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Do not write for the first 15 minutes. This lime must be spent in reading the question paper
and to confirm that all questions are in order and all pages are intact and complete.

The time allotted lor writing this paper is 2% Hours

All answers for this paper must be written in a separate Answer Sheet provided including
all rough works.

Use of programmable caleulators are not allowed in this exam,

This paper contains TWO Sections, Section A and Seetion B. Section A is further divided
into Two Parts: Part I containing 30 Multiple Choice questions of One (1) Mark each
and Part I containing FOUR Short Answer (ype questions of Five (5) Marks each.

You must answer ALL the Questions in Secetion A

While answering the mulliple choice guestions in the answer sheet provided, write only the
letter of the correct answer chosen against the question number, clearly & legibly. Any over
writing or double answers shall not be evaluated. (E.g.. (1 — a); 2 — b): Q3 — ¢). and so
on.

Seetion B contains TWO (2) Case Studies, out of which you must attempt only ONE (1)
Case Study. The Case Study question carries 30 marks and the marks are allocated beside
the questions.

Marks for the Part [ of Scetion A will be awarded based on the knowledge of the subject,
clarity and preciseness of the responses, while Scetion B will be evaluated based on the
ability to comprehend the case, apply vour knowledge and present the case with solutions,

L0, This paper contains FIFTEEN (15) printed pages in all, including this guideline page.
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SECTION A

PART 1 -MULTIPLE CHOICE — Apswer Al the {hiestions

Choose the correct answer and write dowse the question namber and the number of the correct
amswer chosen against it in the separate Answer Sheet provided.

l. Avesistor’s first three color bands are; brown, black and red. Its value is:

a) 10 kChms
By 200 Ohms
¢) 10 Ohms
dy 1000 Ohins

2. Which one of the following equations could be used to calculate the power absorbed by a
resistor?

a)  Power (p) — Voltage (v) x Current (1)

by Power {p) = Currenl squared{i®) x Resistance(R)
¢)  Power () = Voltage squared(v”) / Resistance(R)
dv  All of the above

3. 'The method of analyzing a circuit containing muoltiple independent sources by aclivaling ong
source at a time is called?

a)  Supcrposilion

by Norton Equivalence

¢)  Thevenin Equivalence
d)  Source Transformation

4. A phase sequence indicator rotates clockwise for phase sequence oF RYB, IF the phase sequence
is changed to BRY, it will rotate?

a)  anticlockwise

by clockwise

¢y clockwise or anticlockwise
dy itwill not rotate

5. A 100 Watt light bulb is lighted on an average of 8 hours a day for 30 days in a month. The
monthly consumplion of energy will be:

a) 240 units
By 800 units
¢} 3000 units
dy 24000 units
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‘The given truth table belongs to the logic gate named?

a)  AND Input Oulput
b} OR A B
) WOR i g] ]
dy NAND 0 : ]
0 0 I

The prak voltage of a sine wave that measures 220% AC rms is:

al 155V
by 169V
¢l 311V
dy HO v

Y
{

Following are the graphs between current / drawn from a cell and the terminal voltage v of the

cell. 'The correct relationship between v and 7 is shown by:

i

a) ) ¢}

In practice, earth is chosen as a place of zero electric potential because it:

a) s non-conducting
by iseasily available
¢)  has almost constant potential
dy  none of the above

The transformer cores are laminated in order Lo:

a)  simplify its construction

b minimize eddy current loss
cy  reduce cost

d}  reduce hysteresis loss

. 'The sag produced in the conductor of a transmission line depends on:

al  theweight of the conductor per utit length
b)  the tension of the conductor

¢)  the height of the transmission tower

1 none of the above.
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- A svnehronous generator has higher power handling capability when operating at:

a)  aleading pf

by alagging pf

¢) it does not depend upon the pf ot the peneralor

d) it depends upon the load pl, as generator has no pf of its own

. A three phase synchronous generator is feeding raled power to an infinite bus. If its excitation

fails, then it will act as a:

a)  synchronous motor

b} synchronous pencrator
o) reluctance pencrator
d)  induetion generalor

A series RLC circuil above resonant frequency is called?

al  oresistive
by capacilive
¢y inductive
d}  impedance

. The lorward resistance of a diode is?

ay  Zero

b} infinity
¢y amall
dy  large

In a Mluorescent tube circuit, the function of the ballast choke is to?

a)  prevent flicker

by improve the pf ol the cireuil

c)  suppress high current

d)  provide momentary high voltage to establish the main arc

- For providing a load power of 100MW at 0.8 pf, the ratings of alternator, its prime mover and

the transformer should respectively be:

a) 100 MW, 125 MVA, 125 MVA
by 125 MVA, 100 MW, 125 MVA
¢} 123 MVA, 125 MVAL 125 MV A
d) 100 MW, 100 MW, 125 MVA

- All other factors remaining the same. what is the efleet of increasing wire gauge, for example,

from SWG 22 to SW34G 267

a)  Impedance will decrease.
) Resistance will increasc,

cy  Inductance will decreasce,
dy  Capacitance will increase,
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121w vefors 10 “mapnetomotive [oree” and epgf relirs Lo “electromoltive [oree’, the Tormula for
current in an electric circuit can be written as:
emf

Current = ——
resistance

Itz analogy (equivalent formula) in a magnetic circuit will be:

i T
a) Current = — L
reluctance

. emf
h} Current = ———
refuctance

" fitn
c) Flux = _ Ay
reluctance

i

d) Flux =

rexigstanne

20. Binary number for decimal number 104 is:

4) 100
By 1100

¢ 100 100
d) 1100 100

21, The output function *f* of the figure given below ia:

X
”
X r
-

a) XY + XY

by Y+XY

¢} XY + XY

d) XYY
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26.

In the figure given below, the current flowing through 120 V battery will be:
10
10 €2 — AN
' 10 2
A
— 120V ~ 104
- >
5Q
- VWA ——
258
— VWV 56
A
a)  10A
by 80A
cl 45 A
d) 48A
Theoretical maximum etficicncy af’a full wave rectifier is:

a)  40.6%

by 50%
¢l Ta%
dy  Bl2%
The characteristic impedance *Z° of a lossless transmission ling is:
4) Z=.L/C
Wy E=yJLC
¢} E=+1IC
dy Z=.C/L
[ the secondary of a Current Transformer (CT) is opened suddenly,

a) il primary current will become zero

by T will blast and will be damaged

¢l mapnetizing current will flow in ils primary
d)  measuring circuit will break

The power measured by a J-voltmeter method using voltmeters Vi, Vo and Va will be given
by the formula:
WI-vi-vE
a)  Power = %
VE—VE_yzZ
by Power =  WVimVa-Vs)
21
_ i+vE+vE)
¢y Power = s
dy  All ol the above
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27, For harmonic distortion Dy, Dy, ........ D, the total harmonic distortion D will be given by

2) D=2 (Dy+D;++D,)

by D=1

n

JO, ¥ D+ 4Dy

¢} D=y(DZ+DZ+ - +D2)/n

d) D= (D + DI+ +DE)

28, Leng's Law states that:

a)  the direction of the generated voltage in the coil is such that it tends (o produce a current
flow opposing a change of flux through the coil

b} the magnitude of the generatcd voltage is directly proportional to the rate at which a

conductor cuts magnetic lines ol force

¢} an electromotive force acting on any linear nclwork produces the same effect whether it
acts alone or in comjunction with other eleciromotive forces

d}  the lincar network behind a pair of terminals may be replaced by a constanl-voltage
gencrator with an e 1. cqual to the open-circuit voltage at the terminals and an internal

impedance equal to the impedance seen al the actual terminals, with

removed and replaced by their internal impedances

all internal sources

29, The transfer function of the circuit shown in the fieure below using Laplace Transform is:
gLlap

L,

J_

T

0

|

R
{1+sRC)

a)

i
{(1+sRC)

b)

C
(1+sRC)

RC

il e
" (14sRQ)
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30, The frequency of a signal is INVERSELY proportional w which of the following:

a}  period
by amplitude
c}  phasc
d)  power

LR S EEL T AR
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PART Il — SHORT ANSWER QUESTIONS (Answer All the FOUR Questions)

1} A 25 kVA, 2300/230 Volt single phase distribution transformer has the following resistance and
leakage-reactance values: primary winding resistance, R, = 0.8 €2, primary winding leakage-
reactance, X, = 3.2 £, secondary winding resistance, Ry = (.009 £ and secondary winding
leakage-reactance, X, = 0.03 £, (Neglecl the component of no-load current that lows in the
primary winding).

i

Caleulate the cquivalent values of resistance, reactance, and impedance:
a) in secondary terms
b} in primary terms

Caleulate the equivalent resistance and reactance drops for a secondary load current of
109A:

a}  in secondary terms

b} inprimary terms

Calculate the percent regulation ol the transformer:
a) for unity power factor

by  fora lagging power factor of 0.5

¢} lor leading power factor of 0.866

2} A 3-phase fully-controlled thyristor bridge supplies a smooth direct current load. I of 100A as
shown in the gure:

il

X K l_lL:mm

AC inpal Lirad

Sketch the waveforms with respect (o lime ol three-phase inpul veltages and the load
current Iy

Calculate the required average and rool mean square (rms) current ratings of the thyristors.
Calculate the rms values of the total supply Alternating Current (AC).
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3) (a) In the given figures (i), (i) and (iii), write the formula for the current Ip, 1 and 1. Also
show the relationships between phasors: Voand I, ¥V and 1, and, V and [ with the help
of phasor dixgrams. (Assume that all the three circoits are excited with sinusoidal-
steady-state inputs)

1[{ II. I(.'
— o e AR
.|_ -|-- —
:L 1
0 (,:‘ W JXp L2 L:C._: W -jXe 0 !—‘f'
- = jul £2
1
’ _ = ].‘;Eﬂ .
(i) (ii) (i}

(b} If the instantaneous vollage applied across a load comprising of R, L and € clements is v(1)
= Ve Cos {wi i) volts and the instantaneous current [lowing into the same load is i(t) =
Linax Cos {ot+f) amps.

Show that the instantaneous power p(1) absorbed by the load is:

piy = VI Cos{o — BH 1HCos[2(mt+a)]} + VI Sinfu— B) Sin[2(wt t))

Where:
.Iil'lrl.'[JElX.
V= —e
W2
A
] s II[]aX
2

4) In the digital circuit theory, a NANIY pate is also called as a universal gate. Using three NAND
gates, illustrate how an OR gate can be obtained through the combination of NAND satcs.
Also, show the outputs of the pates al cach stage by use of truth tables to conlirm the linal
output of the combination as same to that of the OR gate output?

EEEE RS
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SECTION B - CASE STUDY
Anywer gy ONE (1) Ogestion:

(1. i) The fizure below shows a typical three phase power systemt, which is initially operating at no
load, meaning that. there is no current supplied by either of the generators and the end of the
transmission line at point *F' is an open circuit. 'The voltage at *F* is 515 kY.

I l § Transmission line I

Y

Generators Gy oand Gy are identical and are each rated 300 MV A and 20 kV. They are both
star (Y} connected with their star point solidly carthed. 'The maching constants are %47 =
30%, xo = 40% and =y — 10%

(Mote: 147 = sub-synchronous reaclance, x; = negalive sequence reaclance, and, xy — zero-
sEQUENcE reactance)

Transformer Ty is rated at 204500k {that is 20kV:300kV) and 300 MY A and i star-star
(Y-Y) connected with both star points solidly earthed. The positive and zero-sequence
leakage reactances are both 20%,

Transformer T2 is also rated al 20/500kV and 300 MVA bul il is delta-star (A-Y) connected
with the secondary star point connected to the ground through a pure reactance ol 5%. The
positive and zero-sequence leakage reactances are both 20%;,

The positive and zero-sequence impedances of the transmission line are both j166.67 €2 per
phase.
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A single line to ground fault occurs at point ‘T:

a) Construct the positive, negative and zero-sequence equivalent circuits for the above
power system. Draw and calculate their Thevenin equivalents, looking from the point
T (15 marks)

b} Derive the appropriate connection of 'Thevenin equivalents using the positive, negative
and zero sequence Thevenin equivalents abtained in part (a) above, with a view Lo find

the fault currents when a single phase to ground lault occurs at “F (5 marks)

c) Caleulate the symmetrical components ol the Fault current (answers either in per unit
syatems or actual valucs will be accepled), (5 marks)

d} Calculate the phase values of the [aull currents in Amperes. (5 marks)
{Hint: Use per unit (pu) system to simplify the calculations. Assume that the fault occurs on

phase ‘a’}

1) A 300 km, 500 kY, 1000 MY A transmission ling has the following cquivalent m-circuit. {20

marks)
Te ix Ir
= ’ r‘i } E j E:‘:,‘-. e o
i |
i jb jb
Vg — = — L v
b1 —_ = = I
Where,

x = 198.3 L1 /phase
b =2.802 x 107 S/phasc
With characleristic impedance 7, = 28668 £}

The sending end voltage is held at 1.0 per unit. The transmission line can be assumed to be
a lossless line.
i) Find the transmission parameters 17 of the transmisston line. (3 marks)
it} Find the receiving end voltage for each of the following loads, connected at the
receiving end:
a) Open circuit. (2 marks)

by Surge impedance loading. (2 marks)

¢) An impedance load of 1.0 per unit, unity power factor. (3 marks)
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02

d) An impedance load of 1.0 per unil, zero power factor, lagging. (3 marks)
¢) An impedance load of 1.0 perunil, zero power factor, leadin £. (3 marks)
) Short circuit, (2 marks)

iif) Suppose the sending end voltage is 510 kV and receiving end voltage is 500 kV, find
the maximum possible real power lransfer, (2 marks)

LR RS ST

A rural electritication project involves construction of numerous transmission lines and
substations of various len gths and capacities in the project’s bid to achicve Electricity for all
by 2 certain target Year, Since the majority ol the rural households are located in far away and
rugged places, the project has identified consiruction of several 66/11kV sub-stations across
the project sites, The power from 66kV is diswributed after stepping down to [ kY vollage
levels. While the detajled design and cngineering component of the project works were
awarded 1o 2 consultancy firm, the several project engineers were hired (o oversee the
construction of the project activitjes who has adeguate knowledge on transmission line and
subslation construction works. They were gathered to brainstorm on the substation layout and
design by the projeci management with an aim to test their basic skills and were asked 1o
consiruct a key diagram (Single line) of 4 typical 66/1 1V substation taking the following into
consideration:

* The substation has two 66KV incoming lines marked as “Incomer 17 and “lncomer 2%
with cach incoming line capable of supplying the rated substation load or both lines can
be loaded to simultancously share the substation load,

" The substation involves duplicate bus-bars connected through a “hus coupler,

®  The substation has two outgaing 66k lines which can also acts as incoming lines. Both
the incoming and autgoing lines are connected through circuit breakers and isolagors.

* There is an arrangement to step down the incoming supply to 11KV by two units of 3-
phase translormers cach supplying to a separate bus-bar. Lither one transformer can
supply the cntire load or both (he translormers can be called upen o share the load.

= ‘There are three outgoing feeders from each bus-har W supply power to the rural

consumers

The lightning arrestors are connected Lo the transformers to proteet them from lightning,

Considering you as one of the project cngineers. draw a substation single line diagram with
the above given infurmation by representing the Components with appropriate circuit
svmbols wherever nceessary and appropriate. (25 Marks)
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i) The project is said to supply power to some localities from the power system whose single-
line diagram is given below along with the details of its components. Draw the impedance
diagram of the power system so represented. (10 Marks)

T1 2 —|_|4®ﬁ

o R
S, LseL ] 3
ﬁ’_ ¥ __|_Y ZA! —|_}—< 3)
«—[ ] ) ' B
A
- —
Cienerator Mo, | 3OMY AL LDLSKY, XK'= 1.6 ohms
Crenerator Mo, 2 LAY A, GOkY. K7=1.2 ohms
Generator Mo, 3 23MV A, 6.0kYV, X7 = 1L530 ohms
Transtormer '] 1MV A, 3311k, X = 152 ohms/phase on H'T side
{3 phase)
Transtormer T2 15MWV A, 3376.2KY, X = 16 ohms/phase on HT side

{3 phase)

Transmiszsion Line 20,5 ohms/phasc

Load A A0MW, 11kV 0.9 lagging power factor
Load B 40MW, 66KV, (.85 lagging power factor

iiiy The rural electrification project management has planned to distribute the power using
radial distribution svstem o keep their supply costs (o minimum and (o expedile the
clectrification process, However, the consultants (o the project has recommended for the
interconnected distribution sysiem (o increase the service reliability, The interconnceted
svslem proposal involves at Least bwo 33/11kY substations feeding a closed leeder ring and
supplying power through distribution transformers al 4153% {220V 1o the rural consumers.

Diraw a single line diagram ol the proposed inlerconnected system where poveer supplics are
tapped from the four different locations of the feeder ring?

In vour opinion, what would be the two main disadvantages of a radial system ol
distribution? (10 Marks)

iv) ‘The power to the distribution company who supplies electricity to the rural consumers is
supplied by a generation company having an installed capacity of 1.480MW. The annual
peneration of this company is 6960 GWh and the company is to provide 15% of this
veneration as rovalty energy to the distribution company at the rate of MNu. (130 per unit,
while the power drawn beyond this limit is charged at Nu. 1.20 per unit. If the distribution
company draws 15300 GWh of electricity in a certain year. calculate: (5 Marks)

) The Royalty cnergy clipible to draw in oa year in terms of kWh and the
corresponding  revenue collection. given that 2.5% of the energy is lost as
transmission loss?



b}  The revenue generated by the generating company by sclling power to the

distribution company'?

¢)  Assuming that the generating company was allowed to export all the power
senerated at the export price of Nu. 1.78 per unit, caleulate the additional revenue

earncd as 8 result?

kAL EAFEFFE
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