Alternating current

Direct current

Current
varying with time.

It is the current of magnitude

It is the current of constant magnitude.

Flow of electrons

backward.

Electrons keep switching
directions - forward and

Electrons move steadily in one direction
or ‘forward’.

Obtained from

AC generator and mains.

Cell or battery.

Passive parameters Impedence.

Resistance only.

Power factor Lies between O to 1.

It is always 1.

Types
triangular, square

Sinusoidal, trapezoidal,

Pure and pulsating.

Alternating current (AC): An alternating current (AC)
circuit is one in which the direction and amplitude of the
current flow change at regular intervals. The current in
this type of circuit is supplied from an AC voltage source.
The polarity of an AC source changes at regular intervals
resulting in a reversal of the circuit current flow.

Alternating current usually changes in both value and
direction. The current increases from zero to some
maximum value, and then drops back to zero as it flows
in one direction. This same pattern is then repeated as it
flows in the opposite direction. The wave-form or the
exact manner in which the current increases and
decreases is determined by the type of AC voltage
source used. (Fig 3)
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Alternating current generation: Alternating current is
used wherever a large amount of electrical power is
required. Almost all of the electrical energy supplied for
domestic and commercial purposes is alternating current.

AC voltage is used because it is much easier and
cheaper to generate, and when transmitted over long
distances, the power loss is low.

AC equipment is generally more economical to maintain
and requires less space per unit of power than the DC
equipment.

Alternating current can be generated at higher voltages
than DC, with fewer problems of heating and arcing.
Some standard values of voltages are 1.1KV, 2.2.KV,
3.3KVforlow capacity and 6.6KV (6600V), 11KV(11000V)
and 33KV(33000V) for high capacity requirements. The
values are increased to 66 000,110 000, 220 000, 400
000 volts for transmission over long distances. At the
load area, the voltage is decreased to working values of
240V and 415V.

The basic method of obtaining AC is by the use of an AC
generator. Agenerator isamachine thatuses magnetism

to convert mechanical energy into electrical energy. The
generator principle, simply stated, is that a voltage is
induced in a conductor whenever the conductor is moved
through a magnetic field so as to cut the lines of magnetic
force.

Fig 4 shows the basic generator principle. A change in a
magnetic field around a conductor tends to set electrons
in motion. The mere existence of a magnetic field is not
enough; there must be some form of change in the field.

Fig4
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If we move the conductor through the magnetic field, a
force is exerted by the magnetic field on each of the free
electrons withinthe conductor. These forces add together
and the effect is that voltage is generated or induced into
the conductor.

An AC generator produces an AC voltage by causing a
loop of wire to turn within a magnetic field. This relative
motion between the wire and the magnetic field causes
a voltage to be induced between the ends of the wire.
This voltage changes in magnitude and polarity as the
loop is rotated within the magnetic field. (Fig 5)

The force required to turn the loop can be obtained from
various sources. For example, very large AC generators
are turned by steam turbines or by the movement of
water.

Fig 5
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The voltage produced by a single loop generator is too
weak to be of much practical value. A practical AC
generator has many more turns of wire wound on an
armature. The armature is made up of a number of coils
wound on an iron core.

The AC voltage induced inthe armature coilsis connected
to a set of slip rings from which the external circuit
receives the voltage through a set of brushes. An
electromagnet is used to produce a stronger magnetic
field.

The sine wave: The shape of the voltage wave-form
generated by a coil rotating in a magnetic field is called a
sine wave. The generated sine wave voltage varies in
both voltage value and polarity.

If the coil is rotated at a constant speed, the number of
magnetic lines of force cut per second varies with the
position of the coil. When the coil is moving parallel to the
magnetic field, it cuts no lines of force.

Therefore, no voltage is generated at this instant. When
the coil is moving at right angles to the magnetic field, it
cuts the maximum number of lines of force.

Therefore, maximum or peak voltage is generated at this
instant. Between these two points the voltage varies in
accordance with the sine of the angle at which the coill
cuts the lines of force.

The coil is shown in five specific positions in Fig 6. These
are intermediate positions which occur during one
complete revolution of the coil position. The graph shows
how the voltage increases and decreases in amount
during one rotation of the loop.

Note that the direction of the voltage reverses each
half-cycle. Thisis because, for each revolution of the coil,
each side must first move down and then up through the
field.

The sine wave is the most basic and widely used AC
wave-form. The standard AC generator (alternator)
produces a voltage of sine wave-form. Some of the
important electrical characteristics and terms used when
referring to AC sine wave voltage or current are as
follows.

Fig6
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Cycle: One cycle is one complete wave of alternating
voltage or current. During the generation of one cycle of
output voltage, there are two changes or alternations in
the polarity of the voltage.

These equal but opposite halves of a complete cycle are
referredto asalternations. The terms positive and negative
are used to distinguish one alternation from the other.

(Fig 7)

Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 1.6.53

Fig 7
POSITIVE ALTERNATION
VOLTAGE

OR
CURRENT

+

CYCLE CYCLE CYCLE

0

TIME

ELN160117

NEGATIVE ALTERNATION

213



Period: Thetime required to produce one complete cycle
is called the period of the wave-form. In Fig 8, ittakes 0.25
seconds to complete one cycle. Therefore, the period (T)
of that wave-form is 0.25 seconds.

The period of a sine wave (any symmetrical wave-form)
need not necessarily be measured between the zero
crossings at the beginning and the end of a cycle. It can
be measured from any point in a given cycle to the
corressponding pointinthe nextcycle. (See Fig 8-AB, CD
or EF.)

Frequency: The frequency of an AC sine wave is the
number of cycles produced per second.(Fig 8) The SI
unit of frequency is the hertz (Hz). For example, the 240V
AC at your home has a frequency of 50 Hz.

Fig 8
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Instantaneous value: The value of an alternating quantity
at any particular instant is called instantaneous value.
The instantaneous values of a sine wave voltage is
shownin Fig 9. Itis 3.1 volts at 1us, 7.07 V at 2.5us, 10V
at 5us, OV at 10us, 3.1 volt at 11 ps and so on.

Fig 9
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AC voltage and current values: Since the value of a
sine wave of voltage or current continuously changes,
one must be specific, while referring to and describing
the values of the wave-form . There are several ways of
expressing the value of a sine wave.

Peak value or maximum value: Each alternation of the
sine wave is made up of a number of instantaneous
values. These values are plotted at various heights
above and below the horizontal line to form a continuous
wave-form. (Fig 10)
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The peak value of a sine wave refers to the maximum
voltage or current value. Note that two equal peak values
occur during one cycle.

Peak-to-peak value: The peak-to-peak value of a sine
wave refers to its total overall value from one peak to the
other. (Fig 10) It is equal to two times the peak value.

Effective value: The effective value of an alternating
current is that value which will produce the same heating
effect as a specific value of a steady direct current. In
other words, an alternating current has an effective value
of 1 ampere, if it produces heat at the same rate as the
heat produced by 1 ampere of direct current, both flowing
in the same value of resistance.

Another name for the effective value of an alternating
current or voltage is the root mean square (rms) value.
This term was derived from a method used to compute
the value. The rms is calculated as follows.

The instantaneous values for one cycle are selected for
equal periods of time. Each value is squared, and the
average of the squares is calculated (values are squared
because the heating effect varies as square of the current
or voltage). The square root of this is the rms value.
(Fig 11)
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By using this method it can be proved that the effective
value of a sine wave of current is always equal to 0.707
times its peak value. A simple equation for calculating the
effective value of sine wave is:

for voltage, V =0.707 V |
for current, I = 0.707 1 _

where subscript m refers to the maximum value.

When an alternating current or voltage is specified, it is
always the effective value thatis meant, unless otherwise
stated. Standard AC meters indicate effective  values
only.
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Average value: It is sometimes useful to know the
average value for one half cycle. If the currentis changed
atthe same rate over the entire half cycle asin Fig 12, the
average value would be one half of the maximum value.

Fig 12
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However, because the current does not change at the
samerate, another methodis used. Find the area covered
by the curve over the horizontal axis, then divide that area
by the base horizontal length. It has been determined that
the average value is equal to 0.637 times the maximum
value for sine wave-form i.e.

for voltage, V,, = 0.637 V|
for current,l, = 0.6371 |

where subscript av refers to the average value and
subscript m refers to the maximum value.

Form factor (k,): Form factor is defined as the ratio of
effective value to average value of half cycle.

For sinusoidal AC

where the subscript m refers to the maximum value.
Advantages of AC over DC:

1. AC voltages can be raised or lowered with ease. This
makes it ideal for transmission purposes.

2. Large amounts of power can be transmitted at high
voltage and low currents with minimum loss.

3. Because the currentis low, smaller transmission wires
can be used to reduce installation and maintenance
costs. (Fig 13)

Neutral and earth conductors

Fig 13
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DC generators limit their output voltage to 6000V or less.
The voltage cannot be raised or lowered through the
transformers. Long distance transmission requires heavy
cables. AC generators are built with a capacity up to
500000 kilowatts. The DC generators capacity is limited
to 10000 kw.

AC motors are less expensive to build, install and maintain
than the DC motors. DC motors have one distinct
advantage over AC motors: they have better speed
control.

* AC is easy to generate than DC.
» ltis cheaper to generate AC than DC.
» AC generators take higher efficiency than DC.

* The loss of energy during transmission in negligible
for AC in long distance.

» The AC can be easily converted to DC.
* It can easily stepup or stepdown using transformer.

* The value or magnitude of AC can be decreased
easily without loss of excess of energy using choke.

Objectives: At the end of this lesson you shall be able to

» describe the purpose of earthing
 describe the two types of earthing
« differentiate between “neutral’ and “earth wire'.

Earthing: The importance of earthing lies in the fact that
it deals with safety. One of the most important, but least
understood, considerations in the design of electrical
systemsisthat of earthing (grounding). The word “earthing'
comes from the fact that the technique itself involves
making a low-resistance connection to the earth or to the
ground. The earth can be considered to be a large
conductor which is at zero potential.

Purpose of earthing: The purpose of earthing is to
provide protection to personnel, equipment and circuits

by eliminating the possibility of dangerous or excessive
voltage.

There are two distinct considerations in the earthing of an
electrical system: earthing of one of the conductors of the
wiring system, and earthing of all metal enclosures which
contain electrical wires or equipment. The two types of
earthing are:

e System earthing
e Equipment earthing.
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System earthing: This consists of earthing one of the
wires of the electrical system, such as the neutral, to limit
the maximum voltage to earth under normal operating
conditions.

Equipment earthing: Thisis apermanentand continuous
bonding together (i.e. connecting together) of all
non-current carrying metal parts of the electrical
equipment to the system earthing electrode.

What is an earthing electrode?: A metal plate, pipe or
other conductors electrically connected to the general
mass of the earth is known as an earthing electrode.
Earth electrodes shall be provided at generating stations,
substations and consumer premises (in accordance with
the requirements of IS : 3043-1966).

The neutral used in single phase system is to provide
return path for load current to the source. Various
method of neutral earthing is provided to serve neutral in
single phase distribution at substation according to the
requirements.

What is an “earth wire'?: A conductor connected to
earth and usually situated in proximity to the associated
line conductors which is used for equipment earthing is
called an earth wire.

The purpose of equipment earthing: By connecting
the metal work not intended to carry current to earth, a
pathis provided forleakage currentwhich can be detected,
and, if necessary, interrupted by the following devices.

— Fuses — Circuit breakers.

Identification: All cores of cables and conductors should
be identified at the points of termination, and preferably
throughout their length to indicate their function.

Methods of identification may include coloured insulation
applied to conductors in manufacture or the application
of coloured tape, sleeves or discs (Fig 1). The colours
used must be of those specified for the function in Table
52A of IEE wiring regulations.

Fig 1
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Table 52A of IEE regulations

Colour identification of cores of non-flexible
cables and bare conductors for fixed wiring

Function Colour
identification

Protective (including Green-and-yellow

earthing)conductor

Phase of ac. single- Red(or yellow

or three-phase circuit or blue*)

Neutral of ac single- Black

or three-phase circuit

Phase R of 3-phase ac circuit Red

Phase Y of 3-phase ac circuit Yellow

Phase B of 3-phase ac circuit Blue

Positive of dc 2-wire circuit Red

Negative of dc 2-wire circuit Black

Outer (positive or negative)

of dc 2-wire circuit derived Red

from 3-wire system

Positive of 3-wire dc circuit Red

Middle wire of 3-wire dc circuit Black

Negative of 3-wire dc circuit Blue

As alternatives to the use of red, if desired, in
large installations, on the supply side of the
final distribution board.

Flexible cables and flexible cords: Every core of a
flexible cable or flexible cord shall be identifiable
throughout its length as appropriate to its function, as
indicated in Table 52B of IEE Regulations.

Flexible cables or flexible cords having the following core
colours shall not be used; green alone, yellow alone, or
any bi-colour other than the colour combination green
and yellow. When armoured PVC insulated auxiliary
cables or paper insulated cables are used an alternative
identification system may be used using numbers, where
1, 2 & 3 signify phase conductors and O the neutral
conductor. The number 4 is used to identify any special
purpose conductor (Fig 2).

Fig 2
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Table 52B of IEE regulations

Colour identification of cores of flexible cables
and flexible cords
No. of cores | Function of core | Colour(s) of core

1 Phase Brown
Neutral Blue
Protective Green and yellow
(combination)

2 Phase Brown
Neutral Blue

3 Phase Brown
Neutral Blue
Protective Green and yellow
(combination)

40r5 Phase Brown or black
Neutral Blue
Protective Green and yellow

(combination)

Use of vector diagram

The colour combination of green and yellow is
to be used exclusively for the identification of
protective conductors.

Where electrical conduits need to be easily
identified from the pipelines of other services
such as gas, oil, water, steam, etc. they should
be painted orange.

Objectives: At the end of this lesson you shall be able to

* distinguish between scalar and vector quantity

* illustrate the method of drawing vector diagram for two vectors.

Definition of scalar and vector quantity and phasor

Scalar quantity:A scalar quantity is a quantity which is
determined by the magnitude alone, for example energy,
volume, temperature etc.

Vector quantity: A vector quantity is a quantity which is
represented by straight line with an arrow head to
represent the magnitude and direction of it. For example,
- force, velocity, weight.

Phasor: Phasor is a vector that is rotating at a constant
angular velocity. A straight line with an arrow head is
used to represent graphically the magnitude and phase
of a sinusoidal alternating quantity (i.e. current, voltage
and power) is called phasor.

Plotting acurve of alternating voltage: If the maximum
voltage of the alternator is known, the generated voltage
can be plotted to form a curve. Draw a circle with the
radius representing the maximum value of voltage.

Any convenient scale may be used. Divide the circle into
equal parts. (Fig 1) Draw a horizontal line to scale, along
which one voltage cycle will be plotted. Divide the line into
the same number of equal parts as in the circle. Draw
horizontal and vertical lines, as illustrated by the dashed

Fig 1
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linesin Fig 1. The intersection of the lines represents the
value of voltage at that instant. For example, a horizontal
and a vertical line intersect at point X.

Using the same scale as used for the radius of the circle,
the vlaue of voltage can be measured. This value is the
emf produced when the coil is cutting the lines of force at
a 30-degree angle.

Use of vector diagrams: The change which occurs in
the value of an alternating voltage and/or current during
a cycle can also be shown by using vector diagrams.

A vector is a line segment that has a define length and
direction. A vector diagram is two or more vectors joined
together to convey information. Vector diagrams drawn
to scale can be used to determine instantaneous values
of current and/or voltage.

Scalar quantity

Vector quantity

1. Scalar quantity can be presented by magnitude
only, for example - energy, volume etc.

2. Addition and substraction of scalar quantities
can be done algebraically

Vector quantity must represent magnitude and
direction also, for example - force velocity etc.

Addition and subtraction of vector quantities cannot
be done algebracially but by vector summation.
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Fig 1 can be analyzed by means of vector diagrams
according to the following procedure. Draw a horizontal
line as a reference line (Fig 2). Starting at point O and 30
degrees from the reference line, draw OA to scale to
represent a maximum voltage (Vm) of 100 volts. From
the end of vector OA, draw a vertical dashed line is
labelled AB and represents the instantaneous value of
voltage (V,) when the coil is cutting the lines of force at a
30 degree angle. Measure vector AB. It should scale to
50 volts.

Fig 2
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The same procedure can be followed for any degree of
rotation. The vector diagram shown in Fig 3 is used to
determine the value of voltage when the coil has rotated
120 degrees.

Fig 3
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Although the coil has rotated 120 degrees, the angle it is
making with the lines of force is only 60 degrees. Itis this
angle that determines the value of the instantaneous
voltage. For example, if the coil rotates 210 degrees, it
cuts the lines of force at angle of 30 degrees. (Fig 4)

AC simple circuit - with inductance only

Fig 4
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Referring back to Fig 1, it can be seen that each division
of the circle can represent vector OA. Vector AB can be
represented by points along the voltage curve. The angle
between the horizontal diameter of the circle and the
radius v _ is the angle at which the coil is cutting the flux.
Although vector diagrams are seldom used alone, they
are a simple way of presenting a visual illustration of a
problem. Vector diagrams are usually used with
trigonometric functions.

Many electrical problems are solved through the use of
trigonometry. The vector diagrams used with trigonometric
functions are generally in the form of triangles and/or
parallelograms.(Fig 5 & 6)

Fig 5
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VECTOR DIAGRAM FORMING THREE 30° - 60° - 90° TRIANGLES

Fig 6
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Objectives: At the end of this lesson you shall be able to

» state phase relation between V and | in a pure inductive circuit

* state about inductive reactance
» state power in pure inductive circuit
¢ define power factor.

Circuit with pure inductance only: Inductance affects
the operation of pure DC circuits only at the instant they
are opened and the instant they are closed. In an AC
circuit, the currentis always changing, and the inductance
is always opposing the change. The inductance, therefore,
has a constant effect on circuit operation.

A circuit with pure inductance alone can never be formed,
because the source, the connecting wires, and the inductor
all have some resistance. However, if these resistances
are very small and have a much smaller effect on the

circuit current than does the inductance, the circuit can
be considered as containing only inductance. (Fig 1)

Fig 1
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In any AC circuit that contains only inductance, there are
three varying quantities. These are (1) the applied voltage,
(2) the induced back emf, and (3) the circuit current.

Phaserelationship between voltage and current: The
phase relationships in an inductance can most easily be
understood by considering first the current and the back
emf. You know two things about the current and the back
emf. One is that the counter emf is maximum when the
rate of change of currentis the greatest, and is zero when
the current is not changing.

The second relationship is that the direction of the cemf
is such that it always opposes the current change.

The wave-form in Fig 2 shows one cycle of AC current.
The rate of change is greatest where the slope of the
wave-form is greatest. You can see that this occurs at
those points where the wave-form passes through zero;
or at 0,180, and 360 degrees. This means that the
highest cemf is generated at 0,180 and 360 degrees, as
shown by the wave-forms in Fig 2. Around 90 and 270
degrees, the change is very little; as a matter of fact, at
exactly 90 and 270 degrees, where the current change is
from rising to falling, the current is momentarily steady.
Therefore, the flux lines do not change at those points,
and no cemf is induced.

Fig 2
.
CURRENT BACK EMF (CEMF)

! 270° 360°

90° 180° |

ELN160142

WAVE-FORM OF CURRENT AND BACK EMF

What should be the amount and direction of counter emf
(back emf) when the current is passing through zero and
in the positive direction?

Since at 0 degrees the current is passing through zero in
a positive direction, the cemf must be maximum in the
negative direction, in as much as it always opposes the
increase in current. Similarly, when the current begins to
decrease at 90 degrees, the cemf must be increasing in
the positive direction to aid the current flow.

As shown, therefore, the cemf follows Lenz's Law by
lagging the current by 90 degrees. You know that the
applied voltage is 180 degrees out of phase with the
cemf, and so the applied voltage must lead the current by
90 degrees. This is shown in the wave-form in Fig 3. The
relationships between the three quantities (current, cemf,
and applied voltage) is shown in the wave-forms in Fig 4.
We know they are not in phase as in the case of resistive

circuits.
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|
|
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Fig 3
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APPLIED VOLTAGE

Inaninductance: (1) the applied voltage leads the current
by 90°; (2) the back emflags the current by 90° and (3) the
applied voltage and the back emf are 180° out of phase.

This is known as 'phase difference’.

Phase difference: If two alternating quantities attain
maximum value in the same direction after passing
through zero value at different times, they are said to
have a phase difference.

Phase difference can be expressed in fractions of a
cycle. For more accuracy, phase difference is given in
degrees. The terms ‘lead' and “lag' are used to describe
the relative positions in time of two voltages or currents
thatare notin phase. The one thatis ahead intime is said
to lead, while the one behind lags. (Figs 5 and 6)
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When maximum and minimum points of one voltage or
current occur before the corresponding points of another
voltage or current, the two are out of phase. When such
a phase difference exists, one of the voltages or currents
leads, and the other lags.

Phase difference can also be illustrated by a vector
diagram. While representing phase difference, the
reference quantity is shown on the +ve side of the x
axis.(Figs 7 & 8)

Fig 7
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Fig 8
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The quantity of lead is shown by an angle in an
anticlockwise and a lagging quantity is shown by a
clockwise angle.

Phase relationship between current and voltage in a
circuit with inductance only

When AC voltage is applied to an inductive circuit, the
currentlags behind the applied voltage by a quarter cycle
or by 90°. (Fig 9)

inductor, and the frequency (f) of the current, the inductive
reactance mustalso depend onthesethings. The inductive
reactance can be calculated by the equation

X, = 2nfL

where X is the inductive reactance in ohms; f is the
frequency of the currentin cycles per second; and L is the
inductance in henrys. The quantity 2r together actually
represents the rate of change of the current, usually
denoted by the Greek letter "' (Omega).

Since 2n = 2(3.14) = 6.28, the Egn. becomes similarly

6.28L

In a circuit containing only inductance, Ohm's Law can be
used to find the current and voltage by substituting X, for

Fig 9 ;
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| : I
o 1360°
govw ) " o
YL
|
! Q
CURRENT LAGS VOLTAGE BY 90° § CIRCUIT WITH ONLY X | §
In a purely inductive circuit, the current lags behind the
applied voltage by 90°. This is illustrated in the Fig 9 as | VL
wave-form. This also can be stated as voltage leads L X,
current. The vector diagram for both expressions is given
in Figs 10 and 11.
=V
Fig 10 L |
v L
90°
V =1 X,
< where | = current through the inductance,in amperes
1 LAGS BEHIND V BY 90° z V, = voltage across the inductance, in volts
X_ = inductive reactance in ohms
Fig 11

\
90°
1

V LEADS 1 BY 90°

ELN16534B

Inductivereactance:The cemfactsjustlike aresistance
to limit the current flow. But cemf is discussed in terms of
volts, so it cannot be used in Ohm's Law to compute the
current. However, the effect of cemf can be giveninterms
of ohms. This effect is called inductive reactance, and is
abbreviated as X . Since the cemf generated by an
inductor is determined by the inductance (L) of the

Example: An AC circuit consists of a 20-mH coil operating
atafrequency of 1000 kHz. Whatis the inductive reactance
of the coil?

X = 6.28fL
6.28(1000 x 10%)(20 x 10-3)
12.56 x 10* = 125600 ohms.

Example: What must the inductance of a coil be so that
it has a reactance of 628 ohms at a frequency of 40KHz?

X, 628

6.28f  6.28(40x10°)

=25x10%=25mH
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Power in pureinductance: If an AC circuit contains only
inductance, the voltage and current are 90° out of phase,
as shown by the phasor and wave diagrams in Fig 13.
The result of multiplying the V and | wave-forms is a
power curve that again has a frequency twice that of the
source is as shown in Fig 13. However, over a complete
cycle of input voltage, the power curve has an average
value of zero. That is, the power curve shows an equal
alternation of positive and negative power above and
below the zero time axis.

Fig 13
Vi

I

(a) PHASOR DIAGRAM

ENERGY DELIVERED
Lv.p TO INDUCTANCE

ENERGY RETURNED
TO SOURCE

(b) CURRENT, VOLTAGE AND POWER WAVE - FORMS

ELN16534D

Positive and negative power: (Fig 13) The shaded
portion of the power curve above the zero axis represents
energy being delivered to the inductor (or load) from the
source. This positive power actually represents a storage
of energy in the magnetic field of the inductance.

The shaded portion of the power curve below the zero
axis represents energy returned to the source from the
inductor. This negative power indicates that a flow of
energy is taking place in the opposite direction(from load
to source) when the coil's magnetic field collapses.

A.C. circuit with R & L in series

The average true power, P, is zero, in a pure inductance.
In AC circuits,

Power = VI Cos ¢ watts
where ¢ is the phase angle between voltage and current.

Asthe phase angle between V &l in pure inductive circuit
is 90°, Cos 90° is zero.

Therefore P =V x | x (zero) = zero.
The term Cos ¢ is known as “power factor'.

Reactive power: However, the source must be capable
of delivering power for a quarter of a cycle, even though
this power will be returned during the next quartercycle.
This stored or transferred power is called reactive power,
P

q.
Inthe case of a purely inductive circuit, the reactive power
is given by

P, = V|, volt-amperes reactive (var)

where P, is the reactive power in volt-amperes reactive,
var

V_is the voltage across the inductance in volts

I, is the current through the inductance in ampere.
Since V = | X

then P, = 12X var.

where X is the inductive reactance in ohms. Note how
the equations for relative power are similar to those for
true power with X used in place of R. But we must
remember to use var for the unit of reactive power, not
watts.

Example: Calculate the reactive power of a circuit that
has an inductance of 4 H when it draws 1.4 amps from a
50Hz supply.

Solution
X =2rfL =2rx50Hz x4H = 1256 ohms
P,= 12X = (1.4A)* x 1256 ohms = 2462 vars
= 2.462 kvar

Note that 1 kvar = 1 kilo-var = 1000 vars.

Objectives: At the end of this lesson you shall be able to

* state the voltage and current relationship

« determine impedance of a series circuit with RL in series

* calculate power in a series circuit (with RL in series)

« calculate the power factor in RL series circuit.

Whenresistance and inductance are connected in series,
or in the case of a coil with resistance, the rms current |
is limited by both X , and R however the current | is the
samein X _and R since they are in series, the voltage drop

across Ris V_ = IR and the voltage drop across X isV,
=1X_. The currentIthrough X mustlagV, by 90° because
this is the phase angle between current through an
inductance and its self-induced voltage. The current |
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through R,and its IR voltage drop,are in phase and so the
phase angle is 0°.

Now let us apply the principle of phasor representation to
a series circuit containing pure resistance and pure
inductance. (Fig 1)

Fig 1

CIRCUITWITHR & L IN SERIES

ELN165351

Since we are considering a series circulit, it is convenient
if we draw the current phasor in the horizontal reference
position because it is ‘common' to both the resistor and
inductor. Superimposed upon this phasor is the voltage
phasor acrossthe resistor V. This is because the current
and voltage are always in phase with each otherina pure
resistor. (Fig 2)

Fig 2

1

VECTOR DIAGRAM OF R & L SERIES CIRCUIT

ELN165352

Similarly, the voltage phasor across the inductor V is
drawn 90° ahead of the current | in other words leading
the current phasor. This is because, as we know, the
current always lags the inductor voltage by 90° in a pure
inductance.

However, these two voltages are 90° out of phase with
each other. This means that the total voltage across the
series combination cannot be obtained simply by adding
V, to V, _ algebraically. We must take into account the
angle between them.

The applied voltage V is the (phasor) sum of V_ and V,
with the phase angle added.

This phasor addition can be carried out simply by
constructing a parallelogram (a square in this case) and
drawing the diagonal. This is shown in Fig 3. Clearly, the
phasor sum Vs less than the algebraic sumof V_ and V..
Also, because V is the hypotenuse of a right-angled
triangle, V is given by

V2= V2 4V

Impedance of a series RL circuit: The total opposition
to current in a series, RL circuit, is called the impedance
Z. ltis the ratio of the total applied voltage V to the current
I. Impedance is measured in ohms as are resistance and
inductive reactance. But, as shown by the following,
impedance isthe vector sum of resistance and reactance.

Fig 3

PHASOR DIAGRAM OF R & L SERIES CIRCUIT

ELN165353

Consider the "voltage triangle' for a series, RL circuit, as
shown in Fig 4a. This is similar to the phasor diagram in
Fig 3 with V_transferred to make a closed triangle.

Given V2=V 2+VZandV_ =IRandV =IX

Fig 4
v
Vi
o
1
YR
(a) VOLTAGE TRIANGLE
1z
1%,
o [ .
IR
(b) EQUIVALENT VOLTAGE TRIANGLE
z
Xy
o [ .
=
3
R 8
(c) IMPEDANCE TRIANGLE z
w

then Va/W
=1./R? + X zandx=\/m
L I L

But X is the impedance Z.
I

Therefore, Z= RZ + XL2 ohms

where Z is the impedance in ohms
R is the resistance in ohms

X_is the inductive reactance in ohms

and | = v amperes (A).
z
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We can also see from Fig 4b & 4c that, if the impedance
and phase angle are known, we can obtain the resistance
and inductive reactance.

R=2Zcos ¢

X =Zsin¢

where ¢ is the angle between Z and R.
Power in a series RL circuit: We have seen that
inductance is always accompanied by resistance. Thus
coils in motors, generators, relay coils etc. contain both
resistance and inductance. Whenan AC voltage is applied,

the current | is neither in phase nor 90° out of phase with
the applied voltage V as shown in Fig 5.

Figs

0 Ir
VR

CURRENT REFERENCE VECTOR

ELN165355

This means, unlike pure resistance and pure reactance,
the product of the voltmeter and ammeter readings in
Fig 6 is a combination of the true and (quadrature)
reactive power. We call the product of total V and total |
apparent power Ps. Since itis neither true power in watts
nor reactive power in vars, we use a new unit - the volt
ampere, VA to measure the apparent power.

P =V x | volt-amperes (VA)
where P is the apparent power in volt amperes VA,
V is the total applied voltage in volts V,
| is the total circuit current in amperes A.

Fig 6
ENERGY DELIVERED TO

ENERGY RETURNED
TO SOURCE

CURRENT, VOLTAGE, AND POWER WAVE - FORMS

ELN165356

Power triangle: In AC circuit we had identified three
types of power.

— True power in watts as in circuit with resistors only.

— Reactive powerinvars asin the case of pure inductive
or pure capacitive circuit.

— Apparent power in VA as in the case of circuits with R
and L or R & C. All the three are interrelated.

We know in a series RL circuit

2
V=1V~ +V,

Therefore V x| =\/(vR x1)? +(V x1)?

But V x | = apparent power in VA

VX1 =true power in watts
V X1 = reactive power in vars
Therefore,

(apparent power)? = (true power)? + (reactive power)?

or VA =(W?)+(VAR?)

This relation can be represented in a power triangle, as
in Fig 7.

Fig 7
TRUE POWER (WATTS)

L]

REACTIVE
POWER
APPARENT (VARS)
POWER

(VA)

POWER TRIANGLE
POWER TRIANGLE RELATIONS FOR A SERIES RL CIRCUIT

ELN165357

Fig 7 shows the apparent power as represented by the
hypotenuse of the right angled triangle. The true power is
the product of the current and voltage in phase with each
other, and is drawn horizontally. The out-of-phase product
of V_ and I gives the reactive power, and is drawn
vertically downward. This is a convention used to show a
lagging, inductive, reactive power corresponding to a
lagging current. (A capacitive reactive power is drawn
vertically upward, corresponding to a leading current.)

We can also have other relations.
W = VA Cos ¢
VAR = VA Sin ¢

Power factor: The ratio of the true power delivered to an
AC circuit compared to the apparent power that the
source must supply is called the power factor of the load.

If we examine any power triangle, as in Fig 7, we see that
the ratio of the true power to the apparent power is cosine
of the angle @.

w

Power factor= — = Cos
W VA 0

As W = V_xland
VA = V xlalso
Vo, =1 xR
IxZ

V R
power factor must also be equal to —R and to —
Vv
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Power factor (PF) = ﬂ :V_R :E Cos ¢
VA V Z

What should be the power factor for a circuit
containing pure resistance only?. As the phase angle
@ between current and voltages is ¢ = 0.

Cosd=1and PF=1.

Similarly the power factor for circuit containing pure
inductance or pure capacitance only is zero as

Cos ¢ = Cos 90° = zero.

Example: An inductive coil with a resistance of 10 ohms
and inductance of 0.05 henry is connected across 240
volt 50 cycle AC mains.

Calculate
i) current taken by the coil
i) power factor of the circuit
iii) power consumed, and answer
iv) whether the current in the circuitis lagging or leading.
Solution
X = 2nfL=2x3.142 x 50 x 0.05 = 15.7 ohms

L

Z:W: (10)° +(15.7)°
=+/346.49 =18.6 ohms

i 1 =(240/18.6) = 12.9 Amps

.. R 10
ii Power factor = —=——=0.537

Z 18.6

i Power consumed =I?R =(12.9)2x 10
=166.72 x 10
=1667 W.

iv_ The current is lagging in the circuit.

Example: Aninductive circuit has a resistance of 2 ohms
in series with an inductance of 0.015 henry. Find (i)
current and (i) power factor when connected across 200
volt 50 cycles per second supply mains.

Solution
X, = 2nflL = 2x3.142x50x0.015 = 4.71 ohms

Z=+R%+ x> =\(2)? +(4.72)

=J4+17.39 =+/26.19

i 1= @ =39.13 amps

5.11

.. R 2
ii. Power factor= —=——=0.39
Z 511

Phase relation between V & | in R - L series circuit

Objectives: At the end of this lesson you shall be able to

» explain how to add and subtract vector quantities
* represent voltage of R-L circuit by vector .

Consider circuit diagram as shown in Fig 1.

Fig 1

Er

© -

EL112541

R-L SERIES CIRCUIT

When an alternating voltage is applied to a pure inductor,
the resultant alternating current through the inductor is
lagging by 90° with the supply voltage due to presence of
counter emf. (Fig 2b). As current | is shown first Fig 2(a)
the voltage across resistor 'R' i.e. this in phase with
current. (Fig 2a & 3b)

Fig 2
—_—

—— &K

a) IN PURE RESISTIVE CIRCUIT

E
E L

¢

E,
1 1 R

b) IN PURE INDUCTIVE CIRCUIT ¢) IN R-L SERIES CIRCUIT

EL112542

The voltage across inductor (L) E, is 90° leading with
currentl. (Figs 2b and 3c). Hence the applied voltage E
isobviously the resultantof E_ & E, . Itis obtained by simply
summing up the instantaneous values of E_ and E, . (Figs
2¢ & 3d)
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Addition and subtraction of vectors by parallelogram
method

Addition of two vectors: Twovectors OA& OB are acting
on the same point '0' at an angle a as shown in

Fig 3
1
CURRENT
@)
0 90 180 | 270 [ 360 |450 \540 |[630 720

(b) Er
©) E|_
) E

&

|

w

Fig 4. Both vectors can be added by the parallelogram
method. On completion of parallelogram OACB, draw the
diagonal 'OC' from point 0.

Fig 4

EL112551

ADDITION OF VECTOR

AC Simple circuit - with capacitor only

Now 'OC' represents the resultant vector of both vectors.
Subtraction oftwo vectors: If vector OAisto be subtracted

from vector OB (as shown in Fig 5) (OB — OA) then OAiis

produced backward so that OA' = OA complete
parallelogram OBCA'. The diagonal OC drawn from point
'0" of the parallelogram represents the resultant of OA &
OB.

OC = (OB-0A)

Addition of voltage across resistance and
inductance connected in series by vector
method to compare with supply voltage.

Fig 5

EL112552

SUBTRACTION OF VECTOR

Phasor is representation of sinusoidal quantities. Hence
two electrical quantities can be represented by a phase
diagram as shown in Fig 6a and wave form a shown by
Fig 6b.

Two electrical quantities both (E, & E,) voltage can be
added by the vector diagram methods as shown in Fig 6c¢.

Fig 6 e
/’/’ ‘\\\
/ ~ E
/7 N\,
\_E N2
/ \
E
NEAC R/
/
\\ E 1 L
\ NN/ Y
N C W, E-TT"E
e g L
@
(c) VECTOR &
(a) PHASOR DIAGRAM (b) WAVE DIAGRAM DIAGRAM =
w

Objectives: At the end of this lesson you shall be able to

» explain AC circuit with capacitor only
» state phase relation between V and |
» state power in pure capacitance only.

Circuit with capacitance only: In an AC circuit, the
applied voltage as well as the current it produces,
periodically changes direction. (Fig 1) A capacitor in an
AC circuit is first charged by the voltage being applied in
one direction. Then, when the applied voltage starts to
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decrease, less current flows, but the capacitor is still
being charged in the same direction. As a result, as the
applied voltage continues to drop, the voltage developed
across the capacitor becomes greater.
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Fig1
1st QUARTER | 2nd QUARTER  3rd QUARTER | 4th QUARTER
| CHARGING | DISCHARGING |

APPLIED VOLTAGE

CHARGING

DISCHARGING
AC CIRCUIT WITH CAPACITOR ONLY

ELN165371

The capacitorthenacts asthe source, and starts discharging.
The capacitor becomes fully discharged when the applied
voltage drops to zero and reverses its direction. Then the
capacitor starts charging again, butin the same direction
in which it was previously discharging.

This continues until the applied voltage again starts to
drop, and the events repeat themselves. This alternate
charging and discharging, firstin one direction, and then
in the other, occur during every cycle of the applied AC.
An AC current, therefore, flows in the circuit continuously.

It can be said, then, that although a capacitor blocks DC
it passes AC.

Voltage and current realtionship: When an AC voltage
source is connected across a capacitor, maximum current
flows in the circuit the instant the source voltage begins
its sinusoidal rise from zero. (Fig 2a)

Fig 2

CHARGING CURRENT VOLTAGE
CURRENT
DIRECTION
+
o \.\</

(a) FIRST QUARTER CYCLE —/
CURRENT

)
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o
I
L

DECHARGING VOLTAGE

—
CURRENT
DIRECTION

+

{b) SECOND QUARTER CYCLE —/

~ CHARGING CURRENT
CURRENT
DIRECTION

)
&,
o
|
L

VOLTAGE

90“\ D70

(c) THIRD QUARTER CYCLE —/

VOLTAGE

)
)
o
[l
+ 0y

E

DECHARGING  CURRENT
CURRENT
DIRECTION

18|
90° 270° 360°

(d) FOURTH QUARTER CYCLE —/

ENERGY TRANSFER IN A CAPACITOR CIRCUIT

EL112712

This is because the plates are in neutral state and
present no opposing electrostatic forces to the source
terminals. Therefore, as you can see by Ohm's Law, if
the opposition to the currentflow is very, very low, a small
applied voltage can cause considerable current to flow.

As the source voltage rises, however, the charges on the
capacitor plates, (which result from the current flow) build
up. The charge voltage, then, presents an increasing
opposition to the source voltage and so the current
decreases.

When the source voltage reaches its peak value, the
charge voltage across the capacitor plates is maximum.
This charge is sufficient to completely cancel the source
voltage, so that the current flow in the circuit stops.

Asthe source voltage begins to decrease, the electrostatic
charge on the capacitor plates becomes greater than the
potential of the source terminals, and so the capacitor
starts to discharge. (Fig 2b)

Is the current flow in the same direction when the
voltage decreases?

The direction of electron flow is opposite to the direction
taken by the electrons during capacitor charging. Thus,
at the point that the applied voltage passes through its
maximum value and begins decreasing, the current in
the circuit passes through zero and changes direction.
As can be seen from the graph, this constitutes a
90-degree phase difference, with the current leading the
applied voltage.

This 90-degree difference is maintained throughout the
complete cycle of applied voltage. When the applied
voltage has dropped to zero, the circuit current has
increased to its maximum in the opposite direction, and
when the voltage reverses the direction, the current
begins decreasing. (Fig 2c) Therefore, the voltage applied
to a capacitor is said to lag the current through the
capacitor by 90 degrees. Or, the current through a
capacitor leads the applied voltage by 90 degrees.

Hence the current increases from zero to maximum
when voltage starts decreasing from the peak value in
the opposite direction to zero. (Fig 2d)

The phase relation between voltage and current in a
pure capacitor circuit is shown in the wave-form and
vector diagram. (Fig 3)

Fig 3

VMAX | —————

1 MAX
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N
h

CHARGE DICHARGE cHARGE! DICHARGE

ELN165373
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Capacitivereactance: The opposition offered to the flow
of current by a capacitor is called capacitive reactance,
and is abbreviated Xc. Capacitive reactance can be
calculated by:

1 1

- 2#fC - wcC

Xe

where 2r is approximately 6.28
fis the frequency in Hz
C is the capacitance in farad and o = 2.x.f.

Like its inductive counterpart - inductive reactance,
capacitive reactance is expressed in ohms. Ohm's Law
can also be applied to a circuit containing capacitive
reactance only. (Fig 4)

Fig 4 .
C (A
\/
PURE CAPACITIVE CIRCUIT é
VC = Ic xc
VC VC
lo=—%, X.=—%
XC IC

where, |_is current through capacitor in amps
V_ is the voltage across the capacitor in volts
X, is the capacitive reactance in ohms.

Example: A 10 micro-farad capacitor is connected to a
200V 50Hz supply. Find the current taken.

Solution
l. = Ve
c~ X , VC =V

where X_is the capacitive reactance.

1 10

XC = =
2zfc 2w x50x10

1000

c =318.4 ohms
T
200
lc =———=0.628 amps
318.4

Power in pure capacitance: For pure capacitance, the
voltage and currentare 90° out of phase with each other,
the current leading as shown by the phase diagram in
Fig 5a.

Fig 5

o 1,
90°
Ve

(a) VECTOR DIAGRAM OF CURRENT & VOLTAGE.

ENERGY DELIVERED
TO CAPACITOR

ENERGY RETURNED
TO SOURCE

{b) CURRENT, VOLTAGE AND POWER FORMS.
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The product of vandigives a power curve as shown in Fig
5b. We see that the energy delivered to the capacitor and
stored in the electric field is represented as a positive
guantity. A quarter of a cycle later, all of this energy is
returned to the source, as the capacitor discharges.
Thus the average true power, P, is zero in a pure
capacitance.

However, reactive power Pq is drawn by the capacitor,
and the source must be able to supply this power.

For a purely capacitive circuit, the reactive power is given
by
P,= V., volt-amperes reactive (var)
where
P, is the reactive power in volt-amperes reactive, var
V_is the voltage across the capacitance in volts
|, is the current through the capacitance in amperes.
Since V_= | X,
then P, = 12X, var

2
c

and Py =
XC
where X_ is the capacitive reactance in ohms.

Again the equations for reactive and true power are
similar with X used in place of R. We must use vars, not
watts, for the reactive power.

As in the case of pure inductive circuit, the power factor
of the pure capacitive circuit is also zero.

Why is it s0?

This is because the angle between the current and
voltage in a capacitive circuit is 90°. Result cos ¢ = 0.
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Example: A reactive power of 100 vars is drawn by a 10
micro farad capacitor due to a currentof 0.87A. Calculate
the frequency.

Solution

_ Py _100vars

— 7 = 132 ohms
(0.87)

c 2
le

Therefore, f =

2.x.X..C

c

1
" 27x1320hmsx10x10 °F

=120 Hz.

Power and power factor in AC single phase circuit

Objective: At the end of this lesson you shall be able to

« calculate power and power factor of a single phase AC circuit from the given relevant values.

Power in pure resistance circuit: Power can be
calculated by using the following formulae.

1) P =V_ x| watts

2) P=1°, Rwatts

2
3) p:E_ watts
R

Example 1: Calculate the powertakenby anincandescent
lamp rated 250V when it carries a current of 0.4A if the
resistance is 625 ohms.(Fig 1)

Fig 1
i=04A
>z ®R=625 o
&5 LAMP
> 5]
P =V xl
=250x0.4
= 100 watts.
Alternately
P=I°R
=0.4x0.4 x625
= 100 watts
E? 2502
orP=—=
R 625
250 x 250
P=———
625
= 100 watts.

Since the current and voltage are in phase, the phase
angle is zero and the power factor is unity. Therefore, the
power can be calculated with voltage and current itself.

Example 2: A wattmeter connected in an AC circuit
indicates 50W. The ammeter connected in series with the
load reads 1.5A. Determine the resistance of the load.

Fig 2
PmT P
TN _Plavg)
Im+
Vit
0 POWER IN A PURE RESISTANCE
v
5 o
i g
8
CURRENT, VOLTAGE, AND POWER WAVEFORMS %
w
Solution

Known: P =I.°R

The circuitarrangement and wave-forms of I, Vand P are
shown in Fig 2.

Given: | = 1.5 amperes

P =50 watts.
Therefore,
P 50W
R=—= 3 =22.2ohms
I2R (1.5)

Power in pureinductance: Ifan AC circuit contains only
inductance, the voltage and current are 90° out of phase,
and the circuit of the instantaneous values of voltage and
current gives with positive and negative power. Netresult
is the power consumed in a pure inductive circuit is zero.

Power in pure capacitance: If an AC circuit contains
only capacitor, the voltage and current are 90°. Out of
phase and the product of instantaneous values of voltage
and current gives both positive and negative power. Net
result is the power consumed in a pure capacitive circuit
is zero.

Most industrial installations have a lagging PF because
of the large number of AC induction motors that are
inherently inductive.

Effect of a low power factor: To show the important
effect of the power factor, let us consider a 240V, 50 Hz,
1 hp motor. Let us assume that it is 100% efficient so that
itdraws atrue power of 746 W. Such a motor has a typical
power factor of 0.75 lagging. (Fig 3)

228 Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 1.6.53



Fig 3 1yx=324A

1,=288A

1y=433A

(b) VECTOR DIAGRAM

681 vars

(a) CIRCUIT DIAGRAM

Ps=996VA

ELN165383

{c) POWER TRIANGLE

To deliver 746 W from 240V at a power factor of 0.75
requires a current of

P

[=—A
V xCos 6

746W
= =A144A

240V %0.75

Now let us assume that we can modify the motor in some
way to make the power factor unity (I). The current now
required is

P

|l=——
V xCos 0

R - C Series circuit

746 W

= = 3.108A
240V x1

Evidently, it requires a higher current to deliver a given
guantity of true power if the power factor of the load is less
than unity. This higher current means that more energy
is wasted in the feeder wires serving the motor. In fact, if
anindustrial installation has a power factor less than 85%
(0.85) overall, a “power factor penalty' is assessed by the
electric utility company. It is for this reason that power
factor correction is necessary in large installations.

Power factor correction: In order to make the most
efficient use of the current delivered to a load we desire
a high PF or a PF that approaches unity.

A low PF is generally due to the large induction loads
such as discharge lamps, induction motors, transformers
etc. which take a lagging current and produce heat which
returns to the generating station without doing any useful
work as such it is essential to improve or correct the low
PF so as to bring the current as closely in phase with the
voltage as possible. That is the phase angle 6 is made
as small as possible. This is usually done by placing a
capacitor load which produces a leading current.

The capacitor is to be connected in parallel with the
inductive load.

Objectives: At the end of this lesson you shall be able to

» state the effect of frequency on capacitive reactance in R-C series circuit

* calculate power factor
» determine the power factor and phase angle

* state the R-C time constant while charging and discharging

In a circuit with capacitance, the capacitive reactance (X¢)
decreases when the supply frequency (f) increases as
shown in Fig 1.

Fig 1

— Xc

—— f

RELATION BETWEEN FREQUENCY AND CAPACITIVE REACTANCE

ELN165391

XA~ oc—
C g

When the capacitive reactance Xc increases the circuit
current decreases.

oc —

Xe

Therefore the increase in frequency (f) results in the
increase of the circuit current in the capacitive circuit.
When resistance (R), capacitance (C) and frequency f
are known in a circuit, the power factor cos gq can be
determined as follows. (Fig 2)

B 1
2afC

Xc
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Fig 2

V,fHz

EL113012

R.C. SERIES CIRCUIT

Z=|R?+X?
C

R
Power factor, cos 6 = E

Example 1: A capacitance of 20 u f and a resistance of
100 are connected in series across a supply frequency
of 50 Hz. Determine the power factor. (Fig 3)

Fig 3 C=20 uF

R=100 Q

()
N

O 50 Hz O

EL113013

R.C, SERIES CIRCUIT

Solution

1 1
27fC

Xc
22 6
2X—x50x20x10
7

_ 7x10°
2Xx22x50x20

~ 7000000

44000
=159.1 Q, say 160 Q.

Z=R®+x 2

=+/10000 + 25600
=+/36600 =191.3Q

R 100
PF=—=——=-522

Z 191.3
Capacitive reactance X~ in a capacitive circuit can be
determined with the formula

1

27fC
where X = capacitive reactance in ohm
(o}

Xc =

f =frequency in Hz

C = Capacitance in farad

Power consumed in a R-C series circuit can be determined
using the formula

P =VIlcos 6 where P = power in watts
| =currentin ampere
cos 6 = power factor.

Vector diagram of voltages and their use to determine
pf angle 6. (Fig 4)

Fig 4
1 o R A

\% Ve z Xc

B

ELN165394

a) VOLTAGE TRIANGLE b) IMPEDENCE TRIANGLE

VR=1Rr drop across R (in phase with 1)
Ve = IXe drop across capacitor (lagging | by 90°)

v=JVv2+vZ=J(RY +(x.f =1 JR?+x2

\Y

R*+x2 Z

Z=.JR%+X é where Z is the impedance of the circuit.

Power factor, cos 6 = R/Z.

From pf cos 6 the angle 6 can be known referring to the
Trignometric table.

Example 2: In RC series circuit shown in the diagram
(Fig 5) obtain the following.

Fig5
R=30 Q | | Xc=40Q
200V, 50 Hz
o
R.C. SERIES CIRCUIT a

* Impedance in ohms

e Current in amps

* True power in watts

* Reactive power in var

* Apparent power in volt amp.
* Power factor

Solution
1 Impedence (Z)

= JR? + X 2 =302 + 40 = /2500 =500
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vV 2
2 Current |:_:ﬂ:4A
Z 50

3 True power W = IR = 4° x 30 = 480W
(Power consumed by capacitoir = zero)
VC: IXC:4X4O:160V

4 Reactive power VAR = VCI =160 x 4 =640 VAR
Apparent power VI = 200 x 4 = 800 VA

R 3
PF cos@=—=—=0.6
Z 50

The impedance triangle, power triangle and voltage
triangle for exercise 2 are showm in Fig 6

Fig 6
R=30 Q 480 W

53°1" 53°1"

X =40 Q 800 VA 640 vars
Z=50 Q

a) IMPEDENCE TRIANGLE b) POWER TRIANGLE

53°1"

V=100V V=200V

LN165396

¢) VOLTAGE TRIANGLE

E

Example 3: An 8 LLf capacitor is connected in series with
an ohmic resistance of 160 Q. A voltage of 220V AC, 50
Hz is applied to the circuit (Fig 7)

Fig 7

160 Q

220V, 50 Hz

ELN165397

Calculate

a) the capacitive reactance
b) the impedance

¢) the current

d) the active power

e) the reactive power.

Solution

1 10°

a) X~ = =
€ onfc 314x8

=400Q

b) 7= JR?+ X2 =+1602 +400°

=+/185600 =430 Q

vV 220
) |I=—=——=0.51A
Z 430

d) W = I"R =0.51° x 160 = 41.62W
e) VAR =V x1Sin® =220 x 0.51 x 0.9291
102.2 VAR

(6 = 18°18",Referring to the sine table,
sin © =sin 18°18’ = 0.9291.

Fig8 R=50 Q

_— O

1=0.16A

12V, 50 Hz

ELN165398

Example 4: In the circuit shown in Fig 8, calculate a) the
capacitive reactance and b) the capacitance of the
capacitor.

Solution
VR:IR:O.16x50:8V

Ve =yVZ - Vg~ =v12% -8% = /80 = 9V (App)

vV 9
Xg =—=——=56Q

| 0.16
o 1
¢ 2xfC
1 1 10°
c —57uF

2nfX. 314x56 314x56

Example 5: A voltage of 125V at 60Hz is applied across
a non-inductive resistance connected in series with a
condenser. The current in the circuit is 2.2A. The power
loss in the resistor is 96.8W and that in the condenser is
negligible. Calculate the resistance and capacitance.

(Fig 9)
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Fig 9

o]

96.8W

22A

(~)
N

125V 60 Hz

ELN165399

=400 =20V
Example 7: In the circuit shown, Fig 12 calculate
a) theresistorvoltage

b) the capacitorreactance voltage.

Solution : Power loss I’'R = 96.8W

R- 96.8 96.8 200
B 2 2.2°
vV 125
Impedence Z=—=—=56.82Q
| 22
2_R2

Capacitance reactance XC =\Z

—+/56.82% - 20°

=53.2Q
X.=1/(2nfC)
2nfC =117 X,
2x3.14x60xC=1/53.2
C=1/(53.2x2x3.14 x 60)
= 0.00005 F =50 mF
Example 6: In the circuit shown (Fig 10)

Fig 12 R c
— /|
‘ L V=12V, 50 H.
v v =12V, 50 Hz
R i ¢ Cos ¢ =0.31
8
O v ') z
Solution

a) V,=Vcos6 =12x0.31=3.72V
b) V.=Vsin® =12x0.9595 x 11.4V
Vector diagram Fig 13

Fig 13
0=71°54'

. Cos ¢ =0.31
VC Sin ¢ = 0.9505
\

VECTOR DIAGRAM

EL11301D

Fig 10
" c
1 [l
L

Il
Ve Ve Vg=12V
T V=16V

v
o o

CIRCUIT DIAGRAM

ELN16539A

‘Time constant’: One time constant is that time in
seconds required for a completely discharged capacitor
to charge 63% of the source voltage (charging voltage).

T=RxC

where T = one time constant in seconds
R = resistance in ohms
C = capacitance in farad.

As shown in the (Fig 14), if

a) calculate the voltage V

b) drawthe voltage triangle (Fig 11).

Fig 11
g Vg=12V

V=20V V=16V

VOLTAGE TRIANGLE

ELN16539B

Fig 14

C=5uF R=3MQ

1l —

Il | S|

s

w
g
L+ q0v  L- ¢
z
u

Solution

a) V=\/VR2 v 2 122 4162 = 144 + 256

C=5uF, R=3MQ, then

1=5x10"6x 3 x 108 =15 seconds
charging voltage =100V

one time (t) constant = 15 seconds. V= 63V

After 5 time constant a capacitor is 99.3% charged, for
practical purposes it is taken that the capacitor is fully
charged. A capacitor charges in 5 time constant.

A charging curve is shown in Fig 15.

During discharging, a fully charged capacitor discharges
in five time constant. A discharging curve is shown in
Fig 16.
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- Fig 16
Fig 15 v 19 Ve
FINAL A — e e INITIAL
VALUE | o5 | 98% 199.3% VALUE ]
TB6% | | }
I ! | |
I } I }
(63% | | | |
! 1 ! 1 1
‘ | I | |
‘ | I | |
! |
| | | | }
| | |
1 | |
| | | | |
| 3 1 3 ; t 1% t
0 11T 21 31 41 51 é 51 %
CHARGING CURVE % DISCHARGING CURVE %
T Time taken Charging voltage Voltage across the capacitor
(sec) V) plates (V)
At the time of
switching on 100 0
1t 15 63% of 100 =63 0+63 = 63
2t 30 63% of (100-63) = 23.3 say 23 63+23 = 86
3t 45 63% of (100-86) =8.82 say 9 86+9 = 95
4t 60 63% of (100-95) = 3.15 say 3 95+3 =098
5t 75 63% of (100-98) = 1.26 say 1.3 98 +1.13=99.3

R L C series circuit

Objectives: At the end of this lesson you shall be able to

* calculate the resultant reactance and impedance of the RLC series circuit

* state the impedance, voltage and power triangle.

» explain the necessary conditions for series resonance.

Assume an AC single phase circuit consisting aresistance,
inductor and capacitor in series. Various parameters
could be calculated as shown in the example.

Example : The value of the components shown in Fig 1
iIsSR=40ohmsL=0.3Hand C=50uf. The supplyvoltage
is 240 V 50 Hz. Calculate the inductive reactance,
capacitance reactance, net reactance, impedance,
current in the circuit, voltage drops acrossthe R, Land C
power factor, active power, reactive power and apparent
power. Also draw the impedance triangle, voltage triangle
and power triangle.

Fig 1
400

240V, 50 Hz

EL113111

R L C SERIES CIRCUIT
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Calculate the resultant reactance in RLC circuit :
Inductance and capacitance have directly opposite effects
inan AC circuit. The voltage drop caused by the inductive
reactance of the coil leads the line current by 90°. The
voltage drop across the inductor coil and the capacitor
are 180 degrees apart and oppose each other. To
calculate the net reactance in the above example:

Inductive reactance
X =2nfL=314 x 0.3 =94.2Q

Capacitive reactance

1 1
X = = =
2zfC 314 x0.00005 0.0157

=63.69Q
Net reactance - XL - XC =94.2 - 63.69 = 30.51Q

Calculate the impedance: From the circuit given above
the impedance can be found. The impedance is the
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resultant combination resistance and reactance. In this
circuit, the impedance is the combination of the 40 ohms
resistance and 30.51 Q resultant reactance. The
impedance for this circuit is

2= R +(x_ - X¢)? =V/40? +30.512

=4/1600 +930.86 =+/2530.86 =50.30 Q

Draw the impedance triangle: Draw the horizontal line
(X axis) indicating the circuit current.

Draw along with current vector the value of R to a suitable
scale i.e. 1cm =y ohm.

draw the vertical line perpendicular to the current vector
in +y axis indicating the value of inductive reactance to
the scale selected (1cm =y ohm)

draw a vertical the perpendicular to the current vector in
_y axisindicating the value of capacitive reactance to the
scale selected (1cm =y ohm).

Substract the value of X_from, X as shown in Fig 2 the
net reactance value is equal to 30.51 ohms. Complete
the vectors by closing the parallelogram the reactance of
the parallelogram is the impedance of the series RLC

Fig 2

circuit.

—X=6369 Q

X|—Xg (94.2 - 63.69)= 3051 Q

X|-Xg =94.2-63.69=3051Q
/.2 2
Z=/R+HX-Xg) =503Q

IMPEDANCE TRIANGLE

X¢= 63690

ELN1653A2

Mathematically what we determined the values of net
reactance and impedance could also be determined by
the above vectorial method.

Measurement of current and voltage drop in RLC
circuit. The voltage drop across R =E_ acrossL=E, and
drop across C = E_and the formulafor finding their values
and given below.

E.=IR
E =X,
Ec = IXc

Current in given RLC series circuit: Current in this
series circuit is | = E/Z = 240/50.3 = 4.77 amps.

Identifying whether the current flow is leading or
lagging the voltage in a RLC series circuit: As this is
a series circuit, the current is the same in all parts of the
circuit, but the voltage drop across the resistor, the
inductor coil and capacitor are

ER =R =4.77 x 40 = 190.8 volts
EL = IXL =4.77 x 94.2 Q = 449.33 volts
EC = IXC =4.77 X 63.69 = 303.80 volts.

The vector sum of the voltage of 190.8 volts across the
resistor and 145.53 volts across the net reactance of
30.51Q is equal to the line voltage of 240 volts as shown
below.

E=E’R +(E, ~E¢)>?

=/190.82 + (449.33 - 303.80)?

=/190.82 +145.532
E = 240 volts.

The voltage vector diagram could be drawn as shown in
Fig 3.

Fig 3
E|=4493V
BrBe | ____ LINE VOLTAGE
=14553 I =240V
|
|
|
|
|
|
|
9=37°3" | 1=477A
.
ER=190.8V
. 2
Ec=303.8V S
2
VECTOR DIAGRAM Z
w

In this type of series circuit, the current is used as a
horizontal reference line. The voltage value of 145.53
volts across the portion of the inductive reactance which
is not cancelled out by the voltage across the capacitive
reactance. The PF = ER/E =190.8/240 = 0.795 lag or
PF = R/Z = 40/50.30 = 0.795 lag PF. In this circuit the
phase angle is 37.3° lagging. This means that current
lags the line voltage.

In an RLC series circuit, if X, is greater then the voltage
appearing across the inductor is high and that can be
found out by IX| . In the same way if the Xc value is
greater in an RLC series circuit, the voltage appearing
across the capacitor is more and can be found out by
I Xc.

In the example given above, the voltage drop across
resistance 40 Q = 190.8 volts.
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Voltage drop across inductance 0.3 H = 449.33 volts.
Voltage drop across capacitor of 50 mf = 303.80 volts.

From these values itis clear that the voltage drop across
the inductor and capacitor is higher than the supply
voltage. Hence while connecting the meter to measure
the voltage drop across inductor and capacitor it
should be noted that the range of this should be high (in
this case 0 - 500 volts)

Calculate the power factor: Power factor of the RLC
series circuit can be found from the impedance triangle
or voltage triangle as shown below

R Eg
Power factor=Cos 6 =— or —
Z \Y

R 4
Power factor=—=——=0.795
Z 5

0.3
Eq 190.8
=R -"""-0795
V240

Calculate the active power (R,): Active power can be
calculated by using any one of the formulae given below

P=ElICos 6=1I°R
=EICos 6 =240x4.77 x 0.795
=910 walts
=I2R=4.772x 40
=910 watts.

Calculate the reactive power P : Reactive power can
be calculated using the formula

P,= El'sin 6 Vars
=240 x6.77 x 0.6074
= 695 Vars
Cos 6 =0.795
0 =37°3
Sin 6 = Sin 37°3
= 0.6074

Calculate the apparent power (P,
can be calculated using the formula

): Apparent power

P .- = El volt-amperes
=240x4.77
= 1145 Volt-amperes.

Draw the power triangle: Power triangle is shown in
Fig 4.

Fig 4

3
K 695 vars

910 W

ELN1653A4

POWER TRIANGLE

Resonance circuit: Whenthe value of X and X_ are equal,
the voltage drop across them will be equal and hence they
cancel each other. The value of voltage drops V and V.
may be much higher than the applied voltage.

The impedance of the circuit will be equal to the
resistance value. Full value of applied voltage appears
across R and the current in the circuit is limited by the
value of resistance only. Such circuits are used in
electronic circuits like radio/TV turning circuits. When
X, = X, the circuit is said to be in resonance.

As current will be maximum in series resonant circuits it
is also called acceptor circuits. For a known value of L
and C the frequency at which this occurs is called as
resonant frequency. This value can be calculated as
follows when X = X

2afLl =

2afC

Hence resonant frequency f =

27+yLC

Power factorangleiscommonly denoted by Theta
0. In some pages of this text it is denoted by Phi
¢. As such these terms are used alternatively in
this text.
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Electrical
Electrician - AC Circuits

Related Theory for Exercise 1.6.54

Series resonance circuit

Objectives: At the end of this lesson you shall be able to
¢ explain the impedance of series resonance circuit

« state the condition for series resonance and its expression

« state the resonance frequency and its formula

« state about the ‘Q’ factor (selectivity) of RLC circuit from graph.

Series resonance circuit
Impedance of series resonance circuit

A simple series LC circuitshown in Fig 1. In this series LC
circuit,

— resistance R is the total resistance of the series
circuit(internal resistance) in ohms,

— X_is the inductive reactance in ohms, and
— X_ is the total capacitive reactance in ohms.

Inthe circuitat Fig 1a, since the capacitive reactance(90Q)
islargerthaninductive reactance(60Q2), the netreactance
of the circuit will be capacitive. This is shown in Fig 1b.

Fig 1
(b) ¢
|
I
X=Xg--X|_ =30 Q
>
Ny
=40
R Q
(~0)
~
O/
V=100V Vo =100V
EQUIVALENT CIRCUIT
WITH NET REACTANCE X
AXL:BUQ
(©)
R
=
T[T =
NET REACTANCE 1 s
s
x =30 () I~
<[+ 2 2
z =R (Xg- x|)
VXC E
X¢ =90 Q g
3

Note: If the capacitive reactance was smaller
than inductive reactance the net reactance of
the circuit would have been inductive.

Allthough the unitof measure of reactance and resistance
is the same(ohms), the impedance, Z of the circuit is not
given by the simple addition of R, X and X_. This is
because, X is +90° out of phase with Rand X _ is -90° out
of phase with R.

Hence the impedance Z of the circuit is the phasor
addition of the resistive and reactive components as
shown by dotted lines in Fig 1c. Therefore, Impedance Z
of the circuit is given by,

Z= R+ (Xc - X )?

If X were greater than X, then the absolute value of
impedance Z is will be,

236

Z:\/Rz +(X, - Xg)?

For the circuit in Fig 2(a), total impedance Z is,

Z:\/Rz + (X = X)°

Z =+40% + 302

Z =50Q, Capacitive (because X_.> X )

Current | through the circuit is given by,

VvV 100

l=—=—— =2Amps

Z 50Q
Therefore, the voltage drop across the components will
be,
V, = voltage drop across R = LR =2x40 = 80 volts
V, = voltage drop across L = .X = 2x60 = 120 volts
V. = voltage drop across C = .X_ = 2x90 = 180 volts.

Since V| and V_ are of opposite polarity, the net reactive
voltage V, is = 180 - 120 = 60V as shown in Fig 2.

Fig 2
R=20()

(a) =

ELN165412

VT =100V

V=100V

Note that the applied voltage is not equal to the sum of
voltage drops across reactive component X and resistive
component. This is again because the voltage drops are
not in phase. But the phasor sum of V_ and V, will be
equal to the applied voltage as given below,

2 2
Vp =4V~ +Vy



2 2
=\/VR +(V - Ve)

_ /802 + 602 =100 volts(applied voltage).

Phase angle 6 of the circuit is given by,

a4 X=X
f=tan 1S "L

Condition at which current through the RLC Series
circuit is maximum

From the formula,

zZ- \/Rz +(Xe - X, ) itis clear that the total imped-
ance Z of the circuit will become purely resistive when,
reactance X = X,

In this condition, the impedance Z of the circuit will not
only be purely resistive but also minimum.

Since the reactance of L and C are frequency dependent,
at some particular frequency say f, the inductive
reactance X_becomes equal to the capacitive reactance
X.- In such a case, since the impedance of the circuit
will be purely resistive and minimum, current through
the circuit will be maximum and will be equal to the
applied voltage divided by the resistance R.

Series resonance

From the above discussions it is found that in a series
RLC circuit,

Impedance Z = \/RZ +(X - XC)2

\Y
Current | = —
Z
and,

X, =X
Phase angle g = tan -t "C

If the frequency of the signal fed to such a series LC
circuit (Fig 1a) is increased from 0 Hz, as the frequency
isincreased, the inductive reactance(X = 2xrfL) increases
linearly and the capacitive reactance (X. = 1/2xflL)
decreases exponentially as shown in Fig 3.

As shown in Fig 3, at a particular frequency called the
resonance frequency, f, the sum of X and X_ becomes
zero( X — X, =0).

From Fig 3 above, at resonant frequency ,
— Netreactance, X=0 (i.e, X_=X)

— Impedance of the circuit is minimum, purely resistive
and is equal to R

— Current | through the circuit is maximum and equal to
VIR

— Circuit current, lis in-phase with the applied voltage V
(i.e. Phase angle =0).

At this particular frequency f called resonance frequency,
the series RLC is said to in a condition of series
resonance.

Fig 3
Xy =2mfL
XLA -
I
I
I
/
0 =
It t
I
I
I
I
Xg= —
2m £ G
©
3
xcv 8
VARIATIONIN x| AND X WITH f 5
L

Resonance occurs at that frequency when,
X =X, or2nfL =1/2rfC

Therefore, Resonance frequency, f_is given by,

1
f, = Hz L1
" omllc [1]

Reactanceofseries RLCaboveandbelowresonance
frequency f

Fig 4 shows the variation of net reactance of a RLC circuit
with the variation in frequency.

Fig 4 oA

LEADING 90°
(CAPACITIVE)

45° ——

LAGGING -- 457 7
{INDUCTIVE)

R

ELN165414

fr
VARIATION OF NET REACTANCE

From Fig 4 above,it can be seen that the,
— net reactance is zero at resonant frequency f,

— net reactance is capacitive below the resonant
frequency f

net reactance is inductive above the resonant fre-
quency f.

Selectivity or Q factor of a series RLC circuit

Figs 5a and 5b two graphs showing the current through
series two different RLC circuits for frequencies above
and below f . f and f, are frequencies at which the circuit
current is 0.707 times the maximum current,l _ or the -
3dB points.
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V

f1 fr f2
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Q FACTOR OF RLC SERIES CIRCUIT

Fig 5 indicates that series RLC circuits select a band of
frequencies around the resonant frequency, f. This
band(f, to f, is called the band width f of the series RLC
circuit.

Bandwidth = Af =f,—f Hz.

where, f, is called the upper cut off frequency and f, is
called the lower cut off frequency of the resonant circuit.

Comparing Figs 5a and 5b, it is seen that the bandwidth
of 5b is smaller than that of 5a. This is referred to as the
selectivity or quality factor, Q of the resonance circuit.
The RLC circuit having the response shown in Fig 5b is
more selective than that of Fig 5a. The quality factor, Q
of a resonance circuit is given by,

f
uality factor = Q= —=—" 2
Qually AFf, -1 2l

If Q is very large, the bandwidth f will be very narrow and
vice-versa. The Q factor of the series resonance circuit
depends largely upon the Q factor of the coil(inductance)
used in the RLC circuit.

Therefore,
. X
Qofcoil =L _ 2L
R
since,
1

27[\/E

Q of the series RLC circuit is given by,

o Lot
"R TG .[3]

Application of series resonance circuits

A series resonance circuit can be used in any application
where it is required to select a desired frequency. One
such application is radio receiver.
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R-L, R-C and R-L-C parallel circuits

Objectives: At the end of this lesson you shall be able to

» explain the admittance triangle and the relationship between conductance, susceptance and admittance
» explain susceptance, conductance and admittance by symbols.

R-L Parallel circuit

When a number of impedances are connected in parallel
across an AC voltage, the total current taken by the circuit
is the phasor sum of the branch currents (Fig 1).

There are two methods for finding the total current.
» Admittance method
» Phasor method

Admittance method

The current in any branch [=

1
=E x|—| where

1
Z
is called the admittance of the circuit i.e. admittance is

the reciprocal of impedance. Admittance is denoted by
‘Y’ (Fig 2).

I= EX

1 |
—| =EY or Y=—
z E

total current

.. Total admittance (YT) =
common applied voltage

_ phasor sum of branch currents

common applied voltage

= phase sum of separate admittance

Note: Supply voltage is referred as V or E
interchangeably.

Fig 1

R

R.L. PARALLEL CIRCUIT

EL113321

Anadmittancemay beresolved intotwo components.

* A componentin phase with the applied voltage called
the conductance denoted by g.

* A component in quadrature (at right angle) with the

Fig 2

a) ADMITTANCE TRIANGLE b) IMPEDANCE TRIANGLE

ELN165512

applied voltage called susceptance, denoted by b.

1 R
g=YCos$p=—x—
zZ Z

R _ R
72 R?+72
1 X X
b=Ysing=—x—=—
zZ z z
X
R? + X2

The unit of admittance, conductance and susceptance
is called the mho symbol O.

Relationship between branch current and supply
voltage

In a R-L parallel circuit, the voltage across resistor (ER)
and inductor (EL) are the same and equal to the supply
voltage E. Hence E is the reference vector. The current
through resistor (I ) in phase with Er is E. (Fig 3) The
current through mductor (1 ) is lagging the EL is E by
90°. In short the current through resistor IR is in phase
and the current through inductor I , lags with applied
voltage (E) by 90° . The power factor of R-L parallel cir-
cuit is cos ¢ where ¢ is the angle in between the total
current and applied voltage.

Fig 3

L113322

R.L. PARALLEL CIRCUIT VECTOR
Representation of two branch currents and total
current in the circuit containing R, R coil, X, coil
and supply voltage

E
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|, = branch current through resistor
| = branch effective current through coil

In‘a parallel circuit, the voltage across R (E_) and across
coil (E,) is the same. Due to the applied voltage across
coil (E.) the coil current (l.) flows through the coil. The
current flowing through the coil is the effective current.
The same current flows through the resistance and in-
ductance of the coil (Fig 4).

Fig 4

R COIL

X, COIL

ELN165514

| = current flow through the resistance and induct
ance of the coil

E voltage drop in the coil due to resistance and
in phase with |

voltage drop in the coil due to inductance and
leads the current by 90° (Fig 5).

9]
ELN165515

I, = current through resistor in phase with E

| = current through coil lagging with E by o
AC Parallel circuit (R and C)

|, = total current lagging E by an angle ¢.

Fig 6

I resisTor ™ IR

leow=1¢

ELN165516

The power factor of the above circuit is cos ¢ where ¢ is
the phase angle between the applied voltage and total
current (Fig 6).

Assignment

1 Acaoil of resistance 15 ohms and inductance 0.05H is
connected in parallel with a non-inductive resistance
of 20 ohms. Find (a) the current in each branch and
(b) the phase angle between the total current of the
whole arrangement and the applied voltage of 200 V
at 50 Hz.

2 The load on a 250 V supply system is -

a) 12 A at 0.8 power factor lagging

b) 5 A at unity power factor.

Find the total load in kVA and its power factor.
3 The load on a 250 V supply system is -

a) 10 A at 0.5 power factor lagging

b) 5 A at unity power factor

c) 12 A at 0.866 power factor lagging.

Draw the vector diagram. Find the total load in kVA
and its power factor.

4 Acoil of resistance 15 ohms and inductance 0.05 H is
connected in parallel with a non-inductive resistor of
40 ohms. Find the total current when a voltage of 200
V at 50 Hz. is applied. Give the phasor diagram.

Objectives: At the end of this lesson you shall be able to

« state the relationship between branch current, voltage in a parallel circuit
* solve problems in RC parallel circuit by admittance method
« compare the charecteristics of A.C series and parallel circuits

« state the R-L-C parallel circuit vector diagram

Parallel RC circuits: In a parallel RC circuit, one or more
resistive loads and one or more capacitive loads are con-
nected in parallel across a voltage source. Therefore,
resistive branches, containing only resistance and
capacitive branches, containing only capacitance. (Fig
1) The current that leaves the voltage source divides
among the branches; so there are different currents in
different branches. The current is, therefore, not a com-
mon quantity, as it is in the series RC circuits.

Voltage: In a parallel RC circuit, as in any other parallel
circuit, the applied voltage is directly across each branch.
The branch voltages are, therefore, equal to each other,
as well as to the applied voltage, and all three are in

Fig 1

THE EQUIVALENT OF THIS CIRCUIT IS THIS CIRCUIT

R, _1S1 _|C2 6) Rror_1 STOT
3Q [2uF |3pF 2Q 5 uF

Rror = — Cror= C1* C»
Ry* Ry
= +
_6x3 2*s
6 +3 = 5uF

EL113411

R.C. PARALLEL CIRCUITS
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phase. (Fig 2) So if you know any one of the circuit
voltages, you know all of them.

Since the voltage is common throughout the circuit, it
serves as the common quantity in any vector represen-
tation of the parallel RC circuits. This means that on any
vector diagram, the reference vector will have the same
direction, or phase relationship, as the circuit voltage.

The two quantities that have this relationship with the
circuit voltage, and whose vectors, therefore, have a
direction of zero degrees, are the capacitor voltage and
the current through the resistance.

Fig 2

~ Eapp Er —L 2 Fc
220V 220V 3uF 220V

a) IN A PARALLEL RC CIRCUIT, EACH BRANCH VOLTAGE IS
THE SAME AS THE APPLIED VOLTAGE

Eapp. Er. and Eg

b) AS A WAVEFORM

Eapp. Er. and E¢

¢) AS AVECTOR

ELN165522

Branch current: The current in each branch of a parallel
RC circuit is independent of the current in the other
branches. The current within a branch depends only on
the voltage across the branch, and the resistance or
capacitive reactance contained in it. (Fig 3)

The current in the resistive branch is calculated from the
equation: g = EAPP/R'

The current in the capacitive branch is found with the
equation: Ic = EAPP/XC .

The current in the resistive branch is in phase with the
branch voltage, while the current in the capacitive branch
leads the branch voltage by 90 degrees. Since the two
branch voltages are the same, the current in the capaci-
tive branch (IC) must lead the current in the resistive
branch (IR) by 90 degrees. (Fig 4)

Fig 4
CIRCUIT CALCULATION
.z, 2
ILINE Ine ™ VIR * 1g
2 2
1 = Mm%+ ©5
EAPPG) H ' L M2+ ©5)
= 1.1 AMPERE
Ir Ic
1A 05A Tan8= 1g/1g

VECTOR REPRESENTATION

Eapp

ELN165524

Line current: Since the branch currents in a parallel RC
circuit are out of phase with each other, they have to be
added vectorially to find the line current (Fig 5).

The two branch currents are 90 degrees out of phase,
so their vectors form a right triangle, whose hypotenuse
is the line current. The equation for calculating the line
current, ILINE ,is

2

2+I
C

line =R

If the impedance of the circuit and the applied voltage are
known, the line current can also be calculated from
Ohm’s Law.

| =—
LINE
Z

Fig 3
Eapp
R=3K = Xc=150 Q
300V
e
" )
A 90
— Eapp
EApP

CURRENT AND
VOLTAGE ARE IN PHASE

CURRENTS LEADS
VOLTAGE BY 90°

90°
IR EaPpP
CURRENT IN CAPACITIVE

BRANCH LEADS CURRENT IN
RESISTIVE BRANCH BY 90°

ELN165523

Fig 5
LINE CURRENT

CAPACITIVE

CURRENT

CAPACITIVE CURRENT LEADS THE RESISTIVE CURRENT BY 90°
THE LINE CURRENT IS THE VECTOR SUM OF THE RESISTIVE AND
CAPACITIVE CURRENTS

ELN165525
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Inas much asthe currentinthe resistive branch of a parallel
RC circuit is in phase with the applied voltage, while the
currentin the capacitive branch leads the applied voltage
by 90 degrees, the sum of the two branch currents, or line
current, leads the applied voltage by some phase angle
less than 90 degrees but greater than 0 degrees.

The exactangle depends onwhether the capacitive current
or resistive current is greater. If there is more capacitive
current, the angle will be closer to 90 degrees; while if the
resistive currentis greater, the angleis closerto O degrees.

In cases where one of the currents is 10 or more times
greater than the other, the line current can be considered
to have a phase angle of 0 degrees if the resistive current
is the larger (Fig 6). The value of the phase angle can be
calculated from the values of the two branch currents with
the equation:

Fig 6

ELN165526

By substituting the quantitites lc= E/XC and Ig =E/Rin
the above equation, two other useful equations for
calcualting the phase angle, 6, can be derived, they are:

R R

tan@=— Cosf=—
Ec z

Once you know the line current and the applied voltage in
a parallel RC circuit, you can find the circuit power using
the same equations you learned for parallel RL circuits.
These are:

P =g .l

APPARENT APP LINE

P =E .I .Cos®

TRUE APP  LINE

where cos 6 is the power factor.

Current wave-forms: Since the branch currents in a
parallel RC circuit are out of phase, their vector sum
rather than their arithmetic sum equals the line current.
This is the same condition that exists for the voltage
drops in a series RC circuit. By adding the currents
vectorially, you are adding their instantaneous values at
every point, and then finding the average or effective
value of the resulting current. This can be seen from the
current wave-forms shown (Fig 7). They are the wave-
forms for the circuit solved on the previous page.

Fig 7
E
RMS VALUE APP
OF 1| ng (1.1A)
LINE 1 NE
RMS VALUE 7 \
OF 1g (1A) ~7 / 1% \

RMS VALUE
OF 1¢ (0.5A)
0

EVERY POINT ON THE LINE CURRENT WAVEFORM { 1 |NHS THE
ALGEBRAIC SUM OF THE INSTANTANEOUS VALUESOFTHE |
AND 1; WAVEFORMS. THE RMS VALUE OF THE LINE CURRENT
WAVEFORM IS THUS SHOWN TO BE EQUAL TO THE VECTOR SUM
OF THE IR AND IWAVEFORMS

ELN165527

Impedance: The impedance of a parallel RC circuit rep-
resents the total opposition to the current flow offered by
the resistance of the resistive branch and the capacitive
reactance of the capacitive branch. Like the impedance
of a parallel RL circuit, it can be calculated with an equa-
tion that is similar to the one used for finding the total
resistance of two parallel resistances.

However, just as you learned for parallel RL circuits, two
vector quantities cannot be added directly, vector addition
must be used. Therfore, the equation for calculating the
impedance of a parallel RC circuit is

RX
z= &

JRZ+ X7

where JRZ + Xc2 is the vector addition of the resist-

ance and capacitive reactance.

In cases where you know the applied voltage and the
circuitline current, the impedance can be found simply by
using Ohm’s law in the form:

The impedance of a parallel RC circuitis always less than
the resistance or capacitive reactance of the individual
branches.

The relative values of X  and R determine how capacitive
or resistive the circuit line current is. The one that is the
smallest, and therefore, allows more branch current to
flow, is the determining factor.

Thus, if X is smaller than R, the currentin the capacitive
branch is larger than the current in the resistive branch,
and the line current tends to be more capacitive.

The opposite is true if R is smaller than X_. When X _ or
Ris 10 or more times greater than the other, the circuit will
operate for all practical purposes as if the branch with the
larger of the two did not exist.
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RC Parallel circuit - Admittance method

Admittance: In order to derive the admittance of a parallel
circuit consisting of a resistance R and a capacitive
reactance X_ we use the phasor diagram representation
of the currents, |, . and | (Fig 1), and the corresponding
admittance triangle (Fig 2).

Fig1
Ic | (R
| I
i ! I
| I
I ]
| |
[ o Iz !
) [a] -
v 3
PHASOR DIAGRAM o
Fig 2
Y
Bc
o
G N
3
ADMITTANCE TRIANGLE z

Admittance Y = 1/(;2 + BC2

Total current | = VY

The current triangle gives
Active current |, =1cos 6

Reactive current | =1sin

Total current |=,/13 +12

From both triangles, the phase relationship is given by

We can derive the values of R and X_. if we know the volt-
age V, the current | and the phase angle ¢.

\Y
Y =— conductance G =Y cos ¢
[

susceptance B- =Y sin ¢

1 1
R=—and X¢c=—-.
G Bc
Parallel connection of R and X_ (Fig 3)
Graphic solution:
1 Vascommon vector
2 | in phase with V
3 |, leads by 90°

Fig 3

R.C. PARALLEL CIRCUIT

4 | asresultant (Fig 4)

5 fbetween V and I.

EL113423

Fig 4

EL113424
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Comparison of series and parallel RC circuits

capacitive reactance.
used.

Z=JR?+ X02

Quantity Series RC circuit Parallel RC circuit
Current It is the same everywhere in circuit. It divides between resistive and capacitive
Currents through R and C are, therefore, branches.
: 2 2
in phase. ot =VlR *lc
I = Eapp .= Eapp
R~ c~
R Xc
Current through C leads current through R by 0°
Voltage Vector sum of voltage drops across R Voltage across each branch is the same as
and C equals applied voltage (Fig 5). applied voltage. Voltages across R and C are,
E =./E 2 +E 2 therefore, in phase
APP “VER c ' '
Voltage across C lags voltage across
R by 90°- ER=Ec=Eapp
Impedance It is the vector sum of resistance and It is calculated the same way as parallel

resistances are, except that vector addition is

RXc

JRZ+x.°

=

Phase angle 6

It is the angle between the circuit current
and the applied voltage.

It is the angle between line current and applied
voltage.

E X I R
tanG:—C:—C tan@:&:_
ER R r  Xc
R R
Cos6=— Cos6=—
z z
Power Power delivered by source is apparent power. Power actually consumed in the circuit is true
power. Power factor determines what portion of apparent power is true power.
P e = Esppl Poroe = Exppl CoOs © P.F.=Cos 6
Effect of X decreases, which in turn causes the X, drecreases, the capacitive branch current
increasing circuit current to increase. Phase angle increases, and so line current also increases.
frequency decreases,which means that the circuit phase angle increases, which means that
is more resistive. the circuit is more capacitive.
Effect of Phase angle decreases, which means Phase angle increases, which means that the
increasing that the circuit is more resistive circuit is more capactive
resistance
Effect of Phase angle decreases, which means Phase angle increases, which means that the
increasing that the circuit is more resistive circuit is more capactive
capacitance
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R, L and C Parallel circuit - Vector diagram

Parallel connection of R, X and X_: X _and X _ oppose
each other, thatis to say, |, and I are in opposition, and
partly oppose one another (Fig 1).

Fig 1

Va

EL113511

R, L & C PARALLEL CIRCUIT

L =1_-10rl -1l depending on whether the capacitive or
inductive current dominates.

Graphic solution: when | > I
1 Vascommon value

2 1 inphase with V

3 1 leads by 90°

4 1 lags by 90°
5 IX = IL - IC

6

| as resultant

¢ in this case inductive, | lags (Fig 2)

Fig 2

Ix=1-l¢g

Ic

:

~— | ELN165542

Particular case: X, and X, are equally large - I and
cancel each other. Z R; parallel resonance occurs

Currents in the reactances may be greater than the total
current.

The calculation of the resonant frequency is the same as
for the series connection.

Example: Calculate the value of I Z power factor and
power for the circuit in Fig 3.

Fig3 | X =1570 Q
L YTV
R=1000 Q
! ! |
|
Xc=637Q
lc l
[
10V~ %
Given
V., =10V
R =1000Q
X =1570 Q
X, =637 Q

Known: Ohm'’s Law

=l —1)? +157

Solution
10V
lc =———=0.0157 A =15.7mA
637Q
10V
I = =0.0064 A=6.4 mA
1570 Q
0V
g = =0.01 =10 mA
1000 Q

I =4/(0.0157 — 0.0064)2 +(0.01)°
= 0.0137A = 13.7 mA

10V
=—=730Q
0.0137 A
Z 1 1
PF=— Y=— and g=—
R Z
730
=——=0.73
1000
g 1 1 zZ
- —=—X—=—
Y R y R
Z
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Electrical
Electrician - AC Circuits

Related Theory for Exercise 1.6.56

Parallel resonance circuits

Objectives: At the end of this lesson you shall be able to

« state the characteristics of R-L-C parallel circuits at resonance

¢ explain the term band-width in parallel LC circuits

« explain the storage action in parallel LC circuits
« list a few applications of parallel LC circuits

¢ compare the properties of series and parallel resonance circuits

Parallel resonance

The circuit at Fig 1, having an inductor and a capacitor
connected in parallel is called parallel LC circuit or
parallel resonance circuit. The resistor R, shown in
dotted lines indicate the internal DC resistance of the coil
L. The value of R will be so small compared to the
inductive reactance, that it can be neglected.

From Fig 1a, it can be seen that the voltage across L and
C is same and is equal to the input voltage V..

Fig 1
@ )
! J, DSD
A A Ic
—
y'o
L w\g‘o’
O -
A
I A/Q‘oo s
R
I
B
Vi z
5
L-C PARALLEL CIRCUIT 2

By Kirchhoff's law, at junction A,
=1 +1.

The current through the inductance I (neglecting
resistance R), lags V¢ by 90°. The current through the
capacitor I, leads the voltage V by 90°. Thus, as can be
seen from the phasor diagram at Fig 1b, the two currents
are out of phase with each other. Depending on their
magnitudes, they cancel each other either completely or
partially.

If X, < X_, thenl_>1, and the circuit acts capacitively.
If X <X thenl >I_ and the circuit acts inductively.

If X =X, then | =1_, and hence, the circuit acts as a
purely resistive.

Zero current in the circuit means that the impedance of
the parallel LC is infinite. This condition at which, for a
particular frequency, f, the value of X_ = X , the parallel
LC circuit is said to be in parallel resonance.

Summarizing, for aparallel resonantcircuit, atresonance,

246

X, =X,
Z = oo
p
L =1
1
f =

Inaparallel resonance circuit, with a pure L(no resistance)
and a pure C(loss-less), at resonance the impedance will
be infinite. In practical circuits, however small, the inductor
will have some resistance. Because of this, at resonance,
the phasor sum of the branch currents will not be zero but
will have a small value I.

This small current | will be in phase with the applied
voltage and the impedance of the circuit will be very high
although not infinite.

Summarizing, the three main characteristics of parallel
resonance circuit at resonance are,

— phase difference between the circuit current and the
applied voltage is zero

— maximum impedance
— minimum line current.

The variation of impedance of a parallel resonance circuit
with frequency is shown in Fig 2.

Fig 2

LV

0 fr

FREQUENCY VERSES IMPEDENCE OF A PARALLEL RESONANT CIRCUIT

ELN165612




In Fig 2, when the input signal frequency to the parallel
resonance circuitis moved away from resonant frequency
f , the impedance of the circuit decreases. At resonance
the impedance Zp is given by,

Z L
P CR
At resonance, although the circuit current is minimum,
the magnitudes of | &1 willbe much greater thanthe line
current. Hence, a parallel resonance circuit is also called
current magnification circuit.

For further details on current magnification in parallel
resonance refer reference books at the end of this book.

Bandwidth of parallel resonant circuits

As discussed in series resonance, all resonant circuits
have the property of discriminating betweenthe frequency
at resonance(f), and those not at resonance. This
discriminating property of the resonant circuitis expressed
in terms of its bandwidth(BW).

In the case of series resonant circuits the response of the
circuit at resonance frequency(f) is in terms of the line
current(which is maximum), and in a parallel resonant
circuit, itisinterms of the impedance(which is maximum).

The bandwidth of a parallel resonant circuit is also
defined by the two points on either side of the resonant
frequency at which the value of impedance Z_ drops to

0.707 or 1/,/2 of its maximum value at resonance, as
shown Fig 3.

Fig 3
Zp A

L
Zp=—-
PR

0.707 Zp

v
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From Fig 3, the bandwidth of the parallel resonance
circuit is,

Bandwidth, BW = Af=f,— f,

As can be seen in Fig 3, the value of Z is dependent on
the resistance R of the coil (Zp =L/CR).IfRisless Z will
be larger and vice versa.

Since the bandwidth depends on Zp and Zp depends on
R, we can say that the bandwidth of a resonant circuit
depends upon the resistance associated with the coil.
The resistance of the coil in turn decides the Q of the
circuit. Thus, the Q of the coil decides the band width of
the resonant circuit and is expressed as,

f
Bandwidth(BW) = (f, — f,) = é

Storage action of parallel resonance circuit

At parallel resonance, though the circuit current is
minimum(ideally zero), I and I will still be there. This I
and I will be a circulating current in the closed loop
formed by L and C.

This circulating current will be very high at resonance.
This circulating current flip-flops between the capacitor
and inductor, alternately charging and discharging each.
When a capacitor or an inductor is charged, it stores
energy. When it is discharged it gives up the energy
stored init. The currentinside the LC circuit switches the
stored energy back and forth between L and C. If the
inductor had no resistance and if the capacitor was loss-
free, then, no more external energy would be required to
retain this flip-flop or oscillation of charging and
discharging.

But, in a practical circuit, since ideal L and C cannot be
obtained, some amount of the circulating energy is lost
due to the resistance of the coil and the loss due to
capacitor. This lost energy is the only energy the power
supply source(V,) must supply in the form of circuit
current,l.

This current, therefore, is called as make-up current. It
is this storage action of the parallel-resonant circuit which
givesrise tothe termtank circuit, often used with parallel
resonant circuits. Hence, parallel resonant circuits are
also called tank circuits.

Application of parallel resonant circuits

Parallel resonance circuits or tank circuits are commonly
used in almost all high frequency circuits. Tank circuits
are used as collector load in class-C amplifiers instead of
a resistor load as shown in Fig 4.

Fig 4

L
—Q

TANK CIRCUIT

ELN165614
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Table below gives a comparison between series resonant and parallel resonant circuit at frequencies above and below

their resonant frequency f.

Property

Series circuit

Parallel circuit

At resonant

frequency

Phase difference

The current lags behind
the applied voltage.

Resonant frequency, f _ 1 _ 1
' 274LC 214LC

Reactance X, =X, X =X,
Impedance Minimum (Z = R) Maximum (Z = L/CR)
Current Maximum Minimum

X X
Quiality factor —L —~

R R

X X
Bandwidth —L L

R R

Above resonant frequency

Reactance X, > X, X > X,
Impedance Increases Decreases

The current leads the applied
voltage.

Phase difference

Type of reactance

The current leads the
applied voltage.

Capacitive

Type of reactance Inductive Capacitive
Below resonant frequency

Reactance X.> X, X > X,

Impedance Increases Decreases

The current lags behind the
applied voltage.

Inductive
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Electrical
Electrician - AC Circuits

Related Theory for Exercise 1.6.57

Power, energy and power factor in AC single phase system - Problems

Objectives: At the end of this lesson you shall be able to

« state the relationship between power and power factor in single phase circuits
* state the connection diagram for measuring power factor using a direct reading meter.
« calculate the problem related to P.F and power in A.C circuits

The powerina DC circuit can be calculated by using the
formulae.

— P = E x| watts
— P = E3¥R watts.

The use of the above formulae in AC circuits will give true
power only if the circuit contains pure resistance. Note
that the effect of reactance is present in AC circuits.

Power in AC circuit: There are three types of power in
AC circuits.

— Active power (True power)
— Reactive power
— Apparent power

Active power (True power): The calculation of active
power in an AC circuit differs from that in a direct current
circuit. The active power to be measured is the product of
V x1x Cos 6 where Cos 6 is the power factor (cosine of
the phase angle between current and voltage). This
indicates that with a load which is not purely resistive and
where the current and voltage are not in phase, only that
part of the current which is in phase with the voltage will
produce power. This can be measured with a wattmeter.

Reactive power (P ): With the reactive power (wattless
power)

P.=V xIx Sin®

only that part of the current which is 90° out of phase (90°
phase shift) with the voltage is used in this case. Capaci-
tors and inductors, on the other hand, alternatively store
energy and return it to the source. Such transferred
power is called reactive power measured in volt/ampere
reactive orvars. Unlike true power, reacitve power can do
no useful work.

Apparent power: The apparent power, P, = V x|.

The measurement can be made in the same way as for
direct current with a voltmeter and ammeter.

It is simply the product of the total applied voltage and the
total circuit current and its unit is volt-ampere (VA).

The power triangle: A power triangle identifies three
different types of power in AC circuits.

— True power in watts (P)
— Reactive power in vars (P)

— Apparent power VA (P,)

The relationship among the three types of power can be
obtained by referring to the power triangle. (Fig 1)

Fig1
TRUE POWER WATTS
(P)

REACTIVE
POWER VARS

(P1)

APPARENT
POWER VA

(Pa)

POWER TRIANGLE

ELN165711

Therefore
P.2= P?+ P?volt-amperes (VA)
where "P ' is the apparent power in volt-ampere (VA)
"P' is the true power in watts (W)
Pq is the reactive power in volt-amperes
reactive. (VAR)

Power factor:The ratio of the true power delivered to an
AC circuit compared to the apparent power that the
source must supply is called the power factor of the load.
If we examine any power triangle (Fig 2), you may see the
ratio of the true power to the apparent power is the cosine
of the angle 6.

P
Power factor =—=Cos 6
Pa

From the equation, you can observe that the three
powers are related and can be represented in a right-
angled power triangle, from which the power factor can
be obtained as the ratio of true power to apparent power.
For inductive loads, the power factor is called lagging to
distinguish it from the leading power factor in a capacitive
load. (Fig 2)

Fig 2

[
@

P

{b) POWER TRIBNGLE FOR A SERIES
OR PARALLEL RC CIRCUIT.

(a) POWER TRIANGLE FOR A SERIES
OR PARALLEL RL CIRCUIT.

ELN165712

POWER TRIANGLES SHOWING THAT E=COS 6
a
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A circuit's power factor determines how much current is
necessary from the source to deliver a given true power.
A circuit with a low power factor requires a higher current
than a unity power factor circuit.

Single phase energy
The product of true power and time is known as energy.
(ie) Energy = T.Power x time

= Voltage x current x power factor x time

= VI Cos 6 x t (time is in hour)

The unit of energy is watt hour and commercial unit is
represented in 'KWH' (or) unit. (Board of trade unit.
B.O.T)

The energy depends upon the following factors:
- Voltage

- Current

- Power factor (load)

- Time

Power in AC circuit having R L and C in series

Single phase energy can be measured by energy meter.
It contains 4 terminals (Incoming 2 and outgoing 2
common neutral)

The connection is shown in Fig 3.

Fig 3

NERGY
ETER

=zm

TERMINALS

¢ LOAD

ELN165713

SINGLE PHASE ENERGY METER CONNECTION

As we have already studied, the power triangle has three
components as shown in Fig 1.

Fig1

APPARENT POWER REACTIVE POWER

P=VIVOLT-AMPS

\¢>

TRUE POWER
P=VI COSO WATTS

P=VISIN® VOLT-AMPS
REACTIVE

POWER TRIANGLE
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The above formula could be used in any AC single phase
circuit. But the value of capacitive reactance and the
inductive reactance decides whether the circuitis capaci-
tive or inductive. When the value of the capacitive reac-
tance is more than the value of inductive reactance, the
PF will be leading or vice versa.

A series AC circuit consisting of 100 ohms, aninductance
of 0.2 H and a capacitance of 120 yF are connected
across 200 V 50c/s. Calculate the impedance, current,
power factor and power absorbed.

The capacitive reactance = 1/ 21tfc ohms.

1x10°

XKe=—"T"""—
2xmwx50x120

= 26.53 ohms

The inductive reactance

X = 2nfL.

X =2 xmx50x0.2=62.83 ohms.

Therefore, X — X = 62.83 — 26.53 = 36.30 ohms.

The impedance = \/RZ +(X - Xc)2

— /1002 + (62.83 - 26.53)°

—~ /1002 +(36.3)? =106.40hms

Voltage 200

_ - -1.88A
The current Impedence 106.4
R 100 .
The power factor = — =———=0.94 (lagging)
Z 106.4

As the value of X is greater than that of X_ the circuit is
having a lagging PF.

The power absorbed =V 1 cos 6
=200x1.88x0.94=353.4W.
Example 1

Calculate the current and its power factor when a resis-
tance of 10 ohms, an inductance of 0.1 H and a
condenser of 100uF capacitance are connected in series
across 220 V 50 c/s supply mains.

Solution

R =10 ohms
L=01H

C =100 pF
X, =1/ 2nfC
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10°

Xc =
2x3.14x50x100

= 31.85 ohms.
X = 2nFL
=2x3.14x50x0.1
= 31.4 ohms.
X=X.—-X =3185-314
= 0.45 ohms.

Z =+/10% +(0.45)> =10 ohms (approx.)

| =220/10=22A
PF = cos 6 = R/Z = 10/10 = 1.Unity PF approx.
Example 2

In the circuit given in Fig 2.

Fig 2

240V,50H ,

ELN165724

N

Calculate:-
a the resulting reactance

b the impedance

c the current

d voltage drop across R,L&C
e draw the vector diagram

f

Compare the calculated supply voltage with the ap-
plied supply voltage

g power factor
h

Solution

power factor angle.

Inductive reactance
X = 2nfl =2 x 3.14 x 50 x 0.3 = 94.2 ohms
X, = 1/2nfC

a

1 10°

€ 2rx50x50x10°° 15714

X =63.69 ohms

Net reactance = XL - XC =94.2 — 63.69 = 30.51 ohms.

The impedance for this circuit is Z

b z=R?+(X_-Xc)? =140% +(30.51)°

= /1600 + 930.86 =/2530.86 =50.30 ohms
Electrical : Electrician (NSQF LEVEL - 5)

Current in given RLC series circuit

Currentinthis seriescircuitis |1=E/Z=240/50.3=4.77
amps.

Voltage drop across R, L and C. (Fig 3)

Fig3

;l
O

E R =190.8V

=303.8V

E L =449.33V E

()
N

50Hz

ELN165725

E. = IR =4.77 X 40 = 190.8 volts
E, = IX_= 4.77 X 94.2 ohms = 449.33 volts
E. = X, = 4.77 X 63.69 = 303.80 volts.

The vector sum of the voltage of 190.8 volts across the
resistor and the difference between the drops across
inductor and the capacitor (E, —E_) 145.53 voltsis equal
to the line voltage of 240 volts where

E=yEx? +(E, ~E¢)® =190.8° +(449.33 - 303.80)°

Therefore E = 240 volts.
e Vector diagram is shown in Fig 4.

f The calculated voltage and the applied voltages are
equal i.e say 240V

g The power factor Cos 6 = E_/ E = 190.8/240 = 0.798.
h The power factor angle is 37°3'.(Refer to Natural
cosine table.)
Fig4

E | =449.3V

EE ¢ =14553

DsD

E C=303.8V

VECTOR DIAGRAM

ELN165726
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Application

These AC circuits having R, L and C in series are used in
electronic tuning circuits in radio or TV to select the
desired station/channel. A variable condenser called
gang condenser is used to change the value of X equal
to X _atadesired station/channel frequency allowing only
resistance in the circuit which, in turn, allows maximum
current to flow in the circuit.

Z= JR? +(x_-Xc)?

when X = X

Z=R

Current | = V/ R which is maximum.

At this condition the circuit is said to be resonant.

The frequency at resonance

1
f =
R 2z4yLC
as X =X
L c
2nf L = 1/2n/RC
R

Hence

1
R 2z4LC

f

AC Parallel circuit problem

In practice all industrial and domestic electrical circuits
are connected in parallel as we follow the constant
voltage system. In a parallel circuit, the voltage across
any branch circuit is the same as the supply voltage.
However, the arithmetical sum of the branch currents
does not necessarily equal the total current. This is true
because the branch current values may be out-of-phase
due to the fact that the loads connected may be resistive,
inductive, (V lead I) or capacitive (I lead V).

Therefore, the total current must be obtained by adding
or subtracting vectors of the branch currents either math-
ematically (admittance method) or graphically (vector
method).

Vector method of solving AC parallel circuit

While drawing vectors for the AC parallel circuit, the
following rules need to be followed.

i Draw the line voltage as the horizontal reference line
as this voltage is the same across all branch circuits
(X axis).

i Draw the current in the pure resistive branch circuit in
phase with the reference vector (X axis) to a scale.

iii Draw the currentin the pure inductive branch circuit at
90° lagging the reference vector (Y axis) to the same
scaleasinlI.

iv Draw the current in the pure capacitive branch circuit
at 90° leading the reference vector (Y axis) to the
same scale asin I.

v Use vector subtraction and addition methods to ob-
tain the total current.

Example 1
Parallel circuit with pure resistance

Let us consider an AC parallel circuit having three
branches of pure resistance as shown in Fig 1.

T
Q
-

FUSE /‘\ 11_

|

@
S
>
C‘
—
—
—
(%)

fo ot
©
e _
S

Z O—-——+— 240V50Hz ——m=Q

PARALLEL CIRCUIT WITH PURE
RESISTANCE IN BRANCHES

ELN165731

Determine the following for the circuit shown in Fig 1.
&1).

i Vector diagram of branch currents and voltage.

i The current taken by each branch (I, I,

i The line current |_..

iv. The combined resistance.

v The power factor angle and the power factor.
vi The total power taken by the parallel circuit.

solution

i The branch current | =—

240
=——=4amps

Pure resistive, hence, in phase with the voltage.

The branch current |, =—

240
=——=8amps

Pure resistive, hence, in phase with the voltage.

The branch current I3 =—

=——2=12amps
20
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Pure resistive, hence, in phase with the voltage.

i Now draw the vector diagram following the rules
mentioned above.

Decide a scale 1cm = 2 amps. (Fig 2)

i Total current|_is the sum of the branch currents |,
and |, as they are in phase with each other.

|2

L =1+,

.
=4+8+12 =24 amps.

Fig 2

11 =¢A 1o -8A 13 =12A

‘ 2.cm ‘ 4om 6.om V=240V
}

SCALE 1 cm=2A
VECTOR DIAGRAM

ELN165732

iv As all branches have pure resistance load, the total
resistance R is equal to the total impedance Z.

\Y
The total resistance R, =Z=—

I
T

240
=—— =10 ohms.
24

v The power factor angle between the applied voltage
and the current is found to be zero as per the vector
diagram.

Power factor angle =0
Power factor =CoS @
=co0s 0 = 1 unity.
vi Total power taken by the circuit
I[?R, =VI cos g =24°x10
=240 x 24 = 5760 watts.

(Total current I is in phase with the voltage.)
Example 2
Parallel circuit with R and X in branches

Now consider a parallel circuit having one branch con-
sisting of a pure resistance and the other branch having
pure inductance.

Determine the following for the circuit shown in Fig 3.

Fig 3

T .
5A U 14

Ry L
60 0 0.0955 Hz

AC CIRCUIT R AND L IN PARALLEL

FUSE 1
T~ —— m U
|
|
|
|
|
|
|
|
|
|

~.

> 0 240V50Hz . o

ELN165733

i The branch currents.

i Draw the vector diagram.

i The total current.

iv. The power factor angle and the power factor.
v The combined impedance.

vi The power in the circuit.

SOLUTION

\%
i The branch current | = R_
1

240
= —— =4 amps
60
Pure resistive, hence, in phase with the voltage.

To calculate the branch current I, first find out the induc-
tive reactance X.

L

22
X =2nFL=2x — x50 x 0.0955
7

= 30 ohms.

V 240
So the branch current [ = — =——=8 amps.

X 30
L

Pure inductive, hence, lags the applied voltage
by 90¢°.

i Draw the vector diagram by following the rules: Scale
1 cm =2 amps. (Fig 4)
Complete the parallelogram to find the total current
L.

Measure the angle g and the length of OL.

V=240V

Fig 4 4 AMPS
0

8 AMPS

4 CM

7777777 1T
VECTOR DIAGRAM - R AND L IN PARALLEL

ELN165734
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iii  Measured angle is 63° 26’
= Cos 63° 26’
= 0.447 lagging.
iv Length of OL, = 4.47 cm.
Hence, I, = 4.47 x 2 = 8.94 amps.

The combined impedance of the circuit = Z.

Power factor

v Power taken by the circuit
P =VIcos g =1°R
=240 x 8.94 x 0.447 = 42 x 60
= 959 watts approx. 960 watts.
Example 3
Parallel circuit with R and X_

Now consider a parallel circuit having pure resistance in
two branches and a pure capacitance in the third branch.

Find the following for the circuit shown in Fig 5.
i The branch currents.

i Vector diagram of the branch currents.

T
Q
(&)

FUSE /_\
A

|

o
>
C‘

fo o
o .
(D)

DO

Ry c Ry
600 7956 —— 209
MFD

AC CIRCUIT - R, LAND C IN PARALLEL

Z Q—=—— 240V50Hz ——==O"

ELN165735

i Total current|_.

iv Power factor angle.
v Power factor.

vi Power in the circuit.

Solution

: V 240
i The branch current I, =——=—"—=4 amps
RI 60
Pure resistive, hence, in phase with the voltage.

To calculate the branch current 12 first find out the
capacitive reactance X_.

1 1

X.= = = 40Q
2nFC 2% 3.142x50x79.56 x10™°
0
So the branch current I, =—— = —— =6 amps
X 40

Cc

Pure capacitive, hence, current leads the applied volt-
ages by 90°.

V 240
The branch current I, = E = 5

ii  Draw the vector diagram to scale.

=2 amps

Complete the parallelogram to find the total current
l,. (Fig 6)
i Measured length OI_= 8.5cm.

Fig 6
’ 1, tr

6om SCALE1cm=1A

6 AMPS
@
4 cm 2.om
V=240V

O 4amPs I, 2AWPS I,

VECTOR DIAGRAM - R, L AND C IN PARALLEL

ELN165736

Total current | =8.5x1=238.5amps.

iv Measure the angle between the total current and the
voltage.

Measured angle 6 = 45° leading.
v Power factor cos @ = cos 45° = 0.707.
vi Power taken by the circuit.

P =VIcos 0 = (I,°R, + L,’R,) = 240 x 85 x 0.707
= (42 X 60 + 22 x 120)

1442 approx.1440 watts.
Example 4
Parallel circuit with R, X and X_

Now consider a parallel circuit having pure resistance in
one branch, pure inductance in the 2nd branch and a
pure capacitance in the 3™ branch as shown in Fig 7.

Find the following for the circuit shown in Fig 7.

i The branch currents.

Fig 7
A .

FUSE

=)

10A

I

240V 50 Hz

~.

o

ELN165737

i The vector diagram.
i Total current ..
iv Power factor angle.

v Power factor.
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vi Power taken by the circuit. Admittance method of solving AC parallel circuit

vii Impedance of the circuit. In solving problems in AC circuit of parallel groups either
the vector or the admittance method could be used. How-
SOLUTION . . e . .
ever, there will be considerable difficulty in solving prob-
i The branch current lems by vector method if series parallel combination
groups are to be dealt with.
vV 240
, = — =-——=_8amps in phase with V. Though admittance method requires simple knowledge
R 30 of mathematics, the numbers to be handled are deci-
mals, their addition, subtraction, square and roots will
The branch current make the solutions a little more cumbersome.
V240 Let us find how this method could be used to solve prob-
L= X o4 10 amps lagging 'V' by 90°. lems in parallel AC circuits.
L When several impedances say Z,, Z, and Z, are con-
The branch current nected in parallel, their combined impedance Z could be
found by
vV 240
I, = — =——="5 amps leading 'V' by 90°. 1
X 48 Z=————(Equation ........... 1
c T 1 1 (Eq )
il
ii  Draw the vector diagram to scale. z, z, 14
Scale 1 cm = 1 ampere 1
1 1
Complete the parallelogram to find the total current | —E +— (Vector sum)
. T z 1 1 1 z
(Fig 8). ——+— n
z, Z, 4
Fig 8
ty-samps Alternatively
5cm
o \‘ T, -8AwPS v-240v Y:Y1+Y2+Y3 Where E:Y
‘ Z
=32
@71y } where the reciprocal impedance is called admittance,
s b I;-o4cm-94AWPS the unit is Siemens and the symbol is Y.
“t_5em Just like impedance, the admittance also has two com-
“Sawps LT100M 2 ponents as shown in Fig 9.
I,-10AmMPS SCALETem =14 § S . .
? o One component which is in phase with the voltage is
called conductance, the unit is Siemens, and the sym-
i Measured OL_= 9.4 cm. bol is G.

Total current The other component which is in quadrature with the

I.=9.4x1=9.4amps. applied voltage V is called susceptance, the unit is Si-

. emens and the symbol is B.
iv Measure the angle between voltage and the total

current. Admittance Y =Y, + Y, + Y, vectorially.
Measured angle = 32° lagging. Fig 9
v Power factor cos 6 = cos 32° = 0.85. Ow& <”<-Zj &gcﬁ %
. - o 5 N &
vi Power taken by the circuit Y. X2 G
R T G a
VIcos 6 =17°R RESISTANCE v CONDUCTANCE “ Vo2
240 9 4 0 85 82 30 IMPEDANCE TRIANGLE ADMITTANCE TRIANGLE §
= x 9.4 x 0.85 = 82 x o
=1918 approx.1920 watts. From the admittance triangle we have
vii Combined impedance Z
Y= 1/GZJFBZ ................. Eqn.
V 240 25 & oh
==~ =¢000hms G=YC0SO .o Eqn.
I 9.4
T

Where Y = % and sin 6 =

Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 1.6.57 255



R
HenceG:Yx—R:—:L ................. Eqn.
B=YSiNnO ... Eqgn.

X
Where Y = E andsin®= —
7 Z

X R
x—:—:L ................. Eqn.
z

72 R%24x?

Hence B = 1
Z

Further when several resistances, reactances are con-
nected in parallel the conductances of individual
branches can be added to get the total conductance

G=G,+G,+G,+..+G,

Likewise when several reactances are connected in par-
allel, the susceptance of individual branches can be
added algebraically to get the total susceptance. The
susceptance due to inductive reactances are taken as
+ve sign where the susceptance due to capacitive reac-
tances are taken as —ve sign.

B=b, +b,+(-b) ...
Example 1
Parallel circuit with R and XL in branches.
Determine the following for the circuit shown in Fig 10.
i Conductance in branch circuits:

The conductance G =g, + g,

Fig 10
L FUSE

P
TW‘@\T/

10A

I
I
I
I
I
240V 50Hz |
I
I
I
I

Ry L
600 0.0955
HENRY

L

N

ELN16573A

where g, and g, are the conductance of branch 1 and 2
respectively.

In branch 1
g R, 60
l = =
Rlz N X12 602 N 02

60 1
=——=—= 0.01667 Siemens
60 60
X 0
bl =

2 2~
R +X° 60%+0°

In branch 2

22
X, = 2nfL = 2 00— 0050200.0955 = 30 ohms
7

. R, 0 0
, = - _
RZZ +X22 O2 +302

X 30
R Z+x? 074307

Admittance v _ /g2 ;g2

where G =g, + g, =0.01667 + 0 = 0.01667 Siemens
and B=b, +b,=0+0.0333 = 0.0333 Siemens

b

= 1 =0.033Siemens
30

i€ v —4/0.016672 +0.03332 = 0.0372 Siemens
= 0.0372 Siemens

\Y
The branch current 1; = Z_

V240 _ ,
— =——=4amps inphase with the voltage

R 60

\
The branch current 1, =—
Z;

V240
— =——=38amps
X, 30

lagging behind the applied voltage by 90°.

Total current = I = ,/|12 +|22
-+4% +82 =16 + 64

= 8.94 amps

Alternatively, | = X =VY =240x 0.0372
Z

= 8.94 amps.

G
Power factor =— =—

 0.01667 4

= =——— =0.448 approx. 0.447.
0.0372 8.94

So power factor angle = 63° 26'.
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Impedance of the circuit 7z = i = !

Y 0.0372

Power taken by the circuit = VI cos @
=240 x 8.94 x 0.447
= 959 watts.

Example 2

In Fig 11, Parallel circuit with R, X_and X_

Find the following.

i Conductance and susceptance of each branch.

i Total G,BandY.
iii Branch currents.
iv PF and PF angle.

v Power taken by the circuit.

= 26.88 ohms

Fig 11
FUSE

|
®

fo
G _

>
>

Z O—=— 240V 50HZ—==0Or

ELN16573B

i Conductance in branch circuits

Ry 30 1

g :—:—:0
2 Zz2 :2112
R 0
3
03 =% =—>=0
3 232 482

b, =22 -2 g
1 ZlZ 302
X, 24 1
by =—%=27"%;
7,0 24

= 0.04167 siemens

Xy -48 1

b, = - L
S z? 487 48

=-0.02083 siemens

i Total conductance G=g, +g,+ 0,

=0.0333+0+0
= 0.0333 Siemens.

Total susceptance B =b, + b, + b,

=0+ 0.04167 + (- 0.02083)
= 0.02084 Siemens.

Y=4G? ;B2

= J0.3332 +0.020842

= 0.03928 Siemens.

\Y
ii The branch current| = —
1 Z

1

VvV 240
=—=-—— =8 amps in phase with V
\Y
The branch current| = —
2 Z
2
v 240 10 I ing 90° with V
— == amps laggin Wi
X o4 ps lagging
L
\Y
The branch current | = —
3 X
3
240

:4—8 = 5 amps lagging 90° with V

Total current

= \/82 +(10-5)% =89
=9.43 amps
Alternatively
I, = VY =240 X 0.03928
=9.43 amps.
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. G R : ., 1
v Power factor = 7 = Total impedance =Z = v
IT
1
. ———— =25.5.0hms
= 0.0333 = 8 0.03929 -
0.03929 9.43

Check these answers with the answers obtained by the
=0.848. vector method.

v Power factor angle = 32° lagging.
Power taken by the circuit = Vicos g
=240x9.43x0.848
=1919 watts.
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Electrical
Electrician - A.C.Circuit

Related Theory for Exercise 1.6.58 & 1.6.59

Power factor - improvement of power factor

Objectives: At the end of this lesson you shall be able to

» define power factor - explain the causes of low power factor

* list out disadvantage of low power factor and advantage of higher power factor in a circuit
« explain the methods to improve the power factor in an AC circuit

« illustrate the importance of power factor improvement in industries

* distinguish between leading, lagging and zero PF

 state the recommended power factor as per ISl 7752 (Part I) 1975 for electrical equipment.

Power Factor (P.F.)

The power factor is defined as the ratio of true power to
apparent power and it is denoted by Cos 6.

. True Power (Wy)
i.e.Power Factor = = Cos 6
Apparent Power (W,)
Cos 6 = —
or Cos 6 = o~

Where W_ is the real power (true power) and is measured
in watts or some times in kilowatts (kW). Similarly the
product VI is known as the apparent power measured in
volt amperes or sometimes in kilo-volt amperes written as
kVA.

The majority of AC electrical machines and equipment
draw from the supply the apparent power (kVA) which
exceeds the required useful power (KW). This is due to
the reactive power (kVAR) necessary to produce the
alternating magnetic field in motors and transformers.

The ratio of useful power (kW) to apparent power (kVA) is
termed the PF of the load. The reactive power is
indispensable and constitutes an additional demand on
the system.

The principal cause of a low power factor is due to the
reactive power flowing in the circuit. The reactive power
mostly due to inductive load rather than capacitive load.

Variation in power factor and the type of circuits

The following are the different conditions of the power factor
in different circuits.

Unity power factor

A circuit with a unity power factor will have equal real and
apparent power, so that the current remains in phase with
the voltage, and hence, some useful work can be done.
(Fig 1a)

Leading power factor

A circuit will have a leading power factor if the current
leads voltage by an angle g of electrical degrees and the
true power will be less than the apparent power. Mostly
capacitive circuits and synchronous motors operated at
over excitation contribute for leading power factor.
(Fig 1b)

Lagging power factor

In such a circuit the true power is less than the apparent
power and current lags behind the voltage by an angle, in
electrical degrees. Mostly inductive loads like induction
motors and induction furnaces account for lagging power
factor. (Fig 1c)

Zero power factor

When there is a phase difference of 90° between the current
and voltage, the circuit will have zero power factor and no
useful work can be done. Pure inductive or pure capacitive
circuits account for zero power factor. (Fig 1d)

Fig 1 !
1 i \

O -y A
(e} \Y,

IN PHASE
(@) LEADING P F.

LAGGING P.F.

ZEROP.F.
© (@)
PHASE RELATIONSHIP BETWEEN V AND |

ELN165811

The power factor can be one or less than one
but can never be greater than one.

Table 1 shows the most common electrical appliances
used, the power in watts and the average power factor.

TABLE 2 shows the natural power factor of the various
installations used in the industries.
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TABLE 1

Power factor for single phase electrical appliances and equipment (Reference IS 7752 (Part I) - 1975)

Sl.No. Appliance/Equipment Power output Average natural
Min.(W) Max.(W) power factor

1 Neon sign 500 5000 0.5t00.55

2 Window type air- conditioners 750 2000* 0.75t00.85
0.68100.82
0.62t0 0.65

3 Mixer 150 450 0.8

4 Coffee grinder 200 400 0.75

5 Refrigerator 200 800 0.65

6 Freezer 600 1000 0.7

7 Shaver 80 250 0.6

8 Table fan 25 120 0.5t00.6

9 Ceiling fan 60 100 0.5t00.7

10 Exhaust fan 150 350 0.6t00.7

n Sewing machine 80 120 0.7t00.8

12 Washing machine 300 450 0.6t00.7

13 Radio 25 450 0.8

14 Vacuum cleaner 200 450 0.7

15 Tube light 40 100 0.5

16 Clock 5 10 0.9

*  Starts dropping when compressor motor is not in circuit.

TABLE 2
Power factor for three-phase electrical installations (Reference IS 7752 (Part I) - 1975)

SI.No. Type of installation Natural power factor

1 Cold storage and fisheries 0.71t00.80

2 Cinemas 0.781t0 0.80

3 Confectionery 0.77

4 Dyeing and printing (Textile) 0.60t00.87

5 Plastic moulding 0.57t00.73

6 Film studios 0.65t00.74

7 Heavy engineering works 0.481t00.75

8 Pharmaceuticals 0.75t0 0.86

9 Oil and paint manufacturing 0.51t00.69

10 Printing press 0.65t00.75

n Food products 0.63

12 Laundries 0.92

13 Flour mill 0.61

14 Textile mills 0.86

15 Oil mill 0.51t00.59

16 Woolen mills 0.70

17 Cotton press 0.63t00.68

18 Foundries 0.59

19 Tiles and mosaic 0.61

20 Chemicals 0.72t0 0.87

21 Rolling mills 0.72t0 0.60

22 Irrigation pumps 0.50t00.70
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Causes of low power factor
The following are the reasons.

i Inindustrial and domestic fields, the induction motors
are widely used. The induction motors always take lag-
ging current which results in low power factor.

i Theindustrial induction furnaces have low power fac-
tor.

iii The transformers at substations have lagging power
factor because of inductive load and magnetising cur-
rents.

v Inductive load in houses like fluorescent tubes, mix-
ers, fans etc.

The disadvantages of low power factor are as follows.

a For agiven true power, a low power factor causes in-
creased current, thereby, overloading of the cables, gen-
erators, transmission and distribution lines and trans-
formers.

b Decreased line voltage at the point of application (volt-
age drop at consumer end) due to voltage drop and
power losses in the supply system.

¢ Inefficient operation of plant and machine (efficiency
drops due to low voltage).

d Penal power rates (increased electricity bills).
The advantages of high power factor are as follows.

As the higher PF for a given load, reduces the current,
there will be:

a apossibility of connecting extra load on existing gen-
erators and transmit additional power through the same
lines

b lesserlosses and voltage drop in lines; thereby, trans-
mission efficiency is high and the voltage at the point
of application will be normal without much drop

¢ normal voltage improves the efficiency of operation of
plants and machinery

d reduction in electricity bills for the given load during
the given time.

Method of improving the power factor

To improve the power factor of a circuit, two methods are
used:

i torun a lightly loaded synchronous motor with over-
excitation on that line in which the PF is to be im-
proved

i to connect capacitors in parallel with the load.
Usually the capacitor method is used in Indian factories.
Synchronous condenser method

The synchronous motor is used in certain industries as
well as in receiving end substations to drive a mechanical
load and also to correct the power factor. An over-excited
synchronous motor draws leading current to compensate
the lagging current taken by the other loads.

The leading volt-ampere reactive power taken by a syn-
chronous motor, when over- excited will be opposite in
nature to the lagging voltage pure reactive due to inductive
loads, and, thereby, reduces the volt-ampere reactive com-
ponent to improve the power factor.

Example

A factory is having a load of 100 kW working at 0.6 PF
lagging. A synchronous motor is connected in the factory
and is made to run over-excited to improve the power fac-
tor. The synchronous motor is of 30 kW and is working at
0.8 PF leading. Calculate the following:

i the true power in watt, aspperent power in VAR for the
factory load at 0.6p.f lagging.

il The true power in watt, apparent power in volt- ampere
and leading reactive power in VAR for the synchoronous
motor at 0.8P.F lagging.

iii The true power in watt, reactive power in VAR and ap-
parent power in Volt - ampere and PF supplied by the
feeder lines.

i Factory Load

Load in kW =100 kW

Load in watts =100 x 103 watts

True power 100x103
PF 06

Load in volt-amperes =

=167 x 108 volt - amperes

Loadinvars = Volt ampere x sin 6
=Cos0=0.6
= 0 =531°
=Sin® =Sin53.10=0.8
Load invars =167 x10*x 0.8
=133.6 x 10°% vars lagging
Refer to Fig 2.
Fig 2

125)(103
VARS
LAGGING

100x103w

FACTORY LOAD - VECTOR REPRESENTATION

ELN165812

ii Synchronous motor

Motor load in kW =30 kW = 30 x 10° watts

True power 30x103
PF 08

Motor load in volt - amperes=

=37.5 x 10% volt - amperes
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Motor load invars = Volt ampere sin 6
Cos6 =0.8
6 =36.1°
Sin® =Sin36.1°=0.6
Motorload invars  =37.5x 10®x 0.6
=22.5x 10%vars lagging

Refer to Fig 3.

Fig 3 30X10°W

50x10 3

VARS
LEADING

SYNCHRONOUS MOTOR - VECTOR REPRESENTATION

ELN165813

ili Feeder line

Condition: Combined load condition for improvement of
PF by the synchronous motor

Total load in watts = Factory true power + true power taken
by synchronous motor

=100x10°+30x 10°
=130 x 10° watts
Total load in V. =

} syn. motor reactive
power (Capacitance)

factory reactive
power (Inductive)

=133.6x10°-22.5x10° V. lagging
=111.1x10%V,_ lagging

Fig 4

22.5x103<|

L

- 1336x10°

130x 103 9254103

LOAD + SYNCHRONOUS MOTOR
(VECTOR REPRESENTATION)

ELN165814

This could be represented by a vector diagram as shown
in the Fig 4.

Opp.side  111.1x10°
Adj.side  130x103

Now Tan o = =0.8546

Angle o.=40.5°

Power factor of the factory after the connection of
synchronous motor = Cos 6 = Cos 40.5° = 0.7604

The PF has improved from 0.6 to 0.7604 by the use of the
synchronous motor.

Present volt-amperes supplied by the factory

True power  Truepower
PF - Cosa

130x10° 130 x10°
Cos405°  0.7604

=171 x 10® Volt amperes
Condenser method

Capacitors when used for PF improvement are connected
in parallel to the supply. In three-phase circuits the ca-
pacitors are connected in delta across the load lines. Now
automatic devices are available which can be connected
to the supply lines to detect low power factor and to switch
on the required capacity of capacitors in the line to im-
prove the power factor.

Normally these capacitors are provided with discharge
resistances to discharge the stored energy. However, no
capacitor terminal should be touched to avoid shock.
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