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21 (a)

Section A : Power Systems

A 66 kV concentric cable with intersheath has a core diameter of 1.6 cm. 3 mm thick

dielectric materials constitute the three zones of insulation. Determine the maximum

stress in each of the three layers if 20 kV is maintained across each of the inner two
layers.
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2.1(b)

Figure below shows percentage differential relay is applied for the protection of a generator

( 1s 25)
2 versus (I,_-1,)

diagram. A high resistance ground fault occurred near the grounded neutral end of the
generator winding while generator is carrying load. As a consequence, the currents flowing

at each end of the winding are shown in the figure below. Assuming CT ratio of
400/5 ampere, will the relay operate to trip the breaker?

winding. The relay has 10% slope of its operating characteristicon ~————=-
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21 (q)

A 50 Hz, 4 pole, turbo-generator rated 100 MVA, 11 kV has an inertia constant of

8 MJ/MVA. '

(i) Determine the stored energy in the rotor at synchronous speed.

(ii) If the mechanical input is suddenly raised to 80 MW for an electrical load of 50 MW,
determine acceleration in elec-degree/sec?, neglecting mechanical and electrical
losses. )

(iii) If the acceleration calculated in part (ii) is maintained for 10 cycle, determine the
change in torque angle and rotor speed in revolutions per minute at the end of the
period.
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21(d)

The per phase impedance of 3-¢ short transmission line is (0.3 + j0.4)Q. The sending-end
line to line voltage is 3300 V and the load at the receiving end is 300 kW per phase at
0.8 pf lagging. Calculate receiving end voltage and line current.
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21 (e)

A three phase generator delivers 1.0 p.u. power to an infinite bus through a transmission
network when a fault occurs. The maximum power which can be transferred in pre-fault,

during fault and post fault conditions are 1.75 p.u., 0.4 p.u and 1.25 p.u. respectively.
Find the critical angle.
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1.2 (a})| A 3-bus system is given in figure below. The ratings of the various components are
listed below :
Generator 1 =50 MVA,; 13.8 kV; X”=0.15pu
Generator 2 = 40 MVA,; 13.2kV; X"=0.20pu
Generator 3 = 30 MVA; 11 kV; X”=0.25pu
Transformer 1 =45 MVA, 11kVA/110kV Y, X=01pu

Transformer 2 = 25 MVA, 125kVA/115kV Y, X =0.15pu

Transformer 3 = 40 MV A, 125 kV A/115kV Y, X=01pu

The line impedances are shown in figure below. Determine the reactance diagram based
on 50 MVA and 13.8 kV as base quantities in Generator 1.
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Q.2(b)| Explain briefly what is swing equation and use dynamics of angular motion with time
to formulate the equation for a synchronous generator of inertia constant H in seconds
run by a mechanical turbine with input power P_ in p.u. to deliver electrical power P, in
p.u. to the electrical network at fHz in terms of power angle é in radians measured from
rotating reference of generator axis.
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Q.2 (q)

A 3-9,400 km, 50 Hz long transmission line with series impedance of (0.15 +70.78) Q/km
and shunt admittance of j5.0 x 10® ¥/km. Determine A, B, C, D parameter of line

assuming :

(i) The line could be represented by nominal-T.
(ii) The line could be represented by nominal-x.
(iii) The exact representation.
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2.3 (a)| A 50 Hz generator is delivering 50% of the power that it is capable of delivering through
a transmission line to an infinite bus. A fault occurs that increases the reactance between
the generator and infinjte bus to 400% of the value before the fault. When the fault is
isolated, the maximum power that can be delivered is 80% of the original maximum value.
Determine critical clearing angle for the condition described.

[20 marks]
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23(b)

A30MVA, 13.8kV, 3-phase alternator has a subtransient reactance of 15% and negative
and zero sequence reactance of 15% and 5% respectively. The alternator supplies two
motors over a transmission line having tensiometers of both-ends as shown on one line
diagram. The motors having rated input of 20 MVA and 10 MVA both with 12.5 kV
with 20% subtransient reactance and negative and zero sequence reactances are 20%
and 5% respectively. Current limiting reactor of 2 Q each are in the alternator and larger
motor. The 3-phase transformers are both rated 35 MV A, 13.2 A- 115 Y kV with leakage
reactance of 10%. Series reactance of the line is 80 Q. The zero sequence reactance of the
line is 200 Q. Determine the fault current when (i) L-G, (ii) L-L, (iii} LLG and fault takes
place at point P.

P
O | .
Yy L8 A

(Assurne, Vf =120 kV)
[20 marks]




MRARDE ERSY Question Cum Answer Booklet

|

Page 22 of 68

Do not
write in
this margin




MARDE ERSY Question Cum Answer Booklet

Page 23 of 68

Do not
write in
this margin




MRDE EASY Question Cum Answer Booklet | Page 24 of 68

Do not
write in
this margin

Q.3 ()

{i) Give the methods of improving string efficiency for an insulator.

(ii) A transmission line has a span of 375 m between level supports. The conductor has
an effective diameters of 1.96 c.m. and weight 0.865 kg/m. Its ultimate strength is
9060 kg. If the conductor has ice coating of radial thickness 1.27 c.m. and subjected
to a wind pressure of 3.9 gm/cm? of projected area. Calculate sag for a safety factor
of 2. (Weight of 1 c.c. of ice is 0.91 gm).

[8 + 12 marks]
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Q.4 (a)

A star connected 3-phase, 10 MVA, 6.6 kV alternator has a per phase reactance of 20%.
It is protected by Merz-price circulating current principle not less than 170 A. Calculate
of the value of earthing resistance to be provided in order o ensure that only 20% of the
alternator winding remains unprotected.
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Q.4(b)| A generating station has four identical generators, G,, G,, G; and G, each of 20 MVA,
11 kV having 20% reactance. They are connected to a busbar which has a busbar reactor
of 25% reactance on 20 MV A base, inserted between G, and G, as shown below. A 66 kV
feeder is taken off from the bus bars through a 15 MVA, 11/66 kV transformer having
7.5% reactance. A symmetrical 3-phase fault occurs at the high voltage terminals of the
transformers. Calculate the current fed into the fault.

? 98

LV side 25%

HV side”ﬂ%ﬂ‘ 11/66 kv

d
ket bams Zomva Ky

[20 marks]
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Q.4 (c)| Astring of six insulation unit has mutual capacitance 10 times the capacitance to ground.
Determine the voltage across each unit as a fraction of the operating voltage. Also,
determine string efficiency.

[20 marks]
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Q.5 (a)

Section B : Systems and Signal Processing-1 + Microprocessor-1

+ Electrical Circuits-2 + Control Systems-2

The switch ‘S” in the circuit shown below is opened for a long time and closed at
t= 0. Find the time domain expressions for currents 7,(f) and i,(f) for ¢ > 0.

' i) ' i(t)
1082 40 Q
15 A 12Q2 S ’

[ £=0 25H S4H

[12 marks]
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Q.5 (b)

The open-loop transfer function of a unity feedback control system is given by

G(s) =

s(s +2)
The system is to have 25% maximum overshoot and peak time 1.0 second. Determine

the value of K and tachometer feedback constant K.
[12 marks]
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Q5 (9

A control system with PD controller is shown below :

R@V_“C%D—*'K?+Kﬁ = )

Determine the value of K, and K}, such that the damping ratio of the system will be 0.75

and the steady state error for unit ramp input will be 0.20.
[12 marks]
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QS5(d)

The Fourier transform X(m) of a continuous time periodic signal x(t) is given by
T T
=jdlw——|[+28|0~-—
x@=jo(o-3)+2(0-7)

Determine :
(i) The fundamental frequency of the signal x(t).

(i) The complex Fourier series coefficients of the signal x(f).
(iii) The time domain expression of x(f).

[12 marks]
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Q.5 (e)| Explain the following instructions:
(i) XCHG (i) IN (iii) OUT (iv) DAA
[12 marks]

() xeng,
L ama ﬁ.utl/umt]b baammw A dm

4t & i pliect &aL.Mww&w] we d2

(1 IN /

T i vapud pov Lo Yreolr
TN &




MRADE EASY Question Cum Answer Booklet

Page 42 of 68

Do not
write in
this margin




MABDE ERSY4Y Question Cum Answer Booklet | Page 43 of 68

Do not
write in
this margin

Q.6(a)

(i} Two 2-port network are connected in cascade. Prove that the overall transmission
parameter matrix equals to the multiplication of individual transmission parameter
matrices.

(i) Determine the transmission parameters of the 2-port network shown in the figure
below:

I 4Q 40 40 4Q I,

[20 marks]
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Q.6 (b)

(i) Explain the similarities and differences between :
1. JUMP and CALL instructions.
2. STA and STAX instructions.

(10 marks]
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Q.6 (b)

(ii) Write an assembly language program for an 8085 microprocessor, to find 2’s
complement of a 16-bit number. Write comments for selected instructions.

{10 marks]
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Q.6 (¢}

Check whether given signal x(t) = 2 e M y(2t —n) is periodic. If yes, compute its

H=—occ

average power.

[20 marks]
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Q.7 (a)| The coupled circuit shown below has a coefficient of coupling K = 1. Determine the
energy stored in the mutually coupled inductor at £ = 5 msec.
L, =318 mH; L,=1274mH; f=50Hz

20
24 cos(2nft) V 240
[20 marks]
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Q.7 (b)

Obtain eigen values, eigen vectors and the state model in canonical form for a system
described by

0 1 0 1
) =3 0 2|x®)+|0]u
12 -7 -6 2

y(t) = [1 0 0] x(2)

[20 marks]
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Q7 (9

A control system employing proportional and derivative control as shown below, has
damping ratio equal to 0.8. Find the time instant at which the step response of system
attains the peak value. Also find the percent maximum overshoot of system.

R(s) ;%‘L—del_’ s(s 161.6) s
_ ! ! [20 marks]
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2.8 (a)

(i) Determine the state model for the network shown below considering V, = x,;

V,=x,andy=1i.

0
i1
1
£

[10 marks]
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18 (a)

(ii) In the circuit shown below:

10V

Find iy, V,,and i for all time, assuming that the switch was open for a long time.

[10 marks]
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+.8 (b)| Consider a discrete time system with input x(n) and output y(n) related by

n+np
ym= 3, (k)
k=n—np
where n, is a finite positive integer
(i) Is this system linear?
(if) Is this system time-invariant?

(iii) If x(n) is known to be bounded by a finite integer B, [i.e. |x(n)|< B, for all 7], it can

be shown that y(n) is bounded by a finite number C. We conclude that the given
system is stable. Express Cin terms of B and n,,

[20 marks]
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Q.8 (c)

Find the trigonometric Fourier series for the waveform shown in figure and sketch the

line spectrum.

[20 marks]
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