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31730: Electric Power Engineering, fundamentals

Transmission Lines
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Summary from last time
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Questions from last time

e What is the meaning of yl ?

— It has to do with the propagation of the voltage wave. Even if no impedance is assumed
the voltage is a traveling wave and as a result at one point x1 it is going to be different
from a voltage at another point x2

— The Ferranti effect has to do with these changes of voltage in space
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Goals for Today

Lossless line

Surge impedance

Surge impedance loading
Voltage profiles
Steady-state stability limit
Maximum Power Flow

Line Loadability
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Surge impedance and propagation constant for

>—
lossless lines -
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ABCD Parameters

Ve " cos(pl)

Is 7 sin( 1)
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eFor a lossless line:
-The surge impedance is pure resistive
-The propagation constant is pure imaginary

eFor Bl < n, the equivalent n-circuit is also lossless
- Bl < n: for I<3000 km for 50 Hz

Ir

Figure 5.26. Il equivalent circuit diagram of a homogenous power line
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Wavelength

e Wavelength: distance required to change the phase of voltage or current by 2n
V(z) = cos(Bx)Vgr + jZ.sin(Bx)Ig

I(x) - 7 sin(fBx)

— Vi + cos(Bx)IR
\ — 2T A= 1 \
5 V LC « Velocity of propagation of voltage and

current along a lossless line

 For overhead lines it is equal to the

HOW mUCh iS )\? light speed, i.e. 3*108 m/s
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Wavelength

e Wavelength: distance required to change the phase of voltage or current by 2n
V(z) = cos(Bx)Vgr + jZ.sin(Bx)Ig

1) = 50002
2T 1

‘=5 e

VR + cos(Bx) IR

A = 6000 km for 50 Hz
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Surge Impedance

How much is

FIGURE 5.9 ls I 1. V(x) ?
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Figure taken from:
J. Glover, T. Overbye, M. Sarma, Power System Analysis and Design,
Cengage Learning, Sixth Edition, 2016
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Voltage Profiles

FIGURE5.10 V(x4

Voltage profiles of Vane = Vs/cos(B¢)

an uncompensated
lossless line with
fixed sending-end
voltage for line
lengths up to a
quarter wavelength

VRSIL = VS

Ve
Vase = 0
X=f = ()
Sending end Receiving end

Figure taken from:

J. Glover, T. Overbye, M. Sarma, Power System Analysis and Design,
Cengage Learning, Sixth Edition, 2016
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Steady-state stability limit

Real power P FIGURE 5.11
A .
Real power delivered
YRY by a lossless line versus
Pmax = —37 voltage angle across
the line
t —= &

90°

Figure taken from:

J. Glover, T. Overbye, M. Sarma, Power System Analysis and Design,
Cengage Learning, Sixth Edition, 2016
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Line Loadability

FIGURE 5.12

Transmission-line
loadability curve

for 60-Hz overhead
lines—no series or
shunt compensation
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Figure taken from:
J. Glover, T. Overbye, M. Sarma, Power System Analysis and Design,
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Figure 6.10. Voltage at the end of the line as a function of the de-
livered active power for different line loadings. U; is kept constant at
1.0 pu.

Figure taken from:
G. Andersson and C. Franck, Electric Power Systems,
DTU Electrical Engineering, Technical University of Denmark Lecture Notes, ETH Zurich, 2013



