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• How much is the surge impedance of a lossless line?

• What happens when we connect at the end of the line a load equal to the surge impedance of 
the line?

4
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Surge impedance loading
• How much is the surge impedance of a lossless line?

• The surge impedance of a lossless line is pure resistive

• At surge impedance loading the power line is in a state of reactive power balance
– Series inductances consume the same amount of reactive power as the shunt 

capacitances produce
– Reactive power consumed on series inductance: dependent on current through the line
– Reactive power consumed on shunt capacitance: dependent on voltage at line ends

5
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Reactive power demand of a line

6

116 6. Power Transmission Fundamentals
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Figure 6.3. The reactive power demand at the beginning of the line,
as a function of the active power at the end of the line (U1 = U2,
lossless line).
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0

U1∠δ R+ jX U2∠0
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Pload + jQload

P2 + jQ2

Figure 6.4. Π-model of a transmission line.

the line is smaller than the surge impedance loading (i.e., if P2 < PSIL),
the line can be regarded as a capacitance which generates reactive power at
both line ends. If P2 > PSIL, the line behaves like an inductance and reactive
power has to be supplied to the line. Thus, high-voltage transmission lines
can be operated with variable load and approximately constant voltages at
both line ends only when sufficient sources of reactive power are available
at both line ends.

6.5 Voltage Drop Along a Line

In this section, expressions for the voltage drop along a transmission line
will be derived for different power transfers.

We consider the model in Figure 6.4. The parameters R, X, and B, will
be calculated from the distributed parameters of the line, R′, L′, and C ′ (G′

is neglected in the following). At the receiving end of the line, the complex
power Pload + jQload is delivered.

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

Lecture Notes, ETH Zurich, 2013
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Voltage Profiles

7

Figure taken from:
J. Glover, T. Overbye, M. Sarma, Power System Analysis and Design,

Cengage Learning, Sixth Edition, 2016
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Voltage at the beginning of the line for different 
power factors

• The above diagram shows the voltage and current phasors for an inductive load (lagging 
power factor) and a line modelled as a series inductance

• Draw the phasor diagrams and describe what happens with the voltage angle and magnitude 
for:

1. cosφ = 1
2. P=PSIL (here you must use the exact parameters/equations for the lossless lines)
3. cosφ : leading
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Figure 6.6. Relation between the phasors U1 and U2.
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j
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Figure 6.7. Simplified relation between the phasors U1 and U2.

The resistance can often be neglected in these calculations for voltage
levels above 150 kV as R is then much smaller than X, see Table 5.1 For a
lossless line with R = 0, equation (6.42) can be simplified to:

U1 =

√(
U2 +

XQ2

U2

)2

+

(
XP2

U2

)2

(6.43)

This simplified relation between U1 and U2 is depicted as a phasor di-
agram in Figure 6.7, for a lossless line. In realistic cases, |XP2/U2| ≪ U2.
Therefore, the right portion of equation (6.43) can be neglected and we have:

U1 ≈ U2 +
XQ2

U2
(6.44)

From Figure 6.7, it can be seen that the phase angle difference between the
two voltages is determined by the active power flow P2. Also, the voltage
(amplitude) difference ∆U = U1−U2 is caused mainly by the reactive power
Q2.

In the above investigations, we assumed that the voltage and powers
were known at the same end of the line; however, it is often the case that
the voltage at one end of the line (e.g., at the generator end) and the pow-
ers at the other end of the line (e.g., at the load end) are given. In this
case, the equation (6.42) is still valid, but now the voltage U1 is known and
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6.8. P -δ-Diagram 123

       

stable

unstable

U2
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0.98

0.98
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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
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Steady-state stability limit

10

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
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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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Shunt Reactive Compensation
• You are given:

1. Nominal voltage at full load conditions
2. Current at full load conditions

• You need to determine
– Nominal voltage at sending end
– Percent voltage regulation at no-load conditions
– Shunt reactive compensation to stay within limits

12


