Plasser & Theurer's “FDMA” system for
measuring overhead wires

The overhead wires for high-speed and/or high-capacity railway lines must be
positioned precisely within tight tolerances both vertically and laterally. In addition
to that, it is essential to make sure that the catenary maintains more or less
constant vertical elasticity. If these two characteristics are achieved at the same
time, they will ensure that pantographs run smoothly, that the amount of wear
and tear will be minimised, and that the service life of the overhead wires will be
extended. Plasser & Theurer’s new system for measuring overhead wires (known
as “FDMA”) is presented in this article.

The competitive environment has pushed
the railways to keep on increasing their op-
erational speeds. France has now reached
320 km/h, Spain 350 km/h, and China
even intends to run at 380 km/h in normal
daily operations in future. Seen in this con-
text and also in combination with economic
considerations, it is crucial to adapt and op-
timise the procedures for constructing and
maintaining electrical overhead wires. Very
significant performance improvements and
savings can be attained by using modern
machines for working with overhead wires
(self-propelled catenary installation ma-
chines and self-propelled tower cars), when
hanging new catenaries as well as when up-
grading and maintaining existing ones.

1 Quality requirements for
catenaries

Overhead wires do not have any inbuilt re-
dundancy. That makes their availability par-
ticularly important. New quality criteria for
the interaction between overhead wires and
pantographs are intended to ensure that the
current pickup stays constant and that the
wear on the contact wire remains low. This
requires very tight tolerances as regards
the geometric position of contact wires both
vertically and laterally. The height of the con-
tact wire ought to be as close to constant as
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possible, in other words there ought to be
no height differences between neighbouring
droppers or support points. Any irregularity
in height leads to higher contact forces, the
result of which is severe wear on the contact
wire. It is imperative to abide by the toler-
ances laid down in the TSls (Technical Speci-
fications for Interoperability), the ENs (Euro-
pean standards) and the guidelines of each
individual railway. Particular attention must
be paid to ensuring that the contact wire is
positioned accurately. Its quality must thus
be established and documented with techni-
cal measuring equipment after its initial in-
stallation and in relation to any subsequent
maintenance activities.

When trains run faster, there are bound
to be higher tensile forces acting on both
the contact wire and the messenger wire.
That, of course, also makes it necessary
to use new materials with higher mechan-
ical-strength values. The high contact and
messenger-wire forces guarantee a low and
even vertical elasticity in the catenary and a
velocity of wave propagation in the contact
wire that is 30% higher than the highest op-
erational train speed. This satisfies one of
the most important quality criteria for the
dynamic interaction between the contact
wire and the pantograph — in other words
a pattern of contact forces that remains as
close to constant as possible.
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2 Standards and guidelines for
construction and maintenance

Standards and guidelines form the basis
of the technical specification for the “en-
ergy” subsystem of the interoperable Euro-
pean railway system. The requirements as
regards geometric and dynamic properties
are described in detail in the following Eu-
ropean standards: EN 50367, EN 50317,
EN 50318, EN 5 0149 and EN 50119. Ac-
cording to TSI Energy, the manufacturer is
required to disclose operational limit val-
ues, for example, as regards the permissi-
ble tolerances for the lateral position. The
vertical jolts over the length of the contact
wire must also be kept within limits. Accord-
ing to EN 50119, the maximum permitted
change in the gradient of overhead wires
for velocities of up to 200 km/h, for ex-
ample, is 1 %o, and, for velocities of up to
250 km/h, it is as little as 0.5 %o.

The infrastructure manager is required
to maintain the characteristics defined
for overhead wires throughout the whole
of their service life and to document this
through measurements. What is of particu-
lar interest in this context is the height and
lateral position of the contact wire both at
rest (i.e. in a static state) and in its uplift
position (i.e. its dynamic behaviour with
pantographs running along it).
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TSI HS Energy states that the position at
rest is to be measured at low speeds and
with a contact force in the range of 5-10 N.
Otherwise, the contact force is usually set
at 150 N in order to obtain a good approxi-
mation of the pantograph sag in normal
operating conditions and the contact forces
that then occur between the contact wire
and the pantograph. This also serves to
be able to check what happens to the up-
lift level of the contact wire caused by the
pantograph’s lift at critical points such as
at steady arms, crossovers and overlaps.
In tunnels and at locations with unusual
properties, measurements are made with
contact forces of up to 250 N. At the same
time, the lateral position of the contact wire
is measured by means of inductive proxim-
ity sensors attached to the measuring pan-
tograph (Fig. 1).

Thanks to the special mechanical and
pneumatic properties of the overhead-wire
measuring system and a computer program
developed especially for it, it is possible to
make extremely precise measurements.
Other computer programs can then be used
to evaluate these measurements to produce
special static and dynamic characteristic
values, such as the vertical elasticity (“resil-
ience”) of the whole catenary assembly.

The measuring system described below sat-
isfies all the necessary precision require-
ments and is thus ideally suited for check-
ing and accepting the relevant limit values
in accordance with the TSls and the Euro-
pean standards. The measuring device is
suitable for installation on a self-propelled
tower car, which makes it possible to use
this vehicle as a multifunctional one, i.e.
as both a work machine and an acceptance
vehicle. With this configuration, work can be
inspected immediately after its completion.

3 The “FDMA” system for
measuring overhead wires

The “FDMA” system for measuring and
recording the position of the contact wire
relative to the running surface of the rail
and the central axis of the track was de-
veloped by Plasser & Theurer assisted by
European Trans Energy GmbH (EUROPTEN).
The device establishes the lateral position
and height of the contact wire, saves this
data and presents it in the form of a plot of
measured values against distance.

The pantograph has a specially developed
measuring contact bar mounted on top of it
(actually a proprietary tubular-steel measur-
ing contact bar with two force sensors (load
cells) and inductive proximity switches (Fig.
1)). When measurements are to be made,
this special-purpose bar is flipped into
place by means of a hinge mechanism. In
all other circumstances, the vehicle runs
with its standard contact bar. The lateral po-
sition of the contact wire is measured with
special inductive proximity sensors mount-
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Fig. 1: Pantograph with fully assembled inductive proximity sensors for detecting the lateral

position of the contact wire

ed along the measuring strip (at intervals of
2.5 cm). The height of the contact wire is
determined by a high-resolution rotational-
angle sensor, which measures the angle by
which the contact wire has been uplift and
derives the wire height from that. The meas-
uring pantograph is attached to the top of
the driving cab and can be electrically insu-
lated from it as an option. With this latter
configuration, it is possible to measure live
overhead wires (carrying voltages of up to
25 kV) without needing to restrict the power
supplies needed for normal railway opera-
tions. Alternatively, the pantograph can be
grounded by an earthing disconnector and
thus take over the safety functions. The
measuring unit is positioned dead-centre
above the bogie or axle (in the case of ve-
hicles with single-axle running gear) to en-
sure a precise measurement of the lateral
position of the contact wire relative to the
central axis of the track.

In order to compensate for any influences
affecting the height of the contact wire,
such as differing loads, spring settings or
rocking movements by the carrying vehicle,
the primary and secondary springs of the
running gear’s axles or bogies are blocked
relative to the body of the vehicle while
measurements are taking place.

The precise distance advanced by the
measuring device is recorded via a pulse
encoder mounted directly on the axle stub.
The transducer can be calibrated very easily
using the vehicle display on the machine’s
driving console, which compensates for
worn-down wheels and thus improves the
accuracy of the measurement of distance.
Calibration is based on a standardised sec-
tion of track with a length of typically 50 me-
tres, which the vehicle moves along making
a measurement.

Figure 2 contains a schematic diagram of
the overhead-wire measuring system in its
assembled state. The pantograph’s contact
pressure can be set with infinite variability
within a range of 7 to 150 N (and even up
to 250 N if required), which allows both the
static position at rest and the static uplift
of the overhead wire to be measured. A
precise pressure control ensures that the
measuring unit’s contact pressure against
the contact wire remains constant through-
out the whole measuring run. To achieve
that, the pantograph is kept pressed up-
wards through a pneumatic cylinder regu-
lated by a proportional valve. The force ex-

(source of all figures: the authors)

erted on the measuring contact bar can be
measured via two force sensors (load cells)
and immediately and continuously adjusted
to the chosen target pressure though the
enclosed circuit (with a PID controller). The
mean deviation between the height meas-
urement at rest and the contact-free meas-
urement is around 4 mm (simple standard
deviation). The measured data is recorded
and saved equidistantly every 10 cm.

The control unit, including the measure-
ment of the contact force, and the elements
for determining height and lateral position,
is placed directly on the pantograph (Fig. 3).
Given that the whole measuring installation
is also able to function with the overhead
wire in a live state, it is fed from the vehicle
through a special high-voltage transmitter.
The continuous voltage supply thus guaran-
tees that measuring runs will not need to
be interrupted for the purpose of replacing
or recharging batteries.

While the measurement is taking place, the
operator does not need to move from the
cab and can simply watch the plot of meas-
urements in real time and check them for
irregularities. Optical waveguides are used
to transmit the data from the control unit
to the machine controller. The image of the
overhead wire is transmitted for observa-
tion purposes from a dedicated measuring
station inside the cab to a flat-screen moni-
tor. Two video cameras mounted on the ve-
hicle roof (one for each direction) make it
possible to recognise relevant events (such
as masts, section insulators, droppers or
engineering structures), so that the op-
erator can then flag them specifically and
thus mark their precise length on the log of
measurements. Roof-mounted headlights
assist with optical checking when measur-
ing runs are made in the dark.

The vehicle normally advances at 8 km/h
while measurements are being made. Its
speed can be infinitely adjusted within a
range of 0-8 km/h. It is thus possible to
adapt its speed optimally to a poor state of
track or to eliminate the effects of winds.

Ethernet is used to connect the vehicle’s
control with the measuring function of the
process control system. The software runs
on an off-the-shelf portable computer and
is configured in such a way that, when it is
booted, it automatically starts up the proc-
ess control system. The simple sequence
of menus means that even inexperienced
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Fig. 2: Schematic diagram of the measurement of an overhead wire

operators are soon able to grasp the sys-
tem’s fundamental operations. Figure 4
shows the main menu on the left-hand side

Fig. 3: Roof superstructure including the
measurement electronics
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and the monitor image for entering the char-
acteristic values for a measurement on the
right-hand side.

The log displays the height and lateral val-
ues together. Figure 5, for instance, shows
the lateral position (magenta) and the
height (green) for a static measurement at
10 N, while the amount of contact-wire up-
lift at 150 N is plotted in grey. In the screen
view, the height and lateral values can be
switched on and off independently of one
another, if desired. Flagged events, such as
masts, section insulators, droppers or engj-
neering structures are fed into the measur-
ing system by the operator, who activates
the appropriate pushbutton for the event on

Date

Operator

Line

Section of line
Km begin/end
Line km at start

Hamburg - Bremen

1316.000 11320.000 |
319.927

+ Line km falling

Measurement in uplift position

Permitted measurement 4 |
In direction of Tostedt ]
)

File ('A-Z','0'9'
Line 1
Line 2
Line 3
Line 4

Fig. 4: Examples of monitor images for guiding operators
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the control console. Such events appear on
the graphic display with a highlighted back-
ground. Another feature integrated in the
software is the generation of a spreadsheet
evaluation which, for the purpose of this
example, is structured in accordance with
the details contained in DB Netz’s technical
communication “EM (Eb) AM 003/2005".

In order to be able to react to the individual
requirements of various infrastructure man-
agers, the characteristic values of the over-
head-wire types currently in use have been
pre-loaded in the system. It is also possible
to enter and save user-defined catenaries
and their special properties (such as stiff-
ness and geometric threshold values) per-
manently in the software.

Data can be followed directly online on a
portable computer while the measurements
are being recorded. Once the measurement
has been completed, the data, which is
saved in a format known as SVG (scalable
vector graphics), can be printed out true-to-
scale or exported to a USB memory stick.
After that the measured data and the tabu-
lar reports generated from it can be viewed
on any personal computer that has Internet
Explorer installed on it (version 6 or later).

The software supports the simultaneous
display of the measured data at rest and
with the contact wire in its uplift position. In
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Fig. 5: Diagram of the height and lateral positions measured for an overhead wire

this way, it is possible to obtain a diagram of
how the overhead wire behaves over time in
various conditions. One further advantage
of SVG files is that the diagrams generated
from them are interactive. What that means
is that, even in an offline display, a simple
mouse click can select various items of
diagram data for inclusion, for instance, the
at-rest and/or uplift vertical position, the
lateral position and the distance of the cho-
sen point along the line section.

The hardware part of the system for meas-
uring overhead wires can be attached to
most of Plasser & Theurer’s two axled self-
propelled tower cars of classes MTW 10
and MGW 10 as well as the class MTW-100
or MTC-100 machines, which run on bogies.

Units for measuring contact wires mounted
in the way described in this report on ve-
hicles supplied by Plasser are currently in
service in Germany (Fig 6), Austria, Swit-
zerland and Sweden, and there is also a
special version for the metro in Sao Pau-
lo, Brazil. Retrofitting measuring systems
to existing vehicles is also possible. DB
Netz has granted the necessary technical
release for them to be used (in its techni-
cal communication “TM 2008-2591.NVT 4
(E)” as well as the technical communication
from Deutsche Bahn AG, no. “TM 2008-
260I.NVT 4 (E)” of 20 November 2008). It
is thus possible for other Plasser & Theurer

systems with the same basic structure to
obtain their approval through the simplified
authorisation procedure (check of structur-
al and test conformity).

4 Practical experience

In the period up until summer 2009, ap-
proximately 300 kilometres of overhead
wires were measured on tracks forming
part of Deutsch Bahn’s network. As a rule-
ofthumb, a realistic productivity figure is
roughly 40 km in one shift, with one param-
eter being measured — either the at-rest po-
sition or the static uplift position.
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Track possessions necessary for measure-
ment work to be carried out need to be
planned and announced long in advance.
That makes it all the more important to use
them as efficiently as possible. If advanced
planning is done skilfully, it will be possible
to keep a measuring run going over long
sections of track without needing to inter-
rupt it. Thanks to various technical details,
such as the insulation of the measuring
hardware and the voltage supply to the
computers from the onboard network, the
deployment conditions for the measuring
system are very favourable. It is no longer
necessary to switch off the power supply
to the overhead wire and to earth it for the
sake of measurement runs. Measurements

Fig. 6: Acceptance
measurement of an
overhead wire during a
real-case deployment
on Deutsch Bahn's
network
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can be performed without causing major
disruptions to ongoing train operations. It is
this last point that has emerged in practice
as the biggest advantage of all.

If the target geometry of the track to be
measured is fed into the system before the
measurement is made, the exceptions re-
port can then be generated automatically
(Fig. 7). This report is then available im-
mediately a measurement has been com-
pleted, which helps derive maximum use
from the potential of the measuring system.
Approvals of catenary installations can also
be completed within a tighter timeframe.
It takes a crew of only two to operate the
measuring system: the driver and a trained
operator. The simplicity of operation makes
employee training easier.

Plasser & Theurer’s machines for overhead
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wires and the components for the systems
for measuring them are fully integrated in
the company’s proprietary remote diagnos-
tics system for the technical equipment and
controls of vehicles. If problems do arise,
Plasser & Theurer's technical customer
service is able to provide speedy support.
That has tremendously shortened the dura-
tion of downtimes. Thanks to the modular
structure of the measuring system, it is a
simple matter to replace defective compo-
nents.

Class-MTW 10 self-propelled tower cars are
used for the installation and dismantling of
catenary installations. Using them for car-
rying the new measuring system too only
became possible thanks to the latter’s com-
pact dimensions. The additional parts are
arranged in places in which they are well
protected, while sensitive components,
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system material
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such as the cameras, have pluggable con-
nections and are thus easy to remove. The
additional function for the self-propelled
tower car that can be achieved by adding
the measuring unit to it brings about a
very considerable increase in efficiency in
installing catenaries. The fact that is it no
longer necessary to buy in the service of
measuring overhead wires in order to se-
cure their acceptance greatly simplifies the
whole process. It has led to a significant
transfer of know-how to the company exe-
cuting the work, from which customers are
also benefiting.

5 Concluding summary

For the purposes of acceptance testing
of overhead wires and performing quality
inspections of them, one of the require-
ments is for documentation of the static
and dynamic characteristic values in ac-
cordance with the European standards.
With the “FDMA” system for measuring con-
tact wires mounted on railway vehicles, it
is possible to measure and document with
precision the height and lateral position in
both the at-rest state and under the effect
of adjustable contact forces. In addition
to that, various quality criteria can also be
computed and values in excess of the limits
detected while the measurement is still go-
ing on. These quality criteria include verti-
cal elasticity, the slope of the contact wire
and changes in its slope. Given that the
measuring pantograph is attached to the
roof of the driving cab through insulators, it
is possible to make the measurement runs
under live overhead wires at voltages of up
to 25 kV.
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