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Transmission Lines
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Goals for Today
• Transmission Line Models

– Series impedance
– Exact model
– 𝝅-model of a line

• Limits of 𝜋-model approximation

• Phasor diagrams including transmission lines
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Goal: Find voltage and current at any point x 
along a line

• What quantities do we need?
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Short Lines: length ≤ 25 km à Series Impedance
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Short Lines: length ≤ 25 km à Series Impedance
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Overhead line
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Medium length: length ≤250 km à p–model
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Figure taken from:
G. Andersson and C. Franck, Electric Power Systems, 

Lecture Notes, ETH Zurich, 2013
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p–model of a transmission line
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Overhead line
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Exact Equations: Valid for any line length.
Must use for length > 250 km
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Transforming the exact equations to an 
equivalent p–model
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This is usually the case for length ≤ 250 km 
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Accuracy of different Line Model Approximations
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5.4. Line Models 103
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Figure 5.21. Absolute value of the no-load voltage at the end of the
line computed with different models: a) exact (5.85a), b) with wave
equation for a lossless line(5.92a), c) with Π-model (5.98), d) with pure
series impedance (neglecting shunts). Typical parameters for a 400 kV
system voltage.

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

Lecture Notes, ETH Zurich, 2013

Absolute value of the no-load voltage 
at the end of the line computed with 
different models

a) exact equations: 5.2.33-5.2.36

b) wave equation for lossless line: 
5.4.10-5.4.12

c) Π-model: 5.1.14-5.1.17

d) Series impedance: 5.1.7-5.1.10

Check Table 5.1 and know when to use each model
length < 25 km: series impedance

25 km<length<250 km: Π-model

Length > 250 km: exact equations
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Identify the inductive and capacitive quadrants

15

R

jX
Z=inductive

Z=capacitive

X positive à inductive

X negative à capacitive

Z = R+jX

P

jQ
Q>0: ??

Q<0: ??

Sload = P+jQ

Ire

jIim Iim>0: ??

Iim<0: ??

Iload = Ire+jIim

5 4 3 2 1 0
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Phasor Diagrams
118 6. Power Transmission Fundamentals
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Figure 6.6. Relation between the phasors U1 and U2.

U2
XQ2

U2

j
XP2

U2

U1

δ

jXI2

I2

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

16

G. Andersson and C. Franck, Electric Power Systems, 
Lecture Notes, ETH Zurich, 2013

How will the phasor diagram look like for a capacitive load?
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Video

https://www.youtube.com/watch?v=tGQPZzFbLPE
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