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

Attempt All questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary.

. a)

b)

b)

. a)

b)

What are the different conditions to be satisfied for parallel operation of alternators?
Describe in detail the full process of synchronization using dark lamp method.

The data obtained on 100 kVA, 1100V, Y-connected, 3-phase alternators are:
DC resistance Test: Voltage between lines 6V DC, current in lines = 6A
Open Circuit Test: Field Current = 12.5 A DC, line voltage = 420 V AC
Short Circuit Test: Field Current = 12.5 A DC, line current = rated current

Calculate the voltage regulation of alternator at 0.8 p.f. lagging. Take effective

resistance to be 1.667 times of DC resistance.

State the characteristic features and application of synchronous motor. Explain the
effect of excitation on armature current and power factor on synchronous motor with
diagram.

A 4KVA, 110V, 50Hz, 3 phase star connected synchronous motor has

Xd = 3 ohm/phase and Xq = 2 ohm/phase, when the motor is delivering full load at
0.8 pf. lagging at rated voltage. Calculate the excitation emf, load angle and

maximum power that motor can develop.

A 250 KW, 230 V, 50 Hz, capacitor start motor has following impedance: Main
Winding, Zm = (4.5 + j3.7) ohm and Auxiliary winding Za = (3.5 + j3.5) ohm.

Determine the value of capacitor to be connected in series with auxiliary winding that

will place main and auxiliary winding currents in quadrature at starting.
Write short notes on:

(1) AC Servomotor
(i1) Hysteresis motor
sholek ‘
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Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary. .

a) In what circumstances, terminal voltage of a three-phase synchronous generator could
be less than or more than the internal induced voltage? Explain with circuit diagram

and phasor diagram. :

' b) A 3-phase, 10KVA, 400V, 50Hz star-connected synchronous alternator supplies the

" rated load at 0.8 power factor lagging. If the armature resistance is 0.5Q and
synchronous reactance is 109, find the power angle and voltage regulation. *

a) State the characteristic features of synchronous motor and explain how a synchronous
motor can be operate to draw lagging current as well as leading current.

b) A 6600V,2MW, 3 phasevstar connected synchronous motor has Xd=5 ohm/phase and
Xq=3.1 ohm/phase. Neglecting all losses. Calculate the excitation e.m.f. when the
motor supplies rated load at 0.8 p.1. ’

a) A 250 W, 230 W, 50 Hz, single-phase capacitor start Induction motor has the
following constants for its main and starting windings:

Zm=(4.5+ 3.5)Q and Z=(9.5+3.5)Q2. Determine the value of the starting capacitor
that will place the main and starting winding currents in quadrature at starting.

b) Explain the operating principle of split-phase capacitor start motor.
: ook
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Candidates are required to give their answers in their own words as far as practicable.
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a) Discuss the construction and principle of operation of a three phase synchronous

’ generator

b) 3 phase star connected, 50Hz synchronous generator has direct axis and quadrature
axis reactance of 0.6 pu and 0.45 pu. Draw the phasor diagram at full load 0.8 lagging and
hence calculate. (i) load angle (i) 1d and lq (iii) open circuit voltage (iv) voltage
regulation Resistance drop at full load is 0.015pu.

a) Explain the principle of operation of shaded pole motor.

-~ b) A three phase, star connected 1500 KVA, 13 KV, alternator has armature resistance of
4:0.9 ohm per phase and- synchronous reactance of 8 ohm per phase. In each of the
. following cases if the alternator is supplying rated full load current at rated terminal

voltage. Calculate emf generated and voltage regulation in each following cases:
i) unity P.F. | '
ii) 0.8 P.F. lagging

a) Why are the single-phase induction motor not self—sLartmg? How these can be made -

self starting. Explain one of them.

b) Explain how the damper winding on the rotor pole of a 3-phase synchronous motor
can be used to make the motor self startmg :

&k
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Attempt All questions.
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Assume suitable data if necessary.

. a)

b)

State the required conditions for the parallel operation of alternators. Also explain
synchronizing process by three Jamp method with neat sketch.

A star connected 50 kVA, 440V, 50 Hz alternator has effective armature resistance of

[7]

0.25 Q per phase, synchronous reactance is 3.2 Q) per phase and the leakage reactance -

is 0.5 Q per phase. At rated load and unity power factor, Determine:

(i) Internal emf
(ii) No-load emf :
(iii)Percentage voltage regulation at full load

&) In what manner does a synchronous motor adjust itself to an increasing shaftload?

b)

b)

A 3.3 kV, 50 Hz star connected synchronous motor has a synchronous impedance of

(0.8 +j55) Q. Itis synchronized to 3.3 kV main from which it is drawing 750 kW at
an excitation emf of 4.27 kV (line). Determine the armature current, power factor and

power angle. Also find the mechanical power developed. If the stay load loss is 30

kW, find the efficiency.

[7]

[6]

181

A 230 V, 50Hz, 4pole, class A, Single phase induction motor has the following -

parameters Iim = 2.51Q, rlz =781 Q, X = 150.88 Q, Xim = 4.62 Q, le = 4.62€.
Determine the main winding current and power factor when the motor is running at a
slip of 0.05. :
How does double revolving-field theory, describe the operation of single phase
induction motor? Explain with proper diagrams and expressions.

sk
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a) Explain load characteristics of synchronous generator. Why terminal voltage of a
synchronous generator is greater than internal generated emf (E) in case of capacitive
load? Explain with the help of armature reaction and phasor diagram. [8]

“) b) A 3-phase, star connected synchronous generator is rated at 1.5 MVA, 11kV. The
armature effective resistance and synchronous reactance are 1.2 Q and 25 O
respectively per phase. Calculate the percentage voltage regulation for a load of
1.4375 MVA at i) 0.8 p.f. lagging and ii) 0.8 p.f. leading. Also find out the p.f at

which regulation is zero. [6]

2. a) A synchronous motor can operate as both inductive and capacitive characteristics.
‘ Justify this statement with/relevant diagrams. [7]

b) A 25 MVA, 3-phase star connected 11 kV, 12 poles, 50 Hz salient pole synchronous
motor has direct axis reactante of 48 ohm and quadrature axis reactance of 3.5 ohm
per phase. The armature resistance being negligible. At rated load, unity power factor
and rated voltage, Determine,*

(i) Excitation Voltage , ,
(if) Maximum value of power angle and corresponding power [7]

3. a) Explain the operating principle of stepper motor and list their application. - [6]

b) Explain the operating principle and Speed-Torque Characteristics of Single Phase
) Capacitor start Capacitor run-Induction Motor with suitable diagram. [6]

kg
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a) Why the terminal voltage (V) of a synchronous generator is greater than the internal
generated emf (E) in case of capacitive load? Explain it with the help of armature

reaction and phasor diagram. [8]

b) Explain the various factors which will affect the regulation of an alternator. [6]

. a) Explain the functions of damper winding provided on pole face of rotor of a

Synchronous motor. , [6]

b) A 30 MVA, 3 phase star connected 11 KV, 12 pole 50Hz salient pole synchronous '
motor has a direct axis reactance of 55 ohm and quadrature axis reactance of 4 ohm
per phase. The armature resistance being negligible. At rated load, unity power factor

- and rated voltage. Determine (i) Excitation voltage (ii) The maximum value of power

" angle and corresponding power. . 6]
‘a)mExplain why single phase induction motor is not self starting? Also explain working
- principle and application of permanently split phase capacitor motor. L [35]
b) Explain operating principle of single stack stepper motor. - ‘ [6]
‘ gk
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a)

b)

a)
b)

- series ‘'with the auxiliary . winding to--obtain “higher ‘starting torque." Calculate the

a)

Define the pitch factor and distribution factor and their significance in synchronous
machine. Derive the e.m.f equation of an alternator.

Three lamps can be used for synchronization of two alternators. Explain it with proper
justification.

Explain power angle characteristics of cylindrical rotor machine.

A four pole, single phase, 120 V, 50 H, induction motor gave the following standstill
impedances when tested at rated frequency. Main winding: Z, = (1.5+j4) ohms.
Auxiliary winding: Z,= (3-+j6) ohms. If an external capacitor of 1000uF is inserted in

percentage increase in starting torque.

State and explain the double field revolvmg theory of single phase 1nduct10n motor
with detailed diagram. :

b) "synchronous motor is not self starting" Explain it with proper justification.

e sk
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. a

- negligible armature winding resistance and synchronous reactance of 8 -ohms per

Define armature reaction. Discuss the nature of armature reaction of an altemator for
lagging, leading and unity power factor load. ~

A 3-phase star-connected alternator is rated at 1500 kVA, 12000 V. The armature
effective resistance and synchronous reactance are 2 Q and 25 Q respectively per
phase. Calculate the emf generated and percentage voltage regulation for a load of
1250 kW at power factors of: (i) 0.75 leading (ii) 0.75 lagging. '

Explain how a three-phase synchronous motor can be operated to draw lagging as
well as leading current from the source. C

A 3-phase, 5kVA, 208V, 4-pole, 50 Hz star connected synchronous metor has

... phase. It is operated from the 3-phase, 208V, 50Hz power supply and field excitation
" is adjusted to that the power factor is unity and the motor draw a power of 3 k‘W from

the supply.
i) Find the back emf (or excitation) voltage and pdwer angle.

ii) Keeping the excitation Voltage constant, the powér angle is inereaseld by 20% due
to increase in load on ‘the shaft. Calculate the new armature current and power
factor. : -

The main winding and starting winding of a 50 Hz capacitor start single-phase

induction motor have impedances as follow:

. Main winding: ~ (3+3j) ohm

b)

Starting winding: (7.5+j 3) ohm V
Calculate the value of capacitor to be connected in series with the starting winding to
produce a phase difference of 90° between main winding current and starting winding
current at starting.

Write short notes on: |

1) " AC servo motor

RO

i1) Stepper motor

#cf

©

8

[6]

(8]

[6]

[2%3]



25

INSTITUTE OF ENGINEERING | T.ovel BE | Full Marks | 40
Examination Control Division  Programme | BEL Pass Marks | 16

P e e

TRIBHUVAN UNIVERSITY Exam.

2073 Shrawan ;’_Year/Part Iﬂ/ I Time -+ 1 % hrs.

 Subject: - Electric Machino I (EE601)

ANANANAN

[S—y
.

Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. .

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

a)

b)

b)

-Explain the' double- revolving field theory for operation of 'singie--\_plmse'*inductinn

its applications,

What are the conditions to be fulfilled for operating two 3-phase alternators in
parallel? Explain the process of synchrom'zing‘two alternators by three lamp method. [7]

A 3-phase, star-connected 3-phase synchronous generator is rated as 1500 kVA,
11kV. The armature winding resistance is 0.8 ohm per phase and synchronous
reactance is 4 ohms per phase. If the generator is supplying power to a three phase
balanced load of (80+j60) ohm per phase at rated terminal voltage, calculate emf
generated and voltage regulation. Is the generator overloaded OR under-loaded?

Calculate the percentage by which it is overloaded OR under-loaded. [71

-Explain the effect of varying excitation: on:armature -current ‘and power factor in a
synchronous motor. Draw V curves and state: their significance. ' [7]

A 660 V, 3-phase, star-connected synchronous motor draws 50 kW at power factor of
0.8 lagging. Find the new current and power factor when the back e.m.f increases by
25%.The machine has synchronous reactance of 3 Q and. effective resistance is
negligible. ' " o [7]

motor. [_6] .
Explain the constructioh_ and working principle of stepper motors. Also give some of

(6]

dokok
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1. a) ‘What is armature reactron? Explam the effect of armature reaction on the terminal
_voltage of an alternator at (i) Unity power factor load (ii) Leading power factor load and

© (iii) Lagging power factor load: Draw relevant phasor diagram. .

- b) A 3-phase, 5 KVA, 208 V, 4-1
. negligible stator winding re
‘ ,‘:‘machme is operated as generaﬁ

e and synchronous reactance
gllel with 3-phase, 208 V and 50

.uoltage'and power angle when m

1) Detérmine the excitaty
rated KVA at 0.8 pf1

11) If the excitation is inci

by 20% wrthout changmg prim
the stator current and Lo

' tor.

is not self" startmg and expl
. :method of starting of synchron

b) A20MVA, 3 phase star co

has a direct axis reactance o

* The armture resistance bel

“voltage determine (i) excit
“corresponding power.

KV, 12 pole SOHz sahent pol
1-and quadrature ax15 reactance

i

105 6 ohms, RO = 85 ohms.
oad loss = 122 watts.

: R1~304ohm Xl—-62ohm
Ry' = 6.26 ohm, X;' = 2.12 oh
‘The motor is operating at 4% s%l

current and degr facter (iii) Ouﬁput p'oWer
'b) Explain the operating principﬁ

-

ok

ole 50 Hz star connected synchronous machine has

yver power, find

lamper ,.Wind’ing‘ G
S 6]

‘chronous motor

ohm per phase L

gible. At rated load, unity pow factor .and rated

tage (b) The maximum value of power angle and

»-'[61__"
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e phase mduotlon motor has followmg parameter

yacitors start and run single phase induiction motor.

18]
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. a) What 1s meant by armature reac‘uon n ynchronous generator? Dlscuss the effect of _
~ armature reaction on its emf when load is resistive, capacitive and inductive. . [8]

I 'b) A 3-phase, star—connected 60. KVA 4 0V, 50 Hz alternator has effective re31stance

b " of 0.25 Q/ph. The synchronous reacf nce is 3.5 Q/ph and leakage reactance is 0.75

E -+ Q/ph. Determine at rated load and 0.8 lagging P.F (i) the mtemal emf E;, (11) the value :

: ' of armature reactance whmh represents armature reactlon SR , S [6]

}L}“power factor of . ':ynehronous motor varies at

“b): :‘»"Power angle cha;ractemstlcs of non’ sallem: pole synchronous machlne is not val1d for
- salient pole synchronc:ius machine". Justlfy the statement L Pl o [4]
3. a) What is double field “evolving theory in smgle phase induction motor‘7 Explam the ' '
... operation of smgle ;3 3¢ induction. motor through its. equl, lent circuit. - (8
~+-b). Explain the: pnncapie.of operatxon of Smgle phase Reluctan emotor o __’ Sl el

ek
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a) Why terminal voltage (V) of a synchronous genérator is greater than internal generated
emf (E) in case of capacitive load? Explain with the help of armature reaction and
phasor diagram. :

b) A 3-phase, 5kVA, 208V, 4 pole, 60 Hz, star connected synclironous generator has
negligible armature winding resistance and synchronous reactance of 10 ohms per
phase. The generator is first connected to an inﬁm’te bus of 208V, 60 Hz

i) Determine the excitation voltage and the power angle when the generator 1s
delivering rated kVA at 0.8 pf lagging?

i) If the field excitation is now increased by 15% (keeping turbine power constant),
. find the stator current, power factor, active and reactive power constant. ‘

‘a) Why three phase synchronous motor is not self starting? Explain the method of startmg

wn:h damper winding.

- b) A 3 phase, 10 MVA, 2300 V, 60 Hz synchronous motor has Xs = 0.9 pu and neghglble

sta:tor resistance. The motor is connected to infinite bus. If terminal “voltage,
Vi= 2300 V<0 and excitation emf E~3450V<120. Determine power transfer and
power factor of machine. Also draw phasor diagram.

a) A single phase induction motor has R;=2Q, X;=X,'=3.1Q, R,'=1.98 Q and
Xmag=40.17 Q. If the motor is supplied from 240 V signal phase ac supply, determine
input current, power factor and torque developed by motor.

b) Explain any two: -

i)  Capacitor start motor
ii) ac servo motor
iii) Reluctance motor

dgk

[6]
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a) Explam the dark lamp method of synchromzatlon of an alternator w1th ah‘eady
running alternator.

b) A 50 Hz, 3 Phase, 500 V, star connected synchronous generator with salient pole rotor
has Xd = 0.1 Ohm and Xg = 0.075 ohm. Armature winding resistance is 0.1 ohm. The
generator supplies 100A at 0.8 pf lagging. Calculate the excitation emf. ‘

a) Justify, Synchronous motor is not self startmg Explain any two starting methods of

synchronous motor. _ _ [2+4]

- b) Explain power angle characteristics of cylindrical rotor machine.

. a).‘Discussthe procedure to determine. the parameters of. equlvalent circuit of one phase

induction motor.

~b) Draw a neat diagram of a Schrage motor. Discuss its application.

Heofe ok
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1. &) What are the conditions to be satisfied for paraliel operation of two
alternators? Describe the process of synchronization, [8]

b) A 850 kVA, 380V,50Hz 3-phase alternator delivers 400kW to an 3-phase
induction motor at a power factor of 0.8 lagging. Calculate the number of
100W lamps which can be added to the alternator so that the alternator does

not overload beyond its capacity. (6}
ke @) Explain how a synchronous motor can be operate to draw lagging current
" as well as leading current with detailed diagram. i8]
b) The full load current of 3.3 kVA, star-connected synchronous motor is -
160A at 0.8pf lagging. The resistance and synchronous reactance of the motor
are 0.8Q and 5.502 per phase respectively. Calculate the excitation emf.
Assume mechanical stray load loss to be 30KW. 4]
3. a) State and explain double field revolving theory of single phase induction
motor with detailed diagram. ' [8]
b) Explain operating principle of single stack stepper motor [6]
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