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' ELECTRICAL ENGINEERING

Paper 11

' (Conventional)
Time Allowed : Three Hours Maximum Marks - 207

INSTRUCTIONS

Please read each of the following instructions carefullx
before attempting the questions :

Candidates should attempt FIVE questior.e in all.
Question No.1 is compulsory.

Out of the remaining SIX questions, attempt any FOURK
questions.

All questions carry equal marks. The numter of marks carried by
a part/question is indicated against it.

Answers must be written in ENGLISH only.

Unless otherwise mentioned, symbols ana notations have their
usual standard meanings.

Assume suitable data, if necessary, and ind’eate the same clearty.
Neat sketches may be drawn, wherever reqiud.ed.

All parts and sub-parts of a question are to be atternpted together
in the answer book.

Attempts of questions shall be counted in chronclogical order.

Unless struck off, attempt of a question skl be counted even if

attempted partly.

Any page or portion of the page left blare in the answer book
must be clearly struck off.
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1. (a)

(b)

(c)

(d)

A 37-3 kW dc motor has a Zull load speed of
1145 rpm. The armature current at “ull load is
75 A and the friction, windage and core-losses
are 8000 W. If the flux in each pole of the motor

i1s reduced to 60% of its rated value and

~armature current is 75 A, what is the

electromagnetic torque developed by the

motor ?

In a 4-pole, 50 Hz single-phase induction motor,
the power absorbed by th: forward and
backward fields are respectively 200 W and
21 W at a motor sp=ed of 1440 rpm. The no-load
rotational loss is 41 W. Compute the shaft

torque at the above speed.

(1)  Compare poirt-to-point HVDC links and
back-to-back HVDC links anc mention

their applications.

(11) Distinguish between unit commitment

and economic load dispatch.

(1)  What do you understand by infinite line

and infinite bus ?

(1)  Discuss the physical significance of Surge
Impedance and Surge Impedance

Loading ?

242
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(e) The parameters of FET used ir the amglifeer
given below are g = 4 mQ and ry = 3C k2.
Asstuming C to be a short circui for the given
frequency, determine the small signal votage
gain. 7

10 kQ ICI :l
" WYWA— — Ry 3 €8 kO
Rg- 3
1MQ S Rq I
Vs ’\D -
‘DD
Vee _——

6y

Clock

o Clock a Clock
Tﬂﬂ OTR__ QR Q-

The following figure shows two master-s.avz
RS flip-flops having a common clock inout.
Construct a timing diagram =zhowing th=
responses of master and slave lasches in each

flip-flop to two clock pulses. Assume all latches

are initially reset. 4

M/S1 M/S 2
1—S Q S Q—

(g) Write the different modes of 8253 IC. 5
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(h) What are the limitations of the first order PLL
for FM demodulation ? Explain how this is
overcome 1n second order PLL. 4

(i)  Derive an expressicn for r.m.s. output voltaze of
a 1-phase AC voltage controller feeding an R-L
load. Draw the circuit and waveforms. 4

() A dc motor is fed from a 220 V DC supply
through a chopper circuit operating on constant
chopping frequency of 800 Hz. The armature
and series field resistances are 0-08 Q and
0-04 Q respectively. The back emf of the motor
is 170 V. Find the ON and OFF periods of the
chopper. Assume armature current is 50 A. 4

2. (a) A transformer has a maximum efficiency of 38%
at 3/4th of its full load at unity p.f. The iron
losses equal 314 watts. Compute the efficiency
of the transformer at 50% and 100% rated full -
load at the same power factor. , 19

(b) A 1000 MW control area-1 is interconne:ted
with control area-2. The 1000 MW area has the
system parameters as follows :

R =2 Hz/p.u. MW

Damping coefficient = 0-01 p.u. MW/Hz and
APD1 =0-01 p.u. MW.

Area-2 has the same parameters of the
5000 MW base. Compute the static frequency

drop and static tie-line power. Cons.der
5000 MW as base. 19 1
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(c)

(d)

(a)

A 1l-quadrant chcpper feeds an RL load
comprising a resistance of 10 ohms and an
inductance of 15 mH and is fed from a 110 '/ dc.
Determine the (i) minimum and maximum
values of load current (ii) peak-to-peak ripple
(iii) average value of load current. Assame
chopper frequency is 500 Hz, duty cycle = 0-5

and current is contir:uous.

Why is TDM supericr to FDM in PAM system ?
Draw the circuit diagram of a PWM modulator

using 535 timer.

A 3-phase, 4-pole alternator is to be
syhchronized to an infinite bus of frequency
50 Hz. Three synckronizing lamps L,, Ly and
Lg are connected between the phases RYB and

-RBY of the alternator and the bus bar

respectively. Determine the sequence in which
the lamps will become dark and the frequency
of lamps becoming dark if the speed of incom ng
generator is (1) 1490 rpm (i) 1510 rpm. In
which case synchronizing switch should be

closed and why ?

10

5+5
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(b) A single-phase ac regulator :s usz2d to cortrol
the power output of a heater. The suppl¥ !
voltage is 220 V, 50 Hz and th- res stance of the

heater is 100 Q. If the regulator is operated at
firing angle (o) ¢f 90° draw the voltage
waveform across the regulctor. Derive the

expression for input p.f., power output and

e —— . ——

input current and determine tkeir values. yl]

(¢) The folowing circuit is used for simulation of

inductance by OP-AMP :
VWA
E.

1 Pe
A | | + \

C - n

R, o« :

Be .

Show that we can have a tuned circuit, if we
connect a capacitance between A and B and th=s

maximum Q of the inductance is obta-ned when

m—b—i—* 1C+5

" CJR{Rq
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(b)

A single-phase fully contro led bridge converter
13 used to control the speed of a separately
excited dc motor. A rezctor of 50 mH is
connected in the armature circuit. The
converter is ccnnected to 22C V, 50 Hz supply
and is operated at a firing angle (o) of 90°. The
back emf of the motor is 18) V. Draw the output
voltage waveform of the converter and
determine the peak value o«f current drawn.
Neglect the resistance and reactance of dec
machine arma-ure.

A power system to which a zenerator is to be
connected at & certain bus may be represented
by the Thevenin’s voltage 3, = 09/0° p.u.
in series with Z; = 0-2F /90° pu. When
connected to the system, Eg )f the generator is
14 /30° p.u. Synchronows reactance of the

generator on the system bzse is 1-0 p.u.

(i)  Find the bus voltage Vt and real power (P)
and reactive power (Q) transferred to the
system &t the bus.

{ii) If the bus voltage is to be raised to
|Vi| = 1-0 p.u. for tre same P transferred
to the system, find the value of Eg
required and the valie of Q transferred to
the system at the same bus. Assume all
the other system emr f’s are unchanged in
magnitude and angl=2, “hat is, Thevenin’s

voltage and impedance are constant.

15

1r

-
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(¢) Draw a logic diagram showing how “our
exclusive-OR gates, four AND gates and two
OR gates can be connected o construct 1 2-bit

parallel adder. 15

5. (a) The figure shows single line aiagram of a cower
system with generators at kuses 1 and 3. The I

voltage at bus-1 is 1-05 /0° p.u. and at kus-3,

| V| = 1-04 p.u. Lire impedarces are in p.u and
the line charging susceptanees are negle:ted.
Obtain the state vector after cre iteration using

Fast Decoupled Load Flow. 1)

@ ®

(0-02 + jO-04) p.u.
@_l(OOl+JOO3)pu ‘Jr Py = 400 MW
Slack-bus (0-C125 +j0-02E >.uN Q, = 250 MVAR
V,=105/0° p.u @
é P, = 200 MW
| V3| =104 p.u.
0-1= 9.3 <1-5pu.
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(b)

(c)

The following circiit is used as a CE amplifier
employing potential divider bias. If hg, = 5J and

= 0-6 V, determine the values of R, R,
RB1 and R32 for quiescent operating I~ = 1 mA

and Vep = 75 V.

.

[
|
C Ce

+15V

A manufacturing plant uses 100 kVA at (-6 p.=.
lagging under normal operation. A synchronous
motor is added to the system to improve the
overall power factor. The power required by the
synchronous motor is 10 kW. Determine the
overall power factor when the synchronous
motor operates at 0-5 p.f. leading. What must
be the power factor of the motor to improve the
overall power factor to 0-9 lagging ?

15
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6. (a)

(k)

(c)

CLKA
CLKB

R')l

— (:'?d l_q Cd

A three-phase power system consists o a
synchronous mach:ne connected th-ough a
lossless double circuit transmission line to an
infinite bus-bar. A faull oecurs on -he
transmission line. The marximum power
transfer to this system is 5 p.u. during
pre-fatlt condition and immediately pricr to the
instant of the fault, the power transfer is
2-5 p.u. The power angle curves d-iring the fault
and post-fault conditions have peak valuzs
of 2 p.u. and 4 p.u. respectivery. Determine
the permissible increase in the engular
displacement, between the voltag=s at the twc
ends of the system beyond which the circu't
breakers could not clear the fault in time for the
system to remain in synchronism.

- A 1-phase bridge inverter is feeding an R-L load

with R = 8 Q, L = 0:04 H. Find the load voltage
and current expressions for the first tw» hal®
cycles with rectangular wave outp it at 50 Hz

The input to the inverter is 220 V.

Show how the counter shown in tae following
figure can be configured to operate 1s a mad-12
counter :

Qa Qg

QAJ QBJ

s ]
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(d) Two synchronous generators are operating m
parallel and supplying a load of 2:5 MW at
(-8 p¥F lagging. Generator ‘1’ has a no-load
: . frequency of 515 Hz apnd a slope (Spl) of

——

1 MW/Hz. Generator ‘2’ has a no-load frequency
of 51 Hz and a s.ope (sz) ot 0-8 MW/Hz,

(1) At what frequency is this system

operating, end how muzh power :s shared 4

by each of the two generators ?

(i) What will be the system frequency and

generated powers, if the governor set

point on Gy is increased £y 0'5 Hz ?

(ii1) How can the load be transferred from
Generator ‘T’ to Generator ‘2° w.thout

changing the system frequency ? 10

7. {a) The single area control system shown in the !

figure has the following data :
Tp = 10 sec

Kp =100 Hz/p.u. MW
R =3 Hz/p.u. MW
APpH =01 pu. MW

K; =01
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Compute the error causel by -he stzp
disturbance of magnitide given abo7e. Prove
that the error is rediced ky increzsing the
given K;. Express the error -n secends and

cycles, if the system frequency is 50 Hz.
APD(S)
A:FG(S) v

- AX5)
.

1
R

(b)

(c)

(d)

What type of data transfer schames arz used
when there is a speed mismatch betw=en
microprocessor and I/O devices ¥ Explein crecle
stealing teclnique.

(i) How is charge stor2d in an EPROM cell ?
How is it removed ? Briefly descibe -he
mechanisms involved.

(1) A 128 X x & memo-y is to be constructed
using 16 K x 8 circiits eact. of which Las
an active-low chip-select input. Draw a
logic diagram showirg onl7 the
connections necessery for the chio-select
inputs. It is not recessary to show

address or data pins on tae individual
16 K x 8 circuits.

Differentiate between type tesis and routine
tests. What are the different tests zarriec cut to
prove the ability of circuit breaker ?
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