National Exams December 2019
16-Elec-B7, Power Systems Engineering
Open Book Examination

3 Hours Duration

Notes

1) If doubt exists as to the interpretation of any question, the
candidate is urged to submit, with the answer paper, a
statement of any assumptions made.

2) Any non-communicating calculator is permitted. This is an
Open Book examination. You must indicate the type of
calculator use in the writing of this exam. Please write the
name and model designation of the calculator used on
the first, inside left-hand sheet of the exam work book.

3) Any five questions constitute a complete paper. Only the
first five questions as they appear in the answer book will

be graded.
4) All questions are of equal value
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Question 1: [20 Marks] . |
Infinite Bus

A single line diagram for the three- -phase dlstrlbutlon
system of a small manufacturing company is shown.
Joad, L1 is presently unused and disconnected, Load L2
is a heating load of 150 kW and motor M1 is & 125 hp
motor (1 hp = 746 W) which operates at 85.4%
efficiency and 0.8 lagging power factor. “Thé 600V bus

operates at rated voltage. Choose a base powerof 500 T1
kVA and a base voltage of 600 V for the low voltage side 12.5 kV/600 V
ofithe transformer and perform the following 300 KVA
calculations: X=0.1pu
a) Determine the per-unit current and: lmpeda'n‘ce
base values for the high voltage side of the !
transformer. (5-Marks) O
b) Determine the per-unitimpedance value for the :
transformer T1 and the motorload M2 using the O '
base values specified: {5 Marks} Load
Motor L1 L2

¢) Ignoringload L1, determine the primary (high M1
voltage) transformer current in amps if the [oad. -
bus is operating at:600 V. (5 Marks)

d) Determine the maximum unity power factor Joad that can be supplied from the L1
feeder without overloading the transforiier, (5 Marks)

16-Elec-B7/Dec 2019 Page 2 of 7



Question 2 [20 Marks]

A 60 Hz, 345 kV, double:circuit
transmission line is Shown with
appropriate dimensions (ignore the Az,
B2, :and € 'conductors). Each phase is a
bundled conductor consisting of twe
ACSR conductors with:a diameter of
12.75 mm (code name Pigeon) and
which are separated by 0.5 m as shown.

(Noteé: pto = 4 wx 107 H/m.and go-= 8.85 x

102 F/m)

a) Détermine the per-phase
inductance of this transmission line (the

Ay phiase is directly above thé By phase)..

(8 Marks)

b)  Ifeach conductorof the bundle:
has:a resistance of 0.15 Ohs perkmi

and thé capacitance-is calculated to be
0,038 uF/km, déteérming, and draw.the

-appropriate per-phase model for.a 50 ki
Jength of this transmission line. (4 Marks)

) The A, B; C, D parameters of a

6.4m

- ‘\

P

3I5m

28'm

21.8m,

4]

TTH

similar voltage and capacity tranismission ling are given below. Determine the sending end
voltage and current for a rated receiving end voltage and loading of 200 MVA at unity power

factor. (8 Marks)
A=D=0.952£0°
B=33.2275°

C=0.00027.89°
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Question 3 [20 Marks]

A) A three phase 500 MVA load at 0.8 power factor lagging is supplied by.two generators as shown
in thie diagram through two transmission lines. The load volitage is 69 kV: Generator 1 delivers
240 MW and 180 MVAR to the load through the transmission line: Determiné:

l.  Thecurrentin N y _
transmissian ling 1 3 RO LR L%
(from G2.to load 61 NN G2

bus). (4 Marks) 220+ |
1180 MVA

LB 500 MYA
ll. Theterminal T 0.8ag
voltage at the
output of
generator 1. (4 Marks)

fll. Thereactive power-that is supplied by generator G2:at itsterminals: (SMa!‘ks)

‘B) What is the difference between a “swing (or slack)” bus.and.a “generator” bus interms:of the:
uhknewn variables for the load flow set up? (4 Marks)

C) When the load flow selutions are returned to the user, what:should you be looking for in order
to ensure the power system is functioning properly? Address-at l"e"a's',t_":c;h'i_’,e:ei items; (3 Marks)
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Question 4 [20 Marks]

A 100 MVA, 20 kV, cylindrical rotor, synchronious generator has a saturated synchronous

reactance of 1.5 pu.
a. Whatinternal excitation {in Vi) is required to-deliver % rated load at 0.8 pf lagging at
rated terminal voltage? (3 Matks)

b. What is the generator torque‘angle:for the lgad of part a)? (2 Marks)

c. At the value of excitation set for part a) what is-thi iaximum power (in Watts) the
generator can deliver? (3 Marks])

d. If the excitation voltage is increased by 10°%,; fronv that determined in part a), but the
load power is held constant; what guantities will change:ds a result? Draw a phasor
diagram to demonstrate your reasoninig. (4 Marks)

e. If a sudden three-phiase shart ¢ircuit is:applied to-the terminals of the generator; sketch,
current waveforin over time? (4 Marks)

. Draw a sketch of the iotor of a four-pele salignt pole synichronous generator and identify
the following: Direct axis; Quadrature axis, Field winding, Amadrtisseur winding, (4 Marks)
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Question 5 [20 Marks]

A} The single line diagram for a power system.is shown with appropriate impedance values below.
(ih pu were not otherwise stated). Use a 100 MVA base and draw the zero sequence network
for this system in preparation for a stability study (10— 15 cycles). Provide impedance valugs on
your diagram-where: possible, (10.Marks)

Al generators: 100KAVA;  20kV; Xs=18; X/ =06 X"=02; Xo=03; %=0.1
Al Transformers: T00:MVA; 20/138kV (or 138/20 kV); X=0.15 Xg=0
Transrnission lineas shows in Ohms,

Load Az 50 MW, Delta connectéd

Load Bt75 MW, Wye coringcted

F ol
o0

Load A~—{}

—D—} é—l:,L |74 ohms

B) At agiven bus (NOT the system shown in part A), a power system has a positive sequence
reactance of j0.23 pu, a negative sequence reactance of j0.23 pu and a total zero sequence
reactance of j0.45 pu: Determiine the following for rated pre-fault current:

i

ii.
iii.
iv.

The magnitude of a solid three phase fault in pu at the location specified. (3 Marks)
The magiitude of a single line to ground fault in pu at the same location. (3 Marks)

Explain how you block zero sequence current from flowing in a generator. (2 Marks)
Explain why it is important to minimize the zero and negative sequence currentin a
generator. (2 Marks)
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Question 6; [20 Marks]

Agenerator, with a transient reactance of j0.5 pu, delivers 0.6 pu real power to an infinite bus
thro‘_u:gh':a transformer and two transmission lines in parallel as shown below. A solid three
phase fault'oceurs at position near “F” which is cledred by 6pening both:ends of the
transmission leaving only one line in service.

If thé generator internal voltage is 1.5 pu, determine the initial power angle, (2 Marks)
~Drawthe relationship between the real power flow from the generatorto the infinite bus as’a
funiction of the relative angle 8 beforé the fault, during the fault and after the-fault is.cleared:
Indicate the mechanical power, the initial operating-angle, the maximum angle and the final

angle afterthe fault is cleared. (5 Marks)

Use'the diagram drawn to show how stability can be asséssed by the-equal area method. (3
Marks)

i0. . jO:2
————— [ ¥i{iy )= - | - . [//
. A : JO.Z L . _'/-
: _l_ Lﬁc:(:}.t.‘:[i_; ——— g — C
F @ Bus
V=1.0

Fxplain-what is meant by the phrase “critical clearing time” and why is it important? {3 Marks)
How is the load flow solution connected to a stability study? (3 Marks)

Why does an arc form when a circuit breaker opens and give two methods used to extinguish
the “arc” that results when a circuit breaker is opened under load. (4 Marks)

16-Elec-B7/Dec 2019 Page 7 of 7



