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INFORMATION FOR STUDENTS:

| Youhave TEN (10) MINUTES to read the paper.
You must not begin writing during this time.

2 This is an OPEN BOOK Examination.
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6. If you are found cheating in the Examination, the penalties specified by the
University shall apply.

7 TURN OFF all Mobile Phones and place them on the floor under your seat
before the start of Examination.



Question 1 (20 marks)

The single-line diagram of a three-bus network is shown in Figure Q1.
Generators G1 and G2 have equal rating and so are transformers T1
and T2. The following are the system parameters.

Generators: Xx1=X2=10%, Xo0=5%
Transformers: X1 =X2=X0=5%
Trans. Lines Xi=x2=12%, x0=40%

(a)Determine the positive, negative, and zero sequence networks for
this system for a fault at bus 1.

(b) Determine the fault currents and fault levels for a solid fault at
bus 2 for the following fault types:

(i) three-phase fault,

(ii) single line —to-ground fault,
(iii) line-to-line fault, and

(iv) double line-to-ground fault.

(Assume the prefault voltage is ¥ =1.05.20" p.u)
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Figure Q1



Question 2 (20 marks)

(a)Two identical synchronous generators of 80 MW operate in
parallel. The governor settings on the machines are such that they
have 4 % and 3 % droops (no load to full load % speed drop).
Determine the load taken by each machine for a load increase of
200 MW.

(b)A 500-MVA, 50-Hz turbine-generator has a regulation constant
R=0.05 per unit based on its own rating. If the generator
frequency increases by 0.01 Hz in steady-state, what is the
decrease in turbine mechanical power output?

Assume a fixed reference power setting.

Question 3 (40 marks)

The data for the system given in Figure Q3 is provided in Table Q3.
Select the current tap settings (TSs) and time dial setting (TDAs) to
protect the system from faults. Assume a three CO-8 relays for each
breaker for the respective phases, with 0.25-second coordination time
interval. The relays for each breaker are connected such that all three
phases of each breaker open when a fault is detected on any phase.
Assume a 33-kV (line-line) voltages at all buses during normal

operation.
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Figure Q3



Question 3 Cont’d

Table Q3

Maximum Load Symmetrical Fault Current
Bus MVA Lagging p.f. Maximum A Minimum A
1 9.0 0.95 5000 3750
) 9.0 0.95 3000 2350
3 9.0 0.95 2000 1500
Breaker Breaker Operating Time CT Ratio Relay
Bl 5 cycles 6L : 5 CO-8
B2 3 cycles 400:5 CO-8
B3 3 cycles 200:5 CO-8

CO-8 relay Time dial characteristics is attached.

Question 4 (20 marks)

(a) With reference to diagram in Figure Q4 and admittance matrix
provided, determine ¥, using Gauss-Siedel iteration method.
Take bus 2 as a load bus.

G

P, + jOQo
I/'

L3S

V, =1.04£0°

P, =045+ j0.2

1.14+ j0.31
Figure Q4



Question 4 Cont’d

|1 .8416314£—80.485610° 1.904443.299.197819°
bus 1 1.904443.£99.197819° 1.841631£ —80.485610°

(0
Hints: Start with the guess 52 ) = Z—12° and VZ(O) =0.94 p.u

1 Pz"jQz
Y2 (Vzm)*

(v+1)
v, - -yl

Use the equation

END OF EXAM
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