UNIVERSITI TEKNIKAL MALAYSIA MELAKA

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

DESIGN AND SIMULATION OF IN-PIPE GENERATOR

This report is submitted in accordance with the requirement of the Universiti
Teknikal Malaysia Melaka (UTeM) for the Bachelor of Electrical Engineering

Technology (Industrial Power) with Honours

HANISAH NADIAH BINTI AJALIL
B071210239
900209-01-6630

FACULTY OF ENGINEERING TECHNOLOGY
2015

© Universiti Teknikal Malaysia Melaka



: m UNIVERSITI TEKNIKAL MALAYSIA MELAKA

UNIVERSITI TEKNIKAL MALAYSIA MELA

BORANG PENGESAHAN STATUS LAPORAN PROJEK SARJANA MUDA

TAJUK: DESIGN AND SIMULATION OF IN-PIPE GENERATOR

SESI PENGAJIAN: 2015/16 Semester 1
Saya HANISAH NADIAH BINTI A.JALIL

mengaku membenarkan Laporan PSM ini disimpan di Perpustakaan Universiti
Teknikal Malaysia Melaka (UTeM) dengan syarat-syarat kegunaan seperti berikut:

1. Laporan PSM adalah hak milik Universiti Teknikal Malaysia Melaka dan penulis.

2. Perpustakaan Universiti Teknikal Malaysia Melaka dibenarkan membuat salinan
untuk tujuan pengajian sahaja dengan izin penulis.

3. Perpustakaan dibenarkan membuat salinan laporan PSM ini sebagai bahan
pertukaran antara institusi pengajian tinggi.

4. **Sijla tandakan (v")

(Mengandungi maklumat TERHAD yang telah ditentukan
oleh organisasi/badan di mana penyelidikan dijalankan)

SULIT

(Mengandungi maklumat yang berdarjah keselamatan
TERHAD atau kepentingan Malaysia sebagaimana yang termaktub
dalam AKTA RAHSIA RASMI 1972)

TIDAK TERHAD

Disahkan oleh:

(TANDATANGAN PENULIS) (TANDATANGAN PENYELIA)
Alamat Tetap:
NO. 6, LRG 1, KG KURNIA, Cop Rasmi:

BT. 8, JLN AIR HITAM,

86000 KLUANG, JOHOR.

** Jika Laporan PSM ini SULIT atau TERHAD, sila lampirkan surat daripada pihak berkuasa/organisasi
berkenaan dengan menyatakan sekali sebab dan tempoh laporan PSM ini perlu dikelaskan sebagai
SULIT atau TERHAD.

Universiti Teknikal Malaysia Melaka



DECLARATION

I hereby, declared this report entitled “DESIGN AND SIMULATION OF IN-PIPE

GENERATOR? is the results of my own research except as cited in references.

Signature  ceiceveiiecceciicniencnennns
Name : HANISAH NADIAH BINTI AJALIL
Date : 12 JANUARY 2016

v
Universiti Teknikal Malaysia Melaka



APPROVAL

This report is submitted to the Faculty of Engineering Technology of UTeM as a
partial fulfilment of the requirements for the degree of Bachelor of Electrical
Engineering Technology (Industrial Power) with Honours. The member of the

supervisory is as follow:

(MR SYAHRUL HISHAM BIN MOHAMAD@ABD. RAHMAN)

v
© Universiti Teknikal Malaysia Melaka



ABSTRACT

Hydroelectric power is a popular method used to generate electricity. The project
uses the same concept of "Run-of-river". "Run-of-river" requires a large area because
it has a generator outside the pipe, but the generator will be placed in the pipe and it
is designed in a small size. Water will flow through a pipe in it and there is a
generator will convert’s mechanical energy into electrical energy. The objective of
this project is to design in-pipe generator using Ansys Maxwell and to run the
simulation performance with the aid of FEM software. The generator is designed
using the software ANSYS Maxwell. In order to achieve these purposes, the given
parameter has to translate into FEM and the obtained result will be analysed. The
magnetic flux energized when the high voltage. In addition, the advantages of using
an in-pipe generator is a small cost compared to existing generation. At the end of

this project, the objective is ensuring to be achieved.
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ABSTRAK

Kuasa hidroelektrik ialah salah satu kaedah yang popular untuk menjana elektrik.
Projek ini menggunakan konsep ‘“Run of River”. “Run of river” memerlukan satu
kawasan yang luas kerana ia mempunyai penjana yang berada di luar bahagian paip,
tetapi penjana ini ditempatkan didalam paip dan direka bentuk dengan saiz yang
kecil. Air akan mengalir mengalir didalam saluran paip dan penjana didalam akan
menukarkan tenaga mekanikal kepada tenaga elektrik. Objektif projek ini adalah
untuk mereka penjana di dalam paip menggunakan Ansys maxwell dan menjalankan
simulasi dengan bantuan perisian FEM. Penjana direka bentuk menggunakan
perisian ANSYS Maxwell. Bagi mencapai tujuan ini, parameter diterjemah ke dalam
FEM dan keputusan yang diperolehi akan dianalisis. Flux magnet akan wujud
apabila voltan aruhan tinggi. Tambahan pula, kebaikan menggunakan penjana ini
mengunakan kos yang rendah berbanding penjana yang sedia ada. Akhirnya, projek

ini akan memastikan semua objektif di capai.

vii
Universiti Teknikal Malaysia Melaka



DEDICATIONS

To my beloved parents, all my beloved friends and also all my lecturers who had
teach me.

viii
© Universiti Teknikal Malaysia Melaka



ACKNOWLEDGMENTS

First of all, I would like to thank ALLAH SWT because for HIS blessing, finally I
able to complete my final year report project. I would like to convey my greatest
appreciation to my project supervisor, Mr Zulkifli Bin Ibrahim and Mr Syahrul
Hisham Bin Mohamad@Abd Rahman on their guidance and discussion to provide
information concerning my process to complete this project. The every view and
given suggestion has its own value to me and I take it as a reference for my project
foundation and also continuously supporting me in every aspect while writing of this
report. Thousands of thank for your support sir. Sincere thanks to all my friends who
helped me in terms of services, moral support and view. Last but not least undying
thanks to my beloved parents who always pray for my success.

ix
Universiti Teknikal Malaysia Melaka



TABLE OF CONTENTS

DECLARATION ...ttt s v

APPROVAL

ABSTRACT

ABSTRAK ...

DEDICATIONS ...t s viii

ACKNOWLEDGMENTS ..ottt s ix

TABLE OF CONTENTS ..ottt

LIST OF FIGURES ..ottt Xiii

LIST OF TABLE ..ottt s XV

LIST OF SYMBOLS AND ABBREVIATIONS ..ot XVl

CHAPTER 1

1.1 IIEEOAUCTION <ot e et e e e e e e e e e e e e e e e e eeaaeeeeeaaaaees

1.2 Problem STALEIMIENT «..... e et e e e e e ee e e e e ereeeaaaaees

L3 ODJECIIVES ..ttt et st et

L4 WOTK SCOPE .ottt ettt et et e et e e et e e ssbaeesabeeennns

CHAPTER 2

2.1 INEEOAUCTION ...ttt e e e e e e ettt e e e e e e e e e reaaeneaeeeeeeeaasaanaaaseeeeaees

2.2 The potential Hydropower in Malaysia..........cccoeecuieeriieiiieeniieeeieeeieeeeiee e

B B = 47§ (0] 0101 PR PRRR

2.3.1

Types of HYATOPOWET ......covuiiiiiiiiiiiiiiiccteee e

Universiti Teknikal Malaysia Melaka



2.3.2  Classification According To Capacity ........cccccceeevveerriieriieeniieeniieenieeesreeenns 6

2.4 SMAIl HYATO it 6
2.5  RUN Of RIVET PIANT ..cceiiiiiiiieciie ettt e e e e e e e e e 7
2.6 SyNChronouUs IMOTOT ....c...ceiuiiiiiiiiiiiiieete ettt ettt e eaeeas 9
2.7 Permanent Magnet Synchronous Motor (PMSM)........ccocceiriiiiniiiiniiciniicinieeene 10
2.7.1  The Speed Control of Permanent Magnet Synchronous Motor ..................... 11
2.8 ANSYS Maxwell SOftWare ..........coceeiiiiiiiiiiiiiee e 13
2.9  General Design Parameter............coccooviiiiiiiiiiiiinicciicecececceee e 14
CHAPTER 3 ..ttt ettt sttt et s e e 17
3.1 INETOAUCTION .ottt ettt et et e e 17
3.2 Methodology of the Project........cccuviiiiiiiiiieiiecieeeeeeeeeeee e 17
3.2.1  LIterature REVIEW .......cociiiiiiiiiiiiiiiieiieccceee et 19
3.2.2  DeSi@n GENETALOT .....cccvvieiiiieriieeniieesieeesieeesteeesiteesstreessreeesaeesseeessseeesnseens 19
3.2.3  SIMUIALION ...ttt ettt 20
3.2.4  Evaluate the réSull........cccooiiiiiiiiiiiiiiie et 20
325 WIINEG TRESIS c.eeeniiiiiiiiiieecece e s 20
3.3  Create Generator MOdEl ...........oooiiiiiiiiiiiiiiiieectee et 20
CHAPTER 4 ...ttt ettt et e et e et e st e e beesate e b e eaee 37
4.0 INEEOAUCTION ..ttt ettt ettt e et e et e et e e st e e sabeeesabeeeas 37
4.1 Generator DESIZN......ccccuiiiriiiiiiieiiiie ettt e et eesteeesteeeabeesaaeeeaeeeeneeen 37
4.1.1  Output POWer vVersus SPeed .........coocuiieriieeriieeiiieeiieeeiee e e eireeseee e snee e 38
4.1.2  Output Torque Versus SPEEd ........cecvueeeruieeriieeiiieeiieeeieeeireeeieeeeaeeesaeeeeens 39
4.1.3  The Induced Coil Voltage at Rated Speed ..........ccoovveeeriieniiiiniieeniieeeieeeee, 40
Xi

Universiti Teknikal Malaysia Melaka



4.2 2D MaXWELL RESULL.....oiiiiiiiiiieee ettt ettt e e e e et e s eeeseeeeens 41

A2 1 TOTQUE ettt ettt ettt e ettt e et e st e e st e e s abte e sabeeesabeeenans 42
4.2.2 CUITENL. ...ttt ettt ettt e s e e st e et e e s e e sanee e 43
4.2.3  Induced Voltage versus SPeed ..........coovuieriiiiiiiiiniiiiiiieenieeeeeeeee e 44
424 MESH PIOt ..ot e 44
425 B PlOteuniiiii e bbb 45
CHAPTER 5 ..ttt ettt et eat e ettt e st e e b e sae 47
5.0 INEFOAUCTION ..ottt ettt e st e e st sabe e e sareeeas 47
ST CONCIUSION ...ttt ettt ettt et st e e e 47
5.2 The Significant of this Project........cccooiiiiiiiiiiiiiiiieiiieeieeeeeeeee e 47
5.3 Suggestion for FUture WOrk .........ccooviiiiiiiiiiiieiieeeeeeeeeeeee e 48
REFERENCES ... oottt ettt sttt sttt st e e eas 49
Xii

Universiti Teknikal Malaysia Melaka



LIST OF FIGURES

Figure 2.1: The percentage of renewable generated electricity in 2009 ...................... 3
Figure 2.2: The impoundment tyPe.........ccueevuieeriieiriieiriieeriee ettt 5
Figure 2.3: A diVEISION LYPE....ueeiuriiiiiiieiiiieiiie ettt ettt ettt e et saee e e e 5
Figure 2.4: The pumped StOTage tYPe......c.veevueeeriiiiniieeriieenite ettt 6
Figure 2.5: The small hydro proCess ..........couuueeriieeriieiniieeriie et 7
Figure 2.6: The run of TIVET tYPe.....cccueeiuiiiiiiiiieiiiiiee et 8
Figure 2.7: The locking method..........cocccouiiiiiiiiiiniiiniiiiiccecceceeeee e 9
Figure 2.8: The construction of synchronous motor ............c.cccceeveeerieeinieeenneeenneen. 10
Figure 2.9: The construction of PMSM ........cccoiiiiiiiiiiiececeeeeen 11
Figure 2.10: The software of ANSYS Maxwell.........ccceviiiniiiiiininiiinicceeeeeen 14
Figure 2.11: General Design Parameter............cccceeuiinieniiiinicniienienecseceeeseeeeeen 15
Figure 3.1: The flow chart of this Project .........ceccueerieeniiiiniiieeieeeeee e 18
Figure 3.2: The design and simulation by using ANSYSY Maxwell...........c...c...... 19
Figure 3.3: The flow chart of the software development............ccoceerveenieineiniennen. 21
Figure 3.4: The flow chart the design of generator.............coceeeviiiiniiiiniieiniecnnneen. 22
Figure 3.5: The starting the Ansys Maxwell..........cccooiiniiiiniiiiniiiiniiiceceen 23
Figure 3.6: Select the machine type ...........ccooviiiiiiiiiiiiiniiiiieeeeeeeen 23
Figure 3.7: List in the project Manager ...........cceoouveeriieeniiieeniiienieenee et 24
Figure 3.8: The properties of Stator data ...........cccceeevueevieniieniieiieeececeeeeeen 24
Figure 3.9: View 0Of the Stator .......c.coouiiiiiiiiiiiiieeeeeee e 25
Figure 3.10: Properties of winding arrangement.............coceeveeeieeneeniieenieenieeneenneen 26
Figure 3.11: The winding of the Stator..........ccceoviiriiiiniiniiiceeeceeeeeeen 27
Figure 3.12: Properties window of rotor data ............cccceevcveenieeciienienieeneceeeneeeeen 28
Figure 3.13: Properties window of rotor pole data .........c...cocceeeiininiiinicenienenen. 28
Figure 3.14: VIEwW Of the TOTOT.........coouiiiiiiiiiniiiiieeeeeeeeeeeeee e 29
Figure 3.15: List in the optImetriCs SEtUP......c.c.covuveruiirieriiieieeieeree e 30
Figure 3.16: List in the project Manager ...........ccccveeeriveeriiieeniieenieeeieeesieeeevee e 30
Figure 3.17: Properties windows of solution data...........c.ccceeeeeveiniinieeniceneenicnee. 31
Figure 3.18: The performance VIEW .........ccccccevueiriieiiiiniinieenieeieenieeee et 32
Figure 3.19: The design ShEeet .........cocuiiiiiiiiiiiiiieiieeeeeeee e 33
Figure 3.20: The performance VIEW ..........ccccocueerieriiinieniiienieereenee e 33
Figure 3.21: Create Maxwell design box displayed........c.cccoovveeeiiniiniiiniiinecnicnnnen. 34
Figure 3.22: The base design in project Manager ..........ccocveeeveeeveeneeriueeneeenneeneennnees 35
Figure 3.23: Material assigNed........cocceeevieiiiiniiiiienieeieneeeeeceee e 36
Figure 3.24: Design generator in 2DMaxwell............cocoiiiiiiiniiiniiniiinceeneeeee, 36
Figure 4.1: The enerator........cccoviiiiiiiiiiiieiieeeeee et 38
Figure 4.2: Output power Versus SPEEd CUIVE ........ccueevueeriieniienieeniienieenieeeieeneee e 39
Figure 4.3: Output torque versus SPEEd CUIVE........ceueerueerieeniienieeniienieenieeeieeseeeneees 40
Figure 4.4: Induced coil voltage at rated speed Curve.........ccoceeevevveerciieenciieenneeennnen. 40

Xiii
Universiti Teknikal Malaysia Melaka



Figure 4.5: The generator in 2DMaxwell..........cocoveriiiviiniiiniiniieeeeeeeeeeeen 41

Figure 4.6: TOIQUE CUTVE.....cooiuiiiiiiieeiieeeiteeete ettt ettt s 43

Figure 4.7: Winding CUITENT CUTVE ......eeeiiiiiiiiieniieeiiieeeiiee ettt sibteesivee e s 43

Figure 4.8: Induced Voltage versus Speed CUIVE ........ccceervueeniieeieenieniieenieeieenieeeeen 44

Figure 4.9: Mesh PlOt........coooiiiiiiiiiiicc e 45

FIigure 4.10: B POt ..ot 46
Xiv

© Universiti Teknikal Malaysia Melaka



LIST OF TABLE

Table 2.1: The parameterof the Zenerator.........cccceeueerieriiiinieeiierieeeee e
Table 4.1: The part Of ENETAtOT........c.ceiiiiiiiiiiieiieeie e
Table 4.2: The stop time and time step of simulation............ccceeeevveerieeencieeencieeenenen.

XV
© Universiti Teknikal Malaysia Melaka



LIST OF SYMBOLSAND ABBREVIATIONS

FEM = Finite Element Method

PMSM = Permanent ~ Magnet  Synchronous
Motor

FEA = Finite Element Analysis

XVi
© Universiti Teknikal Malaysia Melaka



CHAPTER 1
INTRODUCTION

1.1 Introduction

The renewable energy is one of technology which is use by the world to
generate energy whereby the energy comes from naturally refillable which is solar
energy, hydropower, wind turbine, steam energy and others. Besides that, biomass
also classified as renewable energy such as pallet, oil gas and coal. However, the
biomass resources are limited. The steam energy is the generated electric using the
hot water. The hot water will be collected in a pool and steam produced by the hot
water going through the turbine and generator will generate electricity. Hydroelectric
is electricity generated by hydropower, the production through use of the
gravitational force of falling or flowing water. Water flowing into the turbine and

drive the generator and convert the motion of blade rotates to electrical energy.

This project is use the same principle with the run-of-river but on a smaller
scale. In run-of-river principle, the power comes from the potential energy of water
driving a water turbine and generator. The energy extracted from the water depends
on the volume and on the difference in height between the source and the water’s
outflow. The difference between run-of-river and traditional hydro power generation
is that a run-of-river does not require a large reservoir and it tend to be on smaller
scale. It’s also need to build on a river with consistent and steady flow. The main
structure of a run-of-river is simply to direct water flow from a weir towards the
penstock (delivery pipe) which feeds the water used to spin the turbines located in
the power station which converts the energy from the water to generate electricity.

After this process, the water is redirected back to the natural flow of the river.

1
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1.2 Problem Statement

The problem statements are:

i.  Now day’s hydroelectric power is not a new technology, this study is use the
same principle of run-of-river but on a smaller scale.

ii.  This study supplies the water from the river to generate the power energy.

1.3 Objectives

The objectives are:

1. To design an In-Pipe-generator using Anysy Maxwell.

ii.  To conduct a performance simulation by the aid of FEM software.
1.4 Work Scope
The work scopes are:

i.  This project will focus on simulation.

i1.  The ANSYS Maxwell software is used to design the generator.

2
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CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

In the developing world and the growing demand for clean living
environment, renewable energy has generated high interest. Hydropower is the
source of renewable energy. According to the pie chart show in figure 2.1,
hydropower is the most popular type to generate electricity. 65% hydroelectric, 16%
for wind, 9% wood, and biomass waste 4%. While for geothermal is 4% and solar
2%. Electric energy generation is a process where the energy source is converted to
electrical energy. This project use run-of-river type generator concept generally
known as mini-hydro technology. Basically, run of river use the generator outside
from the pipe to generate the electric, but in this project is use the generator inside

the pipe to generate the electric energy.

Renewable-Generated Electricity in 2009

Geothermal Solar
4% 2%
Biomass Waste
4%
Wood _—
9%

Figure 2.1: The percentage of renewable generated electricity in 2009

3
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2.2 Thepotential Hydropower in Malaysia

Malaysia has a large population and a insufficient of energy. There are states
with 3.8% of electricity coverage. Furthermore, Malaysia has states with rural areas
such as Sabah and Sarawak. To reduce the problem of weak electricity in rural areas,
renewable energy sources is the best solution. Malaysia potential use of renewable
energy sources such as small hydro because this country has a lot of places that are
suitable for generating electricity and it can also have benefited the population
(Borhanazad et al. 2013). In Malaysia, there are 189 names of rivers and streams
along the 57,300km, these rivers have potential to be used to produce hydropower for
Malaysia. However, the use of hydropower can cause people to lost ground for
agriculture because it requires a large area to be used as water reservoirs (Department
of Energy Management and Industry Development, 2010). The impact of small
hydro is much lower than a large hydro. This is because the small hydro produce
nearly no greenhouse gas emissions but no type of energy development is without

impacts.

2.3 Hydropower

2.3.1 Typesof Hydropower

There are type of hydropower which is impoundment, diversion and pumped
storage. Impoundment is most common type of hydroelectric power plant. An
impoundment normally a large hydropower uses a dam to store river water in a

reservoir. Figure 2.2 shows the part of impoundment.

4
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Transmissicn lines -
conduct electricity,
ultimately 1o homes
and businesses

Dam - stores water

Penstock - Carries
water to the turbines

Generators - retated
by the turbines to
generale electrcty

Turbines - tumed by
the force of the water
on ther blades

Cross section of conventional
hydropower fadlity that uses
an impoundment dam

Figure 2.2: The impoundment type

Next, figure 2 shows a diversion is one type of hydropower sometimes call
run of river, facility channels a portion of a river trough a canal or penstock. It
doesn’t need use any storage. The water supplied from the water stream that contain

generator (Tunde 2005).

Figure 2.3: A diversion type

Besides, there is another type called a pumped storage hydropower as figure
2.3 shows from it serves to store electricity generated by others sources of energy for

later use. Pumped storage energy will pump water from a lower reservoir to the

5
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upper reservoir when electricity demand is low. For the period of high electricity
demand, water will released back into the tank and turn a turbine and generate the

electricity.

Upper

Figure 2.4: The pumped storage type

2.3.2 Classification According To Capacity

Hydropower has been classification according to capacity. For large hydro
capacity is less than 100MW, medium hydro capacity is around 15MW to 100MW.
While, for small hydro the capacity from 1MW to 25MW and mini hydro have
capacity greater than 100KW but less than 1MW). The micro hydro have capacity
from SKW to 100KW and the capacity of Pico hydro is less than SKW (Sharma &
Singh, 2013).

24 Small Hydro

Small hydro is environmentally friendly and renewable energy sources, thus
making them cheaper and easier to operate maintain and manage (Tunde, 2005).
There is no specific word to provide a definition of small hydropower. Each country
has different power value (European Small Hydropower Association (ESHA), 2004).

In addition, small hydro can maintain the natural environment and preserve the

6
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environment and also create job opportunities to the community (Schwartz & Power
,1979).  Small hydro can produce electric for home, farm or ranch. It will stop
generating when the river to dry because it produces electricity generated by the flow
of river water (Tunde, 2005). There are many advantages of small hydro because it is
the technology used to generate electricity in areas that difficult to get electricity and
don’t has fuel cost and low cost of maintenance (Khan, 2014). The advantages of
small hydro are no pollution either the air or the environment and also save the costs
for maintenance. Other than that, we do not need to spend a lot of capital because it
does not require fuel to generate electricity. Furthermore small hydro is a technology

that can survive for long periods of time.

i

__,_,—_';—_—_:’F |
Connectien  Swdbohyaid
to Elgotric Grid

Draft Tubs

S

T R
— E
Tadegcw

Figure 2.5: The small hydro process

25 Run of River plant

Run of river is a type of hydroelectric generation whereby the natural flow
and elevation drop of a river are used to generate electricity. Moreover, the run of
river power generated changes according to the flow of river water (Khalilzadeh et
al. 2014). The run of river has two types which are run of river plant without
pondage and run of river plant with pondage. A run of river plant without pondage
does not store water and use water flow. The water will flow continuously without
any control because naturally the water flow either high floods or low loads water.
While, for the pondage is actually collection of water in a dam and increase the

capacity for a short time. Storage means collection of water in stream reservoirs and

7
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this increase the capacity of the stream in time for several months (Sharma & Singh,
2013). Run of the river is when the turbine and generator are located either in dam or
found alongside it (Tunde, 2005). Water Canal is permanent component. The
generator will not generate the energy if there is no water stream. Water pipeline
needed to bring the water to the machine whether it’s short or move away. A few
characteristics that should be considered for a pipe is the pipe length depend on the
distance from the supply to generator. In addition to the pressure inside of the pipe
should also be taken to determine how much power used and most the type of pipe
use the form of polyethylene or PVC (Gatte et al. 2010).The function of turbine is
when water flows through it at a rate of speed. The turbine will rotate in the water
speed. The power generated depends on the velocity of the water. There are different
types of turbine such as Kaplan, pelton and others. The Figure 2.6 is shows an

overview of the run-of-river.

Welr
Small pond required 1o keap
penstock submerged

Transmission lines

- ——

Penstock
Steel pipe (usually
buned) drops water
to the powerhouse

=3

Powerhouse 2
House turbines and
power generation unit.

Tailrace
Water returmned o source

Figure 2.6: The run of river type
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2.6 Synchronous Motor

Synchronous motor is a rotating machine. Synchronous motor can function as
a generator and as a motor. Generator supplies current to the load resistance
connected to the output of the engine is driven at a speed which is given by a prime
mover which may be a turbine or engine. Motor, it is a mechanical load driving at a
certain speed when input terminal is supplied by a dc voltage. The generator converts
mechanical energy into electrical energy. motor while also converting electrical
energy into mechanical energy (K.dutta 2012). They are synchronous, AC,
permanent magnet motors, which are very flexible and efficient. They do require
complicated control electronics. The rotor contains great permanent magnets. There
are no coils of wire in the rotor and no electrical connections to it. This increases
reliability over DC motors which have windings in the rotors. All windings are in
the stator. The control electronics passes an alternating current through these
windings to turn the rotor. This current must be "synchronous" with the rotor's
movement. This synchronous motor operated only at synchronous speed. The
principle operated for synchronous motor as locking method. When the magnet that
has south and north face each other they have attracted between two poles. If magnet
1 is rotated the magnet 2 also rotates in same direction with same speed because

there has attraction as shown in figure 5. For this condition called magnetic locking.

o s
Rotation 2
N of magnet1 5 ,
Tremendous @
~— force of ol
attraction /
S S Magnet 2
: e also gets
fis S rotated

Figure 2.7: The locking method
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