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Attempt any FIVE question out of SEVEN questions
Answers to all sub questions should be grouped together
Figures to the right indicate full marks

Assume suitable data if necessary and justify the same. MBLSTER /:- ILE

Q.1a) Draw the output voltage and load current waveforms for single phase bridge inverter for:

(i) R-L load

(ii) Pure L load

Comment on the conduction of the diode connected in parallel with the device. (10)

b) A three phase fully controlled bridge rectifier is fed with 400 V, 50 Hz supply. The source
inductance is 1 mH per phase. Calculate the average dc voltage of the bridge when the load current is
100 A and firing angle alpha is 30 degrees. (Assume load current is continuous and constant). (05)

¢) Draw the circuit and derive the duty ratio of buck converter (05)

Q. 2a) For six step operation of three phase inverter, draw the following waveforms for delta connected
load. :

(i) Pole voltages

(i) Line voltages

(iii) Line currents

(v) What is the spectrum of harmonics present in the pole voltage? (14)

b) Draw the output voltage and current waveform for controlled half wave rectifier with pure inductive
load. Derive the expression for average output voltage. (06)

Q.3a) Explain the operation of switched mode rectifier. (10)
b) A separately excited dc motor is supplying constant torque load and is controlled by

single phase fully controlled rectifier. Discuss the variation of firing angle alpha for the speed control.
Draw the output voltage and current waveform. (10)

Q.4a) For three phase, full wave controlled rectifier, draw the waveform of instantaneous output voltage
and instantaneous voltage across any one thyristor for:

Paje (1)
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firing angle, a=60 degree. (15)
Note: Use graph paper

b) A buck regulator is operating with frequency 20 kHz and input voltage is 100V. Determine the on

time of the switch for the output voltage is 70V. (05)
Q.5a) Derive the expression for times T1, T2 and Tz applied in one sample time in space vector
modulation technique. 12)
b) Explain the sine-triangle PWM used for the control of single phase inverter. (08)
Q.6a) Explain the opération and working of boost regulator with relevant waveforms. (14)
b) Explain the limitations of line commutated rectifier. (06)

Q.7a) Explain the operation of single phase full wave uncontrolled rectifier with R-L-E load.
Draw the output voltage and source current waveform. Derive the expression for average output voltage.
Assume load current is continuous and constant. (08)

b) Fig. below shows the single phase bridge inverter acts as a reactive power compensator. Assume the
inverter circuit and inductor are lossless. For the given condition, draw the phasor diagram and calculate
the inverter output voltage, Vs. Assume inverter is operating in square wave mode, calculate, Vde.

(04+04+04)
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e Assume suitable data if necessary and justify the same.

Q.1a) Draw the output voltage and load current waveforms for single phase bridge inverter for:

(i) Lagging P°F. load

(ii) Leading P.F. load

Comment on the requirement of devices used in inverter for the above load. (10)

b) A three phase fully controlled bridge rectifier is fed with 400 V, 50 Hz  supply. The source
inductance is 10 mH per phase. Calculate the average dc voltage of the bridge when the load current is
100 A and firing angle alpha is 30 degrees. (Assume load current is continuous and constant). (06)

v ¢) Compare buck, boost and buck-boost regulator. (04)

Q. 2a) For six step operation of three phase inverter, draw the following waveforms for star connected
load.

(i) Pole voltages

(ii) Line voltages

(iii) Phase voltages

(iv) Line currents

(v) What is the spectrum of harmonics present in the pole voltage? (15)

b) Draw the output voltage and current waveform for controlled half wave rectifier with pure inductive
load. Derive the expression for average output voltage. 05)

Q.3a) What are the issues. in line commutated rectifier. How these issues are overcome in switched
mode rectifier, explain with circuit and relevant waveforms. (04+10)

b) A separately excited dc motor is supplying constant torque load and is controlled by single phase
fully controlled rectifier. Explain the need of control of firing angle alpha beyond 90 degree. Justify your

answer. / % (06)
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Q.4a) For three phzgse, full wa\?eh{ontrolled rectifier, draw the waveform of instantaneous output voltage
and instantaneous voltage across any one thyristor for:

firing angle, a=30 degree and overlap angle, p=30 degree (15)
Note: Use graph paper '

b) A boost regulator with a pulse width of 100us is operating on 500 V dc supply. Compute the load
voltage if the blocking time of the device is 40ps. (05)

Q.5a) Prove that the six active vectors in VSI occupies the six vertices of hexagon. What should be the
"maximum magnitude of space vector so that the locus of space vector synthesized using space vector
modulation technique (SVM) is a circle. What will be the corresponding magnitudes of line and phase
voltages. ‘ (10+02+03)

b) A three phase Induction Motor with rating 400V and 50 Hz is connected to the constant torque load
with variable speed. The available source is 200V dc. Suggest the suitable power electronics converter
circuits. . (05)

Q.6a) “Stator voltage control is very popular in LM. where, Ty o (@)’ justify. Draw the power
electronic circuit for ac voltage regulator for speed control of Single Phase Induction Motor. Draw the
output voltage and source current waveform. - (14)

b) The separately excited dc motor is used in speed reversible electrical drive. Suggest the suitable
power electronics converter for the four quadrant operation of a drive and draw the diagram. Show the
four quadrants of drive (quadrants showing vo Itage and current). (02+02+02)

Q.7a) Explain the operation of single phase full wave half controlled rectifier with R-L-E load.
Draw the output voltage and source current waveform. Derive the expression for average output voltage.
Assume load current is continuous and constant. (08)

b) Fig. below shows the single phase bridge inverter acts as a reactive power compensator. Assume the
inverter circuit and inductor are lossless. For the given condition, draw the phasor diagram and calculate
the inverter output voltage, Vs. Assume inverter is operating in square wave mode, calculate, Vdc.
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Class: M.E.(Electrical PEPS){Sem | Time: 4 Hr.
Subject: Dynamics of Iineanj systems Marks: 100.
Note: 1) Solve any five. MASTER TILE.
2) Assume suitable data if necessary.
1 _ a. Evaluate the series e ** if A= 8 (1) | [04]
b. If A=T"AT show that A* = T=1A*T and e *' =TeAtT-1 [06]
¢. Check co?trollability and observability of given electrical network [10]
e il —] 9,
15 b “\
) 192 —<4r Y=,
1 -1
2 a. Choose state variables as shown in fig [12]
—{ 1 +

(f ® = | & y

—

=
S—)
i) Write the state equation?
ii) Is this system realization controllable? Observable"

iii) What is the transfer function from u to y?

iv) Is the realization minimal?

b. Prove that similarity transformation does not affect controllability as
well as observability [08]
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. Given a system described by state equation

O] = [ B+ [ uo

with x;(0) = 10, x,(0) =5
and y(t) = [0 1] x(t)
calculate x;, x> and y(f) for > 0, where u(t) is a unit step input.

Consider the undamped harmonic oscillator with X, (t) = x2(t) and
%,(t) = —wdx,(t) + u(t). Using an observation of velocityy = x,
design state feedback compensation to control the positionx; . Place the
state feedback controller poles at s = —wg £ jwy .

[10]

[10]

observable? Is matrix A cyclic?

21000 0 0 2 11
0200000 2 11
0020000 111
X=l0002000|X+|3 21| u
0000110 -100
0000010 L101
000000 1 1 00
2213-111
y=[1112 0 00|X
1111 0 10

4 a. It{4, b, c}and {A,Db,c } are related by constant transformation T, show | [5]
- that they have same transfer function.
b. Consider a linear system x(t) = Ax(t) + Bu(t) where
“-2. 0 O 1 [5]
A=[3 -5 0] B=[2]
"l o0 7 1
i) Is the system asymptotically stable?
i) Can we design u(t) of the form u = kx(t) so as to transform
system stable from x, to any x; € R® ?
[1 0 0 ] [5]
c. Find the Eigen values and Eigen vectorsif A = |2 3 -1}
, 2 2 1
d. Obtain general solution of 5:—;— + 4x = 3 + 2cos2t. [5]
Find the particular solution for which x=0 and % = 0 when =0.
5 a. Is the following Jordan form dynamical equation controllable and "[12]




M.¢. CElecAriea Peps)Sem T

fb‘ln'\m‘wj of linear Systoms -

2u\nw\ g .

. What is the controllability index for a MIMO system? Calculate the

controllability index of the given system?
0 1 00 0 0

10
0 ol4
0 1

y=1

[08]

. State and prove Lyapunov theorem for stability.

. Is a system with transfer function §(s) = %z: BIBO stable?
s=2

. Consider a system with transfer function §(s) = —. What are the stead
9 s+1 y

state response excited by u(t) = 3, for t > 0 and by
u(t) =sin2t,fort >0
. Are the homogenous state equations

T 1
0

0
1

1

i) X=]o0 X

L 0
[—1

ii) X=1|0 X

COOO OO

L 0 0
Marginally stable? Asymptotically stable?

[05]
[05]

[05]

[05]

10
(s+2)(s+6)(s+12)"
10% overshoot and 2 sec peak time. Design an observer to respond 10
times as fast as the plant. Place the observer 3™ pole 20 times as far from
the imaginary axis as the observer dominant poles. Assume the plant is
represented in observer canonical form.

. Design an observer for the plantG(s) = Operating with

. Obtain the transfer function of combined observer controller

compensator and comment on the result.

. Comment on the stability of the combined observer controller
compensator. '

[10]

[07]

[03]
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Subject: Modeling and Analysis of Electrical Machines Duration  : 4 hours
— - Date  :21/11/2014
Attempt any five out of the seven questions. W A
Answer to all sub questions should be grouped together. I
Best of luck!
A) Show that the energy stored in a magnetic field is equal to the area (6 Marks)
between the @-F curve and the flux axis.
B) A solenoid relay is operated from a 110V dc supply and the 5000 turn
coil resistance is 5.5 kQ. The core diameter of the relay is 20 mm and the
gap length is 1.5 mm, the armature being stationary. The gap faces may be (4 Marks)
Q.1 taken as parallel and the permeability of the ferromagnetic parts as very
"~ | high. Find: i) The air gap flux density ii) the coil inductance.
C) Show that in a singly excited system the mechanical work done is equal
to the area enclosed between the two y-I characteristics in initial and final
position and the vertical y-I axis locus during the slow movement of the
: . . (10 Marks )
rotor. Also derive an expression for the torque in case of slow and _
instantaneous movement of the rotor.
A) Derive an expression for the torque in a doubly excited system. (10 Marks)
B) Write the voltage and torque equations for
Q2 |. \ .
1) Separately excited DC machine
ii) Shunt connected DC machine.
iii) Series connected DC machine.
. Marks
-iv) Compound connected DC machine. (10 Marks)

fege 0
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A) Convert the stationary 3 phase RLM circuit shown in figure below into
dqO frame and derive equivalent circuits. The frame is rotating at w rad/sec.

+\"; : ot

B) i) What assumptions are made while deriving an expression of torque for
singly or doubly excited system?

ii) What are the advantages of transformation?

iii) The y-I relationship for an electromagnetic system is given by i =

2
(&p—og) which is valid for the limits 0 <i <4 Aand 3 < x < 10 cm. For

current i= 3A and air gap length x=5cm, find the mechanical force on the
moving part using energy and coenergy of the field.

(10 Marks)

(2 Marks)

(2 Marks)

(6 Marks)

Q4

A) If x and y are the reference frame-s rotating at an angular velocity
w, rad/s and wy, rad/s respectively, then show that (x,”)™* = (x,” ).

B) The transformation for a 2 phase set to the arbitrary reference frame is

fqu = kosfaps Where (fqu)T = [ﬁzs fas] and (fabs)T = [fas fos]
Koo [cose sin@ ]
257 lsind —cos@
Express the voltage equations in the arbitrary reference frame for a 2 phase

resistive circuit ifi) 7, = n, = ryand 7, # 75,

C) Represent a purely capacitive circuit capacitors in dq0 frame rotating at
w rad/s.

(10 Marks)

(4 Marks) '

(6 Marks)

QS5

A) Show that the expression for the electric torque of the Kron’s primitive

(10 Marks)

machine is
Fopc @
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B) A permanent magnet dc motor is rated at 6V with the following
parameters: 1, =7Q, Lyy =120mH,] = 1.06 X 10~ kgm?, k, =
141X 1072 V.s/rad. According to the motor information sheet, the no-
load speed is approximately 3350 r/min and the no-load armature current is
approximately 0.15 A. Calculate the damping coefficient By, If the machine
is operating with load torque Ty of 3.53 X 107, then calculate efficiency and
losses.

(10 Marks)

Q6

A) Consider a 2 pole, 3 phase, wye connected symmetrical induction
machine. Derive the voltage equations in arbitrary reference frame.

B) Show that the expression for the electromagnetic torque of a 3 phase

Induction machine is

3 P . o . .
Tem = 272 M(‘qs"dr - ldslqr)

(10 Marks)

(10 Marks)

Q.7

A) Derive an expression for the force in a singly excited linear actuator.

B) Consider a 2 pole, 3 phase, wye connected symmetrical induction
machine. Derive the voltage equations in machine variables form.

(10 Marks)

(10 Marks)

Vose (3
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CLASS/SEMESTER: '_ME( POWER ELECTRONICS & POWER SYSTEMS) /1 m ﬂg W

SUBJECT:- POWER SYSTEM PLANNING & RELIABILITY

Attempt Five question from the Seven questions. Qs.I to Qs.VIl
Answers to all sub questions should be grouped together.
Figures to the right indicate full marks.

Assume suitable data if required.

Qs.I
a. Name the three basic types of tools used in power system planning & state the basic
functions of these tools. (10)
b. What are the Organization models based on different functions of electricity supply? Show
their structural models & clearly mention the difference in their functioning. (10)
Qs.II
a. With reference to power system planning explain the following terms:
1. Detailed Feasibility Report & its appraisal (05)
2. Least-cost planning 05)

b. With reference to load forecasting explain the following terms:
1. Important fators that are taken into account for medium- and long-term forecasts (05)
2. Forecasting methods & Techniques 05)
Qs.III
a. In the system shown, system Success requires that one of the following paths must be
available A-A’, B-A’, C-B’, B-B’. Write an expression for the reliability of the system. If
all the components have a reliability of 0.9, what is the system reliability? (10)

R T e 2 .
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Qs.III
: b. The system shown below has the following assumed average failure rates:
%/1000 hours
Signal supply 1.0
Transmission link # 1 1.5
Transmission link # 2 2.7
Receiver 1.1
Transmission link £ 1
Transmission link 22
Signal Receiver
supply

Qs.IV

Qs.VI
a.

If the above circuit is left operating for a period of 1000 hours, what is the probability of it
still operating at the end of this time? If transmission link # 2 is removed from service, what
is the probability of the system operating at the end of a 1000 hour period? (10)

. Define the following terms with reference to reliability:

1. Instantaneous failure density & instantaneous hazard rate (05)
2. Mean Time to Failure 05)
3. Bathtub curve (05)
‘Probability of failure during any interval ‘t’ is independent of the prior operating time
within the useful life period’ Justify the statement. -(05)
Define system adequacy & system security with reference to reliability: (05)
Define capacity outage probability table (COPT) & obtain the COPT for a system having
three identical generator units each having a capacity of 20 MW & FOR 2%. (05)

A system having 4-generating unit with an installed capacity of 100 MW consisting of one
40 MW, 4% FOR unit and three 20 MW, 4% FOR units. Obtain the capacity model in the
form of a COPT. 10)

Define/Explain the following:

1. Static capacity & Operating capacity. (05)
2. Forced outage & Forced Outage Rate. (05)

&
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Qs.VI
b. Obtain the Loss of Load Expectation (LOLE) index of a system having the following data:
Table 2.1: Sy;tent data
1 25 0.01 0.49
2 25 0.01 0.49
3 50 0.01 0.49
Table 2.2: d data
of occurrences.
(10
Qs.VII
a. Consider a 100 MW system with the following data & obtain COPT using Recursive
Algorithm : _

Three 20 MW units, A = 0.4 f/yr, p = 9.6 rep/yr each, & one 40 MW unit with A = 0.4 f/yr
and p =9.6 rep/yr. Consider also that the 20 MW units are loaded first followed by the 40

MW unit. (10)
b. If the 40 MW unit exists in 3 states as follows then Obtain the capacity model in the form
of a COPT. (05)

c. Explain Practical state model of a generator unit & the unit availability & unavailability (05)

o - B . Y ¢ e 4 m o
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Note: Solve any FIVE questions. ' M ﬁﬂM
Q1: a> What are the advantages and limitations of static relays? (05)
b> With a neat diagram explain static definite time over current relay. 05)
¢> Explain static impedance relay using amplitude comparator and phase comparator.
(05)
d> Explain static reactance relay using amplitude comparator and phase
comparator. 05)

Q2: a>What are different types of distance relays? Compare their merits and demerits.

Discuss their field of applications? ‘ (05) b
b> Discuss essential qualities of protection. (05) ‘
¢> Explain static MHO relay using amplitude comparator and phase |

comparator. (05)
d> What is quadrilateral characteristics? How is it realized using phase comparator?

(05)

Q3: a> Discuss limitations of circulating current pilot wire scheme. How are they rectified

in opposed voltage pilot wire scheme? Discuss limitations of opposed voltage pilot
wire scheme. 04)

b> What is unit protection? What are its merits and demerits? How does carrier
aided distance protection give better performance than carrier current
protection? (04)

¢> What is carrier blocking scheme? Discuss its merits and demerits over other types
of carrier aided distance protection. (04)

d> With a neat schematic diagram and wave forms explain phase comparison carrier
current protection. (08)

Q4: a> Discuss the digital technique for removal of DC offset component from current

signal. 05)

b> Derive an expression to calculate R and X of line seen by relay using three sample
algorithm(Differential Equation Technique). Develop program flowchart for the
computation of R and X using the same. (05)

¢> How can R and X of the line seen by the relay be calculated using an algorithm
based on Discrete Fourier Transform(DFT)? How many computations are
required to calculate the same using DFT and many computations are
required to calculate the same using Fast Fourier Transform(FFT)? Why is the
half cycle data window preferred over full cycle data window for digital distance
relay? (10)

32l
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Q5: a> What are different protection schemes normally used for protection of power

transformer from internal faults? Discuss one of them in brief with a sketch. (08)

b> A three phase transformer having line voltage ratio 400V/33000V is connected
in star delta. The CT on the 400V side have current ratio of 1000/5. What must

_ be the ratio of CT on 33000V side. 04)

c> The figure below shows a differential protection system. The fault current for an
earth fault on winding is indicated. The CT ratio is 400/5. The relay is set to
operate for current of 0.1 Amp. in its coil. Under the indicated fault, will the

relay operate. The relay is without bias. (04)
cT) 03(%#430 F20+)6 CTo
.90
ey i
4— 4

i

T T'ZL:EQ_

| ReJag Co! '
d> Find real and imaginary parts of fundamental frequency phasor of the signal if its
eight samples have values {1, 2,3, 4, 1, 2, 3, 4}. (04)
Q6: a> Discuss merits and limitations of microprocessor based relays. (04)
b> Discuss only algorithm that can be used by microprocessor to realize directional
relay. 04)
¢> Realize reactance relay using microprocessor with interfacing diagram, flowchart
and code. (12)
Q7: Write detail note on (20)

a> Electromagnetic Relays.
b> SCADA.
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