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~ PARTA 9

[. 1 [Sine Wave, Square Wave, Triangular wave etc 1
[. 2 |lincieases 1
I. 3 [Linear, bilateral, active networks having more than one source 1
[.4 K=V 2/VI=N2/N1 1
I. 5 |Output in kWh in 24 hrs / Input in kWh in 24 hrs 1
I. 6 [The torque required |
I. 7 [Flux per pole 1
I. 8 [The number of ficld poles and on the speed at which the field 1

poles are rotated.
1. 9 |Universal motor 1

PART B 24

II. 1 (i)Ratio between RMS value and Average value of an W |3

alternating quantity (Current or Voltage) is known as Form

Factor.

. o (11)(1)

(i) When a waveform reaches a complete set of positive and

negative value it is called one cycle.

(ii))Number of cycles per second of an alternating quantity is (it (1)

known as time period. |
1.2 Elementary Theory of an Ideal Transformer 3

IAn ideal transformer is one which has no losses i.e.its windings
have no ohmic resistance,there is no magnetic leakage and

hence which has no copper losses and core losses.In other

words, an ideal transformer consists of two purely inductive
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coils wound on a lossless core.

IL. 3 True Power ¢}

The actual amount of power being used, or dissipated, in a
circuit is called true power

Reactive Power
Power merely absorbed and returned in load due to its reactive (D
properties is referred to as reactive power. Reactive power is a
function of a circuit’s reactance (X).

Apparent Power
'The combination of reactive power and true power is called (D)
apparent power, and it is the product of a circuit’s voltage and
current.

1. 4 Kirchoffs Current Law KCL
In any electrical network the algebraic sum of currents meeting (1.5)
at a junction is zero.

Kirchhoff’s voltage law
Kirchhoff’s voltage law states that “in any closed-loop network,| KVL
the sum of voltage drops around the loop is equal to zero.” (1.5)

II. 5 [The presence of back emf makes the d.c. motor a self-regulating| Expn
machine i.e., it makes the motor to draw as much armature 2)
current as is just sufficient to develop the torque required by the
load.

Eqn
(D
Vg
! WSTM
II. 6 Fig
2)
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O

'When speed is high, torque is low and vice-versa.. It is because
an increase in torque requires an increase in armature current.
The result is that flux is strengthened and hence the speed
drops.

'i{a R

Expn
(1

I1. 7

Working Principle of Alternator is based upon Faraday’s law
of electromagnetic induction.
The current is induced in the conductor inside a magnetic field
when there is a relative motion between that conductor and the

magnetic field.

II. 8

The armature reaction simply shows the effect of armature field
on the main field. The armature reaction represents the impact]
of the armature flux on the main field flux. The armature field is
produced by the armature conductors when current flows
through them. And the main field is produced by the magnetic
poles. The armature flux reduces the magnitude of the main|

field flux.

I1.9

The auto transformers are used
1 as starters for induction motors and synchronous motors
which are known as auto transformer starters.

2 In labs for obtaining a continuously varying voltage.
3 in voltage stabilizers as regulating transformers

4 as booster transformer to raise the voltage in AC feeders

I1.10

Maximum power transfer theorem states that the DC voltage

Theorem
1

source will deliver maximum power to the variable load resistor
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only when the load resistance is equal to the source resistance.
The condition for maximum power dissipation across the load
is RL=RTh

maximum amount of power transferred to the load is

P Max=V*/4RL=V*4RTh

PART C

42

1. 1

(1)

20 T | 0.01H

X, =2nf 1

=21 *50*0.01H

=3.142Q

Maximum current occurs at resonance
When X,=XC =3.142

X =1/2nfC

C=1/21 *50%3.142

C=1013 pF

At resonance Z=R

[=V/R=100 A

(i1) Voltage across capacitor = IX= 100%3.142=314.2 V

()4

(i) 3

1. 2

(2) R= 500
X, = 2*3.14*50%0.05=15.7 Q

(b)

7 = /(R + X?)
A L

=52.4Q

(c) I=V/R

=250/52.4=4.77 A

&)

(2)

(2)
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1. 3

1.Iron Losses

[ron losses are caused by the alternating flux in the core of the
transformer as this loss occurs in the core it is also known as
Core loss. Iron loss is further divided into hysteresis and eddy
current loss.

a)Hysteresis Loss

The core of the transformer is subjected to an alternating
magnetizing force, and for each cycle of emf, a hysteresis loop
is traced out. Power is dissipated in the form of heat known as

b) Eddy Current Loss

‘When the flux links with a closed circuit, an emf is induced in
the circuit. Since the core is made of conducting material, these
EMFs circulate currents within the body of the material. These
circulating currents are called Eddy Currents.

2. Copper Losses (Ohmic Losses)

Thesc losses occur due to ohmic resistance of the transformer
windings. If I1 and 12 are the primary and the secondary
current,R1 and R2 are the resistance of primary and secondary
winding ,then the copper losses occurring in the primary and
secondary winding will be I1R1 and 12R2 respectively.

3.Stray Loss

The occurrence of these stray losses is due to the presence of
leakage field. The percentage of these losses are very small as
compared to the iron and copper losses so they can be
neglected.

4.Dielectric Loss

Dielectric loss occurs in the insulating material of the
transformer that is in the oil of the transformer, or in the solid
insulations. When the oil gets deteriorated or the solid
insulation gets damaged the efficiency of the transformer gets
affected.

hysteresis loss . of losses

Therefore, the total copper losses will be Explana

Name

2

tion

I1I. 4

The transformer is a static device which is used to transfer
electrical energy from one ac circuit to another ac circuit. Input
to a transformer and output from a transformer both are
alternating quantities (AC).The primary winding is connected to
the single — phase ac supply, an ac current starts flowing

through it. The ac primary current produces an alternating flux

Constru
ctional
factors

2
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(D) in the core. Most of this changing flux gets linked with the |Workin
secondary winding through the core. The varying flux will g()
induce voltage into the secondary winding according to the
faraday’s laws of electromagnetic induction. Voltage level
change but frequency i.e. time period remains same. There is no
electrical contact between the two winding, an electrical energy

oets transferred from primary to the secondary.

Brivaary Secondary
witrseilyeg winding
Np turns g

N turns

Fig (3)

Secondary
3. currant

.y

Primary 4
veltage E
Y .
Sgcondary
voltage
v
2 i
I 5 1. By Superposition Theorem : One source acts at a time.

Current through A-B (1 ohm) is to be calculated due to each
source and finally all these contributions added.
Due to 4-V source :

2
1-ohm resistor carries a current of]
4/3 amp from A to B
Due to 1-A source:
i\\,\\ /
20 30
C VY AR D
A
L 2
216
<
23AYB
2/3 Amp from A to B
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Due to 3-A source:

C AARNA AR
20 iQ
2
B ; 2 Anp
2 Amp from A to B
Total current = 4 amp from A to 1
B
Il. 6 1. Matrix - method for mesh analysis can be used. Mark three | 3 mesh
loops as shown, in Fig. Resistance- matrix should be equation
evaluated for current in 5- ohm resistor. only, i3 is to be 3)
fOUnd. R]] = 3, R23 = 6, R33 = 9, I{]g = 1, R23 = 2, R|3 =72,
Voltage - source will be a column matrix with entries serially as :
+ 8 volts, + 10volts, + 12volts.
3 -1 -2
A=]-1 6 -2 ;
3 _» 9 Matl'lx
equation
=3%X(34 -4+ 1 {(~9-4)-2(2+12)=109 2
3 -1 3'
- = =3 .
Ay = | “; _,g :g' 396 Solution
) @
i, = AJA=396/109 = 3.633 amp.
III. 7 |For one revolution of the conductor,

[et, @ = Flux produced by each pole in weber (Wb)
P = number of poles in the DC generator.

Total flux produced by all the poles

=gy P

And,Time taken to complete one revolution

=60/N

'Where N = speed of the armature conductor in rpm.
According to Faraday’s law of induction, the induced emf of the
armature conductor is denoted by *“e” which is equal to rate of
cutting the flux.

Therefore,
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do t«:}tzzi flux
e=— and ¢ = "o
dt time take

Induced emf of one conductor is
§P N
e oP e

.

Let us suppose there are Z total numbers of conductor in a
generator, and arranged in such a manner that all parallel paths
arc always in series. Then, '

7/A = number of conductors connected in series Induced emf of
DC generator

E = emf of one conductor X number of conductor connected in
series.

N Z

E i (‘}p "“"‘“‘f .:i i 3 !‘:}} fg

III. 8

. 4
Ry Ry
Starting i No volf coil
resisiance f ) b f

Soft iran piece ——

Starter handle -

Sping
Over load
release

Lever Trangular
* iron pisca

IDC motor based 3 point starter mainly includes three terminals
namely L, A, and F. Here, L( line terminal) is connected to the
positive supply, A (armature terminal) is connected to the
windings of an armature terminal, and F (field terminal) is

connected to the winding of field terminal. At first when a DC

Fig (4)
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supply is turned ON by H-handle in the OFF position, then the
handle will move CLK wise direction to the studl. The winding
of the shunt field is directly associated across the voltage supply
as the total resistance, in the beginning, is included in series
with the armature circuit.

[f the voltage supply is unexpectedly disrupted, then the no-volt

discharge coil is demagnetized as well as the H-handle goes

back to the OFF location in the pull of the spring. If no-volt coil Expn
were not utilized, then there will be a supply failure. The H- ®)
handle would stay on the last stud. If the voltage supply is
returned, then the DC motor will be openly allied across the
supply, resulting in an extreme armature current.
As the flux per pole is ¢, hence, in one revolution, each stator
1.9 conductor cut a flux of]

do=Po
And the time taken to complete one revolution is,dt=60/N
Therefore, according electromagnetic induction, the average
EMF induced in one stator conductor is given by,
EMF per conductor=dg/dt=P¢ N/60
Since there are Z conductors in series per phase, thus,
EMF per phase=EMF per conductorxZ
Speed of the rotor, N=120f/P
.EMF per phase=P¢Z/60x120f/P
=2fpZ
Since, one turn has two conductors, i.e., =2 and hence the
expression for the average induced EMF per phase can be
written as,
EMF per phase==4foT

1L 10 Fig(3)
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B
ACorDC
Supply

A universal motor is modified form of a DC motor and is
widely used in home appliances like mixers and in machine
tools.

[f AC single phase supply is connected to a DC series motor,

the motor gives circular rotation. During one-half cycle of
current, it would pass through series winding as well as
armature winding in a certain direction. Its magnitude, of
course, would vary from zero to maximum and then back to
zero. Electromagnetic torque will be produced throughout this
half cycle. This torque will act to produce rotation of

the armature in the same direction throughout all of the half

cycles.

Now during the next half cycle, the current through both the
series winding as well as armature winding is reversed. Since
current in both armature and field have been reversed, the
torque developed in this half cycle will tend to produce rotation
of armature in the same direction as throughout the preceding
half cycle. It means the direction of the armature is a circular

rotation type.

Torque in DC series motor, T a ¢,a

where o, is the series field winding flux and la is the armature

current.

Workin

g
(4)
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Also, T a (-9,)(- Ia) for lower half cycle.

Or T a @la

III. 11 |A single-phase induction motor is an AC motor, that converts | Fig (3)
the electrical energy into mechanical energy to perform some

physical work.

S yd Expn

4)

Starting Winding
|

i,

¥

Single Phase Motor

In these types of ac motors, a single-phase AC supply provided
to the stator winding. This causes a magnetic field that pulses in
a sinusoidal manner. After some time the field polarity reverses
and the alternating current may not provide the required
winding to the motor. But if the motor is driven by external

means, the motor will rotate with limited speed.

I 12
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AX" and BB’ are the two phases

Parmanen] Magne!
Rolor

%
Molor Casa

clectrical power into mechanical power. Also, it is a brushless,
synchronous electric motor that can divide a full rotation into an
expansive number of steps.

The construction of a stepper motor is fairly related to a DC
motor. It includes a permanent magnet like Rotor which is in
the middle & it will turn once force acts on it. This rotor is
enclosed through a no. of the stator which is wound through a
magnetic coil all over it. The stator is arranged near to rotor so
that magnetic fields within the stators can control the movement
of the rotor

The stepper motor working principle is Electro-Magnetism. It
includes a rotor which is made with a permanent magnet
whereas a stator is with electromagnets. Once the supply is
provided to the winding of the stator then the magnetic field
will be developed within the stator. Now rotor in the motor will
start to move with the rotating magnetic field of the stator. So

this is the fundamental working principle of this motor..

Fig (3)

Expn
Q)]
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