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How to use this Book

Overview

This book was written by an easy manner that you can study it in an easy way, by following the steps in this book and implement the practical exercises that enable you to understand the contents, this Book consists of:


		Principal Information: 



Includes details on the basic concepts which are explained in a scientific way.


		Practical Exercises:



 Which helps to gain practical skills and remember basic information.


		Reading the Technical Documentation: 



Help you on how to read the technical drawings used.


		Action Plan: 



Help you to apply what you have learned gradually.


		Prevent Accidents and Damages:



 Help to take into consideration health and occupational safety measures and the protection of non-exposure to hazards.

 

 

 

 

 

 

General Objectives

After completion of this book, the Student would be able of recognize:


	1- Understanding the concept of Energy Transmission and the importance that in many applications

	2- Knowing how to classify Transformers and knowing types of each kind or class 

	3- Knowing the variety types of Transformers used in the industry and applications and know the main differences between them

	4- Knowing Transformer action, Principle of operation, Transformer Construction, Cooling systems, Insulating, Efficiencies, Losses, Tabs, Connection, Protection…etc. for Transformers 

	5- Knowing the problems and how to perform inspection, measuring, repairing and maintenance for transformers 

	6- Knowing Gaskets in sealing systems and its importance 

	7- Knowing Transformer Oil Functions and how to analyze it 

	8- Knowing test methods related to Transformer Oil 



 

 


Health and Occupational Safety Information

A person must not enter an electrical station unless authorized, or is accompanied by an authorized person and has been specifically instructed by an authorized person to enter the area and has been clearly instructed, on the site, as to the limits of the area that may be entered, the dangers existing and the precautions that must be observed.


		Pay attention and caution during the work.

		Wear personal safety equipment during work, to maintain the public health.

		The necessity of using and preparing equipment and suitable tools correctly.



Recommended Control Measure 


		Hazards of working in high current area should be identified and risk assessments should be conducted.

		Appropriate safety measure and safety control should be done before maintenance work can be done.

		All electrical current in the working area should be switched off and isolated before maintenance work could be done.

		Only trained and competent workers are allowed to carry out maintenance work in high current operation. 



Fire Protection Systems 

When persons are carrying out in electrical stations with fixed fire protection systems, suitable control measures must be taken to ensure the safety of personnel and equipment. Precautions may include the isolation, or the making “non-auto” of fire detection and extinguishing systems.

Persons should also check for existence of remote fire control gas injection systems (such as bulk injection carbon dioxide) to ensure that operation cannot occur during occupancy 

On exiting an electrical station, fire detection and extinguishing systems made “Non-auto” prior to work commencing, must be reset for ‘auto’ operation

Operating work 

Operating work within electrical stations must only be carried out by authorized persons, using approved equipment and rated for the voltages and service conditions applicable within the station.

Protective devices or interlock systems must not be interfered, bypassed or made inoperative except by authorized persons.

Equipment prepared for work which is capable of storing some form of energy, such as circuit breaker operating mechanism, must be fully discharged or otherwise disabled in a manner approved prior to work commencing unless otherwise requested by the work party. 

When operating disconnectors and earth switches an insulating glove shall by worn on each hand 

Emergency procedures 

Authorized persons entering an electrical station must make themselves aware of any emergency procedures that are relevant to the task being performed 

Signs detailing emergency procedures and other relevant information that are displayed in electrical station must be followed.

 

 

 

 


Who Will Benefit

Our Transformers Book is designed for high level engineers who are concerned with Operating, Controlling, and Maintenance of Transformers, realizing basic concepts of Transformers, main principles, and enhancing methods of high productivity for Electrical equipment’s and machines. 

Engineers, who will benefit include Electrical Maintenance personnel and individuals in support industries associated with Electrical equipment’s and machines process technology and control related to Transformers

 

 


Book Description

Topics to be covered included:


		Introduction to Transformers; Energy Transmission, Transformer action concepts, and their applications 

		Transformers kinds and classifications

		Transformers characteristics 

		Practical experience in dealing with Transformers as Structure, Installation, Protection, and Measuring

		Improvement the Transformers performance by Inspection, Maintenances execution, and problems solving and analyses 

		Practical experience in dealing with sealing systems

		Practical experience in dealing with Transformers Oils; Functions, analyses, and test methods 



 

 

 

 

 

 

 

 

 

1. Introduction

In almost every place where people live and work you will find at least one transformer. But as long as it keeps working and supplying power to the escalator in the department store, the hotel lift, the office computer, the oven in the local bakery, the farm machinery or the petrochemical plant nobody gives it a second thought.

However, transformers are one of the most important units in every production process. Without them the core activities of nearly every business and factory would come to a standstill – with serious financial consequences.

After more than 100 years in the development and manufacture of transformers ABB Distribution

Transformers are well aware of this dependence. This is why we never compromise on the performance, security or reliability of our products, nor on design, materials, manufacturing methods, environmental protection or recycling.

All over the world, in underground railways, in amusement parks and in every kind of factory you will find transformers at work.

Transmission of energy is generally divided in two parts; first is transmission over long distances at high voltages, which is supported by Power Transformers.

The second part is distribution of the energy from substations to the various users; this is supported by Distribution Transformers in various hierarchies.
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Distribution transformers, liquid filled have primary voltages up to 72.5 kV and dry-type transformers with open or encapsulated windings for primary voltages up to 52 kV.
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2. Introduction to Transformers

A transformer has no internal moving parts, and it transfers energy from one circuit to another by electromagnetic induction.

External cooling may include heat exchangers, radiators, fans, and oil pumps.

Radiators and fans are evident in figure 1. The large horizontal tank at the top is a conservator.

Transformers are typically used because a change in voltage is needed.

Power transformers are defined as transformers rated 500 kVA and larger.

Larger transformers are oil-filled for insulation and cooling; a transformer may contain several thousand gallons of oil. One must always be aware of the possibility of spills, leaks, fires, and environmental risks this oil poses.

Transformers smaller than 500 kVA are generally called distribution transformers.

Pole-top and small, pad-mounted transformers that serve residences and small businesses are typically distribution transformers. Generator step-up transformers receive electrical energy at generator voltage and increase it to a higher voltage for transmission lines. Conversely, a step-down transformer receives energy at a higher voltage and delivers it at a lower voltage for distribution to various loads.

All electrical devices using coils (in this case, transformers) are constant wattage devices. This means voltage multiplied by current must remain constant; therefore, when voltage is “stepped-up,” the current is “stepped-down” (and vice versa). Transformers transfer other. This makes it possible to use very high (stepped-up) voltages for transmission lines, resulting in a lower (stepped-down) current.

Higher voltage and lower current reduce the required size and cost of transmission lines and reduce transmission losses as well.

Transformers have made possible economic delivery of electric power over long distances.

Transformers do not require as much attention as most other equipment; however, the care and maintenance they do require is absolutely critical. Because of their reliability, maintenance is sometimes ignored, causing reduced service life and, at times, outright failure.

[image: Image]

Figure 1 – Typical GSU (Generator step-up transformers) Three-Phase Transformer

2.1 Principle of Operation

Transformer function is based on the principle that electrical energy is transferred efficiently by magnetic induction from one circuit to another. When one winding of a transformer is energized from an alternating current (AC) source, an alternating magnetic field is established in the transformer core. Alternating magnetic lines of force, called “flux,” circulate through the core. With a second winding around the same core, a voltage is induced by the alternating flux lines.

A circuit, connected to the terminals of the second winding, results in current flow.

Each phase of a transformer is composed of two separate coil windings wound on a common core. The low-voltage winding is placed nearest the core; the high-voltage winding is then placed around both the low voltage winding and core. See figure 2 which shows internal construction of one phase. The core is typically made from very thin steel laminations, each coated with insulation. By insulating between individual laminations, losses are reduced. The steel core provides a low resistance path for magnetic flux. Both high- and low-voltage windings are insulated from the core and from each other, and leads are brought out through insulating bushings. A three-phase transformer typically has a core



2.2 Transformer Action

























2.3 Transformer Voltage and Current




































2.4 The Magnetic Circuit
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2.6 Copper Losses


2.7 Transformer Rating




2.8 Percent Impedance












2.9 Internal Forces





2.10 Autotransformers










2.11 Instrument Transformers






2.12 Potential Transformers



















2.13 Current Transformers































2.14 Transformer Taps







2.15 Transformer Bushings




2.16 Transformer Polarity











2.17 Single-Phase Transformer Connections for Typical Service to Buildings






2.18 Parallel Operation of Single-Phase Transformers for Additional Capacity



		Any combination of positive and negative polarity transformers can be used. However, in all cases, numerical notations must be followed on both primary and secondary connections. That is H1 connected to H1, H2 connected to H2, and X1 connected to X1, X2 connected to X2, X3 connected to X3. Note that each subscript number on a transformer must be connected to the same subscript number on the other transformer as shown in figure 16.












		Tap settings must be identical.

		Voltage ratings must be identical; this, of course, makes the turns ratios also identical.

		The percent impedance of one transformer must be between 92½% and 107½% of the other. Otherwise, circulating currents between the two transformers would be excessive.







2.19 Three-Phase Transformer Connections


2.20 Wye and Delta Connections














2.21 Three-Phase Connections Using Single-Phase Transformers















2.22 Paralleling Three-Phase Transformers




















		
				
		

		
				
				
		

		
				
				
				
				
		

		
				
				
				
				
				
		

		
				
				
				
				
				
		

		
				
				
				
				
				
		

		
				
				
				
				
				
		

		
				
				
				
				
				
		

		
				
				
				
				
				
		

		
				
				
				
				
				
		

		
				
				
				
				
				
		

	









		
				
		

		
				
				
		

		
				
				
				
				
		

		
				
				
				
				
				
		

		
				
				
				
				
				
		

		
				
				
				
				
				
		

		
				
				
				
				
				
		

	






		Primary and secondary neutrals can be connected together and grounded by one common grounding conductor.

		Primary and secondary neutrals can be grounded individually using two grounding conductors.

		The neutral of the primary can be connected back to the neutral of the sending transformer by using the transmission line neutral.








2.23 Methods of Cooling






2.24 Oil-Filled – Self-Cooled Transformers
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