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[: ' :::rt t\vo,weeks there in the factory frorn 21 August to 04 September 2010. we started our work| ':in ln the morning and ended at 3.30pm. It wis an exciting as well educatir,e memory for us.l-- : .'i e read in the book that we saw practically in,the factory It was a wonderful experience. Thet '' :tlr ironment was excellent and we received outstanding cooperation from all concernedF - '' s of EP' Specifically we want to mention the name of Engr Moniruzzaman, N{anager for hisr: :t and guidance during the time of industrial training.
: '-:i'e this opportunity to extend our sincere thanks and gratitude to our honorable supervisor Drr: --'hfaqur Raza.Associate Professor, Department of Electrical & Electronic Engineering, East-' ' L niversrtv (EWU) and s. M. shahnar Rashid, Research Lecturer, Department of Electrical &r'- :crt.tic Engineering, East west university (EWiJ) lbr sfaring their vaiuable time for us. They-:j tts with their guideline and advice to prepare the report. Their positive attitude was always a.-;e of inspiration for us.

"rid be injustice if we do not to mention the name of Dr. Anisul Haque, chairperson and- :s>or of the f)epartment of Electncal & Electronic Engineering, East west universiry* (EWU).' '' as instrumental for our industrial training becausJ EEE Department under his dynamic:;rship has been able to maintarn good relatiol wrth a co*parry like Energypac. It was easy for-:r-&uss of him to get opportunity ai the Ep for industrial training
s but not the least, we would iike to thank some persons who had given us appointment p,ome: precious time to collect related data of our r*port u"Jurro helpedlrs *itr, ul|ort patrence toL.; us understood many related matters. They are Engr. Asuduua*an, Ad. GM, Engr. syeduztaba Ali, DGM, Engr. Mozaharur Islam, DGM, untr. netal Hossain, vrunug*., Engr. MD.s rr duzzaman Bulbul, Asstt. Engineer.

' ery outset' \\'e iike to express our heartfelt gratitude to the Management of Energypac for
-- 'rS & unique opportunity to do our industrial training at the factor.iof Energypac located at

3
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: :'lemship report is the outcome of the 2-week attachment leaming with Energypac from 21.- .:l to 04 September 2010- The intensive attachment gave us a practical exposure to iook at the:-:''oo&l procedures of the different departments of Energypac. what our respected teachers- 
.: 

i.rs in the class that we observed and examined p.u"ti"uit], at Energypack during the tenure of- :':schment No doubt the duration was short but rt was compact wrth tasks We had to look many- --' in short period' The intemship report is the manifesation of our practical leaming at: - -\ p&C.

r
r

:riernship repofi consists of six chapters including introduction and conclusion;rapter I on introduction disp
Ir- : , -e SS partners and products

lays companv profile includrng its hrstory, strategic business units

pjrodology of the internsh rp report.
and senrices. Besides, it delineates the ob-iective, scope and

pe Chapter 2 spells about traflsformer * the core product of Energypac. The Energypac has fiver:.,:iments to process the transformer These are coil winding, core assembly, core-coil assembly-up and transformer tank. The chapter gives a detai led description of each department so that the:: : :rs get a transparent idea about transformer made by Energypac'. Chapter 3 delineates about switchgear, its types and characteris trcs, structure and mechanism.Chapter 4 provides details of breaker and isolator produced by Energypac. The scenario of-.gvpac with regard to breaker and isolator has been recorded Energypac rnarrly manufactures,.um circuit breakeq load break switch and lsoiator. Their principles as well as operational.,: hanisms have also been rncorporated
pe Chapter 5 tells about

h.y ura practice
mstrument transformer and its principres. It provides a comparison of

;:,rtn"o"t 
6 provides the fabrication process and how transformer or switchgear panels have to

:: chapter 7 provides the actuar scenario ofour observation atEnergypac.:e chapter I provides the recommendations and problems of our intemship.he chapter 9 on conclusion gir''es the merit of aur attachment with Energypac. It has enriched ourr:'!\Yledge with regard to the different branches of electricaland electronic engineering.

1
'anment of Electrical and Erectronic Engineering. East west unirrersity



we worked for 12 days from 9.30arn - 3 30 pm. Lunch break for 1-r.3Opm.
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Date Section Duration Contact Persoa
08 10 -24.08.10 Transformer & lmpulse 4 days Engr. Asaduzzannan, Ad GM

Engr. Asim Kurnar Bhakta
:10-28.08.10 Switchgear 3 days Engr. Syed Muztaba Ali, DGM

,! t0-30.08.10 CT/PT 2 days Engr. Mozaharul Islam, DGM

s 10-01 09.10 Isolator & Breaker 2 days Engr. Moniruzzamafi
Engr. Belal Hossain, Manager

, Manager

r t(l Fabrication, CNC, M/C
Shop, Powder Coating &
Paint.

I day M.A. Wazed AGM
Mr. N.IVI Habibullah. Dv
Mr. Moniru zzamar1 Asstt. Engr.

Engr.
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:rJergraduate Internship

1.1. Companv profile

ffiI
*r*t! .trim

:nergypac is one of the leading power engineering companies in Bangladesh. Continual research

- rd, state of the art production facility, quality products, competent services, and countrywide
'-rerations have made it warmly acceptable to the customers.

.1.+.,:
al ::1i :! lrr ir r,r-r'f.1 .a t:: il-.';':".1_ir:+l
:,! rii:i:
'1 

';l"t';''-: ..:t:.;:ffi#r ,.

\ rs10n

To Become Ccuntry Leader as well as Establish Credibility in the International Market

}{ission

To MinimizeD*ficit of the Power Generation System & to improve the quality of lives of the
employees & the community

Strategy

To achieve this mission through best quality products & excellence in its service

Board of Directors

Enamul Haque Chowdhury, Managing Director
Energypac Engineering Ltd.

Engr. Rabiul Alam, Director & CEO
Energypac Engineering Ltd

Humayun Rashid, Executive Drrector
Energypac Engineering Ltd

a

a

a

I)epartment of Eiectricai and llleotronic Engineering" East West Universitl t0

1. Comoanv Overview



rdergraduate Internship

r,,-hieyement

. Successful sales of Largest B-Engine in Bangladesh which is First in ASIA

r Largest market share of Power Business in the Private Sector

r Total Turnkey Project Implementation of 9.99 MWPlant

r Total O &M Contractofg.gg MWPlant

. Guascor Genest Sales Crossed 150 Units

. FGWilson DEG Sales Crossed Record 2300 Units

1,.2. Objective of the InrernshiP
-:re first objective is complete EEE499 course. Here" is an overview of the substation equipment

:-.anufacture by EnergyPac Engineering Ltd. We gathered some practical knowledge. So, the

:lective of practical knowledge.

I Idea about how EnergyPac Engineering Ltd develops its business

r Idea about company management

. Idea about safety

. ldea about risk in factory

r Idea about substation equiPment

1.3. Scope and l{ethodologY:

Scope
The scope incorporates structure of a factory, manufacturing process, different department runnlng

system of Energyfac Engineering Ltd. This will give an overview of manufacturing process of
EnergyPac Engineering Ltd.

Methodology
Tiris report has been prepared on the basrs of:

. Information collected from primary sources (primary information has been procured

through personal interview as well as discussion with relevant officials of Energypac).

r Information from secondary sources (secondary data has been gathered by using

company website).

l)eltartment of Electrical alld Electronic ]rngineerrrg, ]rast west LlnivenitY 11II
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2. w
2.1. Introdr-rction

--.nsformer is a static device which transforms A.C electrical power from one voltage to another
. .iage keeping the frequency same by electromagnetic induction.

2.2. Brand fieature of Transformer

',ias found Energypac Engineering Limited manufactures largest sized power transformers and
, -.tribution transformer in the South-East Asian region. Energypac has modem design and
:;,ductron techniques supported by Computer Aided Design and required softrvare. Each production

,.=1r is operator controlled to ensure the highest quality. Power transformer is necessary only in
.:'l.ver generating station and distribution transformer is necessary for electrisity distribution
-',ripose. Any change in configuration solely depends on customer's choice.

Figure 1: 33/11KV Transformer

2.3. h{anufactuflng

Energypac Engineering Limited manufactures two types oftransformer
r Power Transformer up to 50LA/A
r Distribution Transformer 4.5 MVA (11/0 415 kV)

It was found that Energypac manufacture up to 50 N.{VA transformers. There future target is
75MVA, 23OKV Power Transformer.

Department of Electrical ard Electronio Engineering" East West Unir.ersiw T2
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ndergraduate Interas hip

2.1. Tlansformer Construction process:

2.+.1. Construcron

c constructron system is described below:

2.4.2. Coil
: r1 is the basic raw material of transformer. It was found that Energypac use electralyte copper coil: wrnding. Here, three types of coil are necessary high voltage (H V) coil, low voliage (L.V) coil
'd tap changing coil. H.V coil is thrr, because in H.T (nign t*miorr) side voitage is high and current

' iow so, the coil have to carry low rate of current. L.V coil is thick, becausJin L.T (low tension)
' Je vcltage is lowand current is high so, the coil have to carry high rate of current. This coil is also
'ed for tap changing" The coil size is of H.V coil, L.V coii anJ ap changer depends on voltage':ting, KvA or MVA rating and design issues. H.V coil is cylinirical siaped and L.V coil is:ctangular in shaped.

Figure 2: Transformer LT Coil

2.+.3. Core
Transformer cores are made of high permeable cold rolled grain oriented (CRGO) electrical steelrnsulated on both sides mostly imported from Japan, Europe, and USA. Tiris core is nothing butsrlicon sheet This is used because it has good conductiviry. Primary consideration is to reduce noload losses, no load current and noise levei- high quality co.e clamping bolts, channels and supporlsbeing used' To reduce losses and noise level, better technologies are used iri core sheet. Generally,the thickness of core laminations is 0.30 or 0.23mm and it is possible or obtain better results with
0 23mm thick laser treated core sheet. CNC machinery is used for lengthwise and broadways cuttingto achieve better results with these low loss core sheets^

['igure 3: Transformer Cor.e

Deparhnent of Electricai anrl Erectronic Engineering, East west universitv t3



2.+.+. Insulatron

tr'igure 4: Coil winding machine

' ''lation is necessary for transformer otherwi:"*tr" active part and body will be shorted. To protect:, this' different types of insulation is used. For H.v coil insulation crape paper is used; in tlre'':ket this named High tension insulation paper and for L.v coil insulation Dec pup*, is used: in:' i,ark€t it named Low Tension insulatio, pup*i ir*rro.*er oil i, ;; used for insulation.- ':irlm Transformer oil can-block up to 60Kv. Transformer oil is from Germ any. Brtzeboarcl is-d for insulation between LT and rir coil. r.p 
"rt*gag'"Jit u." also rorlJriii irrut*tion paper.

2.1.5. Cciil \\,rdrng
re windings are designed in accordance *ltn trr* temperature rises, insulation and impulse rrcltage:r' els' overload conditions, short circuit stresses which are issued i, irt"*ui*ral manufucturing:rldards Coil winding is done by automatic layer ,"ulng winding -*"t in"r. Normally layeri,ding is used up to 36 kv voltage level and 

"o*irrou, Ji-sc_windi;g;r;#for higher voltage:'' els' The starting and finishing teJau of each coil are t*,-inut"o on either side of the coil.

core cutting 
2'4'6' Core AssemblY

It was found that Energypac uses automatic core cufirng machine which is automatic operated bycomputer' The name of the core cufiing machine is lilicro Tool and nru.t ir* (MI-M). In thismachine core are cutting in-three.turr, t[*yur" 
"ru* 

i:';j;-. B and class c. The core is cut thin
:ffi::3ff:::"J[educes 

*aav 
"rr'.ni'loss. Here, a sr.,ape is caneJ;;;r;;pe and B shape is

Department of Eiectrical and Electronic E*ginetring, East west universitv
14
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Figure 5 Tr.ansformer Core Shape

\fter cutting the core, the cores keep all together. It looks like the figure below.

Figure 6: Side view of core

Figure 7: Acfual shape of Transformer core

((

Deparlment of Eiectrical and rilectronic Engineering. East west tlruversity 15



.-irIliJJulIc ] I]itrr:- i.]t:

":tps of Auromadc core curdng Machine (Micro tool and Machine)
' Based on design fixed grade and thickness silicon steel sheet to te provided

' According to core class & B, c and D's dimension the big pieces cut down by pou,er
press machine.

r From the big pieces based on { B, C and D design the smail pieces should cut

' Based on design the pieces should cut in 45" degree angle or normal cutting

r Based on design the core should be punch or not be punched

i-aution for Automatic Core Cutting machiner Must be carefil for the insulation label and dimension of silicon steel sheet

The core is cut in two ways normal cutting and Auto core cutting

Frgu"e 8: Normal Core cutting & Auto Core cutting

Normal core cutting is used for cr and PT because their power rating is not very high. Auto corecutting or 450 angle cutting is used for power and distribution transformer. [n auto core cutting fluxcut higher than normal core cutting

2.4.7. Core zrrd coil assembly
when the silicon sheet is cut, then with the.support of iron frame sheets are keep in the way that itlook like a frame' An insulation tape is rolled'to t""p trrl rrreets all together. Then the coils are setin the core.

De1:rartment of Eiectricar and Erectronic Engi,ee.ng. East wesl uni!-ersitv 16

lu



-. - :'- r:i - ,,. r ] :'. :. :r'. { lt if

Figure 9: Core and coil assembly

2.4.8. Tap Ctranger and'fap Srvitch
- -lping is provided in HT side or LT side to vary voltage level; this is done as per customer's choice.
- ap changing can be manual or automatic. Energypac provide two types of tapchanger:. On-load Tap Changer

. Off-load Tap Changer
\ry undesired condition it can be tumed off. Transformer above 3000KVA taping is on load. The
,rp changers are sourced from the best and proven sources of Europe or best manufacturer. Tap
:irangers are compact and mounted on the tap of the tank. Motor drive mechanism is used forthl
-ontrol of on-load tap changer. This confrol can either be made locally on the transformer or
emotely from the control room. The operation of off-load tap changers can either be made on the

Jover or on the sidewall of the transformer by manual drive mechanism.

2.1.9. \tacuum D{.*g plocess
Power and distribution transformers have tc pass through the process of vacuum drying process.
This system is used to clear moister from core, insulation and coil. A heat air is circulaied inside
olant absorb all the moisture. Transformers have to keep 15-16hour in this plant. This ensures a high
iiegree of stability in the insulation structure and early attainment of its mature condition, whiih
ivould not otherwise be achieved until the transformer had been in senice for some time.
Immediately after drying, the transformers are tanked and insulating oil are filled with a vacuum oil
iiltering machrne.

X'igure 10: Vacuum Drying Plant
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, r iiffings in,.unrrorffi.ollffiTv Energypac.
' Dnvrng gear box.:Jap changing (on load or oFF load tap changer)' Mashirlg box' oil Temperature Indicator(orl), wincring:remperltrre Indicator(wrr). Gas insulation relay: Buchholzrclay. Pressure relief valve

' [f need any other fiuings it will be added as per customer choice.
2.+. 1 1. 

.fank (_onsrrucrion
-1 tanks are made of high quality steel and can withstand vacuum as specified by the intemational:rrdards and the customer' All w-elcls are tested, ensuring 1llyoleak proof of seams and mechanical

' ':ength' Transformcl 
-with corrugated Fin-Type .rai?r"l can also is supplied. The fins are:rrnufactured of Gold-rolled stee-'i. The fin 

" 
rr"i*lra *rJ iength ur* u""o.ding to customer,s':ecifications and fins can be plain or embossea atitrarstirrroerianks u." gioen 

" 
smooth finishing' \ using the "SHoT BLASTING" process. on the tanks, there are oil treatment connection varves,'1 sampling cocks' lifting t,gt, brtt".fly ,ralres i"-*rr*i, radiators are connected and the oir;onnection valves to other types of coolers in case.

lffiffili
Bfiffi

tY

Figure 1l: Trausformer Tank

iH;:fi:Xl-T **blffi;i'luf;r.n. bv the rabrication deparrment are taken into tank-up srage

a

a

a

The core-coil assembly is taken out of the oven.

*ilT*' 
supplied by fabrication department are brought to tank-up department duly

Fittings like drain valves, HV& LV Bushings, conservator, oil level indicator andexplosion vent are fitted in the tanks. The core-coil assembly is then placed into the tankand wherever required.

2.5. Other parrs of T?ansformer

In^ transformt"' 
'r'" "ffi rft3H:riat importance to ensure safe operation and to increase thelifetime of the transformer' tr'* r'"ui-o".urredln the transformers is dissipated at the cocring unit bythe help of oil' The simplest and *";lv used cooling ,;;;;- is ONAN (Natural Air cooling witl

L)eparlment of Electrical and Electronic Engineering, East west lJni'ersity 
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Radiators). ONAF (Radiators Additional
blown ," A" rrd;d; by fans, is also ,r# 

ccoled by Fans) cooling system, in which cooling air is

Figure 12: Cooling system of Transfarmer.
2.5.2. Ga^s Insulatron Rela;.

it was found that Energypac use Buchholz Retay as gas insulation relay. Buchholz relay also detectsthe internal faults and ihe insutating liluid loss. the ir*r* .o,rract in tire double float design signars

;i:iffi-": ill'nfn:; Jlii""" 
tip 

'ontu"t 
is activated in the event or severe martuncrions rt is

2.5.3.'fhermal protectron
Thermometer shows the actual oil temperature, alarm and trip signals are provided as protectionagainst over loading and as per requirement of transformer.

2.5.4. Coflser\ato(
conservators are used to compensate the increase of oil volume due to heat" The oil rows from tankto conservator or from consenator to tank through the pipe between cover and conservatordepending on expansion and extraction of the oil, iir .ni"r, or exists the conservator through a

::Y-1iXH? :;:fifli}':r.rdi.:',t ;ila ger particr*, io',,,oia aste, ag;,n ;; the oir, specia'i oir

F'igure 13: Transformerrs Conservator

Department of Electrical and Erectronic Engineering- East \vest university 19
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.:'iT:.H#,: ,, roffirrfxT*r and Lr rhe Bushing rength depends on the rength of Hr

f,

Figure 14: Bushing

Hr side is arwavs D"hff;**Hfl*T 33ffi-",ffi y connectedABC
AB C

Neutrai

Figure 15: y & Delta connection

2.5.7. Paintrni,
Painting is necessary for transfor."r. ?h*r" two systems to pa*rt the transformer
Cleaning

ffJilil 
the tank at first sand is blasted in the tank accordance with intemational

The outside surface ofthe tank is short blasted to achieve a very fine and smooth finish

a

a

Pailrting

A covering of paint of hot oil resistance paint is applied on the internal surface of thetank. when the tank has been 
"t"**J----

Red oxide primer is used to paint the outside of the tank.

a

a

I)epartment of Electricar ad Electronic Engi,eenng, East west universitv
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2.6. TtrSTTNG StrCTIONI
-rst ofthe tests and description are given as follows,1. In process Test

o Magnetic Balance Test

r Excitation Current Test

r Vector Group Test

2. Routine Test

o Insulation Resistance Test

r Winding Resistance Test

r Winding Ratio Test

r No Load Loss Test

o Full Load Loss Test

. High Voltage Test

r Double Voltage Double Frequency Test

3. Type Test and Special Test

r Lighting Impulse Test

r Switching Lnpulse Test

r Measurement of Acoustic Sound Level Test

440V:26Oy + t80V

rhe Magne'i" rum'"#i, t3ilH';t#i[r:?:mers, to identrs, inter turn raurts and magneticimbalance' The magnetic balance ,;;;l; usually oon* orrit 
"star 

sidl or*,*nrrormer. A two phasesupply 440v is applied across 
'*" 

pr,rur.r, say, 1u and rv. The phase w is kept open. The vortasets then measured between u-v and u-w rrr" ,u* oi,rr"se two vortages shaurd give the appriJd;:lli3;,tlj!:;X1H;"il;X;'#:r:xif ,'i '#il',ns,ance, ;ril; d,;ge app,ied is.++ov
lUlV:1UlW+ tVlW

The voltages obtained in the secondary will also-be proportionar to the vortages above. This indicatesthat the transformer is magneticallv balanced. rf th;;;-;;y *t.r-tu* ,ir;rt cilcuit rhat may resurtin the sum of the two voltages 
'oi u*,ng 

"or"r airr"""ooii"a ,ottug". The IV{agnetic barance tesr is

Departme,l 0f Erectrical and Electronic Engi'eering" East west u,iversity 2r
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:: lv an indicative test for the transfarmer. Its results are not absolute. It needs to be used in
. .,njunction with other tests.

2.6.2. Excitatron Current Test
this test, the magnetic balance and eddy current loss is checked

2.6.3. Vector Group Test
-11s test verifies the Dyn-11 vector group of a distribution transformer. Dyn means Delta-connection
: HT side and Y-connection in LT side. This test is done by voltmeter. Let, lU1VtW-which is
::rn1ary -Delta Connection and2U2Y2W2N- Which is secondary-Star connection. Then connecting
:rminals lU& 2U and give three phase Supply is given to 1U-1V-1W.

Then measure
r 1U-lV

a

a

a

a

lV-1w

1W-1U

1W-2W

1V-z\ry

o 1V-2Y

r 1W-2V

a

a

1U-2N

1V.2N

Then calculate it
r 1.1V-2W:1V-2V
t 2.LW-2V>1W-zW
r 3.lU-1Y:1V-ZN+IU-2N

If this is matches the vector group test will be done.

2.6.+. lnsulatir:n Resistance T'est
The winding insulation resistance test (also known as the Meggar test) is a measure of quality of
insulation within the transformer. It can vary due to morsture content, cleanliness and the
temperature of the insulation parts. All measuremen8 are corrected to 20'C for comparison
purposes. It is recommended that tank and core are always grounded when this test is performed.
Each winding should be short-circuited at the bushing terminals. Resistances are then measured
between each winding and all other windings and ground. The Megger meter is hold between HT-
LTG (LT is grounded), LT-HTG Gil is grounded) and I{ILT-G. This test is done by Meg
ohmmeter.

Depafiment of Eiectrical and Electronic Engineenng, East West Universitl 22



Figure 16: Meg ohmmeter

2.6.5. $r,:nding Resisance Tbst
This test measures the resistance r:f the HV & LV winding. The values of resistance should be
balance for all three phases and should match the designed ,ralues. The Digital Resistance Meter is
used in this test.

2.6.6. No I-oad Loss Test
The no load test is perflormed, when power supply is given in HT side while the other wincling is
supplied with rated voltage at rated frequency Then the no-load losses ( p0) and the no-load curent
( I0) are measured.

j._ : U
lL--:'tL(, e G)

Figure 17: Measurement Circuit
2.6.7. Full Load lnss f'est

This test measures the power consumed by the transformer when the LT winding rs short circuited
and the rated current is passed through the HT winding. This test is done by wattmeter or power
analyzer.

rhis test measures 
"ffir,]:":*trH;ff?T'*,,o,rg rhe varues or resistance should be

33::_ 1.:1, three phases and should match the designed values. This test is done by digitalwrnomg meter.

Deparlrnent of Electrical and Electronic Engineering, East west unirersitv l-t
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Figure 18: Measurement Circuit

2.6.9. Double Voltage Double FrequencyTest
in an1ll33KV and 50Hz transformer 66KV and 100H2 is applied for one minute. This test checks
iire furn's insulation.

2.6.1{t. Lighring Impulsc l'est
The purpose of impulse Voltage test is to confirm that the transformer insulation's withstand the
lightning over voltages which may occur in service. The Power Transformers used in high voltage
systems at any time may be affected by the atmospheric discharges. The magnitudes of the lightring
over voltages always depend on the impulse curent and impuise impedance w-here the lightnrng
rmpulse occurs. This value is several times of operating voltage. In the transformer, maximum seven
times greater voltage is applied to check its msulation. High voltage is applied rn the HT side.
{pplied voltages are:

t 415V --- No voltage
r 11KV---- 75KV
r 33KV----- 170KV
r I32KV----650KV

S

b

u

l_

T
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3. Switchsear

--

3.L. trntroduction

\ great demand for electrical energy is a notable feature of modern civilization. Electrical Energy

\{easurement system ensures supply of energy to every consumer at all times at rated voltage, rated

irequency and specified wave foim, at lowest cost and with maximum environmental degradation'

For this purpose, mearls must be provided to switch on or off generators, transmission lines,

clistributors and other equiprnent under both normal and abnormal conditions. This is achieved by an

apparatus called switchgear. It is essentially consists of switching and protecting devices such as

switches, fuses, circuit breakers, relays etc.

3.1,.1,. Srvrtchgeat

The term switchgear, used in association with the electric power system, or grid, refers to the

combination of electrical disconnects, fuses andlor circuit breakers used to isolate electrical

equipment. Switchgear is a general term covering a wide range of equipment concerned with

switching and protection. The rnain functions of switchgear are:

r Electricalprotection

r Electrical isolation of sections of an installation

r Local or remote switching

From control panel, the operator can know" what is happening in the plant. The operator can control,

start, regulate or switch off th" main circuits from control panels. The control panels are designed

and assembled to customer's specifications. Control panels can be utilized in the following

applications:

r Power station

. tndustrialenterprise

r CommerciallResidential Buildings for power distributron

r Control, protect and inspect the circuit

In generating stations and sub-stations, the control and relay equipment is installed in control-root]1s.

ThL arrangement of control and relay equipment needs careful attention to suit the layout and

operational requirements of the installatron.

Deparlment of Electricai and Electronic Engineerilg, East West l.lniversitv 25

3.1.2. Su,itchgeat Panel

Typically switchgear in substations is located on both the high voltage and the low voltage side of
turge po*er transformers. Loi,r, voltage sr,vitchgear is enclosed within a building. With the

advancement of power system, lines and other equipments operate at high voltages and carry large

cuffents. To operate, control and rnaintain the switchgear; the switchgear control panel is necessary.

Control panels are installed in control room. Mainly there are two types of switchgear panel:

. High Tension Panel (HT Panel)

o Low Tension Panel (LT Panel)
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3-2. N{anufacturing

EnergypacEngineeringLimitedmanufacturestwotypesofswitchgearpanel
. 
-'fft 

switchgear(High voltage)

r LT switchgear(Low voltage)

3.2.1:Voltage ral1ge of HT srvitchgear

o 11KV

o 33KV

r 132KV

r 230KV

LT switchgear working voitage rs up to 440V phase to phase'

3.-2.2, P-d.rcs under llT sr*'itchgetr ?Lre"

r HT metering Panel uP to 230KV

. Load Break Switch (for 11KV substation)

lVacuumCtrcuitbreaker(Indoor.outdoor,upto33K\r
. Control, Metering and relay panel up to 230KVg

3.2.1. Ptoclucts urdet LI srvitchgeara:te

r LT metering panel up to 415\r (phase to phase)

r Distribution box

. Motor controi Panel

r Power factor improvement plant (PFI plant)

The product details are discussed below which we are obsewed

3.3. l-ow Tension Panel (IJI) Sw-ttchgear

3.3.1. Brand Feature of Lf Panel

1t was found that Energypac Engine"rire ii.i*d Tu.":tctures 
low voltage switchgear which is

applied for pcwer *"ir,[iI"O disinbrrtioi;;;t of AC saqz, rated working voltage up to 440V

The design meets with the standard of IEC439;GB725L'

5,fr

'"4,

*

ei:d
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Figure 19: LT switchgear panel

The essential components in LT switchgear panel used irt f,nergypac Engineering Limited:
. Molded Case Circuit Breaker (MCCB) from ABB; Tmax series and triple pole

e N{iniature Circuit Breaker(MCB) from ABB; SH series and three types of MCCB are
Used:

TP{Triple pole)

o DP(Double Pole)

. SP(Single Pole)

. Bus-bar

. Ring CT from Energypac

r Ammeter, Voltmeter, Indicator lamps

The details of each component are described helow
3.3.2. i\{oided Case Citcuit Breaker

Protection and control of electrical machineries from

. Overloads

r Short-circuir
. Ground fault protection

3.3.2(A): Current ratings: l6Amp to 1600Amps

3.3.2(Il): Structure
It was found that the Molded Case Circuit Breaker used by Energypac Engineering Limited which
manufactured by ABB. The sheet steel structure of circuit breaker is extremely compact,
consideratrly reducing overall dimension. Safety is improved by adopting double insulation for the
live parts and total segregatiou between phases. The sizes have the same height and depth for all of
the circuit breakers in each version. The compact dimensions also allow' them to replace power
circuit breakers.

a
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-.Lipenrision and control system'

Figure 20: Motded Case CB

The following operattng cycles are posslble without recharginu the sprinqs:

o Starting *rth'tirE ;ir;; [,Uk* ;;" triir"J*e sp?n[s chaiged' Closing-operrlns

r starting with the circuit breaker closed {l) and the springs charged. opening- closing-

operung.

3.3.2(D): APPLcauon

They are used in D.C A.C. ,*it"hgJut, for motor protection, genetators, capacltors etc'

3.4. Bus-bar

fhe bus-bar is designed to carr.r,' normal current cotrtinuously' The size of bus-bar depends on the

rated normal current a,d temperature .rre Jr"," passirg of normal cu*ent' The bus-bar ts made with

elecffolytic copper with high conductanc". Copp*' bui bats are colored red' yellow and blue' The

standard of bus-bar is iEC43 i

Figure 2I: Bus-bar

3.5. N'{iri.tture Ctcurt Ilreaket

The operating vortage is 230v-440v. During overloads or faurts it automatically trip off rhe

tnpping mechanism is actuated OV *ug;ti"-u,,a thermal sensing' It is small in size and easy

mechanism.
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3.3.2(C): OperatrngN{echanism 1 -t - ^^-
\ stored energy type operating mechanism is used' The springs are charged manually by operatmg

.he front lever or using a geared motof, suppiied or, '*qt'*it' 
The opening springs are charged

:utomatically during the closing operation. iVt'*t' closing coil' shunt trip and motof operator are

rnstalled, the circui breaker "* U* operated by remote control and' if required' managed by a
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(1) tii) (iil)

Figure 22: (i) SP (ii) DP (iii) TP

3.6. Operaunglvlechanism of lil' Su.itchgeat Panel

The panel includes three numbers of ring CT for cunent measuring purpose. Also, there are three

ammeter and one voltmeter to monitor current and voltage value. The ammeter's are connected

rn the bus-bar through CT because the ammeter oan measure current from lA-5A But the

voltmeter is directiy connected to bus-bar because the intemal resistance of voltmeter is very

high. When fault occur like over-current, short-circuit, earth-fault etc initially MCB trips and

then the MCCB operates and if fault occur in the bus-bar then only MCCB trips; then the whole

system will be disconnected. If any fault occurs in any phase, the whole phase will disconnect
rnstantly. In LT panel, there are some indicator lamps which indicate the panel onioff, trip signal,

spring charge lamp.

3.7. Firgl, Tension Panel 0{T) Srvitchgear

3.i.1. Brand Featute of HT Panel
It was found that Energypac Engineering Limited manufactures higk voltage switchgear which is
applied for power coutrol and distribution systems of AC 50FIz, rated working voltage up to
423AKY. The design meets with the standard of IEC.
The essential components in HT switcirgear panel used in Energypac Engineering Limited:

o Yacuum Circuit Breaker (VCB) (Discussed in Chapter-4, section-4.1)

Relay from Areva Company

Bus-bar (Discussed in Chapter-3; section-3.4)

Ring CT ( curent transformer) from Energypac

Potential Transformer from Energypac

Ammeter, Voltmeter

*j i+

]1

o

a

a

a

a
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It was found that Energypac Engineering Limited uses relay which is manufactured by Areva
Company. Relay senses the fault and send trip signal to circuit breaker. The relay senses
Jirectional/non-directional earth fault, three phase over current, Watt metric protection,
Undercurrent, negative phase sequence over cuffent, thermal overload, under voltage, over
r oltage etc fault. To operate relay first the relay should be set for pacific values. This relay
rncludes IDMT (Inverse/Definite lvtinimum Time) characterrstics. IDMT relays have such
tripping characteristics that, for a particular ranse of low values of current the tripping time
i'aries inversely u,ith the value of cuffent. But beyond a certain current limit the tripping time
becomes constant (definite) and causes tripping in minimum time.

3.9. Operating lfechanism of IfT srritchgear
The panel includes three numbers of ring CT and PT for current and voltage measunng purpose
respectively. AIso, there are three ammeter and one v-oltmeter to monitor current and voltage
value. The ammeters are connected in the bus-bar through CT because the ammeter can measure
current from 1A-5A and the voltmeter is also connected to bus-bar through PT because vcltmeter
can not measure voltage in Kilo Volt range. When any kind of fault occurs, initially the relay
senses the fault and then send trip signal to VCB; then the VCB trips and the whole system will
be disconnected. If any fault occurs in any phase, the whole phase will disconnect instantly. In
HT panel, there are some indicator lamps which indicate the panel on/off, trip signal, spring
charge lamp.

3.10. Pou.er Factor Improrcment P]ant

3.11).1. Puncrple
T'he electncal energy is almost exclusively generated, transmitted and distributed in the form of
alternating current. Therefore, the question of power factor immediately comes into picture. Most of
the loads are inductive in a nature and hence have low lagging power factor.
The cosine of angle betu'een voltage and current in an A.C circuit is known as power factor. The
power factor plays an important role in A.C circuits since power consumed depends upon this factor,
P : V;Tlcose
IL P/!3v1costp, it is clear that from above that for fixed power and voltage, the load current is
inversely proportional to the power factor. Lower the power factor, higher is the load current.

3.10.2. Brand Feature of Pou.er Factor Impror,emeflt (PtrD panel
It was found that Energypac manufacture PFI Plant for improving the degraded Power Factor of the
system. PFI plant consists of:r Power factor correction (PFC) relay

o H.R.C fuse from ABB, German

r Miniature Circuit Breaker(MCB) from ABB, German (Described in Chapter-3, Section-
3.3.4)

r Magnetic Contactor from ABB, German

r Capacitor bank from Cali-lab company, India

r Ammeter, Voltmeter and Wattmeter
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The details of relay described below:

3.8. Relat,
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These are described below: __- ril
@E

?r

,aaJ

Figure 23: PFI Plant

3.1,1. PFC R.iry
It was found that Energypac uses PFC relay which manufactured from ABB, German. It is use for
sense lower power factor. Let, power factor should not be less than 0.95. Then, manually it should be
set in the relay. when pf wili be less than 0.95 the relay starts operation.

3.12. I{.R.C Fuse

It was found that Energypac Engineering Limited uses HRC fuse which is manufactured by
ABB. In electrical system fuse acts as protection device and depending on application different
type of fuse is to select. Out of these different types of fuses HRC is also one of the types and it
stands for "High Rupturing Capacity". Thrs type of fuses normaliy used where some delay is
acceptable for protecting the s-ystem. HRC fuse link is a very common, simple and effective
electrical protection device against over load and short circuit current. The main advantage of
using an HRC fuse is that, rvheu a fault current condition occurs, a tremendous amount of heat is
created within the fuse. That heat meits the silica sand filling of the fuse into glass. Glass, being
an insulator, suppresses any arc-over and breaks the circuit instantaneously.

Figure 24: ER.C fuse
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3.13. J\{agr-retic Contactrir

It was found that Energypac Engineering Limited uses magnetic contactor which is manufactured by
ABB. When electricity flow.s through the magnetic contactor, it causes the electrornagnet to generate
a strong magnetic field. This field pulls the iron core into the coiI, and creates an electrical arc.
Electricity passes in through one contact and as a result, the moving contact and fixed contacts
become together.

Figure 25: I}'Iagnetic corrtactor

3.11. Capacitor Bank

A capacitor bank is a grouping of several identical capacrtors interconnected in parallel or in series
with one another. The characteristics of capacitor bank:r Capacitor's terminal predigest the Parallel application form

r Prevent tip-and-run protection

r Building-in discharge resistance and safety installation, the use of safe and reliable

Figure 26: Capacitor Bank

3.15. OpeatrngN{echanism of PFI Plant

When pf start decreasing, the PFC relay senses it. Then the magnetic contactor connects and one by
one capacitor bank operates. These are three phase capacitor bank. This system is automatic. Here,
MCB protects relay, indicator bulbs- meterc and H.R.C fuse protects the magnetic contactor.

3,16, TE.STING

3.16.1. Testrng for LT Su'itchgear
r MCCB/ ACB performance Test

o CT Test

r Ammeter and Voltmeter performance Test

o Insulation Resistance Test

Department of Electrical and Electronic Eugineering- East West [-lrrir,.ersit_v* J]
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r Performance Test

o Wiring Test

3.16.2. Testrng for FIT Srvitchgear
r Vacuum circuit Breaker Test

. Load Break Performance Test

r IDMT Relay Test

. CT & PT Test

r Insulation Resistance Test

r Ammeter and Voltmeter performance Test

e Wiring Test

3.16.3. Testmg fr>r HT Switchgear
. Magnetic Contactor Performance Test

. Relay 0perating Test

o Fuse Test

r Insulation Resistance Test

r Ammeter and \,'oltmeter performance Test

These are described below.
3.16.+. Contact Resistrnce T'est

This test involves obsening the resistance loss. When contactor of circuit breaker moves from
incoming bus trar to outgoing bus bar then if resistance loss is high then contactor did not work
properly. [f contactor not maintains properly carbon build up due to repeated operation which
reduces the contacts ability. So for proper contact mechaflism it is required to keep low of contact
resistance to reduce power losses.

3.16.5. Common Test
kr this test, 25 kV is applied in an 11 kV line to check the intemrpt condition of circuit breaker. If
circuit breaker is appropriate then it must be interrupted.

3.16.6. TimmgTest
If fault occurs then it is required for relay to trip within 30 ms. Thus For observing the relay
performance this test is occurred.

3.16.7 . Insulation Test
This test is required for observing the insulation condition which is strongly recommended to
prevent electrical shocks. The equipment required for this testing is Megohmmetff with a timed test
function and temperature indicator.
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. Load Break switch(LBS)
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r Customer &iendly

. High degree of safety

. High operational reliability
r Rugged design

. Simple in construction

. Nilodular and compact

. Easy maneuverabiliq, of truck

Figure 27: Outdoor and indoor type VCB

Enelgypac Engineering Limited manufactures following types of Vacuum Circuit Breaker:

o Indoor Vacuum Circuit Breaker, up to 33KV

o Outdoor Vacuum Circuit Breaker, up to 33KV

There is no significant difference between Indoor and outdoor vacuum circuit breaker. The CB has
three main parts.

. Fixed contact

. Moving contact

. Vacuum intemrpter from Cutler-Hammer (Eaton), USA

4.3.3. Characteristics of \acuutrl interrupters ate
. VeV Iow arcing time
o Quick recovery of dielectric strength
o Small contact gap

o Trouble free seruice

r Lowenergy mechanism

I)epartment of Electrical aud Electronic Engineering, East west Llniversitv 35
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Figure 28: Vacuum Interrupter

+.3.+. Llpetation of \hcuunl Llterrupter

It rvas found that the vacuum Interrupter used by Energypac Engineering Limited which
manufactured by Cutler-Hammer (Eaton), USA. The vacuum interrupter design is complex,
involvurg carefully selected contact materials and contact geometry. The concept of vacuum
interruption is basic. I'wo separate contacts and other components are within an evacuated and
hermetically sealed ceramic envelope, also known as the "vacuum interrupter. " Vacuum interrupter
is normally charged by motor. When charged. the closing spring is held by a Iatch which can be
released either by manual nleans or by a solenoid to close the circuit breaker. The energy required
for opening is provided b1, the springs, rncorporated in the drive assembly which is compressed
during the closing stroke. Arcing is established within the vasuum intemrpter by i,vithdrawing the
movable contact a*,av from the fixed contact

The closing mechanism includes the following indications:

o Breaker onioff
. Spring charged or discharged

. Operation counter

4.3.5. Applicarron

o Power stations

r Transformers

Also, this circuit breaker is used in different industry

Department of illcctrical and Eiectronic Engineering. East West LTnir,ersitv 36
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1.4. Load Break Sv,,itch

+.+.1. Pnncs:le

Load break switch an electric switch in a circuit with several hundred thousand volts, designed to
carTy a large amount of current without overheating the open position, having enough insulation to
rsolate the circuit in closed position, and equipped with arc interrupters to intem.rpt the load current.
In distribution system, voltage up to 33KV there load break switch is used. The faults levels may not
be high enough to justify the use of circuit breakers economically In such cases, the load break
switches are used in conjunction with HRC ftrses and circuit breakers. Load break switches are
capable of making breakrng currents under normal conditions. It can carry the specified current of
specified values for specified time. It is capable of making but not breaking, short circuit currents.
Load break switches serv.e the following requrrements:

. Breaking rated currents

. Making rated currents

. Making specified short circuit currents
e Carrying specifled short circuit currents
r Jnterrupt small inductive, capacitive currents

,+.4.2. Rrand Fearure of LBS

It was found that Energypac Engineenng Limited manufactures l lKV indoor type load break
switch' Load-break switches are required to maintain the capability of interrupting the load current.

Figure Z9tLond Break Switch

4.4.3. Constr-uctron
Energypac Engineering Limited uses the following components in the construction of load break
switch:

. Interrupter Switch

r Bus-bar ( Described in Chapter-3, Section*3.4)
r HRC fuse &om ABB ( Described in Chapter-3, Section-3.12)

Departmart of Electrical ard Electronic Engineering, East west Liniversjty 37
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. CunentTransformer(CT)
r PotentialTransformer(pT)
r Ammeter

r Voltmeter

Interrupter $witch

These are major parts of ioad break switch. The construction is described below:

The switch blades are operated through a stored energy spring operating mechanism, which providesuniform contact movement and mechanical power folpositive action und ruult closing, independentof switchgear operator reaction time. Manual opening and closing are provided through adependable, operating handle system that comects the iperating mechanism to the front of theswitch enclosure for convenient and safe actuation by the operator

Figure 30: Inter.r.upter Switch

Load break switch 1r"**";H"ilSf,IT,'"ffil;i#ire overroad protection mechanismis provided by HRC fuse. The panel rncludes three numbers of cr and pr for current andvoltage measuring purpose respectively. If any fbult occurs in any phase, the whole phase wrlldisconnect instantly Also. tho panel includes three number of ammeter and one voltmeter tomonitor the current and voltage value

4.5. Isolator

Isolator (disconnect,ffi"IiTrt:nh, under no road conditio,. It does nor have any specifiedcurrent breaking capacity or. .ur."nt making capacity
Its marrr purpose is to isolate one portion of the ci,cuit from the other and is not intended to beopened while current is flowing in the line. Such switches are generalry used on both sides of circuitbreakers in order that repairs and replacement of circuit breaGrs can be made without any danger.They should never be opened until the circuit breaker in the same circuit has been opened and shouldalways be closed before the circuit breaker is closed. Isoiators used in power systems are generally3-pole isolators The 3-pole isolators have three identical for"r. Each pole consists of two of two orthree insulator posts mounted on a fabricated support

Department of Electrical and Erectronic Engineering, East west universitr- -)6
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4.5.2. Brand Featute of Isolator

It was found that Energypac Engineering Limited manufactures outdoor offload isorators which has

the rated voltage is 12-245KV, rated rrori,al cuffent is up to 31SOAmps and short tlme current rating

rip tc 50 kA. The i;uto* are designed to meet the requirement laid down by IEC 129 and ANSI

-17.30. The isolators consist of separate p"f* *fri.fr- can be arranged for single pole operatlon or

linked together by operating rods to form 2 or 3 pole units' For all sizes up lo 245 KV' the base

frame is of welded design and has *irl*.r* fou' fi*ing holes' The malor features ate:[']

o Simple constructton

. Self cleaning contacts

o Low operating iorces required

. All steel parts hot-dip galvanaed'

$]:

.*# r'" "j
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Figure 3L: fsolators from Enetgypac

+.5.3.Thelsolttotcompriseofthefollorvlngmainassemblies

r The main current carrying parts called as the hamper assembly'

o Support insulators mounted between the current carrying parls and base'

r The bottom base assemblY.

. The operating mechanism box

r Inter-stack, inter phase and down operating pipes'

r Earthing switch and its operatrng mechanism box wherever called for'

rSupportingstrucfuremountedbetweenthebaseandtheground.

,,1.5."+. Nlanufactutrng

Energypac Engineerinffin"a manufactureJ outrioor offload Isolators of the followtng types;

t

a

o

PantograPh

Centre Break

Double Break

39
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The characteristics of this type of isolators are described below:

Pantograph Isolators

Very low civil engineering profiie.

Trapeze contact fixing to suit upper bus arrangement.

4 point contact

Available for flexible / rigid busbar layouts.

Individual pole operation.

Structure to suit requirements

Figure 32: Pantograph Isolator

Centre Break Isolators

. VeU low operating torque

. Self wiping contacts

o Simultaneous operation of 3 poles by single operating mechanism up to 245 kV
. Structure to suit requirements

Figure 33: Centre Break Isolator

Double Break Isolators

o Tum and twist contacts

o Vertical/Horizontal terminal take off

a

a

a

a

a

a
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Structure to suit requirements.

Figure 34: Double Break Isolator

.1.5.5. Nlaintenance
A1l the bearings provided are sealed for life and need no greasing. All contacts are to be checked and

appropriately maintained and cleaned during annual maintenance. t1l

1.6. Tests for Isolators

4.6.1. I{outine Tests

1. Resistance Test

. Operating mechanism

. Operating universal joints and links

. Auxiliary contact

r Inter lock

a

a

a

=;

2. Voltage Test 0n
. Auxiliary contact

. Operating Mechanism

3. Functional Test On

. Main circuit and attachment

o Beam and bearing

o Earthing switch

1.6.2. Tine.l'est.t

Isolators offered have been successfully t1'pe tested as per IEC 129 and ANSI 37 3A standards at

CPR[,India.

I)qrarlmenl of Electrical iurd Eiectroruc. Engineering- East West Untlersitr- 41
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5.1. lntroduction

The transfofiners which are used in conjunction with measuring instruments, protective relays and

control circuits; these are called instrument transformer. Instrument transformers include measuring

and protective current transformers and voltage transformer. The design and use of these

transformers is quite different from that of well known power transformers'

5.2. Brand fr'eafure of Cf anC Pf
It was found that Energypac Engineering Limited manufactures outdoor or indoor type; oil

cooled or cast resin Current Transform"rr (Cf; and Potential Transformer ranging from I 1kV to

230 kV. This Instrument Transformers are manufastured in accordance rvith latest IEC/ANSI

Standards. Energypac produced Instrument Transformers since 1995. Since then Energypac is

the only *an,faitrrer of instrument transformers in Bangladesh. Energypac ensure quality test

faciiity as to IEC-76, VDE 0537, ANS1 C 57 12 and BS 171 and every transformer are

dispatched from the factory after being tested properly and passing quality requirements'

5.3. Currenttansformer
5.3.1." Pnnciple

lnstrument transformers which used ln conjunction '*'ith ammeters, over cuffent relays etc is

called current transformer (CT). CT steps down current from high value too a low value' Their

current ratio is substantially constant foigiven range of primary current and phase angle error is

within specified lunits. f. ne Ve ratrng of iurrent transformers is small as aompared with that of a

power transformer. Basrc functions of current transformer'S afe:

r To reduce the line current to a value which is suitable for standard measuring

instruments. relavs. etc

o To isolate the measuring rnstruments namely meters, relays, etc liom high ioltage side of

an installation.

5.+.1. Pnncrplc
potential transformers (pT) are used for measurement and protection. It is either measunng type or

protective type. Basic functions of potential transformers are:

o To reduce the line voltage to a value which is suitable for standard measuring

Depafiment of Electrical and Electronic Engrneeflng" East West ljnir-ersin +l

5. Instrument tansformer

r To protect measuring rnstruments against short circuit currents. To sense abnormalities in

current and to give current srgnais to protective relays to isolate the defective system'

Current transformers must be further classified into two groups:

r protective CT used in association rvith relays, trip coils, pilot wires etc.

r Measuring CT used in conjunction with ammeter, wafimeter etc.

5.4. Potentiai Transformer
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instruments. relays, etc.

r To isolate the measuring instruments, meters, relays, etc. from high voltage side of an
installation.

o To sense abnormalities in voltage and give voltage signals to protective relays to isolate
the defective system.

PT may be singie phase or three phase units. PT is necessary for voltage, directionai, distance
protection. The primary side of PT is connected to power circuit between p-hase and ground. The
vA rating ofPT is smaller as compared with that of power transformer

5.5. h,{anufacturing
Energypac manufactures trvo t-ypes of cr and pr trased on constructionr Indoor type (Epoxy resin cast fype)

o Outdoor type(Epoxy resin cast type and oil merged type)

Current transformers
Energypac manufactures two types of CT

r Live tank.
. Dead tank

Potential transform ers :
Single phase electromagnetic pr rs manufactured in two types:. Single Pole (betw-een iines & earth)

. Double Pole (between line-to-line)

5.6. Construcuon of C'I
5.6.1. Core

. High permeabrlity cRcro siricon steel is used as core material

r Primary winding is of braided electrolpic copper conductors with double cotton covering

' Secondary winding is done automatically and distributed equally on the periphery of the
core to minimize leakage reactance.

o Toroidal cores from continuous strips are made there and annealed rn controlled
atmosphere to achieve best qualiqv secondary cores.

5.6.2. Insulztion

' High quality crepe insulating paper is used to build up main insulation of the CT.
r Vamished fiber glass sleeve is provided as an additional insulation on this conductor.

. Craft paper is also used for insulation.

Dqrartment of Electrical and Electronic Engrnee.ng- East west unirersiw +-1
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5.6.3. Bushing
Brown/white glazed porcelain bushing with different shade profiles to suit different
pollution conditions are used.

. These bushings are hollow cylindrical type conforming to bushings

5.6.4. Oil
r Insulating oil

r Transformer oil

. Mineral oil

r Pironol oil

This oil is used for both CT and PT.

5.7. Construction of PT
5.7.1. Core

r CRGO silicon steel is used for building up electromagnetic core.

. Shell type construction is used to minimize leakage reactance.

r Primary is wound with multilayer and graded insulation.

' Secondary is separately wound and inserted in the primary winding as per the
requirement.

5.1.2. Insulttion
High quality electricai grade Kraft paper and crepe paper is used for insulating primary and
secondary ofPT.

a
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(t.1.. Introduction
First of all they are doing powder coding on the steel path. After finishing the powder codrng the
steel path was fell dorryn in the acid tank. Similarly the steel path needs to drop in rinse tank which
rvas filled with normal water. So they put in normal water tank. Then the path fell into the drastic
tank. Again the path lbll rnto normal water then it dropped into phosphate tank. At last it was
sending in dry-off oven. Powder spray is done in dry- off oven. The spray process is done by
electrically. Generally they spray the barzer powder. fhe temperature of the dry-off oven rnust be at
I 80 degree Celsius. The process takes 1 3 to 15 minutes.

6. 1. 1. Sand Blt-sur$Process
. Wrthout switchgear all are liquid plant
e There is an radiator tank where sandblasting is dane
o For completing sandblasting they mixed sand with air and this put at air blasting tank

about 730kg. There is a nozzle in the tank. For completing the sandblasting they spray the
sand by nozzle.

6.1.2. Colotng Assemblr.
r Two types of color are used hke AD zinc phosphate primer (light gray) and other is

lenile (dark grar')
r Fenile is used after 12 hours later ofzinc phosphate.
r T6 fenile rs used for mirins
r Mixing ratio is 4.1 u.here 4 liters color is used for 1 gallon fenile.
. They also used epox]- primer rvhere color is light gray and it is a curing agent of epoxy

primer. For this pulpose thev use T7 fenile where color ratio is 2.1:2 that mean ZYo *olor,
lolo curing and 1% fenile. Thel'use epoxy enamel after 24 hours later. Color is verge gray
and curing agent for epox]'enamel. Mixing ratio is 2:1:l where 2Yo calar, 1o4 curing a1d
I ?'o fenile. Also use T7 fenile

6.1.3. I\{achine Shop
Following machines are used in Energlrpac machine shop. These machines name and
aperation are given below.
1. Lathe machine

The lathe machine is using for following purposes.
o Tuming
. Facing
r Threat cutting
r Hole enlarging
. Tapping

working

6

iill
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2 Milling machine
To make gear on the shaft
To make key way on the outside of the shaft

3. Shaper machine
o To make key way on the inside of the shaft

4. Chaser machine
r Cutting a threat only outside
r Use for ring type elements

5 Drill machine
. Only used for making a drill on the path

6. Surface grinding machine
. Only used for smoothing job surface

7. Power Saw machine
. Only for cutting metal plate, shaft, rod etc.

6.1.+. CNC Nlachine
The full meaning of CNC is computer numerical control. The operating system is electrically. CNCmachine has the given assembly.

r Third generation scream manufacturing and fabricationo It has hydraulic punch and capacity is 30 ton. All are control by CNC
r Sheet thickaess can be punch i.6 mm to 6mmt Usable softrvare is AP100 includes cat, cam, and programming caesural

dataset

il
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7. Observation

7.1. Introduction
This chapter has been prepared on the basis of our observation of ditTerent operations at Energypac.
Here, what we have observe in the internship program days that are described.

7.2. Transforrner
At first day, in transformer section our supervisor was Engr. Asaduzzaman, Ad.GM, production,
EELF. Mr. Asaduzzaman assigned an Engineer named Asif for us.

We observe that coil winding process is operating. The engineer told us, that this coil is made with
copper' . Here, three types of coil are necessary high voltage Gf U coil, low voltage (1, V) coil and
tap changing coil. H.V coil is thin. because in H.T (high tension; iiAe voltage rs frrgli and current is
low so, the coil have to carry' low rate of current. L.V coil is thici<, because i" f.r (Lw tension) side
voltage is low and current is high.

Then we watched the vacuum drying plant. There a transformer is inside of the plant. This system is
used to clear moister from core, insulation and coil. A heat air is circulated insid-e plant absoib all the
moisture. Transformers har.,e to keep 15-16hour in this plant.

There we uatched a transfomrer core which is made with silicon which is imported from Japan,
Europe, and USA.

Then we observ"e the tapurg s]-stem. Taprng is provided in HT side or LT side to vary voltage level.
Tap changing can be manual or automatic. Energypac provide two types of tap changer:. On-load Tap Changer

. Off-load Tap Changer

For H.V coil insulation crape paper is used: in the market this named High tension insulation paper
and for L'V coil insulation DPC paper is used; in the market it named Low Tension insulation pup"r.
Transformer oil is also used for insulation.

It was found that Energypac uses automatic core cutting machine which is automatic operated by
computer. The name of the core cuttlng machine is Micro Tool and Machine (NrfT1\,11.

When the silicon sheet is cut, then rvith the support of iron frame sheets are keep in the way that it
look like a frame. An insulation tape is rol1ed to keep the sheets all together. rhen the coils are set
in the core.

Outdoor bushing is for insulation of HT and LT The Bushine length depends on the length of HT
and LT terminal

There we observe, HT side is alr.vays Delta connected and LT side is always y connected.

Depafiment of Eiectncal a,d Electronic Engrneenng. East west U*-ersiir t1
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7.3. S-witchgear

In switchgear section our supervisor is Engineer. Mahabub.

In the switchgear section, we observe LT switchgear initially. There we watched that LT panel
consis8 of

I Molded Case Circuit Breaker (MCCB) from ABB; Tmax series and triple pole

r Miniature Circuit Breaker(MCB) from ABB; SH series and three types of MCCB are
Used:

r Bus-bar

. RinS CT from Energypac

o Ammeter, Yoltmeter, Indicator lamps

Then the supervisor told us its operation. LT switchgear operating system is described previous.

Then we observ-e HT panel. There we watched that HT panel consists of:

. Yacuum CircuitBreaker (1/CB)

r Relay from Areva Company

r Bus,bar

o Ring CT ( curent transformer) from Energypac

r Potential Transformer from Energypac

r Ammeter, Voltmeter

Then the supervisor told us its operation. LT switchgear operating system is described previous.

Then we observe PFI plant. There we watched that pFI plant consists of:

r Power factor correction (pFC) relay

r H.R.C fuse *om ABB, German

r Miniature Circuit Breaker [MCB) from ABB, German

o Magnetic Contactor from ABB, German

r Capacitor bank from Cali-lab company,Indra

o Ammeter, Voltmeter and Sraftmeter

Dspartment of Eleckical and Electronic Engiming, East w€s univ-ersiry l8
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7.4. Breaker and Isolator

In the breaker and isolator section our supervissl is F,ngin€€r Tauhid. EnergyPac Engineering Ltd

three types of breaker and isolator:

r VacuumCircuitBreaker(VCB)

r Load Break swirch$;BS)

r Isolator

Our supervisor told us that Energypa.c manufrctures foltrowing types of Vacuum Circuit Breaker:

r Indoor Vacuum Circuit Breaker, up to 33KV

o OutdoorYacuum CircuitBreker, up to 33KV

There we observe that CB has drec main parts'

r Fixed csrtact

r Moving contact

r Yacuum intemrpter from Cutler-Hammer @aton), USA

Then the supervisor told us its operatioa. YCB operating system is described previous'

Then we observe Load Break Switcb. Our supervisor told us that Energypac manufactures 11KV

indoor type load break swirch. There we watched that LBS that consists of:

r IntemlPter Swirch

r Bus-bar

r HRC fuse from ABB

r CurrentTransformedcTi
r Fotential Transfomrer{PT)

r Ammeter

r Voltmeter

Then the supervisor told us its operation. LBS cperating system is described previous'

Our supewisor told us that Energypac manufrctures isolators which rated voltage is 12-45KV. There

we watched three ffies of isolators.

r Pantograph

r Centre Break

r Double Break

19
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7.5. Instrumeat Transforms

In the instrument tansformer section our sup€fl/isor i5 Fnginer tbIasrm- Faergykc manufrctures

instrument transformer qrhich voltage range is ftom I rKv-23OKV-

There we observe the following type of instnrmeat taosfumer:

o Indoor type {Epoxy resin cast type)

. Outdoor type(Eporry resin cast type and oil mergpd type)

We observed that for insulation Energlpac rse

. High qualrty crepe insulatingpryer

. Vamished fiber glass sleeve

o Craft paper

We obsen'ed that in bushing Energypac use:

r Brown/white glazedporcelain bushing

7.(t. trabricauon Process

Chapter 6 Fabrication process is based on our owr1 observation
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Problems
oThetenureofrntemshipplogfamistooshort'

Theintemshipprogramshouldbescheduledinsuchawaysothatitdoesnotclashwitha

r practical participation in different works of Energypac would give us more experlence'

butunfortunatelyitwasnotwithinthepolicyofEnergypac.Wewerejustobserver.

Recommendations
r The tenure of our intemship program with Energypac was only for two weeks' Even the short

durationgavewasexposufetothepracticalaspectsoftheoretrcalissues.Consideringthe

benefits of practical exposufe. the following recommendations have been put forward for the

consideration of the Management of Electric and Electronics department of East west

UniversitY'

r The EEE Department shouid sign 
-MoU 

(Memorandum of Understanding) with

prospective cornpanies like Energypac for ensuring internship progmm for the students'

oMoretheoreticaiknow.ledgeaboutPowerstationequipment&Switchgear

the universitY classes'
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Lindergraduate Internshrp

9. CONCLUSIOI{
Energypac could be regarded as the practical ground of the Electrical and Electronic Engineering

Department of East West Universiqr. The theories that we have learned at the University could be

experimented at the Energypac. High level R & D, state of the art production facility, quality

products, competent services, and countrywide operations have made Energypac an internationally

reputed company. We consider ourselves very much lucky to have our internship program rvith a

reputed company like Energypac. It gave us an oppofiunity to apply our theoretical knowledge in

practice. Our achievements from EnergyPac are.

o Industrial training provided bv Energypac has enriched our pmctical knowledge.

o It has opened our eves about practical operation of different equipments.

o It has w'idened our knowledge about engineering manufacturing companies of
Bangladesh.

r It has increased our confidence to face interview.in future.

. Energypac gave us the unique experience of observ-ing the equipment

Energy Pac is the leading compan-y: in Bangladesh. Its strategic aim is to strengthen the ieading

position and to ensure continued groMh which leads it to be the leading manufacturing company or

leading power engineering company in Bangladesh and start to introduce themselves not onlv in

Bangladesh, all over the world.
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1 . http://www.energypac.com/

2. http : //www. energypac-bd. com/company. php ? td:47

3. http ://www. energypac-bd. com/company.php?id=49

4 . http : /iwww-. energlpac-bd. com/company. php? id:5 3

5 . http . //www. energypac-bd. com/compan-v. php ? t'd:1 A

6, http ://www. energypac-bd. com/company. php? id:84

7 . http :i/www. energypac-bd. com/company. php? id:8 5

8. http : //wwv". energypac-b d. com.compan.v-. php? id:86

9. Switchgear Protection and Porver Systems by Sunil S. Rao
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