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Overview of  Electrical Machinery

Abstract

                     The world abounds in umpteen forms of energies. From time immemorial human beings have been striving hard in harnessing these energy for improving their living standards. In the energy hierarchy, electrical energy holds the top rank. Because electrical energy is easily adaptable for all human needs and interests, it is a economic and efficient manner at the same time electrical energy can be easily controlled and  also pollution free at the consumers premises .electrical energy consumption in any country is an index of the  living standards of the people in that country. The increasing use of electrical energy in different fields of daily life has been primarily due to the availability of the electrical machinery for the purpose of generation and utilization .here a brief overview of different aspects of electrical machinery is presented 

Electrical machinery can be classified into dc machines and ac machines. Now we will discuss about dc generators and dc motors and transformers 

          D.C generator is a machine which converts mechanical energy into electrical energy. Which are widely used in our life i.e. in hospitals, power stations, charging of batteries and used in power off situations.                                            

           D.C motor is a machine which converts electrical energy into mechanical energy. Which are used in traction, electric locomotives, conveyors and cranes.

            Electrical transformer is a static device that transfers electrical energy from one circuit to another circuit through a magnetic media without change in frequency. Transformers are used in communication systems; input T/F to microphones & electronic amplifiers, radio & television circuits.  

D.C GENERATOR

A generator is a machine that converts mechanical energy into electrical energy by using the principle of magnetic induction. This principle is explained as follows: 

Whenever a conductor is moved within a magnetic field in such a way that the conductor cuts across magnetic lines of flux, voltage is generated in the conductor. 

The AMOUNT of voltage generated depends on (1) the strength of the magnetic field, (2) the angle at which the conductor cuts the magnetic field, (3) the speed at which the conductor is moved, and (4) the length of the conductor within the magnetic field. 

The POLARITY of the voltage depends on the direction of the magnetic lines of flux and the direction of movement of the conductor. To determine the direction of current in a given situation, the LEFT-HAND RULE FOR GENERATORS is used. This rule is explained in the following manner. 

Extend the thumb, forefinger, and middle finger of your left hand at right angles to one another, as shown in below figure..

Point your thumb in the direction the conductor is being moved. Point your forefinger in the direction of magnetic flux (from north to south). Your middle finger will then point in the direction of current flow in an external circuit to which the voltage is applied. 

 Left-hand rule for generators. 
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THE ELEMENTARY GENERATOR 

The simplest elementary generator that can be built is an ac generator. Basic generating principles are most easily explained through the use of the elementary ac generator. For this reason, the ac generator will be discussed first. The dc generator will be discussed later. 

An elementary generator consists of a wire loop placed so that it can be rotated in a stationary magnetic field. This will produce an induced emf in the loop. Sliding contacts (brushes) connect the loop to an external circuit load in order to pick up or use the induced emf. The elementary generator 
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The pole pieces (marked N and S) provide the magnetic field. The pole pieces are shaped and positioned as shown to concentrate the magnetic field as close as possible to the wire loop. The loop of wire that rotates through the field is called the ARMATURE. The ends of the armature loop are connected to rings called SLIP RINGS. They rotate with the armature. The brushes, usually made of carbon, with wires attached to them, ride against the rings. The generated voltage appears across these brushes. 

The elementary generator produces a voltage in the following manner (fig. 1-3). The armature loop is rotated in a clockwise direction. The initial or starting point is shown at position A. (This will be considered the zero-degree position.) At 0° the armature loop is perpendicular to the magnetic field. The black and white conductors of the loop are moving parallel to the field. The instant the conductors are moving parallel to the magnetic field, they do not cut any lines of flux. Therefore, no emf is induced in the conductors, and the meter at position A indicates zero. This position is called the NEUTRAL PLANE. As the armature loop rotates from position A (0°) to position B (90°), the conductors cut through more and more lines of flux, at a continually increasing angle. At 90° they are cutting through a maximum number of lines of flux and at maximum angle. The result is that between 0° and 90°, the induced emf in the conductors builds up from zero to a maximum value. Observe that from 0° to 90°, the black conductor cuts DOWN through the field. At the same time the white conductor cuts UP through the field. The induced emfs in the conductors are series-adding. This means the resultant voltage across the brushes (the terminal voltage) is the sum of the two induced voltages. The meter at position B reads maximum value. As the armature loop continues rotating from 90° (position B) to 180° (position C), the conductors which were cutting through a maximum number of lines of flux at position B now cut through fewer lines. They are again moving parallel to the magnetic field at position C. They no longer cut through any lines of flux. As the armature rotates from 90° to 180°, the induced voltage will decrease to zero in the same manner that it increased during the rotation from 0° to 90°. The meter again reads zero. From 0° to 180° the conductors of the armature loop have been moving in the same direction through the magnetic field. Therefore, the polarity of the induced voltage has remained the same. This is shown by points A through C on the graph. As the loop rotates beyond 180° (position C), through 270° (position D), and back to the initial or starting point (position A), the direction of the cutting action of the conductors through the magnetic field reverses. Now the black conductor cuts UP through the field while the white conductor cuts DOWN through the field. As a result, the polarity of the induced voltage reverses. Following the sequence shown by graph points C, D, and back to A, the voltage will be in the direction opposite to that shown from points A, B, and C. The terminal voltage will be the same as it was from A to C except that the polarity is reversed (as shown by the meter deflection at position D). The voltage output waveform for the complete revolution of the loop is shown on the graph in below figure
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THE ELEMENTARY DC GENERATOR 

A single-loop generator with each terminal connected to a segment of a two-segment metal ring is shown in figure 1-4. The two segments of the split metal ring are insulated from each other. This forms a simple COMMUTATOR. The commutator in a dc generator replaces the slip rings of the ac generator. This is the main difference in their construction. The commutator mechanically reverses the armature loop connections to the external circuit. This occurs at the same instant that the polarity of the voltage in the armature loop reverses. Through this process the commutator changes the generated ac voltage to a pulsating dc voltage as shown in the graph below figure. This action is known as commutation. 
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This will help you in following the step-by-step description of the operation of a dc generator. When the armature loop rotates clockwise from position A to position B, a voltage is induced in the armature loop which causes a current in a direction that deflects the meter to the right. Current flows through loop, out of the negative brush, through the meter and the load, and back through the positive brush to the loop. Voltage reaches its maximum value at point B on the graph for reasons explained earlier. The generated voltage and the current fall to zero at position C. At this instant each brush makes contact with both segments of the commutator. As the armature loop rotates to position D, a voltage is again induced in the loop. In this case, however, the voltage is of opposite polarity. 

 The voltages induced in the two sides of the coil at position D are in the reverse direction to that of the voltages shown at position B.   Note that the current is flowing from the black side to the white side in position B and from the white side to the black side in position D. However, because the segments of the commutator have rotated with the loop and are contacted by opposite brushes, the direction of current flow through the brushes and the meter remains the same as at position B. The voltage developed across the brushes is pulsating and unidirectional (in one direction only). It varies twice during each revolution between zero and maximum. This variation is called RIPPLE. 

A pulsating voltage, such as that produced in the preceding description, is unsuitable for most applications. Therefore, in practical generators more armature loops (coils) and more commutator segments are used to produce an output voltage waveform with less ripple. 

TYPES OF D.C. GENERATORS

1. SEPARATELY EXCITED GENERATORS:-The generators whose field magnets are energised from an external d.c. source .

2. SELF EXCITED GENERATORS:-The generators whose field magnets are energised by the current produced by the generators  themselves . This can be divided into three types.

a. shunt wound generators 

b. series wound generators

c. compound wound generators

(i.) long shunt 

(ii.) short shunt

APPLICATIONS OF D.C. GENERATORS :

· Welding purpose        

· Excitation for large alternators in power stations 

· To serve as auxiliary & emergency power supplies & electroplating for expensive equipment like aircrafts & bombers.

Introduction to D.C. Motors

HOW DO THEY WORK?

	There are different kinds of D.C. motors, but they all work on the same principles. To understand what goes on inside a motor, here is an example (click the illustration below for a full size image).





	


When a permanent magnet is positioned around a loop of wire that is hooked up to a D.C. power source, we have the basics of a D.C. motor. In order to make the loop of wire spin, we have to connect a battery or DC power supply between its ends, and support it so it can spin about its axis. To allow the rotor to turn without twisting the wires, the ends of the wire loop are connected to a set of contacts called the commutator, which rubs against a set of conductors called the brushes. The brushes make electrical contact with the commutatoras it spins, and are connected to the positive and negative leads of the power source, allowing electricity to flow through the loop. The electricity flowing through the loop creates a magnetic field that interacts with the magnetic field of the permanent magnet to make the loopspin
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Motors come in many sizes and types, but their basic function is the same. Motors of all types serve to convert electrical energy into mechanical energy. They can be found in VCR's, elevators, CD players, toys, robots, watches, automobiles, subway trains, fans, space ships, air conditioners, refrigerators, and many other places. 
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D.C. motors are motors that run on Direct Current from a battery or D.C. power supply. Direct Current is the term used to describe electricity at a constant voltage. A.C. motors run on Alternating Current, which oscillates with a fixed cycle between a positive and negative value. Electrical outlets provide A.C. power.
When a battery or D.C. power supply is connected between a D.C. motor's electrical leads, the motor converts electrical energy to mechanical work as the output shaft turns.

The electric motor is the most convenient of all sources of motive power. It is clean and silent, starts instantly, and can be built large enough to drive 

the world's fastest trains or small enough to work a watch."
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Polaroid Motor

TYPES OF D.C MOTORS

· Shunt wound motors

· Series wound motors

· Compound wound motors

(i.) long shunt

(ii.) short shunt

 APPLICATIONS OF D.C MOTORS

· Lathes

· Centrifugal pumps

· Blowers & fans

· Reciprocating pumps

· Electric locomotives

· Cranes & hoists

· Trolley cars

· Rolling mills & air compressors

Electrical Transformers in Theory and Practice

              The transformer is a device that transfers electrical energy from one electrical circuit to another electrical circuit through the medium of magnetic field & without a change in the frequency.

· The electric circuit which receives energy from the supply mains is called primary winding.

· The electrical energy delivers to the load is called the secondary winding circuit.

Actually, the transformer is an electromagnetic energy conversion device, since the energy received by the primary is first converted into magnetic energy & it is then reconverted into useful electrical energy in the secondary circuit. Thus the primary & secondary windings of a transformer are not connected electrically, but are coupled magnetically. This coupling magnetic field allows the transfer of energy in either direction, from high voltage to low voltage circuits or from low voltage to high voltage circuits. If the secondary winding has more turns then the primary winding then the secondary voltage is higher than the primary voltage, & the transformer is called step-up transformer. In the case of secondary winding has less turns than the primary winding then the secondary voltage is lower than the primary voltage & the transformer is called a step-down transformer. Note that a step-up transformer can be used as a step-down transformer only after it has been put into service. Therefore the primary & secondary of a particular transformer can be referred as the terms high voltage winding & low voltage winding (HV & LV) 

                           Electrical transformer has highest efficiency out of all the electrical machines because there has no moving parts, so losses are not occurred in transformers. Insulation considerations limit the generation of alternator voltages from about 11 to 22kv. By means of transformers this voltage is stepped –up to higher economical transmission voltage, 400kv or even higher, in order to reduce the transmission losses. Wherever the electrical energy is required, transformers are installed to step-down the voltage suitable for its utilisation for motors, illumination purposes, etc---. Thus the transformer is the main reason for wide spread popularity of ac systems over dc systems.
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During the early part of my working life I was a student apprentice at the firm of Partridge Wilson & Co Ltd., whose trade name was Davenset. During my apprenticeship I learn about various transformer devices... From 10 mm cube to items that weighed half a tonne
As a radio ham I have often had a requirement for transformers of types that are not available 'off the shelf' and as a result I have developed a technique of re-manufacturing existing transformers and customising them to my own use.

Basic design and construction

Transformer generally consists of one or more coils (winding) of conducting wire, wound on a former (bobbin) that surrounds the centre limb (sometimes all limbs) of a circuit of magnetic [image: image1.png]


material (core). The winding wires are insulated and the core is made from thin sheet steel plates known as laminations (this reduces 'eddy current' losses). The assembly is held together by metal cheeks known as clamps, these clamps are held in place by long screws that are insulated from the rest of the structure (again to limit eddy currents). The winding wires are either made off to terminals mounted on the clamps or the wire may leave the coil by 'flying leads'.                         
A typical transformer
The illustration at right shows all the elements used in the construction of most transformers. 
Laminations

                                  [image: image10.png]



Common types of lamination are shown above, they are known by the shape of letter that they form. The most common type is the 'E' & 'I' form, the 'T' & 'U' is still used, but was more common in days past. The laminations are often oxidised to form a surface film of oxide that has a higher resistance than plain steel, thus isolating each layer to a certain extent and reducing eddy currents that may occur perpendicular to the plane of lamination. Sometimes one or both sides of a lamination are sprayed with lacquer for insulation purposes. 
Laminations are mostly used at power distribution frequencies of 50 Hz or 60 Hz and audio frequencies, if higher frequencies (up to a hundred or so kHz) are envisaged then ferrite or other sintered iron oxide compounds are used to make solid split cores. Commonly used versions are RM Cores and ETD Cores The linked pages also give some rudimentary design details. 
The laminations when assembled form an interleaved 'stack' or 'core'. The interleaving is usually to [image: image11.png]


avoid any gaps in the magnetic circuit as air is much less permeable to magnetic flux than iron and steel. 


The magnetic flux runs around the two side limbs and combines in the centre limb which is twice the area of a single side limb, thus keeping flux density constant. The flux lines that are indicated in red in the diagram at right would follow a slightly tighter path near the corner fixing holes, than my graphic skills can reproduce. It should be noticed that there is practically zero flux in the centre of the long side and fixing holes or notches are common at this point. 
General transformer:
[image: image12.png]


Two coils are shown, one crimson and one green, they indicate primary and secondary coils. An alternating current flowing in the primary coil will cause an alternating flux in the core which in turn couples with the secondary coil inducing an alternating voltage in it. If this alternating voltage is applied to a load then an alternating current will result. The ratio of turns between the primary and the secondary is proportionate (minus losses) to the voltages on primary and secondary. The number of turns per volt is a function of the cross sectional area of the magnetic circuit, the duty cycle and the allowable temperature rise. Eddy current losses are constant and the fraction of the primary current that is due to this cause is known as the 'magnetising current'. 

APPLICATIONS OF TRANSFORMERS:-

· In communications systems, i/p transformers connect the microphone o/p to the first stage of an electronic amplifier.

· Pulse transformers wide application in radar, TV, digital computers.

· Transformers are extensively used: 

1. For gate pulse triggering.

2. For synchronising the pulse gating signals.









              Therefore transformer is an essential piece of apparatus both for high & low current circuits.

Conclusion:

D.C machines can be used in the applications of economic and technical evolution as compared with other competing energy convertion devices. The main advantage of D.C machines is that they offer easily controllable characteristics. Because of these attractive features  D.C machines have a strong competition for industrial applications. 
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