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Chapter 1

1.1 COMPANY PROFILE:

. "Name of the Company: Ashuganj Power Station Company Ltd.

Date of Incorporation: 02 May 2011.

Registration No: C-40630 (2328)/2000 dt. 02.07.2000.

Lacation: 90 km North-East of Dhaka on the left bank of the river Meghna.

Land : 311.22 Acres

Installed Capacity : 724 MW

Total number of plants : 3

Total Number of Units : 8
Plant 1: Thermal Power Plant (TPP)

Two Steam Units of 64MW- Unit # 1 & 2 each-commissioned in 1970.

Plant 2: Combined Cycle Power Plant (CCPP)

Gas Turbine Units-GT1 and GT2 of capacity S6MW each-commissioned in 1982 and 1986

respectively.

One Steam Turbine (ST) of capacity 34MW with waste heat recovery Botler commissioned in

1984,

Plant 3: Thermal Power Plant (TPP)

Unit 3 of 150MW capacity was commissioned in 1986.

Unit 4 of 150MW capacity was commissioned in 1987.

Unit 5 of 150MW capacity was commissioned in 1988.

Besides this there are also other plants which are already running or will be next future.

50 MW ( Thermal Power | APSCL

Already running
_Plant) ‘ |
TSOMW_APSCL | Tendercel |
450 MW APSCL _ prggosi ]
450 MW ~|ApsCL | proposed
55SMW | Precision | Ready to launch
30 MW | Aggreko | Ready to launch

| United hospital

LReady to launch

Fuel used: Natural Gas Supplied by Titas Gas Transmission & Distribution Co. Ltd , Bangladesh.

-
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1.1.1 Present Facilities of APSCL

Ashuganj Power Station Company Limited is the second largest power station in Bangladesh. Its
=stalled capacity was 724 MW. APSCL this year has added 53 MW to the system by its own fund.
T=e present total power (electricity) generation capacity of its 9(nine) units considering de-rated
z=pacity 1s 731MW. Fuel of its all units 1s Natural gas. APSCL contributes about 15% of power to
=zn0nal grid of the country.

- n T |
= | UNIT # UNIT# | UNIT# UNIT # UNIT &
N GT#1 GTH# 2 ST{cc) i 3 4 4 5

PARTICULARS | |
— |
ABB ABB ABB |
GEC, BBC BBC |
Model & GEC, GEC, German | German | German
. 69.6M German | Germa
Capacity of 69.6 43 y 190 y 190 y 190
1 va y ny 80
Turbo- Mva Mva Mva Mva Mva
13.8 80 Mva Mva
Generator 13.8Kv | 13.8 kv 15.75 15.75 15.75 |
Kv 11.0 kv 11.0 kv
kv kv kv
|
installed
2 . 56 56 34 64 64 150 150 150
Capacity (Mw) |
|
Present De-
3 rated Capacity, 40 40 18 64 64 105 140 140
MW
_' Date of 15/11/ | 23/03/ | 28/03/ | 17/08/7 | 8/7/19 | 17/12/8 | 4/5/198 | 21/03/8
~ Commissioning | 82 86 84 0 70 6 7 8
Total hours run i T
| 150,51 | 114,76 204,37
since | : g 87,034 | 231,011 3 186,821 | 183,865 | 164,933
Installation '
{ {
Total Energy [
- . 5,936. 6,607.7 | 1,734. 10,575. 9,744.3 | 22,328. 21,306. 29,767.
6 Generation
68 3 07 a4 | 3 50 43 39
to date , Gwh [
1 Plant Factor %,
7 2510 71.77 85.52 31.05 56.15 86.03 81.74 53.45 83.77
1
- Availability
8 82.69 96.03 29.54 68.10 95.65 94.75 64.06 95.54
Factor %, 2010
Station |
= Thermal [ 20 20 28 30 31 31 36 36
Efficiency % |

e Y e e . 4 e e e e T T T T s S T B Wi e S e mm

Page 11
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1.1.2 Existing unit’s Cost

- ' ; |. ,l_—
o PARTICULARS GT# 1 GT# 2 | ST(cc) UNIT #1 UNIT #2 UNIT #3 UNIT &# 4 UNIT#5S
N |
" Installed Capacit B
natliEEapa sty 56 56 34 64 64 150 150 150
(Mw) [
. 1 ~
¥ Present Contracted | [
3 40 40 0 64 64 102 140 140
Capacity MW
Date of 15/11/8 1 28/03/8 | 17/08/7 | 8/7/197 | -
oL 11 23/03/86 /031 | 100 | 17/ 17-12-86 | 4/5/1987 21/03/88 |
Commissioning ‘ 2 4 0 0 |
|
Cost of fuel I '
4 1.30 | 1.30 0.00 0.93 0.87 0.90 0.90 0.79
per unit Gen. TK. |
L e

1.1.3 Gas Scenario of APSCL

3PSC is operating 8 units and one 3 years SSMW Rental plant also is being operating from last
«2ar At present APSCL unit 4 of 150MW and unit 1 of 64MW are under major overhauling.
APSCL has constructed a SOMW Gas Engine Power Plant by its own fund and has put into
zperation on 30 April. In this month 80MW & 53MW two 3 years Rental Power Plants will also
zome into operation. All these machines together may consume approximately 200 mmscfd gas
zz:lv. if these run together. The present gas allocation for APSCL is 160 mmscfd. Considering
cresent activities of increasing power generation there should be a revised gas allocation in order to
-oerate the plant with full load.
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1.1.4 Board of Directors APSCL

rir. Khan dMd. Belayet Hossain

Chairmnan

Aaddl, Secretary (Rtd. )

. Ahmed Uliah
Director
Joint Secretary (Development)
Emnergy & Mineral Resources
Division, MOPEMR

Mi-. Md. Mostafa Kamal
Direcbor
Member (Gerneration), BPDB
WAPDA Building, Motijheel C/A,
Dhaka

M. Md. Harunur Ras<hid
Director
Director-12, Prime Minister's Office.
Dhalka

tMe-. dMid. Zakir Hossain Nayon
Director
Qeneral Committee Member,
Federation of Bangladesh
Chambers of Commerce &
Industries (FBCCI), Dhaka

Mi-. Md. Giasuddin
Director
Chief Engineear, Power Station

Construction, BPDPR

Dr. Md. Quanwul Ahsan
Director
Professor, Dept. of Electrical &
Electronic Engineearing
Bangladesh University of
Engineering & Technology, Dhaka

Mr. Md. Anwar Hosain
Director
Deputy Secretary (Development)
Power Division, MOPEMR

M. Mamtaz Uddin Ahmed
Director
Past President & Council Member
Institute of Cost & Management
Accountants of Bangladesh

M. Masum - Al-Beruni
Director
Member (Planning &
Developrmeant), BPDB

Mr. Md. Nurul Alam P.Engg-
Director
Managing Directar, APSCL

=
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obsective of the internship is to fulfill the partial program of EEE program. In this intern
we want to give an overview of Ashuganj Power Station Company Ltd where we finished
#p and our emphasis was on:

1 acerstanding Generation process

1 nderstanding Company management

L nderstanding how to control power generation unit

1 nderstanding maintenance process

L nderstanding protection techniques

Finding out the every risk related to APSCL Ltd

Recommending how it can be improved to fulfill the loads of the country
Idea about sub-station equipments and maintenance

WA

|

""" . - - - ]
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Chapter: 02

In power generation section we worked four days (02-05-2011 to 05-05-2011). In generator
section our supervisors were Engr. Md. Rokon Mia, senior Engineer, APSCL & Engr. Md.
Kamruzzaman, senior Engineer, APSCL who instructed us uniformly from their daily
~outine circle. We know that APSCL is the second largest power station in Bangladesh. In
aur introductory part we are representing or giving a short discussion on generator.

2.1 Power generation

In the earlier section we have known the principle of Generator. By this principle we can
zenerate electricity and by utilizing it how the power will be generated that will be discussed
= this section. Here, first we have to know about which are the parts are liable for generating
power. The fundamentals parts are: rotor, shaft, winding, brush gear, jagging oil,
dehumidifier etc. To run this rotor, we have to need prime mover. We can rotate this prime
mover by electrically or mechanically. In this section we rotate prime mover mechanically by
water or stem and we take fuel as gas. Now, for rotating rotor two things are very important
one of this is boiler and second is turbine.

2.1.1 Boiler

This is discussed in the gas turbine section.

2.1.2 Feed water pump

In APSCL water comes from river and this water is first come into the basin and there it filter
m two stages. After filtering water, it 1s taken to the filter house for another two times
filtering process and then in reserve tank, water is reserved, then water is cleaned by the
different chemicals which are used in water treatment tank and this water is converted into
distil water (DH,0) and its goes to the feed water pump.

o=

{4 ‘63 ha

"'3"‘\"??3? Bir

Figure 1: Feed water pump

At last the main purpose of the feed water pump is to deliver the distil water (DH,O) to the
boiler so that at a random process the steam will become heated by using the condenser to the
feed water pump and again to the boiler.

B;partment of Electrical & Electronic Engineering P_ége 15




2.1.3 Condenser

Boiler, which can have an increased efficiency over the more traditional boiler. The
atficiency of a typical non-condensing boiler is around 75%, whereas with condensing boilers
= can be over 87%. This increased efficiency is due to the extraction of heat from the
~therwise wasted flue gases. Most boilers have a single combustion chamber enclosed by the
aaterways of the heat exchanger through which the hot gases can pass. These gases are

=entually expelled through the flue, located at the top of the boiler, at a temperature of
zround 180°C.

Figure 2: Condenser

=ere in APSCL two condensers is used condenser A and condenser B. So the condenser A is
—s&d to condense the total 440° ¢ steam in to two stages to give the desired energy of the
s2am to the turbine to rotate the generator.

2.2 Turbine

% rurbine 1s a rotary engine that extracts energy from a fluid flow and converts it into useful
a2k

Tme simplest turbines have one moving part, a rotor assembly, which is a shaft or drum with
> ades attached. Moving fluid acts on the blades, or the blades react to the flow, so that they
=ove and impart rotational energy to the rotor. Early turbine examples are windmills and
=~zter wheels.

2.2.1 Intermediate pressure system turbine

o= leaving the boiler reheater (After expanding through the high pressure turbine the exhaust
szam is returned to the boiler at 360°C and 42 bar pressure for reheating before being used in
e intermediate pressure turbine.), steam enters the intermediate pressure turbine at 565°C
i< 40.2 bar pressure. From here the steam goes straight to the next section of the turbine set.
7= steam has expanded and has less energy when it enters this section, so here the turbine

= zdes are bigger than those in the high pressure turbine. The blades are fixed to a shaft and
23 the steam hits the blades it causes the shaft to rotate.
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=12 Low pressure system turbine

== the intermediate pressure turbines, the steam continues its expansion in the three low
=w=wsure turbines. The steam entering the turbines is at 306°C and 6.32bar. To get the most
wor« out of the steam, the exhaust pressure is kept very low, just SO mill bar above a
~omolete vacuum, The tip speed of the largest blades with the shaft spinning at 3000
=unons per minute is 1,285 miles per hour, or 1.6 times the speed of sound.

Figure 3: low pressure turbine control

-.2.3 High pressure system turbine

2 pressure steam at 565°C and 156 bar pressure passes through the high pressure turbine.
"< exhaust steam from this section is returned to the boiler for reheating before being used

¢ next section of the turbine set. The blades in the high pressure turbine are the smallest
- 2. the turbine blades, this is because the incoming steam has very high energy and

cupies a low volume. The blades are fixed to a shaft and as the steam hits the blades it
-zuses the shatft to rotate.

Figure 4: High pressure turbine
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= > Generator

<~ = =cinical generator is a device that converts mechanical energy to electrical energy,
==z v using electromagnetic induction. The source of mechanical energy may be a
-=-=-ccating or turbine steam engine, water falling through a turbine or waterwheel, an
m==-=z combustion engine, a wind turbine, a hand crank, or any other source of mechanical
=e-=. The energy conversion in generator is based on the principle of the production of
memically induced e m.f. whenever a conductor cuts magnetic flux, dynamically induced

= = 7 s produced in it according to Faraday's Laws of Electromagnetic induction. This e m.f
—=_«= 2 current to flow if the conductor circuit is closed. Hence, two basic essential parts of
= =cirical generator are (1) a magnetic field and (i1) a conductor or conductors which can so
-2 23 to cut the flux

231 KVA rating

“e nzmeplate data of the generator that has been used in APSCL:

fanes speed - 3000 rpm
foegquency ' 50 Hz
jage - ' 115750 V 5 o
- =:ure current 16965 A 3~INS.class F _[élas-s‘ F- 1 653(:]_ )
R onos weight 42.3] ton
[Sesmon v eigh_t ~ |1760ton
-zuon voltage o ;T23 V( at full lo_ad) o - |

' 210 V (at no load)

speed | 3600 pm

=7 factor 77—!084_ - B
tput - 190000 KV A

g airinlet % —
.mber of pole o .I.2_,.,;_.* ]

~=ztion of rotation cloc

¢ wise from driven anld energy constant= 1.5 KWs/KVA

Z3.2 Stator

~=z stator, also known as the armature, of a synchronous machine 1s made of thin lamination
-~ ~.zhlv permeable steel in order to reduce the core losses. The stator laminations are held
“wzether by a stator frame. The frame may be of cast iron or fabricated from mild steel plates.
“-z rame 1s designed not to carry the flux but to provide mechanical support to the

< =:zmronous generator. The inside of the stator has a plurality of slots that’s intendment to

zzzommodate thick armature conductors. The armature conductors are symmetrically

——
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x—=aged to form a balanced polyphase winding. To this end, the number of slots per pole per
armzse must be an integer. The induced emf per phase in large synchronous generator in
« ovolt (KV) with a power handling capacity in megavolt-amperes (MVA).

T2 axial length of the stator core is comparatively short for slow-speed, large diameter
a=erators. These generators have many poles and are left open on both ends for self cooling.
T=ev are installed at locations where hydroelectric power generation is possible.

T=e axial length of high speed generations having 2 or 4 poles can be many times its
sizmeter. These generators require forced air circulation for cooling and are totally enclosed.
T=ev are used when the rotors are driven by gas or steam turbines.

23.3 Rotor

-

Z=o nvpes of rotors are used in the design of synchronous generators, the cylindrical rotor
= a salient pole rotor. The rotor is rotated at the synchronous speed by a prime mover such
&5 2 steam turbine. The rotor has as many poles as the stator, and the rotor winding carries dc
=urrent so as to produce constant flux per pole. The field winding usually receives its power
Tox a 115- or 230V dc generator. The dc generator may be driven either by the same prime
amower driving the synchronous generator or by a separate electric motor.

T=e aalient pole rotor is used is low and medium speed generators because the windage loss
s w035 15 small at these speeds. It consists of an even set of outward projecting laminated
aes Each pole is dovetailed so that it fits into a wedge-shaped recess or is bolted onto a
mzznetic wheel called the spider. The field winding is placed around each pole. The pole
T alternate in polarity.

T=e cylindrical rotor 1s employed in a 2 or 4 pole, high —speed turbo generator. It is made of a
smooth solid forged steel cylinder with a number of slots on its outer periphery. These slots
&= Zesigned to accommodate the field coils. The cylindrical construction offers the following
ezerits:

= -=sults in a quite operation at high speed.
I crovides better balance than the salient pole rotor.

= ~=duces the windage loss.

WM MM N
e

. s
- SR
ROTOR

R Y e T
P T

CROSS SECTION

Figure 5: internal view of Rotor
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2 3.4 Excitation

&3 =lectric generator or electric motor consists of a rotor spinning in a magnetic field. The
wmz=—etic field may be produced by permanent magnets or by field coils. In the case of a
ma:~:ne with field coils, a current must flow in the coils to generate the field; otherwise no
acv= 27 1S transferred to or from the rotor. The process of generating a magnetic field by means
ax i electric current is called excitation.

23 5 Brush gear

% : «now that the magnetic flux, conductor and magnetic flux change is needed in the
#ecerator to induce the voltage. The main working principle is that the relative motion will be
acre etween these. Turbine is used for rotation motion. The stator is used as the conductor.
e 2lectromagnetic rotor will be given power for excitation. The excitation will be given by
=we ~us gear. Here when the rotor is rotated then the friction will be occurred with the brush
m=3- 30 the rotor will get the field excitation voltage. It will be decayed due to friction.

4= :zllv the carbon brush will be decayed. There are 14 carbon brushes in parallel. Current
=xcacity 1s almost 30% increased capacity of the requirement. Carbon brush layer will be
a=czved because the spring force will push forward. So we need to change the brush gear
=72 1t 1s in an indicated position.

23.6 Jagging oil pump

Fe=re the generator is used which is 55 tons (approximately). To create the torque while
mr=:ng by the generator it will be needed to lift to reduce the friction. So for lifting/jagging
guroose there is a hydroelectric system. Here oil is pumped to the hydroelectric system for
==z purpose. This is called jagging oil pump.

Figure 6: Jagging oil pump
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= 3 7 Dehumidify fire

- z=~umidifier is typically a household appliance that reduces the Jevel of humidity in the

er _s.dally for health reasons. Humid air can cause mold and mildew to grow inside, which
= warious nisks. Very humid climates or air make some extremely problem, causing
s=ssive sweating that can't evaporate in the already-moisture-saturated air.

I" ty

v

= z2nerator, it 1s used for the absorbing of moisture when generator will be oft If moisture

=: Ze the generator then the generator will be faulted. The absorb body of dehumidifier
»  zbsorbed the moisture.  Here automation technique has been given inside the
==m_mudifier to absorb the moisture. The steam i1s going inside to the dehumidifier and the
= sure is absorbed. The outside steam also goes inside and it will go outside after absorbing

=< moisture. The dehumidifier is rotated slowly

Figure 7: Dehumidify fire
— 38 Type of fault of generator

Tz Core of an electrical power system is the Generator. The conversion of the fundamental
=<+ 1nto 1ts electrical equivalent requires a prime mover to develop mechanical power as
= ~izrmediate stage. The nature of this machine depends upon the source of energy and in
=== tnis has some bearing on the design of the generator. There are power units based on
#zzm. gas, water power and Diesel engine Drives. The modern generating unit 15 a complex

<zm comprising the generator stator winding and associated transformer and unit
mamsiormer, the rotor with its field winding and exciters and the turbine and its associated
sonZensers and boiler complete with auxiliary fans and pumps. Faults of many kinds can
ety within the system tor which diverse protucme means are needed. The amount of
zoo-zzion applied will be governed by economic considerations taking in to account the
2.2 of the machine and its importance to the power system as a whole. There are 15-20
s=nerzior protections. If there is any abnormal condition then the generator will be

- =oomnected from the grid.

Stator insulation faults
Overload.

Over voltage
Unbalanced loading
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Rotor faults

Loss of Excitation

Loss of synchronism

* Failure of Prime Mover
Low vacuum
Lubrication oil failure
Loss of boiler firing
Over Speeding

i Rotor distortion

< Difference in expansion between rotating and stationary parts
5 Excessive vibration

Tz main protections are:

“mer current with under voltage: if there is any over current 1s flowed through the line.
T=o: over current will be passed through the current transformer and it will be given to the
== fer. If the amplifier negative input is become higher than the positive input then the
meeziive output will be occurred at the amplifier. If the amplifier positive input is become
= :-=r than the negative input then the negative output will be occurred at the amplifier. The
==z will sense the over current then the CB will be tripped.

Genetator Gen. teansfuraer
600 MV A

Ly,
Sy Stem

400 kY

PH 0 MV transformer 30C

Figure 8: Over current with under voltage

Cm=r voltage: if the bus voltage is higher than the 1575 KV (16KV) then the relay will
memze  This overvoltage will be given to the potential transformer and the power
Te=s-ormer output will be given to the amplifier input 110V, Before giving the input a relay
= .= if the input voltage 1s become over 110V then the relay will be tripped.

(zemerator differential: suppose 7000 A 1s the rated current and if the fault current is
o eC then the fault current will flow in the rotor. Imagine 3500 A current is passing to the
“®or =2 3300 A current will pass through the line. This difference of current will sense the
=== ransformer then the relay will trip. Here we need to multiply by the constant then we
&= =< exact ratio. Here the multiplying factor is the current transformer ratio. In one zone

Zer: 2z 2 CB and one generator.
Io=Iv+ 1a

TSR TR YRS = - 2 - e e
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Sezmative phase sequence: The negative phase sequence is occurred when the fault is phase
o =>und Then the current will increased but the voltage will be decreased if we analysis it

s
e

(1) Positive sequence
(2) Negative sequence
{3) Zero sequence

-

Tms s only possible when there is only line to earth fault.

T
fg.land Vy,
I and I
Poaitive upjuencs v Y
-
o o 'd
ty
Iy ip. fyand Vg
le 4 th
’H and |
v
Zh ’ va
Nrgative sequence ol.” Vo + ¥
2 4]
Igand Iy Iy lgelyand Vyy
Phasor dingram for Phyusr dusgram for
trip wnit (T) aleren unik (A

Figure 9: Negative, positive and zero phase sequence

®7en there 15 over current in one line then the negative phase sequence is occurred negative
sz sequence is occurred due to over current. Main reason is that if the one phase current is
mi—er than the negative phase sequences will occur.

Sextor earth fault:

1) Restricted earth fault

2) Backup earth fault
® =2:ing voltage 1s 10% high then the relay will not operate because adequate relay sensing
=u—=nt will not pass through the relay. If current is 10% high then the relay will sense. In the
eod of less than 10% of the winding voltage the winding differential will operate.
I =< restricted earth does not sense the backup earth fault will be sensed. If there is any
amczianced in the three line phase sequence then the back earth fault will occurred. If the
»=cing has become grounded then there will be high current will flow through the winding
mc result 1s that there will be huge amount of mechanical force will create in the stator. So it
=2 durn out and fell down.

A —
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/‘ Generator Windings
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Figure 10: stator earth fault

of Field Excitation: When a generator loses synchronism, the quantity which changes
=« s impedance as measured at the stator terminals. Loss of field will cause the terminal
¢ of the generator to begin to fall, while the current begins to increase. The apparent
nce of the machine will therefore be seen to decrease and its power factor to change.
% mesyv designed to detect the change of impedance from the normal load value may
' “ore be used to provide protection against asynchronous operation resulting from the loss
.-1:';'10n Loss of excitation results in a generator losing synchronism and nmnm&, above
= onous speed. Operating as an induction generator, it would produce its main flux from
ﬁ-: =ss stator current drawn from the power system to which it was still connected.
Excr:oon under these conditions requires components of reactive current which may well
; he rating of the generator and so overload the stator winding. Additionally the slip
e ency currents induced in the damper windings of the rotor would cause abnormal
Sewc- = Oof the rotor.

.
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Figure 11: Loss of Excitation

- Bwser earth fault: The flux will go inside of the rotor then flux will go outside at the middle

a2z orthe rotor. If the winding is slightly shorted to the rotor then the fault current will pass
Zroo2n the relay so the CB will trip
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Figure 12: Rotor earth fault

~ » wmansformer protection
~ »¢ auxiliary transformer protection

2 4 Protection
241 Circuit Breaker

e crreuit breakers are automatic switches which can interrupt fault currents. In some

we xcation like single phase traction system, single pole circuit breakers are used. The part of
e arcun breakers connected in one phase is called the pole. A circuit breaker suitable for
e phase system is called a “triple pole circuit breakers”. Each pole of the circuit breaker
~morises one or more interrupters or arc extinguishing chambers.

e mzerrupts are mounted on supported insulators. The interrupts encloses a set of fixed and
mewmg contacts. The moving contacts can be drawn apart by mans of the operating links of
e operating mechanism. The operating mechanism of the circuit breaker gives the necessary
ey for opening and closing of contacts’ of the circuit breakers.

~ e &< produce by the separation of current carrying contacts is interrupted by a suitable
ww-xum and by adopting suitable techniques for arc extinction. The circuit breaker can be
~ o« =d on the basis of the arc extinction medium.

e are three types of circuit breaker are used for protection in APECL
W B ( muniature circuit breaker)

8 (moulded case circuit breaker)

= {vacuum circuit breaker)

BBCB (miniature circuit breaker): Miniature circuit breakers are only use at low voltage,
mmriv in domestic or light-industrial or commercial applications. In general they are used in
s 2pplications as semi enclosed or cartridges fuses and offer an alternative for protracting

== or ning circuits. They are usually use in single phase devices and have a typical rated
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current rang up to 100A with maximum short circuit rating of 16kA at 240V. All MCB
weme on a air break principle where an arc formed between the main contacts is forced by
=« of the magnetic effects of the short circuit currents.

B (moulded case circuit breaker): MCCB are also only used for low voltage
ations. They are basically an upgraded version of the MCB and are invariable three
« devices. They have typical current rating 100A to 2500A and must have short circuit
=z pto S0KA at 415V. MCCB are generally used in similar applications to the fuse
wones, 1e. protection of large three phase low voltage loads and for motor starting

e czton. They do not have the facility for frequent operation and cannot replace the
_e=wilg

08 (vacuum circuit breaker): It has been said that there are three contacts which are
worcsdain vacuum chamber is at the middle position of the source bushing and the load

g Here vacuum is used because the arc extinction capability of vacuum is higher than
L

: Sameplate data of vacuum CB:

= upper source bushing and there are another three contacts for lower load bushing. The

Samec voltage 72KV

\:"—'::L current 1250 A

~ .« impulse withstand capability voltage 50KV

.« short circuit breaking current 31.5KA

e frequency 50Hz

= duration of short circuit 31.5 KA for 1 sec

.= supply voltage of closing device 220 V (DC)

%= supply voltage for opening device 220 V (DC)

J.ec operating sequence 0-3M-CO-3M-CO

170 kg

242 Hydrostat

Wiscrostatic pressure is the pressure exerted by a fluid at equilibrium due to the force of
gy, A fluid in this condition is known as a hydrostatic fluid. The hydrostatic pressure can
Be determined from a control volume analysis of an infinitesimally small cube of fluid. Since
pressure is defined as the force exerted on a test area and the only force acting on any such
sall cube of fluid is the weight of the fluid column.
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=merator cooling

= ©~¢ cenerator 1s producing the power 100Mw which means that 10000Kw then there
== loss will be occurs in the generator which makes the generator hot. So the loss has
2= nto heat energy. If we do not remove the heat, the generator will be hot.

The- e hree types of cooling system in APSCL:

s seeling = cooled by the air

- soling = 300MVA purpose we use water cooling & H, cooling all together.
wing = 200MVA purpose we use H cooling.

e cooler 1s stopped then the generator will stop immediately.

B TN

Figure 13: Overall circuit diagram of gas turbine
&4 Baitery backup system

e Do cower is used in control system always. 1f the control system fails the control power
=z = iz11 The electricity that is coming from the battery is produced due to the chemical

~ = converted into electrical energy. For the backup purpose we use the battery. In this
g2 olznt they use two kinds of battery: Led acid &NICD battery

~zierv is costly. The difference is that in led acid the sulfuric acid is used and in NICD
~ =2 potassium hydrochloric acid 1s used. The rectifier is used to convert the DC to AC.
= ==.7 er 18 nothing but a battery charger from the technical point of view. The voltage of
00 - 12V for battery capacity we use AH (amp hour). If we connect the battery in
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e el we are adding the capacity and if we connect the battery in series we are reducing the
iy, For example 10 hours the capacity is 50 AH. It means that SOA current will run the
ey through 10 hours. A performance curve is given by the manufacturer which indicates
e points of operation of the battery. Initially high amp of current flows afterwards it
“weomes steady. After that it will be discharged. Then current will be constant to the battery
» —seree initially. The steady condition when the constant voltage will be given this
e ton is called the floating position for energy gaining. This floating condition can be
swed if the product is same and the same material is used but the chemical reaction is
~wseed It charged in high voltage which is called booster. It will equalize the charge. In the
ol room there are some mechanical works which are done for testing the battery:

e tightness capacity: This test is done for the loose connection in the battery. If there is
W oose connection then the then it will be removed.

Seeathing test: If there is any chemical reaction occurred inside then this test is done to
se=move the chemical reaction.

Laguid level test: The nickel cadmium is emerged in to the potassium hydrochloric acid.
e is a maximum point and a minimum point inside the battery. It means that the nickel
o= um 1s emerged in between two points. If acid level is higher than the maximum level
e breathing test will be needed. But the acid level cannot go under the minimum level. For
. reason the specific cell is kept on observation.

Specific gravity test: The range is 1‘180-1220kg/m3

. ccor 1.2 liter (compared to 1 liter water)

"~ specific gravity is tested by the hand hydrometer of the acid. The specific gravity is in
e range of 1180-1220.

e cell voltage test: Here the rectifier is used which is 220 V. There one rectifier is
w.ndant. 1t is the subordinate rectifier if one fails then the other rectifier will be operated.
o« bartery is energized and discharged. When the constant voltage will be supplied then the
“wng condition will be occurred. If we want to boost the battery then the data will be
wor= and it has been charged by the automation inside the rectifier.

~ .« NICD Battery
~w nominal voltage: 1.2V

~ung voltage: 1.4V

Sowoat voltage: 1.6V
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Figure 14: Rectifier circuit diagram

R aut plant

¢« ot any power In the grid the plant cannot be run. There are some blackout plants to
sower in the plant. They are dependent on grid. So there will be needed a source.
will be run by taking maximum 6.6 KV from the grid. The 2 current transformers
s zs source. There are OATT and OAT?2 are the two transtormers. They substitute
th other

& Maintenance

+ o control and maintenance in every power plant is very important. In APSCL for
=w o division the control and maintenance purpose is very important because, there
“wers cowinects have to monitor the total environment of the generator division as a

¢ S0 e controling and maintains part is done in an automation control system room by
“me o0 the parts of this division simultaneously. So this job has to done very carefuily
e s any fzult occurred in this division the fault display board will indicate the fault
wmemeers will do their works on the basis of the faults to remove these. Otherwise
W samoer the total the generator division,

=

o & mzmienance 1s done in two ways. It s divided into two parts
s filter

gt cooling

sz wir filter

Coesros foomaintains system 1s surrounded by the air cooling system. It is such kind
wre oroper ventilation of the air is maintained randomly, which means that the air

AR
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=2 cut and in a certain process so that the control & maintains system room will be
“wrowzhout the process. Here leakage air system is that the air that makes cool to the
& maintains room will be go out to the environment & fresh air will be taken from the
= to the control room which makes the room all times air cooled. It is very

= room that we have mentioned earlier because there are several machines which will
Bt while running for the control operation. So in this respect leakage air system

wery important role to make cooling the control unit.

_lase circuit cooling

siose circuit cooling system is where same air is circulating so some loss has occurred
« backup by the LAF (Leakage air filter). It is such kind of system which makes cool
e environment inside the generator. When the hot gas is formed inside the generator
= two rotor shaft fans is running one by one at the left side and at the right side. This
fan passed the hot air in a turbulent flow of several sides by a self process. Self

whar when the breaker is open then we are generating the power & when we take the
Som the grid for starting the transformer BT1 (mentioned in the following picture)
breaker one will be closed and also breaker 2 will be closed.

2 Thyristor

= are a family of power semiconductor devices. Thyristors are used extensively in
edectronics circuit they are operated at bitable switches operating from non conducting
@ = cooducting state. Thyristors can be assumed as ideal switches for many application
practical thyristors exhibit certain characteristics and limitation. Conventional

are designed without gate controlled turn off capability, in which case the thyristors
e from its conducting state to a non conducting state only when the current is

= zero by other means. Gate turn off thyristors (GTOs) is designed to have both

< um on & turn off capability. Compared to transistors, thyristors have lower on
~=cocuon losses and higher power handling capability. On the other hand transistors

% 5 tave superior switching performances. In terms of faster switching speed and lower
losses Advances are continuously made to achieve devices with the best of both
los oo state and switching losses, while increasing their power handling capability).

Figure 15: Thyristor

v i APSCL the thyristors are used to give the field excitation to the generator by the
s Here the three connections from the transformer will come first to the power

v Then the power thyristor will take the AC current and it will make it DC. There
Seid breaker which will take the DC current to the generator brush gear. Brush gear will
& and 21ve the field excitation to the generator. In front of the thyristor there are thyristor
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=2 systems which will control the thyristor and there are fault display boards which
== the fault in the excitation. The three connection from the generator will come to
«‘ormer and the transformer is use to make the excitation voltage with the generator

wsmor Dc excitation purpose we saw that there was a fault pannel board where if any
eccur in the generator or any fault occur in the De excitation then the light will glow in

»el So the engineer who is for monitoring purpose in that control room will be

about the idia that which fault is occured and take necessary actions to remove the

Figure 16: generator control system for fault analysis board
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Fegure 17: Using thyristor for giving the excitation
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% 4 Current transducer

=scucer is a device that alters or transforms energy from one form into another. There
a2 tvpes: power, voltage and current transducers. They can be found in products such
oes that convert ph into electrical signals, microphones (that convert sound into
=v). photoelectric cells (that convert sunlight into electricity), or Geiger counters
«o» wum radioactivity into measurable metered quantities). Pressure transducers, for
-« ransform pressures into an electrical signal that can be measured or used for other
~wzuions There are even biological converters with the body such as the hair cells of the

==rent transducer is the application we're interested in. The term current transducer, as
» »omally take the meaning, is a device that converts alternating current (AC) or direct

+ 1DC) electrical signals into analog instrument signals (think meters or LED displays)
~me tyvpe of automatic or human control system. They allow computers to automatically
«+ and control processes because some type of signal can be turned into an electrical

it

“ment of Electrical & Electronic Engineering Page 32




pter: 03

Gas turbine

2as turbine is the turbine that is used to rotate the rotor of the generator. Main equipment
e zas that is used to rotate the turbine. So mechanical power will be developed which will
. 10 rotate the rotor. Gasses passing through an ideal gas turbine undergo three
=xdvnamic processes. These are isentropic compression, isobaric (constant pressure)
sustion and isentropic expansion. In a practical gas turbine, gasses are first accelerated in
a centrifugal or radial compressor. These gasses are then slowed using a diverging

‘< xnown as a diftuser; these processes increase the pressure and temperature of the flow.
&= :Jeal system this is called isentropic here this isentropic compression has been used.

= maln mechanism is air. So the operating temperature is high than steam turbine. Air and
s ournt and it will be given to the turbine. When foe gas is out there will be high

rature will be created. This temperature is used to heat the water from which the steam
~ e created. This stem will be given to another turbine to run the generator. This is called
~:ned cycle plant.

ut temperature 1050-1250 °¢c

temperature: 540 °c

= wrbine auxiliary cost is higher than the gas turbine. Efficiency of gas turbine is higher
:ne steam turbine.

Figure 18: inside clear view of the gas turbine
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Figure 19: total process of the compressor through the gas turbine
= 1.1 Boiler

= coiler 1s also called a steam generator. A boiler is a device used to create steam by
&= +ing heat energy to water. The steam generator or boiler 1s considered as a prime mover.
= ~ocler incorporates a furnace in order to burn the fuel and generate heat; the heat is initially
Tansterred to water to make steam; this produces saturated steam which can vary according
© =2 pressure above the botling water. The higher the furnace temperature, the faster the
s=2m production. The saturated steam thus produced is used to rotate the turbine and
~ws=mator. Any remaining heat in the combustion gases can then either be evacuated or made
w zz:3s through an economizer, the role of which is to warm the feed water before it reaches

e holer

ez s a boiler s commonly use in APSCL, that is Babcock & Wilcox botler.

Figure 20: water tube boiler

=0 has a single drum, with feed water drawn from the bottom of the drum into a header
= suophies inclined water-tubes. The water tubes supply steam back into the top of the
Z.= Furnaces are located below the tubes and drum.
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The superheat temperature of the Y160 was controlled manually by the Boiler Room Petty
@S cer of the Watch between 750°F and 850°F and the steam supplied to the main turbines
w=s a1 a pressure of 550 psi.

2.1.1.1 Safety tank

* bailer that has a loss of feed water and is permitted to boil dry can be extremely dangerous.
© fiead water is then sent into the empty boiler, the small cascade of incoming water instantly
o s on contact with the superheated metal shell and leads to a violent explosion that cannot
e controlled even by safety steam valves. Draining of the boiler could also occur if a leak
wozTed in the steam supply lines that were larger than the make-up water supply could

= ace Most boilers produce steam to be used at saturation temperature; that is, saturated
s Superheated steam boilers vaporize the water and then further heat the steam in a
woer heater. This provides steam at much higher temperature, but can decrease the overall
el efficiency of the steam generating plant because the higher steam temperature
wooes a higher flue gas exhaust temperature. There are several ways to circumvent this
o em. typically by providing an economizer that heats the feed water, a combustion air
e o 1n the hot flue gas exhaust path, or both.

stearrm
outlet

water
iNnlet
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air et ‘FILLE
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Figure 21: Safety tank

e are advantages to superheated steam that may, and often will, increase overall
" ey of both steam generation and its utilization: gains in input temperature to a turbine
- outweigh any cost in additional boiler complication and expense. There may also be
o c: limitations in using we? steam, as entrained condensation droplets will damage
e blades

B0 1.2 Stem Super heater & Pressure gauge

e =Toulation of water 1s maintained by convection currents. The hottest water and steam
e Tom the tubes to uptake header and then through rise inter the boiler drum. The steam
e escape through water to the upper half of the drum. The cold water flows from the
= 20 the rear header and thus the cycle is complicated. For getting superheated steam, the
e accumulated in the steam space 1s sent to superheated tubes which are arranged above
wxer tubes. The superheated steam is finally supplied to the user through a steam pipe
e stop valve. When the steam 1s being raised from the cold boiler, the super heater is

= T
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filled with water to the drum water level. The super heater remains flooded until the steam
reaches the working pressure. The super heater is then drained and steam is fed to it for
superheating purpose.

At the bottom of the rear header is a mud box. The foreign matter held in suspension in water
gets collected in it and can be blown off from time to time. The access to the interior of the
boiler is provided by the door. This is necessary to clean the tubes to remove the soot. The
draught is regulated by a damper which in the back chamber (Evaporates capacity for such
boiler rate is 20,000-40,000 Kg/hour & operating pressures of 11.5-17.5Kg/ cm®).

Here, Pressure gauge is used for the measure of pressure of the steam produce tank. It is also
called vacuum gauge. If the pressure is higher of the tank then the safety valve is used for
removing purpose of the excessive exhaust gas.

Figure 22: Pressure gauge

3.1.1.3 Furnaces

A water tube boiler is a type of boiler in which water circulates in tubes heated externaily by
the fire. Fuel is burned inside the furnace, creating hot gas which heats water in the steam-
generating tubes. In smaller boilers, additional generating tubes are separate in the furnace,
while larger utility boilers rely on the water-filled tubes that make up the walls of the furnace
to generate steam.

“\\'\UIII'rI'lAH‘I
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Figure 23: furnace

The heated water then rises into the steam drum. Here, saturated steam is drawn off the top of
the drum. In some services, the steam will reenter the furnace through a super heater to
become superheated. Superheated steam is defined as steam that is heated above the boiling
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noint at a given pressure. Superheated steam 1s a dry gas and therefore used to drive turbines,
since water droplets can severely damage turbine blades.

Cool water at the bottom of the steam drum returns to the feed water drum via large-bore
down comer tubes, where it pre-heats the feed water supply. To increase economy of the
botler, exhaust gases are also used to pre-heat the air blown into the furnace and warm the
feed water supply. Such water tube boilers in thermal power station are also called steam
generating units. Furnaces are located below the tubes and drum.

3.1.1.4 Ash pit

When gas is burn in furnace there are lot of carbon-di-oxide (CO;) and Hydrogen (H;)
produced. For producing of lot of carbon-di-oxide (CO,) which is gathered as the resultant at
the bottom of the botler in a chamber which is called ass pit.

e ‘ N
Figure 24: Ash pit

We have to clean it & for cleaning purpose there is a tray is used in the ass pit. On the other
hand for the separate of heat from the other areas inside the boiler we use baffles.

3.1.1.5 Feed water pump

In APSCL water comes from river and this water first comes into the basin and there it is
filtered in two stages. After filtering water, it is taken to the filter house for two more times
and then in reserve tank. Then water is cleaned by the different chemicals which are used in
water treatment tank and this water is converted into distilled water (DH,0) and it goes to
feed water pump.

Figure 25: feed water pump
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At last the main purpose of the feed water pump is to deliver the distil water (DH,O) to the
boiler so that at a random process the steam will become heated by using the condenser to the
feed water pump and again to the boiler.

3.1.2 Compressor

A gas compressor is a mechanical device that increases the pressure of a gas by reducing its
volume. Compressors are similar to pumps: both increase the pressure on a fluid and both can
transport the fluid through a pipe. As gases are compressible, the compressor also reduces the
volume of a gas. Liquids are relatively incompressible, while some can be compressed, the
main action of a pump is to pressurize and transport liquids. We need run the compressor
with constant pressure. If it is in definite pressure then the compressor will be run. There is a
diesel engine which is running at 1700 rpm. When it is running at 1800 rpm then the internal
ignition is occurred then it is suitable for delivering the speed to the compressor. In APSCL
the generator that is used which is run at 3000 rpm when the speed is 1700 rpm then it 1s used
to run the compressor.

Figure 26 centrifugal compressor

3.1.3 Combustion chamber

A combustion chamber is the part of an engine in which fuel is burned. The hot gasses that
produced from the combustion occupy a far greater volume than the original fuel, thus
creating an increase in pressure within the limited volume of the chamber. This pressure can
be used to do work, for example, to move a piston on a crankshaft or a turbine disc in a gas
turbine. The combustion ratio is 1:8 times. If input is 1 then the output is 8 times higher. First
the gas will go to the knockout plant then it goes to the filter then it goes to the constant
pressure chamber. To give the certain amount of gas to the compressor and for speed
controlling purpose the governor is used. The combustion chamber has spark plug that is used
to fire the gas. Before fire there has the ignition if the ignition has been occurred then it has
been given to the combustion chamber. The again need to be filter out the gas. There is
metallic system for filtering purpose the metallic system is used. There is also disposal
system, this disposal system is permanent. For reusing purpose we can use the metallic
system.
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3.1.4 Fuel system

The modern combustion gas turbine is one of the most reliable machines in use and a
workhorse of the electric power generating industry. They can be run because of quick
running capability which is only possible by delivering the quick additional power. So fuel
system is the very important part on that respect. The most common fuels for these machines
are natural gas and distillate fuel oil. Many industrial machines are delivered suitable to burn
either gaseous fuel or liquid fuels. Thus, a liquid fuel system is frequently a part of the
installation.

Even if natural gas is the primary fuel, liquid fuel as a backup is very common to provide for
interruptions in gas supplies. Some fuels are relatively inexpensive if they are an excess
product from a refinery. Naphtha is currently a very popular gas turbine fuel in India due to
government regulation. Many of these fuels require special treatment and/or handling to be
both safe to use and to minimize excessive erosion or corrosion to the hot gas parts of the
machine. For example, naphtha is an extremely volatile liquid and some purchasers of pumps
for this fuel specify a barrier system for the pump shaft seals. Figure 1 shows a twin screw
naphtha fuel injection pump that includes a lube oil barrier system to insure that any shaft
seal leakage is lube oil into the fuel. Such leakage can be readily detected so that an orderly
shutdown can be initiated to investigate a possible seal leak.

Figure 27: Fuel system

3.1.5 Air intake system

Air 1s intake of a gas turbine plant for cooling purpose, here this air is cool the heat of the
bearing lubrication oil, generator and turbine. Bearing oil has been cooled by 2 fans. Full
turbine hall can be cooled by the ventilation air system There are also fans in the generator
by passing the air too cool the generator. This turbine can produce temperature from 100-
1200°C. When temperature will increase 1000 °C then the gas will be fired. For this reason air
will become so heated. This heat can band the turbine or bearing. For overcome this problem
they make a circulating air blowing path to protect this parameter.

3.1.6 Cooling system

Here bearing oil has been cooled by 2 fans. Full turbine hall can be cooled by the ventilation
air system. There are also fans in the generator by passing the air to cool the generator. 1000°
C temperature will increase when the gas will be fired. Then the air will become so heated so
this air will be cooled and circulates to cool the turbine.
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3.1.7 Lubrication system

When compressor is running in constant speed then turbine becomes hot so lubrication
system is helpful here to move the shaft at 3000 rpm by reducing the load. The works of the
lubrication system are:

Less friction in the bearing

Making the turbine smooth.

Making the turbine blade heat less.

Reducing the load

There are AC pumps and DC pumps. Each one is standby for each other. Gas is moved
through the pump with constant pressure. In the lubrication system the oil is used to control
the system. Here bearing will be used which is less than 1rpm for lifting purpose it is not a
continuous process. By this pressure it will be reduce and the handle will go backward.

Figure 28: jagging oil pump

3.1.8 Instrument air

There is a compressor which will supply the instrument air to the various types of machines
of the system.

3.1.9 CONDENSER:

The main purposes of the condenser are to condense the exhaust steam from the turbine for
reuse in the cycle and to maximize turbine efficiency by maintaining proper vacuum. As the
operating pressure of the condenser is lowered (vacuum is increased), the enthalpy drop of
the expanding steam in the turbine will also increase This will increase the amount of
available work from the turbine (electrical output). by lowering the condenser operating
pressure, the following will occur:

Increased turbine output.
Increased plant efficiency.
Reduced steam flow (for a given plant output

3.2 Protection & Control system

There are several sensor systems which will indicate the logic to give the alarm. There are 10
thermocouples when the temperature will become higher than the 625°C then these will give
the signal for tripping. For + 40°C the alarm will blow and for + 60°C tripped will be
occurred. Here lube oil test will be done for the safety.
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The protection system will be given by the following ways:

3.2.1 Trip coil:
1) First command to the circuit breaker
2) Second command to the fuel valve. So the fuel flow will be shut down.

o _ |
b—T . —F
< ~~LD $ oA [ 1 i
e e | Vvl =t | 1 1 =
i v ? 1 or |

v/ eay I |r

Figure 29: indicating the trip coil for balanced Y connected sources

Here Y connected balanced current will be flow. Synchronization has been occurred so that it
will open the circuit breaker.

3.2.2 Generator:
1) Winding temperature excessiveness test.
2) Bearing test
Vibration high.[cooling fan is used if distance between the shaft and the bearing is increased
then the steam will go in to the gap and it will push the shaft upward]
Temperature high.
3) Cooling air temperature high test.[2],[3]

3.2.3 Turbine
1) Bearing vibration will be high.
2) Bearing temperature will be high
3) Dewiation £60°C
4) Over speed test=3300 rpm

3.2.4 Lube oil test

Bearing temperature will be high because the lube oil will become less so the friction will be
occurred. There are 10 burners. If there are any temperature of any burner will become less
then the turbine blade will become compressed and decompressed so the turbine blade will be
broken down. If load will become less so fuel will flow so the turbine speed will be high.
Over speed acceptable till 3300rpm. Here when the turbine is moving faster than the bearing
which makes a distance between the shaft and the bearing. It has been measured by a scale
unit

miles = 10% inch => If it is 4 miles then an alarm will be blown.

If it is 6 miles then it will give the trip signal.
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3.2.5 Compressor protection

1) Air intake differential pressure excessiveness test.
Two filters namely disposable filter and metallic filter are used for compressor protection.
Metallic filter is used for less micron gap and disposable filter is for how much gap ts there in
the filter. The disposable filter will not be reused. Bearing and shaft gap has been filled by the
lube oil which will take the heat. There are also lube o1l cooler which will the cool the lube
oil. Jacking oil supply should be ensured must. Safety of the power plant is given the DC or
AC system. If one system is off then the other system will be running. But the DC system
must not be off. AC system is used for ac supply to the equipment. For power failure purpose
we use DC supply.

Figure 30: water treatment tank with feed water pump
3.3 Auxiliary power supply

The DC power is used in control system always. [f the control system fails the control power
must not fail. The electricity that is coming from the battery is produced due to the chemical
energy 1s converted into electrical energy. For the backup purpose we use the battery. In this
power plant they use two kinds of battery: Led acid &NICD battery

NICD battery is costly. The difference is that in led acid the sulfuric acid is used and in NICD
battery the potassium hydrochloric acid is used. The rectifier is used to convert the DC to AC.
The rectifier is nothing but a battery charger from the technical point of view. The voltage of
NICD is 1.2 V. for battery capacity we use AH (amp hour). If we connect the battery in
parallel we are adding the capacity and if we connect the battery in series we are reducing the
capacity. For example 10 hours the capacity is 50 AH. It means that SOA current will run the
battery through 10 hours. A performance curve is given by the manufacturer which indicates
the points of operation of the battery. Initially high amp of current flows afterwards it
becomes steady. After that it will be discharged. Then current will be constant to the battery
to charge initially. The steady condition when the constant voltage will be given this
condition is called the floating position for energy gaining. This floating condition can be
changed if the product is same and the same material is used but the chemical reaction is
changed. It charged in high voltage which is called booster. It will equalize the charge. In the
control room there are some mechanical works which are done for testing the battery:
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The tightness capacity: This test is done for the loose connection in the battery. If there is
any loose connection then the then it will be removed.

Breathing test: If there is any chemical reaction occurred inside then this test 1s done to
remove the chemical reaction.

Liquid level test: The nickel cadmium is emerged in to the potassium hydrochloric acid.
There is a maximum point and a minimum point inside the battery. [t means that the nickel
cadmium is emerged in between two points. If acid level is higher than the maximum level
the breathing test will be needed. But the acid level cannot go under the minimum level. For
this reason the specific cell is kept on observation.

Specific gravity test: The range is 1180-1220kg/m’
1220 cc or 1.2 liter (compared to 1 liter water)

The specific gravity is tested by the hand hydrometer of the acid. The specific gravity is in
the range of 1180-1220.

The cell voltage test: Here the rectifier is used which is 220 V. There one rectifier is
redundant. It 1s the subordinate rectifier if one fails then the other rectifier will be operated.
The battery is energized and discharged. When the constant voltage will be supplied then the
floating condition will be occurred. If we want to boost the battery then the data will be
stored and it has been charged by the automation inside the rectifier.

For NICD Battery

The nominal voltage: 1.2V

Floating voltage: 1.4V

Boost voltage: 1.6V

3.4 Excitation and governor system

An electric generator or electric motor consists of a rotor spinning in a magnetic field. The
magnetic field may be produced by permanent magnets or by field coils. In the case of a
machine with field coils, a current must flow in the coils to generate the field; otherwise no
power is transferred to or from the rotor. The process of generating a magnetic field by means
of an electric current is called excitation.

In APSCL the excitation has been given by the brush gear. We know that the magnetic flux,
conductor and magnetic flux change is needed in the generator to induce the voltage. The
main working principle is that the relative motion will be done between these. Turbine is used
for rotation motion. The stator is used as the conductor. The electromagnetic rotor will be
given power for excitation. The excitation will be given by the bus gear. Here when the rotor
is rotated then the friction will be occurred with the brush gear so the rotor will get the field
excitation voltage. It will be decayed due to friction. Actually the carbon brush will be
decayed. There are 14 carbon brushes in parallel. Current capacity is almost 30% increased
capacity of the requirement. Carbon brush layer will be decayed because the spring force will
push forward. So we need to change the brush gear while it is in an indicated position.
Governor is used to adjust the speed of the engine by adjusting the fuel input.
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3.5 Turbine analogy
There are two types of turbine.

1) Impulse turbine
2) Reaction turbine

Impulse turbine:

These turbines change the direction of flow of a high velocity fluid or gas jet. The resulting
impulse spins the turbine and leaves the fluid flow with diminished kinetic energy. There is
no pressure change of the fluid or gas in the turbine blades (the moving blades), as in the case
of a steam or gas turbine, all the pressure drop takes place in the stationary blades (the
nozzles) Before reaching the turbine, the fluid's pressure head is changed to velocity head by
accelerating the fluid with a nozzle. Pelton wheels and de Laval turbines use this process
exclusively. Impulse turbines do not require a pressure casement around the rotor since the
fluid jet ts created by the nozzle prior to reaching the balding on the rotor. Newton's second
law describes the transfer of energy for impulse turbines.

Figure 31: turbine blade
Reaction turbine

These turbines develop torque by reacting to the gas or fluid's pressure or mass. The pressure
of the gas or fluid changes as it passes through the turbine rotor blades. A pressure casement
1s needed to contain the working fluid as it acts on the turbine stage(s) or the turbine must be
fully immersed in the fluid flow (such as with wind turbines). The casing contains and directs
the working fluid and, for water turbines, maintains the suction imparted by the draft tube.
Francis turbines and most steam turbines use this concept. For compressible working fluids,
multiple turbine stages are usually used to harness the expanding gas efficiently. Newton's
third law describes the transfer of energy for reaction turbines.
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Impuise Turbine Reaction Turbine
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3.6 Different types of tests

Figure 32: Impulse turbine & Reaction turbine

There are different types of test in the Gas turbine. They are

Temperature:

Thermometer: the temperature of the power station is tested by the thermometer. The
temperature is displayed in a display board.

Thermocouple: Two different metals are used. Their heads are joined with each other. Then
the temperature is measured. There is a chart which indicates the voltages corresponding to
the measured temperature. Here K- type thermocouple is used. Its range is 1200°C-1300°C
Here RTD (Resistor thermocouple detector) is used to give the measured values. Here we
use thermostat.

Pressure: Naturally pressure gauge is used for the measurement of the pressure.

Another device pressure transmitter is used where an electrical transducer (stain gauge) is
used which generates electrical signal against the pressure.

Side glass: It is also a meter which indicates the pressure.

Dip stick: There is level indicator in the stick. It tests the level of oil.

RPM test: Tachometer is used to measure the rpm. Laser is used as the indicator of RPM.

Controller: It has some saved data. Here transducer converts the physical signal to electrical
signal. Sensor senses the physical signal.
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Figure 33: Controller

3.7 steam turbine

A steam turbine is a mechanical device that extracts thermal energy from pressurized steam,
and converts it into rotary motion. Its modern manifestation was invented by Sir Charles
parsons in 1884, It has almost completely replaced the reciprocating piston steam engine
primarily because of its greater thermal efficiency and higher power-to-weight ratio. Because
the turbine generates rotary motion, it is particularly suited to be used to drive an electrical
generator — about 80% of all electricity generation in the world is by use of steam turbines.
The steam turbine is a form of heat engine that derives much of its improvement in
thermodynamic efficiency through the use of multiple stages in the expansion of the steam,
which results in a closer approach to the ideal reversible process.

- ErLe~—

Figure 34: Steam turbine
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3.7.1 Spray water boost pump

Spray water boost pump is the pump which 1s used to spray the water stem to the condenser
and condenser will take this stem which will be reheated in a process to the boiler. There is
an auxiliary contact and main contact. The main contact is used to supply the mainly total
part of the steam and the other part of the steam which flows through the auxiliary contact.
When there is excessive stem is passing through the main contact then the auxiliary contact
will take some short of steam of the main contact. Then this stem will be passed to the
condenser.

Figure 35; Spray water boost pump

3.7.2 Vacuum chamber

A vacuum chamber is a rigid enclosure from which air and other gases are removed by a
vacuum pump. Chambers are typically made of metals which may or may not shield applied
external magnetic fields depending on wall thickness, frequency, resistivity, and permeability
of the material used. Chambers often have multiple ports. covered with vacuum flanges. to
allow instruments or windows to be installed in the walls of the chamber. In low to medium-
vacuum applications, these are sealed with rubber o-rings. In higher vacuum applications, the
flanges have hardened steel knives welded onto them, which cut into a copper gasket when
the flange is bolted on.

3.7.3 Low pressure steam (LPS)

The low pressure steam is the process which 1s connected to the steam stop valve so that the
steam 1s not well equipped to generate to the steam turbine by this steam. So there will be
another mechanism is used when the back flow of the steam will come this valve will be
closed and that’s why the steam cannot go through the steam stop valve finally this steam will
be gathered in a process to the chamber where this gas will be flown through low pressure
steam chamber.
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3.7.4 Condenser A and Condenser B

In systems involving heat transfer, a condenser is a device or unit used to condense a
substance from its gaseous to its liquid state, typically by cooling it. In so doing. the latent
heat is given up by the substance, and will transfer to the condenser coolant. Condensers are
typically heat exchangers which have various designs and come in many sizes ranging from
rather small (hand-held) to very large industrial-scale units used in plant processes. For
example, a refrigerator uses a condenser to get nd of heat extracted from the interior of the
unit to the outside air. Condensers are used in air conditioning, industrial chemical processes
suvh s distillation, steam powar plants and other heat-exchange systams. Use 6f cooling
water or surrounding air as the coolant is common in many condensers.

Here in APSCL two condensers is used condenser A and condenser B. So the condenser A is
used to condense the total 440° ¢ steam in to two stages to give the desired energy of the
steam to the turbine to rotate the generator. First here the 40°C temperature steam will come
to the dilater. Then on the other hand the 100° C temperature steam from the low pressure
evaporator comes to the dilator. So the output 100°C temperature water will come which wiil
go through the forced flow having the temperature of 230° C to the high pressure chamber.
On the other hand high pressure evaporator will flow 240 ° C temperature steams to the high
pressure chamber. The output of 440° C temperature steam will come through the super
heater which is 40 bar super heated steam which will go to the steam turbine.

rigure 36: super heafing process

RAFTLE AND TUSE
SUPPORT PLATES e cuparr
OHHALSIT ETTAM \

delk \ \h W”?

RS LA, LA AT lT
iy .,ﬂ. A\
o6 P - AW ¥, -
JS!!VK thv-/}??'I‘VV/WW/‘&I-‘/MW!‘S’W!JH‘X«’ o
———.. _..—'

Figure 37: Condenser A and condenser B
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3.7.5 Governor 1 & Governor 2

Govemor is used to adjust the speed of the engine by adjusting the fuel input. So that the
frequency of the generated voltage will remain constant in different loading condition.

Here in steam turbine the governor 1 and the governor 2 are used. When the cues valve is
opened then the 440°c temperature steam is gone to the hp turbine to rotate the shaft of the
34.3KVA generator to rotate the steam turbine. The total process is done into two ways first
the governor 1 is operated to control the speed of the turbine then after wards the governor 2
is operated to control the second step of constant speed supply. Otherwise the steam turbine
will not run in the constant speed and vacuum chamber is also used to extract the gas from
the chamber.

3.7.6 Pump steam valve

pump steam valve are designed to transfer when a modulating vaive controls the flow of
steam to a heat exchanger. It is valve which will flow the steam to the heat exchange where
these steam will be bumed and 1s given to the generator through the condenser. When reverse
steam will flow then the steam will be stopped by this valve.

3.7.7 Air extraction pump

The air extraction valve is to extract the hot gas from the steam turbine area so that the
turbine will not become over heated. So that it will extract the gas and these gas will be
exhausted in the atmosphere. Otherwise the turbine will become so heated. to remove the
excessive heat we use the air extraction pump.

3.7.8 Protection and maintenance

The protaction and manienance of the steam hurbine is same as the protection and
maintenance of the gas turbine. So this section is described previously. The main deference is
that there are two compressors and two governors and other steam controlling mechanism
which is protected as the same as the procedure in gas turbine.

3.8 Combined cycle

In the combined cycle the combination of the gas turbine and steam turbine are used to
produce to form the power generation and usually this power will be dissipated to the
generator to form the electricity. In a thermal power station water is the working medium.
High pressure steam requires strong, bulky components. High temperatures require expensive
alloys made from nickel or cobalt, rather than inexpensive steel. These alloys limit practical
steam temperatures to 655 °C while the lower temperature of a steam plant is fixed by the
boiling point of water. With these limits, a steam plant has a fixed upper efficiency of 35 to
42%. In APSCL the gas turbine plant, steam turbine plant and combined cvcle plant is used to
produce the electricity. Mainly there are 2 gas turbines and 1 steam turbine. The exhaust gas
from the gas turbine and the steam turbine is used to run the combined cvcle plant,

TP
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Chapter: 04

Substation:

A substation is a component of an electricity transmission or distribution system where
voltage is transformed from high to low, or the reverse, using transformers. A transmission
substation transforms the voltage to a level suitable for transporting electric power over long
distances. This is to minimize capital and operating costs of the system. Once it is transporied
close to where it is needed. a distribution substation transforms the voltage to a level suitable
for the distribution system. In APSCL we visited the substation for three days and learnt
about different types of Transformer, Circuit Breaker, Relay, Transmission Lines, Substation
contro! system and transmission systems of APSCL. The instructors in substation division.

4.1 Transformer:

Figure 38: Transformer

A transformer is a device that transfers electrical energy from one circuit to another through
inductively coupled conductors -the transformer's coils. If a load is connected to the
secondary, an electric current will flow in the secondary winding and electrical energy will be
transferred from the primary circuit through the transformer to the load. Relation between
induced voltage and number of turns is given below —

Vs _ Ns
Vp o Np
Here,

Induced voltage in the secondary winding = Vs
Primary voltage =Vp
Number of turns in the secondary =Ns

Number of tumns in the secondary =Np
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AC voltage is stepped up when N, is greater than Np and stepped down when N5 1s less than
Np

4.1.1 Types of Transformer

The transformer can be categorized into General purpose and usage purpose transformer.
4.1.1.1 General Purpose Transformers

Current transformer

Potential transformer

Current Transformer (CT):

ey »
-
- -
- » _
- n

Figure 39: Current Transformer

The current transformer is used to measure the electric current, Current transformers are used
extensively for measuring current and monitoring the operation of the power grid. To
measure very high current which is not possibie to directly apply to measuring instruments,
we use a current transformer which produces a reduced current accurately proportional to the
current,

Potential Transformer (PT):

They have a large number of primary tums and a few numbers of secondary tumns. It is used
to measure the voltage and control the high voltage. The potential transformer (used in
APSCL) rating is given below —

Rated Voltage =132 KV Highest system voltage = 145 KV

Construction = Qutdoor Insulation level = 275/650 KV

No. of phase = single ~ Rated freqﬁency =50 Hz

Ratio= 76.5KV/63.5V Total weight =600 Kg

Burden 60 VA Class of accuracy = 0.2

e === = i — e i
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Figure 40: Potential Transformer
Connection of PT

Ratio Primary Connection Secondary Connection

o A-N a-n

Primary Connection
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P —

d f

l i ‘ n
(] Secondary Connection

'l

Figure 41: Connection diagram of PT

4.1.1.2 Usage purpose Transformer

Step up Transformer:

A transformer that increases voltage from primary to secondary is called a srep-up
transformer. This transformer steps up the ac voltage and steps down the current for reduced
wire resistance power losses along power lines connecting generating stations with loads.
Here secondary winding turns is greater than the primary winding (Ns> Np).




pPrimany secondary .
1.2 Amps

240V - 480V

Figure 42: step up (ransformer

Step down Transformer:

many turns H | few turns

)
.} high voltage ? low voltage foad

Figure 43: step down transformer

A transformer that decreases voltage from primary to secondary is called a step-down
transformer. Here secondary winding tumns is less than the primary winding (Ns< Np).

Autotransformer:

Auto transformer is known as variable voltage transformer. In an autotransformer same
winding act as both the primary and secondary but the winding is needed to be divided into
portions known as tap.

Figure 44: Autotransformer

The winding has at least three taps where electrical connections are made. An ordinary
transformer provides electrical isolation between its winding but the autotransformer does not
provide electrical isolation between its winding. Like multiple-winding transformers,
autotransformers operate on time-varying magnetic fields and so cannot be used directly on
DC. If the insulation fails in an autotransformer, the applied full input voltage will be found
in the output terminal.
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Applications of autotransformer:

1. Interconnect systems operating at different voltage level.
2. Inindustry, to get different voltage levels from a fixed supply voltage.

4.1.1.3 Regular Maintenance of a Transformer:
In APSCL, the regular maintenance checkup of transformer is pursued. This includes —

Color of silica gel crystal to make sure it is blue.

The nuts and boits of"the different parts of the transformers

Transformer cooling fan

The On load taps changer (OLTC) oil checking

Oil leakage checking

4.1.2 Condenser

An insulation which is made up of alternate layers of insulating material and metal foil. It is

placed between the conductor and outer casing in terminals of transformers and other high-
voltage equipment such as switchgears.

4.1.2.1 Lube Oil

Transformer Oil is highly refined electrical insulating o1l developed for use in oil-immersed
transformers, capacitors, tap changers and circuit breakers.

Applications

Oil-immersed transformers

Circuit breakers

Switches

Tap changers

Oil-immersed electrical equipment
Features and Benefits:

Lk W

Excellent insulating properties

High dielectric strength

Low power factor

Resists oxidation

Excellent low-temperature properties
Compatible with materials used in transformers

S i e

4.1.2.2 Purpose of condenser

The main purposes of the condenser are to condense the exhaust steam from the turbine for
reuse in the cycle and to maximize turbine efficiency by maintaining proper vacuum. As the
operating pressure of the condenser is lowered (vacuum is increased), the enthalpy drop of
the expanding steam in the turbine will also increase. This will increase the amount of
available work from the turbine (electrical output). by lowering the condenser operating
presswre, the following will occwr:

1. Increased turbine output.

=
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2. Increased plant efficiency.
3. Reduced steam flow (for a given plant output)

4.1.3 Breather

Breathers are used to absorb the moisture content from the sucked air, while the transformer oil gets
expanded due to heating. Breathers make use of silica gel colored with brown used extensively in
power transformers. This is an important part of the transformer as it provides an economic and
efficient means of controlling the level of moisture entering into the electrical equipment like
transformers. So in the transformers of the APSCL we checked the breather while visiting the
substation.

T —

e
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Figure 45: Breather
4.1.4 Transformer Protection:
Transformers are a critical and expensive component of the power system.

In transformer some common failures are -
a. Winding failures due to short circuits
b. core faults (core insulation failure, shorted laminations)
¢. Terminal failures (open leads, loose connections, short circuits)

d. On-load tap changer failures (mechanical, overheating)
So the protection schemes are very important. The protection includes ~

1. Over fluctuation protection

2. Differential relay protection

3. Oil surge relay for OLTC (On load tap changer)
4. Buchholz relay protection.

4.2 Bus bar
In electrical power distribution, a busbar is a strip of copper or aluminum that conducts
electricity within a switchboard, distribution board, substation or other electrical apparatus.
The maintenance includes

1. Checking the clamps ( sometimes it needs to be changed or tightened)

2. Checking the Insulation ( resistance)

|
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The bus bar arrangements are

1. Single Bus-bar
2. Double Bus-bar
3. Ring Bus.
Double Busbar is also known as Main and reserved Bus-bar.
The use for double busbar may be necessary when some of the following features are
required:
. Operation of incoming circuit breakers from non-synchronized systems
2. Load shedding of feeder circuits with a different level of importance during emergency
conditions

3. Flexability during inspection and maintenance procedures without load interruption
4. Extension without switchgear shutdown

Advantages and disadvantages of Double Bus bar

Advantages Disadvantages
Flexibility of operations is increased Cost of equipment 1s more
Extension of the switchgear without de- Extension of the switchgear without de-
energizing is possible energizing is possible
On load transfer is possible with certain Cost of maintenance and spares holding is
double busbar designs more
Non-svnchronized systems can be used. to Cost of installation 1s more

supply outgoing circuits

_ Advantages and disadvantages of Single Bus-bar

Advantages o Disadvantages o
Cost of equipment is less Flexibility of operations 1s reduced h
_Requires less space Extension of the sx\'itchgea—r\\‘ilhout de-

energizing 1s not possible

—

Ease of use Load shedding is more complex 5

—= SN |

4.2.1 Synchronization:

When the generated power needs to be connected to the grid some conditions are required to
be satisfied. Thev are-

a. Voltage magnitude is same.

b. The phase sequence of system must be compared to the phase sequence of the grid.

¢. Frequency of the incoming generator is adjusted to be slightly higher than the running
system.

d. Phase angle is equal. To keep the system in phase, we use the synchroscope.

e = xes e ——
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In APSCL, before connecting to the power grid these conditions were checked first by the
engineers. When they found all the conditions were satisfied. they connected the bus to the

grid.
Over current relay protection

To protect a circuit against overloads and short circuit currents, a protective device must
determine when a fault condition develops and automatically disconnect the electrical
equipment from the voltage source. Slight overcurrent can be allowed to continue for a short
time, but as the current magnitude increases, the protection device must open faster. Short
circuits must be interrupted instantly.

Differential Protection

Differential protection is used to protect the windings of a transformer by comparing the
current in the power supply's neutral wire with the current in the phase wire. The differential
protection relay never operates when the currents are equal. But if there is a current inequality
then the differential protection relay operates.

4.2.2 Isolation

The isolators consist of separate poles which can be arranged for single pole operation or
linked together by operating rods.

Three types of isolators are

L. Center break isolator
2. Pantograph isolator
3. Double break isolator

Center break isolator:

Figure 46: Center breaks isolator
1. Robust in construction
2. Good electrical & thermal conductivity
3. High long & short time current carrying capacity
4. Low contact resistance due to multi-point contact

5. Suitable for use at high continuous and short time temperature

Déf)art.ment of Electrical & Electronic Engineering

Page-S;



Pantograph isolator:

While closing, the linkages of pantograph are brought nearer by rotating the insulator
column. It is used in outdoor high voltage Sub-stations. It requires less area. The operaling
mechanism is manual as below:

1. Electrical motor operation
2. Pneumatic mechanism

Double break isolator:

Figure 48: Double break isolator

1. Motor/Manual operating mechanisms.
2. Tum & twist mechanism with self-wiping contacts.
3. Fixed& moving blades are made out of hard drawn electrolytic copper
4. Simultaneous operation of three poles
4.2.3 Circuit Breaker:

A circuit breaker in a substation is a form of protection, designed to break fault current when
fault is detected on the system. It also has secondary function allowing the system operator to
switch circuits in and out. A circuit breaker allows a circuit to be reactivated after a short
circuit or overload is cleared. The main difference with the fuse is fuses must be replaced
when they are opened.

4.2.3.1 Vacuum Circuit Breaker (VCB)

In a Vacuum circuit breaker, vacuum interrupters are used for breaking and making load and
fault currents. These circuit breakers are used to protect medium and high voltage circuits
from dangerous electrical situations. In a vacuum circuit breaker two electrical contacts are
enclosed in a vacuum. One of the contacts is fixed, and one of the contacts is movable. When

- Page—SE
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the circuit breaker detects a dangerous situation, the movable contact pulls away from the
fixed contact, interrupting the current. Because the contacts are in a vacuum, arcing between
the contacts is suppressed, ensuring that the circuit remains open.

R B
L

Figure 49: Vacuum Circuit Breaker

Advantages:

a. They are compact, reliable and have longer life.

b. There are no fire hazards

c. There is no generation of gas during and after operation

e. They require little maintenance and are quiet in operation

f. Can withstand lightning surges

g. Low arc energy

h. Low inertia and hence require smaller power for control mechanism.

4.2.3.2 Sulpher Hexafluoride (SFs) circuit breakers:

In an SF6 circuit-breaker, the current continues to flow after contact separation through the
arc whose plasma consists of ionized SF6 gas. The sulpher hexafluoride (SFs) absorbs the
free electron. The SF6 gas is non-inflammable so there is no risk of fire. Insulation problems
are reduced as there are no carbon deposits. But these SF¢ breakers are costly due to the
complicated nature of the enclosed svstem, and the high price of obtaining the SF6 gas.
Moreover faulted SF6 gas must be carefully removed and can be toxic. The gas insulated
transmission lines and power distributions are included in the applications of SF6. Due to the
low energy the contact erosion is small.

e,
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Figure 50: SF6 circuit breaker

- ——— — e R i e 1T TR i E r—

Dgpa-rfgah.ta' Electrical & Electronic EHgiheeEng N Pagé_S-EB




Construction:

It consists of fixed and moving contacts which are enclosed in a chamber called arc
interruption chamber.SF; gas reservoir is connected with this chamber. When the contacts of
breaker are opened the valve mechanism permits a high pressure SF¢ gas from the reservoir
to flow towards the arc interruption chamber. The fixed contact is a hollow cylindrical
current carrying contact fitted with an arc hom. The moving contact is also a hollow cylinder
with rectangular holes in the sides to permit the SFs gas to let out through these holes after
flowing along the arc. The tips of fixed contact, moving contact and arcing homn are coated
with copper-tungsten arc resistant material. Since SFs gas is costly, it’s reconditioned and
reclaimed by a suitable auxiliary system after each operation of the breaker.

}
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Figure 51: Constriction of SF6 Circuit breaker

Function:

SF6 circuit breakers work through arc interruption. When electrical current exceeds a certain
level (called a rating), the breaker will trip and contacts within the circuit breaker will open to
interrupt the circuit. When the current is interrupted. an electrical arc is created. An arc
contains heat and voltage, so it must be contained and extinguished. The SF6 circuit breaker
uses compressed sulfur hexafluonide (SF6) gas to cool the arc and absorb free conducting
electrons. The electrons captured by the gas form mostly steady negative ions, creating
dielectric insulation and extinguishing the arc

4.2.3.3 Oil Circuit Breaker (OCB)
The oil 1n the circuit breakers used for

1. Itinsulates between the phases and between the phases and the ground

2. It provides the medium for the extinguishing of the arc.
The flammability of the oil and the regular maintenance of the oil (changing and purifying
the oil) is the main disadvantage of the Qil Circuit breakers. Throughout the interruption of
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heavy fault current the breakers are likely to move so the oil circuit breakers are usually fixed
on concrete bases at the ground level.
The OCB nameplate data is given below:

Rated Voltage = 132 KV Making current 55/45 KA
Maximum service voltage =170 KV Operating duty = 0-0-3s-CO-3min-CO
Rated Current = 1250A Operating mechanism = 220 VDC
Frequency = 50 HZ Weight including oil = 3280 Kg
Breaking capacity = 5000 MVA Oil filling of breaker poles = 330 Kg
Neutral frequency =1.5 KHz

a. Bulk oil circuit breaker :

Figure 52: Bulk Oil Circuit Breaker

Bulk oil circuit breakers are enclosed in metal-grounded weatherproof tanks that are referred
to as dead tanks. In bulk oil circuit breakers the arc extinction takes place in a tank. During
interruption of heavy fault currents the breakers tend to move. To minimize the damage to the
breakers, breakers with very high interrupting capacitv have an impulse cushion is provided
at the bottom of the breakers. The cushion is filled with an inert gas like nitrogen

b. Minimum QOil Breakers

uad
s
Figure 53: Minimum Qil Breakers

In minimum oil circuit breakers the arc extinction takes place in insulating housing enclosed
in ceramic enclosures. The oil serves as both arcs extinguishing medium and main insulation
in the bulk oil breakers whereas the minimum oil breakers reduce the oil volume only to
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amount needed for extinguishing of the arc about 10% of the bulk- oil amount. To improve
breaker performance, oil is injected into the arc. For high voltages (above 132 kV), the
interrupters are arranged in series. In minimum oil breakers the interrupter containers are
made of insulating material which is insulated from the ground. This configuration is also
known as live tank construction.

4.2.4 over Headed Line

Figure 54: Transmission Line (overhead line) in APSCL

Overhead power line means an overhead line for the transmission of electrical energy.
Overhead power lines are generally the lowest-cost method of transmission for large
quantities of electric energy. Considering the range of voltage the overhead power lines are
classified as

Low voltage — less than 1000 volts

Medium Voltage (Distribution) - 1 kV to 33 kV

High Voltage (sub transmission) - less than 100 kV
Extra High Voltage (transmission) - 110 kV to 800 kV
Ultra High Voltage — higher than 800 kV

N =

Conductors:

The commonly used conductor materials are Copper, Cadmium copper, Aluminum etc.
Aluminum conductor steel reinforced (ACSR) are primarily used for medium and high
voltage lines. The outer strands are aluminum which is a good conductor with low weight and
cost. The center strand is of steel for the strength required to support the weight without
stretching the aluminum due to its ductility (ability to deform under tensile stress). This gives
the cable an overall high tensile strength. Though copper is a good conductor, it is rarely used
due to its higher cost and less availability. The ACCC (Aluminum Conductor Composite
Core) cable can double the current carrying capacity over existing transmission and
distribution cable and can dramatically increase system reliability by virtually eliminating
high-temperature drop.

4.3 Control Room:

In APSCL, the control room for substation is the place from where the equipment of the
substation is monitored and controlled. There is motor operated disconnecting switch which
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are used to control the isolator of the substation. All the control equipment in APSCL is also
under SCADA (supervisory control and data acquisition). They control the substation from
the substation control room but if they fail or in any emergency the control equipment can be
controlled remotely by SCADA. To control through SCADA system the equipment needs to
be switched to SCADA mode or connect to the SCADA interface. The substation automation
circuitries are also available in the control room. All the relays are automated. Previously
they were needed to control manually. The meter is also available in the control room by
which they regularly monitor the amount of power that is transferred to the grid. The control
room includes-

Control panel

Relay panel
Announcement panel
Metering panel
Protection panel

S e b

4.3.1 over Current Relay

Lines are protected by overcurrent, distance-, or pilot-relaying equipment, depending on the
requirements. Overcurrent relaying is the simplest and cheapest and the quickest to need
readjustment or even replacement as a system changes. It is generally used for phase and
ground fault protection on station-service and distribution circuits in electric utility and in
industrial systems. An overcurrent relay is activated if the line current exceeds a certain
value.

4.3.2 Impedance Relay

Impedance relays monitor the impedance between the relay location and the fault. When the
overcurrent relays do not provide sufficient protection impedance relays are used. If the
impedance falls within the relay setting, the relay will operate.

4.3.3 Earth fault relay

An earth fault relay is activated by the fault current flowing from line to earth. Normally

these are combined to form what is known as a combined overcurrent and earth fault relay,
which is widely used as back up protection if the main protection fails. When a fault occurs a
current flow in the secondary winding of the current transformer. If the current is greater than
the setting of the relay, the electromagnet is energized and attracts the armature. The action of
the armature closes and opens the normally open and close contacts respectively. The shunt
trip coil is energized or de-energized and the circuit breaker will trip.

MAIN CIRCUIT
GENERATOR

CT BREAKER
/r(;;ﬁ'ﬂ:‘l‘ :_-”r"'{_,l -—l—"'_ R
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4.3.4 Restricted earth fault relay

The restricted earth fault relays can be used to sense earth faults in a specified zone of the
network. It is a type of unit protection that is applied to transformers or generators and is
more sensitive than the method known as differential protection. An REF relay works by
measuring the actual current flowing to earth from the frame of the unit. If that current
exceeds a certain preset maximum value of milliamps (mA) then the relay will trip to cut off
the power supply to the unit.

4.3.5 Buchholz relay

The gas and oil actuated relay is known as Buchholz relay. It is designed to detect faults and
to minimize the propagation of any damage which might occur within oil-filled transformers,
capacitors and reactors supplied with oil conservator.

Protection:
1. Broken-down core bolt insulation
2. Bad contacts
3. Overheating of some part of the winding
4. Short-circuits between phases
5. Leakage in the oil container or oil pipes

Figure 56: Buchholz relay connection

Construction:

The Buchholz relay takes the form of a domed vessel. It is placed in the connecting pipe
between the main tank and the conservator. The device has two elements.

1. The upper element

The upper element consists of mercury type switch. The upper element of the relay closes
the alarm circuit during initial faults.

2. The lower element
The lower element is located in the direct path of the flow of oil from the transformer to

conservator. It is arranged to trip the circuit breaker in case of severe internal faults.
Advantages:

1. It detects the initial faults much earlier than any other forms of protection.
2. This is the simplest form to protect the transformer
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Disadvantages:

1. The device can detect only faults below oil level in the transformer

2. It can only be used with oil immersed transformers which are equipped with
conservator tanks

4.4 Description of 230 KV XPLE (Cross-linked polyethylene) Cable:

230 kV

Figure 57: 230 kV XLPE Cable

Copper conductor, stranded, optionally with longitudinal water barrier
Inner semi conductive layer, firmly bonded to the XLPE insulation
XLPE main insulation, cross-linked

Outer semi conductive layer, firmly bonded to the XLPE insulation

Copper wire screen with semi-conductive swelling tapes as water barrier
6. Aluminum sheath

7. P.V.C (insulation purpose)

S S
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Chapter: 05

5.1 Problems

In APSCL we have introduced with the power generation, power distribution, and power
maintenance and control operation. This is a huge power station. A short period of 100 credits
hours is not enough to monitor all the details of this station. We had to make sure that we have
utilized all the basic parts and concept of the power generation, power distribution, power
maintenance and control operation within the short period we passed in this station. Here we face
some problems which can be mentioned as:

a. Lack of time.

=3

Lack of knowledge of the engineers.
¢. Improper guidelines of the superior engineers.
d. Lack of accommodation problem.
e. Discontinuity of the engineers to give us the desired time.
f. Problems to get the important papers for preparing the report due to bureaucracy.
5.2 The future plan of (APSCL)

The future plan of APSCL is to develop few more plants which is discussed in the following table.
By this the power plant will minimize the present problem of scarcity of electricity in future. The
plants are:

50 MW ( Thermal Power | APSCL Already running

Plant)

150 MW APSCL Tender cell

450 MW APSCL proposed

450 MW APSCL proposed

55 MW Precision Ready to launch

80 MW Aggreko Ready to launch
United hospital Ready to launch

5.3 Conclusion

APSCL i1s the second leading company in Bangladesh. Its strategic aim is to strengthen the
leading position. We passed some remarkable days at APSCL during our intemship program.
By our internship program we have reached our expected practical experience. The
completion of fifteen days industrial attachment at Ashuganj Power Station Company Ltd we
have got the impression that this is one of the most important power stations in Bangladesh
though 1t was established many years ago. The authorities in APSCL were very concerned
about all kinds of safety. The friendly environment in APSCL encouraged us lo co-operate
with each other. Finally we learned a lot and obtained practical knowledge from our
internship at APSCL, which will help us in our future life.

APSCL can be regarded as the practical ground for the students of the Electrical and
Electronic Engineering Department of East West University. The theories that we have
learned at the University can be observed at the APSCL. We consider ourselves very much
lucky to have our internship program with a reputed power station company like APSCL. It
gave us the opportunity to apply our theoretical knowledge in practice. The industrial training
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provided by APSCL has opened our eyes about practical operation of different equipments
and increased our confidence to face interview in future as well.
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