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Question 1 (25 Marks)

(a) Define steady state operating condition of a power system. [2]
(b) Discuss the effect of acceleration factor in the load flow solution algorithm. [3]
(¢) List the quantities specified and the quantities to be determined from load
flow study for various types of buses. [6]
(d) Compare Gauss-Seidel (G-S) method and Newton-Raphson (N-R) methods of
load flow solutions. [5]
(¢) For the small power system shown in Fig. Q1 the line data in (p.u) is given on

the table below.

Line Data
ilj) Xy By
11 2 0.9 0.02
113 0.6 0.01
213 0.8 0.05
Fig. Q1
Determine the bus admittance matrix of this system [9]
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Question 2 (25 Marks)

(a) Discuss Fast Decoupled Newton-Raphson method in terms of convergence,
computation speed and application [5]
(b) Suppose that the P-Q load is known at each of the buses for the power system
in Fig. Q2 and that synchronous generators are cormected to buses 2 and 3. For

a power flow Study, identify the AP and AQ mismatches and state the variables

associated with each bus, choose bus 1 as slack. [10]

; b 4

L L
_35
"‘_74
il ~§1.25
Fig. Q2 Four Bus Network
(c) For the system described in (b), state the following

(i}  Number of load flow equations. [2]
(i)  Total number of variables. I2]

(iii}  Based onyour answers in (i) and (if) above, discuss how to solve the

load flow problem. 2]

(d) Find the real and reactive power injection in bus 3 of Fig. Q2 assuming the

following data,

~125  0.00 100 0.00
v _ :|000 —625 j0.00 5.00
Bus = J| 100 0.00 -89 9.00
0.00 500 9.00 -13.0

p.u

Vy = 1.0£0° p.u Vo = 0.922£5° p.u V3 =0.85416° p.u
Ve =094215° p.u [4]
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Question 3 (25 Marks)

(a) What are the quantities whose base values are required to represent the power
system by reactance diagram? i2]

(b) Show thatfora three winding transformer shown in Figure , Vipy = Vapy,  [10]

s < I,
N, V
h s
" M <« ]
[ 3
N3 VS
Fig. Q3(b)

() The one-line diagram of a three-phase power system is shown in Fig. Q.1, The
transformer is rated 80 MV A, 22/115 kV and 20% on a base of 100 MVA and the
line impedance is Z = j66.125 Q. The load at bus 2is §; = 178 MW + 7.8 MVAr at
bus 3 is 3 = 175.0 MW + 40 MVAr. It is required to hold the voltage at bus 3
at 11520°kV. Working in per unit, determine voltages V; and V, at buses 1 and

2 respectively. [13]

|1

V2 166,125 01

Fig. Q3(c)
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Question 4 (25 Marks)
(a) What is meant by symmetrical fault? [2]
(b) Write the relative frequency of occurrence of various types of faults, [4]
() The power system shown in Fig. Q4(c) is working at no load when a symmetrical

3 phase fault is developed on bus 2.

Fig. Q4(c)
Given that the per-phase per-unit impedance matrix is

0.183 0.078 0.141
Zpus = 10.078 0148 0.106
0.141 0.106 0.267

(i) Caleulate the per-unit sub transient fault current I" at bus 2, [2]

(i)  Calculate the per-unit voltage at every bus in the system during the sub transient

_ period. [6]
(iii}  Calculate the per-unit current I3 flowing in line Lo.s during the sub transient
period of the fault. [1]

d) The per unit reactance diagram of a three bus network shown in Fig. Q4(d) has the bus impedance
g p

matrix given by
0.30 0.20 0.28]

ZBuS:le.ZO 040 0.25
028 (.25 042

Bus 3

Fig. Q4 (d)

Determine the new bus impedance matrix when breakers A and B are opened due to a fault. {10]
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Question 5 (25 Marks)

(a)
i.  Voltage stability

ii. Voltage collapse

Define the following terms:

[2]
[21

(b) A 3-¢ overhead line has resistance and reactance per phase of 25 and 90 Q,

respectively. The supply voltage is 145 kV while the load-end voltage is maintained

at 132 kV for all Ioads by an automatically controlled synchronous phase modifier.

If the KVAr 1'aﬁ11g of the modifier has the same value for zero loads as for a load of

50 MW, find the rating of the synchronous phase modifier.

[6]

(c) Given the system shown in Fig.Q.5 Draw the positive, negative and zero sequence

diagrams.

X1 = Xz‘-‘- 0.10

[15]

X1 = Xg ={(.072 8
A A 4 =021 5 % =030 AA 1 A
Oz(D= ' —()+()
| _
20 kv 200 MVA X, =X=015  Xy=X,=0.17 200 MVA 380 kV
Vi 12% Xy = 0.45 Xp = 0.51 15% Yn
Xo =085 X X; 6 220 kv 7 Xo =X
200 MVA Dyn 150° YyNn 0° SCC = 5000 MVA
X'=006pu 220120 KY 380220 kv Xo=11xX
X, =X,=0085 X, =X,=009
X, =0.02pu 3o core 3legs 1= 1772 3o core 3 legs
0 P % =0.255 X, = 0.27 g
1 ] 9
150 MVA
5% A~
Xp = 0.95 X X
YdN 150° o
220/11 kV
Shase = 100 MVA 34 core 3 legs 2
150 MVA
11 kV XJ.' = 0.1 pu
h X, = 0.05pu

A

Page 6 of 7




Useful Formulae

n
Py = Z'Vil [Vi[[¥y] cos(8y; — &; + &)
j=1

n
Q= —ZIVH Vill¥y sin(0y; - 6 + &)
j=1

A= aTPT+ bT

w=(S2) = a(3)

i=1 =1 ~
2z 27172 2z P'r'z QT‘Z .
e = AV + B vz + VZ—J + 24BB. cos(a — ) — 2ABQ, sin(a — §)
T T
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