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1. a) | What is eddy current power loss and how can it be minimized in electrical machines?
A circular ring has a mean diameter of 20 cm and has an air gap 1 mm wide cut in it.
The area of a cross-section of the ring is 4 cm?. Calculate the value of direct current
needed in a coil of 1000 turns uniformly wound around the ring to create a flux of
0.5 mWhb in the air gap. Neglect fringing and assume relative permeability for the iron
as 650.

b)| Explain with proper mathematical justifications how copper saving is achieved in auto
transformer.

2. a)| A single-phase transformer has 400 primary and 1,000 secondary turns. The cross-
sectional area of the core is 60 cm?. It takes a no-load current of 4 A at 0.4 pf lagging
when primary is connected to a 50 Hz, 500 V supply. Calculate,

i) the peak value of flux in the core
ii) the voltage induced in secondary
iii) the iron loss of transformer

by Copper loss is negligible in open cirouit tests and iron loss is negligible in short circuit
test of transformer. Justify.

¢) A long shunt compound generator delivers a load current of 50 A at 500 V and has
armature, series field and shunt field resistances of 0.05 ©, 0.03 Q and 250 Q
respectively. Calculate the generated EMF and electrical efficiency of generator.
Assume 1 V per brush for contact drop.

3. a) A 200 V DCshunt motor has an armature winding resistance of 0.25 Q and field
winding resistance of 100 Q. It draws a current of 4A and runs with a speed of
1000 rpm at no-load. When the motor is loaded, its speed drops to 960 rpm. Calculate
the copper losses and current drawn by the motor when loaded.

o
—

Explain with a schematic diagram the need and working of a typical DC motor starter.

Le]
~=

Why core loss in the rotor of three phase induction motor is negligible?

4. d) Explain the torque-slip characteristics of 3-phase induction motor. What is the effect
of variation of rotor resistance on maximum torque and starting torque?

) Define coil span factor and distribution factor for alternator armature winding. A
6,600 V, three phase, star connected alternator has armature resistance of 0.5 Q per
phase and synchronous reactance of 5 Q per phase. Determine the voltage regulation

of machine when supplying a load of 1000 kW at normal voltage at 0.8 pf lagging.

5. ) What 'do you mean by V-curve and inverted V-curve for a synchronous motor? How
these curves are obtained?
b) Briefly write notes on: (Any Two)

i) Capacitor start and capacitor run motor
ii) Stepper motor and its application
iii) Universal motor
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Explain the magnetization and demagnetization process in ferromagnetic iron core
with DC excitation. What are hard and soft magnetic materials?

Explain the operation of single phase transformer with proper mathematical
justification and develop the equivalent circuit.

Following test results were obtained on 20 kVA, 250/2500 V, 50 Hz single phase
transformer.

Open circuit Test: 250 V, 1.4 A, 105 W, on LV side

Short circuit Test: 120 V, 8 A, 320 W on HV side

Calculate

i) Equivalent circuit parameters of transformer referred to HV side and draw the
circuit.

i) Efficiency of transformer at 75% of full load and at 0.9 pf lagging.

A short-shunt compound generator delivers a load current of 100 A at 250V . The
armature, series, and shunt winding have resistances of 0.06 Q, 0.04 Q, and 50 Q
respectively. Determine the EMF generated and the power developed in the armature.
Allow 1V per brush for contact drop.

What are instrument transformers? Why secondary of CT shall not be left open?

A dc shunt motor draws a current of 20 A from 220 V supply and runs at 1500 rpm.
The armature and field winding resistance are 0.08 Q and 110 Q respectively. If a
resistance of 0.02 Q is added in series with armature and the load torque is increased
by 35%, calculate the new speed of the motor.

List out the roles of back EMF in d¢ motor. Derive the torque equation of DC motor
and point out the factors affecting it.

¢) What conditions should be fulfilled for the operation of three induction motor as

a)

b)

b)

induction generator?

A 4 pole, 400 V, 50Hz, 3-phase slip ring induction motor has R, = 0.25 Q and
X2 =2 Q. It develops the max. torque of 30 N-m. Calculate the torque developed by
the rotor at speed of 1440 rpm. If resistance of 0.15 Q is added in rotor circuit keeping
the load torque constant, calculate the new speed.

Draw the phasor diagram for the inductive load on synchronous generator. A 3-phase,
10 kVA, 400 V, 50-Hz, star-connected alternator supplies the rated load at 0.8 p.f.
leading. If armature resistance is 0.5 Q and synchronous reactance is 10 €, find the
voltage regulation and the power angle.

Explain the operating principle of three phase synchronous motor.

Explain with double field revolving theory that a single-phase induction motor is not
self-starting. How it can be made self-starting?
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What is flemmings right hand rule? Describe the construction details of DC generator
with clear diagram and also derive the emf equation of DC generator. [2+4+2]

State Ohm’s law for magnetic circuit. For the given magnetic circuit, neglecting
magnetic leakage and fringing, calculate air gap flux, flux density and magnetic field
intensity at the air gap. Given that relative permeability of ferromagnetic material is
1200 and all dimensions are in cm. [2+6]
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Why transformer is generally rated in KVA and not in kW? Explain factors affecting
the efficiency of transformer with proper mathematical justification and graph. [2+6]

A single-phase transformer working at unity pf has an efficiency of 90% on both half

load and at full load of 500kw.Determine: [3+342]
i) iron loss
ii) Full load copper loss
iii) maximum efficiency

Describe the working principle of three phase induction generator, Also explain how
voltage build up in it [4+4]

A 230V, dc shunt motor takes 5A at no load. The resistance of the armature and field
circuit are 0.25Q and 115Q respectively. If the motor is loaded so as to carry 40A,
determine: [4+4]

i) iron loss and friction loss

i) Efficiency

Explain the phenomenon of armature of reaction and its effects in three phase
synchronous generator for following type of loads: [8]

i) Resistive Load

ii) Inductive Load

iit) Capacitive Load

With the help of phasor diagram, explain the effect of excitation in a 3-phase
synchronous motor. _ [8]



5. a) Derive torque developed by a 3-phase induction motor at running condition. Draw a

b)

Torque-slip characteristic and deduce the condition for maximum torque?

Write short notes on: (Any Two)

i) Working and application of Stepper motors
if) Resistant start single phase motor
iii) Universal motors

*

[5+3]
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. a)

b)

b)

Define the term magneto motive force and magnetizing force for magnetic circuit. A
ring has mean diameter of 21 c¢m and a cross sectional area of 10 cm”. The ring is
made up of semicircular section of cast iron and cast steel, with each joint having a
reluctance equal to an air gap of 0.2 mm. Find the ampere turns required to produce a
flux of 0.8 m Wb. The relative permeability of cast steel and cast iron are 800 and 166
respectively. [8]

Explain the no load and loaded operation of single phase ideal transformer. Prove that
net magnetic flux in the core is remain constant in any loaded condition. [2-+2+4]

A transformer is rated at 100 KVA. At full load its copper loss is 1200 W and its iron
loss is 960 W. Calculate: (8]

i) The efficiency at full load and 0.8 p.f. lagging.
ii) The load KVA at which maximum efficiency occur and the maximum efficiency.

Why dc shunt generator shall not be started at load? Explain the voltage build up
process in dc generator. (8]

A 200 V dc shunt motor has an armature winding resistance of 0.25Q and field
winding resistance of 100€. It draws current of 4A and runs with a speed of 1000 rpm
at no-load. When the motor is loaded, its speed drops to 960 rpm. Calculate the
current drawn by the motor when loaded and speed regulation. (8]

Explain the operation of dc machine as dc motor. Explain electrical and mechanical
characteristics of de¢ shunt motors with proper mathematics. [8]

Draw the equivalent circuit diagram of three phase induction motor. Explain how the
torque is produced in three phase induction motor. [8]

Define regulation in an alternator. A 3 phase, 10 KVA, 400V, 50 HZ star connected
alternator with a resistance of 0.5 €2 and a synchronous reactance of 10 Q per phase
delivers full load rated current at a power factor of 0.8 lagging and at normal rated
voltage. Find the power angle and voltage regulation. What will be regulation if
power factor of load is 0.8 leading? [8]

What do you mean by excitation control in synchronous motor? How synchronous
motor can work both leading and lagging power factor mode? [8]

Write short notes on: [2x4]

i) Double field revolving theory
i1) Universal motor
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1. a) What are reluctance and permeance in the magnetic circuits? Derive their expressions
in any type of magnetic circuits.

b) For the Magnetic circuit shown below, calculate the Amp-turn (NI) required to
establish a flux of 0.75 wb in the central limb. Given that yt, = 4000 for iron core.
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2. a) What is an auto transformer? State its merits and demerits over a two winding
transformer. Derive an expression of cu-saving in auto transformer.

b) A 1000- VA 230/115-V transformer has been tested to determine its equivalent
circuit. The results of the tests are shown below.

Open — Circuit test (On secondary side) Short — circuit test(On primary side)

Voc=115V Vee=17.1V
Ioc=0.11 A 15(_‘:8.??&
Poc=39W Psc=38.1 W

(i) Find the equivalent circuit of this transformer referred to the low — voltage side of
the transformer.

(ii) Determine the transformer’ s efficiency at rated conditions and 0.8 PF lagging.

3. a) A DC compound generator delivers 50A to the load at 500V. The armature, series
field and shunt field windings resistance are 0.050, 0.03Q2 and 250 respectively.
The voltage drop in carbon brush is 1 V per brush. Calculate the generated emf i) for
{ong shunt compound it} for short shunt compound.

b) Explain the working principle of a d.c motor and derive the equation of torque
developed by the armature of the d.c motor.

[8]

(8]

[2+6]

(8]

(8]

[4+4]



4. a) Define slip. Why does the induction motor operates only in the linear portion of

torque-slip characteristics?

¢) How does three phase synchronous generator work? What do you mean by armature
reaction? Comment the results of different load power factor on armature flux,

5. a) A1200 kVA, 6600 v, 3-phase star connected stator of a synchronous generator has a

armature resistance of 0.4 Q / phase and synchronous reactance of 6 Q / phase. The
generator delivers full load current at pf of 0.8 lagging at normal rated voltage.
Calculate the terminal voltage for the same excitation and load current at 0.8 pf
leading.

b) Write short notes on: (Any Two)

(1) Capacitor start and rup motor
(i) Universal motor
(iii) Stepper motor

[4]
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L An iron ring of 015 meter diameter and 0001 m’ in cross section with a saw cut
/" 2mmw1desw0mﬂwnﬂ13mnmcgf% The gap flux density is | Tesla. The
relative permeability of the @H Mmme the exciting current and

inductance. (8]
b) How practical transformer is different from ideal one? Explain with phasor diagram
* the operation of practical fransformer when sec(mt:liyr 5 connected fo load. (2+6]

2 a) Explain load characteristics of synchronous generator. Why terminal voltage of a
synchronous generator is greater than i g

enerated emf (F) in case of capacitive
load? Explam with the help e?mxe ion 2 N diagram. [2+3+43]

b) A 10 kVA, single phase hansfamer ﬁ)r m ‘at no load has R = 5.50,

=pnR=02NnX2=045 rmine the appropriate value of secondary

Voltage and % voltage regula'&ful 08 pt lagging, when primary applied
voltage s 2000 V, Also calculate the power factor for maximum regulation. [6+2]

3 a) Why single ‘phase induction motor s not self-starting? Explain Double Field
Revolving theory of single phase mofor. [2+6]
b) A4 pole, 250 V de long shunt compound generator supplies a load of 10 kW at rated

liage. The armature, series field and shunt field resistances are 01 T (.15 Q and

250 Q respectively. The armature s lap wound with 50 slots. each slot containing
6 conductors. fthe flux per pole 15 30 m Wh, calculate the speed of generator. What

would be the speed of same generator s armature s wave wound? [8]
4. @) Define Rotating magnetic field in three phase induction motor ain the Torque-
Speed (T-N) charactenstics ofthree phase induction motor. [2+6]

the importance of back EMF in d& mator, A 240V de series motor has total
resistance of 02 Q. When the speed s 1800 rpm, the motorclraws acurrent ofdﬂA
“Cafewate the value ofresistance fo be connected mrseries —
limit the speed to 2400 rpm when the line current 5 10A [345]
a The power input to a 500 V. 50 Hz, 6-pole, 3-phase induction motor running at
975 pm is 40 kw. The stator losses are 1 kW and friction loss s 2 kW. Caleulate:

L

(@) ship (b) Rotar copper loss (¢) output HP (d) efficiency [2+2+242]
b) What is hunting in synchronous motor? Explain the loaded operation of three phase
synchronous mator. 8]
foik
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. a)

b)

b)

a)

b)

An iron ring of mean length 1.2m and cross sectional area of 0.005 m? is wound with
a coil of 900 turns. If a current of 2A in the coil produces a flux density of 1.2T in the
iron ring, calculate: (i) The mmf (ii) Total Flux in the ring (iii) The magnetic field
strength (iv) The relative permeability of iron at this flux density.

Explain the no-load and loaded operation of an ideal transformer. Prove that the flux
in the transformer core remains constant irrespective of the change in load.

Describe different types of losses on the transformer and how the efficiency is
calculated? Derive the condition at which the efficiency of transformer will be
maximum.

Explain the functions of commutator and carbon brushes in d.c. generator. Explain
why dc shunt generator should be started without load.

Explain voltage build up process in DC shunt generator. Why DC series generator is
not started at no load?

A long shunt dc compound generator deliver a current of 80A to the load at 230V.

The shunt field, series and armature winding resistances are 1000, 0.04Q and 0.20Q
respectively. Calculate the emf generated by the armature.

A three-phase delta-connected 440volts, 50 Hz, 4-pole induction motor has a rotor
standstill emf per phase of 130 volts. If the motor is running at 1440 rpm, calculate
slip, frequency of rotor induced emf, the value of the rotor induced emf per phase and
stator to rotor turn ratio for same speed.

With the help of phasor diagrams, explain the effect of excitation in power factor of a
three phase synchronous motor.

Explain Double field revolving theory. How do we make single phase induction
motor self starting?

Explain the construction and working of Servo Motor.
Hkok
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. a)

b)

b)

A ring of iron has a mean diameter of 15 c¢m, a cross section of 1.5 cm? and has a
radial air gap of 0.5 mm cut in it. It is uniformly wound with 1500 turns of insulated
wire and a current of 1.2A produces a flux of 0.1mWb across the air gap. Calculate
the relative permeability of iron on the assumption that there is no magnetic leakage.

Explain the working principle of a single transformer with necessary diagram and
deduce the expression for emf in secondary winding.

DC series motor should not be started without load. Justify the statement.

A 250 KVA, 50Hz, 11000/400V, 1-phase transformer has primary and secondary

winding resistances of 0.3Q and 0.001Q respectively. Calculate the efficiency of
transformer at full load at 0.8 p.f. lagging. Given that iron loss is 2000w.

How three phase induction motor can be used as induction generator?

A long-shunt dc compound generator delivers a load current of 50 A at 500 V, and the
resistances of armature, series field and shut field are 0.05 Q, 0.03Q2 and 250 Q

respectively. Calculate the generated emf and the armature current. Allow 1 V per
brush for contact drop.

A 200 V DC series motor runs at 1000 rpm and takes 20 A. Combined resistance of
armature and field is 0.4 Q. Calculate the resistance to be inserted in series so as to
reduce the speed to 800 rpm keeping load torque constant.

Explain the T-S characteristic of 3-phase induction motor. Explain the effect of rotor
resistance on T-S characteristic,

A 4 pole, 50Hz 3-phase induction motor develops a maximum torque of 50 N-m at
1350 rpm. The rotor ¢ircuit resistance is 0.5 Q per phase. Calculate the torque
developed by the motor at speed of 1450 rpm.

Why a three-phase synchronous motor is called doubly excited machine. Explain its
V-curve and inverted V-curve of 3 phase synchronous motor.

Prove that a single-phase induction motor winding when excited by a single phase-
phase supply produces two equal and opposite revolving fields.

Lk
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1. a) Explain the losses, which occur when magnetic materials are subjected to an
alternating flux. How can we reduce these losses practically? \

What do you mean by armature reaction in a synchronous generator? How the
resistive inductive, and capacitive load affects the nature of armature reaction.

2. a) Explain, how can we make equivalent circuits referred to primary side and referred to
secondary side. What happens, when a power transformer is connected to a d.c.
_Supply of the same voltage ratings? '

_BA 10 KVA, 2001400 V. 50 single-phase transformer gave the following test

results:
O.C. test : 200V, 1.3A, 120W, .......... on L.V. side.
S.C. test : 22V, 30 A,200W, .......... on H.V. side.

Calculate: Ip, Iw, Ro, Xo, Ro; Xo; and Zo,.

3. a) Explain the functions of commutator and carbon brushes in d.c generator with neat
sketch.

b) A 230V, shunt motor takes 5A at no load. The resistance of the armature and field
circuit are 0.25 Q and 115 O respectively. If the motor is loaded SO as to carry 40 A,
determine (i) Iron and friction losses (ii) efficiency .

4. a) Explain the operating principle of three phase induction motor with neat sketches.
Why rotor speed is always less than synchronous speed. J ustify.

b) An alternator on open circuit generates 360V at 60 Hz, when the field current is
3.6 A. Neglecting saturation, determine the open circuit emf. When the frequency is
40 Hz and the field current is 2.4 A.

5. a) Explain the operating principle and characteristics of split phase induction motor with
neat sketches.

b) Explain construction, operation and characteristics of universal motor. Why is it
called so? Give reason.

* k%

[5+3]

[8]

[6+2]

(8]
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Define the terms Tautology, Contradiction and Logical Equivalences. Show that
—A —>—B and B—> Aare Logically Equivalent. State the converse, contrapositive and
inverse of the statement, "A positive integer is prime only if it has no divisors other than 1
and itself". & [3+2+43]

Show that the premises "There is someone in this class who has been to Pokhara.
Everyone who goes to Pokhara visit the Sarankot. Therefore, someone in this class has
visited the Sarankot.” (8]
Use mathematical induction to verify: [8]
1222 43 =4 4+ (=107 = (1) (0 +1)/2

a) Stafe the closure properties of Regular Language. # [3]

b) Let L be the set of strings accepted by the FSA*shown below. Now construct a FSA
that accepts the strings L* = {X,.....%;|X,....X, €L} " (5]

i) Find the language L(G) overs, {a,b,c} generated by the grammer G with production:
S—>aSb, aS->Aa, Aab—c. [4-+4]

ii) Write a grammer that generates the string over {a,b} not ending with ab.
Find the solution of recurrence relation of a,=5a_,—6a,,+3n+2" with initial
condition a, =0,a, =1,anda, =2. [8]

Prove the theorem, "An undirected graph has an even number of vertices of odd degree.”
Describe complete graph and bipartite graph. [3+5]

What is chromatic number of K,,K, , and C_for P > 3, explain with suitable figure.
How Euler graph is different from Hamilton graph, explain? [5+3]



9. Use Dijkstra's algorithm to find the length of a shortest path from the vertices A to other
in the graph below. [8]

10. Write short notes on: [4+4]

i) Max Flow and Min cut Theroem
ii) Plannar Graph

® ko
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a) A steel ring of 12 cm mean radius and of circular cross-section 1 c¢m in radius has an
air gap of 2 mm length. It is wound uniformly with 550 turns of wire carrying 3A of

current. The air gap takes 60% of total magnetomotive force. Find the total reluctance. {5}
b} Explain hysteresis and eddy current losses in electrical machines. Prove that

hysteresis loss in a magnetic material is equal to the area of hysteresis loop. |5]
Explain the following; [2x3]
(1) Faraday’s laws of electromagnetic induction
(it Fleming’s right and left hand rules
a) Derive expression giving amount of copper saving in an auto-transformer. [4]
b) Discuss how to conduct open-circuit and short-circuit tests on a single phase

transformer. From the test results how the efficiency and voltage regulation of the

(6]

transformer is determined?

c) An ideal 3-phase delta/star step-down transformer delivers power to a balanced
3-phase load of 120 kVA at 0.8 power factor. The input line voltage is 11 kV and the
turns ratio of the transformer, phase to phase is 10. Determine the line voltage, line
currents, phase voltages and phase currents on both the primary and secondary sides. (6]

a) In a 220 V compound generator, the armature, series and shunt windings have
resistances of 0.3Q2, 0.2 and 60 Q respectively. The load consists of 80 lamps, each
rated at 60 W and 220 V. find the total emf and armature current when the machine is

connected for i) long shunt and ii) short shunt. [6]
b) What do you mean by back emf in DC motors? Explain the significance of back emf. (4]

c¢) Explain the speed-current, torque-current and speed-torque characteristics of a DC

shunt motor.
Explain the torque-slip characteristics of a three phase induction motor. Starting with
the expression for torque as a function of slip, show that the value of maximum torque

is independent of rotor resistance.

b) The power input to the rotor of a 440 V, 50 Hz, 3-phase, 6-pole, induction motor is 50
kW. The rotor emf makes 120 cycles per minute. Friction and windage losses are 2
kW. Calculate (i) slip (ii) rotor speed (iii) rotor copper losses (iv) mechanical power

developed (v) output power (vi) output torque
Explain about constructional details and working principle of three phase synchronous
generator.

b) Describe briefly the effect of varying excitation upon the armature current and power
factor of a 3-phase synchronous motor when input power to the motor is maintained

constant,
¢) Using double revolving field theory, explain the working of a single phase induction

motor,

(6]

a)

(6}

(6}

)
8]

(6]

(6}

ok ok
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v Assume suitable data if necessary.

I.a) For magnetic circuit shown in figure below, find out the current to be passed through
~coil B so that magnetic flux in CD section is 2 mWb. Given p, = 1000 (8]

Given:
I=3 Amp, A; =6 cm? A2 =3 cm?

AB=CD=EF=20cm
BC=AD=BE=AF=20cm

b) Copper loss is assumed to be negligible in no load test and iron loss is assumed
negligible in short circuit test. Explain why it is so. [8]

2. a) The following test result were obtained on 20 KVA, 2200/220 V, 50 HZ, single phase
transformer (8]

Open circuit test: 220 V, 1.1 A, 125 W
Short circuit test: 52.7 V, 8.4 A, 287 W

i) Calculate the equivalent circuit parameters referred primary sides and draw the

equivalent circuits
11) Calculate maximum efficiency at full load
1i1) Caleulate the efficiency at half full load with 0.8 power factor lagging

b) How current transformer is different from conventional transformer. Explain how CT
1S used to measure lu_gh currents. Also cxplain, what happens if the secondary of CT is
~ Open when there is high current flowing in primary side,

(8]



a)

b)

b)

)

b)

Using circuit diagram and graphical representation, explain the characteristics of DC

series generator and DC shunt gencrator. Also mention their applications. (8]

A 220 V, DC series motor draws 100 A current and runs at 1200 R PM. What is value

of armature resistance required to run the motor at 800 RMP kecping load torque

constant. Given armature resistance = 0.2 ohm, field winding = 0.05 ohm [4+4]

Explain the torque-slip characteristics of an induction motor. Show the condition for

which the maximum torque develops in the induction motor. [5+3]

A 6-_poie, 50 Hz, three-phase induction motor has rotor resistance of 0.4 Q/phese,

maximum torque is 200 Nm at 850 rpm. Find (i) torque at 4% slip, and (ii) additional

rotor resistance to get (2/3 ) of maximum torque at starting. 18]
(8]

Explain effect of excitation on pf of synchronous motor with necessary diagrams.
Explain double field revolving theory refer to single phase induction motor and prove
| {81

that a single phase induction motor is not self starting.
ok ok
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a) Define coercitivity and retaintivity with the help of BH curve.

b) A magnetic circuit consists of a circular iron core having mean length of 10 cm and
cross sectional area of 100 square mm. The air gap is 2 mm and the core has 600 turns
of winding. Calculate the magnitude of current to be passed through the winding to

produce air gap flux of 1 tesla (permeability of iron = 4000)
Explain working principle of an auto-transformer. Derive an expression for Cu saving

in an auto-transformer.
b) A 4-kVA, 200/400V single phase transformer has following test results:

O.C Test: 200V 0.8A 70W

S.C Test: 20V 10A 60W
Obtain equivalent circuit parameters of the transformer refer to L.V side.

diagrams, equations and characteristics curve.

torque is increased by 30%, calculate new speed.

change in load? Explain briefly using mathematical expression.

leading.

b)
methods for single phase induction motor.
ok
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Make a detail comparison of dc shunt generator and dc series generator with their

A dc shunt motor is supplied by a source of 200 V. It draws a current of 20 A and
runs at speed of 1500 rpm. The armature and field winding resistance are 0.08 Q and
110 Q respectively. A resistance of 0.02 Q is added in series with armature and load

How does induction motor and synchronous motor adjust the current according to the

A 4 pole, 50 Hz, 3-phase slip ring induction motor has star connected stator and rotor
windings. The rotor winding has impedance of (1+j4)Q2 per phase at stand still. The
stator to rotor turn ratio is 2. Given that emf induced in rotor circutis 400 V between
two slip rings at stand still. Calculate starting current and running current at 1400 rpm.

a) A 1200 KVA, 6000 V, 3 phase star connected stator of a synchronous generator has a
armature resistance of 0.4 ohms/phase and synchronous reactance of 6 ohm/phase.
The generator delivers full load current at pf 0.8 lagging at normal rated voltage.
Calculate the terminal voltage for the same excitation and load current at 0.8 pf

Why single phase induction motors are not self-starting? Explain any two starting

[6]

[10]

8]
(8]

8]

(8]

[4+4]

(8]

(81

(8]
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Candidates are required to give their answers in their own words as far as practicable.

Vo Auempt All questions,

v All questions carry equal marks.

Vo Assume suitable data if necessary,

1. a) Explain the operating principle of an ideal transformer and derive the emf equation.

b) A ring of 30 cm mean diameter is made up of round iron rod 2.5 ¢cm in diamc‘tt:r.. A
saw cut of 1 mm is made on the ring. It is uniformly wound with 500 turns of wire.
Calculate the current required by the exciting coil to produce a total flux of 4m Wb.
Assume a relative permeability of iron at this flux density as 800.

2. a) Explain the operation principle of dc generator. What are main functions of carbon
brush in dc generator?

b) A 20 kVA, 250V/2500V, 50Hz single phase transformer gave the following test
results:

No-load test (on L.V, side): 250V, 1.4A, 105 watts

Short circuit test (on H.V.side): 120V, 8 A, 320 watts

Calculate the equivalent circuit parameters referred to primary side and draw the
equivalent circuit.

3. a) Sketch and explain the torque slip characteristics of a 3-phase induction motor
indicating the starting torque, maximum torque and the operating region. How does
rotor resistance affect the torque slip characteristics?

b) A 200V DC shunt motor drives a centrifugal pump where constant torque is required.
The motor draws a current of 50 A when running at 1000rpm. What value of
resistance must be inserted in the armature circuit to reduce the speed to 800rpm at
constant torque? Given that armature winding resistance, R, = 0.1 Q and field
winding resistance, Ry= 100 Q

4. a) With the help of phasor diagrams, explain the effect of excitation in a 3-phase
synchronous motor.

b) A 4-pole, 50 Hz, 3 phase induction motor develops a starting torque of 50 N-m. The
rotor winding has an impedance of (0.84j2) Q per phase at stand still. At what speed
the motor will develop maximum torque and calculate magnitude of the maximum
torque.

5. a) What do you understand by double field revolving theory? Explain it with the help of

a neat diagram.,

b) A 500 KVA, 50 Hz, 6600V/400V, |- phase transformer have primary and secondary
winding resistances are 0.4 Q and 0.001 Q respectively. If the iron loss is 3.0 KW,
Calculate the efficiency at (a) full load (b) half full load.

*okk
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A A%

a) An iron ring has a mean length of 2m-and cross-sectienal area of 0.01 m”. It has a
radial air gap of 4 mm. The ring is wound with 250 turns. What dc current would be
needed in the coil to produce a flux of 0.8 Weber in the air gap? Assume that
ur = 400. :

b) Explain the operation of transformer with no-load and load. Prove that the magnetic
field in a transformer core remains copstant at any load.

2. a) A 20 kVA, 250/2500V, 50 Hz, single phase transformer has R, = 595.2 Q,

X, = 187.26 Q. Ry = 0.05 Q and X = 0.14 Q. Calculate (i) iron loss of the

transformer (ii) efficiency of the transformer at half lodd with 0.8 pflagging.

b) A short shunt compound generator deljvers a load current of 30 A at 220 V and has
armature, series.and shunt field resistances of 0.05 €2, 0.03 Q and 200 Q respectively.,
Calculate the induced emf and the armature current. Allow. 1 V per brush contact

drop. 3
A 200 V DC series motor draws full-lgad line current of 38 A at the rated speed of

3. a) (

~ 600 rpm. The motor has armature resigfance of 0.4 Q and the series field resistance is

0.2 Q find: RS _ _
i) The speed of the motor when the load current drops to 19 A
ii) The-speed on removal of load when the motor takes only 1 A from supply

3

b) Explain torque-slip characteristics of 3 phase induction. Deduce the condition for

which maximum torque. Discuss the effect of variation of rotor resistance on this

maximum torque. - o e s .
v synchronous motor is not self starting. Explain a method of

4 a) Explain why a 3 phase

starting a 3 phase synchronous motor.

Draw equivalent circuit of 3 phase induction motor at stand still and running
conditions. Derive the expression for starting torque and running torque.

S a) Explain the operating principle of servo motor.

The no-load test.and short circuit test on a 220V/2200 volt single phase transformer

gave following results. | |
" No load test (on L.V side):" 220V 1.2 Amp 100 watts
Short circuit test {on HV side): 110V 8Amp 300 wa_tts ‘
* Calculate equivalent circuit parameters refer to primary side:and draw the equiva

lent

circuit.
ko
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v The figures in the margin indicate Full Marks.
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1. a) What are different types of losses in transformer? Derive the expression of efficiency
of transformer. | ' (8]
b) An iron ring of mean diameter 100cm and cross sectional area 10em? is wound with
o ‘uns and has i, = 2000 Compute (i) reluctance (i1) flax producad w.en the
» eurrent through the cPil 1s 1A (iii) Flux in the ring if a saw cut of 1mmi length is made,
~ the current through the coil remaining the same. (8]
2. a) A Z5 KVA, single p_ihasn., "1 KV / 400V transformer has impedance of primnary and
~ secondary 0.4 + J2Q and 0.02 + j1Q respectively. Determine the load terminal voltage
and primary current at half load. (8]
b) Describe the mnshué:ﬁon and working principle of a dc generator with neat diagram.,
Also derive the emf q'quaiion of a dc generator. : (8]
3 :«1) Describe different méthods of controlling the speed of shunt DC motor. (8]
b) Explain with necess‘a':ry vector diagram hew rotating magnetic fieid 1s produced i a :
three' sitase inductior. motor. Also explain how this rotating magnetic field helps the
motor to rotate. i " (8]
4. a)° Explain torqué slip i:haracteristics of 3-phase induction motor. Why the induction ‘
e ‘ )

motor operates only in linear portion of torque-slip characteristics.

b) A 3.3 KV, 3-phase star connected synchronous motor has impedance of

0.2 +;2.2Q/phase of the armature winding. The motor is operated at 0.3 pf leading

with line current of 100 A. Deiermine the back emf per phase and also draw phasor :
i ' ]

5. - Give reasons for the follc;awing statements. [4x4]

' i iq t self starting
a) Single phase inductidn motors are no arting ;
b; Servo motor has longer length and smaller diameter compared to other normal motor

¢) DC series motor can also be operated from ac supply o

£ sunnly sv
d) Hysteresis and-eddy turrent Tosses depends on the frequency of supply system

* o %
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AR

\
2

&)

P

Asectangular iron core is shown in figure 1. It has a mean length of magnetic palh of
< L., iress-seodon of (2 cr x 2 em), relative permeability of 1400 and an air-g:
of 3 mm cut in the core. The three coils carried by the core have number of tums
N, =335, Ny = 600 and N, = 600; and the respective currents are 1.6 A, 4 A and 3 A.
The directions of the currents are as shown in the figure. Find the flux in the air-gap. (6]

M [t 99
‘ EE Air Gap :/f‘ .
e § e _\\:F\ﬁ. weisaptall ,

Figure 1.
b) State Faraday’'s Laws of electromagnetic induction. Distinguish between statically
induced emf and dynamically induced emf. (N
2. z) Explain the working of an ideal transformer under (i) no-load and (ii) loaded
conditions and derive expressions for voltage and current ratios relating 1o
[4+4]

transformer turns ratio. .
The following test results were obtained for oper circuit and short circuit tests on a
(8]

b) The
8 kVA, 400/120 V, 50 Hz transformer:
Open-circuit Test (LV Side) : 120V, 4 A, 75 W
Short-circuit Test (HV Side) : 9:3V,20A, 110 W : _ i
Calculate the equivalent circuit parameters referred to high voltage side. Also
czlcuiate the efficiency at half full load and 0.8 power factor lagging load.
. 2) Explain the working principle of dc generator with neat diagram [3+3]
E) A short shunt ccmpouud genzrator supplies a load current of 100 A at 250 V. The
gensrator hés the 1 llow*n- winding resistances: shuat fjeld 130 Q, armawre ©.1 &
and the series field 0.1 Q. Find tr; emf generated and the armature current, i¥ the ;
, ()

- brush drop 18 ] ¥Vp b‘u;‘x



a)
b)

What ‘is back em{” How does back emnf play an important role in DC motor SRR ¥ i |
A dc shunt motor runs at 600 RPM taking 60 A from a 230 V supply. Armature
resistance is 0.2 € and field resistance is i15 €. Find the speed when the current

!

through the armature is 30 A. )
Explain the torque-slip characteristics of an induction motor. Show the condition for
which the maximum torque develops in the induction motor. {3+3]
A 3-phase delta connected 440 volts, 50 Hz, —pole induction motor has a rotor stand-
still emf per phase of 130 volts. If the motor is running at 1 ,440 RPM, calculate for
this specd (i) the slip, (ii) the frequency of rotor induced emf, (iii) the value of the

i (4]

rotor induced emf per phase, and (iv) stator to rotor turn ratio

What do vou mean by V-curve and inverted V-curve for a synchronous motor?

Explain with a neat diagram. [6]

Wha* are the advantages of rotating magnetic system and stationary armature system
83!

m ac machine 1
[2x4]

Write short notes on the following:

» ¥ Universal motor

' i1} AC servo motor

* % %k
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. a) The flux in transformer remains practically constant from no load to full load. Justify the
statement. [4]
b) Derive an expression for Cu saving in an auto-transformer. [4]
¢} A 230 V /2300 V single-phase transformer is excited by 230 V ac voltage. The equivalent
resistance and reactance referred to primary side are 0.1 Q and 0.4 Q respectively. Given that
Ry = 500 Q and X, = 200 Q. The load impedance is (400 + j600) Q. Calculate: (i) Primary
current and input power factor (ii) Secondary terminal voltage. (8]
2. @) Derive an emf equation for a dc generator. (4]
b) DC shunt generator shall be started keeping its output terminal open. Justify the statement. 4]
¢) A 4 pole, 250 V long shunt dc compound generator supplies a load of 10 KW at the rated
voltage. The armature, series and shunt field resistances are 0.1 Q, 0.15 Q and
250 Q respectively. The armature is lap wound with 300 conductors. If the flux per pole is 50
mWb, calculate the speed of the generator. [8]
3. a) With the help of a neat sketch, explain the working principle of three terminal DC motor
starter. [5]
b) A dc series motor of resistance 1 Q between terminals funs at 1,000 RPM at 250 V with a
current of 20 A. Find the speed at which it will run when connected in series with a 6 Q
resistance and taking the same current at the same supply voltage. [5]
¢) A circular iron core has a cross-sectional area of 5 sq.cm. and mean length of 25 cm including
an air gap of 4 mm. The core is wound with 500 turns of winding. Calculate the inductance of
the coil. If a dc current of 10 Ampere passed through the coil, calculate magnetic flux in the
core. Given that relative permeability of the core is 2000. (6]
4. a) What will be the condition for maximum torque and explain torque slip characteristics of
3-phase induction motor. (8]
b) A 3-phase, 50 Hz induction motor has starting torque which is 1.25 times full load torque and
a maximum torque which is 2.5 times the full load torque. Neglecting stator resistance and
rotational losses and assuming constant rotor resistance. Find (8]
i) slip at maximum torque
1) the slip at full load
iii) the current at starting in per unit full load current
5. a) "With the help of phasor diagrams, explain the effect of excttation in a 3-phase synchronous
(8}

motor.
-phase star connected stator of a synchronous generator has a

b) A 1200 KVA, 6600 V, 3
afmature, resistance of 0.4 (Vphase and synchronous reactance of 6 (Vphase. The generator
pf of 0.8 lagging at normal rated voltage. Calculate the terminal
(8]

delivers full bad current at
on and load current at 0.8 pf leading.

voltage for the same excitati
*xk
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1. a) Explgin the working of an ideal transformer under (i) no-load ?nd (i1) }oadcd
conditions and derive expressions for voltage and current ratios relating to
transformer ratio. (8]
0) The following test results were obtained on a 20 kVA. 2200/220 V. 50 =z single
phase transformer: _ (8]
Open-chreuis Test (LV Side): 220 V, L1 A, 125 W
Short-circuit Test (HV Side): 52.7 V. 8.4 A, 287 W e
Calculate the equivalent circuit reffered to L.V side and draw the equivalent circuit.
2. a) Explain torque-armature current and speed-torque characteristics of DC shunt and DC
series motor. (8]
b) A 220V dc shunt motor draws a current of 40A at full load and runs with speed of
1400rpm. Calculate the value of resistance required to be inserted in the armture
circuit so that speed drops to 1200rmp at constant load. Given that R,=0.02ohm and
R¢=1000hms. - (8]
*  a) Explain why svnzhronous motor is not self starting? Explair the starrng method using
T anmiper waading. i A r & - 18]
b) A “4-pole dc shunt generator has wave wound armature. The armature aad field
winding resistance are 0.2 ohm and 60 ohms respectively. The brush contact drop is
1V per brush. The generator is delivering a power of 3 kW at 120V. Calculate: (8]
i} Total armature current coming out from the brush
‘1) Current in each armature conductor
iii) Generated EMF (E)
4. a) Explain the torque-slip characteristics of 3 phase induction motor. Show the condition

for which the maximum torque develops in the induction motor. Discuss the effect of
variation of rotor resistance on this maximum torque.
b) A 8-pole, 50 Hz, 3 phase induction motor develops a starting torque of 50 N-. The
rotor winding has an impedance of (0.8+j2) Q per phase. At what speed the motor

———“—-witf-develop maximum torque and calculate the-magnitude-of maximum-torque.

a) What dg you understand by double field revolving theér_y"? Explain it \ﬁth the help of

a neat diagram.
b) :’x‘ ripo_ i~ ,:‘\ i . i nr . S * ) ; '_ - ‘7 _- . ) ]
y g of 30 em mva;x‘djain..tv‘ s made up of round iron rod 2.5 cm in diameter, A
one end, a saw cut of 1 mm wide is made through it. It is uniformly wound with 500
% St ; . . ) ] ¥ : ) sl NV
rurns of wire. Calculate the current required by the exciting coil-to produce a total fux
- oy | : o N N e o - - al Iy
~N ofédm Take relative permeability of iron as i sak b L
R _ Wb i a.k\, relative p Irmna_bzlir_f of iron as 800. Ncgle;t:_l_gal\_;gg_ang fringing

5
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[deal transformer. Prove that the net

a) Explain the no-load and loaded operation of an
magnetic flux in the core remains constant at any load.
ar iron core having mean length of 10cm and

b) A magnetic circuit consists of a circul 1
cocemmona’ ares of 100mey. The air gap is 2mm and the core has 600 turns of
' be passed through the winding to

:Win&ing. Calculate the magnitude of current 10
‘produce air gap flux of 1 Telsa. Given p; = 4000.
r and derive the equation of Torque

Fiplain the working principle of a d.c. moto
eveloped by the armature of the d.c. motor.
b) A dc series motor with armature resistance of 0.06£2, and field winding resistance of
0.04Q is supplied by a 220V source. If the motor draws 25A when running at

1200rpm, calculate the current drawn by motor when running at 800 rpm.

a) Expiain the Armature control method and field control method of speed control of DC

shun. motor. Bz T :

b) A « pole dc shunt generator has armature and field winding resistagce are of 0.2€2 and: ,
6002 respectively. The brush contact drop is 1V per brush. The generator is delivering 2 <
a power of 3KW at 120V. Calculate: | ' g 2
i) Total armature current coming out from the brush

(93]

iiy Current in each armature conductor

1i1) Generated EMF(E)
Explain the armature reaction in a synchronous generator for resistive, inductive and

capacitive loading with necessary diagram.
b) A-3phase, slip-ring, induction motor with star-connected rotor has an induced e.m.f.
of 120 volts between slip-rings at standstill with normal voltage applied to the stator.

The rotor winding has resistance per phase -0f-0.3—Ohm—and-standstill eakave

" reactance per phase of 1.5 Ohm. Calculate the current/phase when running short-

circuited with 4% slip.
2) Explain the nature magnetic field created by signal phase induction motor with the
help of double field revolving theory and explain why single phase induction motor is

r

self starting.
8
Vi ‘_-._a - . " . ~ . 7]
Wriie about the working principle of a signal stack stepper motor with neat diagram
kAt LLE.
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|

|. a) Define retaintivity and coercivity of core using hysteresis loop of a magnetic materia
used in electrical machine. Prove that energy spent per cycle per unit volume 1s

proportional to the area of loop.
b) + An iron ring has a mean length of 2.5 m and A = 0.04 m-. It has a radial air gap of 5
" mm. the ring is wound with 200 turn, what dc current would be needed in the coil 10
produce a flux of 0.82 Wb in the air gap. Assume that p, = 5000.
What are different types of losses in DC generator? Derive the expression for the
efficiency of DC generator.
b) A 220 v, DC series motor draws 100 A current and runs at 1200 rpm. What is the
value of armature resistance required to run the motor at 800 rpm. Given: Armature
resistance = 0.2 Q, field winding resistance = 0.035 2.

2) A-dc shunt motor drains a current of 120 A from 480 V' dc¢ source. the armatur
; ¢ e R il . )
L

Awinding s fleld winuing resistancy are . LMo ASRINETY [T il
6 poles and the ammature winding has 740 conductors. The flux per pole is 0.08 Wb.
Calculate: (i) Ammature current (ii) Speed (iii) Torque developed by armature.

What is back emf in dc motor? How back emf helps to developed required torque

according load applied on the shaft.
Show that the synchronous motor can be operated in both leading as well as lagging

-3

a)

Lad

b)

4. a)
pf mode.

A 6 pole, 50 Hz, 3-ph, slip ring induction motor has star connected stator and rotor

windings. The rotor windings has impedance of 0.8 + j4 )/ phase at standstill. The
induced emf between slip rings at standstill 1s 400 V. The stator to rotor tum ratio is 4.
The motor runs at %0 rpm at no load. Calculate current drawn by motor at standstill

b)

and no load. _
~ Explain doublé revelving Tield theory. EXplail any two methods which “are used for
starting single phase induction motor.
= _
b) Explain the operating principle of dc servo motor and its applications.
EE TS
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1 State whether the following statements are true or false and justify them.

INSTITUTE OF ENGINEERING
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Subject: - Electrical Machine

swers in their own words as far as practica

|
| Programme | gy piE
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> P egular
i PE ol !_ Full Marks 50
| BEX, BCT, - Pasy varks | 4
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ble.

a) - Secondary of CT should not be kept open while the primary winding is energized. T

k) -DC series motor should always be started at no load.
c) Rotor core loss is often neglected m.3 phase induction motor.
d) Construction of auxiliary winding of 1 phase induction motor

-the main winding. f

L3

is different from that V) f

rmer. Also detive the expression for

2. /ay-Describe different types of losses on the trapsfo
the maximum efficiency of the transformer. g

By AL VA, 2001400V, SO0HZ, 1phase; transform
: OC test (HV open): 200V,

3. a)
b)
4. a)
b)
3:.3)

SC test (LV, sort):

Determine shunt and series branch péraméiér's referred to Low Voltage Side and -‘

'

22V

1.3A
30A

120W
200W

hence draw equivalent circuit diagram also.

Explain working principle of DC generator in detail and hence denve the expression

of emf equation also.

er gave the foilowing..test-resultsz :

[(1+3)=4]

" 4 =
‘.'f:'.. & AR

f{fa}i‘-

4

- ol
P - L o

o S J
. ¥

18]

A 200V, dc shunt motor drives a centrifugal pump.where torque is proportional to the
square of speed. The motor draw a current of 50A when running at 1000 rpm. What
value of resistance must be inserted in the armature circuit to reduce the speed to

800 rpm. Given: Arnature resistance (Ra.) = 0.1Q and field winding resistance

(Ry) = 10002,

What do you mean by excitation control in synchronous motor? How synchronous

motor can be operated in leading and lagging pf mode?
A 8-pole, 50Hz, 3-ph induction motor develops a starting torque of SON-m. The rotor

winding has an impedance of (0.8 + j4)(2 per phase. At what speed the motor wil!

(] .:I & ' . ) \
develop maximum torque and calculate the maguitude of maximum torqus
. L I 1-.w -~

methods for single phase induction motor.

5 SN E Mace 1 | )
Why single phase induction motor are not self starting? Explain any two starting

! A d
3
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I a) Bxplain the working principle of a single phase induction motor. What is the effect of
alr gap in the magnetic cireuit? [5+3]
b) A tast steel rng has a circular cross section of Jem in diameter and mean
circumference of 80cm. A lmum air-gap is cut in the ring which 15 wound with 2 coil of
600 turns, Estimate the current re qmrf d 10 establish 2 fux of 0.73 mWh in the aw-gap. (8]
Magnetization data:
T (AT/m) | 200 | 400 | 600 [ 800 7{ 1000 | 1200 | 1400 | 1600 j
[_ By _0_1_] {J )). L 0 6 ;_ 0, 9 _Jl_____ll.OS | 118 | 127 1 1,32
2. a) Explain the transformer on 16ad and no load with the phasor diagram of resistive and
-capacitive load. : ' b (81,
b) Test dataona 1-@, 250/500V, 50Hz transfonmer are:  * . P g B I8} G
! - - . , - . : TR T I
O.C. Test: 250V, 1A, 80W (carried on L. V: Side) £ i i
S.C. Test: 20V, 124, 100W (carried on H.V. side) , : £ 5w,

Wtz short notes on:

Then draw the eqmva.lem circuit referred to primary side. and I'md out tha output ,y-i ;,/‘/

power to obtain maximum efficiency at 0.9 lag p.f. o 7
’! | pe v

A 500-KVA, 3-@, 50Hz transformer has a volta'e ratio (line voltage) of 33/KIKV and
is delta/star connected. The resistances per phase are: High vohage 3502, low »oltagf:
0.876 and the iron loss is 3050W. Calculate the value of efficiency at full-load and
one-half of full-load respectively at 0.8 p.f. | (8]
Why the dc motor draws large current at starting? Justify it clearly and also describe
the working of 3-point dc motor starter. A 3
A short shunt compound generator delivers a current of 80A to the load at 220V. The
shunt field, series and armature winding resistances are 100€), 0.05Q and 0.1
respectively. Calculate the emf generated by the armature. ;

Draw and explain torque-slip characteristics of 3-@ induction motor, showing clearly

the starting torque, maxirum. torque and normal operating region. (8}
A 208V, 60 Hz, 4 pole, }-7 induction motor has a full-speed of 1733 mm. ] 8]
Calculate: (1) asvnchronous speed, (i) the slip and (ii1) rotor 1’::,3 EY.

Write t_fown the criteria for synchronizing two 3-O altemnaiors with the detail
explanation. (8]

Capacitor starting of 1-@ induction motor

Armaiare reaction i de machine : . :
Eddy current loss -
Starting methods of synchronous motor



