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INSTRUCTIONS:

I. ANSWER ANY 5 QUESTIONS
2. ANY INCIDENT OF MISCONDUCT, CHEATING, POSSESSION OF

UNAUTHORIZED MATERIALS DURING EXAM SHALL BE SEVERELY

PUNISHED.
YOU ARE NOT ALLOWED TO BORROW CALCULATORS AND ANY OTHER

WRITING MATERIALS DURING THE EXAMINATION.
ELECTRONIC DEVICES CAPABLE OF STORING AND RETRIEVING

INFORMATION ARE PROHIBITED.
DO NOT TURN OVER YOUR EXAMINATION QUESTION PAPER UNTIL YOU

ARETOLD TO DO SO



QUESTION 1 , s}
‘ . asor? {4 marks

What do you understand by the term symmetrical components Off?}fd]anﬁgfcz};df;cé components of

1asor diagrams, explain the positive, negative and zero phase seq { 8 marks)

a.
b. Using suitable pl

a 3 — phase system. y
. : d voltage
c.~ A generator supply an unbalanced load measures the following phase to groun =

Vo =20 00
Vo =14 £ _1370

= 126 4-}-1100 (8 marks)
Find the symmetrica] positive sequence components of the set of phasor voltages. g

QUESTION 2
2 a. i. What is an Electrical fault? {2 marks}
ii. State two types of fault and state to examples under each type. {6 marks}
wer system

b. A symmetrical 3 phase short circuit fault occurs on the 33 kV bus bar of the po

network shown below

T 1 T2
G Load
11 kV
, W Load
N\ A
X" Sorf'PU I X=0.095 pu
11kV kv 13 1kV >
MVJ FAULT F
X'=0.1 pu =0.025 pu
L 4
Given that the MV A Base = 100 MVA,
I. Calculate the fault current {6 marks)
il. Determine the fault MVA { 6 mark s)
QUESTION 3 .
a. What is a protective relay? State the main function of a protective relay {5 marks}
b. State 5 types of protective relay {5 marks}
nsmission line shown

c. An inverse definite minimum time relay is used in the protection of the tra
below. The relay has a setting of 125%, time multiplier setting of 0.5 and it is connected through a
current transformer of 500/5 A. A fault current occurs along the line and the fault current 1s 5,000
A.. Determine the time of operation of the definite minimum time relay with rating 5A. Operating

time for plug setting multiplier PSM of 8 is 3.2 seconds.




CT500/5 A

Transmission line

)2
L S [ e

tF, S000A i
10 marks}

QUESTION 4

a. What is meant by the term unit type protection? {4 marks}
b. Using a suitable diagram, explain the construction of a single bus bar arrangement. {8 marks)

¢. ASOMVA, 11 kV generator has a reactance of 0.4 p.u. Determine the per unit reactance
referred to base kVA 0of S0OMVA and base kV of 33kV. {8 marks}

QUESTION 5

a. What is meant by fault level in power system analysis?
b. A 3 phase transmission line is operating at 10 kV. it has

€2. it is connected to a generating station through 6MVA
as shown below. '

{4 marks}
a resistance of 1.0 Q and reactance of 4.5
step up transformer with reactance of 5%

opP LV HV 1Q 4.5Q 10kV
12 MVA 6MVA *
X" =10% X'=59
11kV

The bus bars are supplied by 12MVA alternator with percentage Ieactance of 10%. Calculate the short
circuit KVA fed to symmetrical fault between phases when it occurs: Let the base MV Abe 12MVA
a. At the load end of the transmission line {8 marks)
b. At the high voltage side of the transmission line {8 marks)



{4 marks}

QUESTION 6 o )
a. What are sequence network: hown below.
b. Draw the positive sequence netwo-;'k for the power system s
Linel
LvV HV
e Line 2
Generator 1: 50 MVA X! =j0.25, 11kV
Generator 2: 30 MVA X" =0.2, 11kV
Transmission line 1 50 MVA, 220kVj0.12 pu
Transmission line 2 50 MVA,220kVj0.14 pu
Transformer 1: S0 MVA,X =j0.1 pu, 11/220kV
Transformer 2: 30 MVA,X =j0.05pu, 11/220 kV
Take base MV A for the complete system as S0 MVA, base kV for generator side as 11 kV and base

kV for transmission line as 220 kV. {16 marks}

QUESTION 7 :
a. The expression of the phasor of an unbalanced three phase system in terms of their symmetrical
components are given below
A=A4;+A, + A,
B=B; +B, + B,
C=6;+G; + Gy
Using phasor operator a

Prove that i. A, = # {6 marks}
s A+aB +a’C
. A; = — {6 marks)
b.  Determine the positive sequence components of the three phase current
I, =10 0°
I, = 10, 230°
I, =10 £130°

. A+a’B +acC A+B+C A+aB +a%C
Giventhat A, = — Ay = — A, = - {8 marks)



