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Questions from last time
• What is the meaning of γl ?

– 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

4
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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

5 23 September 2016
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Surge impedance and propagation constant for 
lossless lines

•For lossless lines
–R’ = 0
–G’ = 0

1. How much is Zc and γ?
2. How much are the ABCD parameters?
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ABCD Parameters
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•For a lossless line:
–The surge impedance is pure resistive
–The propagation constant is pure imaginary

•For βl < π, the equivalent π-circuit is also lossless
– βl < π: for l<3000 km for 50 Hz
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Wavelength
• Wavelength: distance required to change the phase of voltage or current by 2π
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How much is λ?

• Velocity of propagation of voltage and 
current along a lossless line

• For overhead lines it is equal to the 
light speed, i.e. 3*108 m/s
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Wavelength
• Wavelength: distance required to change the phase of voltage or current by 2π
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Surge Impedance
How much is

1. V(x) ?

2. I(x) ?

3. S(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
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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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Steady-state stability limit
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Figure taken from:
J. Glover, T. Overbye, M. Sarma, Power System Analysis and Design,

Cengage Learning, Sixth Edition, 2016



DTU Electrical Engineering, Technical University of Denmark

Line Loadability
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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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6.8. P -δ-Diagram 123
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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. U1 is kept constant at
1.0 pu.

voltage levels. Normally, the higher value is selected, with a voltage magni-
tude around 1.0 p.u. At the lower voltage value, the current must be larger
in order to transfer the same amount of active power over the line. Thus,
the power losses in the line would increase and the line could come close
to (or even exceed) its thermal limits. The operation of the line at lower
voltages (i.e., below the dashed line in Figure 6.10) can lead to transmission
instabilities.

The transmission instabilities are caused by the expected behavior of
the system. In the upper portion of the curve, above the dashed line, an
increase in transmitted power corresponds with an increase in voltage. The
opposite is the case in the lower portion. As many system controllers are built
assuming operation in the upper portion of the curve, they cause problem
in the lower portion of the curve.

6.8 Power Transfer as a Function of the Voltage Pha-
sors

We will now examine another important relationship - that between the
transferred active power and the phase angle difference of the voltages at
the beginning and end of the line.

For this, we assume that the voltage amplitudes at the line ends are fixed.

Figure taken from:
G. Andersson and C. Franck, Electric Power Systems, 

Lecture Notes, ETH Zurich, 2013


