description

Normal thyristors (silicon controlled rectifiersjeanot fully controllable switches
(a "fully controllable switch" can be turned on aoifl at will). Thyristors can only be
turned ON and cannot be turned OFF. Thyristorssasieched ON by a gate signal, but
even after the gate signal is de-asserted (remptleglfhyristor remains in the ON-state
until any turn-off condition occurs (which can ltee tapplication of a reverse voltage to
the terminals, or when the current flowing throu@brward current) falls below a
certain threshold value known as the holding cujrerhus, a thyristor behaves like a

normal semiconductor diode after it is turned offfioed".

The GTO can be turned-on by a gate signal, andalsanbe turned-off by a gate
signal of negative polarity.Turn on is accomplishwda positive current pulse between
the gate and cathode terminals. As the gate-cathelaves like PN junction, there will
be some relatively small voltage between the tealsinThe turn on phenomenon in
GTO is however, not as reliable as an SCR (thy)jistad small positive gate current

must be maintained even after turn on to improVliabity.

Turn off is accomplished by a negative voltage putetween the gate and
cathode terminals. Some of the forward current alboe-third to one-fifth) is "stolen”
and used to induce a cathode-gate voltage whi¢arminduces the forward current to

fall and the GTO will switch off (transitioning the 'blocking' state.)
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GTO thyristors suffer from long switch off timeshereby after the forward
current falls, there is a long tail time where desil current continues to flow until all
remaining charge from the device is taken aways Téstricts the maximum switching
frequency to approx 1 kHz.lt may however be notkdt tthe turn off time of a
comparable SCR is ten times that of a GTO. Thuschg frequency of GTO is much
better than SCR.

Characteristic Description Thyristor (1600 V,350 &) | GTO (1600 V, 350 &)
VT on On state voltage drop 13V 34V

(P [ Turn on titne, gate current |2 ps,200 md Bus,2 &

tofr Turn off time 15 ps 150 ps

Figure 2.20 Comparison of an SCR and GTO of samggra

A distributed buffer gate turn-off thyristor (DBT0O) is a thyristor with
additional PN layers in the drift region to reshape field profile and increase the
voltage blocked in the off state. Compared to acaidNPN structure of a conventional
thyristor, this thyristor would be a PN-PN-PN tygieucture.

Reverse bias

GTO thyristors are available with or without reveldocking capability. Reverse
blocking capability adds to the forward voltage mlleecause of the need to have a long,

low doped P1 region.

GTO thyristors capable of blocking reverse voltage known as symmetrical
GTO thyristors, abbreviated S-GTO. Usually, theerse blocking voltage rating and
forward blocking voltage rating are the same. Tymchl application for symmetrical

GTO thyristors is in current source inverters.
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GTO thyristors incapable of blocking reverse vodtage known as asymmetrical
GTO thyristors, abbreviated A-GTO. They typicallgvie a reverse breakdown rating in
the tens of volts. A-GTO thyristors are used whatker a reverse conducting diode is
applied in parallel (for example, in voltage sounoeerters) or where reverse voltage
would never occur (for example, in switching poweapplies or DC traction choppers).
Asymmetrical GTO thyristors can be fabricated watheverse conducting diode in the
same package. These are known as RCGTO, for resenskeicting GTO.

Safe operating area

Unlike the IGCT or insulated gate bipolar trangistbe GTO thyristor requires
external devices to shape the turn on and turewfients to prevent device destruction.
During turn on, the device has a maximum dl/dingtimiting the rise of current. This
is to allow the entire bulk of the device to red@ein on before full current is reached. If
this rating is exceeded, the area of the deviceesethe gate contacts will overheat and
melt from over current. The rate of dl/dt is usyatbntrolled by adding a saturable
reactor. Reset of the saturable reactor usuallyegla minimum off time requirement on
GTO based circuits.

During turn off, the forward voltage of the deviosust be limited until the
current tails off. The limit is usually around 2G8fthe forward blocking voltage rating.
If the voltage rises too fast at turn off, not @llthe device will turn off and the GTO
will fail, often explosively, due to the high voyfa and current focused on a small
portion of the device. Substantial snubber circaits added around the device to limit
the rise of voltage at turn off. Reseting the sraulddrcuit usually places a minimum on

time requirement on GTO based circuits.
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The minimum on and off time is handled in DC matbopper circuits by using
a variable switching frequency at the lowest amghést duty cycle. This is observable in
traction applications where the frequency will ramp as the motor starts, then the
frequency stays constant over most of the speagesarihen the frequency drops back

down to zero at full speed.

Applications

The main applications are in variable speed motored, high power inverters and

traction.

2.5.6 IGCT — Integrated Gate Commutated Thyristor
The Integrated Gate Commutated Thyristor (IGCT)aisnew high-power
semiconductor device. An IGCT is a sub family af tBTO thyristor and like the GTO

thyristor is a fully-controllable power switch.

Device Description

Al

Figure 2.21  Circuit symbol for an IGCT
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An IGCT is a special type of thyristor similar tadGAO. They can be turned on
and off by a gate signal, have lower conductiorslas compared to GTOs, and
withstand higher rates of voltage rise (dv/dt),hstltat no snubber is required for most

applications.

The structure of an IGCT is very similar to a GT@ristor. In an IGCT, the gate
turn off current is greater than the anode curréhis results in a complete elimination
of minority carrier injection from the lower PN jation and faster turn off times. The
main difference is a reduction in cell size, plunach more substantial gate connection
with much lower inductance in the gate drive cit@and drive circuit connection. The
very high gate currents plus fast dl/dt rise of gfae current means that regular wires

can not be used to connect the gate drive to tR1G

The drive circuit PCB is integrated into the padckay the device. The drive
circuit surrounds the device and a large circutarductor attaching to the edge of the
IGCT die is used. The large contact area and shstdnce reduces both the inductance

and resistance of the connection.

The IGCT's much faster turn-off times compared t6O& allows them to
operate at higher frequencies--up to several of kbizvery short periods of time.

However, because of high switching losses, typparating frequency up to 500 Hz.
Reverse Bias
IGCT are available with or without reverse blockoapability. Reverse blocking

capability adds to the forward voltage drop becanfs¢éhe need to have a long, low
doped P1 region.


http://en.wikipedia.org/wiki/Thyristor
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IGCT capable of blocking reverse voltage are knasnsymmetrical IGCT,
abbreviated S-IGCT. Usually, the reverse blockinage rating and forward blocking
voltage rating are the same. The typical applicatay symmetrical IGCT is in current

source inverters.

IGCT incapable of blocking reverse voltage are knag asymmetrical IGCT,
abbreviated A-IGCT. They typically have a reverseakdown rating in the 10's of
volts. A-IGCT are used where either a reverse cotily diode is applied in parallel
(for example, in voltage source inverters) or whieneerse voltage would never occur

(for example, in switching power supplies or DG:tran choppers).

Asymmetrical IGCT can be fabricated with a revecseducting diode in the

same package. These are known as RC-ICT, for reeersducting IGCT.

2.5.7 MCT -MOSFET Controlled Thyristor — It contain s two additional FET
structures for on/off control.

MOS Controlled Thyristor (or MCT) is voltage corltenl fully controllable
thyristor. The MCT is similar in operation with GT@yristor, but it has voltage
controlled insulated gate. It has two MOSFETs is é@quivalent circuit. One is
responsible for turn-on and the another is respdagor turn-off. Thyristor with only
one MOSFET in its equivalent circuit, which candmy turned-on, (like usual SCRS) is
called MOS Gated Thyristor.

Positive voltage on gate terminal with respectdthade turns the thyristor into
on state. Negative voltage on gate terminal witkpeet to anode (which is close to

cathode voltage in on state) turns the thyristtw off state.
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2.5.8 SITh — Static Induction Thyristor, or FCTh — Field Controlled Thyristor

containing a gate structure that can shut down ancel current flow.

The static induction thyristor (Sl-thyristor, SITis)a thyristor with a buried gate
structure in which the gate electrodes are placed-base region. Since they are

normally on-state, gate electrodes must be nedativased to hold off-state.

A SIT(Static Induction Transistor) is high powerglh frequency device. It is a
vertical structure device with short multichann@sSIT has short channel length, low

GATE series resistance, low GATE-SOURCE capacitamcesmall thermal resistance.

It has low noise, low distortion and high audioginency power capability. Turn-on and
Turn-off time are very small typically in 0.25.
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2.6 Switches comparisons (2000)

Table 2.1 Switches Comparison

Device Year [Hated [Rated JSwitching [Hated Dhive .
Comments

Type hnade [Voltage [CurrentfFrequency [JPower Circuit
ICannot turn-
SCR 1857 kv 3.0ks JA00Hz 100s WOW [Simple off using gate
s1gnal
GTO 1962 BV s erH: 0s MW | King in very

Difficult fhigh power

Phasing out

B.IT 1960s  |1.2kV  J00A  [SkHz 1MW [Difficult finnew
E}roduct
Good
MOSFET [1976 500V eoos  IMH: wotw |y perfermance
simple n high
reEquency
1GBT  f1o83 P froka ooz foosww U5 SBeEEL
Simple erformance

After literature review about types of thyristo6ECR is used in this project as power

semiconductor devices.



CHAPTER 3

METHODOLOGY

3.1 I ntroduction

This chapter will discuss on the methods that bélused to ensure the project
could achieve the objective and scope of the ptrojdwus, all the methods need to be
done as in schedule so that this project coulddmepteted within the time. There are
several steps to be applied in designing a sindlas@ controlled rectifier. Most
electronic devices are sold in the stores thatiredixed AC to DC conversion. This
design will be able to rectify the AC voltage toDé&C voltage with variable output
voltages. The relevant information is gathered ugloliterature review. First of all,
data and analysis from controlled rectifier projbeis been collected. Secondly, the
theoretical design which includes the main cir¢bridge rectifier) and the control unit
concept. Thirdly, simulate the design circuit Ismng OrCad PsPice software and make
a comparison between the results and theory. Lastlgevelop the hardware according
to the design. Figure 3.1 shows the block diagrérthe methodology that has been
applied. Figure 3.2 shows the block diagram fertiardware part.
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Figure 3.1 Flow Chart of Project Development
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Figure 3.2 A Single Phase Controlled Rectifierddl®iagram

3.2 Literature Review and Background Studies

In this project, basic knowledge about a singlasghcontrolled AC to DC
converter is obtained from the literature reviework the studies, the related
information is discussed with the project supemvigoensure that the project progress
can be continued to the next level. All the infotima about the types of rectifier are
collected. This includes the circuit that needbdéadesigned for all the methods that are

used. There are two types of rectifier which areamtrolled and controlled.



43

3.3  Theoretical Design

Theoretical design is where a designing projectstarted. It is the most
important parts that move from general to speciirst introducing underlying ideas

and then discussing implementation details spetfibe research.

3.3.1 Input

To begin the design of an AC to DC converter, ¢hisr an obvious need to
convert the standard utility 240 AC voltage witbduency 50Hz to a useful DC voltage
which would power the components within the reetifiTo use any other voltage source
other than the AC voltage for this project woulded its purpose. The 240 AC voltage
power supply will step down by a power transforrtiem the output of the transformer
will supply power to the rectifier circuit and cooller circuit. Figure 3.3 below shows

the 240 AC voltage step down by using transformer.

...............

Connection
240 VAC

Figure 3.3 Connection 240 VAC to Power Transformer
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3.3.2 Power Transformer

The transformer of the power converter circuituieed an AC input. A basic
three pin AC plug connector was connected to t#esformer allowing it to be plugged
into any standard wall plug. The transformer usedhis project was a step down
controlled transformer. The specification of thewmpo transformer is using 240V or
115V input voltage then will produces 12V outpuitage and 0.25A output current.
The transformer will produces output power abo@Vé&. Then, the output of the
transformer will connect to the rectifier circuihdh the diode rectifier for controller

circuit.

The transformer is designed to connect in sewesafsingle phase controlled
rectifier. It is needed for input at 240 VAC andyut at 12 VAC. It is about a 20:1 step
down rate. Isolation is not only providing elecalidgsolation between the power line
circuit and the electronic circuits, but also iased the rectifier circuit. This isolation

can totally reduce the risk of electrical shoclowershoot.

Power
Transformer

Figure 3.4 Power Transformer
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3.3.3 Silicon Controlled Rectifier (SCR)

In this project, the Silicon Controlled Rectifi@eCR) has been chosen as a
power switch. The SCR is a solid state rectifiethwhe ability to rapidly switch heavy
current. It will trigger when voltage is appliedite gate and will turn off when current
flow is stopped.

If an SCR's gate is left floating (disconnected)péhaves just exactly as a
Shockley diode. It may be latched by breakoveragst (VBO) or by exceeding the
critical rate of voltage rise between anode antade just as with the Shockley diode.
Dropout is accomplished by reducing current untié @r both internal transistors fall
into cutoff mode also like the Shockley diode. Huar because the gate terminal
connects directly to the base of the lower traosigt may be used as an alternative
means to latch the SCR.

By applying a small voltage between gate andackththe lower transistor will
be forced on by the resulting base current which @ause the upper transistor to
conduct which then supplies the lower transistio&ise with current so that it no longer
needs to be activated by a gate voltage. The nagegate current to initiate latch-up, of
course, will be much lower than the current throtlgh SCR from cathode to anode, so

the SCR does achieve a measure of amplification.
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This method of securing SCR conduction is caltegbering and it is by far the
most common way that SCRs are latched in actuaitipea In fact, SCRs are usually
chosen so that their breakover voltage is far béybe greatest voltage expected to be
experienced from the power source so that it catubeed on only by an intentional

voltage pulse applied to the gate.

It should be mentioned that SCRs may sometimesubeed off by directly
shorting their gate and cathode terminals togetineoy "reverse-triggering" the gate
with a negative voltage (in reference to the cathpodo that the lower transistor is
forced into cutoff. The advantages of the SCR Haate been the reasons to be chosen

include:

I.  Robust
ii.  Simple
iii.  Economical
iv.  Smallin size, are rugged and has no contacts

v. Unlimited life can be expected.
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3.3.4 Power Processor Converter

This project describes the operation of a sindgiase fully- controlled bridge
rectifier circuit with a resistive load. The opeoat of this circuit can be understood
more easily when the load is purely resistive. @halysis in this page is based on the
assumption that the SCRs are ideal controlled be#iclt means that when the SCRs
are ON, the ON-state voltage drops are zero. énQRF- state, the leakage current is

assumed to be zero.

The main purpose of a fully-controlled bridge i@t circuit is to provide a
variable DC voltage from an AC source. In this potj SCR TYN812 shown in Figure
3.5 is used as a switch because it is suitablattallf modes of control found in
applications such as overvoltage crowbar protectinator control circuits in power
tools and kitchen aids, in-rush current limitingcaits, capacitive discharge ignition,
voltage regulation circuits. This type also avdgaim though-hole or surface-mount

packages, they provide an optimized performaneelimited space area.

Kathod

Figure 3.5  SCR TYN812
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The circuit of a single-phase fully-controlled dge rectifier circuit is shown in
the Figure 3.6. The circuit has four SCRs. It isferable to state that the circuit has two
pairs of SCRs, with SCRand SCRforming one pair while SCRand SCRthe other
pair. For this circuit, the source is marked asavid it is a sinusoidal voltage source.
When Vs is positive, SGRand SCR can be triggered and then current flows from Vs
through SCR load resistor R, SGRand back into the source. In the next half-cycle,
the other pair of SCRs conducts. Even though thextion of current through the source
alternates from one half-cycle to the other halfleythe current through the load

remains unidirectional.

Figure 3.6 A Single Phase Controlled Bridge Reatifi
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The main purpose of this circuit is to provide aiafale DC output voltage,
which is brought about by varying the firing andlet Vs = E x Sin wt, with 0 < wt <
360. If wt = 30° when SCR and SCR are triggered, then the firing angle is said to be
30°. In this instance, the other pair is triggerecewhwt = 216. When Vs changes from
a positive to a negative value, the current thlhothe load becomes zero at the instant
wt = & radians, since the load is purely resistive amdSERs cease to conduct. After
that there is no current flow till the other padrtriggered. Hence the conduction or

current flow through the load is discontined.

In any bridge rectifier circuit, the rectifyingatles (or in this case, the rectifying
SCRs) must conduct in opposite pairs. $@Rd SCR must be fired simultaneously,
and likewise SCRand SCR must be fired together as a pair as shown in Ei@ur.
Though, these pairs of SCRs do not share the sathede connections, meaning that it
would not work to simply parallel their respectiyate connections and connect a single

voltage source to trigger both.

triggering
voltage

(pulse voltage
source)

SCR, % Load

Figure 3.7 Triggering SCRand SCR as a pair
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Although the triggering voltage source will trigge@CR;, it will not trigger SCR
properly because the two thyristors do not shammmon cathode connection to
reference that triggering voltage. Pulse transfosno®nnecting the two thyristor gates

to a common triggering voltage source will work.

Figure 3.8 Controlled Bridge Rectifier

3.35 PulseTransformer asan Driver Circuit

Driver circuit is used to interface between cohffow power electronics) and

(high power) switch. The functions of the drivercdiit are used to:

i.  amplify control signal to a level required to dripewer switch
ii.  provide electrical isolation between power switall ogic level

In this project, pulse transformer shown in Fig®& is used for isolation.
Isolation is required to prevent damages on théa pigwer switch to propagate back to
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low power electronics. Pulse transformers usualpt (always) operate at high
frequency necessitating use of low loss cores (lystearites). Modern day electronic
circuits utilize many gated semiconductor devicashsas ordinary transistors, field
effect transistors, SCRs and others. These tramsisr are used in some of these
circuits. A signal must be supplied to (or removieaim) the device’'s gate node to
activate (or deactivate) the device. When usedepunsformers are located within the
circuitry driving the gate. Pulse transformers ased to modify the voltage level to the
gate, provide impedance matching, and to provideage isolation. Pulse transformer

may be used to deliver voltage to the grids orgglaif a vacuum tube or flash tube.

Some pulse transformers simply deliver a voltagkse or a series of voltage
pulses to a semiconductor gate. A pulse transfoforetioning in this manner could
also be called a pulse transformer. Most circugigieers would consider these gate
drive transformers to be a type of pulse transforrifethe pulse transformer’s pulse
initiates some action or event, the pulse transéorroould be called a trigger
transformer. Some applications require a closeodception of the pulse. The pulse
transformer designer will seek to minimize windiragpacitance and leakage inductance

because these parasitic components distort thalsign

Some amplifying circuits use a pulse transformerdeliver a signal to a
semiconductor gate. Here the objective is to rapedhe signal, but with increased
power and increased voltage or current. In mostlifymg circuits the signal is injected
into a direct current biased transistor circuithdes the pulse transformer may have to
tolerate a DC current bias. Even though these pudsesformers drive a gate, circuit

designers will usually refer to them as signal sfarmers.
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Figure 3.9 Pulse Transformer

Sometimes, pulse transformers are used to coupiggaring circuit to the gate and
cathode of an SCR to provide electrical isolatietween the triggering and power
circuits as shown in Figure 3.10.

pulse
transformer Y 28

. T To
To Rectifier Circuit
Microcontroller
Circuit

Figure 3.10 Pulse Transformers as a Coupler faigg@ring Circuit to the Gate and
Cathode of an SCR
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Besides for isolation, pulse transformer is usesigjoarate the common cathode.
When multiple SCRs are used to control power, tbaihodes are often not electrically
common, making it difficult to connect a singlegtrering circuit to all SCRs equally.
The circuit in Figure 3.11 only shows the gate @mtions for two out of the four SCRs.
Pulse transformers and triggering sources for S&il SCR, as well as the details of

the pulse sources themselves, have been omittédd@ake of simplicity.

pulse
voltage
source

Figure 3.11  The Gate Connections for Two SCRs



54

Figure 3.12 Pulse Transformers as Interface Circuit

3.3.6 PIC asthe Controller Unit

After constructed the power circuit, the contristgit now is ready to be built.
As stated in the scope of this project, the colgdobridge rectifier will be controlled by
using the microcontroller means that, the microcui@r will control the speed of the
motor with variable speeds. The core of the cortirgbit is the IC chip of PIC16F84A,
which functions to control the main circuit of thiegle phase controlled rectifier.
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The PIC series of processors uses a non-unifiedeasithg scheme, the
instruction addressing is 1 per instruction wordd a&ach instruction uses a word of
memory varying from 12 to 16 bits in length. Theqessor data is addressed as 1 per
byte of data. To properly address the program/dpsees you, the programmer, must
separate your program and data into separate acudlelaa areas. The data area is
addressed as 1 per byte and the code area is seldi@s 1 per instruction.

The assembler/linker processes the instructioe codthat the linker will output
2 bytes for each instruction word. The instructveord address will be the file-encoded
address divided by 2.

In this project, the microcontroller is clockeddaMHz. The PIC microcontroller
also can use the oscillator of frequencies othen thMHz. The schematic below shows
in Figure 3.13 gives an idea of the few things the¢d to be connected to the PIC
microcontroller to make it work. As stated befait@s PIC is used to control the delay

angle,a of the SCR to make alternative output voltages.
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Figure 3.13  Schematic of PIC16F84A Connection

The PIC is connected to DIP switch as an inpue $itch is using active high
(1) connection. The program in the PIC will not exte until the switch is pressed to
give input O (low) to the microcontroller. The seghtconnection is shown in Figure
3.14. This project only used three switches thatcannected to Port B pin 4, 5 and 6 of
the microcontroller. When switch 1 is pressed,ghegram in the PIC will execute for
delay angle 60° and when switch 2 is pressed, lit axecute the program for delay
angle 90°. This is also done for switch 3 whers ipiessed, the program for delay angle
120° will executes. Then, the output of the PIC&8vhich is using Port A, pin 0 and
1 as the output port are connected to the pin@fa®CRs.



57

PORTB6
Y PORTB5
PORTB4
SWITCH 3
NN
10k
SWITCH 2
WV | Sl/ 16
10k
2 P 15
SWITCH 1 3 - 14
NN
|
10k 4+ -~
e 1
|
|
SW DIP-8
=0

Figure 3.14  DIP Switch Connection

PIC16F84A

Figure 3.15  Control Unit Circuit
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3.3.7 DC Motor asalLoad

Figure 3.16 DC Motor

An electric motor is a device that transforms eleat energy into mechanical

energy by using the motor effect.

DC motor principles

DC motors consist of rotor-mounted windings (armefwand stationary windings
(field poles). In all DC motors, except permanerggmet motors, current must be
conducted to the armature windings by passing outreough carbon brushes that
slide over a set of copper surfaces called a cormmtwhich is mounted on the

rotor.

The commutator bars are soldered to armature cdilee brush/commutator
combination makes a sliding switch that energizestiqular portions of the
armature, based on the position of the rotor. fineess creates north and south
magnetic poles on the rotor that are attracted teelled by north and south poles
on the stator, which are formed by passing diraatenit through the field windings.

It's this magnetic attraction and repulsion thaises the rotor to rotate.
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The Advantages

The greatest advantage of DC motors may be spe#tbtdSince speed is directly
proportional to armature voltage and inversely prtopnal to the magnetic flux

produced by the poles, adjusting the armature geltand/or the field current will

change the rotor speed.

Today, adjustable frequency drives can provideipeespeed control for AC motors,
but they do so at the expense of power qualitihasolid-state switching devices in the
drives produce a rich harmonic spectrum. The DCombas no adverse effects on

power quality

HLNOS

To Battery

Figure 3.17  Parts of an electric motor
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34  Software Development

In this part, a program is needed to develop tdarobthe amplitude which is the
applied voltage to the motor. After completing tieerdware designed, the progress of
this project could be proceeding to the final stagelesigning a controlled rectifier
circuit. Besides that, the design circuit would $imulated by using OrCad PsPice

software then the results were compared with thetjmal design.

For programming code, Microcode Studio softwarased to create program to
control the delay angle of SCR. MicroCode Studidtveare is a powerful, visual
Integrated Development Environment (IDE) with Inc@it Debugging (ICD) capability
designed specifically for microEngineering Labs BAKSIC™ and PICBASIC PRO™
compiler. Then, the programming code will compile using compiler to convert into
HEX file. Lastly, a PIC programmer is used to wiated load the program into the PIC

microcontroller.

3.5 Hardware Development and Software Tested

In this project, every parts and stages that hamh lexecuted are needed to be
tested in sequence to fulfill the objectives andpsc Now the hardware can be
experimented and so with the software that has Ipgegrammed. Same method is
being used in this part where each phase needs tesked individually by connecting
the circuit to an adjustable single phase AC inpben, 12 V DC motor is used as the

load.


http://www.mecanique.co.uk/code-studio/index.html
http://www.microengineeringlabs.com/
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CHAPTER 4

RESULT AND ANALYSIS

4.1 Introduction

This chapter will briefly discuss on the resuliglaiscussions of the hardware

and software development.

4.2  Design Philosophy

A versatile method of controlling the output ofudi-wave rectifier is to
substitute controlled switches such as SCRs fodibdes. The output is controlled by
adjusting the delay angle of each SCR, resultingnroutput voltage or output current

which is variable over a limited range.

In this project task, the rectifier circuit sholdd possible to produce a variable
average voltage by controlling the delay. The singhase 240 }s AC source is

stepped down to 12\ by using step-down power transformer.



4.3 Hand Calculation For Controlled Full-Wave Rectifier
Givenf = 50Hz, ins=12V Vm= 17V
4.3.1 Calculation for Delay Angle of 0°

Leta =0°,
Thus,

The average load voltage is given by,

Vo = V—m[1+ cosa|
Vg

= 1% [1+cos 0°]
=10.823V

Delay angle in time domain,
TD = (0°/180°) (10ms) = Oms.
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4.3.2 Calculation for Delay Angle of 30°

Leta = 30°,
Thus,

The average load voltage is given by,
Vo = V—m[1+ cosa]
T

= 17t [1+cos 30°]
=10.098 V

Delay angle in time domain,

TD = (30°/180°) (10ms) = 1.67ms.

4.3.3 Calculation for Delay Angle of 60°
Leta = 60°,
Thus,

The average load voltage is given by,

Vo = V—m[1+ cosa]
T

= 17 [1+cos 60°]
=8.117V

Delay angle in time domain,

TD = (60°/180°) (10ms) = 3.33ms.
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4.3.4 Calculation for Delay Angle of 90°

Let o = 90°,
Thus,
The average load voltage is given by,
Vo = V—m[1+ cosa]
Vg
= 1% [1+cos 90°]

=5411V
Delay angle in time domain,
TD = (90°/180°) (10ms) = 5.00ms.
4.3.,5 Calculation for Delay Angle of 120°

Leta = 120°,
Thus,

The average load voltage is given by,

Vo = V—m[1+ cosa]
T
= 17 [1+cos 120°]

=2.705V

Delay angle in time domain,
TD = (120°/180°) (10ms) = 6.67ms
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4.3.6 Calculation for Delay Angle of 150°

Leta = 150°,
Thus,

The average load voltage is given by,

Vo = V—m[1+ cosa]
Vg

= 1% [1+cos 150°]
=0.725V

Delay angle in time domain,
TD = (150°/180°) (10ms) = 8.33ms

4.3.7 Calculation for Delay Angle of 180°

Leta = 180°,
Thus,

The average load voltage is given by,

Vo = V—m[1+ cosa|
Vg

= 17 [1+cos 180°]
= 0.000V

Delay angle in time domain,
TD = (180°/180°) (10ms) = 10ms
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Voltage output (Vo) Vs Alfain degree

10 —
8 \
S

Voltage output (V)
(o]

4 a

2 ]

0 *
0 30 60 90 120 150 180

Alfa in degree

Figure 4.1 Alfa Vs Voltage output

From the graph above ,the voltage output (V) ig péasus alphad in degree(’) which
is the range of voltage output is from O to 11 9r the alphaf )the value is taken from
0° to 180° in range. Figure above shown that theecis decreased from the maximum

value to the minimum value of voltage output if tléa () is increased.
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4.4 OrCAD PSpice Simulation

The simulation of the full-wave rectifier of thengle phase controlled rectifier
had been done by using the OrCAD PSpice softwanés Simulation is to view in
theory concept of the waveform results for the lg&nghase full-wave controlled

rectifier.

VOFF =0 “
VAMPL = 1
FREQ = 50 o

TR =100n
TF =100n
PW =1m
PER =20m

11=0 11
12 = -40m
TD = 10m
—
o

x5
MCR225-10FP

X

X7
MCR225-10FP

pay

\ MCR225-10FP

X6
MCR225-10FP

§Rl

10

100u

TF =100n
PW =1m
PER =20m

2§ Z§
11=0 14
=0 13 12 = -40m
12 = -40m ™ = 0m QCD
O = 10m = TR = 100n
TR = 100n 0 TF =100n —,
= PW = 1m 0

Figure 4.2 Simulation with Delay Angle of 0°

Figure 4.2 shows the example of design circuitaiftrolled rectifier with the
delay angle of 0°. For this circuit, the designuiegment is to produce an average
voltage of 10.8233V. The fundamental concept oftmdied rectifier in producing

variable average voltage is by controlling the delagle of the SCR.
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In such that to meet this design requirement, saadeulation has been made to

determine the delay angle of the SCR.

As shown in the Figure 4.2, the time delay hasnbsst to the Oms. This is
because from the calculation that have made, Mvshbat in order to produce average
voltage of 10.823V the time delay of the rectifisrto be set at Oms.But from the
simulation made the output is have a slight difieeeswhich is 10.753V.

11=0 12 =0 11
12 = -40m 12 = -40m

™ = 1.67m D = 11.67

TR = 100n TR = 100n
TF=1000 = TF=100n =
PW = 1m 0 PW = 1m 0
PER = 20m PER = 20m

X7
MCR225-10FP

x5
MCR225-10FP
X A
Vv
il
é R1
1 I 10
VOFF =0 d; ; ”
VAMPL = 1
FREQ=50 | X6 =+ c2
\ MCR225-10FP MCR225-10FP 100u
Z§ Z§
=0 14
11=0 13 12 = -40m
12 = -40m D = 1.67m
D = 11.67 = TR = 100n
TR = 100n 0 TF =100n —,
TF=100n —, PW = Im 0
PW = 1m 0 PER = 20m

PER =20m

Figure 4.3 Simulation with Delay Angle of 30°

As shown in the Figure 4.3, the time delay hambss to the 1.67ms. This is
because of the calculation that have made befawesthat, in order to produce average
voltage of 10.098V the time delay of the rectifier to be set at 1.67ms.For the
simulation result the voltage output is 9.3919V.
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=0 12 =0 11
12 = -40m 12 = -40m
T =3.3m D = 13.3m
TR = 100n TR = 100n
TF=100n — TF=100n —,
PW = 1m 0 PW = 1m 0
PER = 20m PER = 20m
x7
X MCR225-10FP
MCR225-10FP
X A
Vv
X
é R1
1 3 10
VOFF =0 ”
VAMPL = 1
FREQ = 50 6 + c2
\ MCR225-10FP MCR225-10FP 100u
2§ Z§
11=0 14
=0 13 12 = -40m
12 = -40m T =3.3m
D =13.3m = TR = 100n
TR = 100n 0 TF =100n =,
TF=100n —, PW = Im 0
PW = 1m 0 PER = 20m
PER = 20m

Figure 4.4 Simulation with Delay Angle of 60°

Figure 4.4 shows the example of design circuitaiftrolled rectifier with the
delay angle of 60°. For this circuit, the designguieement is to produce an average
voltage of 8.117V. In order to produce averageag@tof 8.117V the time delay of the
rectifier is to be set at 3.33ms.The simulationites 8.0409V.
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11=0 12 11=0 11
12 = -40m 12 = -40m
TD =5m TD = 15m
TR =100n TR =100n

TF =100n —, TF =100n —
PW =1m PW =1m
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™ = 15m = TR = 100n
TR = 100n 0 TF =100n =
TF=100n —, PW = 1m 0
PW = 1m 0 PER = 20m
PER = 20m

Figure 4.5 Simulation with Delay Angle of 90°

Figure 4.5 shows the example of design circuitaiftrolled rectifier with the
delay angle of 90°. For this circuit, the desiggquieement is to produce an average
voltage of 5.411V. In order to produce averageagstof 5.411V the time delay of the
rectifier is to be set at 5.00ms.The simulationitas 5.1104V
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11=0 12 =0 11
12 = -40m 12 = -40m
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PW = 1m 0 PER = 20m
PER = 20m

Figure 4.6 Simulation with Delay Angle of 120°

Figure 4.6 shows the example of design circuitaiftrolled rectifier with the
delay angle of 120°. For this circuit, the desigguirement is to produce an average
voltage of 2.705V. In order to produce averageag@tof 2.705V the time delay of the
rectifier is to be set at 6.67ms.For the simulatignltage output is 2.3975V



72

11=0 12 =0 11
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Figure 4.7 Simulation with Delay Angle of 150°

Figure 4.7 shows the example of design circuitaiftrolled rectifier with the
delay angle of 150°. For this circuit, the desigauirement is to produce an average
voltage of 0.725V. In order to produce averageag@tof 0.725V the time delay of the
rectifier is to be set at 8.33ms.But for simulatresult the output is 0.5554V
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11=0 12 =0 11
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Figure 4.8 Simulation with Delay Angle of 180°

Figure 4.8 shows the example of design circuitaitrolled rectifier with the
delay angle of 180°. For this circuit, the desigguirement is to produce an average
voltage of 0.000V. In order to produce averageag@tof 0.000V the time delay of the
rectifier is to be set at 10ms.But for the simwatihe voltage output is 79.128mV
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4.5  Output Waveform

2au T

100-+——

SEL»> [
av

o AUG{U(K5:K))

s 18ms 28ns 38ms Lims S8ns 6 Bms 7ims 88ns 98ms 186ms
+ W{RE:A,K7:A)

Ling

Figure 4.9 Controlled Rectifier Waveform with Delapgle of 0°
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Figure 4.10 Controlled Rectifier Waveform with BglAngle of 30°
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Figure 4.13  Controlled Rectifier Waveform with Dglangle of 120°
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Figure 4.15 Controlled Rectifier Waveform with Dglangle of 180°
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Sinusoidal
waveform

Figure 4.16  aVéform after stepdown by transformer (12 Vrms)

Vac after step down
by transformer
(12Vrms)

kig 4.17 Vac after step down by transformer (128jrm



Vdc at alfa = 60
degree

Figure 4.18  Waveform at alfa 60 degree

Programming the
delay alfa using PIC

Figure 4.19

Hardware of PIC to program Delagle
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Vdc at alfa = 90
degree

Figure 4.20 Waveform at alfa 9Qme

Vdc at alfa =120
degree

Figure 4.21 Waveform at alfa 12@icke



4.6 Comparison Result

In this project the comparison is about hand datmn, simulation result and
practical measurement have been made to show fferedice values of average

voltages. Here, the data will be analyzed as shawmble 4.1

Table 4.1 Comparison Results
Delay Angle Delay Time Hand Calculation OrCAD Simuétion

0’ 0.00ms 10.823 V 10.753 V
30° 1.67ms 10.098 V 9.3919 V
60° 3.33ms 8.117V 8.0409 V
90° 5.00ms 5411 V 5.1104 V
120° 6.67ms 2.705V 2.3975V
150° 8.33ms 0.725V 0.5554 Vv
180° 10.00ms 0.000 V 79.128 mV
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From table 4.1 above, note that, for different ealwf calculation, simulation
and measurement, there are the difference in tlag degle. From an early observation,
as expected that, in practical and design simulafmr a different setting of delay angle
regardless of the input voltage, whether it isgheme or not, the average voltage to be
produced is rely on the delay time that has beetoshe SCRs. From the table above,
the practical values are quite big different withlcalation and simulation. The
measurements were taken by using a digital mulamethis is because there is a
problem in programming to set the delay time i microcontroller.

4.6.1 Comparison for 3 Delay Angle

Table 4.2 Comparison Results For 3 Delay Angle
Delay Angle | Delay Time Hand OrCAD Hardware
Calculation | Simulation
60° 3.33ms 8.117V 8.0409 V 6.17V
90° 5.00ms 5411 V 5.1104 V 5.09v
120° 6.67ms 2.705V 2.3975V 1.89V

From the table 4.2 above , note that the valuecamnepared for only three delay angle
for this project. It is meet the minimum requirerngeto achieve the scope of the project
which is to produce variable DC outputs. From Higd 4.1 there are different for value
of output using calculation, simulation and hardsvarhis is because due to the certain

factors.



4.6.2 Graph For 3 Delay Angle
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Figure 4.24  Graph for Hardware
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From the figure 4.22 ,figure 4.23 and figure 4.2the gradient of curve of the graph is
negative for all the graph .But there are 2 différgradient for hardware output , this is
because due the problem occurred during the pragedone. The problem can be

categorized into 2 main factor:

The design of circuit

For this project the circuit design that used havew problem , firstly the voltage drop
in the circuit is big and cannot be avoid due te tise of solder .Secondly the filter
circuit at the output is not design for this preojeesulting a flicker in output waveform.
Solution

Voltage drop can be reduce if using printed PCBrdb@ad study of software related is
compulsory . The design of filter circuit is need dmooth the dc output with more
analysis from literature review .

Concept of switching

The lack of knowledge about the concept of switghand firing angle is also the main
problem for this project. The alfa is not firing espected in this project resulting the
output as shown in Table 4.2 .

Solution

To overcome this problem the project and firingegaiust be test before implement it to

the board because to make sure the firing gateriedly .
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4.7  Efficiency of the Project

Simulation Result

Efficiency for alfa = Vcalculation- Vactual X 100%

Vcalculation
For Alfa= 60 degree
n =8.117 V — 8.0409VX 100%

8.117V
=0.94 %

For Alfa= 90 degree

n =5.411V -5.1104VX 100%
5.411V
= 0.06%

For Alfa= 120 degree

N =2.705V — 2.3975 VX 100%
2.705V
=0.11 %




Hardware Result

Efficiency for Alfa = Vcalculation- Vactual

Vcalculation

For alfa= 60 degree

n =8.117V-6.17 VX 100%

8.117V
=239%

For alfa= 90 degree

n =5.411V —-5.09 VX 100%
5.411V
=0.06 %

For alfa= 120 degree

n =2.705V —1.89 VX 100%
2.705V
=0.30%

X 100%
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4.8 Software Development

Software development that involves the programnahgnicrocontroller is the
heart of this project where the variable outputtaggs can only be produced by
controlling the delay angle of the SCR using thatemd circuit. As being discussed in
previous chapter, the program had been implemeanttds project to set the delay time
of the SCR to produce variable speed of the DC mdtwe program below shows that it
used to adjust the delay angle of each SCR.

*kkkkkkkkkkkkkkkk I N IT |AL | Z E OSC' LLATO R *kkkkkkkkkk *kkkkkkkkkkk

DEFINE OSC 4
INCLUDE "bsldefs.bas"

*kkkkkkkkkkkkkkkk SCAN N | N G SWITC H ES *kkkkkkkkkkkkkk *kkkkkkkkhkk

switch3: IF PORTB.4=0 THEN
GOTO speedl
ELSE
GOTO switch2
ENDIF

switch2: IF PORTB.5=0 THEN
GOTO speed2
ELSE
GOTO switchl
ENDIF
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switch1: IF PORTB.6=0 THEN
GOTO speed3
ELSE
GOTO switch3
ENDIF

kkkkkkhkkhkkkkkkkkk S P E E D P ROG RAM M I N G kkkkkkkkkkkkkkk *kkkkkhkkhkk

speedl: LOW 8
PULSOUT 8,1 ;time delay 6 degree
PAUSE 1
LOW 9
PULSOUT 9,1
PAUSE 1

speed2: LOW 8
PULSOUT 8,1 ;time delay 90 degree
PAUSE 8
LOW 9
PULSOUT 9,1
PAUSE 8

speed3: LOW 8
PULSOUT 8,20 timelay for 120 degree
PAUSE 12
LOW 9
PULSOUT 9,20
PAUSE 12
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For the software development the explanations Esbe

INITIALIZE OSCILLATOR

DEFINE OSC 4

By default, the PicBasic Pro Compiler generategyranms intended to be run on a
PICmicro MCU with a 4MHz crystal or ceramic resaratBesides that , to make it

compatible and initialize with the hardware so 4Mgtock is used in this project.

INCLUDE "bsldefs.bas"
There are no predefined user variables in PicBasic For compatibility sake, two files
have been provided that create the standard vasaisied with the BASIC Stamps:

BS1DEFS.BAS and
BS2DEFS.BAS.

To use one of these files, add the line:

Include “bsldefs.bas”

or

Include “bs2defs.bas”

Near the top of the PicBasic Pro program. Theses fitontain numerous VAR
statements that create all of the BASIC Stamp bégsaand pin definitions. However,
instead of using these “canned” files, we can erear own variables using names that
are meaningful to us. The number of variables ab&l depends on the amount of RAM
on a particular device and the size of the varmbémd arrays. PBP reserves
approximately 24 RAM locations for its own use. ntay also create additional
temporary variables for use in sorting out compguations
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SCANNING SWITCHES PROGRAM
Switch 3
If port 4 is zero or low ,next step the programl wikecuted and run at speed 1 which is

at 60 degree else scan for speed 2.

Switch 2
If port 5 is zero or low ,next step the programl wikecuted and run at speed 2 which is

at 90 degree else scan for speed 1.

Switch 1
If port 6 is zero or low ,next step the programl wkecuted and run at speed 3 which is

at 120 degree else scan for speed 3.

SPEED PROGRAMMING

PULSOUT Pin, Period

Generates a pulse on Pin of specified Period. Tieeps generated by toggling the pin
twice, thus the initial state of the pin determirtege polarity of the pulse. Pin is
automatically made an output. Pin may be a consanl5, or a variable that contains a
number O - 15 (e.g. BO) or a pin name (e.g. PORYA® resolution of PULSOUT is
dependent upon the oscillator frequency. If a 4Mideillator is used, the Period of the
generated pulse will be in 10us increments. If MB@ oscillator is used, Period will
have a 2us resolution. Defining an OSC value haseffiect on PULSOUT. The
resolution always changes with the actual oscillapeed.

Send a pulse 1mSec long (at 4MHz) to Pin5

PULSOUT PORTB.5,100



91

Others explanation about pulsout

Pulsout

PULSOUT pin, time

Output a pulse.

Pin is a variable or constant that specifies the lifOtp use.

This pin will be placed into output mode immedigtbefore the pulse and left in that
state after the instruction finishes.

Time is a variable or constant (0-65535) that spectfiesduration of the pulse jrs.

Explanation

PULSOUT will generate a pulse on the specified fpmthe given period.The pulse is
generated by toggling the pin state twice. Thaahgtate of the pin will determine the
polarity of the pulse. The pin specified to genertite pulse is automatically made an
output.

PULSOUT will generate a pulse with a period ipslincrements. The minimum pulse

width is 4us. You can not go below this value.

Example

PULSOUT B0,1000 ;Generate a pulse for 1 millisectamg to BO
The small program below illustrates one use offRbE SOUT command:
Low B4 ;Preset Pin to LOW

main ;this program will loop forever

pulsout B4,25000 ;Pulse pin High for 25 of a méitond

pause 1000 ;Wait 1 second until repeating

goto main

end

This program will simply generate a infinite pulse pin B4.So from this info about

pulsout the speed programming can be understatig.eas
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4.9 Hardware Design

As being mentioned before in chapter 3.3, theedlanee types of circuit that has
being constructed which are control circuit, poveincuit and the interface circuit

between the control and power circuit.

Figure 4.25 Controlled Rectifier For Variable Sp&#dgle Phase DC Motor

The whole circuit that had been constructed is gnoject is shown in Figure 4.7
which includes the combination of the power prooesonverter and control circuit
together with the pulse transformers circuit asriiaicing. A single phase supply voltage
is stepped down power transformer before conndotéake power circuit and 12 VDC is
supplied to the microcontroller circuit and will begulated to be 5 VDC.

This project consists of three switches to makerdrol in a different speed. The
DC motor will run after the SCRs are triggered dmew the switch is pressed. At this
point, the motor will start run in variable speeatpends on what switches are pushed.
Full schematic circuit for a Single Phase ContRectifier is in Appendix A.
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4.10 Costing
Table 4.3 Cost of Components

NO. Component Specification P:::if / Quantity | Price

1 THYRISTOR (SCR) TYN812 10.965 4 43.86

2 HEAT SINK 0.90 5 4.50

3 RESISTOR 10@ 0.06 1 0.06

4 MICROCONTROLLER PIC16F84A 10.50 1 10.50

5 IC REGULATOR 7805 1.00 1 1.00

6 CRYSTAL 4MHz 1.30 1 1.30

7 RESISTOR 10M2 0.06 1 0.06

8 RESISTOR 10IQ 0.06 4 0.24

9 CAPACITOR 22pF 0.08 2 0.16

10 | CAPACITOR LF 0.08 2 0.16

11 | CAPACITOR 10QF 0.15 1 0.15

12 | CAPACITOR 4. 4F 0.07 1 0.07

13 PULSE TRANSFORMER| 1:1 28.28 4 113.12

14 | PCB BOARD 3.00 2 5.00

15 HEADER 0.50 5 2.50

16 IC BASE 18 PINS 0.20 1 0.20

17 IC BASE 20 PINS 0.19 1 0.20

18 POWER TRANSFORMER 20:1 15.00 1 15.00

19 | WIRE WRAP 15.00 1 15.00

20 | STAND 0.70 4 2.80

21 DC MOTOR 3.00 1 3.00

TOTAL PRICE M

218.88




94

Obviously, there are many components needed t@rdesd complete this
project. Table 4.3 above shows the overall costlsh@df the components that has been
used for this project. So, the total cost of thigjgct is RM 218.88.

411 Potential of Commercialization

For the commercialization, this project is verygudtal to commercialize in the
market because most electronics devices are stfa istores that require fixed rectifier.
Although, the size and weight of this project iggabut the empty space in the circuit
board can be minimized in the future. Due to th&t,ahis project maybe expensive than
others in the market but it still has potentiattommercialize. This project is very useful

because it used widely in the industries and dameguipment.



CHAPTER 5

CONCLUSION & FUTURE WORK

51  Summary of the Project

At the end this project the knowledge about uncontrolled and controlled rectifier
circuits have been discussed in this thesis. An introduction to the theory of diode and
thyristor conduction has been presented to explan the important operating
characteristics of these devices. Rectifier topologies employing both diodes and

thyristors and their relative advantages and disadvantages al so have been discussed.

Previoudly, diode is classified as uncontrolled rectifier. Once the source and the
load parameter are established, the DC level of the output and the power transferred to
the load are fixed quantities athough their usefulness is widely used. The goa of this
project is to design a single phase controlled AC to DC converter. The output is
controlled by adjusting the delay angle, a of each SCR, resulting in an output voltage

which is adjustable over alimited range.
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Through this project, the ability of the single phase controlled rectifier is
converting AC voltage to DC voltage with variable output voltages. Fortunately, this
project is achieved the objectives and scopes that has been set. This project able to
convert the AC voltage to DC voltage with variable output voltages. However, the
output voltages were not fully achieved with the simulation result because of the
programming in the PIC. The knowledge about programming the PIC to control the
delay angle, o of each SCR is not mastered enough. Therefore, the practical
measurement is not equal to the theory or simulation values.

Nevertheless, at the end of this project, the single phase controlled rectifier had
been explored and based on the theory and practical had shown enough that this project

can drive 12V DC motor.

52 Future Recommendation

For the future plan of this project, it is recommended to other candidate to do
more studies on the related information. There are maybe some modifications that can

be taken to make this project to look more outrageous and flexible for the users.

The recommendation is suggested for future work as below:

i.  There areindicators such as LCD or 7-segment can be replaced on the indicator
to display voltage or current.
ii.  There is a specia feature in PIC microcontroller which is Power-down mode
(sleep) that can place the controller circuit into low power mode.
iii.  Resizethe size of the design so it is reasonable, useful, compact and flexible for

user can bring it anywhere they go.
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