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Question 1

(a) Briefly define Park’s transformation and give its benefit in modeling of power
systems. [5 marks]

(b) Prove the following power equation and give definition for each term used:

P=v,i,+Vplp + Vel =V 0y +V4.05 + V4.0 [10 marks]

(c) Draw a pictorial representation of a 3-phase synchronous machine indicating
the stator reference axis, the rotor reference axis, and the angular displacement 6 .
Define all stator and rotor windings shown on the diagram. Give the equation to
calculate 6. [10 marks]

Total 25 marks

Question 2

A 480V, 50 Hz, star-connected, 6-pole synchronous generator has a per-phase
synchronous reactance of 1.0 Ohm. If it is working at full load of 60 A at 0.8 power
factor lagging, its field current has been adjusted such that the no-load terminal
voltage is 480 V , and has mechanical and core losses of 1.5 kW and 1.0 kW
respectively. Calculate the following:

I.  Terminal voltage and its voltage regulation at 0.8 pf lagging; [5 marks]
II.  Terminal voltage and its voltage regulation at 0.8 pf leading; [5 marks]

lll.  Terminal voltage and its voltage regulation at unity pf; [5 marks]
IV.  Efficiency when operating as in case |; and [5 marks]
V. Shaft torque for case | [5 marks]

Total 25 marks

PLEASE TURN THE PAGE....
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Question 3

A 50 Hz synchronous generator having inertia constant H=10 MJ/MVA and a
transient reactance X; = 0.3 per unit is connected to an infinite bus through a 3-
phase transformer with reactance of Xi=0.2 per unit and a double-transmission line
each having reactance of X.=0.3 per unit. The infinite bus voltage is 1.0 per unit and
the delivered generator real power is 0.65 per unit at 0.8 power factor lagging to the
infinite bus. Assume the damping power coefficient is D=0.138 per unit and consider
a small disturbance in load angle A§ = 12°.

Derive the linearized force-free equation that describes the mode of oscillation
of the system. [15 marks]
Obtain the equation describing the rotor angle §(t). [5 marks]
Obtain the equation describing the frequency as a function of time. [5 marks]

Total 25 marks

Question 4

The excitation control system of a synchronous generator is shown in Figure Q4.

Define the function of each block with clear definition to each term. [5 marks]
Find the open-loop and closed loop transfer functions. [10 marks]
From the open-loop transfer function get the approximate second order
characteristic equation then calculate the damping factor { and the damped
frequency of oscillation. Comment on the time domain response of this
system. Assuming all K’s are equalto 1.0 and 7, = 0.1,7; = 10,7, = 0.2, 73 =
0.05. All in seconds.

Q4 continues over the page....
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Q4 continued
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Figure Q4 The excitation control system

[10 marks]

Total 25 marks

Question 5

A power system is described by the following state-space equation

x=A.x+Bu
0 1 0 0
Where A= 0 0 1] , B=10| ,C=1[100]
-3 -2 -5 1
i) Is the system controllable? [5 marks]
i) Find the state feedback gain matrix K of the system shown in Figure Q5

below if the desired closed-loop poles are:

s=-2+j05 s=-10 [15 marks]

Q5 continues over the page....
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Q5 continued
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Figure Q5 Regulator system

i) Find the new transfer function of the controlled plant and find the new
dominant complex-pair poles. [5 marks]

Total 25 marks

Question 6

a) Define the per unit value of any variable [3 marks]
b) What is the importance of short circuit ratio of a synchronous machine?

[5 marks]
c) Discuss briefly the effect of prime mover speed on a synchronous generator
connected to a large power system (infinite bus bar) [5 marks]
d) Discuss briefly the benefit of using thyristor-controlled series capacitor in
power lines [5 marks]
e) Find the state-space model of this system: ¥ + 3x + 9x = 4u [7 marks]

Total 25 marks

END OF QUESTIONS

Formula sheet over the page....
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Formula sheet

These equations are given to save short-term memorisation of details of derived
equations and are given without any explanation or definition of symbols; the student
is expected to know the meanings and usage.

1/v2 1/V2 1/V2
P = 1V2/3|cosf cos(@ — 2x/3) cos(f + 2%/3)
sinf sin(f — 2=/3) sin(@ + 2x/3)

1/vV?2 cosf sind
P~' = V2/3|1/v/2 cos(® - 2x/3) sin(8 — 2x/3)
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Actual value of quantity

. ISI =3IV, E=V+I1.Z

Per unit quantity= Base value

M=[B :AB: A’B], G(s)=C[sI-(A-BK)|™'B, s? + 2{wy,s + w2=0

END OF PAPER



