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1. It is required to design a transmission line of 250 km length to supply a demand of

350 MW at 0.95 PF lagging considering one of three voltages 132, 275 and 400 kV at
a frequency of 50Hz with typical phase-to-phase spacing of 7, 10 m and 12 m,
respectively. Note that 1 kemil= 0.507mm? and 1 ft= 0.305 m. From previous
experience we know that the characteristic impedances of lines at 132, 275, and 400
kV are approximately equal to 325, 300, and 275 Q, respectively. The land survey
indicated that we can build up to two towers side by side in the transmission corridor
each capable of carrying two circuits. The generator is rated at 13 kV 400MVA with
a rated power factor of 0.9 and the load has a rated voltage of 66kV.

a)

b)
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Fig. 1: Small power system for Problem 1

Calculate the surge impedance loading (P/Ps).) at the given voltage levels and
deduce a suitable voltage that would maintain a stability margin such that the
phase angle from sending to receiving is smaller than or equal to 45° from the
generator to the load. Deduce the number circuits that need to be built at the
selected voltage so as to allow the transmission of the specified power after the
first circuit is out. If more than one design is possible then select one and discuss
what additional information you need to have confidence in your decision.

From the list of conductors appended to this document select the most appropriate
conductor size at the selected voltage so that line losses for the selected conductor
are not to exceed 2.5%. Consider using bundled conductors in your design and
select the appropriate number of bundles in your conductor. Use a bundle distance
of 1ft.

Calculate the resistance, inductance and capacitance for the line design and
determine its total series impedance and shunt admittance. Also calculate the
actual (based on the design) characteristic impedance and surge impedance
loading. Having reached so far in your design, are you still confident that you
have made the correct voltage choice?
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2.

d)

e)

9)

Specify the transformers that you need to have in your design in terms of their
MVA rating, connection, and impedance.

Select a system base of 100MVA and the rated generator voltage as a base
voltage on the generator side. Model the load as an impedance and draw the per
unit equivalent circuit showing all impedance values. Show the calculation details
of some of your equivalent circuit parameters.

Calculate the ABCD constants of the overall transmission system and calculate
the voltage regulation of the transmission line including the transformers.

Calculate the sending end voltage and the active and reactive power supplied by
the generator. Comment on the results in as far as the voltage magnitude and
phase, and the active and reactive powers delivered by the generator.

Answer the following questions with the maximum number of 50 words without
using diagrams or equations. Just English sentences.

a)

b)
c)

d)

Discuss the issues that a planning engineer has to consider in selecting a
conductor size when designing a transmission line.

Explain the main reasons for dividing the conductor into bundles.

Explain a practical situation in transmission operation in which you need to
compensate using series capacitors. Where would you put the capacitors?

Explain a practical situation in transmission operation in which you need to
compensate using shunt capacitors. Where would you put the capacitor?
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Fundamentals of Power Systems Analysis

(EECE 471)
FORMULAE
. Ch.2: Basic Principles
Z
7. =Za
Y3
° Ch.3: Transmission-Line Parameters
*10-7 In 2
| =2*10 InR— %

b
D: geometric mean distance between phases
Rp: geometric mean radius of bundle

D= 3\/ Dab Dac Dbc Rb = 4\/ rld12d13d14

C= 2”; £=8854*10"2  F/m
" e
b

Rtf :\/4 r d12d13d14

. Ch.4: Transmission Line Modeling
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= Complex Power Flow on Medium Line:
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For S» exchange |nd|ces 1 and 2 in above equation

= Power Flow on a short loss-less line:
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