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D.1 (a}| A hydro-electric station is to be designed for a catchment area of 500 km?, rainfall for

Section-A

which is 130 cm/annum. The head available is 30 m. Assume that 80% of the total rainfall
is available, rest is lost to evaporation. Penstock efficiency is 97%, turbine efficiency is
87%, generator efficiency is 92% and the load factor is 60%. Determine the electricity
generation capacity of the station.

[12 marks}
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H.1(b)

A 3-phase long line has constants A = 0.98.£3° and B = 110£75° ohm per phase.

(i) If the load is 50 MVA, 0.8 pf lagging, find the capacity of shunt compensation
equipment if voltages at the two ends of the line are 132 kV each.

(ii) Find the capacity of shunt compensation equipment if the voltage at the two ends
are to be maintained at 132 kV under no load condition.
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2.1 (c)

A DC motor has an armature resistance of 0.5 Q and K¢ of 3 V-sec. The motor is driven
by a single-phase thyristorized full converter. The input to the converter is an AC source
of 230 V, 50 Hz. The motor is used as a prime mover of a forklift. In the upward direction,
the mechanical load is 69 Nm and the triggering angle is a = 15°. In the downward
direction, the load torque is 180 Nm. Calculate the triggering angle required to keep the
downward speed equal in magnitude to upward speed. Assume continuous motor
current for all operation. Also calculate the triggering angle to keep the motor at holding
position while it was moving upward.
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D.1(d)| Find the z-transform of the discrete time signal, x(n) = sin(2w,n) u[n].
" g-n. A 0
) 2Wo __\)’lu}af') [12 marks]
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p.l (e)

The truth table of XY flip flop is shown below. Design this flip flop using T-flip flops

and additional logic gates.

Truth table
XY Qn+1
0,0] Q,
01| Q,
1[0 0
111 1

[12 marks]
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Q-2 (a)

o) sonz [20 marks]

The ohmic, hysteresis and eddy current losses in a transformer at 50 Hz are 1.6%, 0.9%
and 0.6% respectively. For a steinmetz’s coefficient of 1.6,

Find:
() The losses at 60 Hz, for the same system voltage and current.
(ii} The output at 60 Hz, for the total losses to remain the same as on 50 Hz.
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Q.2 (b)| A three phase, 50 Hz transmission line of length 80 km is having resistance and inductive
reactance of 3.75 mQ/km and 15.92 uH/km respectively. The line is delivering a load of
375 kVA per phase at 0.8 p.f. lagging while the sending end line to line voltage is
maintained at 3300 V.
Determine:
(i) The receiving end voltage and receiving end line current.
(ii) Sending end power and power factor.
(iii) Voltage regulation of the line.
- [20 marks]
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Q.2 (c)

In the circuit shown in figure below, al] the op-amps and diodes are ideal.

N

73)

2kQ
V{t) = 2 sin(100nHmV oY

o Yy
yyvy

The two port network is characterized by the z-parameters (k). Draw the output voltage
(V,) waveform. Also, calculate the average value of V.
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Q.3 (a)| Let x[n] = IDFT [X(K)] for n, K =0, 1, ..... Apply below all properties to the sequence,
X(k) = DFT{1, -2, j, -j4} by deriving the relationship between x[#] and the IDFT's.
(i) IDFT{X*(k)}.

(ii) IDFT{X(-k)x}.
(iii) IDFT{Re[X(k)]}.
(iv) IDFT{Im[X(})]}.
(Note : Use the result directly)
[20 marks]
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Q.3 (b)

A 10kVA, 2500/250 V, single-phase transformer gave the following test results:
Open-circuit test (1.v.) : 250V, 08A, b5H0W
Short-circuit test (h.v.): 60V, 3 A, 45 W

Calculate :

1
(i) The efficiency at 1 of full load at 0.8 power factor.
(ii) The load (kVA output) at which maximum efficiency occurs and also the value of
maximum efficiency at 0.8 power factor.

(iii) The voltage regulation and the secondary terminal voltage under rated load at power
factor 0.8 lagging.

[20 marks]
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Q.3 (9

Two 25 MVA, 11 kV identical synchronous generators are connected to a common
bus-bar, which supplies a feeder. The star point of one of the generator is grounded
through a resistance of 1 Q while that of other generator is isolated. A line to ground
fault occurs in phase ‘4" at the far end of feeder. Determine:
(i) Fault current.
(ii) The voltage of phase ‘t" and phase ‘c’.
(iii) Voltage of star point of the grounded generator with respect to ground.
The sequence impedances of each generator and feeder are given below:

Generator (per unit) Feeder (ohm/phase}

Positive sequence j0.2 j0.4
Negative sequence j0.15 j0.4
Zero sequence 70.08 70.8

[20 marks]
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Q4 (a)

(i} Briefly discuss the methods of power factor irnprdvement in phase controlled rectifier.
(if) A single-phase full converter in operated with symmetrical angle control, conduction

angle f = g If the load current, I is constant and ripple is negligible, determine the
Fourier series expression of input current and the harmonic factor HF.
[20 marks]
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(i) Determine the damping ratio, undamped natural frequency of oscillations and % M p
for a unit step input given to a unity negative feedback system with open loop transfer
function shown below:
Bl 1
E(s)  s(1+0.5s)(1+0.2s)
(ii) The closed-loop transfer function of a unity negative feedback control system is
given below:
Elo) Kol
R(s) 2 + s+
Determine the steady state error for unit ramp input.
[10 + 10 marks]
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Q4 (0

A 220V, 50 Hz, 3-phase star-connected salient pole alternator has six poles. With a field
current of 2.4 A, it produces rated terminal voltage on open circuit condition. On short
circuit, it requires 0.8 A field current to produce an armature current of 27 A. The
alternator has direct axis reactance (X,) to quadrature axis reactance (X ) ratio of 1.5. It
is connected to bus bars of 220 V (line to line voltage) and its excitation required under
this condition is 250 V. (Assuming negligible armature resistance)
Determine:
(i) The maximum power that the alternator can deliver and corresponding load angle
with the excitation remaining unchanged.
(ii} The maximum power that the alternator can deliver if a sudden loss of excitation
occurs during the synchronized condition.
(Assume linear magnetic circuit)
[20 marks]
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5 (a)

The following assembly language program of an 8085 microprocessor, working with a
clock frequency of 3 MHz is used to set up a delay of 10 ms:
MVIB, wxH
MVIC, yzH
L1: DCXB
INZ L1
What is the minimum value of (wxyz),; in hexadecimal to obtain required delay?
[12 marks]
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A message signal, X contains five symbols ‘/’, ‘¢, I, ‘', ‘0" where each sample
x;€ BPland B e {0, 1}.
(i) Find the probability of the unique symbols in X.
(ii) Find the entropy of message signal, X.
(iii) Create a balanced Huffman tree for this message signal X.
(iv) Create the Huffman code book.
[12 marks]
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S (c)

f(A, B, C,D)=Zm(0,2,3,5,6,7,8,9) +Zd(10, 11, 12, 13, 14, 15). Realize the minimized
function using only NOR gates.
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e 0
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[12 marks]
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Q.5(d)| In the circuit shown below, obtain the equation of i; (load current) independent of z;.
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The open-loop transfer function of a unity feedback system is given by
K
s(s+ 3)(52 +s5+1) '

D.5 (e)

Also, find the oscillation frequency.
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Determine the values of K that will cause sustained oscillations in the closed-loop system.

[12 marks]
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6 (a)

(i) A 3-phase full-converter charges a battery from a three-phase supply of 240V, 50 Hz.
The battery emf is 190 V and its internal resistance is 0.6 ohm. On account of
inductance connected in series with the battery, charging current is constantat 22 A.
Calculate the firing angle and supply power factor.

(ii) If it is desired that power flows from dc source to ac source in part (i), calculate the
firing angle delay for the same value of current.

[20 marks]
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Q.6(b)

(i) The differential input operational amplifier shown below consists of a base amplifier
of infinite gain. Derive an expression for its output voltage, V..

R, R,
?_‘_—W‘r—
VI
7 1 <
2
V. v,

(ii) Draw the pin diagram of the 555 timer.
A 555 timer is connected for Astable operation with V.. = 12 V. The component
values are selected as R, = 10 kQ, Ry = 2.3 kQ and C = 0.1 puF.
Calculate:

1. Output frequency.

2. Duty cycle.

3. Average power dissipated if 1 k€ resistive load is connected between source
and the output pin.

- [8 + 12 marks]
U) & Vo P
)
N
T
o R Vo
) 2_— !
o o————-fw——*-—‘:\//\,éf ﬁg:_
.J'/
\I'}k = \jz;iié— —_®
~ Kl,_.\f%
~
Ry 2
vV Vi, y ¥z - Vo
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Q.6 (c)

(i) The unit step response of a second order underdamped system is shown in the figure
below. Determine the transfer function of the system.

C(f)T

0_8/?\1;&

: St
0.784 |--f------mm---2 :
t- 1.0 127 t(sec)
o
'&AEES/_’// - 2%Nh [8 marks]
T
MJP = 2 =
e
0-016 = & /\-‘Z”‘//Q‘?—
o

=
ol m/%»—i’/; 4
v JT:?L
0-9Y32H - & 2
e

-\ 9)3 = QLS/&’L b %\1—

"j}ecﬁl £

(_//

tf’ = N N
Wl

wd = N /
Nn\)\__/%‘,/: i

b

i W = 3 F6 vedseg

ol =LA
\/ JiiesEatt
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Q.6 ()

(ii) For the system shown in figure below, G(s) =

of values of K for which all the closed loop poles lie to the left of s = -1.

Jor M the poles o Qe am «Q)dfjgh_)

(?Uj ¢ — @D
60(_&*\) + K
Gls) = >
(—S-D (Es_,‘) .'_6(5. A "i‘—3)
B 6ps —¥Q£ ED)
e ( fasnr res- e85
57
— s+ (kA
@ - 25+‘,)/"‘;( g2+q s -+ ‘)_S)
_Chay: eq” JA 1) Ay = O
)4+ ~€o g+ (k-60) X =

[sl—z,gﬂ)( sSSeyg+25) 4 Gos + K—6D

_os? +f+ \y& — 3% S RTE 194 ~Gog P28 3607

\//_ T

1428 yips™ #Iug + K-38 =0

605+ K
s%(s? + 65 +30)

. Determine the range

R(9) 4{%— G(s) C)

[12 marks}
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Q.7 ()

A dc-to-dc chopper capable of second-quadrant is used in 200 V dc battery efectric vehicle.
The machine armature has 1 Q in series with 1 mH inductance.

V=200V =

Y 1

E=150V

(i) The machine is used for regenerative braking. At a constant speed downhill, the
back emf is 150 V, which results in 10 A braking current. What is the switch on-state
duty cycle if the machine is delivering continuous output current? What is the
minimum chopping frequency for these conditions?

(ii) At this speed (thatis E =150 V), determine the minimum duty cycle for continuous
inductor current, if the switching frequency is 1 kHz. What is the average braking
current at the critical duty cycle?

(iii)If the chopping frequency is increased to 5 kHz, at the same speed (that is
E =150 V), what is the critical duty cycle and corresponding average dc machine
current?

[20 marks]




MBDE ERSY Question Cum Answer Booklet

Page 61 of 80

Do not
write in
this margin




MADE ERSY Question Cum Answer Booklet

Page 62 of 80

Do no
write
this m




MRDE ERSY4Y Question Cum Answer Booklet

|

Page 63 of 80

Do not
write in
this margin




MRDE ERSY Question Cum Answer Booklet | Page 64 of 80

Do n
write |
this

Q.7 (b)

A 50-Hz, 100 MV A, 4-pole, synchronous generator has inertia constant of 3.5 sec and

supply 0.16 pu power on a system base of 500 MVA. The input to the generator is
increased to 0.18 pu.

Determine:

(i) Kinetic energy stored in the rotor.

(ii) Acceleration of the generator.

(iii) If acceleration continues for 7.5 cycles, calculate the change in rotor angle.
(iv) Speed in rpm at the end of the acceleration.

[20 marks]
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The fuel-cost function in Rs/hr of two thermal power plants are :
C, = 320 + 6.2P, + 0.004P}
C, = 320 + 6P, + 0.003P?

where P, and P, are in MW. The plant outputs are subjected to following limits (in MW):
50 < P, <250
50 < P, <350

The per unit system real power loss with generation expressed in pu on a 100 MV A base
are given by
P, = 0.0125P7 + 0.00625P7

The total load is 412.35 MW. Determine the optimal load dispatch of generation. Start
with an initial estimate of A = 7 Rs/ MWh. Use the gradient method of optimization for

3-iterations.
[20 marks]
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Q.8 (a)

(i) Suppose g(f) is the input to an LTI system with transfer function H(w) and G(w) is
the Fourier transformer of g(t) as shown below:
G(w)

|H (o)

-5 0 5

Find the output of the LTI system, y(t).
[10 marks]
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Q8 (a)

(ii) Find the inverse Laplace transform for F(s) = —

it Lot
s°(s+1)
method.

7 using continuous convolution

[10 marks]
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Q.8(b)| The open-loop transfer function of a feedback control system is
K(1+ 2s)
s(1+s)(1+s+s%)
Find the restriction on K for stability. Find the value of K for the system to have a gain
margin of 3 dB. With this value of K, find the phase cross over frequency and phase

G(s)H(s) =

margin.
_‘(1\\0\"{ . 9—9(1 [20 marks]
&+ GLOHILY = O
4k (1F2S) e //’A

S (\Fe) (Ut s+s?) i
/
/1
(glJrS) (st s”) + el l-&)/?’o
srs’ st g ras® 4 K250

&
S+ &SB+231+(;74\L)§ + K =29

qu 1 ] V7/
¢> 2 1+2 K
SL Y=[1+r21) '

) =
< (3~3__'L>(H- I, g
s =X

u—=t—2€ >o
2

23—2¢ =0
m
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A single phase full bridge controlled rectifier is supplied from a single phase ac source
of 230 V, 50 Hz. The converter is delivering power to an R-L load where R = 20 Q and
L = 0.2 H. For the firing angle of 60°,

(i) check whether the load current is continuous or not.

(ii) determine the dc component of the load current.

(iii) determine the power absorbed by the load considering only first dominant harmonic.
[20 marks]
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