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Executive Summary

The objective of our internship was to get familiarized with the planning, generation and
distribution on the practical field of power sector. The objective was to gain firsthand knowledge
on the operations. During internship we got the opportunity to as a member of the engineering
team which was involved in Generation, Transformation, Transmission and the CCPP. We came
to know about the main principle to set up a power plant and that is Protection, Monitoring and
Vision. Among them protection is the most vital and crucial part of a power station. A power
station expends a huge part of their earnings behind the protection scheme.

Ashuganj Power Station Company Limited (APSCL) holds the second largest power generation
in Bangladesh. With its 3 plants comprising of 8 units with an installed capacity of 724 MW
providing 15% power to the National Grid. However, it is not producing 724MW power due to
technical difficulties. The present de-rated capacity of the plant is 440 MW due to overhauling
phase of plant 1’s unit 1, plant 3s unit 3 and one GT of 54MW of the combined cycle power
plant.
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Training Schedule

The following table shows the daily training schedule.

Day and | Starting Training Objectives Instructors Total Working
Date time- Hour/Day
Ending
Time
Md. Anwar
26/12/2011 | 8.00 AM Operational Procedure of | Hossain 8 Hours
to to Thermal Power Plants
28/12/2011 | 4.00 PM (Manager-
Operation)
Bikas Ranjan
29/12/2011 | 8.00 AM Instrumentation and | Roy 8 Hours
to to Control/Valve
01/01/2012 | 4.00 PM Control/Transducers (Manager-
Instrumentation
& Control)
Md.  Mizanur
02/01/2012 | 8.00 AM Combined Cycle power | Rahman 8 Hours
To to Plant(Operation,  maintenance
04/01/2012 | 4.00 PM and Control) (Manager-
CCPP)
Noor
05/01/2012 | 8.00 AM Sub-Station(Power Mohammad 8 Hours
To to Transformers- Maintenance and
08/01/2012 | 4.00 PM Operation)/ Incoming BUS line | (Manager-
Controls Substation)
Mohammad
09/12/2012 | 8.00 AM Generator and Protection Kamruzzaman | 8 Hours
To to
11/01/2012 | 4.00 PM (Senior
Engineer-
Generator and
Protection
Division)

Department of Electrical and Electronic Engineering, East West University




Undergraduate Internship Report

Contents
F AN o] o] (07 | B I £ -] SRR 2
F AN o] o] (07 | B £ ] SRRSO 3
ACKNOWIBAGEIMENT ...ttt ettt e et e e st e e s st e e ente e e aseeeente e e eateeeaneeeeneeeanneeenneeeannes 4
EXECULIVE SUMMAIY ...ttt b et b e bt e e b e e n b e e e e et e ne e neennne s 5
TraiNiNg SCREAUIE ...ttt ettt e ettt e e ettt e et e e snteeenneeesnneeenneeas 6
CHAPTER L ettt ettt e oottt e oo bttt e e o bttt e e ok bt e e e e e aab b e e e e nba e e e e aabeeeeeanbeeeaeeannnes 12
N |01 0o (¥ i { [0 o O T TSP P PR PR PPPPPP 12
11 COMPANY OVEIVIEW ....eiiiiieiiieeeieie ettt et e e st e ekt e e ssee e et e e s stte e et e e aseeeanteeeanseeanseeaeaseeeanneeennneas 12
1.2 PIANE OFIBNMTATION: ...ttt et b e an e e e e s 12
Figure 1.1 (a): Orientation of Thermal Power Station 64AMW............cccoiii e 12
Figure 1.1(b): Orientation of Combined Cycle POWer Plants ...........ccccveiiieiie e 13
Figure 1.1(c): Orientation of Thermal Power Station 150MW ..........cccceiiiieniiiiiieee e 13
Fig 1.1: The orientation of APSCL POWEF PIANTS.........cceiiiiiiiiee et 13
1.3 GaS SCENAMIO OF APSCL ..ot 13
1.4 ODJective OF INTEIMSNID ... ..oi ettt e et e et e sne e e neeenneeas 13
1.5  Scope and MethodOIOgY ........eeeiuieiiie ettt et e e e snae e e e neeenneeas 14
CHAPTER 2 ettt ekttt e ookttt e e o bttt e e ok bt e e e e e ahb bt e e e e mbb e e e e anbbeeeeanbbeeaeeannees 15
2. POWET GENEIALION ...ttt ettt et b e bt e b e e st e b 15
N T Tl g T=T T (o O PP PPR PR 15
Table 1: Information’s of APSCL’s generators and itsS ratings ..........cccccveveeeiieenieeesiie e 16
211 F A O T [T 1 (0] £ PR P PP 16
2.1.2 Working Principle of an AC GeNEIALOr..........ei ittt eee e ene 17
2.1.3 Excitation SysStem Of @ GENEIALOr .........ooiiieiie ettt e e e 17
Figure 2.1: Classification of Generator eXCITAtION .............c.ooiuiiiieiieiii e 18
2.1.3. 1 AC EXCIATION ...ttt b ettt h R b 18
Figure 2.2: Single Line diagram of an AC eXCitation SYSTEM..........cccuiiiiiiieiieiie e 18
2.1.3.2  Brushless Thyristor EXCItAtion SYSEM ........ooiiiiiiiie e 19
214 SyNchronization Of GENEIATON ...........ei it e e e e 19
2.2 Steam Turbine Power Plant(Operation and Orientation) .........ccccceevieeerieeeiieeesie e 20
2.2.2 SEEAM TUIDINE. ...ttt nne e 20
2.2.3 Types Of StEAM TUIDINE........coiiii e 20

Department of Electrical and Electronic Engineering, East West University 7



Undergraduate Internship Report

2.2.3. 1 IMPUISE TUIDINE: ...ttt ettt e et e et e e st e et e e ente e e s teeeaneeeeneeeanees 21
2.2.3.2  REACHION TUIDING &Lt 21
2.2.4 Steam Turbine orientation IN APSCL .......ooiiiiiei e 21

Figure 2.3: Arrangements of three turbine Section............ccooee i 22
2.2.4.1  High PreSSUIe TUIDINE. ..ottt et e et e et e e st e e sneeeanaeeesneeeeeneeee e 22
2.2.4.2  Intermediate TUIDINE .......oiiiiii e 22
2.2.4.3  LOW Pressure TUMDINE .....coviiiiiiieie et 22
2.3 STEAM GENEIALION. ... .eiitieiiet ettt ettt ettt e bt e bt e e e e e nne e 22
23.1 BOIIET .. 23
2.3. 1.1 Water tUDE DOTIEI ... 23
2.3.1.2  FIre TUDE DOMIET ...t 23

Figure 2.5: Fire TUDE DOIIET ... .ottt e e 24
2.3.2 BTN et 24

Figure 2.6: Burner arrangement fOr UNIT-5 ... e 25
2.3.3 BOIIET DIUM ...ttt ettt nne e 25
2.3.4 SUPET HEALET (SH) ...t 25
2.3.5 FIUB GS...ee e 25
2.3.6 RE-NEALET (RH) ... ettt ettt e et e ettt et e et e e e ntte e enaeeenneeeaneeeas 26
2.3.7 (0001310 (=] =) TP P PP PSPPSR 26

Figure 2.7: CONAENSEr OF UNIT -d..... ..ottt e et e e e e et e e snte e e e e e e 26
2.3.7. 1 JEE CONUBNSET ...ttt et h et b e st ettt e bt e bt e b e e et e e ne e 27
2.3.7.2  SUITACE CONUEBNSEN ... .tttk b e et eb e e s e e b e asneesneen 27
2.3.8 L (0] AT | PSPPSR 28
2.3.9 FEEA WWBLET ...ttt 28
2.3.10  FEEU WALET HEALET ... ..ottt e 28
2.3.10.1  Low Pressure Heater (LP HEALE) .......ooiueieiie ettt 29

Figure 2.8: LP heater Of UNIT-3.........oooiiiiiii et 29
2.3.10.2  High Pressure heater (HP HEALEI) ........oouiiiiieeee et 29
2.3.11  FEEU WALET TANK ... .ei ittt ettt 29

Figure 2.9: Feed Water TanK UNIT-3 .........ooiieiee ettt e e e snae e nee e enee 30
2.3.12  ECONMOMUZEN ..tttk ettt etk e et e bt e et e e b e e et e e b 30
R 00 B T I 1= 1= (o PP R PP 30

Department of Electrical and Electronic Engineering, East West University 8



Undergraduate Internship Report

R T 1 R I -\ VA8 1/ 1 TR PPPROP 31
R T Y o - |V 1 L= OO R U PPPROP 31
R T S N | g o] = 1= =] OSSR 31
2.3.15  SEACK/CRIMNEY ...t 31
Figure 2.10: Stack/Chimney OF UNIT-2 .........c.ooiiiiiiiie e 32
2.3.16  Water treatment Plant..........c.oooiiii e 32
2.3.17  River water suction pumMP (RSP) .....eoiiiiiiiiei e 32
2.3.18  Condensate Extension PUMP (CEP) .......ccooiiiiiiiiiiiieie e 33
2.3.19  Boiler feed pump (BFP) ..o et 33
2.3.20  Forced Draught fan (FD Fan) .......cooeioiie ettt e e 33
Figure 2.11: Force Draught Fan UNIT-3.........oooiie et 33
2.3.21  Forced draught fan @CTUALOT ...........c.eeeiiie ettt e e e e nne e e enes 33
Figure 2.12: Forced Draught fan actuator UNIT-3 ...........coooiiiiiieiie e 34
2.3.22  Circulating water pump (CW PUMP) .....eeeiiieeiiee ettt e e tee e eeeeeennes 34
R A R Y /- o= LN 1Y LSS 34
p R A o T 740 17 I Y 0=t SRR 34
CHAPTER 3 ettt e e oottt e oo kbt e e e o kbt e e e ok bt e e e e e aab b e e e e e nbe e e e e aabb e e e e anbbeeaeeannnes 35
Combined CYCIE POWET PIANT ... ..ottt ettt st e et e e et e e e nree e eneee e e 35
3. Combined Cycle POWEr PIant (CCPP):.....cci ettt aee e e e 35
Table 3.1: Information of combined cycle power plant of APSCL ..........coooveiiiiiiii e 35
Figure 3.1: Top view of combined cycle power plant of APSCL ........ccccoiiiieiii e 36
3.1 (OO o e T 1 o O IR URRSURR 36
3.2 GAS TUIDING SECLION: ... .eiiiiiiiite ettt et e e 36
3.2.1 (001010101 1110 PP PP PPPRTOT 36
Figure 3.2: Centrifugal compressor USEd iN APSCL.........ooiiiiiiee et 36
3.2.2 ComBUSLION CAMDET ...t 37
Figure 3.3: Combustion Chamber of Gas Turbine Plant 0f APSCL..........coooviiiie i 37
3.2.3 GAS TUIDINE: ..ttt b et et e b b 37
Figure 3.4: Gas tUrDINE OF APSCL......ooi ettt ettt e e e et e snae e e e e e e 37
3.3 DIESEI ENGINE: ..ottt 38
Figure 3.5: Diesel engine use in the gas turbine ... 38

Department of Electrical and Electronic Engineering, East West University 9



Undergraduate Internship Report

3.4 ] 2 LT I L T L TR T=T ot (o AT 38
3.4.1 SEBAM GNEIALION PrOCESS: ..ievevrteee et e et ettt e e e ettt et eeeeeeeeeeeasa e seeeeeess s e seeeeeseessnnnaeeeeeenes 39

Figure 3.6: Single line diagram of steam generation system of combined cycle power plant of APSCL 39

3.4.2 Different parts of steam tUrDINe: .........oo oo 39
3.4.3 (0001410 (=] =) TP PP PP PSPPI 40
Figure 3.7: Condenser used in steam turbine section of combined cycle power plant (APSCL)............ 41
3.5  Valves used in Combined Cycle POWer PIant: ..........cccooiiiiiiiieiie e 41
3.5.1 ISOIALION VAIVE: ...t 41
3.5.2 CONEIOL VAIVE: ...t 41
3.5.3 MANUAT VAIVE: ...t 41
3.54 PREUMALIC VaIVE: ...t 42
Figure 3.8: PNEUMALIC VAIVE .........ouiiiiei e 42
3.55 HYAFAUNC VAIVE: ...ttt ettt et esrte e e tee e nneeeennee e 42
3.5.6 MOLOFIZEA VAIVE: ... 42
3.5.7 Electro-hydraulic ValVe: ........ ..o 42
3.5.8 SEIVO VAIVE: ...ttt 43
FIQUIE 3. 9 SEIVO VAIVE ...ttt ettt ettt e et e e snte e e et e e nnaeeenteeeanes 43
CHAPTER 4 .ttt ekttt ookt e e okttt e e ek bt e e e e aabb e e e e e sbe e e e e aabb e e e e anbbeeaeeannnes 44
A, SUDSTALION: ...ttt h et 44
Figure 4.5: Part of a SUDSTAtION OF APSCL ......oueiiiiie et aee e 44
4.1  Different parts of a substation which we have seen in APSCL:.........cccoooiiiiiiiii e 44
41.1 Potential TransTormMer (P ) .. et e e st e e eeneeeas 44
Figure 4.6: Potential TranSTOIMEN ..........oi ettt e e eee e e e 44
4.1.2 LGNl (- L o] 7 1<) o (3 ) PRSP 45
Figure 4.3: CUITENt TrANSTOIMEN ... ..eii ittt ettt et et e e e e e e e sneeeennneeennes 45
4.1.3 Intermediate Potential transformer:............ooiiiiii i 45
Figure 4.4: Intermediate TranSTOIMET ..........oo it e e e e 46
4.2 Protecting relays of SUDSTALION: .........coiiiiiie e 46
Figure 4.5: EIECIrONICS FEIAY. ... ..eieeeee ettt et et e ent e e e e 46
FiQure 4.6: EIECIIICAl FRIAY ... ettt ettt e et e e e e e e 47
Figure 4.7: FabriCated REIAY ... ...oooeie ettt e e etee e e e 47
A3 BUS DA et 47

Department of Electrical and Electronic Engineering, East West University 10



Undergraduate Internship Report

A4 LIGNINING BITESTEI ... ittt b ettt e e b et e et e et e e e s e annennne s 48
4.5 TranSMISSION LINE: ..ieiiiieiiiie ettt b b 48
Figure 4.8: TranSMISSION LINE.......c.uiiiiiiiiiiieie ettt 48
4.6 [510] -1 (0] TP PP TR PP RO PP PPR PR 48
0T oI e I K10 - (o] £ OSSR 49
A7 CIFCUIT BIEAKEIS: ...ttt b ettt e b e 49
Figure 4.10: Oil CIrCUIT BrEEKET .......eee ettt ettt et e e et e e et e e snee e e eneee e e 50
FiQure 4.11: SFB CIrCUIT BrEAKE ... ..eeeeiee ettt ettt et e e et e e sne e e et e e snee e e nneee e 50
Figure 4.12: Air DIast CIFCUIT BIEAKEN ........ovieeee et 51
A8 CaADIE s 51
Figure 4.13: Underground Cable fOor 132KV LINE ........cceiiiiriiee et 51
Figure 4.14: Coaxial CabIe........ ..ottt et 52
R O 0 <l PSP PPPR 52
Figure 4.15: High VOITAgE TOWEK ......oeiieie ettt ettt et e e et e e e e et e e sneeeennneee e 52
o T =T [ PP T RSP P PP OPRPPRTPP 52
4.11 AC and DC auxiliary system for SUDSTAtION: ...........ccoueiiiiiiiie e 53
(070 ] 163 1] o] o T T TP P USSP R PP PPRPPRO 54
A o] 1< 0 |G OSSR 55

Department of Electrical and Electronic Engineering, East West University 11



Undergraduate Internship Report

CHAPTER 1

1. Introduction

Ashuganj Power Station Company Limited is the second largest power station in Bangladesh
providing 15% of the total power to National Grid. The installed capacity by its 8 units is 746
MW. Due to recent technical difficulties and overhauling, the recent de-rated capacity is 440
MW.

1.1 Company Overview

= Company Name: Ashuganj Power Station Company Limited

= Date of Incorporation: 28" June 2000.

= Location: 90km west of Dhaka on the left bank of river Meghna.
= Land: 311.22 Acres

= |nstalled Capacity: 724 MW

= No of Plants: 3

= No of Units: 8

1.2 Plant Orientation:

Plant 1
Thermal Power

Plant

| |
Unit 1 Unit 2
64MW 64MW

Figure 1.1 (a): Orientation of Thermal Power Station 64MW
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Combined Cycle
power Plant

I |
- (1*34)MW Steam
(2 ?‘?J)rl\gi\é\g e urbine with waste
heat recovery unit

Figure 1.1(b): Orientation of Combined Cycle Power Plants

Plant 3

Thermal power
HE

Figure 1.1(c): Orientation of Thermal Power Station 150MW
Fig 1.1: The orientation of APSCL Power Plants

1.3 Gas Scenario of APSCL

Strategically APSCL is situated in a good location of gas transmission and generation. All the

pipelines of the station is tied up with TITAS gas distribution and Gas Transmission Company
Limited (GTCL) installation. It has an gas allotment of 160 MSCFD (Million Standard Cubic
Feet per day).

1.4 Objective of Internship

The main purpose of this internship is to complete the requirment of ou EEE undergraduate

programme. In this report we tried to give an overview of one of the most importatnt power

Department of Electrical and Electronic Engineering, East West University 13
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station of Bangladesh. We tried to cover its operation generation and protection schemes. The

main objectives are as follows

= Understanding the company management.

= Understanding the generation process.

= Understanding the Protection system.

= Understanding the Control system.

= Understanding the troubleshooting incase of emergency.
= Understanding the sunstation and incoming feeder lines.

1.5 Scope and Methodology

This internship report based on the facts that we gathered during the training period where we
experienced and reviewed basic process of Ashuganj Power Station. This report also focuses on
organizational structures, background and objectives, generation process and generation strategy
of Ashuganj Power Station. Mainly this report emphasized on the generation process, protection
scheme, maintenance, control and evacuation techniques of Ashuganj Power Station Company
Limited.

This report has been produced with the aid of primary information that has been provided by
APSCL’s employee and secondary information procured from the company website.

Department of Electrical and Electronic Engineering, East West University 14
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CHAPTER 2

2. Power Generation

The conversion of energy available in different forms in nature into electrical energy is known as
generation of electrical energy. In Ashuganj power station, Steam Turbine Power Plant, Gas
Turbine Power Plant and Combined Cycle Power Plant is comissioned to generate electricity.

Centralized power generation became possible when it is discovered that AC power lines can
carry a large amount of power at long distance at a very low cost and by the techniques of

lowering or increasing the amount of power using Power transformer.

2.1 Generators

Generators are electromechanical devices that converts mechanical energy into electrical energy
hence works as a power source for other machines. Electrical generators that we found in
APSCL are basically combustion engines, water turbines and. There are two types of generators
that can be found in Ashuganj Power Station power station:

a) AC Generator that generates alternating current which is also known as an alternator.
b) DC Generator which generates DC current.

In APSCL, both the above mentioned generators are used. Basically there are five generators in
steam turbine plants and three in combined cycle. All the generators are AC generators.

Department of Electrical and Electronic Engineering, East West University 15
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Table 1: Information’s of APSCL’s generators and its ratings

The below mentioned table shows the detailed information of APSCLS’s generators

Steam power plant section

Combined cycle power plant

Category section

Unit 1,2 Unit 3,4,5 (C;a; turbine 1 Steam turbine
Eloar;n;anyof the  maker BBC,Germany | ABB,Germany | GEC,UK GEC,UK
Rated terminal output 64 MW 150 MW 55.67 MW 34.33 MW
Rated terminal voltage 11 KV 15.75 KV 38.8 KV 13.8 KV
Rated power factor 0.8 0.8 0.8 0.8
Rated current 4200/4690 A | 6965 A 2911 A 1799 A
Rated frequency 50 Hz 50 Hz 50 Hz 50 Hz
Number of poles 2 2 2 2

2.1.1 AC Generators:

AC generators are electromechanical devices that convert mechanical energy into alternating

current. In APSCL, the generators are constructed consisting the below mentioned parts.

a) Field: Consists coils of conductors that receive voltage from a source called exciter and

produce magnetic flux. This fluxes cut the armature in order to produce voltage. This voltage

is the terminal output of the generator.

b) Armature: This is the part where the voltage is produced. Armature consist many coils that

are large enough to carry out full-load current of a generator.

¢) Rotor: The rotating component of an AC generator is known as the rotor which is driven by

the prime mover (steam engine, gas engine). Depending on the type of generator this can be

the armature or the field. If the output voltage is induced here then it is the armature. If

external source is applied here then it works as a field. In APSCL, the rotor is used as field

exciter.

Department of Electrical and Electronic Engineering, East West University
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d) Stator: Stator is the part which is stationery. It also follows the same principle of being an
armature or field. In APSCL, stator is used as armature.

e) Slip Rings: Slip rings are tube like rings which is circular in shape, connected to the
armature and rotate with it. It is usually made of nonferrous materials like bronze or copper.

f) Brushes: Brushes are connected to slip rings and resistive load. Their job is to conduct
electricity to load from the slip rings.

g) Armature Windings: These are first windings in form of flat rectangular coils which are
pulled into their proper shape by a coil puller. The coils are insulated from each other. The
coils are placed in such a way in form a line that is insulated with tough material.

h) Field Poles: The pole cores are made of solid steel castings. At the air gap poles usually fan
out into what is known as pole head. This is done to reduce the reluctance of the air gap. The
field coils are placed on the poles and then the whole assembly is mounted on yoke.

1) Yoke: It’s a circular steel ring that supports the field poles mechanically and provides
magnetic path between the poles. The yoke can be laminated or solid.

2.1.2 Working Principle of an AC Generator

The operation of electric generators is based on the phenomenon of electromagnetic induction.
Whenever a conductor moves relative to a magnetic field, voltage is induced in the conductor. If
a magnet is spinning inside a coil, AC voltage is induced in the coil. The induced voltage which
is known as electromagnetic force or EMF will create current through an external circuit
connected to the coil, resulting in energy being delivered to the load. Thus the kinetic energy that
spins the source of the magnetic field is converted into electricity. The current flowing through
an external load in turn creates a magnetic field that oppose the change in the flux of the coil, so
the coil opposes the motion, The higher the current, the larger the force that must be applied to
the magnet to keep it from slowing down.

2.1.3 Excitation System of a Generator

Exciter or Excitation is the father of generator control system. It is the source of power that
induces DC magnetizing current to the field windings of a synchronous generator. As a result the

magnetizing current induces AC voltage and current in the generator armature.

Department of Electrical and Electronic Engineering, East West University 17
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There are four types of excitation system in a generator:

AC
excitation

Excitation
System of
generator

Static DC

excitation

excitation

Brushless
thyristor
excitation

Figure 2.1: Classification of Generator excitation

2.1.3.1 AC excitation

AC excitation system is used widely. In APSCL unitl and unit2 uses AC excitation system. This

system consists of a sub- pilot exciter of a permanent magnet type, pilot exciter and the main AC
exciter which is all coupled to the main generator along the same shaft. The permanent magnet
type generator is a single phase generator where the field is produced by permanent magnet. The
single phase supply from the armature is converted to dc by using a rectifier and the dc supplies
the field of the pilot and main exciter. The pilot exciter and the main exciter are three phase
machines. The potential transformer supplies the voltage proportional to generator voltage to

magnetic amplifier.

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

-------

—ro
12 and pitor

rrrrrrrrr

[o
Magnetic amplitier

Figure 2.2: Single Line diagram of an AC excitation system
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2.1.3.2 Brushless Thyristor Excitation System

This system is used to excite gas turbine generators in APSCL.

A brushless diode excitation system consists of an exciter having stationary field system and a
rotating armature diode rectifier assembled in such a way that is coupled solidly to the main
generator rotor. In this system the most commonly used rectifier configuration is the three phase
bridge. If silicon diodes are replaced by thyristors and suitable arrangements are made to apply
firing pulses to their gates with firing angle under control then it is possible to change the
excitation voltage over the range of 10 milliseconds or less. The input voltage of thyristor
converter has a constant value equivalent to the excitation voltage required by the generator. The
thyristor converter performs dual function. The functions are rectification and control of the
voltage supplied to the generator field.

2.1.4 Synchronization of generator

Synchronizing a generator on the grid is one of the most important tasks in power generation.
Synched generator means the generator is working equally with the nationwide generators.
Synchronization is basically the process of connecting a three phases synchronous or AC
generator to another generator or to a power grid. However, to synchronize a generator four
conditions must be met beforehand.

e Frequency
The generator must be driven by the prime mover at such a speed that the generated power
frequency is equal to the grid’s frequency.

e Voltage
The stator line voltage or the output voltage of a generator must be equal to grid’s voltage. The
stator line voltage is maintained by controlling the rotor current.

e Phase sequence

Phase sequence of the generator must be equal to the phase sequence of the grid. If the grid

sequence is R-Y-B then the generator sequence must be also R-Y-B.
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e Phase Angle

The phase angle of a generator and the phase angle of a grid must be equal. By adjusting the field
current the stator angle can be controlled.

2.2 Steam Turbine Power Plant(Operation and Orientation)
2.2.1 Steam Turbine

Turbine is a device that spins in the presence of a moving fluid. In this device, kinetic energy of
a dynamic fluid is converted into mechanical power by the impulse or reaction of a fluid with a
series of buckets, paddles, blades arrayed about the circumference of a wheel or cylinder.

There are nine types of turbine that are used worldwide.

e Steam Turbine

e Gas Turbine

e Water turbine

e Wind Turbine

e Transonic Turbine
e Ceramic Turbine

e Stator less turbine
e Blade less Turbine

e Soundless Turbine

Ashuganj Power Station uses steam and gas turbine for power generation.

2.2.2 Steam Turbine

Steam turbine converts heat energy fed from coal or natural gas into mechanical energy thus

producing electricity. In APSCL, there are three steam turbine power plants.

2.2.3 Types of Steam turbine

In APSCL, according to their working principle, steam turbine can be classified into two types
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a) Impulse Turbine
b) Reaction Turbine

2.2.3.1 Impulse Turbine:

In this system the whole pressure of water is converted into kinetic energy in a nozzle and the
velocity of the jets drive the wheel. It consists a wheel fitted with elliptical buckets along its
periphery. The force of water jet striking the buckets on the wheel drives the turbine. The
quantity of water jet falling on the turbine is controlled by means of needle or spear placed at the
top of the nozzle. The movement of the needle is controlled by a governor. If the load on turbine
decreases the governor pushes the needle into the nozzle, reducing the quantity of water striking
the bucket.

Unit 1-5 of APSCL uses turbines of impulse type.

2.2.3.2 Reaction Turbine :

It consists of an outer ring of stationery guide blades fixed to the turbine casing and an inner ring

of rotating blades forming the runner. The guide blades control the flow of water to the turbine.
Water flows radially inwards and changes to a downward direction while passing through the
runner. As the water passes over the rotating blades of t he runner, both pressure and velocity of
water are reduced. This causes a reaction force that drives the turbine.

2.2.4 Steam Turbine orientation in APSCL

The steam turbines used in APSCL can be divided into three parts or chambers. The size and

characteristics of these turbines are different from each other. The three parts of steam turbines

are

a) High pressure turbine(HP turbine)
b) Intermediate turbine(IP turbine)
c) Low pressure turbine(LP turbine)
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Figure 2.3: Arrangements of three turbine section

2.2.4.1 High Pressure Turbine

The high speed steam incoming from super heater enter the high pressure turbine chamber first.

The blades of this turbine are smallest of all turbine blades. This is because to balance the thrust
of the incoming high energy of steam which has also low volume. The blades are fixed to a shaft

and the steam hits the blades causes the rotation of the shaft.

2.2.4.2 Intermediate Turbine

The steam enters the intermediate pressure turbine from boiler re-heater. The volume of steam

expands and losses energy when entering this part. Therefore the turbine blades are bigger than
HP turbine. From this part the steam goes to the low pressure turbine.

2.2.4.3 Low Pressure Turbine

From IP turbine steam enters here and continues to expand. The blades of this turbine are much
larger than the previous two but the energy of steam is much lesser.

2.3 Steam Generation

The main ingredient to generate steam is water and this water has to pass through a series of
mechanical systems to achieve the desired steam that rotates the turbines thus generating power.

The processes are as follows:
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2.3.1 Boiler

The equipment used for producing steam is called boiler.
There are two types of boiler that are in use at APSCL. They are

a) Water tube boiler
b) Fire tube boiler

2.3.1.1 Water tube boiler:

In this type, the water tubes are arranged inside a furnace in a number of possible configurations

often the water tubes connect large drums, the lower ones containing water and the upper ones,

steam and water; in other cases, such as a mono tube boiler, water is circulated by a pump.

HOT
GASSES
Furnace Water Pipes SPT

Smokestack

WATER
N

Figure 2.4: Water tube boiler

This type generally gives high steam production rates, but less storage capacity than the above.
Water tube boilers can be designed to exploit any heat source and are generally preferred in high
pressure applications since the high pressure water/steam is contained within small diameter
pipes which can withstand the pressure with a thinner wall.

2.3.1.2 Fire Tube boiler

Water partially fills a boiler barrel with a small volume left above to accommodate the steam

(steam space). This is the type of boiler used in nearly all steam locomotives. The heat source is
inside a furnace or firebox that has to be kept permanently surrounded by the water in order to
maintain the temperature of the heating surface just below boiling point.
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Figure 2.5: Fire tube boiler
The furnace can be situated at one end of a fire-tube which lengthens the path of the hot gases,

thus augmenting the heating surface which can be further increased by making the gases reverse
direction through a second parallel tube or a bundle of multiple tubes (two-pass or return flue
boiler); alternatively the gases may be taken along the sides and then beneath the boiler through
flues (3-pass boiler). In the case of a locomotive-type boiler, a boiler barrel extends from the
firebox and the hot gases pass through a bundle of fire tubes inside the barrel which greatly
increase the heating surface compared to a single tube and further improve heat transfer. Fire-
tube boilers usually have a comparatively low rate of steam production, but high steam storage
capacity. Fire-tube boilers mostly burn solid fuels, but are readily adaptable to those of the liquid
or gas variety.

2.3.2 Burner

Burner also known as furnace is the chamber where the water is transformed into steam. Here
natural gas or coal is burner with the presence of air for producing heated gas or flue gas.
APSCL use natural gas for generating steam. In APSCL each furnace chamber has nine burners
in total.
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Figure 2.6: Burner arrangement for unit-5
The temperature inside the burner is 1200-1500°C. The water after being treated passes the

economizer enters the furnace through tubes and the flue gas produced inside the furnace passes
through the tubes. Flue gas releases heat to the water and the water becomes saturated steam

whose temperature is 260°C.

2.3.3 Boiler Drum

This is the reserved drum where the steam coming from furnaces are reserved. The steam

pressure is controlled by maintaining the upper and lower level of steam. Any anomalies like
going off the limits (upper and lower) will trip the plant. Its is very important to control the
saturated steam level. From the boiler drum the saturated steam is transferred to super heater.

2.3.4 Super Heater (SH)

In this part, saturated steam is converted into super heated steam. It is a part insode the burner. In

super heated steam there will be no water particles. In fact it transforms the saturated steam into
dry saturated steam. The temperature of the super heated steam is approximately 523°C and it is
supplied to the HP turbine with a pressure of 132 Bar.

2.3.5 Flue Gas

It is the heated gas which was produced inside the furnace with the mixture of natural gas and
air. The operating principle of this flue gas is to release heat to the water in order to generate
steam and after that it is released into air through stack or chimney.
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2.3.6 Re-heater (RH)

Re-heater is a part where the steam is re-heated that comes from the high pressure turbine. At

this stage the steam is known as exhaust gas.

APSCL has two re-heaters inside the boiler in which RH2 produces steam of about 522°C and

29.4 Bar of pressure. From re-heater the exhaust gas goes inside the intermediate turbine.

The difference between a super heater and re-heater is super heater can increase the temperature
and pressure of steam but a re-heater can only reheat the steam.

2.3.7 Condenser

Condenser is a device that condenses the steam coming from the turbine exhaust for re using.
Condenser serves two important functions. It creates a very low pressure at the exhaust of the
turbine causing the expansion of the steam in the prime mover at a very low pressure. The steam

then transforms its heat energy to

Figure 2.7: Condenser of unit -4
mechanical energy in the prime mover. It also can be used as feed water to the boiler. According

to their working principle boilers can be divided into two types:

a) Jet condenser
b) Surface condenser
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2.3.7.1 Jet Condenser

In this condenser cooling water and steam are mixed together.

Advantages:

a) Low cost
b) Less floor area required
c) Less cooling water required

d) Low maintenance charge
Disadvantages:

a) Condensate is wasted
b) High power required for pumping

2.3.7.2 Surface condenser

APSCL uses surface condenser in Unit 1-5.

A surface condenseris a commonly used term for a water-cooled shell and tube heat
exchanger installed on the exhaust steam from a steam turbine in thermal power stations. In this
condenser there is no direct contact between cooling water and exhaust steam. The cooling water
flows through the tubes and the exhaust steam over the surface of the tubes. The steam transfers
the heat to the water and condensate.

The purpose of using the surface condenser is because the steam turbine itself is a device to
convert the heat in steam to mechanical power. The difference between the heat of steam per unit
mass at the inlet to the turbine and the heat of steam per unit mass at the outlet to the turbine
represents the heat which is converted to mechanical power. Therefore, the more the conversion
of heat per pound or kilogram of steam to mechanical power in the turbine, the better is its
efficiency. By condensing the exhaust steam of a turbine at a pressure below atmospheric
pressure, the steam pressure drop between the inlet and exhaust of the turbine is increased, which
increases the amount of heat available for conversion to mechanical power. Most of the heat
liberated due to condensation of the exhaust steam is carried away by the cooling medium (water
or air) used by the surface condenser.
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Advantages:

a) Condensed can be used as feed water.
b) Less power for pumping is required.

Disadvantaqges

a) High initial cost.
b) Requires large floor area.
¢) High maintenance cost.

2.3.8 Hotwell

After the steam turned into water in surface condenser, it is kept in reserve into hot-well. From
the hot-well the water is supplied to low pressure heater (LP heater) by condensate extension
pump (CEP). Make up water from the water treatment plant is supplied to hot-well if the water
level decreases.

2.3.9 Feed Water
Feed water is the water that comes from condenser. In other words feed water is the condensate
water that feeds the boiler. The feed water is heated by heaters and economizer while going into
the boiler and helps the overall efficiency of the plant. During the process some water might be
lost so it has to make up the lost water that comes from water treatment plant. This water is
called make-up water.

2.3.10 Feed water Heater

It is a water heater that pre- heats water before going into the boiler. Pre-heating reduces the

irreversibility involved in steam generation thus improving the thermodynamic efficiency of the
system. This feed water comes from HP, LP turbine through steam extraction line.

There are two types of water heater in APSCL.

a) Low pressure heater(LP heater)
b) High pressure heater(HP heater)
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2.3.10.1 Low Pressure Heater (LP Heater)

LP heater heats the steam that comes out of the exhaust of IP and LP turbine. Feed water is then

pumped into the LP heater from hot well by condensate extension pump (CEP). The temperature

of feed water coming out of the LP heater is 127°C in unit-5.

Figure 2.8: LP heater of unit-3
The temperature of the exhaust steam coming out of LP and IP turbines is 222°C and 91.2°C

respectively. The steam releases heat by flowing over the tubes carrying feed water. There are
two LP heaters in unit-5 for the exhaust steam coming out of LP and IP turbine separately.

2.3.10.2 High Pressure heater (HP Heater)

Unlike LP heaters, high pressure heater (HP heater) also increases heat before it enters the boiler

system. The steam coming out of the exhaust lines of HP and IP turbines heat up the feed water.
Feed water is pumped into the HP heaters by boiler feed pump (BFP). Like the process followed
in LP heater, the steam is flowed over the tube of feed water and the water absorbs heat from the

steam. There are also two HP heaters for HP and IP exhaust steam separately.

2.3.11Feed water tank

Feed water tank is the reservoir for the feed water coming from LP heater. From feed water tank,

feed water goes into HP heater. For the transfer, boiler feed pump (BFP) is used.
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Figure 2.9: Feed Water Tank unit-3

2.3.12Economizer

Economizer is a mechanical device intended to reduce energy consumption, or to perform
another useful function such as preheating a fluid. The term economizer is used for other
purposes as well. Boiler, power plant, and heating, ventilating, and air-conditioning (HVAC)
uses are discussed in this article. In simple terms, an economizer is a heat exchanger. It also
helps to recover the heat carrying out by flue gases. This recovered heat is used in increasing
temperature of feed water.

2.3.13Deaerator

A Deaerator is a device that is widely used for the removal of oxygen and other
dissolved gases from the feed water to steam-generating boilers.

In particular, dissolved oxygen in boiler feed waters will cause serious corrosion damage in
steam systems by attaching to the walls of metal piping and other metallic equipment and
forming oxides (rust). Water also combines with any dissolved carbon dioxideto form
carbonic that causes further corrosion. Most Deaerator are designed to remove oxygen down to

levels of 7 ppb by weight (0.005 cm?3/L) or less.

There are two types of Deaerator used in steam power stations. They are:
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2.3.13.1 Tray type
Tray type which is also known as cascade type deaerator includes a vertical domed deaeration
section mounted on top of a horizontal cylindrical vessel which serves as the deaerated boiler
feed water storage tank.

2.3.13.2 Spray type
The spray-type consists only of a horizontal (or vertical) cylindrical vessel which serves as both
the deaeration section and the boiler feed water storage tank.

In APSCL, spray type Deaerator is used.

2.3.14 Air pre-heater

An air pre-heater (APH) is a general term to describe any device designed to heat air before

another process (for example, combustion in a boiler) with the primary objective of increasing
the thermal efficiency of the process. They may be used alone or to replace a recuperative heat

system or to replace a steam coil.

The purpose of the air pre-heater is to recover the heat from the boiler flue gas which increases
the thermal efficiency of the boiler by reducing the useful heat lost in the flue gas. As a
consequence, the flue gases are also sent to the flue gas stack (or chimney) at a lower
temperature, allowing simplified design of the ducting and the flue gas stack. It also allows
control over the temperature of gases leaving the stack.

2.3.15 Stack/Chimney

A flue-gas stack is a type of chimney, a vertical pipe, channel or similar structure through which

combustion product gases called flue gases are exhausted to the outside air. Flue gases are
produced when coal, oil, natural gas, wood or any other fuel is combusted in an industrial

furnace, a plant’s steam-generating boiler, or other large combustion device.
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Figure 2.10: Stack/Chimney of unit-2
Flue gas is usually composed of carbon dioxide (CO,) and water vapor as well as nitrogen and

excess oxygen remaining from the intake combustion air. It also contains a small percentage of
pollutants such as particulate matter, carbon monoxide, nitrogen oxides and sulfur oxides. The
flue gas stacks are often quite tall, up to 400 meters (1300 feet) or more, so as to disperse the
exhaust pollutants over a greater area and thereby reduce the concentration of the pollutants.

2.3.16 Water treatment plant

The source of water required for steam generation usually comes from river containing dissolved

gas and other particles that could be harmful for boiler and other components. Boiler requires
clean and soft water for longevity and better efficiency. Therefore, the water is needed to be
purified before in taking for the steam generation. Water treatment plant of a power station does
the above work. The process includes sedimentation, coagulation and filtration to remove the
impurities. Dissolved gases are removed by aeration. At last, the pure and soft water is fed to the

boiler.

The water is supplied using the following pumps in APSCL.

2.3.17River water suction pump (RSP)

The pumps are used for sucking river water into the reservoir for circulation into the power
station after going through treatment procedure. Majority of the pumps used for circulation or
transferring uses 6.6KV voltage.
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2.3.18Condensate Extension Pump (CEP)

This pump is used to transfer condensate water of hot-well to the low pressure heater. There are

two condensate pumps used in APSCL for each boiler. One is operational and one is standby.

2.3.19Boiler feed pump (BFP)

Boiler feed pump is used for transferring feed water to HP heater from feed water tank. It pumps

feed water to high pressure heater and then through economizer. Unlike CEP, there are two BFP
where one is operational and the other is standby.

2.3.20Forced Draught fan (ED fan)

This is the main air intake fan that feeds air into the boiler from the nature and acts as a boiler

combustion air source. Each unit has two FD fan both working simultaneously.

Figure 2.11: Force Draught Fan unit-3
The amount of air intakes inside the boiler depends on the air pressure inside. Forced draught fan

actuator is used to control the air pressure inside the boiler.

2.3.21Forced draught fan actuator

FD fan actuator is basically a three phase dc motor with a lever attached to a damper inside the
fan.
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Figure 2.12: Forced Draught fan actuator unit-3

When the air pressure inside the boiler drops, the actuator moves clockwise and opens the

damper for the fan to suck in more air and decreases the intake air by moving counter-clockwise.

2.3.22Circulating water pump (CW pump)

CW pump usually used to circulate cooling water to the condenser. Depending on the source of
water there are two types.

2.3.22.1 Vertical types

Usually used while in- taking water direct from sea or river. In APSCL, vertical CW pump is

used as it takes in water from the river Meghna.

2.3.22.2 Horizontal types

Horizontal type is used while taking water from the cooling tower. This type of CW pumps has
controllable movable impeller or lever which is called variable pitch vane type.
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CHAPTER 3

Combined Cycle Power Plant

3. Combined Cycle Power Plant (CCPP):
As per our schedule we were assigned to visit CCPP (Combined Cycle Power Plant) unit from

2" to 4™ January. When we visited Combined Cycle Power Plant, at first our instructor gave us a
little discussion about it. It is a different type of power generation plant from all others in
Ashuganj Power Station. It produces power from gas turbine initially and then produces more
power from exhausted gas again. The secondary generator is a steam generator. It takes energy
from the heat of exhausted gas which has a temperature of about 450-650T. It was made to
make a power generator more efficient. Normal gas turbine fuel efficiency is usually 50%. The
remaining heat from combustion is generally wasted. Combining two or more thermodynamic
cycle’s results in an improved overall efficiency and reduction in fuel costs.
Combined cycle power plant consists of two sections. These are:

a) Gas turbine section.

b) Steam turbine section.

Table 3.1: Information of combined cycle power plant of APSCL

Category Combined cycle power plant section

Gas turbine 1 & 2 Steam turbine
Name of the maker company GEC,UK GEC,UK
Rated terminal output 55.67 MW 34.33 MW
Live steam pressure(Pabs) Flue gas 39 bar
Live steam temperature 1010°C 490°C
Number of stages - 17
Rated speed 3000rpm 3000rpm
Direction of rotation Clockwise Clockwise
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Figure 3.1: Top view of combined cycle power plant of APSCL

3.1 CCPP in APSCL.:
In APSCL there are two gas turbine generators for CCPP named gas station 1&2. Though both

are coupled with steam turbine, only one is used for combined cycle at a time now. Each
generates approximately 45 MW and the coupled steam turbine generates almost 23 MW.

3.2 Gas Turbine Section:
Then we have visited the gas turbine section, learn about different parts of it and saw how they

work. Some of them are discussed below:

3.2.1 Compressor:
Compressor is a device in the gas turbine section which is used to compress the air which is

needed to expand by the help of combustion of fuel to create mechanical energy to rotate the
turbine. In gas turbine section of APSCL centrifugal compressor is used.

Figure 3.2: Centrifugal compressor used in APSCL
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3.2.2 Combustion Chamber:
The combustion chamber consists of a vessel into which pressurized air and pressurized fuel (oil,

natural gas) are fed in appropriate proportions, finally mixed, ignited and fed into the turbine at
correct turbine entry temperature. The pressure in the combustion chamber is decided by the
outlet pressure of the compressor, which feeds air directly to the chamber. About 30% of the
main flow of air passes into the burner area as primary air. The air fuel ratio in the area is

maintained at about 15:1.

Figure 3.3: Combustion Chamber of Gas Turbine Plant of APSCL

3.2.3 Gas Turbine:
It is the most important part of the gas turbine section. The products of combustion consisting of

a mixture of gases at high temperature and pressure are passed to the gas turbine. These gases in
passing over the turbine blades expand and thus do the mechanical work. In gas turbine section
of APSCL shaft type gas turbine is used.

Figure 3.4: Gas turbine of APSCL
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3.3 Diesel Engine:

It is a very essential part in gas turbine power plant. The gas turbine is not a self exciting
machine. The turbine only can be rotated if fuel and air is burned inside the combustion chamber.
But before the turbine starts the air cannot be sucked by the compressor automatically because
the compressor is coupled with the turbine.

So a diesel engine is coupled with the turbine to rotate the turbine at the beginning for helping to
suck air by the compressor. At first the diesel engine starts. When the turbine starts to move by
the diesel engine at a rated speed which makes the compressor to suck air by itself then the diesel
engine is turned off.

Figure 3.5: Diesel engine use in the gas turbine

3.4 Steam Turbine Section:
After that we have visited the Steam turbine section. In combined cycle power plant the exhaust

gas which comes out from the gas turbine is used to produce steam and run a steam turbine. The
exhaust gas has very high temperature which can be used to create steam by using several
equipments.

The main difference between the steam turbine section of combined cycle power plant to the
steam turbine section of steam power plant is in the steam power plant there is a furnace which
produce the heat or flue gas but in the combined cycle there is no furnace, steam is produced by
the heat of exhaust gas.

In combined cycle power plant of APSCL there is one steam turbine section which runs by the
exhaust gas of gas turbine-1 & 2.

Department of Electrical and Electronic Engineering, East West University 38



Undergraduate Internship Report

3.4.1 Steam Generation Process:
In steam generation process several equipments are used. In combined cycle power plant of

APSCL following equipments are used.

PERD WEATME STEAR
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A

Figure 3.6: Single line diagram of steam generation system of combined cycle power plant
of APSCL

3.4.2 Different parts of steam turbine:

a) Deaerator:
A Deaerator is a device that is widely used for the removal of air and other dissolved gases from
the feed water to steam-generating boilers.

b) Low Pressure Economizer (LP Economizer):

This part is at the top of the boiler where the temperature of exhaust gas becomes relatively low.
From the LP economizer the feed water goes to the LP boiler drum.

¢) Low Pressure Boiler Drum:

The feed water is reserved into this drum after it passes through the LP economizer. The feed
water is pumped from the LP boiler drum to the low pressure evaporator.

d) Low Pressure Evaporator:

At the low pressure evaporator the feed water is heated at low pressure. It is placed below the LP
economizer. Feed water flows through the tubes and exhaust gas is flowed over the tubes.

Department of Electrical and Electronic Engineering, East West University 39



Undergraduate Internship Report

e) High Pressure Economizer (HP Economizer):

At high pressure economizer the temperature of feed water raises higher. Then the feed water is
supplied to the high pressure boiler drum. Boiler feed pump is used to flow the water from LP
boiler drum to HP boiler drum. When feed water passes through the HP economizer the
temperature raises up to 220°C.

f) High Pressure Boiler Drum:

The feed water is reserved into this drum after it passes through the HP economizer. The feed
water is pumped from the HP boiler drum to the high pressure evaporator.

g) High Pressure Evaporator:

From the HP boiler drum feed water is transferred to the high pressure evaporator where the feed
water becomes saturated steam by the help of the heat of exhaust gas. From the HP boiler drum
the steam is then flowed to the super heater.

h) Super Heater:

This part is at the bottom of the boiler where the temperature of the exhaust gas is highest. At
this part the saturated steam becomes super heated steam. Exhaust gas is flowed over the bundle
of tubes which carry the steam. At the super heater the temperature of the exhaust gas that comes
from the gas turbine is about 500°C. From the super heater the super heated steam goes to the
high pressure turbine at a temperature of 400°C and pressure of 40 bar.

3.4.3 Condenser:
A condenser is a device which condenses the steam at the exhaust of turbine. It serves two

important functions. Firstly, it creates a very low pressure at the exhaust of turbine, thus

permitting expansion of the steam in the prime mover to a very low pressure.
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This helps in

Figure 3.7: Condenser used in steam turbine section of combined cycle power plant
(APSCL)
converting heat energy of steam into mechanical energy in the prime mover. Secondly, the

condensed steam can be used as feed water to the boiler.

In combined cycle power plant of APSCL there are two condensers.

3.5 Valves used in Combined Cycle Power Plant:

Valves are of two kinds. These are:

3.5.1 Isolation Valve:

It is an on/off valve that typically operates in two positions; the fully openand fully closed

position.

3.5.2 Control Valve:

It can be controlled. This valve can regulate the fluid flow in a piping system.

In combined cycle power plant there are various types of vales. These are:

3.5.3 Manual Valve:

Manual valves are those valves that operate through a manual operator (such as a hand wheel or

hand lever), which are primarily used to stop and start flow (block or on-off valves), although
some designs can be used for basic throttling.It is an isolation valve. Only on/off operation is
possible by this.
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3.5.4 Pneumatic Valve:

It is a valve in which the force of compressed air against a diaphragm is opposed by the force of
a spring to control the area of the opening for a fluid stream.

Figure 3.8: Pneumatic valve
In APSCL control room sends electrical signals of 4-20 mA to field where I/P converter convert

these electrical signals into pneumatic signals. Actuators use these signals to operate the valve.

Actuators move the and down depending upon input signals and control the valve opening.

3.5.5 Hydraulic Valve:

It is a valve which is used for regulating the distribution of water in the cylinders of hydraulic

elevators, cranes, etc.

3.5.6 Motorized Valve:

Valves which are controlled by motor are called motorized valve. By running the motor

clockwise and anti clockwise a motorized valve can be opened or closed. It is a control valve.
The speed of the motor controls how fast or slow the valve is opening and closing. If it is an
emergency opening or closing then the motor will run fast by increasing the field current with the
help of electronic mechanism.

3.5.7 Electro-hydraulic Valve:

Electro-hydraulic valves use Electro-hydraulic actuators which convert fluid pressure into
motion in response to a signal. They use an outside power source and receive signals that are

measured in amperes, volts, or pressure.

Department of Electrical and Electronic Engineering, East West University 42



Undergraduate Internship Report

Figure 3.9 : Electro-hydraulic valve

3.5.8 Servo Valve:

The servo valve is a kind of valve that uses a torque motor type coil to control a small stream of

fluid. Direction of the fluid stream is used to position a large spool. Therefore a low level power

signal may provide precise spool position.

Figure 3.10: Servo valve
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CHAPTER 4
Substation

4. Substation:
As per our schedule we were assigned to visit the Substation of APSCL from 5™ to 8" January.

We had a walk with our instructor through the switch yard and saw different parts of it. A
substation is a part of an electrical generation, transmission, and distribution system. We saw

different parts of substation when visited there and learnt they work.

Figure 4.3: Part of a Substation of APSCL

4.1 Different parts of a substation which we have seen in APSCL :

4.1.1 Potential Transformer (PT):
A potential Transformer is usually used to transform voltage from one level to another. It is also

known as voltage transformer. A transformer can be a step up transformer or a step down

transformer.
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Figure 4.4: Potential Transformer

a) Step up transformer:
A Step up transformer is usually used to increase the voltage for long transmission line.

Department of Electrical and Electronic Engineering, East West University 44



Undergraduate Internship Report

b) Step down transformer:

A step down transformer is usually used to reduce the voltage from the transmission line to the

consumers.

4.1.2 Current transformer (CT):

A current transformer is used for measurement of electrical currents. Current transformers,

together with voltage transformers, are known as instrument transformers. When current in a

circuit is too high to directly apply to the measuring instruments, a current transformer reduces

the current to a proportion to the high current which can be measured very easily.
. x

Figure 4.3: Current Transformer

4.1.3 Intermediate Potential transformer:

There are two different type of voltage level transmission line in APSCL. One is 132 KV and
another is 230 KV. Some time the load varies in each line. An intermediate potential transformer
make up the gap between available supply and the load by transforming voltage from 132 to 230
KV or from 230 to 132 KV as per need. It is a both way transformer.

Department of Electrical and Electronic Engineering, East West University 45



Undergraduate Internship Report

Figure 4.4: Intermediate Transformer

4.2 Protecting relays of substation:

A protecting relay is used to protect the PTs & CTs from over rated supply which can be harmful
for them. It sense the current and voltage and when it gets a higher current or voltage than the
rated one it charges the tripping coil and switched of the circuits to protect them. There are three
types of relays in APSCL:

a) Electronics relay:

Now this type of relays is enormously used. The relay uses a micro-chip and therefore, it is small
in a size. This relay is very fast and effective to trip the circuit. In APSCL this type of relays are
used in unit 3, 4 and 5.

DDDIADID|

Figure 4.5: Electronics relay.
b) Electrical relay:

Electrical relay is used in APSCL for the protection of unit 1 and 2. This is large size in size.
This type of relays is now rarely used in the power plant. In this relay we need to adjust the
tripping condition manually.
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Suppose we want to trip the system in 1 second at 5 ampere fault current. We have to adjust the
time 1s and current S5A.

Figure 4.6: Electrical relay

c) Fabricated relay:

In this type of relay there will be relay board. In this board there will be different types of
protecting device like fuel pump relay, main power relay, circuit breaker, fuse, injector ballast
resistor etc. by connecting these all equipment form fabricated relay. This type of relays is also
used in APSCL.

Figure 4.7: Fabricated Relay

4.3 Bus bar:

A bus bar is a copper or aluminum alloy that conducts electricity within a substation. The size of
the bus bar determines the maximum amount of current that can be safely carried. There are two

types of Bus Bar and they are:

Department of Electrical and Electronic Engineering, East West University 47



Undergraduate Internship Report

a) Single bus bar.
b) Double bus bar.
In APSCL there were double Bus bars through the substation.

4.4 Lightning arrester:

Lightning arrester is used to protect the substation from a excessively high voltage coming from
a sudden fall of lightning. It arrests the lightning voltage and passes it to the ground to protect all

the instruments of the substation.

4.5 Transmission Line:

There is multiple numbers of transmission lines in APSCL substation to transmit power to
another station and to the consumers. Those were copper made bear wire transmission lines in
APSCL.

Figure 5.8: Transmission Line

4.6 Isolator:
An isolator switch is used to make sure that an electrical circuit can be completely de-energized

for service or maintenance.
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Figure 4.9: Isolators

4.7 Circuit Breakers:

Circuit breaker is an automatic switch that stops the flow of electric current in a suddenly
overload otherwise abnormality stressed electric circuit. In other word a circuit breaker is an
automatically operated electrical switch design to protect an electrical circuit. From damage
caused by over load or short circuit.

a) Qil Circuit Breaker

In oil circuit breakers insulating oil is used as an arc quenching medium. The contacts are opened
under oil and an arc is struck between them, heat of the arc evaporates the surrounding oil and
produce hydrogen at high pressure. The oil is pushed away from the arc region and the gas
bubble occupies adjacent portions of the contact. The arc extinction is facilitated mainly by two
processes. Firstly the hydrogen gas has high heat conductivity and cools the arc, thus aiding the
deionization of the medium between the contacts. Secondly the gas sets up turbulence in the oil
and forces it into the space between contacts thus eliminating the arcing products from the arc

path resulting in arc extinction and interruption of current.
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Figure 4.10: Oil Circuit Breaker
b) SE6 Circuit Breaker

In this circuit breaker, sulphur hexafluoride (SF6) gas is used as the arc quenching medium. The

SF6 gas is an electro negative gas and has a strong tendency to absorb free electrons. The
contacts of the breaker are opened in a high pressure flow of SF6 gas and an arc is struck
between them. The conducting free electrons in the arc are rapidly captured by the gas to form
relatively immobile negative ions. This loss of conducting electrons in the arc quickly builds up
enough insulation strength to extinguish the arc. This circuit breaker is very effective for high

power and high voltage service.

Figure 4.11: SF6 Circuit Breaker

c) Airblast circuit Breaker:

Aiir circuit breakers can be used both as circuit-breakers for general protection and as protection
circuit breakers of electrical machines. It is available from 400A to 6400A. “Under Voltage
Release” mechanism is used in this circuit breaker. This mechanism will be active when there
will be low voltage supply or zero voltage supply. Here also magnetic tripping mechanism for

short circuit.
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Figure 4.12: Air blast circuit Breaker

4.8 Cable:

a) Underground Cables:

An underground cable essentially consists of one or more conductors covered with suitable
insulation and surrounded by a protecting cover.

Figure 4.13: Underground Cable for 132kv Line
b) Coaxial Cable:

It is an electrical cable with an inner conductor surrounded by a flexible, tubular insulating layer,
surrounded by a tubular conducting shield.
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Figure 4.14: Coaxial Cable

4.9 Tower:

Tower is a tall structure, which is used to support overhead electricity conductors for electric
power transmission. Many different type of tower is used in substation and distribution area for
transmitting the electricity. This different type of tower depends on the power range. In the
substation of APSCL steel tower is used because they transmit high voltage.

Figure 4.16: High Voltage Tower

4.10 Feeder:

In APSCL three type of feeder is used for power transmitting and receiving purpose
a) 230KV incoming and outgoing feeder

b) 132KV outgoing feeder

c) A 6.6 KV incoming Bus is also present in APSCL for internal back-up system.
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4.11 AC and DC auxiliary system for Substation:

DC power supply is heart of the substation. Without a DC supply the substation is fully
unprotected. DC auxiliary system is also called Back-up system. In the backup system DC
supply is used. It is needed to run the Relay, Circuit breakers and control System when Fault
occurs. In APSCL Nickel Cadmium batteries are used because its efficiency is very high. Each
cell is 1.2 volt and 750 amp-h. Total battery section output is 220 volt. To get 220 volt, the
batteries are connected in series. These batteries are cleaned regularly to prevent it from flashing.
To check the performance of the batteries, some tests are also done twice on a month. These tests
are:

a) Acid level test: This test is performed visually.

b) Cell voltage Test: Here voltage level of each batteries are checked

c) Total Output: Here total output of back up section is checked whether it is 220V

or not.

d) Gravity test: This test is performed by using a testing tube.
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Conclusion

In case of power generation, APSCL is the combination of steam, gas and combined cycle plant.
We visited steam power plant at the very fast of our internship program. In steam power plant we
observed how water is collected, purified and then boiled to produce steam. There are several
switch gear and control rooms to control the overall system of producing steam and power
generation. Various types of relays are used for protective purposes that are also controlled in
control room. Next we visited gas turbine of APSCL. There we have seen how fresh air and
natural gas supplied by TITAS GAS are used as fuel to burn. After burning, the produced hot gas
is used to rotate the turbine. For protective measures relays are also used. After gas turbine, we
visited combined cycle power plant (CCPP). Here the exhausted hot gas is being used to boil
water for producing steam. At last we visited the distribution section of APSCL. In sub-station,
stepped up or down of voltages is being done using transformers and power is distributed.
Different types of isolators are being used for maintenance purpose of transmission lines.
Breakers are also used for transmission line protection. To meet the present demand there’s no
other option instead of increasing power generation. In APSCL distribution system is good as we
have seen. But it may be possible to increase power generation of steam, gas and combined cycle
plant by replacing and adding some equipment. Overall budget should increase for that.
Industrial training provided by APSCL has enriched our practical knowledge. It has opened our
eyes about practical operation of different equipments. It has widened our knowledge about
Power Generation and Power Plants of Bangladesh.
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by basth the mentor and the scademis supervisor 3
b. The daily report should be a bricf narmtion of the activities during the miemshap peniod in the
eves of the inbem and should be completed and subinined by every mtem irespecive of the
memilser of pantners she might ke for the presentation and final report Winng purpas:
¢. The report should not be a compilation of lectares notes iaken during the internship, T 11
shaald depict what the intern has leamed on & particulnr day. _
d. In case of any confusion, imems are strongly recommended 1o vonsult ther respective

acaldemic supervisor.
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Address the Tollowing points briefly (Use sdiditional page if necessary)
What was the chjective of the day's activities? (I applicable. list multiple objoctives) , deyset—

1
e T v alomis Bass et s fusd to the [edlans it

| a:ifmhﬂcﬁrﬂ.vwlrmﬂm.
» T2 e olecd” Ky g At lotnen) = yatea o f
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& List the day’s activities according to the order of ehiectives listed in 1. Mentice the
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objectives
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flowing in Hae Blant. we also came 4 e alaad
—hIFF'ina mechanicm. of briled veqrfig He cpeder foveld
¥
i Relate your practical activity with the theoretical knowledge you gained in il respective
acadennc course. ;
Agaslowic. Grwgs . urrvielt g el Ly =flaoreldcal
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e Gl -fr kv alocud— #e Laphaneg el Pratoargd, ek
Signature of the mentor with date Signamre of scademic supervisor with
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[hesipnntion: ‘Hﬂ_ﬂﬂh_{:i-f)r ignatica:
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Separaie Daily Activity B should be completed by each intern for every day of work and should
’I:qpgr-adb:.rlh?tmmmrimmm:'h:mpmmdhmuﬁw.ﬂwufalllhum:wdh

attached to the final internship report.

Mame of the company: APSE L

Mame of the student: | pehavdefeen M - Anboaer R hmart

I

2004\ 20009

Drate:
Start time/End tme OF AM in ﬂ"“FM

o2k 2012

Memtor:

Mimanwr Rakwmesn

A

b,

Greneral Trstructsoas

11:'.1ﬂnmmn';:I:q-mm.du:ﬂmtllﬂl'hinﬁduhuﬂvnympmum-ppmpmulymmcd

boih the mentor and the acadentic sapervisor. ) _ .
?hhur::pmmbenhmfwmuﬂumﬁmﬂﬁmu# Lrnmqﬂuppenodmrhr
eyes of the imiemn and should be completed and submitted by every intem irespective of the

/he might have for the presentation and final report Wrihing parpois

%:mmmhfuwmdw:msmmhmmmm
ihmﬂddapmtwhlhlhﬂhﬂlﬂrﬂﬂlpmwumm i i
In case of any confusion, inlems are stromgly recommendsd o consult ther respect
academic supervisors.
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Address the following paints hriefly (Use additional page if nocessary)

1 What was the objective of the duy's nctivities? (If sppficable. list muitiple objectives)
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gt Dy Activity Repod should be completed lry efch isriern for every day of work
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Address the ToBlowing points brielly (Lse wilditional page if necessary)

1 Wht was the ohjective of the day's activities? (If applicable. list mealkiphe obdectives) 1
The ohpdive of e dag was fs shasevbe. . She ataem Lapine.

fmlg.a]'- Jha acmbinad quu.ru-nﬂ-ﬂk%~

i ’ mmvdm'lmhﬂhnfnh;mimﬁmdhLHnﬁmmu
2 ﬁﬂnﬂ :fT:;:'anﬂ.lﬂ wsedivisited Commers on how these activities flfill your

(0 oimoullafling sodag pump .

@Cw&&a— vala awvid ades up wiaben. Grnk .

- 1 Mmmﬂiulﬂﬁﬂiﬁﬂﬁ:wwlﬂ#}wwinmwm
gcademic course, - :
‘e ave afnisecdy dowtned wpudl obsam Godbine epenaliion ol
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Mﬁflﬂm’/ o @t ase
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B N, |Zhoitod.
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L H‘

attached b the final inermship repot.
i B
lblm&-d'ﬂum-q:lmj. HF‘E?’E'L
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a i is the intem’s htjmmhmﬂn!ﬂlﬁ_n'tl-dﬂy nc&vin'npurumappmmaﬂ:.rnwad

; and the academic Duperasor. T ; s
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| academmit superyisirs.

Department of Electrical and Electronic Engineering, East West University

; ; s
amﬁmiumﬂmﬂhmﬂnﬂuﬁmmwm:m ipgspective of
takes durieg the mbgmship, racher il
quhtwhlﬁ:hﬂmh&lmuﬂﬂlpdhulm‘dw. i )

73



Undergraduate Internship Report

Department of Electrical and Electronic Engineering
East West University
Address the following paints brbelly [Use sdditional page if necessary)
1 Whhat was the phyjective of the day"s actvities? {If applicabls. [kt maaltiphe ohfectives)
f
e ehjecbine of fhe dog amds shaarve Ma cemivinad agafe. procem
snd dhe maivedlomanac pouessh o a2PP mﬁﬂeﬂcﬂs pmpﬁnf-
|
i *s activities accordi of ohbjectives listed in 1. Mention the

2 :;:;Emﬁ zfl:hhu“:quﬁmﬂﬁlﬂ;ﬂ.“;:mnw n}::::f these activities fulfill your

- ohjectives
N Vs et |
(D Exhawit f‘-“"—'!'-ﬂ]- [ Haleres .
& Brampan
(i Chimnesy .
& Anlek poned fea thermal shogabizarf Samm fedin .
%‘L : Lanlrve
wiil! Coalingy o fon e
D vk Jgres of E':Ll!-w-l Aoy .
il = b § ﬁ:lum?p'urpru&ﬂ E-_:-lrvrl Iqrvihumm:ﬁ:d knowledge you gained in the respeciive
| academiic COUTSE. 4 .
e fenmn cig hevie, donetidd £30a naleded ooith Fmt%um
mpm&tﬂum' e alse -.’Lﬂpgﬂcl- a.m -I-J'l.ﬂll iﬂlﬂ—
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M‘*—k A 'FLDID/ ﬂ%m Ll 0172 with dase
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Desigration: tawagan. 08P Designation: flezear
| Contact Plone & 01 BB E54501F
1. l — S Py e

Department of Electrical and Electronic Engineering, East West University 74



Undergraduate Internship Report
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Daily Activity Report

Separate Daily Actrvity Report should be completed by each intem for every day of work and should
] I:-ulpadl:_-rl]-r:mmfmmﬁummpmynﬂlhudmﬁ:mm_ﬂupynhlllh:mﬂwﬂdh

attached 1o e final internship repon,

: Mare of the company: .IHLPE{:L

R

Mame of the smdent: | tehamdokarnt. Md . Aabigur Rehaman

oy Ix:

ACOE-1-8o-009

it

A6 -2-2012

Start time End time AFAM . dp S4 M

Tocaion Syb- ehoion,

Memine

Mesv - Mauewpmacd

Cremeral Instructions:

= n,

It is the istern’s dury i make sure that all hisfber daily activity reparts are appropristely signed
ﬁ%&mmﬂhm SUET¥iET. ¥

¥ report should be a brief marmtion of the sctivitses during the intemship persod im the
minfﬁrinﬁ:mnduhwldhumql[ﬂldmdnhmitdhjm'mmi:m]mcmr:{l-ﬂh#
nmbuufmmﬂ:tmiduhitﬁgfhmmimmdﬁndﬂpﬂwm“m_
TEmM_ﬁmﬂﬂmh:-mm;ﬂﬂmnﬂmi:mMmh&;uhimﬂj;mherh
sheuld depict what the imtemn has learnsd an a particular day.

In case of any confusion, interns are strongly recommendsd o consult dher respective
scademic supervisors,
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== W
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E Department of Electrical and Electronic Engineening

East West University
Address the fellowing paints briefly (Use sdditional page if neceassry)

1 Wit was the objective of the day's activities® {If applicable. list maltipbe chjectives)
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(@ Lemming P dﬂqm'nf sl pee iy of Gub- Glfiony
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e b albo deanned abei g beial devofenven, cuve
Inpaframan. | Cineunk Basajen , L-uﬂhf'-n.wﬁ- wfm tsolinlon

Earlle wecibele ok

i Relute vour practical sctivity with the theometical knowledge you gained in the respective
academic coarse.

Hera oll e foawn poackically which cae o Sheondl
Mm{ i ouk Mlﬁﬂﬂ-_mnnd, F,Mﬂg,a,ﬁian ENATAL

ﬁﬂ“%rwﬁf Yo Lo(1 302

Sigmature of the mentor with date Signatare znaﬂ y is0r with dat=
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Daily Activity Report

Separme Daily Activity Fepont should be comgleted by emch inbem for every day of wark end ghould
be signed by the mentor from the company and the academic advisar. Copy of all the repans should be

attached io the fnal mternship reporl.
| Mame of the company: APscL
| Mameofthe smdent |y | pudoken Bd. Adiiqur Paliman
oy o AroR-i-ac -0a9
S o3lotiacia
Start teme'End tinse og AM. . £ ad PM.
Lecation: Sub lafdem
Riatex: Noey Mihawymad
semeral Instnections:

B [0 iz the imern’s duty to make sure shat all histher diaily activity reparis ar= appropnasly signed
by both e mentor and the eeademic sapervisor,
b The daily repont sheald be 2 brief nammtion of the activities durmg e istemship persod in the
eyes of the indem and should be completed and submited by every imiemn imespective of the
| munzher of partners s'he might have for the presentation amd fisal repoct Writing purposs.
[ €. The repeet shoald mot be a compilation of lechores nodes taken durisg the intsmship, rmiher o
alumald dapict wisas the miem has leamed oo a pasticubar day.
d In case of any cosfmion, miems are strongly recommended o comselt therr respective
academes supzorsors.

L
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Addriss the fellowing points hmmmmmﬂm

I What was the abjective of the day’s activities? (IF applicsble, Tist muliiphe objectives)
3 !
¥ To krow ahoud e u'sép wp .ﬁw'-n}umn,_ (o minaden ¥ favmen

¥ T ST 4-3‘1.%

i lislthdnr':nﬁhiﬁu&ﬂmﬂi;hhnﬁ:nfnhﬁﬁmﬁmdmh“mﬁnnﬂr

o= specifications of e wpuipiests usedivisited. Comment oo Bow thess wctivities Falll yoer
{ =~ ahjectives.

Brgaln velby . Sk veed ea ounsontoion. doersforivge for naf ey
‘ Rediadori Ak i for einesfale amb*ﬁ il
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Sheon. gol boaathen s g4 ; ay panifion, e, |
5 sy W drned ay pund) -ﬂ:ﬁhﬂﬁm'vq_.;x.|

T 3, Relats your practical activity with the theosetical knowledge you gained in the Tespective

academic coires,

Wa e daoned o ol Todey all apod -mﬂmngwﬂ |
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S T EWﬁW i igar with date
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Eh Department of Electrical and Flectronic Engineering

i daw of woek ard should
Separate: Dai Mmmﬂdh#uuni-u_m [ every day
be :iyﬂﬁgmmmﬂ- compeey e the acedenm: advises, Copy of ] fh repart should e

/ [ Date celoliiz

Ziowt urne'End me 8 AL, ris o4 P
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' Addreas the Tallowing paints hriefly (Use ndditional page if necessary)
1 What was the objective of the day's sctivities? (1€ spplicable. list multiple objectives)

» ooty diffesend pankincf guifabend
" i-m:fzﬂ»'-‘-‘ra- kagvrfoamet matefamamnas

z List the day's sctivities scconding to the order of ocbjectives listed in 1. Memtion the
:pac'iﬁn:ul.i.u:l:_: of the equipne=uts wsedfulsied Comment na how these activities fulfil! yoor

. - ahjectives.
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Separale Daly Acuiviry Report should b complated by such inters for every da of wael iipad ghoild
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Ttk the o isod the pcademas supervaor _ _
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