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Summary 

his report is written on the basic of substation that is divided into two parts. One is transformer and 
nother one is switchgear. In this report we focus on various machines which are used for 
ansformer making and switchgear assembling. A transformer is a device that can transfer energy 
rom one circuit to another by electromagnetic induction. make a transformer, one hundred 
ourteen tasks were held and we were part of it. Basically a transformer has two coils: LT 
low tension) coil and HT (high tension) coil. 

.JT coil is mainly made of copper strip wire and this wire is imported by the company from India, 
Japan and Singapore. Number of turns ofLT coil depends on transformer power (KVA). LT coil is 
jirectly connected to the load, is caned also. 

lIT coil is made by two types of copper wires, one is bear copper and the one is super enable. Bear 
copper is not insulated, so msulation is required but super enable is insulated. In most of the cases, 
bear copper is used to make transformers because sometimes super enable's insulation breaks down. 
If the insulation breaks then the total transformer falls down. side is called primary side also. 
Two types of coil are used, spiral a nd disc type of coil. Spiral coil is used for (50-1000) KV A and 
disc coil is used for above 1000 KV A If the disc type of coil is used then the cost becomes higher, 
but it has some advantages Jjke long longevity, high insulation and cooling system is better than 
spiral coil. 

If the fault is occurred in 
in secondary side then both of the 

then only the primary side coil tip<:!ttn,.l<:! but if mult is occurred 
destroyed, 

Silicon steel is used for transformer core and it is imported from Germany, Korea and Japan. Main 
advantage of silicon is it produces maximum electric field. 45 degree angle was maintained 
when cutting comer and of the silicon steel core. Good silicon sheet thickness should be 
0.20 to 0.30 mm. 

Double paper coating (DPC) is used for copper insulation. Here also used burnish, black paper, page 
board, ampere tube and so on 

When we worked in the Powermarm we the opportunity to see the entire task of making a 
transformer and switchgear and we completed aH of the work successfully. We tried our best to learn 
and know everything from honorable persons of the Powermann. 

Department of Electrical Eiecw:mc r��!lDeeru:lg East West University 4 



Undergraduate Internship 

HT (High 
Tension) CT 

HT Switch 

gearpaneJ 

Transformer 

LT (Low 
Tension) CT 
meter output 

LT Switchgeal 

panel 

Single line diagram of a sub-station. 

POWER 
DISTRIBUTION 
BOARD (PDB) 

Power Factor 

Improver (PFI) 

Denartment ofElectri tl!lcm:.m-c Eo_ - eering, East West University 5 



Undergraduate Internship 

CON'ffiNTS 
1. INTRODUCTION ............... .-.................................................................................................................................... 9 

1.1 COMPANY PROFILE: . ... .... . ........... ...... .. .... . . . . . . . .... . . .... ... . ........... ...... ... .... ...... .. . ........ . ............ ....... ........ ... . . ......... ... 9 

1.2 OBJECTIVE OF THE INTERNSIDP......... ..... . .. ... ....... ............ ............ ......... .......... . ........ ........ . ...... ........ .... . .. 11 

1.3 SCOPE AND METHODOLOGY .. .. ............ ......... . .. . ................................................................................. 11 

2. FUNDAMENTALS OF A TRANSFO·RMER ................... ................................................................................... 12 

2.1.1 OPERATION: . .. .... ...... ..... ...... ........... ... ......... ...... . . ...... . .................. . . . ............. . . .. ............ ... . ......... . . ... ...................... . .  12 

2.1.2 WINDING, CURRENT AND VOLTAGE RATIOSL ........... . ..... ...... . . ....... .... . . . . . . . . . . . . ... . . . . . . . . . . . .. .. .. ........ . . . . . . . . .. ........ . .  13 

2.1.3 INDUCTION LAW . .. . . . .... ... . . ... . . ... ........ ... ... . ... . . .. . .. ...... . .. . ........... ..... ..... . ....... .. ......... .. . .......... . .. ..... .... ............... .. ........ 15 

2.1.4 IDEAL P OWER EQUATION: .. . . . . ......... . . .. ...... .... . . . ........... . ......... ... . . . . . . .. . . . . .. . . . . .. . . . . . .. . . .... . . . ...... . . . . ... . . . . .. . . .... ..... . ... . . .... 16 

2.1.5 EFFF..cT OF FREQUENCV: .................. . . . ....... .... . . .... ..... ...... .. ........ .... . . . ... ......... ... ...... .... . ......... ....... . . . .. ... ........ . . ..... . . .  16 

2.1.6 ENERGY LOSSES: ....... ............ ....... .......... . ....... . ...... ....... .... ......... . ......... . ... . . ......... . .. ..... .. ... ...... .. .. . ...... .... . . . . ... . . ... ... . .  17 

2.1.7 DOT CONVENTION: .... ... . .... . ......... ... . . . . .... . . . ... . . ....... . .. ... . . .. ... ........ ..... ...... ... . ........... . . . . .. ... .... . . . . .. .. . . . . ..... ....... . . ... .... .. 18 

2.1.8 EQUIVALENT CIRCUIT:..... 19 

2.2.1 SCOPE . . . . . .. . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . .................. . . . . .... ................ . . .... . . . . . . . . . ... . . . . .. . .... . . . . . . . . . . . . . . . ............... .. . . . .... . . .......... . . . . . .  20 

2.2.2 MAINTENANCE AND TESTING .. . .... .. .. . ........ . . . . . ... . . . ... . ........ .. .. ... .. . .. ... . . . . ..... . . . . . . ... . . .. . ...... . . . . . . .. .. . . . . . . . . .. ........... . .. . . 20 

2.2.3 SAFETY .. . .. ......... . . . ...... . .......... ... ......... ...... ... . ... .. .......... ......... ..... . . . . . . . . . ... . ...... . . . ... ..... . . . . .................... . . .. . . . . ...... . ....... . .  21 

2.204 NAMEPLATE DATA . . ... .. . . . . . . . . . ....... . ....... .. .... .................. . . ... . . . ................ .... . ..... .. . . . . . . . . . . . . ........ . ... . ....... . ...... . .. . . ... . . . . . . 22 

3 DETAILS OF lNTERN'SI:IIP WORK. ............................. _ ................................................................................. 24 

3.1 MANUFACTURING TRANSFORMER. ...... .... .... ..... ............. .. .. ...... ... ... ...... ..... . . . . .. ......... . . ... . . . ....... . . .... .. ........... .. ..... .. . . . 24 

3.1.1 COIL SECTION ......... .... . . ........ ..... . ... ........ ............ .... ....... . ... .......... . .. ........ .... ....... .. .... . . . . . .. . . ...... .............. ....... . .  24 

3.1.2 CORE SECTION 25 

3.1.3 TANK SECTION ........ . . .... .................. ... ........... . . ...... ...... . . . .. ....... ..... .. .. . . ...... .. ................. .. .. . .... .. ....................... 27 

3.104 LATHE SECTION . . ... . .... .. . .. . . . .. . . .. .. ...... . . . . .... . ... .. . . . .................... . ........ .......... . . ... .. . . ...... .. ............... . ...... ... . ....... . 28 

3.1.5 PAINT SECTION .... ... . .. ... ... ...... ..... .... ........ .............................. .... ......... . ....... . ..... ... ........... ... . ............. .... ......... .. 28 

3.1.6 NICKEL SECTION . . .. .. . . .. . . . . . ..... ................ . . .. ...... ... . .. . . . . . . . . . ... .... . . . . . . . . . . . .. .......... . ....... . . . . . . . . .. . . . . . . ..... ..... .. ......... .. 29 

3.1.7 ASSEMBLYSECno� . . ...... . . . .. .. ........... ........ . ... ........ . ..... .... . . ............ ................ .. .......... . . .... .... ... .... ............... 30 

3.2 ASSURANC'E DURING MANUFACTUR1NG . . . . ......... ...... .............. .. . .... ....... .......... ... .. ......... 32 

3.3 SWITCHGEAR ... ... .. .......... ... . .. .. ... ... ...... .... ........... . . ........ . . ....... . .... ..... . ......... ....... ... .... .... ........ .. . ... ....... . .................... .. .. 34 

3.3.1 ...... .. ..... ... . ... .. ..... .. .... . . ... .... .. . . . . . . . ................ . ......... .. ...... ........ ........... ...... ................. .. 35 

3.3.2 GENERAL STANDARDS.... 35 

3.3.3 S"lTCHGEARPRom.:CfS . . ' ...................................... . ..... . .. ........ ... . ........................ ........ .... 35 

3.3.4.1 PAINTING.................. . ..................................................................................................................... 36 

3.3.4.2 MACmNES . . . ...... ... . . .. . . ........ ....... . .... . . . . . . . .... ..... . . ... .. ... . . . . ... . . ..... . . . ... . . . ....... .. . . .. . . . ....... 36 

3.3.5 MAIN FEATUREOFPASEL .. .. . . . . . . . .... . .. . ...... . ...... . . ... . .. . . ...... .. . . . ... . . . . . . . . . . .... ... . . ... . .. . ... . . ...... . ... ... .. .. . . . .. . . . .. ........... 36 

3.3.5.1 CONSTRucnON..... 36 

3.3.5.2 TESTING .. .. . .. .... . . . . . . ....... .... ... ......... . . . . . . .. . . ..... .. .... .. .... ... . . ....... .. ..... ..... . . . . . . . . . .. .......... . ... ..... ....... . 37 

3.3.5.3 LT SWITCHGEAR . ... .. .. .. .. ......... .... . . ... .. . .... .... .... . . .... . . .......... ... . . ... . ............ . ... .. ... ..... ..... . . .. . . ... . . ... . .. . . . . . . ...... 38 

3.3.5.4 HT SWITCHGEAR .... . .. . . . .... .... .. . .. .... . . . . ...... . . .. .............................................................................. 39 

3.3.5-.5 POWER FACTOR bIPROVEMENT (PFI) PLA1"T ... ... . ...... ... .......... .......... . ..... ..... . .... . .......... .41 

3.3.5.6 OVERALL PANEL DlMENSION ........ ...... .... .... .... . ........ . .................... .. .......... . ......... ... . . ......................... ..... .. 43 

3.3.5.7 SAFETY .............. .... ....... . . . ....... ........ . . ....... . ...... ...... . . .. . .... . . ....... . . . .. .. .. . .. .... ... ......... . . ........ .. ..... . . ..... . ......... ... . .  43 

4 PROBLEMS AND RECO�ATIONS ........... __ .................. _ ..... _ .......................................... ..... 44 

5 CONCLUSION ...... ___ _ 

6 REF ERENCES .... . 

........................ __ .... __ ................................................................................. 45 

6 



Undergraduate Internship 

LIST OF FIGURES 
Figure 1: Transfonner . . .. . . . .. .. '" ........................................... ................................... , ............ 12 

Figure 2: Transfonner equal turns ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

Figure 3: Transfonner 10: 1 ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .  14 

Figure 4: Transfonner 1: 10 turns ratio . .. . ... ... .. . . . . . .. . .. .. . . .. ... . ... . . .. ......... ... . . . ..... ... . . . .. ..... . .. . . .. 14 

Figure 5: The ideal transfonner as a circuit element.. . . .... .. . . . .... .. . . .. . . . . . .... . . . . . . . . ... . . .. . .... . .. . .  16 

Figure 6: Transformer equivalent circuit, with secondary impedances referred to the primary 
side . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

Figure 7: DPC Machine .... . .... .. .. .. . . . . .......... . . .. . . .. . . . . . . . . . . ... . . . .. . ....... .... . . .. . . . .. . .. . . . . . . . . . . .... ... . . . . . . .  24 

Figure 8: HT coil machine Figure 9: LT coil machine . . . . .... ...... . .... . ... 25 

Figure 10: Rill (silicon steel sheet) . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . .  25 

Figure 11: Big piece cutting machine Figure 12: Small piece cutting machine . .  26 

Figure 13: Comer cutting machine Figure 14: Benoze cutting machine . . .... .. . 26 

Figure 15: Core assembling . . . . ..... .... . .. . .... .. . .... . .. . . ... . ... . . ... . . . . .. . . . . . . .. ... . .... .. . . .. .. . . .... .. . . . . . .. .. . . . .  26 

Figure 16: Sharing and cutting machine Figure 17: Spot welding machine . . . . . . . . . . . . 27 

Figure 18: Sem welding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

Figure 19: Lathe machine . . . . . . . . .. . . . . . . ... . . . ............ . . . . . . ... . ..... . . . . .. ... . . . . . ...... ... . ... .. . ...... .. . . . .. ..... .. . 28 

Figure 20: Paint section Figure 21: Powder painting box . . . . . .. . .. . . .. 28 

Figure 22: Galvanizing process . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

Figure 23: After seven color . . . . . . . . . ... . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

Figure 24: Seven color & water.. ................................................................. .......... ............. 30 

Figure 25: centrifugal machine . . . . . . .. . .. ... . . .. . . . . . . . . ..... . . . . . . . ........ .... .... .... . . . . . . ... . . . . . . . . . ...... . . . ... . .. 30 

Figure 26: Delta connection . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . .. .. . . . . . . . . . . . . . .  31 

Figure 27: Tap changer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . .. . . . . . .  31 

Figure 28: Bending machine .................................................. .. ........................................... 36 

Figure 29: LT panel ............................ .............................................................. ............. ...... 38 

Figure 30: HT pane! Figure 31: Potential transformer.. . . . . . . . . . . . . .  39 

Figure 32: CT (Current transfonner) . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . .  40 

Figure 33: PH (power factor improver) . . . . . .. . .. .. . . . . . . . . . . .. ........ .... .. .. ...... . . . . ... . ........ .. . . .. . . . . ..... 42 

LIST OF T.ABLES 
Page 

Table 1: For LT S . bgear . . . . . . . . . . . . ... . . . . . ...... ....... . . . . . . . ... .. .. ..... . .. ... . .. . . . . . .. . . . . . . . .. . . ... . ... . .. . . ... . . 37 

Table 2: For HT S ·ritcbgear .. ... .. . .. . . . . . ....... . . . . . . . . .. .. . . . . . . .. . . . . . . . . ... . . . .. . .. ...... . .. .. . ..... . . . ... ..... ..... .  37 

Table 3: For Po� �� Factor Improvement (PFI) Plant... ..................................................... 37 

Table 4: Techni ific.ation Electrical... ..................................................................... 38 

Table 5: Rated ' t of components . . . ... . .. . .. . . . . . .. . .. .... . .... .... . .. .. . . ... ... . . . .... .. .. . . . . .. . . .. . . . .. . .... 38 

Department ofElectri .::.a:::u.."l.lIU;' Engineering, East West University 7 



Internship 

Table 6: Standard ...... . . . . ... ........ . . .............. . ...... ... . . . . . .. ... . .... . . . . .. . . . ... .. . . . . . ...... . . . . .. .  39 

Table 7: Technical specification." . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . . . . . . ... . .............. ...... . . . .. .. ..... .... 41 

Table 8: Equipment Standard. . . . .... .. ......... .............................. ..... . ......... ........... 41 

9: Equipment Standard ofPFI....... . . . . . .. . .. . .... . . . .. .. . . . . . . . . . . . . . . . .. . . . . . ..... .. . . . . ... .. . ... . .. . 

Table 10; Panel dimension .......... ..... . . . . ...... . .. . . . . . .... . . .. . .. . .. ............ . . ........ . .. . . . . . . . . . . . .. . . . .. . . . . . . . .  43 

t:ll]i!!nee� East West University 8 



Undergraduate Internship 

1. INTRODUCTION 

1.1 Company Profile: 

SUBSTATION & GENERATORS 

a) Foundation: 

, 
�;,j(AS �l"""'! 

�I'��r 
H1-A 

ISO 9001: 2000 
Certiffted Company 

Powermann Bangladesh Limited started manufacturing of Distribution Transformer in 
the year 2001 with a strong team of Transformer and Switchgear background. 
Powermann offer customer's complete substation and transformer is one of its key item 
on which the company has achieved a mile-stone on quality. Due to this the company has 
earned a good faith from more than thousands of Private entrepreneur and Government 
policy maker. Eventually the company started manufacturing of Power Transformers and 
keeping good example by making up to 5MV A, 33KV system. Now this manufacturing 
setup is ready to make up to 10114MV A The factory is one of the largest independent 
manufacturing unit for manufacturing of high-quality, custom solutions for power 
systems for big or small Industrial units, Commercial complexes and Government 
utilities. Powermann transformer factory is now one of the resourceful Engineering Setup 
on 20,000 SFT shaded area under 100,000 SFT land with good quality manpower, 

machineries and test laboratories. We have made a good team work with Overseas 
Transformer Experts with our local experiences of more than 20 years and highly 
motivated some local Professors and Engineers. This is what engineers call as TEAM 
POWERMANN. Though transformers are designed according to international standards 
and on requirements of valued customers comprising the recognized standards ofIEC-76, 
BS-71, ANSI 57,L, VDE 0532. Powermann is developing its continuous improvement 
in design and using the modem production technique with latest technology and 
experience. Hence the most of the technological innovations is being found to come from 
QC Circle in PO\ .... ermann Factory. 

b) Management: 

.:. CHAIRMAN: E gr Kazi Maruf Ahmed 

.:. MANAGING DIRECTOR: Engr. Utpal Kumar Das 

.:. DIRECTOR: E . _ { .M. Hassan Mamoon 

.:. DIRECTOR: ' bu Mohammed Yousuf 

Department ofElectri J. :::r..:'lC!roi!ll·r c Eng:ineeri.ng, EIb'! West University 9 
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.:. DIRECTOR: Arup Ratan Chowdhury 

c) Philosophy: 

management philosophy of the Powermann Bangladesh Ltd is "to produce high-quality 
Engineering that create a positive impression customer by applying the local 
technologies we have developed throughout our history with the aim of contribution to a 
more affluent way of life". advantage of our Engineering expertise thus acquired, 
Powermann will continue to create impact and offer satisfaction in local markets; earn the 
unwavering confidence and respect of customers; enter in to global markets and ensure long­
term growth; and continuously enhance corporate value well into the future. In order to 
enhance corporate this We consider it that the company cultivate a 
youthful corporate climate and willingness to new challenge and implement innovations; 
adopt an equitable personnel evaluation system that encourages employees to demonstrate 
their abilities as much as possible; and gain a thorough understanding of global environment 
protection and compliance. 

d) Quality Policy: 

As a consistent guarantee of the highest quality, Powermann has achieved ISO 9001; 2000 

certificate in the year 2004 for all its range of transformers and other products. This 
certification is done by United Registrar of Systems Ltd., Uk and marked UKAS Quality 
Management. internal & external quality audits ensure full and continuous 
conformity International standards. The same United Registrar is also maintaining 
the regular Powermann is also working on environmental They 
implemented Circle and TQM with fulfilled practices of dynamic work culture. In all 
the area of and offices (Head office and Branch offices) entire work-culture is 
maintained as SEITON, SEISO, SEIKETSU, SHITSUKE) and QC Circle is 
bringing the talent level to top leve1. 

e) Ten Spirits 

aiming high. 
to through Customers. 

and solidarity. 
a friendly way with colleagues and clients. 

reforms. 
facts. 

faimess and honouI. 
alllilU':I!;! by laws and regulations. 

>",y,,",,",« to the nation by developing industry. 

fJieCl:tl:J!!l!C En)!lllI!:ern:I� East West University 10 
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1.2 Objective of the Internship 

.:. To represent the transformer and switchgear ofPowermann Bangladesh ltd . 
• :. To elaborate the process of making a transformer and establishment of a switchgear 
.:. present basic mechanism of transformer and switchgear . 
• :. To introduce some main equipment used to transformer. 

1.3 Scope and Methodology 

This report is completely representing the basic making process of a transformer and 
establishment of switchgear. It also contains the electrical and non-electrical equipment 
description which is needed to make a transformer and switchgear assembling. 

This report is written on the basic of two ways information coHection, one is talking and 
discussing with and employee and personal observation and another resource IS 

company web site and manuals. 

Ea:.'t West 11 
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-

2. FUNDAMENTALS OF A TRANSFORMER 

Figure 1: Transformer 

The transformer is one of the most reliable pieces of electrical distribution equipment (figure: 1). 
It has no moving parts, requires minimal maintenance, and is capable of withstanding overloads, 
surges, faults, and physical abuse that may damage or destroy other items in the circuit. Often, 
the electrical event that burns up a motor, opens a circuit breaker, or blows a fuse has a subtle 
effect on the transformer. Although the transformer may continue to operate as before, repeat 
occurrences of such damaging electrical events, or lack of even minimal maintenance can greatly 
accelerate the eventual failure of the transformer. The fact that a transformer continues to operate 
satisfactorily in spite of n )ect and abuse is a testament to its durability. However, this 
dwability is no excuse for not providing the proper care. Most of the effects of aging, faults, or 
abuse can be detected and :.arrected by a comprehensive maintenance, inspection, and testing 
program. 

2.1.1 Operation: 

The transformer operates 
voltage increases, it or a� 

lines) that cut across the -

current is induced in that 
growing flux lines cut � 

This inductive liking an 

.. applying an alternative voltage to the primary winding. As the 
strong magnetic field with varying magnetic lines of force (flux 
dary windings. When these flux lines cut across a conductor, a 
tor. As the magnitude of the current in the primary increases, the 

e secondary winding, and a potential is induced in that winding. 
!:" ............ ",panying energy transfer between the two windings is the basis of 

Department ofElectri �I[L�C:.� Engineering, Eru."1 West University 12 



the transformer's operation (figure: 01). The magnetic lines flux grow and expand into the 
area around winding as the current increases in the primary. To direct these of flux 
towards the secondary, various core materials are used. Magnetic of force, much like 
electrical curr ents, tend to take the path of resistance. opposition to the passage of flux 
lines through a material is called reluctance, a characteristics that is similar to resistance in an 
electrical circuit. When a piece of iron is placed in a magnetic field, the lines of force tend to 
take the path of least resIstance (reluctance), and flow through the iron instead of through the 
su rrounding air. It can be said that air has a greater reluctance than iron. By iron as 
a core material, more of the lines can be directed from the primary winding to the secondary 
winding; mcreases transformer's efficiency. 

2.1.2 Winding, current and voltage ratios: 

If primary and secondary have same number of turns, the voltage induced 
secondary will be the same as the voltage impressed on the primary (figure: 2). 

Department of Elecl:ricai 

t 
120V 

Figure Transformer equal turns ratio 

the secondary then the voltage induced in 
same ratio as number of turns in two 
there are 100 turns in primary and 10 turns in the 
will 12 volts. would a down" 
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: 1100 �-;-
I . .::-:::..... TURNS ..:� I 

120V �' � 12V 
r �. . 10 . . . . �, 

�\ TURNS�i-

INP1TT I,.------�--"j OUTPUT 

Figure 3: Transformer 10: 1 ratio 

A "step up" transformer would have more turns on the secondary than on the primary, and the 
reverse voltage relationship would hold true. If the voltage on the primary is 120 volts, and there 
are 10 turns in the primary and 100 turns in the secondary, then the secondary voltage would be 
1200 volts. The relationship between the number of turns on the primary and secondary and the 
input and output a voltage on a step up transformer is shown in (figure: 4). 

120V 1200V 

! l , 

INPUT OUTPUT 

Transformers are used I· 
applications. A transform 
the transformer must ' .. 

Figure 4: Transformer 1:10 turns ratio 

just voltages and currents to the level required for specific 
es not create power, and therefore ignoring losses, the power into 

e power out of the transformer. This means that, according to the 
e voltage is stepped up, the current must be stepped down. 

The amount of power �. transformer can handle is limited by the size of the winding 
conductors and by the """"r-1:X"""'"'oding amount of heat they will product when current is applied. 
This heat is caused by : vhicb results in a difference between the Input and output power. 
Because of these losses because they are a function of the impedance rather than pure 
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lv':>l':>""l.uv,"" transformers are rated not in terms of power (Watts). but in terms ofKV A The output 
voltage is multiplied by output current to obtain volt-amps; the k designation represents 
thousands. 

2.1.3 Induction law 

The voltage induced across the secondary coil may be calculated from Faraday's law of 
induction, which states that: 

Where is the voltage, Ns is the number of turns the coil and <I> 
equals the flux one tum of the If the turns of the coil are oriented 
perpendicular to the magnetic field lines, the is the product of the flux density B 
and the area A through which it cuts. The area is constant, being equal to the cross-sectional area 
of the transformer core, the magnetic field varies with time according to the excitation 
of the primary. Since same magnetic flux passes through both the primary and secondary 
coils an ideal transformer, the instantaneous voltage across the primary winding equals 

Taking the ratio of the two for and 
down the 

nenartment West 

the basic equation stepping up or 
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2.1.4 Ideal power equation: 

. 'V �, •... 
� Is Np 
- ---
\.$ Ip NS 

Figure 5: The ideal transformer as a circuit element 
If the secondary coil is attached to a load that allows current to flow, electrical power is 
transmitted from the primary circuit to the secondary circuit. Ideally, the transformer is perfectly 
efficient; all the incoming energy is transformed from the primary circuit to the magnetic field 
and into the secondary circuit. If this condition is met, the incoming electric power must equal 
the outgoing power. 

Pincoming = Ip V p = P OOlguing = Is V s 

Giving the ideal transformer equation, 

1Vs 
- = -- = -

Is 

Transformers normally haye h.igh efficiency, so this formula is a reasonable approximation. 

If the voltage is increased then the current is decreased by the same factor. The impedance in one 
circuit is transformed b the square of the tum's ratio. For example, if an impedance Zs is attached 
across the terminals of the secondary coil, it appears to the primary circuit to have an impedance of 

Z (NP)2 
S 1'lg . This relationsh" " reciprocal, so that the impedance Zp of the primary circuit appears to 

('" . h d b Zp T t e secon ary to e - " 

2.1.5 Effect of frequency: 

Transformer universal E.r uation: 

Department of Electri :::::eCCl:r:� Engineering" East West University 16 
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If the flux in the core is purely sinusoidal, the relationship for either winding between its rms voltage 
Erms of the winding and the supply frequency:t: number of turns N, core cross sectional area a and 
peak magnetic flux density B is given by the universal EMF equation, 

E,.ms ---�-� 4,44flVaB 

If the flux not contain even harmonics, the following equation can used for halh-cycle 
voltage of any waveshap. 

time-derivative term the flux in the core is the with respe(;[ 
to of the applied voltage. An ideal transformer would work with excitation, with 
the core flux linearly with time, In the flux would rise to the point where 

;:)"' ..... 1<: .. 1\,'n of the core occurs, a huge in the magnetizing current and 
overheating the transformer. All practical transformers must therefore operate with alternating 
current EMF of a transfonner at a given flux density increases with frequency, B y  operating at 
higher frequencies, can be physically more compact because a given core is able to 
transfer more power without reaching saturation and fewer turns are needed to the same 
impedance, However, such as core loss and conductor effect also increase with 

frequency, As such, the used to step down the high over-head line voltages are much 
heavier for the same than those only for the higher Tr"',nn ..... 

"1-,,,1'''''''''''' at voltage but at a than intended will lead 
current: at lower frequency, the magnetizing current will increase. Operation 

of a transformer at 
cooling to establish 

2.1.6 Energy losses: 

An ideal 
energy 

transformers are gelleralJj 
better than 98%. 

Department 

design frequency may assessment voltages, and 
is practical 

no energy losses, and would be 100% In practical 
in the windings, core, and surrounding structures. Larger 

efficient, and those rated for electricity distribution usually perform 

superconducting windings achieve efficiencies of 99,85%, The 
98 to 99.85% can save considerable and hence money. 

be expressed as no-load or full-load loss. 
h""t",,...,,<,,,, and eddy current contribute to 

can be significant, so that even an ideal transformer 
and a cost; designing transformers for lower loss 

for the core and thicker wire, increasing initial cost, 
cost and running cost. 
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fransformer losses are divided into losses in the wmdings, termed copper loss, and those in the 
nagnetic circuit, termed iron loss. Losses in transformer arise from: 

Winding resistance 
Current flowing through the windings causes resistive heating of the conductors. At higher 
frequencies, skin create additional winding 

Hysteresis losses 
time the field is reversed, a small amount of is lost due to hysteresis within 

the core. a given core material, the loss is proportional to the frequency and is a function of the 
peak flux density. 

Eddy currents 
Ferromagnetic materials are also good conductor and a core made from such a material also 
constitutes a short-circuited tum throughout its entire length. Eddy current circulate 
within the core in a plane normal to the flux, and are for heating of the core 

The eddy current loss is a function of the square of supply frequency and 
the material thickness. current can be by the core of a stack 

of plates electrically insulated from each other. 

Magnetostriction 
Magnetic flux in a ferromagnetic material, such as the core, causes it to physically expand and 
contract slightly with cycle of the magnetic field, an effect known as magnetostriction. This 
produces the buzzing sound commonly associated with transformers and can cause losses due to 
frictional heating. 

Mechanical losses 
In addition to the alternating magnetic field causes fluctuating forces between the 
primary secondary windmgs. These vibrations within nearby metalwork, to the VUL..L.UJ'1'5 

noise and consuming a amount of power. 

Stray losses 
Leakage inductance is 
returned to the supply 
conductive materials 
converted to 
are usually 

2.1.7 Dot conventioo.: 

largely lossless., since energy supplied to its magnetic fields is 
next half-cycle. However, any leakage flux that intercepts nearby 
transformers support structure will rise to eddy currents and be 

radioactive due to oscillating magnetic field, but these 

"tn�� Scl::;nf:m�lttC symbols for there to be a dot at the end of each coil within a 
transformer, 
indicate the direction 
are in phase; current nnic"",rh:, 

the dot end of a secODl:l� 

Department 

"TAIrn'l<>.t"C with multiple primary and secondary windings. dots 
relative to the others. at the dot end of each winding 

the dot end of a primary coil will result in current flowing out 
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2.1.8 Equivalent circuit: 

The physical limitations of the practical transformer may be brought together as an equivalent circuit 
model (Figure 6) built around an ideal lossless transformer. Power loss in the windings is current­
dependent and is represented as in-series resistances Rp and Rs. Flux leakage results in a fraction of 
the applied voltage dropped without contributing to the mutual coupling, and thus can be modeled as 
reactance's of each leakage inductance Xp and Xs in series with the perfectly coupled region. 

Iron losses (core losses) are caused mostly by hysteresis and eddy current effects in the core and are 
proportional to the square of the core flux for operation at a given frequency. Since the core flux is 
proportional to the applied voltage, the iron loss can be represented by a resistance Rc in parallel 
with the ideal transformer. 

A core with finite penneability requires a magnetizing current 1M to maintain the mutual flux in the 
core. The magnetizing current is in phase with the flux; saturation effects cause the relationship 
between the two to be non-linear, but for simplicity this effect tends to be ignored in most circuit 
equivalents. With a sinusoidal supply, the core flux lags the induced EMF by 90° and this effect can 
be modeled as a magnetizing reactance XM in parallel with the core loss component. Rc and XM are 
sometimes together termed the magnetizing branch of the model. If the secondary winding is made 
open-circuit, the current 10 taken by the magnetizing branch represents the transformer's no-load 
current. The secondary impedance Rs and Xs is frequently moved to the primary side after 
multiplying the components by the impedance scaling factor (Np/NS)2. 

v 
p 

I 
p 

-
N:N 

p S 

E 
s 

Figure 6: Tramformer equivalent circui� with secondary impedances referred to the 
primary side 

The parameters of 
transformer tests: opec -

- ircuit of a transformer can be calculated from the results of two 
t and short circuit test. 
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2.2.1 Scope 

Substation transformers can range from the of a can to the of a small house; 
they can equipped with a array of gauges, bushings, and other types auxiliary 
equipment. basic operating concepts, however, are common to all transformers. An 
understanding basic concepts, along with the application of common sense ... �u .... '"' .. , ... 

practices that apply to other technical fields, will provide basis for a "''''',,,,,nr.oh 

of inspections, maintenance, and testing. These activities will the 
lie and help to the operation both and trouble-free. 

2.2.2 Maintenance and testing 

Heat and contamination are the two greatest to the transformer's operation. Heat will 
break down solid insulation and accelerate chemical reactions that take place when the oil 
is contaminated. All require a cooling method and it is important to ensure that the 
transformer has proper cooling. Proper cooling usually involves cleaning the cooling 
maximizing ventilation, monitoring loads to ensure the transformer is not producing excess 
heat. 

c. 
inevitable 
replaced. 
predict rep'lacement 
damage to the trmafDDeJf 
comparing test 
determined. 

to the transformer, both inside and out. The importance of 
becomes evident service is considered. 
severely limit the cooling abilities of radiators and 

surfaces are susceptible to dirt and build up. 
test The condition should noted 

effort should be to maintain its integrity during all 

kept as pure as possible. Dirt moisture will start 
both and cooling capability. 

the transformer must be opened. Most 
it leaves the It is to 

the degree of 

practices are designed to extend the transformer's 1t IS 

eventually deteriorate to the point that it fails or must be 
this process to quantified and tracked, to help 

test data is valuable for 
has occurred elsewhere in the circuit. By 
test damage to transformer can 
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2.2.3 Safety 

Safety is of primary concern when around a transformer. The substation transformer is 
usually the highest voltage ,in a facility's electrical distribution The higher voltages 
found at the transformer deserve the respect and complete attention of anyone working the 
area. A 13.8 kV system will arc to ground over 2 to 3 in. However, to extinguish that same arc 
will require a separation 1 8  in. Therefore, working around energized conductors is not 
recommended for anyone but the qualified professionaL The best way to ensure safety when 
working around high voltage apparatus is to make absolutely certain that it is de-·en4erglzed. 

a. Although inspections and sampling can usually be performed while the transformer is in 
all other service and functions will require that the transformer is de-energized 

and locked out. This means that a thorough understanding of the transformer's circuit and the 
disconnecting methods should be reviewed before any work is performed. 

b. properly installed transformer will usually have a means for disconnecting both the primary 
and the secondary sides; ensure that they are opened before any work is performed. Both 
disconnects should opened it is possible for generator or induced to back feed 
into the secondary and step up into the primary. After verifying that the circuit is de-energized at 
the source, the area where the work is to be performed should be checked for voltage with a "hot 
stick" or some other voltage indicating device. 

c. It is 
This is 

important to ensure that the circuit stays de-energized until work is completed. 
the work area is not plain view of the Red or 

orange lock-out applied to all and disconnects that will be opened for a 
service procedure. The .;><lVC\,HU be highly visible, as many people as possible should be 
made aware of their prESellCe the work begins. 

d. Some switches are ealUl1Ioea with physical locking devices (a hasp or latch). This is the best 
method for locking out a The person performing the work should keep the key at all 

and should in case other keys exist. 

are grounds should be connected between all 
rldFtu"",,,,,,,, t potential. This means that all conductors, hoses, ladders and 

f. The mC11Ictl'ife c<IDaIHtl;tIeS 
energized unit 
transformer can 

UUJ.-<U"' .... to the tank and that the tank's connection to ground should 
work on the transformer. Static charges can be created by many 
cleaning and filtering. The transformer's inherent ability to step 

create lethal quantities of electricity. 

transformer should also be considered when working on a de­
conductors or devices that are energized. A de-energized 

energized items, and dangerous currents or voltages can be 
induced in the aC11Ia�en.t cn.pv"""",,?,, 

g. Most electrical measurenleflts 
stored, multiplied, 

the application of a potential, and potentials can be 
time if the precautions are not taken. Care 
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should be tests to ensure that no one comes contact with the transformer 
while it is tested. Set up barriers, or appoint safety personnel to secure remote test 
areas. After a test is completed, grounds should left on the tested item for tWice the duration 
of the test, preferably longer. 

h. Once the operation of transformer is understood, especially inherent abil ity to multiply 
voltages and currents, then safety practices can applied and modified for the type of operation 
or test that is performed. It is also that anyone working on 

training in first aid, CPR, and resuscitation. 

2.2.4 Nameplate data 

The transformer nameplate contains most of the important information that wil l  be needed in the 
field. The nameplate should never be removed from the transformer and should always be kept 
clean and legible. Although information can be provided, industry standards that 
the foHowing information be d isplayed on the nameplate of all  power trarlstc)ffil:ers 

a. Serial number: The serial number is required any time the manufacturer must be contacted for 
information or parts. It should be recorded on all transformer inspections and tests. 

b. Class: The class, as discussed in paragraph 4-1 ,  wil l  indicate the transformer's cooling 
requirements and load capability. 

current 
be displayed. For three 
l egs. 

as opposed to the power output, is a true indication of the 
transformer. KV A for the various cooling should 

transformers, the KV A rating is the sum of the power in all three 

d. Voltage 
tap positions. 

The un,,,,,,,,,,, rating should be given for the primary and secondary, and for al l  

is the allowable tenlpe:ratJure change ambient 

is important when the transformer is to be paralleled or 
transformers. 

1-"_<:4'"'" UJ"'Er"''"'U� wil l  be provided for both the p rimary and the secondary 

h. LOlrmeCU()fl UI'"i9'.:uu . 

i. Percent 

Department 

In which the phases will reach peak voltages, 

(rotation) the primary and secondary. 

corme;cncln "J''''Era.u. wil l  the connections of 
necessary for the various tap voltages. 

vanous 

mpred;am;e pl�rclem is the vector sum of the transformer's resistance 
�·�,n" It is the ratio of the voltage required to circulate rated current 
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in the corresponding winding, to the rated voltage of that winding. With the secondary terminals 
shorted, a very small voltage is required on the primary to circulate rated current on the 
secondary. The impedance is defined by the ratio of the applied voltage to the rated voltage of 
the winding. If, with the secondary terminals shorted, 1 38 volts are required on the primary to 
produce rated current flow in the secondary, and if the primary is rated at 13,800 volts, then the 
impedance is 1 percent. The impedance affects the amount of current flowing through the 
transformer during short circuit or fault conditions. 

j. Impulse level: The impulse level is the crest value of the impulse voltage the transformer is 
required to withstand without fai lure. The impulse level is designed to simulate a lightning strike 
or voltage surge condition. The impulse level is a withstand rating for extremely short duration 
surge voltages. Liquid-filled transformers have an inherently higher BIT., rating than dry-type 
transformers of the same KVA rating. 

k. Weight: The weight should be expressed for the various parts and the total. Knowledge of the 
weight is important when moving or untanking the transformer. 

1. Insu lating fluid: The type of insulating fluid is important when additional fluid must be added 
or when unserviceable fluid must be disposed of. Different insulating fluids should never be 
mixed. The number of gallons, both for the main tank, and for the various compartments should 
also be noted. 

m. Instruction reference: This reference will indicate the manufacturer's publication number for 
the transformer instruction manual. 
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3 DETAILS OF INTERNSHIP WORK 

On the first day of our internship, our supervisor discussed about the overall summery of the 
industry. We knew there are two parts of substation. The first one is transformer and the second one 
is switchgear. For making transformer, this company is fully self-independent but switchgear is 
assembled here using many imported equipments. 

3.1 Manufacturing Transformer 

The manufacturing processes of a transformer consist of six different sections. We have visited one 
section per day with a specialist. In every section, we have observed the working principle and 
sometimes got hands on experience. Now we are discussing about these sections. 

3.1.1 Coil Section 

There are two types of coil for high and low tension side of a transformer. Now we will discuss 
about HT coil, LT coil and disk coil. 

HT coil: 
Our supervisor said that Copper wire should be prepared from carbon and dust free sandpaper. Then 
it is made straight, which is free from bend. After that coil is insulated in several layers by DPC 
(double paper coated) paper using HT DPC machine (Figure: 7). A solid cylindrical forma of 

predetermined diameter and length is used. Finally, the coils are made in number of layers by HT 
coil machine (Figure: 8). The starting and finishing leads of each coil are terminated on both sides of 
the coil. In this part we worked practically and got help from workers. 

Department of EI 

Figure 7: DPC Machine 

_ 
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Figure 8: HT coil machine Figure 9: LT coil machine 

LT coi l :  
From our supervisor, we have learned that for making LT coil the copper strip should be prepared 
from carbon and dust free sandpaper. Then it i s  made bend free using LT DPC machine (Figure: 9) 
insulated. Later a wooden cylindrical forma is being used. Finally, the coil is made into several 
layers depending on transformer power. 

Disc coil (For high power transformer) : 
Disk coil is used in transformer when the range of power is above 2000KV A. During our internship, 
we saw the making of disk coil for 2. SMV A transformer. There are three expert diploma engineers 
who make disk coils. They explained, for making disk coi l  only copper strip is used and it is made 
dust free by using sand paper. Using DPC paper it is insulated. A large wooden forma is used to 
make a coil .  Its size is pre calculated from transformer power. Starting and ending points of the coil 
are bended separately. 

3.1.2 Core Section 

The main material of core section is silicon steel sheet which is imported from India. Core is 
imported as a shape ofrill (Figure: 1 0). 

Figure 10:  Rill (silicon steel sheet) 
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Figure 11: Big piece cutting machine Figure 12: SmaU piece cutting machine 

Figure 13 : Corner cutting machine Figure 14: Benoze cutting machine 

Using big piece machine (Figure: 1 1 ), silicon sheet is cut from rill to make big pieces. Then we 
made small pieces from big pieces using small piece machine (Figure : 1 2). Comer is cut of the both 
side of the small piece sheet using comer cut machine (Figure: 1 3). Comer angle is 45 degree and 

we tried to cut 45 degree angle. Make benoze shape using die machine (Figure: 14). Finally 
transformer core is assembl ed manually by silicon sheet (Figure: 1 5 ). Actually in this section, we 
have worked practically. 

Figure 15: Core assembling 
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3.1.3 Tank Section 

In this section we only observed because this section is totally worker biased. The body of 
transformer is made in this section. The raw materials of this section are steel and MS sheet. 
Through the head of tank section we ascertained that at first the Megger test is performed to know 
the ual" of tank. 

__ ------�----��I 

Figure 16: Sharing and cutting machine Figure 17: Spot welding machine 

Then Cutting of IDS sh 
using Hydraulic pressure 
welding machine 
1 8) two radiator shee 

Figure 18:  Sem welding 

fig sharing machine (Figure: 16). After that the workers bend the sheet 
rake if necessary. Power press is used to make the shape. Then Spot 

1 is used to make the two radiator sheet. Using sem welding (Figure: 
ched. Finally, it is set in transformer body. 
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3.1.4 Lathe Section 

For fittings tran sformer needs some equipments such as Nut and bolt, Tie rod, Core bolt, Suspension 
rod, HT and LT rod, Die rod for using machine, HT cap, LT flans, Panja (using in HT panel phase). 
The raw materials of this section are copper brush, aluminum casting, iron and silver. These types of 
equipments are prepared by Lathe and grinding machine (Figure: 19). This section is also workers 
biased. 

Figure 19: Lathe machine 

3.1.5 Paint Section 

The raw materials of this section are N.F chemical (for disgracing) (250mg N.F +2000 liter water), 
Astotic (3 kg +2000 liter water), Phosphate, Siemens gray, Liquid color, Powder color and Red oxide 
(putting). We knew from the main painter that there are some precautions l ike Hand gloves, mask, 
Apron . 

Figure 20: Paint section Figure 2 1 :  Powder painting box 
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Then we observed the whole working steps of painting section (Figure: 20). At first, oil is 
removed from a box using N.F chemical. Then the cleaning of box is done normally by 
chipping/grinding, and washing using water. The outside surface of the tank is short blasted to 
achieve a very fine and smooth finish.  After cleaning the tanks, a coat of hot oil resistance paint 
is applied on the internal surface of the tank. The outside surface is painted with a coat of Red 
Oxide primer and subsequently with one coat of enamel paint as per customer's requirement. 
Using phosphate chemical to give a gray color. For removing phosphate bad smell phosbon is 
used. Then box is inserted in the heat chamber. Finally spray with Siemens gray in powder 
painting box (Figure: 2 1 )  again is inserted in the heat chamber and heating with 220 0 C 
temperature for fifteen minutes. 

3.1.6 Nickel Section 

In nickel section, we have worked practically and the steps are done by us. At first, oil  is removed 
from box using N.F chemical. The cleaning of box is done normally by chipping/grinding. And then 
it is sinked in strophic acid and then it is washed in water. Galvanizing process (Figure: 22) was 
done. Then seven color (Figure: 23) is used to color the material. After that it is inserted in nitric 
acid. Finally washing it by using fresh water and then dry it by gun heater which is shown in (Figure: 
24) 

Figure 22: Galvanizing process 

Figure 23: After seven color 
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Figure 24: Seven color & water 

3.1.7 Assembly Section 

This is last section of transformer manufacturing. Here, we passed two days to learn the details about 
this section. This section is much important for fabrication of transformer. In this section, supervisor 
and other engineers helped us. 

--....,....--.. 

Figure 25: centrifugal machine 

The working steps of this section which we observed that the components produced in the coil 
winding and core assemb stages are then taken into core-coil assembly stage. The core assembly is 
vertical ly placed with e foot plate touching the ground. Then the top repression of the core is  
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removed. The limbs of the core are tightly wrapped with cotton tape and then varnished. Cylinder 
made of insulating press board/ pressphan paper is wrapped on all the three limbs. Low Voltage Coil 
is placed on the insulated core limbs. Insulating block of specified thickness and number are placed 
both at the top and bottom of the L.v. Coil. Cylinder made out of corrugated paper or plain cylinder 
with oil ducts are provided over L.v. Coil. HY. Coils are placed over the cylinder. Gap between 
each section of H V. Coils including top & bottom clearances is maintained with the help of oil 
ducts, as per the design/drawings. The Top Yoke is refilled. Top core frame including core bolts and 
tie rods are fixed in position. Primary and secondary windings (Figure : 26) are connected as per the 
requirements. Phase barrier between H V. phases are placed as per requirement. Connections to the 
tape changer (Figure: 27) are made (2.5 percent plus and minus). By using centrifugal machine 
(Figure: 25) to oil warm up and moisture finally, the component is placed in the heating chamber. 
Then megger tested and tank up it. Fill the tank with moisture free oil and intake it. Transformer is 
given to test section. 

Figure 26: Delta connection 

Figure 27: Tap changer 
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1 and accessories as customer's specification and drawing are checked. 
2 test is subjected to avoid any leakage and on all 
3 Transformers are with oil up to the minimum level necessary. 
4 Loose accessories earthing bimetallic connectors; dial type thermometers 

are also checked for proper fittings. 

3.2 QUALITY ASSURANCE DURING MANUFACTURING 

Sourcing: 
ra w materials required 

of Powermann's suppliers are 
manufacturing of transformer from reputed only. Most 

is done on aU of the raw materials 
during before MRR in their factory. metal are checked on receiving stage for 
dimensions, tensile and .... n • .L .... H... KAWASAKI, IDMANN, 
ORIENT AL is major brand of sourcing. 

Magnetic Core: 

The core is built with laminations of high grain- silicon The special cutting and 
stacking methods result Imv no-load losses and noise levels. The stacked core is reinforced with 
bandages or with studs, with a layer of glue (which contributes to the low noise and 
fmally with a of point (to protect against corrosion). 

Winding: 

Circular 
transformers. 
caucuses 
individually u,n' " >"1rt 

high 
HT wUltOmg. 

Insulation: 
Insulation 

.... u,"" ......... type windings are for relatively large or type of 
the winding allow the liquid insulation for cooling. It 

dissipation to losses. round conductor windings consist of 
connected in series to produce winding. Powermann uses 

winding and export quality super from Gazi 

insulation board or resin mould, is 
in primary windings. 

are for 
11J�1;!1'U.IVH paper is very minimum. The 
insulation structure and finally a 
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Service Condition: 
Altitude: Up to l OOOm above sea level ambient air temperatures up to 4S°C. 

Limits of Temperature Rise: 

Above and ambient 40°C for the windings not exceeding 60°C for the top oil. 

Transformer Oil: 
rarlst()mler oil is procured reputed On of o i l  i t  is tested from resistivity, 

dielectric dissipation Delta), flash point, pour point, breaks down and 
tenlSlCln as BIS & Powermann has got complete in house testing facilities for 

conductance of these tests . Transformer oi l  after filling in transformer is again tested for these tests 
as per BIS 
DT and coils: 

and LT coils are checked for inner diameter, outer diameter, axial n umber of turns and 
resistance. Completed core coil assembly is checked clearances, ratio and resistance. 

Core Assembly: 
Completed core assembly is checked for dimensions, air gapes and weight. Random ''''''''''-'L.M is  done 
for no load loss by putting coil only. 

Core Coil Assembly: 
Completed core 

Bushing: 
voltage and low 

Bangladesh or imported 
Both and 

Cable Sealin.g Box : 

Both and LV U ",,'.I.llJJ'e. 

with BS 

Tanks &: Radiators: 
Radiator 
seam, 

_�� ..... �,� for clearance and .. ",,,,,,,,h.n 

bushing are of wet porcelain manufactured by 
reputed manufacturer with terminals suitable copper conductors. 
LLLU .... .... ,.... with bare bushing. All the bushing is top mounted, but side 

cable sealing boxes, manufactured in accordance 
distribution transformer bushings are kept top mounted without 

15 the best equipped one in the country with proper machines, 
Pressed are tested for and 1,-",,"'<>-£,,""'" 

nPfinfTnl'·t1 to check the leakage. After the welding process all  the are 

Tanking: 
Core coil assembly 
in tank and 

Painting: 

)epartment 

to remove al l  traces welding and other impurities. 
and l eakage tests. 

is checked desired insulation levels. Tested assembly is boxed up 
are checked. 
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Tank is painted by a zinc riches primer coat and two finishing coats as required by the customer. 
Powder coated radiator is also available on request. 

Accessories: 
H.V bush ing with tenninal connectors, LV Bushing with tenninal connectors, Tap chargers, 
Conservator tank (only for the conservator type), Lifting-Lug, Thennometer (for three phase 
transformer) si lica gel breather for the conservator type, pressed steel radiator, name plate with 
connection diagram, oil  level indictor, oil  drain plug, earthing tenninal, Buchholz relay, gate valve. 

Routine test: 
Powennann test laboratory is approved by BST!, Electrical lisencing authority of energy ministry 
and BUET. Al l  test instruments are kept calibrated. Though all tests and checks are done during the 
production process and completed transformer following routine tests are conducted. Every types of 
test had observed practically by us. 

I. Insulation Resistance test 

II. Induces over voltage test 

Ill. Separate source vol tage withstand test 

1 .  HV High vo ltage test 

2. LV High voltage test 

IV. Tum ratio test polarity and phase relationship test 

V. HV and LV resistance test 

VI No load current and no load loss measurement test 

Vll. Load losses test at rated current and frequency 

VIll. Percentage impedance 

IX Core insulation test 

X Insulation oil test 

XI. Function of tape changer test 

3.3 Switchgear 

Powennann Bangladesh Limited has long history in improving and updating the engineering in 
switchgear technology. The s\\1tchgear division of the company is itself a complete unit with 
knowledge, experi ence, :i.:" .Is as well as machineries, machining faci lities and test equipment. Their 
fabrication unit is Q 0 e equipped plant with power shearing mach ine, modem hydraulic and 
power operated Bus bar bending, Punch ing & Cutting machines, hydraulic  and power operated sheet 
bending machines, sem dding, mig welding, tig welding with all  kind of tooling faci lities. 
Powennann fabricated els and boxes are most modem in facilities and uses. Powermann made 
EUROBOX is one of .f'  �t  distribution boxes which are equivalent to any imported quality 
distribution boards. 
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�.3.1 Quality 

�C of division is bringing and adding values to their 
)roducts. 5 S  (SEIRl, SEITON, ... :U ... dl'-''V is fully implemented as the 

declared that Powennann factory is a 
,",, ,,",Hi.> of Powennann get guaranty 

... r..w'vu ..... ISO 9001 :2000 is fully practiced to 

1 8  months warranty which 

5.3.2 General standards 

1 .  DIN 400501IEC-PubL529 lP40 
2. Dimension: DIN 4 1 5488 Sheet 2 
3 .  Routing 60056 

period is 1 8  months. 
product of country. 

4. Routing Test along with the lEC 60298 
5 .  Indoor / Outdoor Compartment: 60298 
6. Clearance of Air and skate module Distance: DIN VDE 0660, part 

500(ITA) And Pubi.439- 1 ,  DIN VDE 0 1 60, part 1 00 .  
7. Power Capacitor(Insulating Gas filled): 70 

\pproved by 
1 .  PWD, BUET, MATS, 
2. Chief Electrical inspector, BPDB, 
3 DESCO, REB 

::ertification 
ISO 9001 :2000(Intemational Organization for Standardization) 

3.3.3 Switchgear Products 

We have just observed the switchgear panel. In his panel, all the equipments are imported from 
outside. importing equipments, these are assembled in this panel. So products of 

w-"r��' panel are: 
L HT switchgear 
2 .  
3 .  PFI 
4. Control 
5. ATS 
6. 
7. 
8.  
9.  
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3.3.4.1 Painting 

This section is same as transfonner's painting section. All the panels of HT switch gear, LT switch 
gear, PFI plant and Distribution board are powder coated. Powennann also have High Quality 
Electroplating Plant for nickeling and seven colors. 

3.3.4.2 Machines (Bend mJc) 

Figure 28: Bending machine 

A latest modem Hydraulic Press machine (Figure: 28) is used for bending, cutting and holing bus 
bar parallels according to measurement. We have practical experience with this machine. 

3.3.5 Main feature of Panel 

The main feature oftms panel is mainly assembled. 

3.3.5.1 Construction 

1 .  Metal frame: MS Sheet. 

2 .  Paint: Powder coating (siemens gray) at high temperature 

3 .  Bus bar: Required rating hard drawn copper bus bar 

4. Cable : BRB or Eastern NYY Cable, 6001l 000Volts (Black) 
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Specification: Plain annealed copper conductor, PVC insulated and PVC Sheathed Single 
cable. Suitable use for indoors, outdoors, underground and water for continuous permissible 
service voltage of 72011 200V. 

J.3.5.2 Testing 

Test Before Assembly Test After Assembly 
1 .  Circuit Breaker 1 .  Wiring test 
2 .  CT Test 2. Performance test 
3 .  Ammeter performance 3 .  Continuity test 
4. Volt meter performance 4. Insulation Resistance test 
5 .  Insulator 5 .  Final Check up 

Table 1 :  For LT Switchgear 

Test Before Assembly Test Mter Assembly 
1 .  VCBILBSfSF6/MOCB 1 .  Wiring test 
2 . CT Test 2. Overall Performance 

test 
3 .  P T  Test 3 .  Continuity test 
4. IDMT Relay Test 4. Insulation Resistance 

test 
5 .  Ammeter Test 5. Final Check up 
6 .  Volt meter Test 

1 7 . Insulator Test 

Table 2: For HT Switchgear 

Test Before Assembly Test After Assembly 
1 .  Capacitor 1 .  Wiring test 
2. Magnetic Contactor 2. Overall Performance test 
3 .  Reactive Power 3 .  Continuity test 

Controller(Relay) 
4. Fuse 4. Insulation Resistance test 
5 .  Insulator Test 5 .  Final Check up 

Table 3: For Power Factor Improvement (PFI) Plant 

!lrtment of Electrical and Electronic Engineering, East West University 37 



Undergraduate Internship 

AJI testing are examined in factory testing lab which is directly monitored by quality controller and 
we have done this test practically. 

J.3.S.3 LT switchgear 

In this section we have only observed the connection given by the experts (Figure: 29). 

Figure 29: L T panel 

Basic function 
� Controlling or Switching 
� Protection (Over Load, Short circuit, or any Electrical Fault) 
� Status reading (current, voltage, frequency) 
� Power distribution 

::onnection 
:onductor entry from top and bottom: 

Type Standard 
Rated operating Voltage(Y) up to 660V,50-Hz 
Rated Current(A) up to 7200A 

Table 4: Technical specification Electrical 

Components Standard 
circuit breakers up to 6300A 
DOL Contactor starters up to 400 A 
A Contactor type reversers up to 400A 
Contactor type star-delta starters up to 700A 

Table 5: Rated current of components 

::partment of Electrical and Electronic EnQineerinQ. East West Universitv 
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SL no. Equipment 
1 .  ACB 
2. ACB 
3 .  MCCB/ MCB 
4. MCCB/ MCB 
5 .  MCCB/ MCB 
6.  MCCB/ MCB 
7. CT 
8.  Arnmeter( Analog) 
9. Voltmeter(Analog) 
1 0. Arnmeter(Digital) 
1 1 . Voltmeter(Digital) 
1 2. Digital multi functional meter 

1 3 .  Copper Bus bar 

Brand 
ABB 
Merlin Gerin 
ABB 
Merlin Gerin 
Hausmann 
Siemens 
Rise sun 
Rise sun 
Rise sun 
Inter 
Inter 
Rish master 

. . . . . . - . . . . . . . . .  

Country of origin 
Italy 
France 
Italy 
Merlin Gerin 
Germany 
Germany 
. . . 

. . . . . ... 

. . . . . . . . . .  

Turkey 
Turkey 
India 

. . . . . . . . . . 

Table 6: Equipment Standard 

Note: Powerrnann provides Lt Switchgear according to client's choice and mainly brand equipment. 

3.3.5.4 HT switchgear 

Figure 30: HT panel Figure 3 1 :  Potential transformer 

The VCB, MOCB, LBS, SF6 circuit breaker and the switchboards are of optimized design for 
Bangladeshi supply condition and ambient. Th e breaker and switchboard is of compact design, 
sturdy construction and simple in operation with a proven motorized spring operated mechanism. 
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This design ensures ease of operation, low cost maintenance and higher longevity. Powerrnann are 
11so using very high quality ring main unit (RMU) suitable for highly populated city like Dhaka for 
multiple feeders in incoming and outgoing. 

Powermann HT Panels (Figure: 30) are equipped with Built-in mechanical interlocks for safety and 
the breaker compartment is so designed, that it ensures the inter changeability with the identical 
circuit breakers . The cubical design of 1 2KV, 25KV, and 1 250A is also compatible with their SF6 
and Minimum Oil Circuit Breakers (MOCB). The panels are fully compartmental ized and extensible 
on both sides, consisting of bus bar chamber with adequate air clearances, PT compartment (Figure: 
3 1 ), CT (Figure: 32) and cable termination compartment, breaker compartment and metering 
chamber. 

Figure 32: CT (Current transformer) 

fhe purpose of HT Switchgear 
:ngh Tension Switchgear comprises the units designed for rated voltage of 1 2KV, 33KV current 
'ange 400A to 1 250A Switchgear insulation designed to withstand rated voltage is also subjected to 
wer voltage due to lightning and breaker operation transients. 

rype of HT Switchgear 

4'IXED TYPE 
TCBILBS/SF6 breaker is suitable for use in cubicle switchgear units. Such breaker is fixed to a 
witchgear or floor by bolting its base with it. If requested, fixed mounting SF6 BreakerNCBILBS's 
lay be provided with wheels which will make its movement easier. 
:onnections between the breaker and incoming as well as outgoing bus bars are made directly and 
ept fixed. 

IRA W-OUT TYPE 
'CB/SF6 breaker is mounted on a cradle. The complete unit may be provided with a shutter of front 
:>ver. This SF6 Breaker .NCB along with the cradle can be easily installed inside a switchgear 
)mpartment without any need of mechanical adjustment. 
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Technical s ecification 
Specification ofHT 

VCB VCB SF6 SF6 
Switch ear 

PNNI O  PNN20 PNN30 PNN3 1 

Rated voltage 1 2KV 1 2 KV 1 2 KV 3 3 KV 

Rated Current 630A- 1 250A 630A 1 250A 

Short Time Current 20 KA 1 8. 1  KA 20 KA 
for 3 sec. 

Impulse Level 75 KV 50 KV 75 KV 

Current 50 KA 50 KA 

SL no. Emdnment Brand Country of Origin 
I 

. 1 . 

t 

7. 
8.  

9. 

... '''.I ... nrn,.T1Tl always 

LBS F&G 
VCB ABB 
VCB Merlm Gerin 
CT SIemens 
PT S Iemens 
IDMT Relay Omron 
IDMT Relay GEPA 
Ammeter Rise sun 
Voltmeter Rise sun 

Table 8: Equipment Standard 

client's priority about their brand choice . 

Power Factor Improvement (PFI) Plant 

In this Sec1C1on 

33) :  
1 .  
2. 
3.  

5. 

only observed the connection 
LUVU""ll the supervisor, we 

Department of Electrical and Electronic .tngmee:nng East West University 

Germany 

Italyl Germany 
Merlin Gerin 
Germany 
Germany 
Japan 
Turkey 

4 1  

no practical 
(Figure: 
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Figure 33 : PFI (power factor improver) 

Reactive Power 
We know that reactive loads such as inductors and capacitors dissipate zero power, yet the fact that 
they drop voltage and draw current gives the deceptive impression that they actually do dissipate 
power. This "phantom power" is cal led reactive power, and it is measured in a unit called Volt­
Amps-Reactive (V AR), rather than watts . 

Essential of reactive power 
Motors, transformers and other inductive loads require reactive power. Transmitting/distributing the 
reactive power from the power station to the loads is uneconomical. It impose undue burden on 
generators and transmission! distribution system, causes additional losses, increases, voltage drop 
and the overal l power requirement of the plant. 
Economic and technical reasons thus make it expedient to rel ieve the generators, 
transmission/distribution system and able of reactive power. The automatically controlled capacitors 
i.e. Powermann power factor improvement (PFI) plant is well suited for this purpose. 

SL no. Equi�ment Brand Country of Ori2in 
L .  Capacitor Fraco Germany 
�. Capacitor Siemens Germany 
L Magnetic Contactor Togami Japan 
L Reactive Power Control ler Inter Turkey 

(Relay) 
; Reactive Power Control ler Beluk Germany 

_(Relayl 

Table 9: Equipment Standard of PFI 
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Type of PFI Plant 
1 Automatic 
2. Manual 
3 .  Auto-manual 

Basic function 
);> Factor Improve 

3.3.5.6 Overall panel Dimension 

3.3.5.7 Safety 

Table 10: Panel dimension 

Proper Earth (Grounding). Bus bar is in standard secured position internal power protection 
19ainst electrical, mechanical and thermal stress. 
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4 PROBLEMS AND RECO:MMENDATIONS 

Coil section: 
Insulation : 

1 .  Super enamel: Super enamel is insulated by the manufacturing company, so there is a 
possibil ity to break down the insulation system due to transportation, long storage or friction. 

2. Manual : Copper strip and bear copper are insulated by DPC paper by DPC machine. The 
possibility of break down the insulation system of DPC is less than the super enamel. 
Although insulation system can be broken down due to technical problem or making coi l .  

Core section: 
Due to lack of sharpness ' babry' is occurred, if the core is assembled with babry then air gap 
increases, for that reason transformer creates noisy sound. 

Tank section: 
Tank must be heavily constructed otherwise it cannot bear the load. Due to inaccuracy of welding, 
leakage can be occurred, so we need to maintain full accuracy. 

Paint section: 
If the ratio between chemical and water is incorrect, then transformer body is affected by red-oxide. 
So the ratio must be maintained. 

Nickel section: 
The material of anode (Zn) must be pure; otherwise the metal which is used in cathode is affected by 
red-oxide. The ratio between water and H2S04 is carefully maintained. 

Lathe: 
Measurement of every bolt, tie rod, panja, and suspension rod must be accurate otherwise fitting 
problem v.il l  be created. 

Heat problem: 
The major problem of transformer is heat, if we can able to minimize the heat then efficiency 
become high. \Vhen current flows through the transformer then the heat arises and resistance 
i ncreases. To solve that we used oil in the transformer and we have to be careful so that transformer 
oil can circulate properly. Oil is used to coo] down the transformer. Radiator is used to cool down 
transformer by the help of air. 
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5 

In this report we have mainly focused on manufacturing of substation equ ipments . are 
two of substation one is transformer which is totally manufactured and another one 1S 

switchgear which is only assembled in the we to gather practical knowledge 
about transformer and switchgear we have learned from theory. We have learned approximately 
all about transformer and switchgear. We have tried to write al l  about in this report .thanks an of our 
honorable teacher and Powermann management employee and worker who helped us to 
complete our internship successfully. 

6 

[1 ]. Powermann office manual 

http ://www.powermannbd. net/aboutus. html 
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