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Executive Summary

-=.¢ completed our intemship in ENERGYPAC ENGINEERING LTD. The factory is
=: at Savar, Baruipara. We did our intemnship related tasks in this factory. Energypac
- .-y manufactures substation eguipments, primarily transformers and switchgears. In this
~ we have focused on various types of machines which are being used to make the
~rrmer and switchgear assembling. To make a transformer, one hundred and fourteen
“=-znt tasks were involved and most of which were introduced to us. Most of the raw materials
~inufacturing transformers and switchgears assembling come from abroad. We were shown
aking of transformer coil, which depends on the transformer power rating. We were also
11 the assembling and internal connection setup of the transformer, including cooling
.=, tank making and painting.

zrent types of switchgear panels are assembled in Energypac like LT panel, HT panel, PFI
... ATS, EURO box etc. Quality of the components used in assembling switchgear panel is
- .al. The switchgear panels are assembled in the factory, where proper wire connections and
£: o 1s important. Most of the switchgear elements, such as breaker, relay are from abroad.
- .ever, Energypac makes outdoor and indoor switchgear panel.

~en we work on the Energypac got opportunity to see the entire task to make a transformer and
.+« ichgear and we completed all of the work successfully. We saw the current transformer and
r.-r2ntial transformer making process, while the complete working principle was shown to us.
“ < also saw the 1solator and circuit breaker making process. They generally use MCV, VCV,
“{:.CV, ACV circuit breaker. Energypac makes the vacuum circuit breaker only, the other types
.7 circuit breaker are imported. Isolators are fully manufactured in Energypac. They manufacture
ree types of 1solator like, pantograph, center break, and double break. Fabrication process is
:i50 fully done in Energypac.

e testing part of Energypac 1s another most important feature. They test all their manufactured
s uipments. They do various type of test. One important test is “special type test”. This type of
‘=5t 15 done only at Energypac. For the purpose of this type of test they create arc on the
‘ransformer and observe its output. Some of these transformers are exported to India.

“We tried our best to learn the different technical and engineering i1ssues from the engineers of
Energypac.

Department of Electrical and electronic Engineering, Fast West University
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Chronology

= Zuration of our intemship was 12 days. Daily activities for 12 days are given below.

DETAILS OF TRAINING SCHEDULE

Date Section Duration Contact Person
21.08.10-24.08.10 Transformer & 4 days Engr. Asaduzzaman, Ad. GM
Impulse Engr. Asim Kumar Bhakta
25.08.10-28.08.10 Switchgear 3 days Engr. Syed Muztaba Alj,
DGM
29.08.10-30.08.10 CT/PT 2 days Engr. Mozaharul Islam,
DGM
31.08.10 -~ 04.09.10 | Isolator, Breaker 3 days Engr. Moniruzzaman,
& Fabrication Manager
Engr. Belal Hossain,
Manager
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1. INTRODUCTION

+ the Fall semester of 2010 we got an opportunity to do internship in Energypac Engineering
: Energypac gave us the opportunity of practical exposure to the electrical machines which
w2 only learnt in our classes and seen in books with focus on theory of operation. Energypac is
¢ of the top engineering companies in Bangladesh. It is contributing greatly to the

‘= .clopment of the power sector in our country. We believe Energypac is one of the most
=<irable places to obtain practical knowledge on substation equipments.

1.1. COMPANY PROFILE

anergy wonder

wHW, g"ﬁ_ 3l|_hiﬁ\_il £om

I.1.1. FOUNDATION

“nergypac is one of the leading power engineering companies in Bangladesh. Constant research
d development, state of the art production facility, quality products, competent services, and
~ountrywide operations have made it into a leading engineering company, widely acclaimed by
s customers. Energypac was incorporated in 1982 as a private limited business enterprise. It is
cowered by 1200 skilled manpower of which 150 are graduate engineers. The relentless efforts
d dedication of these people are providing the opportunity to research and develop technology
mnnovate and develop new products. It maintains on time delivery, pre and post sales services,
tablishing a long term business relationship with the customers. To meet countrywide demand
of its products and services, Energypac has extensive distribution network throughout
Bangladesh with full-fledged offices in the major cities like Chittagong, Khulna, Rajshahi,
svlhet, and Bogura. In an effort to introduce its products globally, Energypac has established its
ffices in India, and China. Energypac has already exported its products and services to India,
‘Yemen, Ghana, Sudan, Uganda, Nigeria, Saudi Arabia, and United Kingdom.

The company’s businesses initiatives are organized through their Strategic Business Units, which
are: Energypac Engineering Ltd., Energypac Power Generation Ltd., Tech Advantage Ltd.,
Energypac Electronics Ltd., Energypac Agro Ltd., and Energypac Fashions Ltd. Energypac has
several business partners, which are ABB, AREVA T&D, and Mitsubishi Electric.

Energypac is an ISO 9001:2008 and 14000:2004 certified company. While creating better and
environmentally compatible technologies, Energypac focuses on the customer’s demand with
appropriate products and solutions as well as services.

Department of Electrical and electronic Engineering, East West University
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2. MANAGEMENT

~=2mul Haque Chowdhury Engr. Rabiul Alam Humayun Rashid

naging Director Director & CEO Executive Director
3. PHILOSOPY

2 ma agement philosophy of the ENERGYPAC ENGYNEERING LTD. is "to produce high-

.ality Engineering that create a positive impression and satisfy customer by applying the local

=-hnologies we have developed throughout our history with the aim of contribution to a more
+“luent way of life".

1.4, QUALITY POLICY

s a result of its consistent guarantee of the highest quality, Energypac has achieved ISO
1:2008 and 14000:2004 certificates for all its range of transformers and also its other
~roducts. This certification i1s done by United Registrar of Systems Ltd., UK and marked UKAS
Juality Management. Regular internal & external quality audits also ensure full and continuous
-onformity with these International standards. Energypac aims to reduce the health, safety and
covironmental 1mpacts of its products and processes and prevents pollution by utilizing a
ructured risk management approach, taking into account the needs of its customers and society
21 large. All new activities are also assessed for environmental impact and appropriate health and
-afety provision.

1.2. OBJECTIVE OF INTERNSHIP

Out intership program was guided by certain objectives which we have written down here.
These objectives are listed below.

v" It will provide us the opportunity to test our interest in transformer, switchgear before
permanent commitments are made.

v" To review the process of making a transformer and establishment of a switchgear [1].

v" Observe the application of theory to practical design, manufacture, and implementation.

Department of Electrical and electronic Engineering, East West University
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Develop skills and techniques relevant to our careers.

Develop attitudes conducive to effective interpersonal and team relationships.

SCOPE AND METHODOLOGY

eport 13 based on the internship program where we reviewed the basic making process of a
rmer and establishment of switchgear, current transformer, and potential transformer [2].
contains the electrical and non-electrical equipment description which is needed to make a
yrmer and switchgear assembling. We also reviewed the tesung process of these
nents. The report contains relevant information about a substation as was observed during
.emship program. This report is written on the basic of two ways information collection,
- talking and discussing with technicians and employee and personal observation and
r resource 1s company web site and manuals.

Department of Electrical and electronic Engineering, East West University
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2. TRANSFORMER ~ “ ./
2.1. INTRODUCTION

enty first August was the first day of our internship, and we were supervised by Senior
cineer Md. Munirul Huda. In the beginning, he sent us to the transformer department and told
10 get an appointment with Engr. Asaduzzaman. After some official work we got an
:-pointment and waited in the conference room for Engr. Asaduzzaman. Within few minutes
Enor Asaduzzaman joined us and we had an orientation. Then he asked about us and we all gave
: brief introduction about ourselves. At the time of our introduction part he gave us some
‘ormation about Energypac and wanted to know what we knew about Energypac, and why we
zre interested in the internship at Energypac. We told him that we considered ourselves very
Tunate to have the opportunity to do our internship in Energypac because it is one of the
=ading power engineering companies in Bangladesh and is in fact emerging as a first choice
- obal supplier of electrical equipments. He then gave us a brief explanation about transformer.

2.2. TRANSFORMER

“ngineer Asaduzzaman reviewed with us the workings of a transformer, as a static device which
wansforms alternating current (AC) electrical power from one voltage to another voltage keeping
‘e frequency same by electromagnetic induction.

e also told us about the working tactics of transformer. The summary of the discussion is as
llows: In the alternating current (AC), electrical power supply system is being used for supply
10 the users, which is transferred through the transformer. In the normal propagation of power to
ers, the power is generated at about 11-15 kV. It is then passed through its first transformer
1age to increase the voltage to the transmission level somewhere between 220-500 kV. When it
~eaches the end of the transmission route it is then transformed again this time down to the 132 —
53kV sub-transmission level. It is then sent to the distribution utility zone substations where it is
again transformed down to 11-22 kV and is then sent on its final path to local street or pole
Zistribution transformers where it is brought down to the final voltage of 415/240 volts.

2.2.1. TYPES OF TRANSFORMER

When we finished our introductory part Engr. Asaduzzaman send us to his assistant engineer
Engr. Asif Hossain. Mr. Asif told us about different types of transformer in a power system,
where distribution transformer and power transformer are most significant.

2.2.2. ENERGYPACS TRANSFORMER

Energypac produce three types of transformer, which are distribution transformers, power
sransformers, and instrument transformers.
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.3. DISTRIBUTION TRANSFORMER

2t Asif Hossain gave us an explanation of distribution transformers. This transformer is used
- the purpose of distribution of power. This type of transformer is primarily used to supply
ztively small amounts of power to residences. It is used at the end of the electrical utility's
ery system. 11KV/415V is the standard voltage rating and Energypacs Distribution
nsformer also holds the standard rating. A distribution transformer is given in figure-1.

f\ ,‘-":,'_ =
L =R

-‘-__-_.,.!L ¢« B

Figure 1: Distribution Transformer (www. victoryelectricals.com)

.4. POWER TRANSFORMER

st as he did for distribution transformers, Mr. Asif Hossain then gave us an explanation of
ywer transformers. According to his discussion we understood that a power transformer is a
nsformer which wansfers electrical energy in any part of the circuit between the generator and
¢ distribution primary circuits. One of the main applications for Power Transformers is to
nvert the power being transmitted to a very high voltage as it is much more efficient to
:nsmit power at exceedingly higher voltages. In this way less power is lost due to resistance.
2KV/33V is the standard voltage rating and Energypacs Power transformer also holds the
indard rating. A power transformer is shown in figure-2.

Figure 2: Power Transformer (www. victoryelectricals.com)
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2.5. CONSTRUCTION OF TRANSFORMER

the 21" of August Engr. Asif Hossain took us to the construction department of transformer.

~-re we spent about half an hour and we observed the department and saw the construction

wocedure. The making of the transformer 1s divided 1n the following section: Coil Section, Core
=ction, Assembly Section, Tank Section, Valves, Paint Section, and Ending.

2321, COIL SECTION

“-or Asif Hossain told us that electrolytic copper is being used in transformer which plays an
—portant role in transformers. Electrolytic copper is insulated by pure cellulose paper of
-oncentric moored type so that it may withstand the stresses of possible short circuit. The coil
=v 1n a huge role and the workers cut down the coil from the role as designed for transformer.
“ne coil binding process is different for both the High Voltage side and the Low Voltage side.

High Voltage coils: When moved in to the coil section we observe that round and insulated wire

ire used in transformer as a raw material. A High Voltage coils 1s a solid cylindrical former
~1gure-3) predetermined diameter. The coil is made in number of layers which depends on the

2=s1gn of the transformer. The starting and finishing leads of each coil are terminated on either
Ze of the coil. These leads are properly locked at number of points.

-

Figure 3: High Voltage Coil (www. jetcham.com.tw)

Low Voltage coils: Raw material is also the same for the Low Voltage coils (figure-4), 1.e.
copper used for better performance. Copper strip is prepared to be carbon and dust free using
sandpaper. A wooden cylindrical forma is used. All other procedure i1s almost same. The coil is
made in several layers, which depends on transformer power.

Figure 4: Low Voltage Coil (www. jetcham.com.tw)
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* huge vacuum section is available in the coil section. We saw that after the construction of both
225 of couls, they were transferred into a vacuum section to ensure their dryness. This is
=cause moisture in the coil can reduce the performance of a transformer.

=32, CORESECTION

““ter watching the coil secon we moved around the core section which is situated near the coil
=ction. We saw the core wrapped in a giant role. Engr. Asif Hossain told us that the basic raw
aterial for the core s Cold Rolled Grain Oriented (CRGO) silicon steel, as shown in figure-5. It
:nies with different grade and thickness. It is in the form of thin sheets and cut to size as per
“=sign requirement of the transformer. A Micro Tool Machine (MTM) is used to cut the core in
ize. The MTM follows instruction from a computer program to cut the core (silicon steel sheet)
o perfect size. If necessary, it is possible to make hole in core, as per the design. At the time of
-ore cutting it is important to be careful about the dimension of the core otherwise a small error
can result in significant problems.

1 the core section the workers helped us learn about the core shape. They told us the core should
»2 cut in two shapes, one shape is called corner shape which contain 45° angle corner view
fgure-S, right) and another shape is called benoze shape which helps support the comer shaped
-ore. When we did our Electrical Machine courses we learned that an assembled core shape with
+537 angle reduce losses and increase the core concentration about the magnetic flux that
urrounds a current-carrying conductor into a very small area, and the thickness of the core
moving away from the area of the conductor very rapidly has less effect. An assembled core with
th shapes is shown in figure-6.

45 with the coils, the core must also be keep in vacuum section to ensure the cores are dry.

|
|
| y
I :

Bemre =hapwe

e shigw

Figure 6: Core assembling (www.abctransformer.tradeindia.com)
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153, ASSEMBLY SECTION

= moved into the assembly section on the 22™ of August. Here we saw the coil winding part
= core assembly parts are taken to the assemble section to fit them together according to the
~nsformer design. We saw this whole process as it was explained to us. The core assembly is
=rtically placed with the foot plate touching the ground. The top part of the core is removed to
= ace the coil winding. Each limbs of the core are tightly wrapped with cotton tape and then
:mished. Cylinder made out of insulating press board paper is wrapped on all the three limbs.
~ow Voltage Coil is placed on the insulated core limbs. Insulating block of specified thickness
:»d number are placed both at the top and bottom of the low voltage coil. Cylinder made out of
-orrugated paper or plain cylinder with oil ducts are provided over low voltage coil. High voltage
ils are placed over the cylinder as shown in Figure-7. Coil assembly is shown in Figure 8.

Figure 7: Assemble of core and coil (www.manishelectricals.tradeindia.com)

op core frame including core bolts and tie rods are fixed in position. Primary and secondary

1ndings are connected as per the requirements. The requirements can be delta connection or y
connection. Phase barrier between high voltages phases are placed as per requirement. Finally,
the component is placed in the heating chamber.

1gure 8: Assembly of core and coil of (left) diswibution wansformer & (right) power transformer
(www.abctransformer.tradeindia.com)
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154, TANKSECTION

- the last day of our internship Engr. Moniruzzaman explained us about the tank section and
- nung section of transformer. He guides us to the tank section and paint section. He mentioned
~2: the transformer contains two main parts and his modified explanation i1s given below:

“urst: The tank 1s a body of a transformer as shown 1n as given in figure-9 gives protection to the
~~smal equipment of transformer. We did not see the construction procedure of the tank of a
~nsformer, but Engr. Moniruzzaman explained the whole procedure to us. According to him the
==& 1s manufactured by forming and welding steel plate. This part is going to be used as a
~-ntamer for holding the core and coil assembly together with insulating oil. The base and the
o2y are connected through bolt. These parts are manufactured in steel plates assembled together
th weld beads. The windings and core are fixed together in such a way that no parts can move
cunng vibration. In addition, the tank 1s designed to support total vacuum during the treatment
~rocess. Sealing between the base and body 1s provided by weld beads.

Main Tank

Figure 9: Main Tank (www. victoryelectricals.com)

second: In the tank section Engr. Moniruzzaman told us about the second part of the transformer
2ank named conservator (shown in figure-10), which is also called expansion reservoir. He told
15 that for transformer protection transformer oil is stored in the conservator, in total vacuum.

Figure 10: Conservator tank (www. victoryelectricals.com)
2.5.5. PAINTING

Engr. Moniruzzaman then explained to us painting section of a transformer. Painting is very
important for transformers as it protects it from erosion. He said that a perfect quality painting
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.25 a defensive protection from difficult weather condition and also a good looking outlook of
. mansformer. According 1o his speech the entire procedure of painting is done under two stages:

Tank cleaning: Into the painting section Engr. Moniruzzaman told us transformer tanks can be
=aned using sand. Sand hits the transformer tank with a huge force. In this way the tank gets
~lity to stay protected from the erosion. But after this step the tank should be paint within few

wours, otherwise 1t will lose its erosion protection ability. The alternate way of cleaning of tank is
~ipping or grinding. The outside surface of the tank is short blasted to achieve a very fine and
mooth finish.

Painting of tanks: In the painting section Engr. Moniruzzaman explained that a covering of hot
resistance paint is applied on the internal surface of the tank, when the tank has been cleaned.

< =d Oxide primer is used to paint the outside of the tank. Then finally a shiny gray color is used
color the whole tank and inserted in the heat chamber and heating with 220° temperature.

25.6. ENDING

Ae did not see any ending section but Engr. Moniruzzaman explained tt to us. In this section
“tting and accessories are checked as specified in the drawing. Air pressure test is used to detect
:ny leakage or seepage in transformer. Transformer oil is filled to its maximum level. Explosion
“ent, Winding Temperature Indicator, Buchholz relay, Oil temperature indicator, Magnetic oil-
evel indicator, Pressure relief device, Dehydrating breather, and all other equipment is checked.
After all of this a transformer is ready for use.

2.6. TEST

On the 22" of August Engr. Asif Hossain introduced us to the test department of transformer.
This department 1s maintained by Engr. Bulbul Ahmed and Engr. Hemale Hossain. Engr. Bulbul
Ahmed told us the test of transformer is classified into In-Process Test, Routine Test, Type Test
and Special Test

2.7. IN PROCESS TEST

In-process testing is the testing of parts at each stage of the assembly process to ensure
conformance to specification, prior to the product moving on to the next assembly stage. This
enables manufacturers to identify product defects or process abnormalities at the earliest possible
stage, resulting in potentially enormous savings. This test is classified into Magnetic Balance
Test, Excitation Current Test, and Vector Group Test

2.7.1. MAGNETIC BAI ANCE TEST

We observed the magnetic balance test on the 23™ of August, and the test was done by Engr.
Hemale Hossain. He explained the magnetic balance test to us and how the test is performed.
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“wcording to his explanation the Magnetic Balance test is conducted on Transformers to identify

=rnal turn faults and magnetic imbalance. The magnetic balance test is usually done on the

271Y) side of a transformer. A two phase supply 440V is applied across two phases. The last
»rz2se s kept open. The sum of these two voltages should give the applied voltage.

The voltages obtained in the secondary will also be proportional to the applied voltage. This
“ cates that the transformer 1s magnetically balanced. If there is any inter-turn short circuit that
==+ result in the sum of the two voltages not being equal to the applied voltage. The Magnetic
'z znce test 1s only an indicative test for the transformer. Its results are not absolute. It needs to
»= used in conjunction with other tests.

7.2, EXCITATION CURRENTTEST

The excitation current is the minimum amount of current needed to maintain the core in a state of
maunetic excitation. It is measured at the rated voltage, and usually given as a percentage of the

=ted current. This test was shown by Engr. Hemale Hossain.

we saw the excitation test is done by connecting a single-phase supply to any available

nding with an ammeter in the circuit to monitor the exciting current. Three such single-phase

=15 are necessary for a three-phase transformer. The relationship between the single phase
zadings 1s important; it should be as follows:

v" The readings taken on phase A and C should be within 5% of each other.

v" Reading on phase B should be between 65% and 90% of the readings on phase A and C.

2.7.3. VECTORGROUPTEST

Engr. Asif Hossain explained the vector group test to us. He said that the Vector group is
cunched on the name plate by the manufacture based on user requirement. Aim of vector group
1est at site 1s to check if there is any damage in the windings during transportation and erection.

2.8. ROUTINE TEST

A group of tests are routinely performed in most steps to detect relatively common disorders. It
iJso establishes a base for further evaluation of a device. Engr. Bulbul Ahmed explained to us
most of the transformer routine tests that are done in Energypac. Its classification is given below.

¥’ Measurement of winding resistance
v Measurement of Insulation Resistance
v Measurement of voltage ratio and check of vector relationship

v" Measurement of Tumn ratio
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¥ Measurement of impedance voltage and load loss
¥" Measurement of no load loss

¥ Dielectric tests

v" Separate source voltage withstand test

v" Induced over-voltage withstand test

v" Tests on on-load tap changer

aring our internship we leamned the following routine tests.

1.8.1. MEASUREMENT OF WINDING RESISTANCE

e did not see this test but Engr. Bulbul Ahmed told us about the method of winding resistance
=st. Winding of a transformer coil has resistance which introduces losses. This loss should be
-ontained as it has tendency to cross the loss limitation. Therefore we need to measure the

'nding resistance and this measurement is done using the current voltage method. This method
.as explained to us by Engr. Bulbul Ahmed.

The current voltage method: According to Engr. Bulbul Ahmed we apply winding current
“hrough the reference resistance and winding resistance in the system, the voltage drops occurs in
soth resistances. The voltage drop values of reference and winding resistances are compared to
‘etermine the value of unknown resistance (winding resistance) which is read directly from the

ridge instrument. A block diagram of testing circuit is shown in figure-11 which was provided

ov Engr. Bulbul Ahmed.
I J—1_° a
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Figure 11: Winding resistance measurement, Current-Voltage method (www.energypac.com)
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2.8.2. MEASUREMENT OF INSULATION RESISTANCE

The winding insulation resistance test was explained to us by Engr. Bulbul Ahmed but we did
not see any insulation resistance test. This test is a measure of quality of insulation used in the
transformer. It is also known as the Meggar test. He said that insulation resistance can vary due
to moisture content, cleanliness and the temperature of the insulation parts. All measurements are
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ected to 20° C for comparison purposes. It is recommended that tank and core are always
wunded when this test 1s performed. All windings are short-circuited at the bushing terminals.
zistances are then measured between each winding and all other windings and ground.
=sistances are measured using the Megger; that i1s why this test is known as Megger Test.

18.3. MEASUREMENT OF VVOLTAGE RATIO AND CHECK OF T’ ECTOR RELATIONSHIP

The voltage ratio or the turn ratio of the transformer is determined at no-load condition. This

~easurement contains the verification of no-load voltage ratios specified by the specification and

ztection of any problem within the coils or tapping connections. Measurements are carried out
= all taps and on all phases. This test was explained to us by Engr. Bulbul Ahmed.

Itage ratio measurement is generally done with volt-meters. Circuit connection for
measurement is shown in figure-12. For three-phase transformers three-phase AC supply and for
ngle-phase transformers single-phase AC supply is applied to the HV side of the transformer.
~or measuring input & output voltage the voltmeter is connected to both the HV & LV side.
sing the voltage at HV side and inducted voltage on LV side, voltage ratio is calculated:

XN |

Figure 12: Measuring circuit connection diagram (www.energypac.com)

ltage Ratio = (KHLJ
V

Lr

2.84. MEASUREMENT OF TURN RATIO

In the moming of 22™ August Engr. Hemale Hossain did this test. We were lucky as we were
ust on time to see the test. The Transformer Turns Ratio test (TTR) is used to make sure that the
Tums Ratio between the windings of the transformer is correct, as this ratio determines what the
output voltage of the transformer with respect to the input voltage. Engr. Hemale Hossain
mentioned that the ratio is calculated under no-load conditions. The ratios are calculated at the
tap positions for each winding and for the transformer. The voltage is applied to one winding and
the voltmeters connected to both low voltage and high voltage windings are read simultaneously.
The tums ratio is the ratio of the HV voltmeter and the LV voltmeter readings. When ratio tests
are made on three-phase transformers, the ratio is calculated one phase at a time. The measured
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> :s compared with the ratio calculated using nameplate voltages. The variation should be
thin 0.5%.

2.9. TYPE TEST AND SPECIAL TEST

e Tests and Special Tests are carried out only on one transformer of a lot. These types of
-5 are performed at Independent Intemational Labs. Engr. Bulbul Ahmed explained to us the

> type and special transformer tests that are done in Energypac, which are the Lightning
~nulse test and the measurement of sound level.

-9.1. LIGHTING IMPUILSETEST

_zhtning 1s one of the unique tests of transformer in Energypac. No other company in
Sangladesh has the facilities to do this job. We were very excited to see the test. Engr. Bulbul
anmed told us that the cost of this test is very high and it is also dangerous. Here an impulse
-=nerator (Figure-13) i1s used to produce the specified voltage impulse wave for 2.4 micro
=conds. The voltage applied here is seven times the rated voltage, for example, for 11KV rated
—ansformer 75KV voltage is applied. For a three phase transformer, impulse test is carried out on
three phases in succession.

“ngr. Bulbul Ahmed gave instruction to his assistant engineer to connect wire and we were told

stay in the safe room as it was very dangerous and he did not want to take risks. After ensuring
satety the voltage is applied on each of the line terminal in succession, keeping the other
erminals earthed. The current and voltage wave shapes are recorded on the oscilloscope and any
distortion in the wave shape is observed, as this is the criteria for failure. The distortion is
determined by comparing recorded data with the standard data.

This test uses very high voltages. A randomly selected transformer is used for this test. A huge
1ibration occurs during the test and therefore the life time of the tested transformer is reduced.

Figure 13: Impulse Voltage Test System (www. altronprofile.co.za)
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232 MEASUREMENT OF ! NDIEVEL

=zsurement of sound level test is not important for a counwy like Bangladesh, but for other
atrv it is cntical. Engr. Bulbul Ahmed told us that Energypac does not perform the sound
=. test. But he told us about the sound level test to get an idea. At first, the background noise
=1 13 measured. Then, the transformer is powered at rated voltage and frequency under no-load
Ziuons in order to carry out transformer noise level measurements. This i1s done at several
< around the transformer, at a distance of 0.3 m from the machine unless, due to safety
ns. Following agreement between supplier and purchaser, the distance can be increased to
Measuring positions shall be spaced at a distance of no more than 1 meter between each
=r. However, a minimum of 6 positions is required. The measurements shall be carried out at
17 the equipment height, when it does not exceed 2.5m; otherwise, they shall be performed at
and 2/3 of the component height. After performing transformer sound level measurement, the
=zchine 1s de-energized and background noise level i1s measured again. At the end, the final
:nsformer sound level is calculated by applying a correction taking into account background
s¢ level. In case there is a high difference between the transformer and background noise level
* dB) no correction 1s applied. A random connection scheme for measurement of sound level
own in figure-14.

Figure 14: Connection scheme for measurement of sound level (www.energypac.com)

2.10. MAINTENANCE OF TRANSFORMER

Transformer is the heart of any power system. Hence preventive maintenance is always cost
=ffective and time saving. Any failure of the transformer can affect the whole establishment. The
engineers explained to us the maintenance of a transformer, as given as below:

v" Oil: The oil in the transformer should be kept as clean as possible. Dirt and moisture will
start chemical reactions in the oil that lower both its electrical strength and its cooling
capability. Contamination is of concem when a transformer is opened. Most transformer
oil i1s contaminated to some degree before it leaves the refinery. It is important to
determine how contaminated the oil 1s and how fast it is degenerating. Determining the
degree of contamination i1s accomplished by sampling and analyzing the oil on a regular
basis. Also oil level should be checked regularly. Oil BDV & acidity checking must be
done at regular intervals. If acidity 1s between 0.5 of 1mg KOH, oil should be kept under
observation. Following are several other maintenance activities.
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Insulation resistance of the tansformer should be checked once in 6 months. Megger
values along with o1l walues 1ndicate the condition of transformer.

Periodic Dissolved Gas Analysis can be carried out.
Bushings should be cleaned and inspected for any cracks.

Dust & dirt deposition, Salt or chemical deposition, cement or acid fumes depositions
should be carefully noted and rectified.

¥ Periodic checking of any loose connections of the terminations of HV & LV side.
¥ Breather examination. Dehydration of Silica gel if necessary.

v" Explosion vents diaphragm examination.

v" Conservator to be cleaned from inside after every three years.

v" Regular inspection of OIl, & WINDING TEMPERATURE METER readings.

v" Cleanliness in the Substation yard with all nets, vines, shrubs removed.

though maintenance and work practices are designed to extend the transformer’s life, it is
evitable that the wransformer will eventually deteriorate to the point that it fails or must be
laced. Transformer testing allows this aging process to be quantified and tracked, to help
=dict replacement intervals and avoid failures. Historical test data is valuable for determining
mage to the transformer after a fault or failure has occurred elsewhere in the circuit. By
-omparing test data taken after the fault to previous test data, damage to the transformer can be
trermined.

2.11. ACCESSORIES AND PROTECTIVE DEVICE FOR TRANSFORMER

e last day of the transformer section was the 24" of August. On this day we were introduced to
nsformer accessories and its protective devices [3][1] Engr. Bulbul Ahmed and Engr. Asif
sssan told us about the transformer accessories and its protective devices.

~ome type of accessories and protective device of a transformer is given below:
-11.1. BUCHHOLZ REI AY

uchholz Relay was explained by Engr. Bulbul Ahmed. He said that due to the electric supply
rough the coil, the core became hot. The transformer oil in the tank is used to control the
emperature of wansformer; if it fails then pressure can be raised. For sudden pressure rise it
‘zsponds by tripping. An oil alarm is also used for backup. The Double-float Buchholz relay
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- zure-15) 1s actuated erther by pressure waves or by gas accumulation. Separate contacts are
=mlled for alarm and tripping.

Figure 15: Double-float Buchholz relay (www. hyoda.co.jp) /

.
——

-11.2. OIL TEMPERATOR INDICATOR

temperature measurement was also explained by Engr. Bulbul Ahmed. Transformer o1l must

=\ at a reasonable temperature for good performance. A thermometer (shown in Figure-16) is

=:sential to indicate the transformer oil temperature. A dial type contact thermometer 1s used to

Jicate actual top-oil temperature via capillary tube. Sensors are mounted in the well below the

:nk cover. Up to four separately adjustable alarm contacts and one maximum pointer are

ailable. The contact thermometer must be install such that the temperature of the transformer
1s readable from the ground.

Figure 16: Dial-type contact thermometer (www. reinhausen.com)

1.11.3. PRESSURE REIIEF DEVICE

“rassure relief device was explained by Engr. Bulbul Ahmed. He said that it is possible to get
izh pressure due to the intermal temperature of the transformer. Therefore the transformer
should have the ability to relief the high pressure. The pressure relief device (Figure-17) relieves
abnormally high intemal pressure through shock waves.

ey 3 -

S

Figure 17: Pressure relief device with alarm contact and automatic resetting (www.
directindustry.com)
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=114, WINDING TEMPERATURE INDICATOR

vinding temperature was explained by Engr. Bulbul Ahmed. He told us that the Windi
~mperature increases when load increases. Therefore to protect the transformer winding t
“=mperature must be managed. The winding temperature indicator (Figure-18) is used for that.

b

Figure 18: Winding temperature indicator (www. shaktisales.net)

1.11.5. DEHYDRATINR BREATHER

cngr. Bulbul Ahmed also explained to us the Dehydrating Breather. Transformer need to

rotected from moisture. However, due to some unfortunate coincidences, moisture may get ir
the transformer. A dehydrating breather (Figure-19) is a system which removes most of t
moisture which is drawn into the conservator.

Figure 19: Dehydrating breather (www. alibaba.com)

2.11.6. EXPLOSION VVENT

Explosion vent (Figure-20) is for discharging excess pressure when it develops in transform
during loading. This information was given by Engr. Bulbul Ahmed.

Figure 20: Explosion vents (www. alibaba.com)
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2.12, COOLING SYSTEM

=h temperatures can damage a transformer winding insulation. Temperature management is of

—nsformer is very important for good performance. Cooling system of tranformer keeps the

~mperature within acceptable limits. Types of cooling system of transformer were discussed by

zr. Bulbul Ahmed. Some of them are used in Energypac and some of them are not. All the
ng systems that we learned in Energypac during our internship program are given below:

2.1. ONAN COOLING TYPE

“AN type is also known as Oil Immersed Natural cooled Type (Figure-21). In this system the
~~re and winding assembly is immersed in oil. Cooling is obtained by natural circulation of oil

der natural thermal head only. In large Transformers the surface area of the tank alone is not
‘equate for dissipation of the heat produced by the losses. Additional surface is obtained with
~< provision of radiators. This type of cooling system is being used in Energypac.

Figure 21: Oil Immersed Natural cooled ONAN (www. wabashpower.com)

2.12.2. ONAF COOLING TYPE

ONAF type is also known as Oil Immersed Air Blast cooling (Figure-22). In this system fans are
1sed. The fans create air circulation which helps keep the temperature under control. With the

NAF type cooling system it 1s possible to reduce the Transformer size for the same rating. This
:aves cost. This type of cooling system is being used in Energypac.

Figure 22: O1l Immersed Air Blast - Type ONAF (www electrical-engineering-portal.com)
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212 3. OEAN COOLING

oil and air are used n this cooling system. However, o1l circulation is forced and ai

~zulation 1s natural. A pump is used in o1l circulation system which forces the oil to circulate

ugh a panel. However, air circulation occurs naturally in this cooling system. This is knowr
Forced Oil Natural Air cooling system (Figure-23), which is not used at Energypac.

Figure 23: Forced Oil Natural Air Cooled (OF AN) (www.electrical-engineering-portal.com)
2.13. TAP CHANGER

the 21" of August Engr. Asif Hossain took us to the winding section and showed us a tar
anger of a transformer. He then explained what it does and how it is connected. A tap change:
Figure-24) has connection points along the transformer winding that allows the number of turn:
be selected. This device is then connected to power transformers for regulation of the outpu
oltage to required levels. This voltage regulation is normally obtained by changing the ratios of
“ne transformers on the system by altering the number of tums in one winding. Tap changers
rfer variable control to keep the supply voltage within various limits.

Lirve
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Figure 24: Block Diagram of tap changer and physical view of Tap changer
(www.thefullwiki.org)
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:p changing can be done when transformers are a) at no-load and b) at load condition. These
= called off load and on load tap changing. The off loads tap changing costs less. The tap
~=1uons are changed after the transformer is taken out of the circuit. The on-load tap changer on
- other hand tries to change the taps without the interrupting the load current.

2.14. RADIATORS

= learnt about radiators in an outfield. On 24" of August we were walking around the assembly
=-tion and we saw Engr. Bulbul Ahmed. Then we went to him and he asked if we knew about
»Sators. Then he explained that radiators are heat exchangers and are used to transfer thermal
~zrgy from one medium to another for the purpose of cooling. A radiator plant is equipped with
~ress machines, seam, and welding facilities. Pressed steel radiators are tested for dimensions
:nd leakages. Pressure tests are performed to check for leakages. After welding, all the tanks are
-nemically processed to remove any traces of grease, rust, welding slag and other impurities.
mplete tanks are tested for dimension and leakage tests. In transformer radiators are filled
th fluid which has the ability to reduce the internal thermal energy of the transformer. Fluid
-opagates through radiator to radiator and absorbs the thermal energy to keep the transformer
wternal temperature in limit. A radiators figure is given below (Figure-25).

Figure 25: Radiators (www. indiamart.com)

2.15. MARSHALLING BOX

The marshalling box was described by Engr. Bulbul Ahmed. The box is used display readings.
The windows of the marshalling box should always be kept clean so that the readings of the oil
:emperature indicator and winding temperature indicator can be easily read from outside. Some
dehydrating agent may be kept inside the marshalling box so that the box is always dry. The
marshalling box must be locked. An example of marshaling box is given below (Figure-26).
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Figure 26: Marshalling box (www. tmc.com.au)

2.16. OIL OF TRANSFORMER

ngr. Bulbul Ahmed explained to us that the transformer oil is usually a highly-refined mine
-1 that stays stable at high temperatures and has excellent electrical insulating properties. It
sed in oil-filled transformers. Its functions are to insulate, suppress corona and arcing, and
“unctional as a coolant. These are mineral oils and are used to dissipate the heat generated
zlectric transformers. They also act as electrical insulators.

2.17. IDENTIFICATION OF A TRANSFORMER THROUGH SYMBOL

Dynl11: From engineer Bulbul Ahmed we learned the tactics to read transformer symbols. Dyn
s vector group notation of transformer where Dynll means High Voltage winding side
connected in Delta (D), Low Voltage winding side is connected in Star (y) and n indicates
eutral. 11 stand for the phase displacements between the primary side & secondary side. In
clock the 11 o-clocks creates angle of 30 deg between the small needle & big needle, so
phase displacement is 30 degrees. This i1s only defined for three-phase transformers.
connection group denotation, the High Voltage winding is shown first (as a reference) than
other winding are written in lower case letters. Another interesting thing in this symbol is capi
letter indicates High Voltage side and lower case indicates Low Voltage side.
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3. SWITCHGEAR

.ring our intemship, we spend 3 days in Switchgear section. Engr. Syed Muztaba Ali, DGM of
-rzvpac Engineering Ltd are showed us this section. At first he tried to give us a fundamental
=2 about Switchgear and the summary of his discussion is that switchgear is one of the major
Tions 1n the electric power or grid system. It is actually the combination of electrical
conn cts, fuses and circuit breakers which is used to isolate electrical equipment. Switchgear
ssed for normal routing switching, control, monitoring and automatic switching during
-wommal and faulty operating conditions such as short circuits, under voltage and overloads.

3.1. SWITCHGEAR PRODUCT

~zr learning the basic concepts of switchgears, we were told how Energypac Engineering Ltd
: the switchgear section. An engineer explained to us that the switchgear section of the
mpany 1s complete, with experience and skills as well as machineries, machining facilities and
: equipments. The switchgear section of Energypac makes the following:

v" LT metering panel

v" Power factor improvement plant (PFI)

v" Control metering and Relay panel

v" HT metering panel

v" Load Break Switch.

v Distribution Panel - AC Distribution Box (ACDB)
— DC Distribution Box (DCDB)

v 2 observed all these products and tried our best to learn from our exposure at Energypac. Engr.
»ved Muztaba Ali and other associated engineers were very helpful. On the following section we
2iscus each of the product that were introduced to us.

3.2. LOW TENSION (LT) METERING PANEL

A1 First we observed the Low Tension (LT) Metering Panel (fig 27). Engr. Syed Muztaba Al
2ld us that these panels are very reliable in performance, easy to install and low on maintenance.
They were made for controlling and distributing power at AC S0Hz and rated voltage up to
40V. The panel 1s equipped with ammeter, voltmeter and a miniature circuit breaker.
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Figure 27: LT metering panel (www.energypac.com)

3.2.1. USING APPLICATION OF LT

metering panel is used in power stations, industrial installation and residential buildings for
wer distribution, control and protection of the circuit.

32.2. TECHNICAL INFORMATION OF LT

.rter discussing basic applications of the LT panel, we were explained the technical details of

~¢ low tension panel manufactured by the Energypac Engineering Limited. This helped us
derstand the manufacturing process of the LT panel. Another engineer then took us to the

anufacturing section for observing the manufacturing of the LT panel. After observation we
derstood the construction process of LT panel, which is summarized below.

v Dimension of LT panel is 400mm*1000mm*2200mm (W*H*D) which can be
customized to customer requirements.

v" Panel frame consists of zincified "C" shaped steel, which meets the IEC439 standard,
which 1s the Intemational Electro technical Commissions Publications standard for low
voltage switchgear.

v" In the inner part of the frame, the cabinet and separation cubicles dimension is modular.

v" Switchgear equipment is divided into main bus bar compartment, branch bus bar
compartment, functional unit compartment and cable compartment.

v" Standard insulation is provided in each unit for preventing damage due to arc.

v' Pressure-releasing ventilation is provided in each functional compartment for releasing
gas created during fault.

v" Bus bar material consists of high conductance electrolytic copper as per IEC431 standard.
v" Fixing bolts of the bus bar are of high intensity to make the installation good.

v' Wire cross-section in current return circuit is 2.5mm? & voltage retumn circuit is 1.5mm?
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2.3. POWER FACTOR IMPROVEMENT PLANT (PFI)

- discussion of LT panel Engr. Syed Muziaba Al told us about Power Factor Improvement

From his discussion we learn that this plant is designed for improving the degraded Power

- and angle between actual power and power being utilized with digital power factor

~zv of the system. This plant is equipped with microprocessor based PFC relay. In figure 28 a
~lant manufactured by Energypac 1s shown. Detalils are discussed in later sections.

T e

W " W

Figure 28: PFI plant (www.energypac.com)

2.1, REQUIRMENT OF POWER EACTOR CORRECTION

understand the PFI plant we must understand why power factor correction is required. Engr.

2d Muztaba Ali did a complete discussion on this topic . We know that the power factor is the

of real power and apparent power. Real power is the ability of a circuit, its working power

11le apparent power is the product of absolute voltage and current of the circuit. Due to non

car load, 1.e. inductive load, apparent power will be greater than real power and the power
=ctor will be low, wasting power. Power factor improvement plant will help reduce power loss.

3.2. TECHNICAL INFORMATION OF PFI

er observing the manufacturing of the LT panel we move to the PFI manufacturing section to
serve the PFI plant. We got some of the technical information of this panel from associated
gineer and also our own observations. These are given below

v Modular Design of panel

Compact Arrangement of necessary equipment and wire.

Dimension of Panel size i1s 600x600x1700 mm (single unit)
Microprocessor based PFC (Power Factor Correction) relay up to 16 stages.

Capacitor ratings (2.5, 5, 10, 20, 25, and 50 KVAR.... etc).

D N N N NN

For suitable stepping of capacitor bank magnetic contactor is used
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© the 2 day i switchgear section Engr. Syed Muztaba Ali discussed with us about the
atrol, Metenng and Relay panels, which are designed to protect and control transformers, bus
ns and transmission lines [4]. The panel i1s equipped with electromechanical/numerical
=v. KW/ KV AR meter, auto/hand trip for counter circuit breaker, frequency meter, interposing
:nsformer and fuse. An Energypac PFI plant 1s shown 1n fig 29 .

Frmg e o

Figure 29: Control Relay Panel (www.energypac.com)

4.1, USING APPLICATION OF CONTROIL, METERING AND REI.AY PANELS

=oal of this panel is to increase energy efficiency and control the equipments associated with
wer station industrial plant and switching station. This panel is also used for over current and
=arth fault protection

3.4.2. TECHNICAIL INFORMATION OF CONTROL REI.AY PANEI,

first when we observed the Control and Relay panel it looked very complicated as the panel
33 equipped with a lot of equipments. But associated engineer help us understand its
-onstruction and connections. Some of the technical information is given below.

v" Simplex & duplex pattern of the panel

v" Standard dimension panel of height 2350mm, Width 400mm to 900mm and depth
500mm to 1200mm.

v" Enclosure equipped with interior lamp

<

Anti condensation facilities
Separate bus bar and cable chambers.

Sufficient space for incoming and outgoing cables.

D N NN

Fabricated with 2/2.5/3mm CRCA sheet steel.
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3.5. HIGH TENSION METERING PANEL

- er observing the PFI plant we leamnt about the High Tension Metering Panel (see fig 30). Th
==l is designed for high voltage application. The panel is equipped with vacuum circu
zaker, current transformer, potential transformer, ammeter and voltmeter.

=__k
s R - =

mhiote-

Figure 30: HT Panel (www.energypac.com)

321, TECHNICAL INFPRMATIONOFHT

e High Tension panel is manufactured by Energypac. The construction and functionality of th
zh Tension panel helped us analyze the panel condition. The information is given below.

V" Sheet steel clad.

v" Dust and vermin proof.

v" Free standing and floor mounting.

v" CT and PT with metering and protection panel as to IEC.

v" For easier checking Control and indicating devices are utilize on the front of the lo
voltage compartment.

v" Rated voltage and current are correspond to 12 / 33kV and 630/800/1250A
v" Basic Impulse level 75kV

v" Rated frequency S0Hz

3.6. LOAD BREAK SWITCH (LBS)

On the 3™ day in the switchgear section we studied a Load Break Switch (see fig 31) which |
made for 11kv/33 kV 3 pole. This load break switch is rated for 11kv 630 A and 26.3ka/1 secon
short time current. The panel is equipped with HRC fuse, CT, PT and earthing switch.
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Figure 31: Load Break Switch (www.energypac.com)

USING APPLICATION OF LBS

~e Load break switch can be used for arc quenching by puffer action. The panel is designed in
v way so that if fault occurs in any phase it will isolate the whole three phases from the
em instantly. It 1s also used for over current protection using HRC fuse.

5.2.

TECHNICAL INFORMATION OF IBS

~om Engr. Syed Muztaba Ali’s discussion and our observation we got the technical information

oad Break Switch manufactured by Energypac. It involves the construction and functionality

‘ormation. It helped us understand how Load Break Switch is formed and also analyze the
ndition of the panel The information is given below

v

v

v

v

3.7.

Manual and fuse blown tripping facility.
High speed make and break mechanism
Scattering of arc 1s prevented by retaining insulation level.

Protect meter from over current protection. HRC fuse is used with an earthing switch
interlocking with main mechanism.

LBS can’t operate when earth switch 1s on and vice versa

Standard panel size 1s 900x900x1800 mm & weight 1s around 450 kg,

AC/DC DISTRIBUTION PANEL

finally Engr. Syed Muztaba Ali discussed with us the AC/DC Distribution panel (see fig 32).

e AC distribution panel is designed to operate at 415 V, 3 phases, SOHz. It is a well grounded
svstem. The DC distribution panel is designed to operate at 110V. This is not earthed. The panel
s equipped with ammeter, voltmeter and control fuse.
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3.7.1.

Figure 32: Distribution Panel (www.energypac.com)

USING APPLICATION OF AC/DC DISTRIBUTION PANEL

“ne primary function of the distribution panel is to distribute ac/dc current from a supply to
:rious subsidiary circuits. It also provides fuse/breaker for each circuit. The panel has some
:Ivantage as i1t can economize the electricity distribution process and provide safety against
ectrical hazards like short circuit. The panel accepts 3 phase input volt and distribute various
-ombination of single and 3 phase outputs.

3.7.2

ven

TECHNICAL INFORMATION OF DISTR/IBUTION PANEL

Technical information of Distribution Panels manufactured by Energypac is given below. It
Ziscusses the construction and functionality of the equipment. This information is helpful to
nderstand how Distribution panel is formed and how it works.

v

v

Panels are made by self standing sheet steel cubical and single front construction.
High conductivity aluminum alloy is used for main bus and connection.
Bus limited maximum temperature is 85°

Bus bars are laminated by heat shrunk insulating sleeves with suitable phase
identification marking.

The switches and fuses will have the capability of quick break and make mechanism.
CT 1s cast resin type of class 10P10 for protection and class 1ISF less than S for metering.

The wiring 1s 650 grades PVC insulated with standard copper conductor of 2.5 mm for
control and current circuit and 1.5 mm for voltage circuit.

Using removable type gland plate at least 4mm thick.
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3.8. CONNECTION SYSTEM

_uring the introduction of the switchgear panel, one question that came to puzzle us i1s how the
~2uipment of the panel 1s connected. We brought up the question with Engr. Syed Muztaba Al
“he summary of his discussion is given below.

“rom transformer the connection will establish in incoming panel of circuit breaker. Incoming
:nel of the circuit breaker will then connect with Bus bar of switchgear panel. The current
-ansformer (CT) will connect to the bus bar. The purpose of using CT 1s to reduce the rate of
-urrent due to protection and measuring. The rating of CT is 5SA. For controlling high current a
:se 1s used. When high current passed fuse will cutoff to protect the ammeter, which cannot
neasure above SA. For this reason a connection is made between CT and control fuse and then
ntrol fuse to ammeter. For observing the phase voltage a connection from bus bar is
stablished in connecting panel. From the connecting panel it is connected to the ER voltmeter.
nally from the switchgear panel bus bar, a connection is made to the outgoing panel of the
cuit breaker. From that a connection is made to the other side of the transformer. The block
agram is provided below.

]

Line-» CB —Bus Bar —»CT — Control fuses —» Ammeter
l | —»Relay —» CB

| — Connecting Panel — Voltmeter

3.9. IMPORTANT EQUIPMENT USED IN SWITCHGEAR

ngr. Syed Muztaba Ali also discussed with us some important equipments which are essential
r switchgear section. In the following section we discus some of these equipments.

3.10. IDMT RELAY

During observation period of switchgear panel we saw IDMT relay being used almost in all
panels. So the question was why was IDMT relay is so necessary. We asked our guided engineer
znd from his discussion we know that IDMT is actually an inverse characteristic of current vs.
time, up to certain increased value of current after which the time is definite. This relay is

btained by using saturated upper magnet. To protect the system due to increasing of fault
current, the tripping management of this relay is designed in such way so that time taking will be
‘n reverse manner. As a result when current reaches a certain value flux will not increase.

3.11. OVER CURRENT AND EARTH FAULT RELAY

Another relay that we observed in switchgear section was over current and earth fault relay.
From our discussion with Energypac engineer we came to know that the component performed
additional special functionality. For example, it also works as a IDMT relay & thermal relay. The
relay 1s connected to the current transformer which measures the phase current and neutral
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-urrent of the power system. When the relay detects fault it wall trip the circuit breaker. As
“hase current exceeds the set current and elapses the set operate time of the IDMT, the ¢
srrent unit of the relay will start operation. When the earth fault current overcomes the
-urrent and IDMT set current, the earth fault unit of the relay will operate. This relay is impo
= 1t 13 not made in Bangladesh.

Figure 33: Over current And Earth Fault Protection Relay (www.energypac.com)

3.12. HRC FUSE

Other important equipment that we observed in switchgear section was High Rupturing Capa

artridge Fuse (shown in fig 34) which is used for overload and short circuit protection.
4RC fuse has a pre-arcing time less than 05 milliseconds and arcing time less tha

illiseconds. While pre-arcing time is the time between commencement of the current loop

e cut-off, the arcing time is the time between cut-off and final current zero. The fuse eleme
connected in the middle of a tin bridge. When high current passes, the temperature increases
exceeds the tin bridge melting temperature. This breaks the bridge thereby an arc is created.
arc spreads and melts the quartz powder, creating a chemical reaction. As a result the caps sj
i5 filled with a material of high dielectric strength which interrupts the current.

Figure 34: HRC fuse (www.energypac.com)

3.13. MAGNETIC CONTRACTOR

The equipment that we saw last was the Magnetic Contactor. Energypac engineer described
magnetic contactor (see fig 35) to us. It is a device that is used for controlling current to ener;
or de-energize a load. It can handle large currents. It 1s applicable for AC 50/60 Hz, rated vol
up to 660V. This contactor can be used as a time delay contactor and electromagnetic starter.

Department of Electrical and electronic Engineering, East West University
42




Figure 35: Magnetic Contactor (www.energypac.com)

3.14. TESTING

1 our internship period the switchgear section of Energypac was very busy working on the
zlivery of several customer switchgears. Though Engr. Syed Muztaba Ali and other engineers
1ed their best to shown us some tests, but they could not. So our leaming range of testing
witchgear was limited to discussion. From these discussions we also leamt that Energypac does
~0 types of testing. One of the testing i1s done before assembly and the other after assembly.
his helps observe the perfection of the manufacturing switchgear product. Some tests are done
)r observing the associated equipment performance. One such test are discussed below

INAILYZER/TIMING TEST:

15 test 5 done for observing the relay performance used in switchgear panel. When fault
ceurs i1t 1s required for relay to trip within 30 ms. If relay can’t trip within 30 ms then it can’t
rovide the trip signal to circuit breaker. As a result circuit breaker can’t handle the faulty
ondition properly. So for observing relay performance a fault i1s created in this test and observed
ow fast the relay responds.
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Engr. Mozaharul Islam s very helpful person and he took great care of us. He is a DGM of
nstrument transformer sechon of ENERGYPAC ENGINEERING LTD. We stayed two days
1th him. He gives us some important information about CT and PT. We are very grateful to him
r the time he spent with us. He said those transformers are used for metering and protection
surpose of electrical equipments. Transformer like protective relays and control circuits are
-alled instrument transformer. He said there are four types of instrument transformer, such as dry

vpe, oil type, indoor type, and cast resin type.

I Topes of nisounment QansiKmsr I

Indoor tvp=

‘ast resion rpe

But in Energypac generally they make only the following kind of instrument transformers,
1. Current transformer (Ref. sec- 1.3.2)
2. Potential transformer (Ref. sec-1.4.2)

4.1. ESSENTIAL ELEMENTS

Mr. Mozaharul Islam said there were some essential elements necessary for the making of
instrument transformers. These are core, coil, insulating oil, insulating paper, class of accuracy
etc.

Core: The core of the transformer is grain oriented. The core is made of High permeability
CRGO (core role grain oriented) silicon steel. The silicon steel is imported from abroad.

Coil: Mr. Mozaharul Islam said that most usable coil is of the super enamel type. The coil
making process is manual.

Insulating oil: He said there were different types of insulating oil such as transformer oil,
mineral oil, pironol, gravity 0.85 etc. The insulating oil is kept in the porcelain bushing. The
insulation saves transformers from short circuit, fire and transformer explosions.

Insulating paper: They use two types of insulating paper such as craft paper and crepe paper for
making insulation. Both insulating papers make good insulation for the core.

Class of accuracy: Accuracy is very important for manufacturing. Energypac has two reasons
for increasing the accuracy of transformer. One is for metering and the other is for protection.
For metering, the accuracy points are 0.1, 0.2, and 0.5. On the other hand for protection they
follow 5p10, Sp15, and 5p20. (Sp10 means class 5, p is protection and 10 is accuracy limit.
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4.2. CURRENT TRANSFORMER

2 were shown current transformer (CT) on the first day. He asked us some question. For

~wample, “What is a current transformer?” — Which we answered correctly. He said that the

-urrent ratio i1s very much constant for a given range of primary current, as long as the phase
zle error 1s within specified limits. He also told us about oil cooled/cast resin CT with ranges
m 11 kV to 230 kV. Energypac also made outdoor/indoor type current transformer.

+.2.1. CONSTRUCTION OF CURRENT TRANSFORMER

.Ir. Mozaharul Islam said that the current transformers (CT) can be designed as Single or Multi
i10. The ratio selection can be achieved by providing two or four sections in primary using
enes/parallel connections. Here the current ratio is 1:2:4. He said the core is made of High
meability CRGO silicon steel. We were also told of different shapes of core, such as

zctangular, ring shape, oval, L - shape stampings and I — shape stamping, etc. In figure 36 are
own different types and shapes of core.

L Cross sechion

Crossenion | i

Cress s=aticn

L e 7

L - shapad stampug Ring shaped L - shaped stampng

Figure 36: Core of the transformer

He said that for giving insulation on the core they used tap (Ref insulation is shown in figure
37). Secondary winding was done automatically and distributed equally on the periphery of the
core to minimize leakage reactance. Primary winding was done by putting insulation on copper
conductors with double cotton covering,

Seconary wnding

Figure 37: Secondary winding conductor wound on the tape

Mr. Mozaharul Islam said that they give an additional insulation on copper conductor, known as
vamished fiber glass sleeve. They also use high quality crepe paper to build main insulation of
the CT. They use brown/white glazed porcelain bushing with different shade profiles to suit
different conditions. The bushings are hollow and cylindrical. Top tank (Oil expansion chamber)
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¢ the CT 1s made of MS sheet Stainless sheet wank is used for CTs for primary current of 1200A
:nd above. Constructing of the current transformer is shown in figure 38.

Expansion chamber cover
Sheeld cpemng (upper)

Expansion chamber ———————q— —— P ivel
U 9 Tanary tSrTmnin:

High voltage lead

Sushing
N - Prunary cod msulanon

Intevnal stueld

Sacondary termunal base Caover

Ext=rnat shu=ld
Sacendary ranunal box

Primary cod
Szomdary tertunat beard

Secadary ceoil
Cor=

Shuzld opeung (lowwer)

Ground r2emmal

Nameptat=

Figure 38: Construction of HV outdoor Current transformer

Figure 39: (left) HV outdoor CT (right) Dry type CT (www.energypac.com)

Figure 39 shows the HV outdoor current transformer (left) and dry type current transformer
(right). Energypac makes another CT which is known as epoxy resin cast. Mr. Mozaharul Islam
said for the standards of epoxy resin cast for CT they follow IEC, ANSI, VDE, BS, or
customer’s specification. There are two types of winding like LT (low tension) and HT (high
tension). The windings are made over high quality cold rolled grain oriented steel. LT winding is
designed as multi-layer winding. LT winding i1s wound on the core with additional insulation
between adjacent layers. HT winding is designed to handle mechanical stresses due to thermal
dilation. Because of the isolation, short circuit currents are not transmitted to the main insulation
of the transformer. But here we observed something different. We have seen conductors being
used for windings which are made of electrical grade electrolytic copper and it is used for
secondary windings insulated with high quality, synthetic resin based insulation varnish.

Department of Electrical and electronic Engineering, East West University
46




42.2. MUILTIRATIO (1 RRE RANSFORMER

o

e next day we saw a different type of CT. In its expansion chamber we saw four secondary
puts and four pnmary mputs. Upon our request Mr. Mozaharul Islam explained the CT to us.
said this 15 multi-ratio, tapping type CT. Maximum supply current is 1000 A. There are
iifferent lines for different current, such as 200 A, SO0A, 1000 A. For opening new connection
tne CT has many taps.

4.3. POLARITY OF CURRENT TRANSFORMER

\Mr Mozaharul Islam said it is very important to know the polarity of transformer. If we do not
dentify polarity of the transformer we cannot identify direction of current and voltage. It gives
the relative instantaneous direction of currents in the primary and secondary leads. The polarity
of the current transformer is shown in figure 40. In figure 50 P and S are assigned polarity of
primary and secondary winding. They marked the following polarity for current transformer

P1 and P2: primary terminal

S1 and S2: secondary terminal
If instantaneous current flows from P1 to P2 as marked by arrow in figure 56, the instantaneous
current will flow from S1 to S2. Here R E defines reference earth.

Figure 40: Polarity diagram of CT

4.3.1. POTENTLAI TRANSFORMER

After the CT he told us about Potential transformers. These are used for measurement and
protection. PT may be either single phase or three phase units. These are necessary for voltage or
directional distance protection. Volt-ampere rating of potential transformers 1s small compared to
that of current transformers. It is not possible to use direct voltage for system protection due to
its high value, and possible insulation problem of protective relays.

He said the mechanisms of potential transformers are similar to current transformer. After talking
with him we understood that there are two kinds of single phase electromagnetic PT, i.e. single
pole (between lines and earth) and double pole (line-to-line). Type three phase PTs are star-star
or star-delta connection. He said that the Potential Transformer consists of primary and
secondary windings, electromagnetic core, bottom tank, oil expansion chamber, and porcelain
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oushing, etc which are ssmular w0 curmrent tansformers. The example of HV outdoor potential
Tansformer (left) and dry type potental transformer (right) is given in figure 41. Here they used
copper enamel wire mstead of super enamel for winding. Primary is wound with multilayer and
zraded insulation. Secondary is separately wound and inserted in the primary winding as per the
requirement. Similarly they give tapping on the winding of the PT an it is done in dust-free
tunosphere. Here core is Shell type which minimized leakage reactance. Bottom tank and oil
expansion chamber are made of MS sheet. Brown/white glazed porcelain bushing with different
shed profiles to suit different pollution condition is used. These bushings are hollow cylindrical
rvpe conforming to IEC 815/1IS 5621. High quality electrical grade Kraft paper and crepe paper is
used for insulating primary and secondary of PT.

) v e
m.,

+y

— - eb Pl B a7
. eitalt® e v —
Figure 41: HV outdoor (left) and Dry type (right) PT (www.energypac.com).
4.4. TEST OF INSTRUMENT TRANSFORMER:

Following test are done in Energypac for testing instrument transformers. These are

1. High voltage test
2. Insulation test
3. Analyzer test/timing test
4. Meager test
S. Routine test
6. Common test
7. Type test
We did not observe the instrument transformer testing. ¥
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5. CIRCUIT BREAKER

~e worked with Mr. Moniruzzaman for two days. On day one, we finished circuit breaker and
day two we studied fabrication. He 1s the manager of this section. He said that a circuit
reaker is an automatic switch which can interrupt fault current. They use different pole circuit
reaker for arc-extinction. Generally used are single pole, double pole, and triple pole circuit
oreaker for arc-extinction. He said the Energypac made only vacuumed circuit breaker (VCB)
and other transformer they buy from abroad. Generally they buy Miniature Circuit Breaker
MCB), Molded Case Circuit Breaker (MCCB), and Air Circuit Breaker (ACB).

5.1. VACUUM CIRCUIT BREAKER (VCB)

Energypac manufactures Vacuum Circuit Breaker which meets intemnational standards. In
Bangladesh Energypac i1s the only company where VCB is manufactured. The company
manufactures two types of vacuum circuit breakers, one is indoor type and other is outdoor type.
These circuit breakers are designed for switching short circuit current, provide ripple control
system and handle transformers and generators under load and no load conditions.

5.1.1. INDOOR TYPE VCB

The Energypac Engineering Ltd. designs indoor type horizontal isolated and horizontal draw out
type vacuum circuit breaker. Figure 42 shows the indoor type horizontal 1solated VCB.

Figure 42: Indoor Type VCB (www.energypac.com)
5.1.2. DESIGN FEATURES

At first he talked about indoor type VCB. He also said the indoor type VCB 1is used inside of a
power plant and substation. It is a high voltage product. So the trip function of the VCB is
automatic. When voltage and current exceeds the rated values then the trip coil gives a signal and
automatically opens the circuit breaker. The design of the VCB has the following features.

v" High degree of safety & high operational reliability
v" Simple in construction & Rugged design
v Modular and compact
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Made of mema! clad nype usmg CRCA steel of adequate thickness

The mtermrupters are procured from CUTLER-HAMMER (EATON), USA.

For arc extinction provide HHV 12 employs rated vacuum interrupters

HHV-12 15 manufactured strictly under technology standards set by the company with
components and subsystems selected through strict quality control procedures as per 1.
9001 certifications guidelines

Cubicle compartmentalized design in various segregations

Cable chamber accommodate with 6 nos. single core 1000 sq. mm

The relays and meters are mounted on a hinged door and are located at a comfortal
height for ease of viewing and maintenance.

Earth switches provided as an integral part of the equipment

Isolatable voltage transformer

Ample current transformer accommodation

Manual or motor charged main closing mechanism

Extensive use in tropical environments

Complete set of interlocks and padlocking facilities
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5.1.3. SPECIAL CHARACTERISTICS

The vacuum or other circuit breaker is an essential equipment for switchgears. The vacu
circuit breaker (VCB) has some special charactenstics for protecting electrical instruments |
transformer, transmission line etc. We get the following special characteristics in circ
breakers, according to Mr. Moniruzzaman,

Very low arcing time

Quick recovery of dielectric strength
Small contact gap

Trouble free service

Low energy mechanism

AN N NN

§.1.4. OPERATING PRINCIPLE

We learnt the operating principle of vacuum circuit breaker from Mr. Moniruzzaman. He sa
for operating the circuit breaker in a very short time, Mechanism M-37 is provided w
conventional design. First of all the machine is charged by motor. When charged, the clos:
spring is held by a latch which can be released either by manual means or by a solenoid to cle
the circuit breaker. To open the spring, the required energy is provided by a spring in the dr
assembly which is compressed during the closing stroke. The closing mechanism incluc
Breaker on/off and spring charged or discharged indications.

5.1.5. INDOQOR V(B TECHNICAL INFORMATION

The table below shows the technical characteristics of the indoor VCB interrupter. Such
technical particulars, type designation, applicable standard, rated voltage, normal voltage, norr
rated current, frequency, short circuit breaking capacity, etc.
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Table 1: Indoor VCB technical information

Technical Paruculars 11KV 33kV

Applicable standard IEC 60056 IEC60056

Type Designation HHV-12 HHV-36

Normal Voltage 11kV 33kV

Rated Voltage 12kV 36 KV

Frequency S0Hz S0Hz

Normal rated current 630/1250/1600/2000 Amps | 1250/1600/2000 Amps
Short circuit breaking 20kA/25kA/31.5kA 25kA

capacity

Rated 1 Minute Power

Frequency

Withstand Voltage 28 75 kV Pms

Rated impulse withstand 75 170 kV Peak

voltage

Duty Cycle full breaking

capacity

Normal 0-3 Min-Co-3 Min-Co 0-3 Min-Co-3 Min-Co
Auto reclose 0-0.3 Sec-Co-3 Min-Co 0-0.3 Sec-Co-3 Min-

5.1.6. 1/CBAPPIICATIONS

Mr. Moniruzzaman told us where indoor type VCB 1s used. In Bangladesh, the VCBs are mainly
used in Power stations, Transformers, Chemical industry etc. The purposes of the VCB are same
for all application. He said generally the indoor type VCB is used in the following applications.

Power stations

Transformers

Automotive industry

Airport power supply

Building power supply
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5.2. OUTDOOR TYPE VCB

We were then told about outdoor porcelain clad vacuum circuit breaker which s suitable for
«.Industries and utilities. The outdoor type VCB is shown in figure 43.

Figure 43: Outdoor type VCB (www .energypac.com)
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We were miroduced w the design features of outdoor type VCB by Mr. Moniruzzaman. He said
outdoor type VCB s used outside the power plant and substation and it 1s also a high voltage
product. The trip function of the VCB i1s automatic. When voltage and current exceeds the rated
range, the trip coil gives a signal which opens the circuit breaker. According to his information
the design of this type of breaker consist following feature.

Compact design & Low Maintenance

Low operational load

Low noise level

Each phase contained in a porcelain bushing

For arc extinction provide OFVp-36 employs

OFVp suitable for auto reclosing and capacitor switching
Mechanism is designed for short stroke & charged by motor
Mechanism cabinet consist of sheet steel of IP 54 standards
Cabinet equipped with Local/remote switch & Anti pumping relay
Closing mechanism includes Spring charged or discharged
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5.2.2. OUTDOOR V(B TECHNICAL INFORMATION _

Table 2 shows the technical information of the outdoor VCB interrupter. The parameters include
rated 1 minute Power frequency withstand voltage, type designation, applicable standard, rated
voltage, normal voltage, normal rated current, frequency, short circuit breaking capacity, etc.

Table 2: Technical information of outdoor VCB

__Qpllcable Standard - ] IEC60056 - o o
Type Designation OFVp-36
Normal Voltage ~ [33kV - g 1l
Rated Voltage ~~  |3kvVv
Freque_ncy - 150 Hz - _ ]
Normal rated current up to 1600 Amps
_Short circuit breaking capacity up to 25 kA - e |
Rated 1 minute Power frequency withstand | 75 kV rms
voltage
'Rated impulse withstand voltage ~ | 170kV peak - |
Nominal creep age of bushings Support ~910 mm
e B | Interrupter housing — 910 mm_
Duty cycle 0 full breaking capacity Normal — 0-3 MIN — CO- 3 MIN-CO'
o | Autoreclose - --0.3 sec-CO-3 MIN-CO |

5.2.3. V(BAPPLICATIONS

The VCBs that we have been introduced to are typically used in different applications. Following
are several of such applications.
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5.3. MINIATRE CIRCUIT BREAKER (MCB)

He said the miniature circuit breakers are used for Protecting and controlling the circuits against
overloads and short-circuit; protection people and big-length cables in TN and IT systems. The
operating voltage is 230/440 V and breaking capacity of is 3kA.
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Figure 44: Miniature Circuit Breaker (www.energypac.com)

Energypac imports different miniature circuit breaker models from Germany (See figure 44).
These circuit breakers are not manufactured by Eneergypac.

5.4. MOLDED CASE CIRCUIT BREAKER (MCCB)

He also said they used another circuit breaker which is known as molded case circuit breaker
(MCCB). The molded case circuit breakers are used for protecting and controlling the circuits
against overloads and short-circuit. It also protects electrical machineries against overloads, and
ground fault protection. Examples of molded case circuit breaker are shown in figure 45.
Breaking capacity of this type of circuit breaker is 25 kA. They import different models of
MCCYV circuit breaker from Italy.

Figure 45: Molded Case Circuit Breaker (www.energypac.com)
5.5. AIR CIRCUIT BREAKER

He said the working principle is similar to other circuit breaker. These are also another imported
circuit breaker. These circuit breakers are imported from Italy.

COMMON DATA

He said in this circuit breaker some data are common for all model of circuit breaker. Such as
rated service voltage (Ue) is varying 690 V, rated insulation voltage (Ui)is 1000 V; rated
impulse withstands voltage (Uimp) 12 kV, frequency (f) is varying [SO — 60] Hz and numbers of
poles are 3 — 4.
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6. ISOLATOR

this sectuon we were helped by Engr. Mr. Belal Hossain. He was also very cordial with us. We
yed with him only one day. Though this section is related to mechanical engineering it 1s a
ry important section for Energypac and therefore it was included in our internship training
1edule. Mr Belal Hossain told us about isolators which is also known as disconnecting switch.
e main purpose of isolator is to disconnect the circuit at no load condition. First of all he
roduced us to disconnector main assemblies, which are given below.

The main current carrying parts.

Support insulators mounted between the current carrying parts and base.
The bottom base assembly.

The operating mechanism box.

Inter-stack, inter phase and down operating pipes.

Earthling switch and its operating mechanism box.

Supporting structure mounted between the base and the ground.
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.1. TYPE OF ISOLATOR

. Belal Hossain said generally they made three types of outdoor offload isolators,

1. Pantograph isolator ( type EPG)
2. Double break isolator(type ECB)
3. Center break isolator(type EDB)

.2. RATING OF ISOLATOR

re we see the voltage rating of the pantograph isolator is varying from 12 kV to 245 kV and
> rated current is upto 3150 Amps. Short time current rating is upto S0 kA. These rating are
ite similar for all type of isolator.

1. ASSEMBLY OF PANTOGRAPH ISOLATOR

' gives us some manufacturing information about pantograph isolator. He said that the
ntograph isolator has the very low civil engineering profile. It has four point contacts in
ntograph isolator. The trapeze contact is fixed to suit upper bus arrangement. This type of
lator is very flexible for different bus bar layouts. A current transformer is connected through
iti finger hinge contacts. It has individual pole operation. This type of isolator is also known
single break isolator.

-2, ASSEMBLY OF DOUBLE BREAKISOLATOR

case of double break isolator he said it has tumed and twisted contacts. The terminal is vertical
d horizontal and totally enclosed by actuator assembly. But here we see it has simultaneous
eration of 3 poles by single operating mechanism at up to 245 kV.
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The mechanism of center break isolator 1s similar to double break isolator. The break 1s done in
the center position of the isolator. Breaking is done automatically but closing i1s manually.
Similarly the double break isolator it has turned and twisted contacts. The terminal is vertical and
horizontal. Simultaneous operation of 3 poles by single operating mechanism 1s up to 245 kV.
There i1s an example of center break isolator shown in figure 46.

Figure 46: Center Breaker Isolator (www .energypac.com)

6.2.4. TESTOFISOLATOR

Mr. Belal Hossain noted the following tests for isolator.

High voltage test
Insulation test

Analyzer test/timing test
Meager test

Routine test

Common test

Type test

NN A W=

We did not leamn the details about these tests. However, we discussed lightning. When lightning
fell onto the transformer or transmission line there is a possibility to burst transformer or fire on
the transformer or transmission line. This can create a high voltage for short time. For solving
this type of problem we need to use isolator.
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7. FABRICATION PROCESS ASSEMBLY

This 1s our last day at Energypac. It is the last part of our internship. Engr. Moniruzzaman helped
us understand this section. We finished the whole section in one day.

He said that first of all they powder coded the steel path. After powder coding, the steel part was
dipped in the acid tank. Then it is dropped in a rinse tank which was filled with normal water.
Then the part is put into the drastic tank. Again the path is put into normal water, then it is
dropped into a phosphate tank. At last it was sent to a dry-off oven. Powder spray is done in dry-
off oven. The spray process is done electrically. Generally they spray the Berger powder. The
temperature of the dry-off oven must be at 180 degree Celsius. He said for completing whole
process they need 13 to 15 minutes.

7.1. SAND BLASTING PROCESS

This was second part in this section. Mr. Moniruzzaman said sand blasting is a very important
for the transformer; because it is done to reduce corrosion of the transformer and other electrical
equipments. He said there is a radiator tank where sandblasting 1s done. 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.

7.2. COLORING ASSEMBLY

There i1s another part called coloring assembly. This important section is needed to reduce
corrosion. For completing the coloring of transformer they follow the below process

v' Two types of color are used like AD zinc phosphate primer (light gray) and other is
fenile (dark gray)

Fenile is used after 12 hours later of zinc phosphate.

T6 fenile 1s used for mixing

Mixing ratio 1s 4:1 where 4 liters color 1s used for 1 gallon fenile

They also used epoxy primer where color is light gray

Next is a curing agent of epoxy primer. For this purpose they use T7 fenile where color
ratio 1s 2:1:2 that mean 2% color, 1% curing and 1% fenile. They use epoxy enamel after
24 hours later. Color is verge gray and curing agent for epoxy enamel. Mixing ratio is
2:1:1 where 2% color, 1% curingand 1% fenile. Also use T7 fenile.

AN N N NN

7.3. MACHINE SHOP

This is the last part of this section and we saw various types of machines which were used in
Energypac machine shop. According to the engineers explanations these machines name and
working operation are given below. Generally they used Lathe machine, Milling machine,
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Shaper machine, Chaser machine, Dnll machine, Surface grinding machine and last is Power
Saw machine.

1. Lathe machine: A lathe is a one kind of machine which rotates the work piece on its own
axis to perform various operations like cutting, sanding, etc. He said this machine is used
for cutting the shaft or steel rod. By using this machine they can easily cut the shaft at
appropriate size. (such a machine is shown in figure 47)

Figure 47 : Lathe machine (arcticboy.arcticboy.com)

At Energypac the lathe machine is used for the following purposes. Turning the shaft
v" Facing the shaft at appropriate position

v" Threat cutting on the shaft
v" Hole enlarging on the shaft and steel path
v" To making tapping on the shaft

2. Milling machine: Milling machines can perform a vast number of operations, for example
slot and keyway cutting, planning, drilling etc. He said Milling machines are two basic
forms, one 1s horizontal and other 1s vertical. (A milling is shown in figure 48)

Figure 48 : Milling machine (www.millingmachine-details.info)

According to the engineer the Milling machine is using for following purposes.
v To make gear on the shaft
v To make key way on the outside of the shaft

3. Shaper machine: A shaper is a type of machine that uses linear relative motion between
the work piece and a single-point cutting tool. He said its cut is analogous to that of a
lathe, except that it is linear instead of helical. (Shaper machine is shown in figure 49).
He said The Shaper machine is using for following purpose.

v To make key way on the inside of the shaft
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Figure 49 : Shaper machine (www. jiwan.in)

4. Chaser machine: A chaser is a type of machine that cuts a threat relative motion between
the work piece and a single-point cutting tool. (Chaser machine shown in Figure 50).
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Figure 50 : Chaser machine (www.indiamart.com)

e salid Chaser machine are used for following purposes.
v Cutting a threat only outside

v' Use for ring type elements

S. Drill machine: A drill is a machine fitted with a rotating cutting tool, usually a drill bit,
used for drilling holes in various materials. The tip of the cutting tool does the work of
cutting into the target material. (shown in figure 51)

Figure S1 : Drill machine (www. engineering.indiabizclub.com)
e drill machine is used for making a hole on the steel path

6. Surface grinding machine: A surface machine is a tool that smoothes the surface of
various materials. (Shown in figure 52).
1e chaser machine is used smoothing job surface
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Figure 52 : Surface grinding machine (www. thesurfacegrinder.com)

.4. CNC MACHINE

. Moniruzzaman helped us know about the CNC machine. He told us the full meaning of
NC, which 1s computer numerical control. It is operated electrically. Also he gave us following
embly information about the CNC machine.

v" Third generation scream manufacturing and fabrication

1t has hydraulic punch and capacity is 30 ton

All are controled by CNC

Sheet thickness can be punch 1.6 mm to 6mm

Usable software is AP100 includes cat, cam, programming caesural dataset

AN

.1. PROGRAM 1.OAD PROCEDURE

 tried to give us basic idea about CNC machine and about its working principle. He said this
e of machine is used for making the hole on the steel plate. For this purpose machine has to
nember the size of the hole and measure distance between holes etc. As a result machine
eds a program which is set by engineers on the computer before running the machine. Example
this machine 1s shown in figure 53, which shows a cutting point view.

Figure 53 : CNC machine (Cutting point view)

important part of the machine is the computer where the software is installed. To operate the
chine they need two rooms where one i1s for CNC machine and other 1s for computer. From
1de the room where computer is, an engineer operates the machine. For running this machine
y need to turn on memory by pressing memory button. Then they have to press program soft
y for running the program. Then they press Dir key for understanding the direction of the steel
th.  After completing the procedure they have to type file number and they have to press
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Press memory on main control panel

l

Press program soft key

l
Press soft key

!
Press Dir soft
i
Type file number & press OSRH
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Press start button
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8.  CONCLUSION

15 training we get the basic knowledge on transformer, switchgear, current transformer,
ntial transformer, 1solator, circuit breaker, and fabrication plant. In the transformer section
saw the manufacturing process of different types of transformer. The Energypac generally
e distribution transformer, power transformer, current transformer and the last is potential
sformer. The operating principles of the transformers are different from each other. The
ibution transformer is used for supplying the rated voltage and current. On the other hand
er transformers are used for generating required power. Current and voltage transformer are
| for protection purpose of electrical equipments. We saw the full construction of current and
1ge transformer.

vitchgear section we saw different types of switchgear panel. These are HT panel, LT panel,
panel. We also visited the isolator and breaker section. In isolator section we saw three types
solator; pantograph, center break, and double break. We saw the actual processing
hanism of vacuum circuit breaker. In fabrication plant we saw powder coding, sand blasting,
lasting, and color coding.

:achine shop we saw different types of machine and their working principle. Especially we
the CNC current purnp machine. This machine works fully electrically.

ast this internship introduced us with substation. Now we know about substation and its
ntial equipments. This internship will play an important role as we begin our career.
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