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1. Suppose that a radial line of length [ which connects buses 1 and 2 is terminated in its
characteristic impedance Z, at bus 2. The propagation constant v = a + jiB.

(a) Find the impedance Vi/Iy, the voltage gain [Va|/|V1l, the current gain |I2|/111], the
complex gain —Sz1/Si2 where —Ss; = VoI3 and Sip = ViIT and the real power
efficiency —Ps;1/Pia. - [12]

(b) Repeat part (a) for the case of a lossless line. [8]
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2. Draw a per-unit diagram for the system whose one-line diagram is shown in Figure 2.1 The
three phase and line-line ratings are as follows:

Generator G: 15 MVA, 13.8 kV, X = 0.15 p.u.

Motor M1: 5 MVA, 13.2 kV, X = 0.15 p.u.

Motor M2: 5 MVA, 14.4 kV, X = 0.15 p.u.
Transformer T1: 25 MVA, 13.2 /161 kV, X = 0.1 p.u.
Transformer T2: 15 MVA, 13.8 /161 kV, X = 0.1 p.u.
Line: 510092 (actual)

Select a base of 100 MVA and 161 kV in the transmission line. [20]
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Figure 2.1
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3. Figure 3.1 shows a single-line diagram of a three-bus power system. All data are in per-unit.
The elements of the symmetric bus admittance matrix Ypys are as follows:

Y11 = Yo = Y33 = —3519.98
Y12 = Y13 = Ya3 = j10

(a) Write the power-flow equations to be solved by the Newton-Raphson method. Identify
the unknown variables to be solved. [8]

(b) Use Newton-Raphson method to compute 0, |3, B3, Sg1 and Qg2 after two iter-
ations. Use zero initial phase angles and 1.0 per-unit initial bus voltage magnitudes.

[12]

Pg, =0.6661

IVzi = 1,05

Vs
Sp3 = 2.8653 + j1.2244

Figure 3.1
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4. (a) Why do fuel cost characteristics in fossil-fuel units have minimum limits? [4]

(b) An area of an interconnected power system has two fossil-fuel units operating on
economic dispatch. The variable operating costs of these units are given by

C, = 10P, + 0.008P $/hr 100 < P; <600 (4.1)
Cy = 8P¢+ 0.009P2 $/hr 400 < Py < 1000 4.2
2 /r'2 ,15_ / /1;1/ ( )

where P, and P, are in MW. Determine the power output of each unit, the incremental
operating cost(s) and the total operating cost, Cr, that minimises cost of operation
(Cr) for load demand of 1000 and 1400 MW respectively. Transmission losses are
neglected. [16]
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5.

(a) Why is it so important to have constant frequency in system operation? 5]

(b) Figure 5.1 shows a simple power system supplying power of P + jQ to a load at

voltage V and at a lagging power factor.The line connecting the sending and the
receiving end has an impedance R + jX. 4 is the angle between the vectors E and
V. Show that

RP XQ XP RQ
AV, = 2% AL 1
» v + v and AV, v 7
when E? = (V + AV,)? + AV2. When X >> R and 4 is expressed in radian, also
show that Q oc AV, and P ¢ in the range 0 < ¢ < . [15]
P+jQ

R+X

L /
E6\> ,

Figure 5.1: A simple power system
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6. (a) What is the method of symmetrical components? Discuss its advantages over phase

systems? [5]

(b) Given the line-to-ground voltages Vo5 = 280200, Vay = 250£ — 110° and Vo5 =
290,130° volts,
calculate in volts

(i) line-to-line voltages Vop, Vo and Ve 3]

(ii) the sequence components of the line-to-ground voltages Vigl, Vigaand Vigo  [5]

(iii) the sequence components of the line-to-line voltage, Vir1, Vo2 and Vire.
Also, verify that Vioi = \/3VL914 +30° and Vi12 = \/3VL924 — 300. [7]
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