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Section-A : Power Systems + Power Electronics & Drives +

Communication Systems

Explain multiple pulse modulation with neat diagram.

.1 (a)

(i) Derive the Fourier series expansion of output voltage ¥, in MPM PWM inverters.
(i) v,

J ot
T

Y —

Nad

From the above PWM waveform derive, the expression for yin terms of N(Number
of pulses per half cycle) and pulse width.

[12 marks]
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1 (b)

A 3-¢ short transmission line is delivering power to a 3-¢ load of 800 kW per phase at
0.8 p.f. leading. The transmission line is having series resistance of 0.015 Q/km and
series reactance of 0.02 £2/km. The sending end voltage is maintained at 3300 V and the
length of the line is 20 km. Calculate the receiving end voltage and line current.

[12 marks]
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1 (c)

What are the different types of error in Delta modulation? How can these errors be
removed?

[12 marks]
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p.1(d)

With the help of suitable waveforms, for an ideal type-A chopper feeding RLE load as
depicted in the figure below, show that the average input (or thyristor) current is given

by

a(Vs—E) L
Ltpeg = ___(Imax ”’Imin)
& R RT
{Where symbols have their usual meaning).
S/W
ir P R Lo i
MWW—T>—
"""" 3
Vs Vo A FD TE

[12 marks]
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1 (e)

The equation of FM wave is given by:
V =15 sin [3 x 10% + 50 sin(2500)¢] volts
(i) What are the values of carrier and modulating frequencies?
(ii) Modulation index.
(iii) Maximum frequency deviation.

(iv) Power delivered to 75 Q resistor by this wave.

C\\ Fie S\Qr\u& s a’\\mn by
SQQ\ = hc Qe EUDC_‘E 7 Kf jm@\ d'\‘]

Us{ra lais O @‘W\ﬁijﬁé\
Cox>iR s Qﬂwo ///L\jé }C\og Hctd/s
Qnd 4{\; b—"c/za_ - ?}__:_X._\_E—,

[12 marks]
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R.2 (a)

The generator of figure given below is delivering 1.0 p.u. power to the infinite bus

(v, =10pu).

jos 140°

jo1

O— 88—

X/=025

05

A fault occurs and line is shorted in the middle. The generator has an inertia constant of
4 MJ/MVA. What is the initial angular acceleration? If this acceleration can be assumed
to remain constant for At = 0.05s, find the rotor angle at the end of this time interval and

the new acceleration. (Take f= 50 Hz)

[20 marks]
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Q.2 (b}

A three phase 50 Hz, 400 km long transmission line is delivering power to a 3-¢ load of

48 MVA at 0.75 p.f. leading and at 220 kV. The line parameters are:
r=0125Q/km, L, =1.273 mH/km and y = 2.8 x 106 J/km.

Determine:

(i) The ABCD parameters of the line.

(ii) The sending end line voltage of the line.

(iii) Sending end power factor and power.

[20 marks]
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2.2 (c)

A single phase fully controlled converter is fed through a single phase, 120 V, 60 Hz ac
mains to supply a load consisting of R = 10 Q and L = 20 mH, as shown in the figure
below.

...........

For the firing angle of 60°,
Determine:
(i) The expression for the load current as a function of time.
(ii) The extinction angle (in degree) of the load current by using Newton-Raphson
method and comment upon the continuity of the load current.
(iii) The average load current.
[6 + 10 + 4 marks]
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Q.3 (a)

A single phase 50 Hz alternator supplies an inductive load of 5000v/2 kVA at a power
factor of % lagging by means of an overhead transmission line 20 km long. The line

resistance and inductance of overhead line are 0.0195 Q and 0.63 mH per km respectively.
The voltage at the receiving end is required to be kept constant at 10 kV.

Find:

(i) The sending-end voltage and voltage regulation of the line.

(ii) The value of the capacitors to be placed in parallel with the load such that the
regulation is reduced to 50% of that obtained in part (i).
(iii) Compare the transmission efficiency in part (i) and (ii).

[20 marks]

Voo = \okV
Z = RHywl = @ o\ 45 ir‘\ X 21750 X0%3 XWZB Y 20

PR RRRE R B S A

-~ 2,927 (84" A
Wik
Civen Bon s o rd  Nint 7
Ry.
oy wwan T 7223k (3337
g
als,

'Szé‘,g/wﬂ{\é\m o) \/ﬁ\aga‘\*‘\a s

gg_; G \IELL le

> “Te = 0.U0fA5 b

sJr = {3z ®le X Lo >
-
DS 1 \]S = A_\]KJ‘}C%_EIQ\
) ] fi (_OJ\ @10’.\\
— Pasil s

e
“
/

y
v,ﬁfws = Aelou %’33 KV
L alevi(D MR e Y R

>‘5&\'\5\l‘\o

e Uar s Uo\\ﬂtq—"




MADE ERNSY Question Cum Answer Booklet | Page 21 of 76

Do not
write in
this margin

\ e = \IS/A - \’E /ﬂLBO‘{“ |2
_____—/-——//Q(‘DP = )(l')f)

\©

= \U» \\rﬂaa Royulsdmn

Nous -
ViRk= 0.§ ¥ PRHILE = o CLE A
(L@
.2, )
= 0«5y = r\f’g =
'O
Nie 20 V)
A loadis &3)«\’&/1 a ooty wsw\r@ R s Copaedions
!

e
el ) | L
J&/—-’/ \.’f_éi’:, ,Cog({zﬁéy — M&L, (os[B-«)

0
_ KCESKI® p 3-8 — ‘_\j—-—q?‘?("@%’%})
S@U\i T T Rk T334

Se O\.g/\;f’///
=

L

| e
S ~ I VSN L
So, e WS 2 ks Q%‘JI 1 g\‘h }%M)(

e

f‘lf:/
\_/f \QL¢ 2 my A

S&XL — SMmyAL
iy - Soy Shhy = =P L

QL; s MWML




MADE ERASY Question Cum Answer Booklet

’ Page 22 of 76

Do not
write in
this margin

Q. = 3xNVenx We
3o 3x 1o Xle x 2XSoxC,
2

Coms =1 882 M &

/

,/

o il
Q/ Ly \fSLX L wlos C\f A

S

(\m\ ey 2

x| L B K OeeBLs X(.os(&um J

- _ W Ges(pr®
. ' )

9
= Halis 37‘1‘*\ 2q 976

1ox by fod 331784

4//;/5,t\33 M W \\%

Az ]

t\ﬁmbl hy vl Ca_?aCJ‘DH -l"?VOu}ﬂMD«E Gl
e
CERU‘U\LT s imfve

0
OO _ mw\
CT‘ (KQQ.@




®

]_—_—"

MBDE ERSY Question Cum Answer Booklet | Page 23 of 76

Do not
write in
this margin

.3 (b)

The speed of 25 HP, 320 V, 960 rpm separately excited d.c. motor is controlled by a 3-¢
full convertor. The field current is controlled by a three phase full converter and is set to
a maximum possible value. The 3-¢ a.c. input is star-connected 210 V, 50 Hz supply. The
armature and field circuit resistances are 0.2 Q and 130 Q respectively. The motor torque
and ripple free.

Determine:

(i) The firing angle of the armature converter if the field converter is operating at the

maximum field current and the developed torque is 110 N-m at 960 rpm.

(ii) The speed of the motor if the field circuit converter is set for the maximum field

current, the developed torque is 110 N-m and the firing angle of the armature
converter is 0°.

(iii) The firing angle of the field converter if the speed has to increase to 1750 rpm, for
the same load requirement in part (ii). Neglect the system losses.

[20 marks]
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R.3 (c)

(i) Briefly explain the methods to improve string efficiency for an insulator.
(ii) A transmission line has a span of 270 m between level supports. The diameter of the
conductor is 2.76 cm and height is 0.865 kg/m. Its ultimate strength is 9060 kg. If the
AL
conductor has ice coating of radial thickness 1.82 cm and subjected to a wind pressure

of 3.8 gm/ cm? of project area. Then determine the sag for a safely factor of 2. (Weight
of 1 c.c. of ice is 0.91 gm)

[6 + 14 marks]
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.4 (a)

A single phase full bridge inverter fed from 230 V dc, is connected to an R-L load. The
inverter is operating with output frequency of 50 Hz. The load parameters tobe R =10 Q
and L =0.03 H. Determine the power delivered to the load when the inverter is operating
with
(i) square wave oufput,
(ii} two symmetrically spaced pulses per half cycle with an ON-period of 0.5 of a cycle.
(Consider significant harmonics upto 34 harmonics).
[20 marks]
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Q.4 (b)

For the power system whose equivalent circuit is shown in figure below, compute the
bus voltages and branch currents for a 3-¢ fault on bus-1. Assuming the fault
impedance Z,=j0.2 pu.
0.0776 0.0448 0.0597
[Z,,] = 7| 0.0448 0.1104 0.0806
0.0597 0.0806 0.2075

(Assume a pre-fault constant voltage of 1.0£0° pu.)

|
l

Ik
0.1 pu j02 pu 0.2 pu

@ jo3pu @ j025pu @
—— T T

[20 marks]
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P.4 (c)

An inter-connector cable links two generating stations as shown in the figure below. It

is desired that the voltage profile is flat at the buses i.e.,

V1| = |V2| =1.0 p.u. The station

loads are equalized by the flow of power in the cable. Estimate the forque angle and
power factor of station-1 for the given cable of impedance Z = 0 + j0.08 p.u. It is known

that the generator G, can generate a maximum of 30.0 p.u. real power.

Vy =|V5|£0°=1£0°p.u.

&

56=Pe+jQx

Se1= Pa Q0

= Sp, = Py + jQp, = (25 + j15) pu.

Sp =Py + i
2

Z=0+j0.08 p.u.
o |

Ss=Pg +
G, @——__ s

| 5p1 = Ppy +j0p; = (15 +j5) p.u.

Vi =Vl =128, pus

[20 marks]
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Q.5 (a)

Section-B : Power Systems + Power Electronics & Drives +

Communication Systems

A 600 V, 1500 rpm, 70 A separately excited dc motor is fed through a three-phase
.—_—‘——___,.-

semiconverter from three-phase 400 V supply. If the motor armature resistance is 1 Q

and the armature current is assumed to be _gggs_’@gt;ap_ci ripple free then for the firing

angle of &t_l2_0@rpm,

Determine:

(i) RMS value of source and thyristor currents.
(ii) Average value of thyristor current.

(iii) Input supply power factor.

[12 marks]
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Q.5 (b)

Find the steady state power limit of a power system consisting of a generator of equivalent
reactance of 0.6 p.u. connected to an infinite bus through a series reactance of 1.0 p.u.
The terminal voltage of the generator is held at 1.50 p.u. and the voltage of the infinite
busis 1.0 p.u. -

[12 marks]
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Q.5 (q)

In a superheterodyne receiver having no RF amplifier the loaded () of the antenna
coupling circuit (at the input of mixer) is 90. If the intermediate frequency is 455 kHz
calculate the following:

(i) The image frequency and image frequency rejection ratio at 950 kHz.

(ii} The image frequency and its rejection ratio at 10 MHz.
[12 marks]
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Q.5(d)

Design a PCM multiplexing system using a 256 level quantizer for the transmission of
3 signals m,(f), m,(t) and m,(f) band limited to 5 kHz, 10 kHz and 5 kHz respectively.
Assume that each signal is sampled at Nyquist rate. Compute :
() Maximum bit duration.
(ii) Channel bandwidth required to pass the PCM signal.
(iii) Commutator speed in RPM.
(iv) Increment in the channel bandwidth if 512 quantization levels are used.
[12 marks]
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Q5 (e)

A 60 Hz alternator has a transient reactance of 0.5 p.u. and an inertia constant of
5.66 M]/MVA. The generator is connected to an infinite bus through a transformer and
a double circuit line, as shown in the figure below. Resistances are neglected and
reactances are expressed on a common MVA base. The generator is delivering a real
power of (.95 per unit to the bus bar-1. The voltage magnitude at bus-1 is 1.1 and the
infinite bus voltage V =1.0£0° p.u.

@

@

iX=j0.8 pu.

V=104°p.u

jX,=j0.158

EQ—§ l=11pu

X, =05 pu.

jX=j0.8 pu
Determine:
(i) The generator excitation voltage and the power angle.
(ii) Obtain the swing equation for the given system.

[12 marks]
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0.6 (a)

(i) A two notch PWM inverter output voltage waveform as shown in the figure below.
Show that the Fourier series representation of the output voltage is given by:

= 4V,
Vih= Y C,sinnot ; where, C,_ = —ﬁ[l — 2cosno +2cosna, |

r=1,3,5
Vo
r ; o
0 i J '_—l 3n 21
2 2
= e

s Ol |

+VS‘

(ii) Determine the values of o, and o, to eliminate 3" and 5™ harmonic from the output.
[20 marks]
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Q.6 (b)

(i) Using the Gauss-Seidel method, determine the values of the voltage at bus 2 and 3
[Two iterations]. For the power system shown in figure below.

(ii) Find the slack bus real and reactive power after second iteration.

slack bus 2

Table-1: Scheduled generation are as loads and assumed bus voltage for sample power
system [Base MVA = 100].

E Generation i Load
Bus code Assumed bus ! i
a i i MW  MVAR | MW  MVAR
1 . ! ;
(SB) 1.05 +70.0 | - i 0 0
2 1+j0.0 | 50 30 {3056 1402
3 10400 | 00 00 | 1386 452
Table-2 : Line impedances
Bus code Impedance
(i-k) Z,(pu)
1= 0.02 +j0.04
1-3 0.01 + {0.03
2-3 0.0125 + j0.025

[20 marks]
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Q.6 (c)

A 50 Hz, 4 pole, turbogenerator rated 200 MVA, 11 kV has moment of inertia of
81000 kg-m?. The generator was initially delivering 40 MW to an electrical load. When
the input to the generator is suddenly raised to 60 MW.
(i) Find the inertia constant (in MJ/MVA) and the stored Kinetic energy.
(ii) For the said sudden change in input to the generator find the rotor acceleration in
rpmy/ sec.
(iii) If the rotor acceleration is maintained for 15 cycles, determine the change in rotor
angle and rotor speed in rpm at the end of this period.
[20 marks]
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{i) A boost converter supplies an output voltage of 10 V from 5 V supply. It has a non
ideal inductor with r, as the series resistance. Determine the expression for efficiency
in terms of duty ratio D, load resistance R and r;. Assume inductor current to be
continuous.

(ii) For R =10 Qand r; = 48 mQ, calculate the efficiency.
[20 marks]
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Q.7 (b)

What is the universal relay torque equation? Using this equation, derive the impedance
relay, reactance relay and mho relay characteristics. Also, draw the operating
characteristic and indicate clearly the zones of operation and no operation.

[20 marks]
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A 220 kV circuit breaker is used to protect a line. During short circuit, the power factor
of the fault was 0.5 lag, the armature reaction demagnetizing effect brought down the

voltage to 90% of rated voltage and the natural frequency of oscillation was found to be
20 kHz.

Determine:
(i) The maximum value of RRRV for grounded fault and ungrounded fault.
(ii) The average RRRYV for grounded fault and ungrounded fault.
(iii) The time at which maximum transient recovery voltage occurs.
[20 marks]
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Q.8 (a)| A synchronous generator and a synchronous motor each rated 25 MVA, 11 kV having
15% subtransient reactance are connected through transformers and a line as shown in
the figure below. The transformers are rated 25 MVA, 11/66 kV and 25 MVA, 66/11 kV
with leakage reactance of 10% each. The line has a leakage reactance of 10% on a base of
25 MVA, 66 kV. The motor is drawing 15 MW at 0.8 power factor leading and a terminal
voltage of 10.6 kV when a symmetrical 3-phase fault occurs at the motor terminals. Find
the subtransient current in the generator, motor and fault.

Generator g E g E Motor
\"'B wey 25 MVA N s GEKUZSMVA Ng -~ (\Kd
11/66 kV 66/11 kV

[20 marks]
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8(b)

(i) Determine efficiency and percentage of total power carried by the sidebands of the
AM wave for the modulation index = 0.3. Also find the percentage power saving,
when transmitted as DSB-SC and SSB signal.

(ii) For a modulating signal:
m(t) = 2 cos 100¢ + 18 cos 2000nt
1. Write expression for ¢y, ,(f) and ¢p, () when amplitude of carrier wave A = 10 Volt.

=108, k;=1000x and k, = 1.
2. Es’amate the bandwidth of Oppg() and ¢y ,(F).

[10 + 10 marks]

0 G2 P wowe

L V0 ten hﬂngmuwaﬂ peg-sC

/ _P_L:gs;js;g:%— g)L \( \g_f)
Su\ﬁal g Jran o

M:ZKX\W
(\4’0 ZZ/L)

B i 5 0N

\. ga\,,\g ﬁ\’@\{«/_




MEDE ERSY Question Cum Answer Booklet | Page 72 of 76

Do not
write in
this margi

Ve Sl ’Q*a Aﬁﬁf%(
L//

'/f/gc\{\ﬂrd - Pc_ (lfF,Q
R \)J\L/L\
rf"l—'-“f’_’f’”—“———ﬁ N
[Vswig s
Pt
b ot 4 Kpe®)]
&C: LD\J! L\ﬁc,'—fDé/ \LT’:—\

(W

‘ \Dé{'} 2 Lo S]DDJ('{—Q{OCZLDD

P

e

e

W’” < SUD‘H 2577 Solsat +9 SiozooTt]
2V

Ym@ ‘5%: SQ,CDS\A( .\( \& Ca-gf‘p::%c’ﬁj(\ ) (}f{" :“

//Z/;Q&*\__\,%—- Qe Qoo 0Tl E

\4/ il e
DD !
Q@NH‘) = Cﬁ} ([DL{ + roooﬂxﬁ%—; g]'h {mG #19 ﬂ%

v

|
o

Y

o 7]
S o 2o TTE )




MBEDE ERSY Question Cum Answer Booklet

Page 73 of 76

Do not
write in
this margin

TEW

QMQ 2 x @) -Qm

WA




MADE EBRS4Y Question Cum Answer Booklet | Page 74 of 76

Do not
write in
this margi

Q.8 (o)

A 3-¢, 60 Hz transmission line of length 150 km is delivering 40 MW at 0.9 p.f. lagging at
220 kV. The resistance and reactance of the line per phase per half kilometer are 0.2 and
0.4 Q respectively, while capacitive admittance is 2.5 x 10 S/km/ phase.
Determine:
(i) The current and voltage at sending end.
(ii) Efficiency of transmission.
Using nominal T-method.
[20 marks]
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