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Executive Summary 

fo fulfill the requirements to be a B.Sc Engineer from East West University, we have chosen the 

[ndustrial attachment or internee. We did our internship at Energypac Engineer Ltd. Our internship 

itle is "Substation Equipments Manufacturing". Our major area is Power. So as a Power Engineer 

Substations Equipments are related to our field. 

I\t Energypac we have gathered practical knowledge about Power transformer, Distribution 

ransformer, Instrument transformer (both CT and PT), Isolator, Breaker and Switchgear Items (LT, 

iT and PFI). We saw the whole process of Manufacturing of the above terms. Also testing 

)rocedure of the Equipments. Before doing this internship we have limited bookish knowledge about 

:ransformer and Switchgear. But now we have little bit strong knowledge about this Equipments 

�omparing to before. In transformer section we saw the whole process step by step. We learnt how to 

:est a transformer. We learnt a Special test which is Lighting Impulse. We learn what the difference 

)etween transformer and instrument transformer is and uses CT and PT. why CT and PT are used at 

Jigh voltage range. Also saw the manufacturing steps of instrument transfonner and Switchgear 

tems. At switchgear part LT panel and ill panel, what types of breaker are used for LT and ill 

)aneL Also why power factor is important and how we can improve power factor by using PFI 

lanel. Why we used Circuit Breaker, how many types of Breaker, especially Vacuum Circuit 

lreaker (VCB). The uses of Isolator and manufacturing steps of it. Also we saw the paint and 

abrication process of these items. 
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-: our Acceptance Letter of industrial attachment from Ahmed Toufique Ahsan, Deputy Manager 

�-IR & Admin), Energypac Engineering Ltd. On that latter he told us to contract with Mr. Munirul 

. Jda, Sr. Engineer, Breaker and Quality controL At 2nd may, 2010 our first day of training Mr. 

• -mimI Huda gave us our training Schedule. 

Training schedule 
-... � 

Date Section Duration Contract person 

Engr. Asaduzzaman, Ad.GM 
02.05.10 - 06.05.10 Transformer & Testing 5 days Engr. Asim Kumar Bhakta, Manager 

" , .  ., 

J 

09.05.10 -12.05.10 Switchgear 4 days Engr. Syed Muztaba A1� DGM 

13.05.10-17.05.10 CT/PT 3 days Engr. Mozaharul Islam, DGM 
> .  ' .  

Engr. Moniruzzaman, Manager 
18.05.10 - 19.05.10 Isolator and Breaker 2 days Engr. Belal Hossain, Manager 

. .  

Engr. M.A Wazed, AGM 
Fabrication, CNC,M1C 1 day Mr. N.M. Habibullah, Dy. Manager 

20.05.10 Shop, Power Coating & Mr. Moniruzzaman , Asstt Engr. 
Paint 

Working Time: Sunday to Thursday 
10:00 AM to 05:00 PM (1 PM to 2 PM Lunch & Prayer) 
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1. Company Information and Background 

1.1. Company Profile: 

ENERGYPAC ENGINEERING LTD. 

Vission: 

We will be the most preferred business partner of our customers. 

Mission: 

We will provide total power solutions to enhance the business of our customers, 

concurrently .creati.ng heiter technologies. that benMt both the .custAmer;s. .and the. 

environment. 

Strategy: 

Our strategic aim is to strengthen the leading position we enjoy in our markets, and to 

ensure continued growth. We rely on our capability to integrate and deliver solutions from 

our broad equipment and service portfolio which meet the specific needs of our customer 

segments globally. Our priority is to offer the best efficiency, reliability and value available. 

Board and management: 

tftgf. Rabiw- AI-am
Director & CEO 

Enamul Haque Chowdhury 
Managing Director 

Energypac Engineering Ltd. 

Energypac Engineering Ltd. 

+iumay-tHt Rasn+el 

Executive Director 

Energypac Engineering Ltd. 
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� Test and Certifications: 

test of electrical products are necessary to ensure to validate claims including recycled 

:nt, recyclability, degradability, compostability, rapidly renewable materials, regional 

ials, volatile organic compounds (VOCs) content, energy efficiency, energy audits, water 

ency, hazardous or toxic substances, reclamation, mold resistance. For compliance of 

n, quality and performance, competence to sell products in local and foreign market, 

wac is in continual process of testing its products in its own lab, as well as reputed 

Jtions like: 

[ - Central Power Research Institute, India. 

r - Bangladesh University of Engineering and Technology, Bangladesh, 

�ac is one of the leading power engineering companies in Bangladesh. Co
'
ntinual research 

levelopmen1; state of the art production facility" quality product� competent services" .and 
:rywide operations have made it warmly acceptable to the customers. Energypac was 

porated in 1 982 as a private limited business enterprise. It is powered by 1200 skilled 

ower of which 150 are graduated engineers� The relentless. efforts and dedicatiOn of these 
e are providing continual help to improve technology to innovate and develop new 

lctS, just in time delivery, pre and post sales services to maintain a long term business 

;mship with the ell stomers To JDeet. .countrywide. .demaruj. of its prQducts. .and s.erv.ic.es,. 
�ypac has extensive distribution network throughout Bangladesh with full-fledged offices in 

.ajor cities like Chittagong, Khulna, Rajshabi, Sylhet, and Bogura. In an effort to introduce 

o� globally, :Energypac has, .established its .offices in India, .and China. Energypac. has, 
ly experienced its products and service supply to India, Yemen, Ghana, Sudan, Uganda, 

ia, SaudiArabia, and UnitedKingdom. 

ypac is an ISO 9001:2008 and 14000:2004 certified company. Energypac enhances the 

�ss of its customers by providing them with complete solutions. While creating better and 

)nmentally compatible technologies, Energypac focuses on the customer's demand with 

priate products and solutions as well as services. 
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ganization Chart of Factory: 

IT ecb.niciall I 

Figure 1: Company Organization Chart 

1 .. 2. Origin of this Report: 

s report is based on internship program. Energypac Engineering Ltd arranges internship 

sram to gather practical knowledge about manufacturing of substation equipments. Which is 

)wed by their Engineers for universities students. In this particular report, we were internee 

:he previously mentioned program and the corresponding organization was Energypac 

ineering Ltd which is a prominent private and leading manufacturing company of 

gladesh. 
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1.3. Report Background: 

'The purpose ofrhis report is to fuififi the internship requirement for the degree ofB.Sc in 

Electrical and Electronics Engineering from East West University. We had started our 

industrial training in the factory of manufacturing substation equipments and successfully 

completed with lots of" experiences. And 'based on that we prepared tills report wbere we 

tried to mention every point that we gather from there. 

t.4. Objective of this Report 

fJIst objective of writing the report is fulfilling the partial requirement_of EEE program. In 
report, we have attempted to give an overview of Energypac Engineering Ltd in 

lufacturing substation and protection equipments. The study aims at some objectives, which 
as follows 

» Understanding company management 

» Understanding manufacturing process 

» Understanding design techniques 

» Understanding how Energypac Engineering Ltd runs its business 

» Finding out the every risk related to Energypac Engineering Ltd 

» Identifying the problems of Energypac Engineering Ltd 

» Recommending how it can be solved 

1.5. Methodology: 

�gypac is one of the leading power engineering companies in Bangladesh. The report is based 

econdaty research 

The secondary data has been collected from 

1. Different papers of Company 

2. Updated website ofEnergypac Engineering Ltd. 

3. Report submitted by several internship students. 
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1.6. Scope of study: 

he scope of organization part covers the organizational structure, background, and obj ectives, 

mctional departmentalization, manufacturing process, design strategy of Energypac 

ngineering Ltd as a whole and especially this report focuses on manufacturing process, "design 

rategy ofEnergypac Engineering Ltd. 
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2. Transformer 

2.1. Introduction: 

In this section we were worked five days (02-05-2010 to 06-05-2010). 
ansformer section our supervisor was Engr. Asaduzzaman, Ad.GM, production, EELF, Mr. 

iuzzaman assigned an Engineer named Asif for Us. 

Figure 2: Power Transformer (11KV/415V) 

rgypac is one of the largest company not only Bangladesh but also in south-Asia for making Sub 

lon Equipment. In a Sub Station Transformer is used for Step down purpose. 

Energypac makes two types of transformer 

1. Power Transformer up to 50 MY A 

2. Distribution Transformer up to 4.5 MY A (1110.415 kV) 

They can make 50 MV A transformer but they can repair up to 75 MY A Power transformer. 

There next target is to make 75 MV A Power Transformer. 
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2.2. Transformer manufacturing process 

2.2.1. Design 
To manufacture Transformer flfst things that you need is design. Design is based on Customer 

demand. Suppose DPDC and DISCO is two big customer of Energypac. Their requirements are 

tHff-er-em fft:>m -ene �. A-ee'Of-cling w tb:e C'lfS'l:6mer � tb:e -desfgner-s -e-f E1'l'ef-gypae 

design the Transformer. In designing part the designer have to design the Structure, Core diameter, 

insulation label, cooling system, tapping system, Coil thickness, tank: and conservator.... etc many 

other things- . Dtre-tcr cmnpmtJ pri:wcy'We don't S'a'W"the design. 

2.2.2. Coil Winding: 
High Voltage Coils: 

H. V. Coilt;- -are the � .ef £i.n4sheG Q:a:asf�s-. They arce maGe -@.B: �tic iay-er -sett.m.g 

winding machines. A solid cylindrical former of predetermined diameter and leIJgth is being used as 

hase over which is made. Generally round insulated wire of either copper (Cu) or Aluminum (Al) is 

used as bask :raw material� The�· are mOO:e itt f.tlimber 4 �-s-. The trtartitlg afl4 � lead-s 
of each coil are terminated on either side of the coil. These leads are properly sleeved and locked at 

number of points. 

lt6W' Voltage £1JiIs: 
L. V. Coils are also one of the components of transformer. The procedure of making low voltage 

coil is generally same as described earlier. The shape of the basic raw-material (Al or 

£u) is rect81Igatcn. 

2.2.3. Core Assembly: 
Transformer cores are made of high permeable cold rolled grain oriented (CRGO) electrical steel 

� {).ft.beth sides- mostly i� ft:em: Japaa, �, -and USA. ;p� �t� is;OO: 

reduce no load losses, no load current and noise level- high quality core clamping bolts, channels 

and supports being used. In order to achieve better reduced losses and low noise levels with smaller 

-cere �, -oore sheets PFedooeti with highly � teclmologies are 'H:Sed. Generally, the 

thickness of core laminations is 0.30 or 0.23mm and it is possible or obtain better results with 

O.23mm thick laser treated core sheet. CNC machinery is used for lengthwise and broadways cutting 

w aehieve bett-er results with t-hese iow: tess em--e-'Sheet-s. 

They have used silicon steal sheet as core material. They used it because it has good 

conductivity so it can create strong magnetic field. 
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2.2.4. Core and Coil Assembly: 

Figure 3:Core setup of Transformer 

�er cutting the steel sheet, with the help of iron frame the sheets are organize in such way that its 

ooks like a frame. From the above figure we can saw it easily. After doing this insulation tape is 

�ol1ed it. The insulation tape is round it because when the transformer is in working condition then 

he insulation tape will compact the core for get together. The cores are made by slicing the steel 

;heet if any one got release from the system then it will occur an accident. Insulation: 
[nsulation is must for a transformer otherwise turns to turns or LT and lIT' Coil or Coils and 

ransformer's body will short. To avoid this types of short or faults they have used different types of 

nsulations. The transformer oil used in Transformer for insulation is good insulator. During our 

ntemship at Energypac a Diploma Engineer said that 2.5mm Transformer oil can block up to 60KV. 

�nergypac imported Transfonner oil foreign country like Germany, USA and Japan etc.Energypac 

Ised DPC paper for LT coil insulation which is well known as Low tension insulation paper. 

�nergypac used caret paper for HT coil insulation which is well known as High tension insulation 

aper. They have also used brize board as insulation between LT and HT coil. When Tap changing 

oils are rolled then between two Tap there is a gap. This gap is for insulation as there is no short is 

ccurring and the gap can hold oil. They also used Bush as external insulation. 

2.2.5. Tapings and Tap Switch: 
enerally Taps are provided on HV Windings for HV Variation or LV Variation as specified by 

(stomer. These are brought up to a gang operated switch, suitable for external manual operation 

In can oe Tocked in any desIred position to avoid unautnonzed operation. An the moving contacts 

e spring loaded to ensure proper pressure and good contacts. Higher capacity transformers, 
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ially above 3000 KVA ratings, can be supplied with On Load Tap Changer along with necessary 

f61:s. :ffr mak-e' it suitable fu:r ma1.iU:'8!, :leeal eteetriea1 -aT :remete- E1eetrieal -eperaticn. 

ling windings are carefully designed to keep unbalance to minimum. For large tapping range, 

rate regulating windings are used to maintain Amp ere-Turn balance at all tap position. 

Energypac used two types of Tap Changing 

1. On load Tap Changing 

2. Offload Tap Changing 

re is another teIm which style Tap changing Reverse winding or Force find winding. For 

mple DESCO's demand is reverse winding that is there are twelve option of Tap change in per 

se. DPDC's demand is Force find winding that is Tap changing option will start from mid point. 

2.2.6. LT and HT Connection: 
n.erally the Transformers that are made by Energypac either Delta to Y or Y to delta connected. If 

�h voltage side Delta connected then Low Voltage side Y connected and vise versa. 

)ording to Energypac policy some one can easily say wrucn sIde contents wnat connection oy 

ae plate, suppose in name plate there is a teIDl Dyn 1 1  that means for that Transformer High 

ltage side is Delta connected and Low Voltage side is Y connected. 

�rgypac follow another policy that is from which side ill connection come out, LT connection 

ae out from opposite site. This is for safety because in transformer tank: there is oil, if HT and L T 

nection come out from one side then there is change of dielectric breakdown of oil. 

2.2.7. Drying out Procedure: 

, transformers with voltages of 1 1  KV and above, drying out treatment takes place in a vacuum 

ing oven. The core and windings assembly is placed in oven and initially heated at 80°C for a 

Lod during this period, heated air is circulated rapidly and the moisture laden air is bled off at 

luent intervals. Vacuum is then applied, and heating of the core and windings assembly is 

tinued simultaneously_ The mixture of air and moisture that is extracted is passed through a 

denser and collected in the form of water which is measured and recorded. The end point of 

ing process is decided by the measurement of dispersion factor, insulation resistance, tan-delta, 
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Ld the collection of water. 

* bigger traftsfum1efs, 25 MY A and above, £-ere-ooit �y along with tank are in the-oven and 

ler completion of heating cycle, hot, degassed oil is then allowed into the transformer tank under 

l.cuum. This oil is then circulated through the transformer and the oil deggassing plant until all gas 

apped -in the -core, 'Windings� mId the insulation is I erno ved. 1'hi-s et'I"SU1"eS a high degree -of stability 
1 the insulation structure and early attainment of its mature condition, which would not otherwise be 

chieved until the transformer had been in service for some time. 

2.2.8. Transformer "Tank Construction: 

Figure 4: Transformer tank 
All tanks are made of high quality steel and can withstand vacuum as specified by the international 

�tandards and the customer. All welds are tested, ensuring 100% leak proof of seems and mechanical 

�trength. Transformer with Corrugated Fin-Type radiators can also be supplied. The fins are 

nanufactured of Gold-rolled steel. The fin height and length are according to customer's 

�pecifications and fins can be plain or embossed. All transformer tanks are given a smooth finishing 

)y using the " SHOT BLASTING" process. Here "SHOT BLASTING" process is done by an 

iutomatic machine. 

2.2.9. Terminations: 
ferminals to suit Customer's requirements can be provided. Outdoor bushings are nonnally provided 

:Or the HV & LV terminals. HV outdoor bushings are supplied with arcing horns as standard. Air 

nsulated and compound filled caole boxes, With or without disconnecting chamoers, can oe 

)rovided to suit customers specification. The terminals of our transformers can be made suitable for 

leat shrinkable cable termination system. 
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2.2.10. Painting : 
The.entire procedure of painting ofEner.gypac is .done under two stages: 

1 .  Cleaning of tanks 

• The cleaning of tank is done normally by chipping/grinding. 

• The outside surface of the tank is short blasted to achieve a very fine and smooth 

finish 

2. Painting of tanks 

• After cleaning the tanks, a coat of hot oil resistance paint is applied on the internal 

surface of the tame 

• The outside surface is painted with a coat of Red Oxide primer and subsequently 

with one coat of enamel paint as per customer's requirement. 

Figure 5:Transformer Tanking up 

The core-coil assembly and tank supplied by the fabrication department are taken into tank-up stage. 

rhe procedure is: 

» The core-coil assembly is taken out of the oven or vacuum dry plant. 

� The tanks, supplied by fabrication department are brought to tank-up department duly 

painted .  
» Fittings like drain valves, HV & LV Bushings, conservator, oil level indicator and 

explosion vent are fitted in the tanks. 

» The Core-.oo.il assembly is then placed intu the tank: .and properly locked up. 

� Pure filtered transformer oil is filled in the tank to immerse the assembly only. 
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» Connections of primary and secondary to the terminal bushings are made. Operating 

fl.� feF refi.e- switeft is fit.ted, wher-ever �. 

2.3.. Some important steps that Ene:rgypac follow during Manufacturing. 

2.3.1. Mechanical Design: 
Energypac follow a mechanical design when they design a transformer. The Center of mass of three 

phases and the Center of mass of whole transformer must be at same point otherwise the transformer 

will expfore. 

We know, W=F*S W=Work, F=Force, S=Separation (or Distance). 

If the centre mass are at same point then S=O that means W=O. Otherwise it stretch pressure on 

transformer body then file transformer must explore. 

2.3.2. Different size of LT and HT winding: 

To keep same Center of mass of the Transformer they used different sizes oflIT and LT CoiL In 

general they kept lIT coil is bigger then LT coil. 

2.4. Protection: 

Protection is for safety. There are some protection systems that Energypac used in transformer. 

2.4.1. CooBng: 

Figure 6:Cooling System of Transformer 

ONAN: Oil Natural Air Natural 

ONAF: Oil Natural Air Force 

In transformer� the cooling has a special importance to ensure safe operation and to increase :the 

lifetime of the transformer. The heat occurred in the transformers is dissipated at the cooling unit by 

the help of oil. The simplest and mostly used cooling system is ONAN (Natural Air Cooling with 
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rs). ONAF (Radiators Additionally Cooled by Fans) cooling system, in which cooling air is 

3'-tfteradtators by faa'S, ts iJ.'SC' ttSed. 

2.4.2. Thermal Protection: 
lal protection they used a thermometer to detect the temperature of oil and winding. There 

t¥Pe�.Qf thermal protecOOn 

� Oil Temperature Indicator (OTI) 

� Winding Temperature Indicator (WTI) 

>meter showstlre � -Qil :te�, .alar.m � � sig.»als-� �.as� 

[)ver loading and as per requirement of transformer. 

2.4.3. Gas insulation relay: 
l.ac used Buchholz. Relay .as gas in Sl".lationrelay_ 

lz Relay detects the internal faults and the insulating liquid loss, the alarm contact in the 

loat design signals oil leakage and! or gases, while a trip contact is activated in the event of 

aa1fhllctioll& Ene.t:gypac pr.ovid.e Buchholz relay .as 10: customer's requirement 

2.4.4. Bushing. 
lac provide outdoor bushing as per customer requirement. Outdoor bushing is for insulation 

o.d LT. The Bushing length depends on the len.gth ofRT and LT terminal. 

2.4.5. Oil Level Indicator: 
,ed for insulation so the oil is not proper level then the does not work properly. According to 

'ac there is an indicator that's indicating the oil level inside the transformer. Also they 

the oil qUality. If the quality of oil decreases in a certain level then they refine the oi1. 

2.4.6. Silica Gel: 
msformer design in Energypac, they use silica gel for purifying or drying the air that goes in 

ervator tank of t11e transformer. A transformer literally, oreatns tnroug1i the conservator tank 

of the thermal expansion of the insulating oil inside. The oil that goes inside the conservator 

olated by a deprogram inside the conservator to avoid contact and contaminating the oil. As 

r Breather (silica gel) are used to absorb the moisture content from the sucked air, wIllie the 

ler oil gets expanded due to heating. Breathers make use of silica gel colored with brown 

�nsively in power transformers. When its absorb moisture its colour change and become 
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2.5. Test 

2.5.1. Introduction: 
Energypac is the only private company probably in Bangladesh, who got certificate from foreign 

country for their testing. Here is the list of Energypac' s certificate 

1. £PRI - £-efltfaf Pewer ReseaTcl.I mst1ttrte, mdia 

2. BUET - Bangladesh University of Engineering and Technology, Bangladesh Energypac are in 

There are several steps of testing that Energypac follow: 

i .  fIt Proce�"Stest: 

a) Magnetic Balance Test 

b) Excitation Current Test 

cJ VacuUIll Test 

2. Routine test: 

a) Resistance Test 

1» Turns Katio Test 

c) No-load loss Test 

d) Full load loss test 

e) High Vo1tage Test 

f) Double Voltage double frequency Test 

g) Vector group Test 

11) Dt-electric strengtn oroilTest 

i) Induced overload Test 

j) Tap changer 

3 .  Type Test: 

a) Lighting Impulse Test 

b) Temperature rise Test 

4. Special Test: 

a) Tan Delta Test 

b) FRAX Test 
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n general Energypac doing the above listed test but during our internship we can not saw all of 

liem. Here- we- wfite-ooly the tests that we-saw dttring five-days 1tt ifaftsfurmer seetiens. 

2.5.2. Magnetic Balance Test 
[he Magnetic Balance test is conducted on Transformers to identify inters tum faults and magnetic 

mbalance. The. maguetic. balance test isusuaUy. .aoo.e . .Qt1 the star side . .of a �. A two. phase 

mpply 440V is applied across two phases, say, 1 U and IV. The phase W is kept open. The voltage 

.s then measured between U-V and U-W. The sum of these two voltages should give the applied 

� •. That is; IUIW + lVlW wiU oo .equaJ.� IUlV. 
For instance, if the voltage applied is 440V between IUIV, then the voltages obtained can be 

IUIV = IU1W + IVIW 

44<+V = 2-6GV + 18(}V 

The voltages obtained in the secondary will also be proportional to the voltages above. his indicates 

that the transformer is magnetically balanced. If there is any inter-turn short circuit that may result 

1ft tfte'SHm '0f t1ret.we:�· net being eqttal reth.eapplied veitage. 

2.5.3. Measurement of winding resistance: 
This test measures the resistance of the IN & LV winding. The values of resistance should be 

.balance for .all :three. .phases.and .should match the . .designed vaJues; 

Equipment used: Digital resistance meter. 

2.5.4. Measurement of insulation resistance: 
Me_asures the insulation resistance of HV & L V windings with respect to earth (body) and also 

between LV & IN winding. 

Equipment used: insulation tester OR Mugger is used. 

2.S.S. High VGlmge -tests -OR HV .& LV: 
This test checks the insulation property between Primary to earth, S econdary to earth and between 

Primary & S econdary. 

HV high voltage test; LV winding connected together and earthed. IN winding connected together 

and given 28 KV (for 1 lKV transformer) for I minute. 

LV high Voltage test: IN winding connected together and earthed. LV winding connected together 

and given 3 KV for I minute. 

Equipment used: High Voltage tester (100KV & 3KV) 

Here the term J{'1fJh % (tage means tlie % (tage wliich is 2.5 times of ratetf % (tage. 

High Voltage = 2.5 * Rated Voltage 
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2.5.6. Double Voltage double frequency: 
This test checks the inter tum insulation. 

For an l 1KV/433V transformer, 866 Volts are applied at the 433V winding with the help of a 

Generatet: fax I �. This t� 22KV -eft i IKV side. '!'he �y "O-f the -&6&V 'SUpply is af.se. 

increased to 1 00HZ. 

Equipment used: MOTOR GENERATOR SET 

2.5.7. Turns Ratio: 
This test is also called Voltage ratio test. 

This test measures the voltage ratio as per the customer' s requirement. 

VI NT 
V2 = N2 

The voltage ratio is equal to the tunl'S ratio in a transformer. Using this principle, the tum's ratio is 

�G witk the �.ef .a tum' ff �  meteF. If it is-�, tl:leG the veltage r� i&assumed � be 

correct. 

Equipment used: Turns Ratio meter. 

2.5.8. Measurement of No iuad loss & current. 
The iron losses and no load current are measured in this test. The 433V winding is charged at 43 3V 

Supply & the l 1KV winding is  left open . The power consumed by the transformer at no load is  the 

00: J.Qad los& in the tr�sformer. Effect .of.actual fr.equency must be taken into·.account 

Equipment used: Wattmeter' s or power analyzer. 

2.5.9. Lightening Impulse Test 
Actually during our internship we don't saw this test but we learnt some theoretical knowledge about 

this type test of transformer. 

This is a type test so within 1 000 transformers only 5 (Five) or 6(Six) transformers is done this test. 

All the dielectric tests. check the .insu1.a1ion level of the job. 

• Impulse generator is used to produce the specified voltage impulse wave of 1 .2/50 micro 

seconds wave. 

.. One impul.se .of -a. ;r.edu� v.olt.age betweeR 51) to- 75% . .of the full, test v.oltage .and 

subsequent three impulses at full voltage. 
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• For a three phase transformer, impulse is carried out on all three phases in succession. 
The-voita:ge is applied on each of the tine tel nrinal in snccession, keeping the other 

terminals earthed. 

• The current and voltage wave shapes are recorded on the oscilloscope and any distortion 

in the wave shape is the criteria for fai1ure. 

2.6. Name Plate: 
:ording to Energypac the full information about a transformer should noticed on Name Plate of 
transformer. Here we list information' s according to Energypac for a three phase transformer . 

. aI NO., Rated Power, Standard, Class, Rated Frequency, Type of Cooling, Ambient temp, 
lding temp, Insulation level, Voltage(HT, LT), Rated Current, Vector group, Impedance Voltage, 
al weight, Lift able weight, Oil weight and Year of Manufacturing . 

.---------------------------------------------------�. -

C-,,») ENERG Y-PAC , -" 

A N  IS O 9 0 0 1 & 1 4 0 0 1  C E R T I F I E D ;C O !\I PA � Y 
STANDARD 
FREQUENCY 

INSULATION 

LEVEL ITv LV 
LVN 

CORE & COIL 

TANK & FITTINGS 

MASS OF OIL 

TOTAL MASS 

TRANSPORT MASS 

VOLUME OF OIL 

MAKER"S REF. NO. 

MAKER"S SERlAL NO. 

CUSTOMER'S REF. NO. 

Figure 7: Name Plate of Transformer 
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3..  Switchgear 

3.1. Introduction: 

S witchgear is used in association with the electdc power system, or grid, refers to the combination of 

electrical disconnects, fuses and/or circuit breakers used to isolate electrical equipment. S witchgear 

is used both to de-energize equipment to allow work to be done and to clear faults downstream. This 

type of equipment is important because it is directly linked to the reliability of the electricity supply. 

One of the basic functions of switchgear is protection, which is interruption of short-circuit and 

overload fault currents while maintaining service to unaffected circuits. S witchgear also provides 

isolation of circuits from power supplies. S witchgear is also used to enhance system availability by 

allowing more than one source to feed a load. 

Two types of S witchgear which are manufacture by Energy Pac 

1. LT(Low Tension) S witchgear 

2. HT(H1gh Tension)S witchgear 

3.2. Low Tension (Ll) Panel: 

3.2 .. 1. Introduction: 
Energy Pac Engineering Limited manufactures low voltage switchgear (hereafter called LT 

Panel) which is applied for power control and distribution systems of AC 50Hz, rated working 

voltage up to 415V (phase to Phase )and 220 V (phase to Neutral) . 

LV Switchgea r being one of the major powe r prod ucts of Ene rgypac is p rod u ced for indoor a nd 

o utdoo r insta l lation com plying with the latest inte rnationa l sta ndards, i .e. l Ee. Energypac 

switchboa rds a re stee l  sheet fa b ricated, tota l ly e nclosed, floo r mo unting a nd ve rmin & dust 

proof, these a re suppl ied with factory fitted re leva nt com pone nts a nd copper b us ba rs, interna I 

wiri ng, termina l  b lock etc. 
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Figure 8: L T Panel 

3.2.2. Different types of interrupting device: 
�nergypac uses different types of interrupting device 

• Fuses 

• ACB(Alr circuit Breaker) 

w MC£B(Molded -caged:rcuit Breaker} 

3.2.3. Operating Mechanism: 
n Energy Pac two types of operating method are used in LT 

• Manually-operated 

• Motor-operated 

3.2.4. Application: 

's mainly used in power station, industrial enterprise, Commercial/Residential Buildings for power 

.stribution and can be used to control, protect and inspect the circuit_ 

3.2.5. Technical Data: 

• Metal clad, sheet steel 

• Rated v()Jt.age-. up to 415 V 

• Rated Breaking current: up to 100KA 

• Rated making current: 130 KA_ 

• Short circuit duration: 1 or 3 seconds. 
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3.3. lIT (High Tension) Panel: 

3.3.1. Introduction 

Energy Pac's H.T Switch gear equipped with Load Break switch (LBS), Vacuum Circuit Breaker 

(VCB), Disconnect or etc. to meet individual requirement which comply with IEC and other relevant 

international standard, it has features of long service life reliability and high degree of quality safety. 

High Tension Switches are suitable for inexpensive electrical sub-station with transformer feeder, 

measuring, sectionalizing Auto change over and motor protection. 

3.3.2. fIT Voltage Range: 
HT switchgears are used for two types of voltage class 

• Medium voltage (1,000-3 5,000 'volts AC) 

• High voltage (more than 35,000 volts AC) 

3.3.3. Technical Data: 

• Metal cla� sheet steel 

• Rated voltage: 3 .3,  6.6 1 1  & 33 KV 

• Rated frequency: 50Hz. 

• Rated Breaking current: 1 3 . 1 , 1 6, 1 8.4, 20, 25 &3 1 .5 KA. 

• Rated making current: 34, 40, 50, 63 & 80 KA. 

• Short circuit duration: 1 or 3 seconds. 

3.3.4. Different type of Interrupting Device and Operating Mechanism: 
HT of Energy Pac uses intenupting device which are 

• Fuses 

• Vacuum Circuit Breaker 

• Load break switch 

In Energy Pac two types of operating method are used in HI 

• Manually-operated 

• Motor-operated 
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3 .. 3 .. 5. Application: 

ft's m�in1y used in power station, industrial' enterprise; 'Commerciai industry and Transmission can 

he used to contro� protect and inspect the circuit. 

3.4. Power Factor Improvement (PFI) Plant 

3.4.1. Introduction: 
Energypac Power PFI plant has been designed to meet the needs of all fonns of power factor 

correction by capacitor banks from small unit to a large plant. Energypac Power manufactures floor & 

wall mounting auto/manual power factor improvement (PFI) plant comprises of capacitor Banks, 

power factor improvement Relay, Contactors, HRC fuses, Manual! Automatic change over switch 

reactors for large plant comply with IEC and other relevant international standard the automatic PFI 

plant are available in steps of 2.5 KVAR to 50 KVAR capacitor Banks. 
. 

\ 

- -

Figure 9: PFI Plant 

3.4.2. Purpose of PFI: 
The purpose of using PFI plant to save thousands of taka on electricity bills. It increases power 

consumption efficiency anyone can add more machinery without increasing electricity costs. It 

provides good voltage regulation. It minimizes power loss and wastage. It is compact, and requires 

atffi.QSt no· maint-enanee. Mot«, Tf"ansf-ermeT5 aiid -et-her ffi..d.H.ctiv:e lood-s i"�-e i"-eaoti� 1?ewer. P-F� 

Plant is used to improve the power factor of the inductive loads of the system's network by Capacitor 

Banks. The use of appropriate rating of PFI Plant reduces undesirable wastage of power, all control & 

indieatingdeviees areleeatedemthe-&om OO&"0fthe-panet fef'easy viewing tromilie6pefaior'-s desk. 

Adding capacitors is generally the most economical way to improve a facility' s  power 

factor. While the current through an inductive load lags the voltage, current to a capacitor 
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leads the voltage. Thus capacitors serve as a leading reactive current generator to counter 

ffle. 1a:ggiag reactive eurrent in a system. This action is explained in terms of the energy 

stored in capacitors and induction devices. As the voltage in ac circuits varies sinusoidal it 

alternately passes through zero Dvoltage points and maximum voltage points. As the voltage 

passes through zero voltage and starts toward maximum voltage the capacitor stores energy 
in its electrostatic field, and the induction device gives up energy from its electromagnetic 

field. As the voltage passes through a maximum point and starts to decrease, the capacitor 

gives up energy and the induction device stores energy. Thus when a capacitor and an 
inductor are installed in the same circuit, there is an exchange of magnetizing current 

between them with the capacitor actually supplying the magnetizing requirements of the 

induction device. The capacitor thus releases the energy source (the utility) from the need 

to supply the magnetizing current. Simply stated, capacitors supply the magnetizing current 

required by motors at or near the motor site, instead of 'from the utility ( figure ). This 

frees up utitity capacity to provide more rea! power. 

T 

Capacitors 

Figure lO:Power Factor Improvement 

3.5. Metering Panel: 

Metering Panel manufactured by Energypac is ordered by DPDC. The purpose of this online 

metering is to eradicate corruption. It is the panel consists of three CT, three PT, ammeter, voltmeter, 

and mo1ienL CT and PT .are used for measure the current and yoJ.ta.ga Modem read the meaSl)red 
data and send it to remote server. This online meter is set in distribution end and generation end. 

Technical Data: 

.. Rated voltage: 11 KV 

• Rated current: 5 A 
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4. CT and PT 

During our internship we worked CT and PT Section from 1 3th may to 17th may, 20 1 0. 

In this Section our Supervisor was Engr. Mozaharul Islam, DGM, Producti�n, EELF. After 

introduction he briefing us on Breaker then he assigned a Diploma Engineer for us named Masum. 

4.1. Introduction: 

Energypac introduced its indigenously developed Instrument Transformers in 1 995 . Since then 

Energypac is the only manufacturer of instrument transformers in Bangladesh. Energypac 

manufactures outdoor/indoor, oil cooled/cast resin Current Transformers (CT) ranging from 1 1  kV 

to 23 0 kV. Energypac's modem manufacturing plant is equipped with full range of testing 

equipment, plant and machinery to manufacture these transformers. Energypac have supplied 

hundreds of these transformers to different customers in home and abroad which are working 

satisfactorily under different service conditions at sites. Energypac Instrument Transformers are 

manufactured in accordance with latest lEC/ ANSI Standards. 

There are two types of instrument transformer. These are: 

1 .  Current transformer (CT). 
2. Potential Transformer (PT). 

4.2. Current transformer (CT): 

It is not possible to measure the current in high voltage of a system is directly because of insulation 

problem of measuring instruments. It is also not possible to use current flowing through the system 

directly for protection purpose due to its high value and high insulation problem. So we must need a 

transformer which takes high input but the output is low. This type of transformer is called CT. It 

can be designed for Single or Multi ratio. The ratio selection can be achieved by providing two or 

four sections or primary for series/parallel connection, the current ratio shall be in proportion of 

1 :2 :4. The advantage oftrus type of ratio is that output from each secondary remains constant for any 

selected ratio. 
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Figure 11: Indoor type CT Figure 12:0utdoor type CT 

4.3. Potential Transformer (PI): 

Direct measurement of voltage in high voltage system is not possible because of insulation problem 

of measuring instruments. It is also not possible to use direct voltage for the system protection 

_ purpose due to its high value and high insulation problem of protective relays. So we must need a 

transformer which takes high input voltage but the output voltage is low. This type of transformer is 

called PT. This transformer is used for step-down the high system voltage to low standard value 

accurately in proportion to their ratio. 

.f 

Figure 13:Indoor type PT Figure 14:0utdoor type PT 
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4.4. Basic functions: 

Current transformers: 

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

instruments, relays, etc. 

2. To isolate the measuring instruments namely meters, relays, etc. from high voltage side 

of an installation. 

3. To protect measuring instruments against short circuit currents. 

4. To sense abnormalities in current and to give current signals to protective relays to isolate 

the defective system. 

Potential transformers: 

1. To reduce fhe Tine voTtage to a value wIDcn is suitable for standard measuring 

instruments, relays, etc. 

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

installation. 

3. To sense abnormalities in voltage and give voltage signals to protective relays to isolate 

the defective system. 

4.5. Types of instrument transformer: 

Energypac manufactures two types of CT and PT based on construction: 

1 .  Indoor type 

2. Outdoor type 

Indoor Type: 

In indoor type transformer only one types of transformer is used. This is Epoxy resin cast type. In 

this transformer there have no oil expansion chamber. 

Outdoor type: 

In outdoor type transformer two types of transformer is used. 

L Oil merged type. 

2. Epoxy resin cast type. 
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Types of CT and PT based on design: 

Current transformers: 

Energypac produces two types of CT: 
1 .  Live tank. 

2. Dead tanlc 

Potential transformers: 

Single phase electromagnetic PT is manufactured in two types: 
1 .  Single Pole (between lines & earth). 

2. Double Pole (between line-to-line). 

4.6. Manufacturing process: 

Instrument transformer consists of 

• Electromagnetic Core. 

• Primary and Secondary Windings. 

• Bottom Tank and Oil Expansion Chamber. 

• Porcelain Bushing. 

4.6.1. Electromagnetic core: 

1 .  High permeability CRGO silicon steel is used as core material. 

2. Shen type ooastruction is used to minimize leakage reactance. 

3 .  The core material of Epoxy resin cast type i s  high quality cold rolled grain oriented 

steel which is annealed. 

4.6.2. Primary and Secondary Windings: 
Epoxy resin cast type: 

LT winding is designed as multi-layer winding. LT winding is wound on the core with additional 

insulation between adjacent layers. HT winding is designed in such a way that the mechanical 

stresses due to thermal dilation, in case of snort circuit currents are not transmitted to the main 

insulation of the transformer. The conductors used for windings are made of electrical grade 

electrolytic copper. Conductors used for secondary windings are insulated with high quality, 

synthetic resin based insulation varnish 
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Oil merged type: 

-Ccpper enameled wire is used for winding. Secondary winding is -done automatically and -distributed 

equally on the periphery of the core to minimize leakage reactance. Primary winding is  of braided 

electrolytic copper conductors with double cotton covering. Varnished fiber glass sleeve is provided 

as an additional insulation on this -conductor. 

4.6.3. Bottom Tank and Oil Expansion Chamber: 
Bottom tank and oil expansion chamber are made ofMS sheet. 

4.6.4. Porcelain Bushing. 
Hollow cylindrical type of bushing is used. 

4.7. Insulation: 

Energypac used three types of insulation processes. 

1 .  Insulating paper. 

2. Oil. 

J. Varnish. 

4.7.1. Insulation paper: 
There are two types of insulation paper. 

1 .  Crepe paper. 

2. Kraft paper. 

High quality crepe insulating paper is used to build up main insulation of the CT and PT. And the 

craft paper is used to avoid Short circuit between core and coil. 

4.7.2. Oil: 
Energypac used few types of oil for insulation. 

1 .  Insulating Oil. 

2. Transformer oil. 

3 .  Mineral oil. 

4. Pironol oil. 

4.7.3. Vamish: 
Conductors used for windings are insulated with high quality, synthetic resin based insulation 

varnish. 
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4.8" Testing: 

Energypac follow some standards for their testing, and they must ensure quality test facility as those 

standards. These standards are: 

IEC-76, VDE 053 7, ANSI C 57. 12 and BS 1 7 1 . 

Energypac must ensure four types of tests. These tests are: 

1 .  Routine test 
2. Partial Discharge test 
3 .  High vo-1tage test 

4. Quality test 

4..&.l.. Routine test 
Routine test is must performed for every transformer. Actually by performing this test we get 

knowledge about a transformer. These tests are: 

1 .  Resistance test. 

2. Ratio test. 

3 .  No load test. 

4. Full load test 

4.82. Partial discharge: 
Partial discharge test is used for checking and decreasing the charge carrier between the winding. 

If there have any bubble between HT and LT Winding, it create Charge carrier. This situation is 

very l1a.rmfut fur a transformer. To avoid this first time a hlgn voitage (approximate!y ZOO KVJ is 

applied to the primary side and the secondary side is shorted. Now if we increase the voltage, the 

capacitance or the charge carrier is discharging between primary and secondary side. By 

forrowing tIlls procedure tms test is continued. 

4.8.3. High volrnge test: 
High voltage test is used for checking the insulation property between Primary to earth, 

Secolldaxy to earth ·and between PIhuaIY & Secondary 'Winding. High voltage test means 

applying high voltage (approximately 28 KV) on Primary side for 1 minute and the other side 

that means the low voltage side must be neutral and grounded. 

·Observation; 

We measure the leakage current and by observing the value of this current we can conclude 

about the insulation property between Primary to earth, Secondary to earth and between Primary 
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& Secondary winding. If the value of leakage current is low, the insulation is better. But if the 

value- of leakage ClH:fent 1S higher, the insulation is had. 

4.9.. Nameplate: 

According to Energypac the full infonnation about a transformer should noticed on Name Plate of 

the transfonner. Here we list infonnation's according to Energypac for a Current transfonner. 

Serial NO" Rated voltage, Insulation level, Constructio� Rated thermal current, Ratio, rated burde� 

Highest system voltage, rated frequency, Type ,No of phase, Total weight and Year of 

Manufacturing. 
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5. Breaker and Isolator 

During our internship we worked Breaker Section on 1 8th may, 201 0  and Isolator section at 1 9th 

may, 20 1 0. 

In breaker Section our Supervisor was Engr. Moniruzzaman, Manager. After introduction he briefing 

us on Breaker then he assigned an Engineer for us named Tauhid. 

In Isolator section our Supervisor was Engr. Belal Hossain, Manager, Production, EELF. 

In the report we write the information according to the workers and Engineers of Energypac 

Engineering Ltd. 

Breaker 

5.1. Circuit Breaker: 

A circuit breaker is an automatically-operated electrical switch designed to protect an electrical 

circuit from damage caused by overload or short circuit. Its basic fun�tion is to detect a fault 

condition and, by interrupting continuity, to immediately discontinue electrical flow. Unlike a fuse, 

which operates once and then has to be replaced, a circuit breaker can be reset (either manually or 

automatically) to resume normal operation. Circuit breakers are made in varying sizes, from small 

devices that protect an individual household appliance up to large switchgear designed to protect 

high voltage circuits feeding an entire city. 

5.2. Energypac's Concept 

Energypac designed equipment offers following concepts: 

a) Customer friendly 

b) High degree of safety 

c) High operational reliability 

d) Rugged design 

e) Simple in construction 

f) Modular and compact 

g) Easy maneuverability of truck 

h) Extensible with high degree of customization 
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5.3. Types of Breaker: 

fu generai Energypac used three types of breaker they are 

1 . Low Voltage Breaker 

2. Medium Voltage Breaker 

'3. High Voltage Breaker 

5.3.1. Low Voltage Breaker: 
Low Voltage Range: from 1 V to IKV 

Enelgypac used Minicrture C1rctrit Breaker (MCB) as low Voltage Breaker. They don't manufacture 

this MCB. They imported MCB from Germany. They used it in Switchgear. 

Figure 15: MCB (SP, DP and TP) 

Function :  Protection and control of the circuits against overloads and short-circuits, protection 

people and big-length cables in TN and IT systems. 

Operating Voltage: 23 0/440 V 

Three types of MCB Energypac used with Breaking Capacity up to 6kA, they are 

1 .  Single Pole (SP) 

2. Double Pole (DP) 

3 .  Triple Pole (TP) 

Department of Electrical and Electronic Engineering, East West University 40 



Undergraduate Internship 

5.3.2. Medium Voltage Breaker: 
La..w voltage Range: from lKV V to l lKV 

Energypac used Molded Case Circuit Breaker (MCCB) as medium Voltage Breaker. They don't 

manufacture this MCCB. They imported MCCB from Italy. They used in switchgear items. 

- I 

:, ,�, 

' £<;. _ 

Figure 16: MeCB 

Function: Protection and control of electrical machineries against overloads, short-circuits and 

ground fault protection (Optional). 

Application: The molded-case circuit-breakers are used in industrial and civil low voltage plants 
Mth -earren"ffi Hem 16 tt) 16OOA. 'They are 'USed in D.-C. -& A -C . .switohgear, ft)r mo-tor protection, 
generators, capacitors etc. 

5.3.3. High Voltage Breaker: 
Low Voltage Range: from 1 1KV to 33KV 

Energypac is the first and only company in Bangladesh to introduce horizontal isolated, horizontal 

draw out type vacuum circuit breaker in the country way back in 1 998. Large numbers of these 

circuit breakers are today in operation in Ban.gladesh and other parts of the world. 

Energypac used Vacuum Circuit Breaker as high Voltage breaker. They nlanufacture the Vacuum 

circuit Breaker. In manufacturing process they follow two standard" they are 

me - International Electrotechnical Commission 
ANSI -American National Standards Institute 

Energypac manufacture two types of Vacuum Circuit Breaker 

I .  Indoor Vacuum Circuit Breaker, Up to JJ "kV 

2. Outdoor Vacuum Circuit Breaker, Up to 33 kV 
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5.4. Vacuum Circuit Breaker: 

Vacuum circuit breakers are circuit "breakers which are used to protect medium and high voltage 

circuits from dangerous electrical situations. Like other types of circuit breakers, vacuum circuit 

breakers literally break: the circuit so that energy cannot continue flowing through it, thereby 

preventing fires, power surges, and other probtems which may emerge. 

Figure 17:Vacuum Circuit Breaker 

We know that in general the names of circuit breaker are according to their medium where the break 

occurring. Energypac used Vacuum Interrupter in their circuit breaker. 

5.4.1. Closing Mechanism: 
The closing mechanism includes the following indications: 

• Breaker on! off 

• Spring charged or discharged 

5.4.2. Brand Feature: 
The following features are �so provided on the switchgear. 

• Operation counter 

• Local on! off switch 

• Local/remote switch 

• All necessary fuses and wiring 
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5.4.3. Vacuum Interrupter: 

The construction is of metal ctad type and uses high grade CRCA steel of adequate thickness 

ensuring safety and security. HHV 12 employs rated vacuum interrupters for arc extinction. The 

interrupters are procured from most renowned and the best quality manufacturer of the worl� 

CUTLER-HAM1VJER. (EATON), USA . 

. _--_ . .. _-- _ .. 

--------------, 
. -.-------...---� 

... <f . .  ,'�7i��-;/\;j: 
-..;;::::�.:'.-�::::i:0.s1. '� .. ' 

Figure 18:Vacuum Interrupter 

In a vacuum interrupter there is a fixed conductor and a moveable conductor. These two conductors 

are connected through two terminals. There is a bellows at moveable ends. Also there is an Arc 

shield between the contracts. 

Flange 
Fixed conductor 

Fixed contact 
Arc shtetd 

Movab1e con tact 
Movable ,cor1ductor 

I nsulator 
Bellows shield 

Bellows 
Flange 

Movab1e terminal 

. Figure 19: 5pecification of Vacuum Interrupter 
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5.4.4. Special Charter tics of Vacuum Interrupter: 
Special characteristics .ofvacl]um inte.r.ru.pters .ar.e: 

a) Very low arcing time 

b) Quick recovery of dielectric strength 

.c} &mall .comact gap. 

d) Trouble free service 

e) Low energy mechanism 

5.5. Working Principle of VCB 

The mechanism M-37 is of conventional design and is very simple in operation and construction. 

Mechanism is designed for operation of very short stroke required in vacuum intenupter and is 

normally charged by motor. When charged, the closing spring .is held by � latch which can be 

released either by manual means or by a solenoid to close the circuit breaker. The energy required 

for opening is provided by the springs, incorporated in the drive assembly which is compressed 

during the closing stroke. 

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 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. As 

long as the circuit is open, it will not be energized. 

Vacuum reclosers will automatically reset when conditions are safe again, closing the circuit and 

allowing electricity to flow through it. Reclosers can usually go through several cycles before they 

will need to be manually reset. Other types of vacuum circuit breakers require resetting every time 

the breaker trips. 

5.6. Key Features: 

--- Long majntenance free .op.e.r.ati.on 

• Fully nletal clad design 

• Horizontal isolation 

• Bus bar system fully insulated 
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• Manual or motor charged main closing mechanism 

• Fully rated with switches 

• Complete set of interlocks and padlocking facilities 

• Isolatable voltage transformer 

• Ample current transformer accommodation 

• Extensive use in tropical environments 

• Safety interlocks 

5.7. Applications: 

• Power stations 

• Transformers 

• Chemical industry 

• Steel Industry 

• Automotive industry 

• Airport power suppIy 

• Cold storage power supply 

• Building power supply 

5.8. Technical Particulars: 

Applicable Standard: rEC00056 

Type Designation: OFVp-3 6 

Normal Voltage: 33kV 

Rated Voltage: 3'6 kV 

Frequency: 50 Hz 

Normal rated current: up to 1600 Amps 
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Short circuit breaking capacity: up to 25 kA 
Ra:red- }. mmtlte Power frequency withstand vclt�: 75 k V finS 

Rated impulse withstand voltage: 1 70 kV peak: 

Nominal creepage of bushings 

Support 91(} mm 

Interrupter housing 9 1 0  rom 

Duty cycle 0 full breaking capacity: 

Normal fr-3 :rv.ffN CO- 3 J\flN-CO 

Auto reclose - --0.3 sec-CO-3 MIN-CO 

5.9. Test 

For testing Energypac follow the standard ofIEC, ANSI, CPRI and also BUET. They -have got 

certificate from the mentioned organizations. 

1 .  Physical test 

2. Resistance test. 

3 .  Insulation test. 

4. High voltage test. 

5 .  Timing test. 
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Isolator and Load Break Switch 

5.10. Isolator: 

Figure 20: Different types of Isolators 

Isolator is an off load device which is used for isolating the downstream circuits from upstream 

circuits for the reason of any maintenance on downstream circuits. It is manually operated and 

does not contain any solenoid unlike circuit breaker. it should not be operated while it is having 

load. First the load on it must be made zero and then it can safely operated. Its specification only 

rated current is given. 

Isolator (disconnecting switch) operates under no load condition. It is manually operated. It does not 

have any specified current breaking capacity or current making capacity. Its main purpose is to 

isolate one portion of the circuit from the other and is not intended to be opened while current is 

flowing in the line. Such switches are generally used on both sides of circuit breakers in order that 

repairs and replacement of circuit breakers can be made without any danger. They should never be 

opened until the circuit breaker in the same circuit has been opened and should always be closed 

before the circuit breaker is closed. 

5.11. Brand Features of Isolator: 
The brand features of Isolators manufactured by Energypac Engineering Limited: 

• Simple construction 

• Self cleaning contacts 

• Low operating forces required 

• All steel parts hot-dip galvanized. 
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5.12. Main Assemblies: 

The Isolator comprise of the following main assemblies: 

• The main current carrying parts called as the hamper assembly. 

• Support insulators mounted b etween the current carrying parts and base. 

• The b ottom base assembly. 

• The operating mechanism box. 

• Inter-stack, inter phase and down operating pipes. 

• Earthing switch and its operating mechanism box wherever called for. 

• Supporting structure mounted between the base and the ground. 

5.13. Types of Isolator: 

Isolator or Disconnectors Types: 

Energypac manufactures outdoor offload disconnectors of the following types: 

• Pantograph - type EPG 

• Centre Break-type ECB 

• Double Break - type EDB 

5.13.1. Pantograph Type: 
• Rated voltage from 12 kV to 245 kV 

• Rated current up to 3 1 50 Amps 

• Short time current rating up to 50 kA. 

Type: EPG 

• Very low civil engineering profile. 

• 4 point contact 

• Available f{)f' flexible I rigid btls ha:r layoots. 
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• Current transformer tbrough multifinger hinge contacts. 

• Individual pole operation. 

• Structure to suit requirements. 

5 .. 132. Centre Break 'Type: 
• Rated voltage from 12 kV to 245 kV. 

• Rated current up to 3 1 50 Amps 

• Short time current rating up to 50kA. 

Type: ECB 

• Very low operating, torque 

• Self wiping contacts 

• Simultaneous operation of 3 poles by single operating mechanism up to 245 kV. 

• Structure to suit requirements. 

5 .. 13.3. Double Break Type: 
• Rated voltage from 12 kV to 245 kV. 

• Rated current up to 3 1 50 Amps 

• Short time current rating up to 50kA. 

Type: EDB 

• Turn and twist contacts 

• VerticallHorizontal terminal take off 

• Totally enclosed actuator assembly 

• Simultaneous operation of 3 poles by single operating mechanism up to 245 kV. 

• Structure to suit requirements. 
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The disconnectors consist of separate poles which can be arranged for single pole operation or linked 

tegether by operating fl:lfis te- femt 2 Of 3- pele tm:its. 

5 .. 14. Operating Mechanism: 

Currently the following operating mechanisms are 

• Manually operated mechanism 

• Manually operated geared mechanism 

• Motor operated mechanism. 

5 .. 15. Maffitenance: 

All the bearings pr-tWid-ed ate sealed f-or life and need :00 greasiag: AU -CORt-acts m::e to. be ·checked -atid 

appropriately maintained and cleaned during annual maintenance. 

5.16. Tests for Isolators: 

• Meager test. 

• Contact resistance test. 

• High voltage test. 

• Ampere test. 
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5.17. Load B:r:eak Switch (LBS): 

Load break switch genern.lly is the combination of isolator and a switch. 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. Load break switches are capable of making breaking 

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 serve the following requirements: 

• Breaking rated currents 

• Making rated currents 

• Making specified short circuit currents 

.. Carrying specified short ·Cff.ooit -currents 

• Interrupt small inductive, capacitive currents 

This protective equipment is used at 1 1  kV sub ... stat1Qtl. The main Loon Break Switch {LBS) 

mechanism is available for 630A & the over cWTent protection scheme is done through HRC fuse. 

The panel includes 3 numbers of CT (Current Transformer) & 2/3 numbers of PT (potential 

Transformer) for measuring system current & voltage respectively & 3 nmnb-ers of HRC Fus'es for 

protection of overload. The scheme is so designed that if fault occurs in any phase it will isolate the 

whole three phases from the system instantly. The panel also includes 3 numbers of Ampere meters 

& one number of Voltmeter with selector switch for monitoring system current & voltage. The 

standard panel size is 900x900x1 800 mm & weight is around 450 kg. 
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6. Manufacturing And Testing 

6.1. Introduction: 

In this report we write information's  that collected during our internship. The 

information's are according to the workers and Engineers of Energypac Engineering Ltd 

and also we 'practically saw and observed all those things. 

6.2.. Transformer: 

In our training schedule we clearly mentioned about the working days and respective 

supervisor of that sections. Here is the only those information's that we noted during our 

internship. 

Energypac makes two types of transformer 

1 .  Power Transformer up to 50 MV A 

2. Distribution Transformer up to 4 .5  MV A (1 110.415 kV) 

They can make 50 MV A transformer but they can repair up to 75 MY A Power transformer. 

There next target is to make 75 MV A Power Transformer. 

6.2.1. Coil and Coil Winding. 

Figure 21: HT and LT Coil of Transformer 

F or transformer there are three types of coiL They are 

1 .  Low Voltage Coil o r  LT Coil 

2. High Voltage Coil or HT Coil 

3. Tap Changing Coil 

To manufacturing a transformer the Coils (LT, HT and Tap changing) all are depends on design. 

Based on design the diameter of the coils are select. Its also depends on the KV A or MV A rating and 

the property of the material. Transformer LT and HT Coil defined by different diameter. In general 

LT coil is bigger diameter then HT coil because at LT side Voltage is low but current high on the 
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other hand at Iff side Voltage is high but current is low. Tap changing coil' s  diameter is also 

-tiepefltis- {)fl' design issH:e. After ee-mp-J..et.ing a frame st�re -of -oO"re, first tftStlfatOO L'f -00"1.-15- are 

rolled on core. Second insulation space or board for differentiate between HT and LT. Third 

insulated HT coils are rolled then at last some case Tap changing coils are rolled. 

6.2.2. Core Cutting: 
Energypac used silicon steal sheet as core matedal for their large KV A or MY A rating transformer. 

They used automatic core cutting machine. Which is fully automatic operate by computer. In this 

rrnrchine core are catting in three class, they are class A, class B and class C. 

Figure 22: Transformer core size (Class A, Class B and Oass C) 

Energypac Engineering Limited used Automatic Core cutting machine for cutting their core. 
insert to machine from one side and the output stored in another side hole process is fully automatic. 

But the operator has to flow five steps. 

Steps of Automatic Core Cutting Machine 

1 .  Based on design fixed grade and thickness silicon steel sheet to be provided. 

2. According to Core class A, B, C and D' s dimension the big pieces cut down by Power press 

machine. 

3 .  From the big pieces based on A, B ,  C and D design the small pieces should cut. 

4. Based on design the pieces should cut in 45 degree angle or normal cutting. 

S.  Based on design the Core should be punch 
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Caution for Automatic Core Cutting machine 

t .  Mttst oo  -careRtl fOt" the insulation label of silicon stool sheet. 

2. Must be sure that the design dimension is right. 

Diffuren.ce .between normal cutting -and -a.u:tn Core -eutting 

Figure 23: Normal Core Cutting and auto Core Cutting 

Energypac used normal core cutting for low KV A rating transformer like Current transformer (CT) 

and Potential transformer (PT), Auto core cutting for Power and Distribution transformer. In Normal 

core cutting they have cut the steel sheet in 90° angles. In Auto core cutting they cut the steel sheet 

in 45° angles. Due to the cutting angle the flux passing cross area in auto cutting is bigger then 

normal cutting. So in normal cutting there is some loss of flux but in auto cutting there is no loss of 

flux. 

6.2.3. Insulation: 

� DPC Paper for LT Coil 

» -CaFet Paper fOT fIT -Coil 

� Brize Board between LT and lIT Coil 

� Transformer Oil 

� External Bushing 

Insulation is must for a transformer otherwise turns to turns or LT and HT Coil or Coils and 

transformer's body will short. To avoid this types of short or faults they have used different types of 

insulations. The transformer oil used in Transformer for insulation is good insulator. During our 

internship at Energypac a Diploma Engineer said that 2.5mm Transformer oil can block up to 
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60KV. Energypac imported Transformer oil foreign country like Germany, USA and Japan etc. 

Eaergypac- ttSed DPC paper fur LT -oo-il ffisttlation which is well known as Low tension insulation 

paper. Energypac used caret paper for ill coil insulation which is well known as High tension 

insulation paper. They have also used brize board as insulation between LT and ill coil. When Tap 

changing 'coils -are Tolled then between two Tap there is a gap. This gap is for insnla:tion as there is 

no short is occurring and the gap can hold oil. They also used Bush as external insulation. 

6.2.4. Tapings and Tap Switch: 

Energypac used two types of Tap Changing 

» On load Tap Changing 

» Off load Tap Changing 

There is another term which style Tap changing Reverse winding ' or Force find �nding. For 

example DESCO's demand is reverse winding that is there are twelve option of Tap change in per 

phase. DPDC's demand is Force find winding that is Tap changing option will start from mid point. 

6.2.5. LT and I-IT Connection: 

Generally the Transformers that are made by Energypac either Delta to Y or Y to delta connected. If 

Hign voltage side Delta connected tben Low Voltage side Y connected and vise versa. 

I I I 
I i 

'-- - - -

1 I I 

Figure 24: Delta connection 

J I 

-----.-----r 
--

I 

Figure 25: Y - Connection 
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�ccording to Energypac policy some one can easily say which side contents what connection by 

�ame plitte-, Stlppese in naffl'e plate there is a- term Dynl l that means f-Qf" that Transformer High 

10ltage side is Delta connected and Low Voltage side is Y connected. 

�nergypac follow another policy that is from which side HT connection come out, LT connection 

� out from opposite site. This is for safety because in transformer tank there is oil, if HT and LT 

;onnection come out from one side then there is change of dielectric breakdown of oil. 

6.2.6. Fittings and Accessories: 

. � t:::J c:.a:� 

�1 
,:;d 
I i 
I 

,� ,.----r: . 
r�, · 
I 

r::" "'l 

r�r:-"·",:l 
" ��.·u 

'-. r--' " .. --�--. 

...c:: 

Figure 26: Driving box, Mashing box 

-. ' .. iiiIj 

All the standard fittings; confirming to respective standards are provided on each 

transformer. 

� Driving box : Tap changing (On load or OFF load tap changer) 

� Mashing box: Oil Temperature Indicator(OTI}, Winding Temperatare lfld.icatm{WTI} 
� Gas insulation relay: Buchholz relay 

� Pressure relief valve 

» Oil level 
Any other additional special fittings can be provided to suit individual requirement of 

customer. 

-6.2.7. Testing. 

Testing that Energypac follows we already talked in Chapter 1 .  Here just we describe some test that 

we saw .during .ours. internship .at Transformer section 

Magnetic Balance Test: 

The Magnetic Balance test is conducted on Transformers to identify inters turn faults and magnetic 

i.mbalance. The .magnetic balance t.est is usually oone -OIl the star side .o.f.a trans.former. A two phase 
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upply 440V is applied across two phases, say, 1 U and I V. The phase W is kept open. The voltage 

s then measured between U-V and U-W. The sum of these two voltages should give the applied 

roltage. That is, lUlW + IVIW will be equal to IUlV. 

{or instance, if the voltage applied is 440V between 11JIV, then the voltages obtained can be 

lUlV = lUlW + lVlW 

440V = 260V + I 80V 

fhe voltages obtained in the secondary will also be proportional to the voltages above. his indicates 

1m the transformer is magnetically balanced. ff there is any inter-tum short circuit that may result 

n the sum of the two voltages not being equal to the applied voltage. 

Turns Ratio: 

rhis test is also cailed Voltage ratio test. 

fhis test measures the voltage ratio as per the customer's requirement. 

VI N"I 
V2 

=
N2 

rhe voltage ratio is equal to the turn's ratio in a transformer. Using this principle, the tur:n' s ratio is 

measured with the help of a tum's ratio meter. If it is correct, then the voltage ratio is assumed to be 

:orrect. 

Equipment used: Turns Ratio meter. 

Double Voltage double frequency: 

rhis test checks the inter turn insulation. 

�or an 1 1 KV/433 V transformer, 866 Volts are applied at the 433V winding with the help of a 

3enerator for 1 minute. This induces 22KV on 1 1KV side. The frequency of the 866V supply is also 

.ncreased to 1 00HZ. 

Equipment used: MOTOR GENERATOR SET 

EIigb Voltage tests on HV & LV: 

fhis test checks the insulation property between Primary to earth, Secondary to earth and between 

?rimary & Secondary. 

N high voltage test: LV winding connected together and earthed. HV winding connected together 

md given 28 KV (for l lKV transformer) for 1 minute. 

� V high Voltage test: HV winding connected together ;md earthed. LV winding connected together 

md given 3 KV for 1 minute. 

)epartment of Electrical and Electronic Engineering, East West University 57 

I 
! 

-

I 

�"> -;:; 

I-
i 

t 

i .  
�-

l 



ndergraduate Internship 

Equipment used: High Voltage tester (100KV & 3KV) 

re the- term High V�ltage means the Voltage which is 2.5 times -of rated Voltage. 

High Voltage = 2.5 * Rated Voltage 

6.3. Switchgear: 

The shed of switchgear mainly consist of 

:> Low Tension (LT) Panel 

:> High Tension (lIT) Panel 

:> Power Factor Improvement ( PFI) Panel 

:> Metering Panel 

6.3.1. Content and Working Principle: 

The Panet ofLT switchgear consists of 

• Bus Bar. 

• Relay. 

... ammeter. 

• voltmeter. 

• CT and PT. 

• Breaker. 

• Fuse. 

• Indicator flags. 

lmeter measures current by the help of CT. Ring CT is used in LT switchgear Panel. Ammeter 

not measure more than 5A current. So CT is mandatory for measuring current. But voltmeter 

onnected directly with the line in case ofLT panel. Because internal resistance of voltmeter is 

y high. Relay is parallel with ammeter. The function of relay is to sense over current and give 

signa! to breaker. A nlaster coil is used to trip wnote system. Magnetic coils are used to trip 

arate load connection. Here generally Miniature circuit breaker is used which is spring charge' 

:or controlled breaker. As a protection ofMCB, a control switch is used. When current exceed 

OA of current, the contro! switch (fuse) 'become disconnected and circuit 'breaker wiTI trip. 

:re are three relay which energized the magnetic coils to trip the breaker. CT, fuses, circuit 

tker are connected with bus bar. For three phase current display, there are three ammeters. 
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,r voltage and current monitoring, voltmeter, Ammeter, Indicating lamps, selector switch etc. 

� :ffiOtl1lteti -00 the upper portion ,of the front ,cover 'of the LT. panel Box . .copper bus bars ·of 

equate size with Red, Yellow & Blue marking are mounted on the upper portion of the Box. 

le bus bars are firmly supported by insulators having adequate mechanical and electrical 

.ength. 

6.32. Technical Data of LT and lIT Panel: 

Types LT paneI HT paneI 

Rated volta� up to 415 V 3.3, 6.6 11 & 33 KV 

Rated 50Hz. 50Hz. 
frequency : 

Rated up to 100KA 13. 1, 16, 18.4, 20, 25 &31.5 KA 
Breaking 
current 

Rated maki) 130 KA 34, 40, 50, 63 & 80 KA. 
current 

Short circui1 1 or 3 seconds 1 or 3 seconds 
ilttratiMt . , 

Interruptin� Fuses, MCB, MCCD VCD 
Device 

Application . Power control and power station,. industrial " 

distribution systems of enterprise, Commercial indus1 
AC 50Hz & 415 V and Transmission 

6.3.3. Power Factor Improvement (PFI) Plant 
l1ergypac Power Factor Improvement (PFI) plant has been designed to meet the needs of all forms of 

)wer factor correction by capacitor banks from small unit to a large plant. Energypac Power 

�es floor & waH fl'l:Otll'ltmg anto/manna! power factor impro-vement (PFI) plant .comprises o-f 

�pacitor Banks, power factor improvement Relay, Contactors, ERC fuses, Manual! Automatic change 

rer switch reactors for large plant comply with IEC and other relevant international standard the 

rtomatic P'FI pi-ant are available in steps of2.5 KVAR to 50 KVAR capacitor Banks. 
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6.3.4. Metering Panel: 
letering Panel manufactured by Energy-pac is ordered by DPDC. The purpose of this online 

letering is to eradicate corruption. It is the panel consists of three CT, three PT, ammeter, voltmeter, 

nd modem. CT and PT are used for measure the current and voltage. Modem read the measured 

ata and send it to remote server. This online meter is set in distribution end and generatiQn end. 
Technical Data: Rated voltage: 11 Kv, Rated cu"ent: 5 A 

6.4. Instrument Transformer (cr, P1): 

» CT - Current Transformer 

» PT - Potential Transformer 

\t High Voltage we can't measure Current or Voltage directly because of Insulation Problem of 
\1easuring Instrument. 

6.4.1. Basic functions: 
Current transformers: 

5. To reduce the line current to a value which IS suitable for standard measuring 

1nstmmerrts, relays, cl'e. 

6. To isolate the measuring instruments namely meters, relays, etc. from bigh voltage side 

of an installation. 

7'. To protect measuring instruments against short circuit currents. 
8. To sense abnormalities in current and to give current signals to protective relays to isolate 

the defective system. 

Potential transformers: 

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

instruments, relays, etc. 

s. To isotate the measuring instruments, meters, relays, etc. from bigh voltage side of an 

installation. 

6. To sense abnonnalities in voltage and give voltage signals to protective relays to isolate 

the defective system. 
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6.4.2. Testing: 

Quality test: 

Quality test is performed for checking the quality and find out the Accuracy class of the 

transformer. For this they measure some important data These are: 

1 .  Flow of Current through the transformer in percent. 

2. Ratio error in percent that means the desire current and the output current ratio in 

percent. 

3 .  Phase error 

4. Burden at lA current. 

5 .  Burden of Power factor. 

6. Burden of Impedance. 

7. Frequency 

8.  Accuracy class. 

After observing all of this data we can conclude that which class of transformer is that. 

High voltage test: 

High voltage test is used for checking the insulation property between Primary to earth, 

Secondary to earth and - between Primary & Secondary winding. High voltage test means 

applying high voltage (approximately 28 KV) on Primary side for 1 minute and the other side 

that means the low voltage side must be neutral and grounded. 

Observation: 

We measure the leakage current and by observing the value of this current we can conclude 

about the insulation property between Primary to earth, Secondary to earth and between Primary 

& Secondary winding. If the value of leakage current is low, the insulation is better. But if the 

value of leakage current is higher, the insulation is bad. 
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6.5. Breaker: 

In general Energypac used three types of 'breaker 

);> Low Voltage Breaker( from 1 V to lKV ) : MCB 

);> Medium Voltage Breaker( from lKV V to 1 1KV ) : MCCB 

);> High Voltage Breaker( from 1 1KV to 33KV ) : VCB 

Energypac manufactures two types of Breaker: 

» Iodour Vacuum Circuit Breaker, Up to. 33 kV 

);> Outdoor Vacuum Circuit Breaker, Up to 33  kV 

"" e know that in gener.al the natn.es of circuit breaker are accor.ding to their niedium. where the break 

)ccurring. Energypac used Vacuum Interrupter in their circuit breaker. 

Vacuum Interrupter Importedfrom CUrrER-HAMMER (EATON), USA. 
special Charter tics .of Vacuum Interrupter: 

Special characteristics of vacuum interrupters are: 

a) Very low arcing time 

b) QWck Teco¥ery .of dieJ..ectric Gtt.eRgth 

c) Small contact gap 

d) Trouble free service 

-e} Lo-w COOFgy mec.l=tanism 

6.6. Isolator: 

);> Centre Break 

);> Double Break 
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7" Problems And Recommendations 

);;> We faced some problems during internship as we had not completed some prerequisite 

courses which were related to the internship program. 

);;> The authority of Energy Pac could not give us sufficient time as that was the time of closing 

of the year's activity book. This is critical and very busy time for them. 

);;> Because of the company confidentiality, we could not achieve some important information 

through we were much interested to know these things. 

);;> Students must complete the courses related to their internship before beginning the program. 

Taking the courses before the internship helps the students understand the topics mpch better. 
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8. Conclusion 

We passed some remarkable days at Energypac during our internship program. By our 

internship program we have reached our expected practical life. The completion of fifteen 

days industrial attachment at Energypac Engineering Ltd we have got the impression that 

the factory is one of the most modem factory in Bangladesh though it was established only 

few years ago. The authorities in Energypac were very concerned about all kinds of safety. 

The friendly environment in Energypac encouraged us to cooperate with each other. Finally 

we learned a lot and obtained practical knowledge from our internship at Energypac, which 

will help us in our future life. 
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