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ABSTRACT: An ever increasing demand for reduced travel time makes it important to exploit the full capacity of existing 
overhead railway catenary systems. This has become a pressing issue in Norway due to the fact that the maximum speed in 
many existing railway sections are only 70 or 90 km/h. In many places there is no plan to reconstruct the railway line. It is 
therefore important to investigate the static and dynamic behaviour of the pantograph-catenary interaction as the train speed is 
increased to ensure electrical and mechanical contact for higher speeds. Along the railway line there is several places where the 
contact wire height has to be decreased to pass under obstacles, such as bridges. This paper investigates the dynamic behaviour 
of an existing railway catenary system, named Tabell 54, for extreme low passage at exceeding design velocities. This has been 
done by running dynamic analyses on finite element models made of existing railway catenary systems with different gradients 
in the decrease of the contact wire height. It has been found that the dynamic response of the examined catenary system due to 
change in contact wire height starts to increase somewhere between 130 and 200 km/h. The dynamic response is also found to 
increase with increasing gradient between the same velocities. 

KEY WORDS: Catenary systems; Contact wire; Dynamic response; Norwegian railways; Pantograph-catenary interaction; 
Existing railway catenary; Spectral analysis; Numerical simulations. 

1 INTRODUCTION 
The improvement of the structural understanding during the 
life span of essential infrastructures is an important problem to 
address. This is partly due to the situation of an ever 
increasing number of infrastructures reaching their final stage 
of design life, and partly due to changing loads and non-
fulfilment of maintenance, rendering physical signs of wear 
and tear. 

In this study a part of the Norwegian Railway called “The 
Dovre line” is investigated. This is the main railway line 
between Oslo and Trondheim. The part investigated was 
electrified in 1970, and was built on piecework. At the 
investigated section the contact wire height is lowered to pass 
under an existing bridge. The contact wire height is thus 
reduced from 5.6 m to 5.15 m. The design speed is between 
70 and 90 km/h, depending on the topology. Due to these low 
speeds improvements are sought to be able to increase the 
speed. 

The essential property of the interaction between the 
catenary system and the pantograph for the electric railways is 
to ensure supply of electricity to the train. This interaction is a 
coupling of two non-linear dynamic systems[1]. The induced 
wave motion from this interaction in the catenary system is 
extremely complex, and is influenced by many parameters 
such as the span length, the mass of the wires, the tension in 
the wires, the dropper spacing and the design of the 
supporting structures. The understanding of this interaction is 
mandatory to develop existing catenary systems dynamic 
behavior where performance improvements are sought [2]. As 
the velocity of the train is increased, the importance of the 
dynamic behaviour of the railway catenary system is also 
increased[3]. Usually, it is assumed that for high speed 

railway overhead contact lines no significant dynamic 
response is present below 200 km/h due to the system design. 
The catenary system investigated is design for much lower 
speeds. At design speed the behaviour of the catenary system 
is for practical purposes quasi-static as the train passes. 
However, numerical simulations show that as the velocity is 
increased above the design speed the dynamic behaviour also 
increases until excessive vibration response is observed.  

A change in the gradient of the contact wire height will at 
higher speeds give a significantly larger dynamic behaviour 
than if the gradient was null. This is because of differences in 
the geometry of the catenary system due to gravity, elasticity 
properties of the catenary system and the rapid decent of the 
pantograph. 

A result of a too extensive dynamic response of the catenary 
system is increased wear and extensive challenges regarding 
an introduction of multiple pantographs on the trains[3].  

In this study the increase of dynamic behaviour due to rapid 
extreme lowering of contact wire height is investigated as the 
speed is increased above design speed. The present study 
evaluates the dynamic coupled system between the catenary 
system and the pantograph. This includes 3D finite element 
modelling of a full length section of the existing catenary 
system. The model is used to investigate the vertical 
displacements of the contact wire along the whole section. 

2 RAILWAY CATENARY SYSTEMS 
The railway catenary system consists of a contact wire, a 
messenger wire, droppers, registration arms and brackets as 
can be seen in Figure 1 and Figure 2. The contact wire is the 
conductive part which transfers the electricity to the train 
through the pantograph. The messenger wire carries the 
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vibrations will be apparent at lower train velocities, and 
dynamic effects due to a change in gradient may be seen more 
clearly. The dynamic response have been investigated by 
regarding the vertical displacement as a train approaches, 
passes and have passed the midpoint of a span. The maximum 
uplift has been extracted from the analyses for train speeds of 
90, 130 and 200 km/h for span A to F. The mean maximum 
value and the standard deviation of the uplift for the six spans, 
A to F, is found to be increasing when the speed goes from 90 
to 130 km/h. But from 130 to 200 km/h the standard deviation 
is the only one increasing. The mean maximum values of the 
uplift and the standard deviation of the maximum uplift in 
span A to F are shown in Figure 12 for Model 1, 2, 3 and 4. 
The gradient of the decrease of the contact wire height 
increases with increasing model numbering.  Thus, it can be 
seen that the maximum vertical displacement in mid span 
increases for an increasing gradient. 

 
Figure 12. The maximum uplift in the middle of the spans A 

to F displayed with the mean value and standard deviation for 
Model 1, 2, 3 and 4. Values have only been found for train 

speeds of 90, 130 and 200 km/h. 

The mean contact force and the standard deviation of the 
contact force have been extracted for all these analyses. The 
values were found to be of the correct magnitude compared 
with given measurements at 90 and 130 km/h. This indicates 
that the contact force is of the correct magnitude for 200 km/h 
as well. 

By looking at the vertical displacement and the 
corresponding spectral density in point C1 the dynamic 
response at mid span has been more thoroughly investigated. 
The only difference in the response between the four models 
for train speeds of 90 and 130 km/h is a difference of the 
maximum displacement. It was found to increase 
approximately linearly from Model 1 to 4 with 10%. At these 
velocities there is not found any particular difference in the 
dynamic response. When the speed was increased to 200 km/h 
there was found both static and dynamic differences between 
the models. For the three different train speeds there have 
been in general found that the maximal vertical displacement 
in C1 increases as the speed is increased, mostly between 90 
and 130 km/h, but also some between 130 and 200 km/h. This 
can be seen when comparing responses given in Figure 13, 
Figure 14 and Figure 15. For all the four models the response 

at 90 km/h is found to be quasi-static, but already with a train 
speed of 130 km/h the dynamic response is found to be 
significant. This can be seen directly from the plots of the 
displacements where at 90 km/h the response is only a peak 
when the train passes underneath the regarded position, which 
clearly shows that the response is not dynamic. At 130 km/h 
the system oscillates about its equilibrium position with 
significant amplitude, which decreases with time due to 
damping in the system. The spectral density of the vertical 
displacement for a train speed of 90 km/h shows also that the 
response is mostly influenced by static contributions, and thus 
confirms that the response is quasi-static, Figure 16. From the 
spectral density of the displacement for a train speed of 130 
km/h the dynamic response is confirmed by the total increased 
response compared with at 90 km/h, and especially the high 
response close to the first natural frequency, see Figure 17. 
The peak of the response is found at a frequency slightly 
below what was found as the natural frequency in the 
frequency analyses performed. But after investigating the 
response of the catenary around this slightly lower frequency 
there is found that this response looks like a stationary half 
sine wave in one span after the train has passed, and thus the 
first natural frequency. It is possible that the natural frequency 
is lowered due to a change in the effective stiffness/mass ratio 
as the train passes the section. And because it is so close to the 
estimated natural frequency, it continues to oscillate with this 
frequency. 

In the analyses with a train speed of 200 km/h there is 
oscillations after the train has passed. The shape of the 
oscillations shows sign of beating due to a combined response 
of two very close frequencies. The corresponding spectral 
analysis shows that the response is most influenced by the 
dynamic response in a narrow area around the first natural 
frequencies. The damping ratio for this frequency is found 
with the half-power bandwidth method to be approximately 
2% for the analyses of all the models with train speed of 200 
km/h. This is the same damping value which was introduced 
for the first natural frequency in the numerical model. 

 
 

 
Figure 13. The vertical displacement of point C1 in Model 1 

as a train with a speed of 90 km/h passes the modelled section. 
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Figure 14. The vertical displacement of point C1 in Model 1 

as a train with a speed of 130 km/h passes the modelled 
section. 

 

 
Figure 15. The vertical displacement of point C1 in Model 1 

as a train with a speed of 200 km/h passes the modelled 
section. 

 
Figure 16. The corresponding spectral density of the vertical 

displacement of point C1 in Model 1 as a train with a speed of 
90 km/h passes the modelled section. 

 

 
Figure 17. The corresponding spectral density of the vertical 

displacement of point C1 in Model 1 as a train with a speed of 
130 km/h passes the modelled section. 

 

 
Figure 18. The corresponding spectral density of the vertical 

displacement of point C1 in Model 1 as a train with a speed of 
200 km/h passes the modelled section. 

For a more comprehensive investigation of the dynamic 
response as the train speed is increased the results from the 
analyses with a train speed of 200 km/h for the four models 
have been compared. The maximum vertical displacement in 
these analyses can clearly be seen to increase with steeper 
gradient. This increase is presented in Table 2 both by the 
actual maximum vertical displacement, and the increase 
compared with the displacement from Model 1 in per cent. 
These results can also be seen by comparing the plots in 
Figure 15, Figure 19, Figure 20 and Figure 21. From the 
corresponding spectral analyses there is found that the 
dynamic response also increases as the gradient steepens by 
comparing the magnitudes of the spectral density. This can be 
seen by comparing values of the spectral density from Model 
1 to 4, shown in Figure 18, Figure 22, Figure 23 and Figure 
24. 
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Table 2. The increase of the maximum vertical 
displacement as the gradient is increased for train speed of 

200 km/h. 

Model 1 2 3 4 
Gradient in decrease[m/m] 0.000 0.001 0.0015 0.0029 

Max. vertical 
displacement with train 
speed of 200km/h[mm] 

80 84 87 93 

Increase of max vertical 
displacement compared 

with Model 1[%] 
0 5 8.75 16.25 

Max. spectral density 4481 5651 6004 6991 
Increase of spectral 

density compared with 
Model 1[%] 

0 26 34 56 

 
 

 
Figure 19. The vertical displacement of point C1 in Model 2 

as a train with a speed of 200 km/h passes the modelled 
section. 

 
Figure 20. The vertical displacement of point C1 in Model 3 

as a train with a speed of 200 km/h passes the modelled 
section. 

 
Figure 21. The vertical displacement of point C1 in Model 1 

as a train with a speed of 200 km/h passes the modelled 
section. 

 
Figure 22. The corresponding spectral density of the vertical 

displacement of point C1 in Model 2 as a train with a speed of 
200 km/h passes the modelled section. 

 
Figure 23. The corresponding spectral density of the vertical 

displacement of point C1 in Model 1 as a train with a speed of 
200 km/h passes the modelled section. 
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Figure 24. The corresponding spectral density of the vertical 

displacement of point C1 in Model 1 as a train with a speed of 
200 km/h passes the modelled section. 

5 CONCLUSION 
The dynamic behaviour of the existing Norwegian catenary 
system, Tabell 54, has been investigated, to determine at what 
train speeds dynamic response can be expected, and what 
dynamic effects a decrease of the contact wire height induces 
for different speeds. Dynamic analysis with three different 
train speeds, 90, 130 and 200 km/h have found that dynamic 
response of significance is found already at 130 km/h both for 
sections with and without a decrease of the height. The 
specific dynamic effects of a contact wire height decrease is 
found by performing dynamic analyses on four numerical 
models with different gradients of this decrease. It has been 
found that additional dynamic effects from this decrease are 
not present at 130 km/h, but are significant at 200 km/h. The 
dynamic response for the model with the steepest contact wire 
height decrease is around 50% larger than the model with no 
decrease. This indicates that at some speed between 130 and 
200 km/h the additional dynamic effects due to this decrease 
are of great importance. To better control the dynamic effects 
due to this decrease a more thoroughly study should be done 
with speeds between 130 and 200 km/h. 
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