PREFACE


Electrical Engineering has been written as a core course for all engineering students viz. Electronics and Communication, Computer Engineering, Civil, Mechanical Engineering etc. With advancement in technologies in almost all spheres of engineering, it is becoming difficult to provide more than one slot for interdisciplinary courses. However, the author feels that no engineering can work without electric energy. The basic input to all engineering is the electric energy.

A basic course on Electrical Engineering is almost essential for all engineering students. Keeping this compulsion in mind and also that this course will normally be offered at the first year level of engineering, the author has made modest effort to give in a concise form various features of Electrical Engineering starting from simple ac circuits to Network theorems, measuring instruments, transformers, various dc and ac machines including stepper motor. Various physical phenomenon have been explained using simple language avoiding the rigorous of mathematics.

Chapter I deals with the steady state analysis of a.c. series and parallel circuits and series and parallel resonance.

Chapter II describes various network theorems, star-delta transformation and methods of mesh and nodal analysis for dc networks.

Balanced and unbalanced, three phase circuits have been analysed and methods of 3-phase power measurements have been discussed in Chapter III.

Measuring instruments like, ammeter, voltmeter, wattmeter and energy meter have been described in chapter IV.

Transformer is a very important electrical equipment. The construction, principle of operation, parameter calculations, efficiency and regulation of transformer have been discussed in chapter V.

Chapter VI deals in types of dc machines, their operation and characteristics, efficiency and speed control and application of these machines.

Chapter VII deals into the construction, principle of operation and applications of three phase synchronous motors and stepper motor.

Three phase induction motors form atmost 60 to 70% of the total load on power system. These motors have been discussed in chapter VIII including types, construction, principle of operation, methods of starting, torque-slip characteristic, application and single phasing operation. Single phase induction motors find wide application in Office and domestic appliances. Construction, principle of operation and application of these motors have been described in chapter IX.

Power systems is the most capital intensive and the most complex system ever developed by man. Chapter X gives in brief, various supply and distribution systems and suggests methods for improvement of power factor.
1.1 INTRODUCTION

Network theory, in general, deals into three components, the network, usually consisting of a suitable combination of R, L and C, the source and the response. Mostly, it is desirable that whatever is the waveform of the source, same waveform should appear in the response (Exceptions to be ignored).

We have various waveforms viz. square, triangular, trapezoidal, sinusoidal etc. Out of all these, if the circuit has resistance only, one can use any of the waveforms mentioned above and the response (v-i relation) will have the same waveform as the excitation (source). However, with L and C as the element, it is only sinusoidal waveform which satisfies the requirement of identical waveforms for source and response.

If the source is voltage source the current through the inductor is proportional to the integral of the voltage wave and for the capacitor, it is the derivative of the voltage wave. It is a very useful and important property of sine waves that both it's derivative and integrals are also sinusoidal. The basis for standardization on the sine wave thus comes from both physics and calculus.

Also, it is very easy to generate the sine waves using rotating machines and transmit and distribute electric energy using transformers. We next illustrate that a uniform circular motion or simple harmonic motion is a sinusoidal variation.

Sine wave is the basic waveform of a.c. circuit theory and it is necessary to learn how to handle such waves.

Let us relate a uniform circular motion or rotation to a sinusoidal wave form. We consider a rotating voltage/current phasor that has a length Vm​/Im​ and is coincident along x-axis Fig. 1.1. We start counting time and rotate the phasor anti-clockwise and at various instant of time we take the projection of the rotating phasor along y-axis.

At t=0, the projection is zero and hence we plot a point on the right hand side along t(θ) axis. After certain time say t the phasor rotates through an angle θ and there is some finite projection along y-axis, mark this on the right hand side along t(θ) axis as shown in Fig. 1.1. As we rotate the phasor further when θ=90∘ the value of the projection is Vm​/Im​.

Mark it on the right hand side along t(θ) axis as shown. Rotate phasor further and obtain the projection along y-axis, the projections decreases beyond 90∘ and continues to be along + y axis till θ=180∘ when projection is zero.

Similarly if we rotate the phasor further through 2π radian or 360∘ or one cycle, we obtain a complete sine wave as shown in Fig. 1.1. Thus, if the speed of rotation is f revolutions/sec the phasor has a frequency of f hertz (Hz). Hence the angular velocity is ω=2πf rad/sec.

If the instantaneous value of time at any instant of rotation is t seconds the total angle in radians from time zero upto that point is
2πft=ωt

The concept of rotating phasor is a function of time, we may substitute 2πft or ωt for θ in the equation.

V=Vm​sinθ
and now therefore, the instantaneous voltage in terms of time is
V=Vm​sin2πft=Vm​sinωt...(1.1)

when equation 1.1 is used, the axis of the waveform is not θ but time t.


1.2 PHASE

A sinusoidal waveform having a displacement of θ to the left is shown in Fig. 1.2(a) which means that at t=0 the phasor has an initial displacement of θ in counterclockwise direction. Therefore, the initial instantaneous value of voltage/current at time t=0 is

V=Vm​sinθ putting ωt=0. This shift of the waveform is called a phase displacement and the angle θ is called phase angle. Fig. 1.2 (b-d) show different phase displacements of the same sine wave. The sine wave at ‘a’ is said to be leading the wave at ‘b’ as

Va​=Vm​sin(ωt+θ) and at b
Vb​=Vm​sin(ωt−θ)

Example 1.1: The equation for a voltage wave is {{IE29}}v=0.02sin(4000t+30∘){{/IE_29}}. Find the frequency, the instantaneous voltage when t=320μ sec. What is the time represented by 30∘ phase difference?_

Solution: The general expression for voltage is given as

V=Vm​sin(2πft+θ)
here 2πf=4000 or f=2π4000​=637 Hz.
When t=320μ sec.
v=0.02sin(4000×320×10−6×π180​+30∘)
v=0.02sin(73.3+30)
=0.02sin(103.3)
=0.0195 volt

Similarly if α=2π​, the average value is
ππ−π/2​Fm​=2Fm​​







1.3 THE EFFECTIVE OR RMS VALUE OF A WAVE

The rms or effective value of a wave is defined as that d.c. value which when allowed to flow through a particular resistance for a certain time would produce the same heating effect as that produced by the wave. This is represented mathematically as
Irms​=Ieff​=T1​∫0T​i2dt​

As the name rms (root of mean of the squared values) suggests that we have to take the square of the various ordinates and find the area of the squared wave over the period T and find the mean value of this quantity and then obtain its square root. This is the effective value.

We again take first, various sinusoidal waves as shown in Fig. 1.3(a) to (c) and find out their rms values Fig. 1.3(a).

As per the definition we have first to express the wave as per its instantaneous value as every instantaneous value is to be squared and then area under this curve is to be obtained. Now, for this sine wave

Since the wave is to be squared, the negative part of the wave during π to 2π would also become positive and hence rms value over the complete cycle will not be zero.

Hence;
Irms​​=2π1​∫02π​i2dωt​=2π1​∫02π​Im2​sin2ωtdωt​=2πIm2​​∫02π​21−cos2ωt​dωt​=Im​4π1​(ωt−2sin2ωt​)02π​​=Im​4π2π​​=2​Im​​​
For Fig. 1.3(b) where it is a half rectified sine wave, the rms value over cycle will be
2πIm2​​∫0π​(21−cos2ωt​)dωt​
=2Im​​


1.4.1 Form Factor

It is defined as the ratio of rms value of a wave and the average value of the wave.
i.e.  Form factor =Average value of the waverms value of the wave​
For a sinusoidal wave
Form factor=2​Vm​​⋅2Vm​π​
=1.11


1.4.2 Peak Factor or Crest Factor

It is the ratio of the peak value of the wave to its rms value.
For a sinusoidal wave
Peak factor=Vm​/2​Vm​​=2​=1.414

It is sometimes misunderstood that the operating voltages e.g. 110 V, 220 V, 132 KV are used because of form factor which is 1.11 i.e. multiple of 11. In fact these voltages have been standardized as standardization has its own economic and operating advantages. In fact there are many other operating voltages e.g. 400 V, 400 KV, 765 KV which are not multiple of 11. So it is the standardization which has selected certain voltages as operating voltages.

Form factor does not have much of significance except when two wave forms one with higher form factor when applied to magnetic materials, produces higher hysteresis loss per loop as compared to one with lower form factor.

Crest factor has an indication of electric stresses developed in insulating material as the stresses are a function of the peak value of the wave.


1.4 PHASOR DIAGRAM

Consider Fig. 1.5 which shows time waves of a sinusoidal current waveform lagging a sinusoidal voltage waveform by θ degrees. The same aspect can be represented by two phasors rotating counter clockwise at the angular velocity ω.
[Fig. 1.5 (a) V-i sinusoidal wave (b) Phasor representation of (a)]

At each point on the time waveform, the angle of current lag is θ because the angle between the phasors Vm​ and Im​ is at all time θ. 



Single Phase Induction Motors

INTRODUCTION
The characteristics of single phase induction motors are identical to 3-phase induction motors except that single phase induction motor has no inherent starting torque and some special arrangements have to be made for making it self starting. It follows that during starting period the single phase induction motor must be converted to a type which is not a single phase induction motor in the sense in which the term is ordinarily used and it becomes a true single phase induction motor when it is running and after the speed and torque have been raised to a point beyond which the additional device may be dispensed with. For these reasons, it is necessary to distinguish clearly between the starting period when the motor is not a single phase induction motor and the normal running condition when it is a single phase induction motor. The starting device adds to the cost of the motor and also requires more space. For the same output a 1-phase motor is about 30% larger than a corresponding 3-phase motor.

The single phase induction motor in its simplest form is structurally the same as a polyphase induction motor having a squirrel cage rotor, the only difference is that the single phase induction motor has single winding on the stator which produces mmf stationary in space but alternating in time, a polyphase stator winding carrying balanced currents produces mmf rotating in space around the air gap and constant in time with respect to an observer moving with the mmf. The stator winding of the single phase motor is disposed in slots around the inner periphery of a laminated ring similar to the 3-phase motor.

An induction motor with a cage rotor and single phase stator winding is shown schematically in Fig. 9.1. The actual stator winding as mentioned earlier is distributed in slots so as to produce an approximately sinusoidal space distribution of mmf.


PRINCIPLE OF OPERATION

Suppose the rotor is at rest and 1-phase supply is given to stator winding. The current flowing in the stator winding gives rise to an mmf whose axis is along the winding and it is a pulsating mmf, stationary in space and varying in magnitude, as a function of time, varying from positive maximum to zero to negative maximum and this pulsating mmf induces currents in the short-circuited rotor of the motor which gives rise to an mmf. The currents in the rotor are induced due to transformer action and the direction of the currents is such that the mmf so developed opposes the stator mmf. The axis of the rotor mmf is same as that of the stator mmf. Since the torque developed is proportional to sine of the angle between the two mmf and since the angle is zero, the net torque acting on the rotor is zero and hence the rotor remains stationary.

For analytical purposes a pulsating field can be resolved into two revolving fields of constant magnitude and rotating in opposite directions as shown in Fig. 9.2 and each field has a magnitude equal to half the maximum length of the original pulsating phasor. Representation of the pulsating field by space phasors.

These component waves rotate in opposite direction at synchronous speed. The forward (anticlockwise) and backward-rotating (clockwise) mmf waves f and b are shown In case of 3-phase induction motor there is only one forward rotating magnetic field and hence torque is developed and the motor is self-starting. However, in single phase induction motor each of these component mmf waves produces induction motor action but the corresponding torques are in opposite direction. With the rotor at rest the forward and backward field produce equal torques but opposite in direction and hence no net torque is developed on the motor and the motor remains stationary. If the forward and backward air gap fields remained equal when the rotor is revolving, each of the component fields would produce a torque-speed characteristic similar to that of a polyphase induction motor with negligible leakage impedance as shown by the dashed curves f and b

So the expression for torque contains a constant term superimposed over by a pulsating torque with pulsation frequency twice the supply frequency.

STARTING OF SINGLE PHASE INDUCTION MOTORS

The single phase induction motors are classified based on the method of starting method and in fact are known by the same name descriptive of the method. Appropriate selection of these motors depends upon the starting and running torque requirements of the load, the duty cycle and limitations on starting and running current drawn from the supply by these motors. The cost of single phase induction motor increases with the size of the motor and with the performance such as starting torque to current ratio (higher ratio is desirable), hence, the user will like to go in for a smaller size (hp) motor with minimum cost, of course, meeting all the operational requirements. However, if a very large no. of fractional horsepower motors are required, a specific design can always be worked out which might give minimum cost for a given performance requirements. Following are the starting methods.
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(a) Split-phase induction motor. The stator of a split phase induction motor has two windings, the main winding and the auxiliary winding. These windings are displaced in space by 90 electrical degrees as shown in (a). The auxiliary winding is made of thin wire (super enamel copper wire) so that it has a high R/X ratio as compared to the main winding which has thick super enamel copper wire. Since the two windings are connected across the supply the current Im​ and Ia​ in the main winding and auxiliary winding lag behind the supply voltage V, Ia​ leading the current Im.

