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Abstract The application of electrified railway directly
promotes relevant studies on pantograph-catenary interac-
tion. With the increase of train running speed, the operating
conditions for pantograph and catenary have become
increasingly complex. This paper reviews the related
achievements contributed by groups and institutions
around the world. This article specifically focuses on
three aspects: The dynamic characteristics of the panto-
graph and catenary components, the systems’ dynamic
properties, and the environmental influences on the
pantograph-catenary interaction. In accordance with the
existing studies, future research may prioritize the task of
identifying the mechanism of contact force variation. This
kind of study can be carried out by simplifying the
pantograph-catenary interaction into a moving load
problem and utilizing the theory of matching mechanical
impedance. In addition, developing a computational plat-
form that accommodates environmental interferences and
multi-field coupling effects is necessary in order to further
explore applications based on fundamental studies.

Keywords electrified railway, pantograph and catenary
interaction, contact force variation, moving load problem,
mechanical impedance, multi-field

1 Introduction

The performance of a high-speed train (HST) is subjected
to the influences arising from the wheel-rail interaction, the
pantograph-catenary interaction, and the aerodynamic
resistances (Fig. 1). As one of the basic mechanics
problems of the HST dynamics, the pantograph-catenary
interaction plays an important role in HST operation,
because it supplies the electric resource of traction power

for electric rail vehicles. Thus, the operational stability of
an HST is highly dependent upon the performance of the
pantograph and catenary system.
Figure 2 illustrates two types of catenary system: Simple

and stitched. Figure 2(a) presents the simple catenary
consisting of a messenger wire, a contact wire, droppers,
registration arms, and support brackets. The messenger
wire, which is suspended by the brackets, is connected to
the contact wire via equally or non-equally placed
droppers. The registration arms, installed on the support
brackets, are used to clamp the contact wire to form a zig-
zag pattern above the centerline of the tracks. Compared
with the simple catenary, an elastic dropper is installed
between two adjacent spans for the stitched catenary (Fig.
2(b)). This kind of improvement not only increases the
uniformity of the vertical elasticity within a catenary span
but also adds energy transmission passage between
adjacent spans. When a stitched catenary is subjected to
external excitations, the mechanical energy is transmitted
to the whole catenary rapidly in the form of an elastic
wave, thereby reducing the interruption from local elastic
wave to the contact state between the pantograph and
catenary. As a result, the performance of the stitched
catenary is always favorable. However, compared with the
simple one, the stitched catenary has less popularity and
application because of the complexity of its construction
and maintenance.
The pantograph can be classified into three different

types: Four-bar linkage, diamond, and T-type pantographs.
The diamond pantograph (Fig. 3(a)) is not commonly used
because it has the potential to break the catenary when it is
out of order. The T-type pantograph (Fig. 3(b)) has a
simple structure with good aerodynamic performance and
is mainly used in the railway lines that prefer a low
working height, such as the Japanese Shinkansen. The
most popular pantograph consists of a four-bar linkage, a
balance bar, and a current collector (Fig. 3(c)). The balance
bar connects the current collector to the four-bar linkage
and keeps it moving in a vertical trajectory. As the
constraint between the current collector and the balance bar
can be designed with different types, the four-bar linkage
pantograph has many variations and has been widely used
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all over the world. Actually, regardless of the type of
pantograph, it is generally used to lift the current collector
to the desirable working height, thus putting it into contact
with the catenary wire and obtaining the current transmis-
sion.
Actually, the pantograph and catenary interact in a multi-

physical environment. Many types of energy transforma-
tion occur on the contact interface, including mechanical,
heat, and electric energies. Consequently, the performance
of the system depends on the multi-coupled interactions
among the mechanical properties (general and fluid
mechanics) and electrical and thermal effects. However,
no matter what the subject is, a stable contact state between
the pantograph and catenary is preferred. As the stability of
the contact state depends on the lift force in the working
height of a pantograph, good mechanical properties serve
as the bases of operation of the pantograph-catenary
system. In this paper, we do not pay attention to the content
outside the pantograph and catenary dynamics, such as the
electrical contact [2–6], friction and wear [7–10], heat
effect [11], and simulation and test technology of the
pantograph-catenary system. More details can be seen
from the relevant reviews [12,13].
When a moving pantograph passes through a disconti-

nuous node upon the contact wire, i.e., the clamp position,
this can lead to a transition radiation of the elastic wave on
the catenary [14]. This kind of elastic wave conversely
interrupts the vibration of the moving pantograph,
resulting in the dynamic interaction between the panto-
graph and catenary. In addition, the ambient wind and the
vehicle body movements caused by the degraded track

Fig. 2 Different catenary systems. (a) Simple catenary; (b)
stitched catenary

Fig. 1 Three basic mechanics problems in high-speed railway [1]

Fig. 3 Different types of pantograph. (a) Diamond pantograph-ATR90; (b) T-type pantograph-Shinkansen Serie 500; (c) four-bar
linkage pantograph-SSS400
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may also influence the pantograph and catenary dynamics.
Therefore, the first section, which focuses on the catenary
and pantograph components, presents a comprehensive
review of their influences on the system performance. The
second section introduces the basic characteristics of the
catenary and pantograph, including the properties of wave
propagation and the responses to the multiple-pantograph
operation. The third section briefly discusses the effects of
environmental factors to the pantograph-catenary system.
Finally, we give some prospects on the studies of the
pantograph-catenary interaction.

2 Dynamic characteristics of the catenary
and pantograph components

Both the catenary and the pantograph have various types
and are made up of complex components. For the catenary,
the droppers and registration arms directly determine the
equilibrium position of the contact wire and consequently
affect the vertical elasticity within the catenary span. The
section insulator is the location wherein the quality of
current collection always degrades. Regarding the panto-
graph, the suspension components and the current collector
are the key factors that affect the performance of the
pantograph.

2.1 Catenary components

In the static aspect, the arrangement of droppers deter-
mines the vertical elasticity of the catenary within a span.
While in the dynamic aspect, the dropper’s slackening
caused by the moving pantograph shocks the internal force
of the dropper with large amplitude. This oscillating force
plays a critical role in the fatigue life of the dropper.
Moreover, the force can also interrupt the contact state
between the pantograph and catenary, conversely.
To investigate the effects of the dropper slackening to

the contact force between a moving oscillator and a
hanger-supported beam, Lee and Chung [15] conducted
several profound studies, with consideration of both the
slackness and non-slackness hanger models. The authors
set the tension of the beam and used the moving speed of
the oscillator, the hanger stiffness, the suspension stiffness,
and the mass of the oscillator as the variable parameters,
and found that the contact force computed with the
slackness model is smoother than that computed with the
non-slackness model. On the contrary, the amount of
discrepancy depends on the moving speed of the oscillator
and the tension of the beam with the highest sensitivity
compared with other parameters.
Lopez-Garcia et al. [16] focused on the dropper

slackening effects to the vertical stiffness of a real catenary.
The stiffness is found to have a local maximum around the
droppers in a complete catenary span. The same results can
be seen in both the slackness (referred as taut-slack

dropper) and non-slackness (referred as only taut dropper)
dropper models. However, the slackening of the taut-slack
dropper can smooth the local maximum compared with the
only taut dropper. By applying the moving forces to the
catenary with different amplitudes and conducting static
analysis, he compared the relative difference of the
catenary stiffness between these two dropper models.
Figure 4 shows that the stiffness is the same when the force
is below 100 N, and if the force keeps increasing; in
comparison, the difference presents and reaches 16% when
the force is 250 N.

To investigate the effects of dropper slackening on the
pantograph-catenary interaction, Cho et al. [17,18] studied
the variation of contact force between the pantograph and
catenary by changing the amplitude of the uplift force
applied to the pantograph and adjusting the moving speed
of the pantograph. A relatively large uplift force is found to
slack the droppers and consequently reduce the catenary
stiffness. However, the reduced stiffness just smooths out
the contact force variation when the moving speed is
equivalent to 50% of the catenary wave propagation speed.
If the speed increases to 70% of the wave propagation
speed, then the variation of the contact force increases
drastically. Thus, the authors conclude that, unless the
wave reflection becomes a major cause of contact loss, the
increased uplift force can reduce the variation of the
contact force because of the dropper slackening.
When the pantograph passes through a registration arm,

the stress of the contact wire increases and oscillates
drastically. To clarify this phenomenon, Morikawa [19]
theoretically analyzed the stress level when different types
of registration arms interact with a moving pantograph, and
reported that the constraint type of the registration arm has
great influences on the stress magnitude.
In the severe cold region, the catenary tension changes

occasionally due to the varying temperature. Amari et al.
[20] found that, when the temperature decreases to 14 °C,

Fig. 4 Comparison of catenary stiffness between dropper models
with and without slackening
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the tension of the messenger wire can increase from 1.2 to
1.5 kN (Fig. 5(a)), in which case the quality of the current
collection is severely affected. To prevent this kind of
tension variation and to improve the performance of the
catenary, Amari et al. [20] built a supporting pulley of
messenger wire with optimized resistance parameters.
As a common device, the section insulator is used to

separate the catenary into different sections. Sugahara [21]
found that the difference of the sliding surface level at the
ends of the section insulator can potentially induce a
fatigue failure of the catenary.

2.2 Pantograph components

Regarding the components of the pantograph, the current
collector suspended at the pantograph frame is the
component that comes into direct contact with the catenary.
Because the elasticity of the pantograph frame mainly
contributes to a relatively high frequency, it is the type of
current collector and its suspension properties that
determine the basic frequency response characteristic of
a pantograph.
To clarify the most sensitive suspension parameters,

Park et al. [22] and Kim et al. [23,24] conducted several
studies and presented several conclusions. They modeled
the catenary by using a spring with variable properties,
which correspond to the stiffness of the catenary, and
simplified the pantograph into a spring-mass-stiffness
system. After constructing the table of the orthogonal
array of design parameters, they then used the sensitivity of
parameters and the signal-to-noise ratio to assess the
pantograph performance when the catenary span length
and the pantograph running speed change. Referring to
their results, the mass of current collector, the stiffness
between the pantograph frame and crossbar, and the
damping between the pantograph frame and the vehicle
roof have been proven to be the most sensitive parameters.
On the basis of their conclusions, Pombo and Ambrósio
[25] also conducted some contributive works to study the

influences of a pantograph’s structural parameters on the
system performance.
To improve the quality of the current collection,

Yoshitaka and Ikeda [26] proposed a new technology for
the suspension of the current collector by using a variable
stiffness device. Specifically, the original suspension with
constant stiffness is replaced by two facing air springs.
Figure 6 presents the prototype of the new pantograph
together with its compliance characteristic. Notably, by
changing the pressure resistance, the peak frequency of this
pantograph can be controlled to adapt the dominant
frequency of the catenary irregularity.
In a high-frequency domain, the current collector

deforms elastically because of the drastically oscillating
contact force, which has a great influence on the
pantograph-catenary interaction. Collina et al. [27] studied
the performances of different types of current collectors by
considering different levels of catenary irregularity
(Fig. 7). The relationship between the contact loss ratio
and the elastic deformation effects has been analyzed.
Their studies helped clarify that a higher complexity in the
structure and shape of the current collector corresponds to
a higher number of deformable modes in the same
frequency range and the horns play a significant role in
the position of the first natural frequencies. Figure 7(b)
shows that, with the lumped parameter model adopted in
their simulation, the contact loss percentage ranges from
0% to 1.5%. By contrast, considering the current collector
deformability in the model, the contact loss percentage
ranges from 0.3% to 3%. The differences between these
two pantograph models in terms of the contact loss ratio
increases with the level of irregularity (Fig. 7(b)).

3 System dynamic properties of the
pantograph and catenary

Controlling the sensitive parameters that influence perfor-
mance, with the aim reducing the oscillation of the contact

Fig. 5 Temperature-induced tension decreasing in the catenary and the solution. (a) Messenger wire’s tension versus temperature; (b)
messenger wire supporting pulleys
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force, is an important target of researching pantograph and
catenary interaction. Present studies have shown that the
variation of contact force between the pantograph and
catenary mainly depends on the train running speed. In
addition, the elastic wave propagated along the catenary
also has a significant influence, especially when multiple
pantographs are in operation.

3.1 Estimates of damping and properties of the elastic wave

As mentioned in the Introduction, when excited by a
moving pantograph at the discontinuous node of the
contact wire, the catenary vibrates with the elastic wave
propagating along the catenary wires. Due to the structural
damping, the wave energy attenuates with the increase of
propagating distance. As a result, we review the studies of
catenary damping before discussing the characteristics of
wave propagation.

3.1.1 Damping

The catenary is a very lightly damped elastic system that
always vibrates with low frequency, and even small
dissipative effects may significantly affect the panto-
graph-catenary interaction [28]. Some studies concern the
catenary damping. In particular, Cho et al. [29] determined
the damping ratios of a railway contact wire by using
wavelet transforms. In addition, Bianchi et al. [30]
introduced the modal damping to construct a viscosity
matrix for full model transient analysis. In their panto-
graph-catenary dynamic software OSCAR, the Rayleigh
damping can be compensated to the modal damping, in
order to obtain desired damping effects. Subsequently,
with the damping ratios measured from catenary frequency
response functions, Vo Van et al. [31] obtained a Rayleigh
damping curve; however, the fitted curve is found to give
un-reasonable damping effects compared with the experi-

Fig. 6 Variable stiffness device for pantograph suspension. (a) Collector equipped with a variable stiffness device; (b) estimation of the compliance

Fig. 7 Contact loss ratio versus catenary irregularities, considering different kinds of collector. (a) Different type of current collectors;
(b) elastic deformation effects of current collectors to pantograph-catenary interaction
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mental signals. Consequently, the fitted curve was
combined with the modal damping to give the damping
configuration suggested by Bianchi et al. [30]. The studies
done by Bianchi et al. [30] and Vo Van et al. [31] are
contributive, but the final combined catenary damping
configuration they proposed cannot be easily accommo-
dated by other existing software. As a result, Zou et al. [32]
proposed a method of a complex Morlet continuous
wavelet transform to identify the catenary modal para-
meters. With the experimental catenary displacement
history, the Rayleigh damping coefficients are determined
by an iterative simulation as well. Seen from his studies,
the damping ratio is about 1% for the frequency range
below 2 Hz. For the Rayleigh damping used in the finite
element simulation, the mass and stiffness proportional
coefficients are approximated at 0.02845 and 0.00274,
respectively.
Another contributive study is that from Nåvik et al. [33],

who identified the system damping in existing railway
catenary systems via an output-only modal analysis of the
acceleration time series, which are sampled directly on
three different catenary sections. The covariance-driven
stochastic subspace identification method is used, and both
the ambient vibration and vibration just after the train has
passed are considered. Aside from the damping ratios, the
unknown Rayleigh coefficients, which correlated to the
modal damping ratios with over-determined matrix
equations, are obtained for all three catenary sections.
For all the investigated catenary sections, the amount of
damping relatively decreases rapidly when the frequency
increases. In addition, differences of the damping estimates
are found between ambient and post-passage as well as

between different catenary sections. For the Rayleigh
damping, Fig. 8 shows that comparing the damping of the
different catenary sections, the estimates from the ambient
responses are highly consistent. However, greater diffe-
rences are observed in the post-passage results, specifically
at lower frequencies, whereas the damping at higher
frequencies is similar among the catenary sections.

3.1.2 Elastic wave speed and propagation

When the running speed of the pantograph reaches or even
exceeds the velocity of the catenary wave propagation, a
clear boundary exists between the interrupted and un-
interrupted zones upon the catenary. The deformation
pattern of the contact wire is similar to the Mach cone in
aerodynamics, in which case the uplift of the wire abruptly
changes around the contact point and the strain level
increases significantly or even becomes plastic. Both
increasing the tension of the catenary wire and decreasing
its mass per unit length can relieve the abrupt changing of
catenary responses. However, increasing the tension
reduces the allowance for the increment of stress and
also has the risk of breaking off the catenary. In addition,
decreasing the mass per unit length increases the
transmission resistance of the wire, and consequently, the
transmission losses would be increased.
Briefly, the electrified HST has a limit of running speed

corresponding to the wave propagation velocity of the
catenary. To clarify this speed limit, Park et al. [34] first
analyzed the vibration measurements by using the Gabor
transform and then determined the catenary wave velo-
cities in accordance with both the time delay of wave

Fig. 8 Rayleigh curve fits for all investigated catenary sections of Soknedal, Melhus, and Vålåsjø. (a) Ambient; (b) post-passage
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ridges and the correlation function of wavelet transform
coefficients. In addition, Zou et al. [35] utilized the
displacement contour of catenary uplift to identify the
group velocity of the catenary. He also concluded that
calculating the group velocity by treating the contact wire
in the overhead-wire system as a single string or beam
overestimates the result with a relative error of approxi-
mately 13.21%.
For the elastic wave propagating along the catenary, Zou

et al. [35] determined the wave propagation pattern on an
indoor catenary with three spans. With the displacement
contour presented in Fig. 9, a clear rhombus can be seen, in
which the vertexes of the rhombus in the contour plot
indicate the existence of a local disturbance. The lower
diagram in Fig. 9 gives the displacement history of a
monitor located at 110 m, in which the local peaks can be
well interpreted by the wave propagation. For example,
when time elapses to 1.2 s, the right traveling wave reaches
the monitor after reflecting at the catenary right end with an
opposite phase and consequently stirs up a positive
displacement peak.
Meanwhile, Hayasaka [36] used a damping device

equipped in the catenary overlap section to reduce the
wave reflection. For the damping coefficients of his
damper, they are optimized in accordance with the
impedance matching of wave guides. For the contact
force variation between pantograph and catenary due to the
elastic wave, Aboshi and Manabe [37] claimed that the
variation has four patterns, which are related to the span
length, the space distance between droppers, the wind
turbulence, and the irregularity of the contact wire. Some
contact force variation mechanism has been presented in
his work, but its validation and verification deserve more
research attention.

3.2 Dynamics concerning multiple-pantograph operation

Sometimes, more than eight vehicles are grouped into a
train to improve the capability of transportation. As a
result, the limited capability of a single pantograph
requires multiple pantographs put into operation. In this
case, the performance of the rear pantograph is feasible to
be interrupted by the catenary elastic wave excited by the
front ones.
By changing the running speeds and the space distance

between pantographs, Manabe and Fujii [38] studied the
resonance of pantograph and catenary. The resonance
phenomenon, which is identified by the variation of uplift
displacement of the rear pantograph, can be degraded by
installing a damping device onto the pantograph. Liu et al.
[39] focused on the multiple-pantograph operation and
found the periodical variation of the performance of the
rear pantograph (Fig. 10). To improve the train running
speed on the existing soft catenary, the sane author
suggested the use of an insulated front pantograph in
another study to improve the rear pantograph’s perfor-

mance at high speed, given that the insulated front
pantograph producing favorable elastic wave propagated
along the catenary [40].
Moreover, Zhou [41] claimed that the phase difference

between the rear pantograph’s uplift and the catenary
vibration at a certain position behind the front pantograph
is the key factor influencing the performance of the rear
pantograph. He also suggested the following formula to
calculate a favorable space distance Lg between two
pantographs:

Lg ¼ ð2k þ 1ÞγLs
α
, k ¼ 1,2,3,:::, (1)

where Ls is the span length, and γ represents a dimension-
less ratio between the running speed of the pantograph and
the wave propagation velocity of the catenary. Notably, α is
the correction coefficient introduced to extend the
application of Eq. (1) to different types of catenary, such
as the simple and stitched catenary. The studies of Zhou
[41] and Liu et al. [39,40] show that the performances of
pantograph and catenary system with two or more
pantographs in operation depend on the properties of the

Fig. 9 Wave propagating pattern in the catenary uplift contour
and a local displacement history

Fig. 10 Periodical variation of the contact force standard
deviation of the rear pantograph
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catenary wave. However, the mechanism of elastic wave
interrupting the contact force between the pantograph and
catenary is still not comprehensible enough to give a
quantitative estimation of contact force variation.

4 Environmental influences on pantograph
and catenary performance

The moving pantograph comes into contact with the still
catenary under the application of an uplift force. With a
low running speed, the disturbances both from wind
turbulence and vehicle vibration caused by the irregula-
rities of railway track are ignorable. However, with the
increasing running speed, these disturbances become
significant, and the resulted drastically varied contact
force degrades the performance of pantograph and
catenary systems and even induces an accident.

4.1 Wind-induced contact wire offset

As mentioned above, the catenary is a very lightly damped
elastic system and always vibrates with low frequency. As
a result, especially in the gale region, the wind turbulence
always offsets the contact wire from its static position and
degrades the system performance [42]. Occasionally, the
vibration instability occurs, or even the normal operation
of HST can be interrupted. Compared with the pantograph,
the investigations of the aerodynamics of catenary under
wind turbulence are not very thorough, and most of the
related studies are still in an exploratory stage. In
particular, some researchers reproduced the wind history
by using empirical wind spectra [43]. These approximated
wind profiles always differ from the real profiles in
environment. To overcome this kind of shortcut, a special
catenary for field test use can be seen outdoor in the gale
region in China. With the measurements of real wind

profiles and the wind-induced responses of the catenary,
the design and maintenance of electrical railway catenary
can be implemented in a more reasonable way.

4.2 Aerodynamic characteristics of the pantograph

In the high-speed case, wind turbulence not only
contributes to the mean but also to the variation of uplift
force of the pantograph. To investigate the aerodynamic
characteristics of a high-speed pantograph, Guo et al. [44]
analyzed the vortex shedding from the pantograph by
using the detached eddy simulation technology (Fig. 11),
and found that the strength and frequency of the shed
vortex greatly influence the aero lift force of the
pantograph. When the train speed reaches 350 km/h, the
vortex magnifies the amplitude of force variation by more
than 110%.

During 2000 to 2014, Ikeda and his group [45–53]
published serials of their achievements related to the
aerodynamic optimization of pantograph. By using the
computational fluid dynamics and wind tunnel test and
noise measurement, they developed a new pantograph,
namely, PEGASUS (Fig. 12). To improve the pantograph
performance, they adopted the active suspension device

Fig. 11 Vortex contour after pantograph at 350 km/h

Fig. 12 Pantograph PEGASUS for Shinkansen. (a) PEGASUS; (b) schematic for flow control technology (unit: mm)
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together with the flow control technology, such as air
blowing and jet ejection. Figure 12(b) presents a panhead
model with ejection outlets located on the top and bottom
sides of the model near its trailing edge. The lift force is
intended to be controlled by blowing air from the single
side of the panhead.
In Italy, by using wind tunnel test, the aerodynamic

characteristics of different types of current collectors
(Fig. 13) are investigated by Bocciolone et al. [54]. After
generating the aero forces in accordance with the quasi-
static theory, the authors assessed the performance of each
current collector in the pantograph-catenary interaction
simulation. The authors also suggested that, when seeking
an optimization of the collector profile, the first aim is to
reduce the drag coefficient. However, if the lift coefficient
derivative is too high, then the decreasing drag does not
give the expected improvement on the system perfor-
mance.
The aerodynamic noise originates not only from the

pantograph but also from the pantograph recess mounted in
the roof of the vehicle. Noger et al. [55] conducted serial
tests for a 1/7 scaled model in a low-subsonic wind tunnel.
Their results show that the rear vertical face of the recess is
proven to be the most complex and turbulent region and is
also the origin of the most important noise generation.
However, adding fences to the upstream hood could
remove the reattachment point inside the recess down-
stream. As a result, the intensity of the downstream shear
layer turbulence is decreased, consequently decreasing the
broadband noise level.

4.3 Disturbance from the environment

Regarding the studies of wind disturbance on both the
catenary and pantograph, Bouferrouk et al. [56] adopted
the aerodynamic admittance theory to study the wind-
induced offset on pantograph. By using the wind
measurement spectrum, Vo Van et al. [57] reproduced

time-varying vertical forces to study the aerodynamic
effects on pantograph-catenary interaction. The authors
pointed out that the aerodynamic irregularity only affects
the mean component of the contact force and has nothing
to do with the contact force standard deviation. Their
conclusion differs from that presented by Bocciolone et al.
[54], who claimed that the wind turbulence not only
contributes to the mean but also to the variation of uplift
force of the pantograph. With the quasi-static aerodynamic
force applied on the high-speed railway catenary, Song
et al. [58] studied the wind-induced vibration of the
pantograph and catenary system. In addition, due to the
existence of the groove on contact wire cross section, both
the wind speed and the attack angle exert a significant
effect on the catenary vibration and consequently on the
pantograph-catenary interaction. For the disturbance from
vehicle vibration, Pombo et al. [59–61] indicated that, due
to the filtering effects of the vehicle suspension, the vehicle
vibration, which is mainly caused by the irregularity of the
railway track, has a slight influence on the performance of
the pantograph and catenary system.

5 Conclusions and future prospect

The application of electrified railway directly promotes the
studies of pantograph and catenary. With the increase of
the HST running speed, the operational conditions for a
pantograph-catenary system have changed significantly.
Before performing further studies, sorting out the related
studies is necessary to seek a possible breakthrough. In this
paper, studies concerning the dynamics of pantograph and
catenary are summarized from three aspects: The dynamic
characteristics of components, the system dynamic proper-
ties, and the environmental influences on pantograph and
catenary performance.
Factors that affect the performance of pantograph and

catenary can be classified into static and dynamic aspects.
The vertical elasticity within a catenary span plays a

Fig. 13 Aerodynamic coefficients of the collector section profile. (a) Drag coefficient; (b) lift coefficient
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critical role among the static factors and mainly depends on
the tension of the catenary. In addition, the structural
configuration and the geometry of the catenary have
influence on it too. For the dynamic aspect, the system
performance is mainly affected by the elastic wave and the
relationship of natural frequencies between the pantograph
and catenary. Briefly, the interaction of the pantograph and
catenary is affected by many factors, and many factors
correlate to each other in a complex way. Therefore, future
studies must find ways to explain the mechanism of contact
force variation but not just to interpret the apparent
phenomenon. Possibly, it can be achieved by simplifying
the pantograph and catenary interaction into a moving load
problem. After extending the fundamental achievements to
the real pantograph and catenary system, the most sensitive
factors affecting contact force could be clarified and then
used to control the performance of the pantograph and
catenary.
Meanwhile, knowledge of the characteristics of external

flow around the pantograph and catenary is required to
clarify the key components affecting the aerodynamic
performance and noise. As the basic approaches to
investigate the aerodynamics, the technology of producing
a scaled or full-scale model of the pantograph and catenary
for wind tunnel test, the meshing generation, and the
turbulence modeling for flow field outside complex
geometry deserve more attention. Moreover, the active
and flow controlling technologies, i.e., shape optimization
and vortex generator, can also be used to improve the
system performance. To simulate the pantograph-catenary
interaction with accurate operational conditions, develop-
ing a computational platform that accommodates both
track-train and pantograph-catenary interactions and also
the environment-induced couplings is necessary. On the
basis of this kind of platform, the theory of matching
mechanical impedance (or admittance) and the principle of
power flow can be adopted to study the distribution and
transmission of system energy. Eventually, the parameters
of the pantograph and catenary can be designed and
assessed in a more reasonable approach.
Remarkably, the pantograph and catenary interact in a

multi-physical field. A slight disturbance of the structural
parameters may lead to dramatic changes of performance
index in different categories. However, the related studies
are still in the preliminary stage. As a first step, the
relationship between the generation of arc and the variation
of contact force could be investigated. The second key
point lies on the heat-induced friction/wear of the contact
materials. To date, the task of conducting such studies is
full of challenges, especially when innovations of testing
and measurement technologies are in great demand.
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