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LIST OF TERMS AND ABBREVIATIONS
AC

Alternating Current

CENELEC

Comité Européen de Normalisation Electrotechnique

CISPR

Comité International Spécial des Perturbations Radioélectriques

COTS

Commercial Off The Shelf

DAB

Digital Audio Broadcast

DC

Direct Current

DFT

Discrete Fourier Tranform

DMU

Diesel Multiple Unit

DSO

Digital Storage Oscilloscope

EMC

Electromagnetic Compatibility

EMI

Electromagnetic Interference

ESD

ElectroStatic Discharge

EUT

Equipment Under Test

FAR

Full Anechoic Room

FFT

Fast Fourier Transform

FM

Frequency Modulation

GNER

Great North Eastern Railway

GSM

Global System for Mobile communications

IF

Intermediate Frequency

LED

Light Emitting Diode

NET

Nottingham Express Transit

OFCOM

Office of Communications

RA

Radiocommunications Agency

RF

Radio Frequency

TETRA

TErrestrial Trunked Radio

TPWS

Train Protection and Warning System

UHF

Ultra High Frequency (300MHz to 3000MHz)

VHF

Very High Frequency (30MHz to 300MHz)
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EXECUTIVE SUMMARY
This study has built upon previous work for the Radiocommunications Agency [1] to produce
a measurement system that is able to characterise the radiated emissions from moving trains
in more detail than the methods currently employed and defined in the EN50121 standard [2].
The system has been employed in making measurements of the emissions from trains on
mainline routes, local routes and on a light rail (tram) system. Both AC and DC overhead
supply systems and DC conductor rail supply systems have been measured as well as vehicles
that derive their power from on-board diesel engines.
The measurement system has given results of both continuous monitoring of a frequency
range and an envelope type detector function realised using spectrum analysers to give an
indication of the broadband and transient emissions emanating from the train. The results
obtained using this system are most usefully examined using an animated display. Some
examples have been included for download with the report, however it is impractical to
include many animations and so a selection of graphs has been included to illustrate the
results of the measurements performed.
Some additional measurements have been made using a fast sampling oscilloscope to capture
transient waveforms and to compare this approach to the use of the spectrum analyser
envelope detector.
Measurements have indicated that:
•

the maximum emissions are not necessarily seen when the train is passing the
measurement position for the case of an overhead power supply system.

•

transient and broadband emissions may be present as a result of pantograph arcing on
high speed lines and also as a result of arcing in brushed motors.

•

emissions in a single frequency range may be both harmonic (narrowband) and
broadband in nature from a single vehicle.

The use of the techniques investigated are not necessarily confined to the measurement of
railway systems but may also be applied to other equipment. The use of the spectrum
analyser to indicate transient emissions may be of particular use in determining the
interference potential of common household goods employing switching of loads (for
example a thermostatically controlled steam iron). This may present a suitable higher
frequency method for the measurement of discontinuous interference.
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INTRODUCTION

The railway is regarded as a severe electromagnetic environment where high current
switching, electrical motors, high speed electronics and sensitive electronic sensors are all
required to work together and with communications systems which are both radio based and
wired. The railway itself is also, of course, required to function without unduly affecting
radiocommunications and other services that are external to the railway boundary.
Concern has been expressed (in, for example, [1]) that the current EMC emissions tests (as
specified in EN50121 [2]) performed on the railway may not adequately protect the railway
sub-systems and external radiocommunications users from interference. This concern covers
both the measurement methods employed and the limits applied.
The purpose of this study was to examine the problems associated with making EMC
emissions measurements on railways with (fast) moving trains and to propose alternative or
improved measurement methods that may lead to a better understanding of the true
interference potential of the railway. An important issue with revised measurement methods
is that, wherever possible, the instruments and techniques used should be consistent with
those that may be found in a well equipped EMC laboratory. In developing measurement
systems and methods the emphasis was therefore placed upon the use of standard laboratory
instruments but exploring their functionality in order to be able to better quantify the
characteristics of emissions radiated from moving trains.
In order to investigate the interference potential of railway systems the expected emissions
characteristics have been considered. Consideration has therefore been made of narrowband
and broadband emissions, both continuous and transient in nature in developing the test
methods for the investigation.
Significant measurement data has been gathered during this study using the methods
developed. The nature of this data makes it desirable to view it both dynamically (via
animation) and statically to gain a full appreciation of the emissions. Many measurement
plots are presented within the body of this report to give as full a picture as possible of the
results obtained. Electronic copies should also contain links to a few video files which give a
better idea of the full capabilities of the techniques discussed. The differing characteristics of
the emissions seen over different frequency ranges are of particular interest as well as
differences between different types of rolling stock and electrification schemes.
Where relevant, reference has been made to EN50121-2:2000 when findings either back-up
or conflict with the methods of this standard.
Consideration has also been given to the application of the methods investigated in the
measurement of emissions from non-railway apparatus, particularly where rapidly changing
and transient emissions are present.

York EMC Services Ltd. 2004

Page 7 of 210

Issue 1

OFCOM

AY4365

2

DIFFICULTIES WITH RAILWAY TESTING

2.1

Emissions Types

8342CR1

The integration of many types of electrical and electronic systems together with issues
associated with moving equipment means that the emissions from railways may be complex
in nature.
Types of emissions from railways can be loosely grouped as follows:
•

narrowband continuous emissions such as those associated with high speed
electronics or analogue modulation techniques;

•

broadband continuous emissions such as those associated with DC commutator motor
operation or some digital modulation techniques;

•

short duration transient emissions such as those associated with arcing between the
train and the power supply conductor.

2.1.1 Narrowband Continuous Emissions
Narrowband continuous emissions are predominantly associated with switching electronics
and radio based communications devices. Switching electronics may be broadly broken down
into those associated with information processing (such as control computers including their
power supplies) and those associated with heavy current switching (such as traction drives).
Power supplies used for lighting purposes may be assumed to behave in a similar manner to
those of computing equipment.
Interference from information processing equipment may be expected across a broad
frequency range given that switching frequencies may be present from several kilohertz to in
excess of 1GHz.
Interference from heavy current switching devices occurs at the lower frequency end of
interest from the measurement point of view.
Because it should be possible to exercise information processing equipment, communications
and lighting with the vehicle stationary then it is possible that any continuous narrowband
emissions occurring in the VHF and UHF regions may be detected during a stationary vehicle
measurement in a similar manner to that currently specified in EN50121-3-1 [2] although the
use of more than one detector type may be advantageous to separate narrowband and
broadband type emissions. If this proves to be the case then some of the problems associated
with making measurements of high vehicle speeds may be overcome.
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It is, however, possible that the maximum emissions from the heavy current switching occurs
when maximum current is being drawn which equates to maximum tractive effort (during
acceleration). Hence the stationary test is probably not appropriate for this type of emission
measurement and a test at speed with a high load should be performed. This then raises the
problems associated with test equipment sweep rates at various vehicle speeds. This may
again not be such a problem as first appears as previous experience of measurements made on
overhead electrified railways suggests that the levels of emissions seen at these frequencies
are predominantly propagated via loops formed by the power supply network and the vehicle.
Hence, at frequencies below 30MHz the levels of emissions seen from an observation point
may remain at a similar magnitude whilst the train is in a particular power supply section so
allowing greater effective measurement time for this type of railway.

2.1.2 Broadband Continuous Emissions
Broadband continuous emissions are associated with equipment such as DC commutator
motors and certain broad band communications devices.
Commutator motors may be associated with DC traction and with auxiliary systems such as
heating, air conditioning and windscreen wiper motors.
The auxiliary systems should be fully exercised with the vehicle stationary and so it may be
possible to characterise these in a satisfactory manner with the vehicle stationary as suggested
for some of the narrowband phenomena mentioned in the previous section. Again a range of
detector types may be necessary to separate the interference types as broadband emissions
affect radiocommunications services in different ways to narrowband interference.

2.1.3 Transient Emissions
Transient emissions are predominantly associated with arcing between the fixed power
supply conductor and the train power collection device and are hence considered to be a
problem that affects electrified railways only.
Arcing occurs on both railways fed by an overhead supply and by those powered from track
level (e.g. 3rd rail systems). Examples of these can be seen in Figure 1 and Figure 2.
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Figure 1: Arcing from an overhead line

Figure 2: Arcing from a 3rd rail collector shoe

The factors of interest in determining the potential disruption from power supply arcing are:
•

the waveshape (and hence frequency content) of the emission;

•

the repetition rate of the events (arcs);

•

the magnitude of the emitted signal.

Factors which affect the above include:
•

the speed of the train;
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•

the humidity of the air;

•

the presence of ice or other contaminants on the overhead line or third rail conductor;

•

the construction of the overhead catenary (which may affect the contact quality);

•

the wear on the current collection shoe;

•

the conductor rail collection shoe type (which may affect rail contact);

•

the pantograph type (which may affect overhead line contact);

•

the continuity of the supply rail (frequent section breaks may lead to more arcing);

•

temperature: expansion and contraction effects change the contact to electrification
system geometry;

•

wind speed and direction: affecting the overhead line contact.
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The considerations discussed in previous sections were taken into account in the process of
developing systems suitable for making improved emissions measurements from railways.
The following sub-sections describe the various developments that were undertaken whilst
this study was underway.

3.2

System Using Multiple Detectors

In order to separate broadband emissions from narrowband emissions it will be necessary to
utilise multiple detector functions simultaneously. This is possible with some high end
measurement receivers but is realised with standard receivers or spectrum analysers by
running multiple measuring instruments simultaneously. In the case of spectrum analysers the
useful detector functions include Maximum Hold, Minimum Hold and Averaged functions.
An amplifier/switch unit has been under development at YES to allow up to three spectrum
analysers to be connected to an antenna, and to allow a number of different antennas to be
automatically selected to enable automated monitoring across the whole frequency range of
interest.
This system allows multiple detectors to be used to measure a single event, or for the
analysers to gather data over a period of time in each frequency range of interest. This system
was designed primarily for use in investigations in rail systems where a high volume of
traffic of the same rolling stock design is present.
Block diagrams showing the elements of this system are shown in Figure 3 and Figure 4.
The system shown uses GPIB connections for instrument control and data download. Data
download time may be particularly critical for a dynamic system as the measurement may
cease whilst the download is underway. The next system described attempts to overcome
some of these problems by using multiple analysers to cover the same frequency range.
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Figure 3: Multiple detector block diagram

RF Input 1
(9kHz-150kHz)

RF
Switch

RF Amp
9kHz-30MHz

RF Input 2
(150kHz-30MHz)

RFout 1 (Analyser 1)
RF
Switch

RF Input 3
(30MHz-1GHz)

RF Amp
30MHz-1GHz

RF Input 4
(1GHz-3GHz)

RF Amp
1GHz-3GHz

3 Way
Splitter

RFout 1 (Analyser 2)

RFout 1 (Analyser 3)

Control Lines

Power Supplies

Power Supply

Control Board

RS232 (to control
computer)

Figure 4: Amplifier/switch box block diagram
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System Using Multiple Analysers

The measurement system is based on a multi analyser system, which has been derived from
the Timed Measurement System. In order to characterise the emissions profile of a train, the
scan rate of the instrument must be sufficiently fast that all emissions are seen before the train
has passed. A measurement system was built which provided a “stream” of results data at a
high rate. The scheme constructed uses a set of three spectrum analysers to collect data; each
analyser connects to a dedicated computer to transfer its data so that a continuous set of plots
can be obtained with no down time for download.
Figure 5 shows a representation of the timing of the continuous measurement system.

Figure 5: Analysers sweep/download timing sequence

To cover the full frequency range (9kHz to 1GHz), measurements are made over several sub
ranges. Details of the measurement system for each of the frequency range are given in Table
1.
Frequency Range

Antenna
Pre-amplifier
Splitter

9kHz to 150kHz

150kHz to 30MHz

30MHz to 1GHz

EMCO 6511 Passive
Magnetic Loop
Antenna

EMCO 6512 Passive
Magnetic Loop antenna

BiLog Antenna

Not used

Not used

Type ZFL1000VH

8 Way Reactive Splitter

8 Way Reactive Splitter

8 Way Reactive
Splitter

Table 1: Summary of the technical specification of the measurement system for the different frequency
ranges.
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An overload detection system (Power level sensor and overload indicator) has been included
that may be used as part of the overall measurement system. Its function is to ensure that the
pre-amplifier output does not saturate and therefore give the wrong interference level value.
An LED indicates when the pre-amplifier output saturates.

3.4

Transient Signal Detection

Most traditional EMC tests allow transient signals to be ignored as they provide relatively
minor annoyance and disruption to analogue based radio transmissions.
This is becoming a less valid assumption as increasing numbers of broadband digital
modulation techniques are coming into use in radiocommunications systems. The railway
environment has the potential to generate significant levels of transient and broadband
emissions from switching and arcing events and so it was felt to be important that the
developed measurement system was able to quantify the transient activity associated with a
moving train. The system using multiple detectors gives a high level indication of the degree
of continuous and intermittent signals present. This section explores further the detection and
characterisation of individual transient events.
Initial measurements were made in the laboratory into characterising the emissions from a
representative arc. This was achieved using a lead acid ‘car battery’ as a power supply and a
cable of approximately 1.5m in length connected to one terminal of the battery. The battery
and cable were placed within an anechoic room with a Bilog type wide band antenna
approximately 3m from this equipment and connected to the input of a sampling oscilloscope.
Contact was made between the free end of the cable and the other battery terminal producing
an arc and a current path between the terminals via the cable.
Figure 6 shows the captured waveform from one such measurement showing a number of
discrete events making up the arcing. Figure 7 shows a single pulse expanded from this
measurement.
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Figure 6: Time domain display of example arc in anechoic room
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Figure 7: Single pulse from time domain display
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The single pulse consists of an initial high level signal followed by a largely periodic decay
which is probably associated with the resonant frequency of the transmitting loop formed by
the battery and the connecting wire. Altering the orientation of the wire with respect to the
receiving antenna led to significant variations in the amplitudes of the received signals
confirming that the connecting wire plays a significant role in the transmission process.
The use of a purely time domain measurement clearly has the potential to gather all of the
information required but does suffer some drawbacks:
•

to sample at the required rate for a train passage requires an unrealistically large
oscilloscope memory depth (and consequent huge amount of data for analysis);

•

the relatively poor dynamic range of oscilloscopes leads to difficulties in determining
interference potential for radio services;

•

fast sampling oscilloscopes are not currently widely used in EMC measurement.

To determine the interference potential of transient or broadband events then information on
the following is needed:
•

the magnitude of the event;

•

the bandwidth of the event;

•

the rate of event occurrence.

This information can notionally be obtained using frequency domain devices (spectrum
analysers) configured as ‘envelope detectors’. This entails tuning the device into a single
frequency (zero-span) and using a wide measurement bandwidth with a slow time sweep. In
this way the occurrences of broadband events may be recorded in both time and magnitude.
This technique has the potential advantages of using common EMC laboratory equipment and
providing adequate results without unmanageable amounts of data being generated.
Examination of the waveform of Figure 7 shows that the single pulse in this case has a
duration of approximately 0.1µs. This implies that the input filter of an envelope detector
must have a fast rise time to satisfactorily detect such an emission.
For a spectrum analyser this means that a wide input bandwidth is desirable. Investigations
were therefore undertaken into the response to transients of various input bandwidths.
These investigations involved the generation of transient events, again within the laboratory,
detected via an antenna using various spectrum analysers.
For these measurements the transient pulses were created using an electrostatic discharge
(ESD) generator (in accordance with EN61000-4-2 contact discharge requirements). The test
set-up used is shown in Figure 8.
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Figure 8: ESD generator used to create transient fields

The pulse waveform defined in EN61000-4-2 is of total duration of approximately 0.1µs and
so is of a similar form to that measured previously but with the advantages of ease of
generation and increased repeatability when using the ESD generator.
The output of the measuring antenna was fed via a multi-way splitter to several spectrum
analysers.
The radiated fields from a number of discharges were measured using various spectrum
analysers set to a narrow span. Various measurement bandwidths and various centre
frequencies were set to investigate the response of the various instruments to short duration
events. The following bandwidths and centre frequencies were investigated:

Centre Frequencies
200MHz

500MHz

900MHz

Bandwidths
100kHz

1MHz

3MHz

5MHz

Table 2: Centre frequencies and bandwidths used for investigation

A spectrum analyser display from a typical result measuring the field generated by 10
discharge events is shown in Figure 9.
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Figure 9: Measurement of 10 pulses (HP8594E, 3MHz B/W, 500MHz centre frequency)

This result is typical of results taken. All of the pulses were detected with all of the analysers
used (HP8594E, Anritsu MS2663B and Marconi 2390). The repeatability between pulses was
generally good as can be seen in Figure 9. The amplitude response of the HP and Anritsu
analyser was similar (within 3dB). The amplitude response of the Marconi analyser was
consistently around 5dB lower for a given bandwidth (suggesting that calibration factors may
be appropriate if the test is to be taken further). Altering the measurement bandwidth changed
the amplitude response. This is expected given the broad band nature of the signals measured.
At bandwidths of 1MHz and above the linearity of the detectors remained as expected (i.e. a
doubling of the bandwidth would lead to a doubling of the energy entering the detector and
hence a doubling of the amplitude displayed). At bandwidths below 1MHz this ceased to be
the case.
Measurements at centre frequencies across the operating range of the antenna used (up to
1GHz) showed that significant energy could be detected across this full frequency range.
These investigations have shown that it is possible to gain information on the amplitude of
broadband transient events and on the rate of occurrence of these events using a conventional
spectrum analyser with an input bandwidth of 1MHz or greater tuned to a single frequency.
Some knowledge of the expected transient waveshape is, however, required in order to
correlate a single frequency measurement to the interference potential of a transient event
over a wide frequency range.
The multiple-analyser (continuous measurement) system was augmented with two additional
spectrum analysers configured to measure single frequencies with a wide input bandwidth to
detect broadband and transient events. A single computer controlled the triggering of all of
the analysers enabling correlation between transient events detected on the continuous sweep
system and on the single frequency analysers.
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Two single frequency analysers were used to provide some confidence that test site effects
would not mask the detection of transient events. If the frequency chosen as the measurement
frequency of the analyser happens to fall in a null in the response of the chosen test site then
this would lead to misleading results. If two measurement frequencies are used then the
chances of both falling within a site null are minimal as for a notionally open test area, any
nulls should be well spaced in frequency.

3.5

The Use of the Leaky Feeder as a Measurement Antenna

The use of a leaky feeder cable was investigated as an alternative measurement antenna for
certain situations as described below. The leaky feeder essentially consists of a coaxial cable
manufactured with a poorly performing screen. The primary use of a leaky feeder is to
provide a localised communications antenna system within, for example, a single building.
This can overcome many of the fading and ‘quiet spot’ problems associated with more
conventional antennas.
There are two possible advantages foreseen for the use of the leaky feeder as an emissions
measurement antenna in the railway environment:
1) The cable may be used in areas of restricted access such as within tunnels. EN501212:2000 [2]suggests that for such environments it may be appropriate to fix miniature antennas
to the tunnel wall. Fixing a cable adjacent to the rails may be a more practical proposition.
2) The laying of a significant length of leaky feeder cable may give a better indication of the
likely induced currents into lineside cabling than the use of conventional EMC antennas. This
could especially be the case for railways fed by conductor rails where the lineside cables are
located relatively close to the conductor rail. This may be particularly useful in assessing
compatibility issues within the railway where extensive cable runs are present and structures
such as tunnels also affect the interference propagation mechanisms.
One major drawback of this type of arrangement for EMC test purposes is that the test site
has to be identified and ‘cabled up’ in advance of the testing leading to greater complexity in
the measurement set-up.
It is also questionable whether the use of the leaky feeder has any advantages over the use of
conventional EMC antennas in the determination of the effects of emissions from the railway
on broadcast and other users of the radio spectrum.
The majority of the measurements undertaken for this study therefore concentrated on the use
of conventional broadband EMC antennas as signal transducers. There are, however, results
from tests made with leaky feeders given within section 4.2.4 for further information.
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3.6 Compound System Using Multiple Analysers with Transient
Detection
The multiple analyser system described in section 3.3 was combined with the spectrum
analyser based transient detector system described in section 3.4 to produce a compound
spectrum analyser based measurement system used to gather much of the data presented in
this report.
A block diagram of this system is shown in Figure 10

Figure 10: Block diagram of the compound measurement system

In this system analysers 1,2 and 3 are used to gather data continuously in the frequency band
chosen. Each of these analysers has a computer attached for data download purposes via a
GPIB controller. Analysers 4 and 5 are the transient detector devices. These are only
triggered once and so a dedicated download computer is not required. The computer PC4 is
attached to a camera which is used to record a single image associated with each of the
measurements made by analysers 1,2 and 3.
All of the analyser triggering is controlled by the computer marked “Master PC”.
A fourth computer, the master computer, provides external trigger signals (via centronics /
parallel port) to each individual analyser to download the data when a continuous set of plots
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can be obtained (with no down time for download) and in the mean time record the traces
obtained from the transient measurements.

3.7

Software

Laboratory measurement software has been adapted for use with the multiple analyser
systems described. For data gathering purposes this gives the ability to set up the spectrum
analysers in the desired fashion and to download data to mass storage media. An example of
the spectrum analyser set-up screen used for this project is shown in Figure 11.

Figure 11: Spectrum analyser set-up screen

An overall control screen is shown on the master control computer. This is used to start the
acquisition, stop the acquisition and to manually trigger the transient detectors. The layout of
this screen is shown in Figure 12.
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Figure 12: Master control screen

When the measurement cycle is to be initiated, the user clicks the Start button, and the
software begins to generate trigger pulses for each of the three analysers in turn. The interval
between triggers can be user selected as shown above. While a run is in progress, the running
totals of triggers and input flags for each analyser are displayed. Clicking the Transient
Detector Trigger button triggers the transient detector spectrum analysers. Typically these
analysers will be set up for a 10 to 30 second sweep, and the user must use his judgement to
trigger these as a train approaches. When the train has passed, the Stop button is clicked,
which causes the software to stop generating trigger pulses for the three main analysers.
Many data and image files may be obtained from a single run of the system. These results
files may be examined using an animated viewer which allows the plots and associated
images to be seen together. An example of a frame from the viewer is shown in Figure 13.
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Figure 13: Frame from animated viewer
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MEASUREMENTS

4.1

Introduction

8342CR1

The use of the multiple detector system was investigated on part of the London Underground
network as part of an extensive measurement program. An overview of these measurements
together with findings relevant to this study (including the use of the leaky feeder as a
measurement antenna) are given in section 4.2 below.
Further measurements were made using the multiple analyser and broadband transient
detection techniques of section 3.6. These were made at two locations on the East Coast
Mainline close to York, at two locations on the new Nottingham Express Transit tramway
and at a location close to Ashford in Kent. This allowed measurements to be made on
electric, diesel electric and diesel powered trains. Both overhead (AC and DC) electrification
and DC conductor rail electrification schemes were measured.
Further consideration of the measurement of transient events is contained in section 4.6.
Additional tests using this measurement equipment were performed in the EMC laboratory to
investigate some of the characteristics of other, non-railway related, equipment. These results
are given in section 4.8.

4.2

London Underground

A great quantity of data was gathered during a measurement programme on part of the
London Underground network. Permission has been given to use the data in this study
providing the source remains anonymous. The data presented here is a small subset that is
typical of the data obtained in the tube environment. The data was gathered using the multiple
detector system described in section 3.2. Two types of measurement transducer were used for
the measurements: a set of platform mounted antennas as indicated in Figure 3; a 50m leaky
feeder cable deployed in the tunnel just below train door height and previously discussed in
section 3.5. The data was built up throughout the day as trains arrived and departed from the
station. As a train arrived or departed a station a 20s data acquisition was made with the
measurement system using a particular transducer (loop antenna, bilog, horn or leaky feeder).
In this way a full spectrum (9kHz to 2.9GHz) of train arrivals/departures data was built up.
Hence most of the plots presented have six traces displayed that are max, min and average
readings of the train arriving and departing the station. In addition to the train
arrivals/departures measurements, timed measurements of the station ambient were made
every 15 minutes. All the data was combined (arrivals/departures/timed ambient) to give an
all day representation in a single graph as shown in Figure 16. Details of how this was done
are given in section 4.2.2 below.
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One of the most interesting aspects of the London Underground work was the use of the
leaky feeder as a measurement transducer this is discussed in section 4.2.4 below. A
summary of the main findings of the London Underground work are given in section 4.2.5.

4.2.1 Limit Line
To gain some appreciation of whether the measured values of field are significant a limit line
has been placed on many of the graphs. The line is derived from the C limit (750V and 600V
DC rolling stock) given in EN 50121-3-1. The limit given in EN 50121-3-1 is for a
measurement at 10m. As the measurements are taken on the platform a 3m limit is more
appropriate so the limit is raised by 10dB to allow for this. Additionally measurements in the
9kHz to 150kHz range were taken with a 1kHz RBW not a 200Hz RBW as specified in EN
50121-3-2, consequently the 9kHz to 150kHz limit is raised a further 8.8dB to take into
account the increase in RBW.

4.2.2 Interpretation of Traces
The HP 8594E spectrum analysers used for data acquisition in the 9kHz to 2.9GHz frequency
range have two detector types, these are: positive peak detection and sample detection.
Positive peak detection gives the maximum video signal between the last display point and
the present display point. Sample detection gives the instantaneous value of signal at the
current display point.
1. Max Hold – Over a period of twenty seconds (the Max Hold time used in these
measurements) the spectrum analyser screen is swept many times. The screen is split
into 401 display points and each of these stores a positive peak detected value. When
Max Hold is on, a display point is only updated when the new detected value is larger
than the previous one.
2. Min Hold – As for Max Hold the screen displays positive peak detected values. For
Min Hold, a display point is only updated when the positive peak detected value is
less than that currently displayed.
3. Video Average – In this mode sample detection is used. The display is updated with a
running average of the sample-detected points.
The graphs of one-shot data (Rolling Stock entering and leaving a station) are plots of Max
Hold, Min Hold and Video Average. When no interfering signal is measured the Video
Average values will be less than the Min Hold values (sample detection rather than positive
peak). For continuous signals the Video Average should be the same as the Max Hold.
However, sometimes, continuous signals are turned off for a period of time before
transmission is recommenced.
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The graphs of continuous measurement are built up from many Max Hold, Min Hold and
Video Average traces taken over the day. The following trace types are presented:
1. Max of Max Hold – This is a trace of the maximum of all the Max Hold data
gathered on a timed basis for any particular location. Typically this is a
maximum of 60 or more traces (horizontal and vertical polarisations) taken at
timed intervals throughout the day. This is clearly representative of the
absolute worst-case emission.
2. Mean of Max Hold – This is an average of all the Max Hold data gathered on
a timed basis for any particular location. Typically this is an average of 60 or
more traces (horizontal and vertical polarisations) taken at timed intervals
throughout the day. This trace type has similar properties to the average trace
in that it is helpful for picking out continuous signals.
3. Min of Min Hold - This is the minimum value of all the Min Hold data
gathered on a timed basis for any particular location. Typically this is the
minimum of 60 or more traces (horizontal and vertical polarisations) taken at
timed intervals throughout the day.
4. Mean of Video Average - This is the average value of all the Video Average
data gathered on a timed basis for any particular location. Typically this is the
average of 60 or more traces (horizontal and vertical polarisations) taken at
timed intervals throughout the day.
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4.2.3 Sample platform measurements
The results presented here were taken with platform mounted antennas as described above.
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Figure 14: Single-Shot Vertically Polarised Antenna Measurements
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Figure 15: Single-Shot Vertically Polarised Antenna Measurements

York EMC Services Ltd. 2004

Page 28 of 210

Issue 1

OFCOM

AY4365

8342CR1

90

Radiated Emissions (dBuV/m)

80
70
60
50
40
30
20
10
0
10

100

1000

10000

Frequency (MHz)
Max (Max)

Min (Min)

Mean (Vid. Av)

Limit 50121-3-1 C @ 3m

Mean (Max)

Figure 16: Single-Shot Vertically Polarised Antenna Measurements

4.2.4 Leaky Feeder test
The following section briefly summarises how the Leaky Feeder behaved in these tests. It
was initially thought that antenna action would be dominant at all frequencies. It is now
understood that the Leaky Feeder must be considered as both a cable and an antenna. Signals
couple in and out of the Leaky Feeder cable by both radiative and per unit length cross-talk
mechanisms. From the results in the 150kHz to 30MHz range the per unit length cross-talk
mechanism is dominant. From 30MHz to 1000MHz both per unit length cross talk and
radiative mechanisms contribute to the coupling. Above 1GHz the radiative mechanism is
dominant.
4.2.4.1 150kHz-30MHz Measurements
The results at low frequency (150kHz to 30MHz) gave surprisingly high levels of received
signal. Preliminary tests with loop antennas had indicated that for a discrete source of radio
frequency energy the leaky feeder was an inefficient transducer. It is now believed that the
rails act as a distributed source so that the full 50m length of leaky feeder cross talk couples
to noise from the rolling stock that is introduced into the rails. This suggests that probably the
most likely interference mechanism from rolling stock is via injection of interference voltages
into the rails.
Because the high measured levels are due to per unit length inductive cross-talk couplings
into the leaky feeder induced levels are highly dependent on the source impedance of the
injection circuit (rails and motors). These values are not known accurately so the transducer
factor from rails to leaky feeder may be anything from approximately 50dB to more than
100dB. As a consequence of this no transducer factor has been added into the graphs for the
leaky feeder (as it cannot be derived).
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To give an indication of the magnitude of the received field compared to the EN 50121 limits
is not possible, as the signal from the receiving transducer (leaky feeder) cannot be expressed
in dBµA/m. However it is apparent that the voltage measured at the output of the leaky feeder
is greater than that measured at the output of the loop antenna. For example first consider the
loop antenna data on Figure 14:
The measured emission comes closest to the EN 50121 limit at 8.4MHz where the
signal amplitude is 8.7dBµA/m. At this frequency the antenna factor of the EMCO
6512 is approximately –17dB, adding this back in gives a voltage at the output of the
antenna to be 25.7dBµV.
Now consider the equivalent leaky feeder measurement on Figure 17:
A similar high emission at just over 10MHz. The value displayed on the graph is
44.6dBµV. As no antenna factors have been added for the leaky feeder this is the
voltage measured at the output of the leaky feeder. In actual fact, the measured value
has been limited by the measurement system. It can be estimated from the measured
mean value that the unlimited signal was approximately 64dBµV.
This example shows that the threat voltage measured using the leaky feeder was at least 20dB
greater than that from the loop antenna and probably closer to 40dB greater. This shows that
injection of disturbance voltage into the rails, and consequent distributed coupling into
lineside cables, leads to much larger EM threat voltages than would occur with EMC threat
scenarios as assessed by EN 50121 measurements.
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Figure 17: Single-Shot Leaky Feeder Measurements
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4.2.5 Summary of findings of measurements in London Underground
1. Generally speaking the radio spectrum in the London Underground environment is
relatively quiet compared with typical measurements above ground. The strongest
threat fields on the underground are from intentional transmissions from Train Radio
165MHz to 172MHz, Station Radio 425MHz to 446MHz or GSM900 mobile phone
handsets (890MHz to 915MHz). Signals above the applied limit line can be observed
at most of the deep tube locations in this survey.
2. The strongest source of unintentional emission was broadband noise from the rolling
stock. This was thought to be motor brush noise. The strongest emissions occurred in
the frequency range 150kHz to 30MHz. Incidences of over limit noise from this
source have been observed between 9MHz and 30MHz.
3. The strongest threat mechanism is via per unit length inductive coupling between
lineside cables and disturbance voltages introduced into the rails. The tests found that
disturbance voltage coupled by these means was likely to be 40dB greater than
disturbance signals measured by antenna coupling. 40dB was for a 50m long receptor
cable, increasing the length of the receptor cable may well significantly increase the
received voltage.
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East Coast Main Line

4.3.1 Introduction
The measurements in this section were made using the multiple analyser continuous
measurement system, in conjunction with the spectrum analyser based transient detection
technique.
The continuous measurements were performed from 9kHz to 1GHz. Three types of antenna
were used to cover the frequency range. The analyser bandwidth, sweep time and antenna
type used for the measurements are summarised in Table 3.

Frequency Range

Analyser
Resolution
Bandwidth

Analyser
Sweep Time

Antenna Type

9kHz to 59kHz

1kHz

300ms

EMCO6511 loop

50kHz to 100kHz

1kHz

300ms

EMCO6511 loop

100kHz to 150kHz

1kHz

300ms

EMCO6511 loop

150kHz to 10.15MHz

10kHz

300ms

EMCO6512 loop

10MHz to 20MHz

10kHz

300ms

EMCO6512 loop

20MHz to 30MHz

10kHz

300ms

EMCO6512 loop

30MHz to 530MHz

100kHz

200ms

CBL6111 BiLog

500MHz to 1GHz

100kHz

200ms

CBL6111 BiLog

Table 3: Details of the various frequency ranges with corresponding bandwidth, sweep time and type of
antenna

The triggering system was set up to trigger analysers 290ms apart for the lower frequency
ranges and 190ms apart for the higher ranges to allow for some overlap between traces and
allow continuous data acquisition.
The full frequency range of 9kHz to 1GHz was measured split over several runs to
investigate the performance of the test equipment over this full range.
The spectrum analysers used for the detection of transient and broadband signals were all
configured with a measurement resolution bandwidth of 3MHz. The measurement frequency
was adjusted so that it fell within a quiet local ambient. The sweep time used was either 10s
or 30s depending upon how much warning was available of approaching trains.
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Measurements were made at two locations adjacent to the UK East Coast Main Line.
The line is electrified by a 25kV AC overhead system.
This section of line is used by:
•

stock driven by electric traction motors with power derived from the overhead
supply using phase angle controllers.

•

stock driven by electrical traction motors with its power derived from onboard diesel engines and generators;

•

stock driven directly by on-board diesel engines with, for example, hydraulic
transmission.

The measurement locations were
1) approximately 10 miles south of York station;
and

2) approximately 5 miles north of York station.

Site 1
This test location is situated adjacent to the south bound (up) line close to the village of
Ryther at Ordnance Survey grid reference SE548375. Photographs showing the measurement
site can be seen as Figure 18 and Figure 19.

Figure 18: Picture of the measurement site near Ryther
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Figure 19: Antenna and camera at the measurement site near Ryther

Site 2
This test location is situated adjacent to the south bound (up) line in the car park of the
Sidings hotel and restaurant at Ordnance Survey grid reference SE551580.
A photograph showing the measurement site is shown in Figure 20.

Figure 20: Picture of the measurement site at the Sidings
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4.3.2 Overhead electric powered high speed train
All measurements were made on Class 91 stock operated by GNER between London and
Newcastle/Edinburgh.
In all measurement results presented, the limit line shown is EN50121-2:2000 [2] (limit A –
25kV)
4.3.2.1 9kHz to 150kHz frequency range
4.3.2.1.1

9kHz to 59kHz frequency range

An example measurement animation can be found as a video file in: Example 1

Result 1 :
Location

Sidings 29 August 2003

Notes

Northbound Train (Class 91)
Speed approximately 107mph at measurement point
Antenna polarisation – horizontal (parallel to the track) – see photograph below:

Figure 21: Typical ambient
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No distinct ambient signals are observed over this frequency range.

Figure 22: Train approaching (approximately 30s from measurement point)

As the train approaches the measurement position distinct harmonic type signals are
observed. These are considered in more detail in the following section (50kHz to 100kHz
measurements).

Figure 23: Train passing the measurement point

As the train passes the measurement point the high levels of harmonic emissions are not
observed. There is a slight overall increase observed in broadband emissions across the
frequency range.
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Figure 24: Train approximately 15s past measurement point

As the train moves away from the measurement point the harmonic signals reappear.

Figure 25: Peak envelope

The peak envelope of the results from this measurement does not give a good representation
of the actual interference observed during the passage of the train and could thus be
misleading if used to interpret the potential of the train to disrupt radio services.
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Result 2 :
Location

Ryther 20 August 2003

Notes

Northbound Train (Class 91)
Antenna polarisation – vertical (perpendicular to the track) see below:

Figure 26: Typical ambient

No distinct ambient signals are observed over this frequency range.
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Figure 27: Train approaching

Significantly lower levels of signals are detected with the measuring antenna in this
polarisation. The harmonic signals detected previously are not seen in this case. This suggests
that the signals seen in Figure 22 and Figure 24 are radiated via the overhead line. The
antenna in this case is polarised perpendicularly to the radiation that would be expected from
the overhead line and so a much reduced signal level is seen.

Figure 28: Train passing the measurement point

Again the levels recorded in this case are rather lower than those form the previous
measurement (Figure 23).
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Figure 29: Peak envelope

The peak envelope trace from this measurement shows that the overall magnetic field levels
detected in this (vertical) polarisation are significantly lower than those detected using a
horizontally polarised loop antenna. Hence measurements using only horizontal polarisation
(as specified in EN50121-2:2000 [2]) would appear to be adequate for tests over this
frequency range.

4.3.2.1.2

50kHz to 100kHz frequency range

Result 1 :
Location

Ryther 20 August 2003

Notes

Southbound Train (Class 91)
Speed approximately 120mph at measurement point
Antenna polarisation – horizontal (parallel to the track)
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Figure 30: Typical ambient

Distinct ambient signals can be seen in the regions of 60kHz, 70kHz and 75kHz. These may
be owing to signalling or other railway communications equipment.

Figure 31: Train approaching (approximately 40s from measurement point)

Harmonic emissions can be seen especially over the frequency range 50kHz to 60kHz.
The spacing of these signals was measured at either 750Hz or 875Hz. Slight instability (drift)
in these harmonic frequencies was noted at this position (at a drift rate of approximately
70Hz per second).
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Figure 32: Train passing the measurement point

The level of broadband emissions is seen to rise as the train passes the measurement point.
The harmonic signals in the region 50kHz to 60kHz are still visible at a similar level to the
previous plot.

Figure 33: Train approximately 2 ½ minutes past measurement point

The harmonic signals observed in this plot are predominantly at 1625Hz spacing.
Assuming that the train maintains a constant speed of 120mph after passing the measurement
point then the train would have been 5 miles beyond the measurement point when this trace
was taken.
There is still some drift of the measured harmonics with time. The drift rate is now 41Hz per
second.
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Figure 34: Peak envelope

Result 2 :
Location

Ryther 20 August 2003

Notes

Southbound Train (Class 91)
Speed approximately 115mph at measurement point
Antenna polarisation – horizontal (parallel to the track)

Figure 35: Typical ambient
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The same pattern of ambient signals is apparent as in the previous case.

Figure 36: Train approaching (approximately 1 ½ minutes from measurement point)

Figure 37: Train passing the measurement point
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Figure 38: Train approximately 45s past measurement point

Figure 39: Peak envelope

Result 3 :
Location

Sidings 29 August 2003

Notes

Northbound Train (Class 91)
Speed approximately 105mph at measurement point
Antenna polarisation – horizontal (parallel to the track)
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Figure 40: Typical ambient

No obvious ambient signals are apparent at this measurement location.

Figure 41: Train approaching (approximately 30 seconds from measurement point)
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Figure 42: Train passing the measurement point

Figure 43: Train approximately 8s past measurement point
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Figure 44: Peak envelope

Result 4
Location

Sidings 29 August 2003

Notes

Northbound Train (Class 91)
Speed approximately 105mph at measurement point
Antenna polarisation – horizontal (parallel to the track)

Figure 45: Typical ambient

York EMC Services Ltd. 2004

Page 48 of 210

Issue 1

OFCOM

AY4365

8342CR1

No obvious ambient signals are apparent at this measurement location.

Figure 46: Train approaching (approximately 30 seconds from measurement point)

Figure 47: Train passing the measurement point
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Figure 48: Train approximately 1 minute past measurement point

Figure 49: Peak envelope

4.3.2.1.3

100kHz to 150kHz frequency range

Result 1 :
Location

Ryther 20 August 2003

Notes

Train 1 – Southbound (Class 91)
Train 2 - Northbound (Class 91)
Antenna polarisation – horizontal (parallel to the track)
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Figure 50: Typical ambient

Figure 51: Train1 approaching (approximately 40 seconds from measurement point)
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Figure 52: Train 1 passing the measurement point

Figure 53: Train 2 passing the measurement point
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Figure 54: Peak envelope

Result 2 :
Location

Sidings 29 August 2003

Notes

Northbound Train (Class 91)
Antenna polarisation – horizontal (parallel to the track)

Figure 55: Typical ambient

In this case there are no obvious signals seen as the train is approaching the measurement
point.
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Figure 56: Train passing the measurement point

As the train passes the measurement point there is a rise in the broadband emissions across
the frequency range measured.

Figure 57: Peak envelope
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General Comments (9kHz to 150kHz)

The emissions observed over this frequency range were of two distinct types:
broadband emissions which are present as the train is passing the measurement
point;
and

harmonic emissions which may be detected when the train is several miles either side
of the measurement point and may be at their maximum when the train is some
distance from the measurement point.

The broadband emissions are seen only as the train is passing. This is consistent with the
emissions being generated on board the train and transmitted from the structure of the train
directly without any interaction with the overhead cabling or other infrastructure.
The harmonic emissions may be seen for some time before and after the train passes the
measurement point. The maximum emission level recorded may be with the train a number of
miles from the measurement point. These harmonic emissions are therefore considered to be
propagated via a transmitting loop antenna consisting of the train, the overhead line, the
electrical power supply equipment and the power supply return conductors. The abrupt
changes in these emissions seen at some points are consistent with the characteristics of this
transmitting loop changing as the train passes through power supply sections or passes
lineside booster transformers hence altering the return current path. The maximum harmonic
amplitudes recorded were in the frequency range of 40kHz to 60kHz. Harmonic emissions
were, however, observed over the full frequency range suggesting that the efficiency of the
transmitting loop is greatest in the region of 40kHz to 60kHz.
The polarisation of the receiving antenna is important if the maximum signal level is to be
detected over this frequency range. The measurements showed that the horizontally polarised
(parallel to the track) loop antenna gave a significantly higher response than the vertically
polarised loop antenna. This is largely to be expected given that the overhead line is
suspected to play a major role in interference propagation over this frequency range. The
common practice of making measurements on moving trains using only this single
polarisation is therefore supported by the results of this study for this frequency range.
The frequency stability of the harmonic emissions appears to vary with the measurement
location and with the location of the train. Two possibilities have been considered as the
reason for this observed frequency drift.
i) the drift is a result of the propagation mechanism.
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The overhead line supply wiring exhibits resonances which it is understood may typically be
in the region of 2kHz. If this wiring is fed by broadband interference currents originating
from, for example, commutator arcing then it is possible that distinct emissions may be
transmitted at multiples of the resonant frequency. As the train moves along the track, the
characteristics (and hence resonant frequency of the overhead line) will be altered. This could
result in the observed drift in the measured signals at the higher multiples of the resonant
frequency.
ii) the drift is as a result of the traction drive thyristor firing angles changing.
It is assumed that the harmonic emissions seen are as a result of switching in the traction
controls for the DC traction motors. The variations in the harmonic frequencies seen with
time are taken to be associated with changes in the firing angles of the drive thyristors as the
train speed increases and decreases. In order to change the excitation to the field windings,
for example, the thyristor firing angle must be changed. An incremental change in the firing
angle has the effect of altering the switching frequency for the period that the firing angle is
changing. At the second test location the train speed is rather lower than at the first and the
train is assumed to be still accelerating. The greater drift rate in the measured harmonics at
the second measurement location may well, therefore, be associated with the dynamics of the
motor control.
It is possible that the origin for this noise is in fact not the train itself but is instead the power
supply equipment. If this is the case than the above explanations for the frequency drift are
still possible, only with a different noise injection point.

4.3.2.1.5

Bandwidth Correction

These measurements were made with a spectrum analyser 3dB resolution bandwidth of 1kHz.
This is somewhat wider than the CISPR 16-1 bandwidth for this frequency range of 200Hz
(at 6dB down).
The major problem with the use of such a narrow measurement bandwidth is that any swept
frequency test will take a significant time. This is obviously a concern when attempting to
measure the emissions from a moving vehicle.
EN50121-3-1:2000 [2] overcomes this problem by suggesting that a swept measurement be
carried out with a bandwidth of 1kHz.
EN50121-2:2000 [2] suggests that either a selection of frequencies should be measured in
parallel, or that a swept measurement using a peak hold detector may be adequate. This
standard also allows for the use of bandwidths other than those specified in CISPR16-1 but
comments that the use of a narrow measurement bandwidth at lower frequencies has
advantages in tracing the sources of noise.
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Both standards require that correction of the results be carried out if bandwidths other than
those specified in CISPR 16-1 are used.
EN50121-3-1:2000 [2]specifies that the bandwidth correction should be carried out assuming
that the ‘noise is a broad band white noise’.
EN50121-2:2000 [2]specifies that the correction should be carried out ‘on the basis that the
noise is impulsive in nature’.
These two statements are taken to amount to the same thing; i.e. that for a factor of 10
reduction in the bandwidth, a factor of 10 (or 10dB) reduction in the measured value can be
expected. This is certainly the case for white noise where there is a statistical distribution of
phase and amplitude throughout the band of interest. Impulsive noise in this case is taken to
be associated with random, incoherent events.
There are several points to be made regarding this assumption:
i)

care must be taken when transforming between normal spectrum analyser bandwidths
(which are typically set at 3dB down from the peak response) and CISPR 16-1
bandwidths (which are specified at 6dB down from the peak response) – see note;

ii)

correction of the measured results to take into account bandwidth is appropriate for
the type of broad band emission observed in this study as the train is passing the
measurement point;

iii)

correction of the measured result is not appropriate when the measured signals are
narrowband harmonic emissions – in this case altering the bandwidth will only
marginally change the measured value.

Note: investigation using a broad band noise source (CNEIII) and the spectrum analysers
used for this study (HP8594E) have shown that the 1kHz spectrum analyser resolution
bandwidth setting corresponds to an effective 6dB bandwidth of 1.5kHz and hence a broad
band correction factor of 8.8dB is appropriate [10log10(1500/200)].

The use of fixed frequencies (as specified in EN50121-2:2000[2]) is also of concern over this
frequency range. It is identified in EN50121-2:2000 [2]that in the frequency range 9kHz to
150kHz there may be noise present at clearly identifiable frequencies owing to the traction
equipment. This is consistent with the measurements performed for this study. It is suggested
in the standard that a search be made for these frequencies and that these are chosen for test
purposes. Unfortunately the measurements performed during this study show significant
frequency drift or instability with these signals and so the usefulness of the receiver tuned to a
single frequency is doubtful.
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4.3.2.1 150kHz to 30MHz frequency range
4.3.2.1.1

150kHz to 10.15MHz frequency range

Result 1 :
Location

Sidings 28 August 2003

Notes

Northbound Train (Class 91)
Antenna polarisation – horizontal (parallel to the track)

Figure 58: Typical ambient

Figure 59: Train approaching (132)
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Figure 60: Peak envelope
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8342CR1

10MHz to 20MHz frequency range

Result 1
Location

Ryther 21 August 2003

Notes

Northbound Train (Class 91)
Antenna polarisation – horizontal (parallel to the track)

Figure 61: Typical ambient

Figure 62: Train passing the measurement point
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Result 2
Location

Sidings 28 August 2003

Notes

Southbound Train (Class 91)
Antenna polarisation – horizontal (parallel to the track)

Figure 63: Typical ambient

Figure 64: Train passing the measurement point
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20MHz to 30MHz frequency range

Result 1
Location

Sidings 28 August 2003

Notes

Northbound Train (Class 91)
Antenna polarisation – horizontal (parallel to the track)

Figure 65: Typical ambient

Figure 66: Train passing the measurement point
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Result 2
Location

Sidings 28 August 2003

Notes

Southbound Train (Class 91)
Antenna polarisation – horizontal (parallel to the track)

Figure 67: Typical ambient

Figure 68: Train passing the measurement point

York EMC Services Ltd. 2004

Page 63 of 210

Issue 1

OFCOM

AY4365

4.3.2.1.1
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General Comments (150kHz to 30MHz)

Fewer emissions were observed in this frequency range. Those emissions that were seen were
evident only when the train was close to the measurement position. This suggests that the
overhead supply lines are not playing an important part in the transmission path over this
frequency range. This may be owing either to the inefficiency of the overhead lines in
transmission or it may be the case that this type of train does not export interfering signals to
the supply lines at these frequencies.

4.3.2.1 30MHz to 1GHz frequency range
4.3.2.1.1

30MHz to 530MHz frequency range

Result 1
Location

Ryther19 August 2003

Notes

Northbound Train (Class 91)
Antenna polarisation – vertical
This result can be viewed as a video file: Example 2

Figure 69: Typical ambient

The heavy use of the radio spectrum over this frequency range can be seen from Figure 69.
Ambient signals include VHF FM radio broadcast, radiopagers, VHF DAB transmission,
TETRA communications and signals from remote television transmitters. Other local
communications signals are also present. By considering this plot some of the difficulties
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with making effective EMC emissions measurements over this frequency range can be better
understood.

Figure 70: Train passing the measurement point(1)
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Figure 71: Train passing the measurement point(2)

The traces of Figure 70 and Figure 71 are consecutive traces (190ms apart) taken as the train
is passing the measurement point. The emissions seen here are broadband in nature but may
be present for much of a measurement sweep (190ms). These are therefore likely to be
produced by equipment such as the DC traction motors. Examination of the results of the
transient (zero span) detectors (Figure 73 and Figure 74) gives more insight into the nature of
the emissions seen here.
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Figure 72: Peak envelope

The peak envelope trace shows the combination of all steady ambient signal, intermittent
ambient signals and signals associated with the train passing.

Figure 73: Result from transient detector 1 (350MH) – 30 second span

Figure 73 shows the results from the broad bandwidth (3MHz) detector centred on 350MHz
as the train passes the measurement point. In this plot can be seen signals from a combination
of broadband signals associated with commutator arcing, broadband signals associated with
overhead line arcing and signals from a local intermittent radio transmission at 350MHz
(seen as the smooth edged parts of the trace).
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Figure 74: Result from transient detector 2 (360MHz) – 30 second span

Figure 74 shows the result from the transient detector centred on 360MHz. This demonstrates
an advantage of using more than one broadband detector for these measurements. The noise
detected for the first three seconds of the span is considered to be primarily caused by
commutator arcing in the DC traction motors. The signals detected during the following five
seconds of the measurement are considered to be associated mainly with arcing at the
overhead power supply line. Arcing at the pantograph was observed visually at several times
per second at this test location.
Broadband emissions in this frequency range were only detected for the few seconds as the
train passed the measurement point. This suggests that emissions of this type are transmitted
directly from the structure of the train and that the overhead line does not play a significant
part in the interference propagation.
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Result 2
Location

Ryther 19 August 2003

Notes

Southbound Train (Class 91)
Antenna polarisation – vertical

Figure 75: Typical ambient

Figure 76: Train passing the measurement point(1)
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Figure 77: Train passing the measurement point(2)

Figure 78: Train passing the measurement point(3)
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Figure 79: Train just past the measurement point(3)

As for the previous case broadband emissions are detected across the frequency range when
the train is in the vicinity of the measurement point.

Figure 80: Peak envelope

The peak envelope again shows emissions present across the band of interest whilst the
measurement was underway.
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Figure 81: Result from transient detector 1 (350MHz – 30s sweep time)

Figure 82: Result from transient detector 2 (360MHz – 30s sweep time)

The results from the transient detectors again show some radiocommunications activity in the
350MHz band. There is also additional noise detected at 350 MHz present to approximately
nine seconds into the measurement. The broadband response therefore appears again to be
better represented by the measurement at 360 MHz (Figure 82). The broadband activity is
again thought to be a combination of traction motor noise and overhead line arcing. The
visual occurrence of line arcing was observed to be rather less frequent for south bound trains
than north bound trains on this day at this location. This is perhaps reflected in the reduced
level of short duration ‘spikes’ observed in Figure 82 when compared to the northbound case
(Figure 74).
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Result 3
Location

Sidings 28 August 2003

Notes

Southbound Train (Class 91)
Antenna polarisation – vertical

Figure 83: Typical ambient

The ambient is similar in nature but differs in detail from the previous two cases as would be
expected for a different test site.

Figure 84: Train approaching (approximately 7 seconds from the measurement point)
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Some signals are observed in the region of 30MHz to 80MHz.

Figure 85: Train passing the measurement point

Compared to the previous results for this frequency range emissions are at a significantly
lower level.

Figure 86: Peak envelope

Examination of the peak envelope shows lower emissions than for the previous cases (Figure
72 and Figure 80).
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Figure 87: Result from transient detector 1 (325MHz)

There is also significantly less broadband activity detected in this measurement than for the
previous measurements.
This measurement location is approximately five miles to the north of York station.
Southbound trains are approaching York and are therefore possibly coasting at this point
preparing to slow down into the station. If this is the case then there will be little or no power
supplied to the traction motors explaining the lack of emissions seen. There were also fewer
visually observable arcing events at this location further explaining the lack of activity at the
broadband (transient) detector.
This demonstrates some of the importance of carefully selecting test conditions and locations
when making such measurements.

4.3.2.1.1

530MHz to 1GHz frequency range

Result 1
Location

Ryther 19 August 2003

Notes

Northbound Train (Class 91)
Antenna polarisation – vertical
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Figure 88: Typical ambient

The high level of radio spectrum use in this frequency band can be seen from the ambient
plot. The signals seen at frequencies below 800MHz are dominated by terrestrial television
transmissions from various transmitters. Both analogue and digital transmissions can be seen
between 600MHz and 750MHz. Signals seen centred around 950MHz are associated with
GSM cellular telephone base-station activity.

Figure 89: Train passing the measurement point(1)
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Figure 90: Train passing the measurement point(2)

Figure 91: Train passing the measurement point(3)
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Figure 92: Peak envelope

Some broadband activity can be seen (particularly in Figure 92) as the train passes but at
rather lower levels than for the corresponding measurement location at the frequency range
from 30MHz to 530MHz. This is attributed to noise from the traction motors being limited in
both bandwidth and propagation efficiency as the frequency increases. There are obvious
signals present in the region of 900MHz. This is likely to be emanating from the mobile
phones of passengers on the train as no signals of the same magnitude as these are seen in the
transient detector plots. There is a lowering of the signal from the mobile phone base stations
(around 950MHz) as the train passes. This is not thought to be an interference effect but
rather a shielding effect as the train passes between the phone mast and the measurement
antenna.

Figure 93: Result from transient detector 1 (860MHz – 30s sweep time)
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Figure 94: Result from transient detector 2 (860MHz – 30s sweep time)

Both transient detectors in this case are tuned to the same frequency and show the generally
good agreement between the measurements made with two different instruments.

Result 2
Location

Sidings 28 August 2003

Notes

Southbound Train (Class 91)
Antenna polarisation – vertical

Figure 95: Typical ambient
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Figure 96: Train passing the measurement point(1)

Figure 97: Train passing the measurement point(2)

In this case the only obvious signals appearing are those around 900MHz attributable to
mobile phone handset use on the train.
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Figure 98: Peak envelope

There were no discernable broadband signals measured as the train passed the measurement
point in this case. This measurement is of a southbound train heading towards York and
possibly coasting on the approach to the station. Broadband emissions associated with
traction motors and overhead line arcing are therefore unlikely to occur.

Figure 99: Result from transient detector 1 (860MHz – 30s sweep time)
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Figure 100: Result from transient detector 2 (870MHz – 30s sweep time)

There is very little broadband activity measured in this case backing up the assumptions
about the train drawing reduced power form the overhead supply and that the ‘transient’
activity seen in the region of 900MHz is in fact mobile phone usage.

4.3.2.1.1

General Comments (30MHz to 1GHz)

High levels of ambient signal are seen over this frequency range. This is consistent with the
heavy use of the VHF and UHF bands for broadcast and other radiocommunications services.
Emissions attributed to the passage of the train were seen only when the train was in the
vicinity of the measurement antenna suggesting that the radiation is probably transmitted
directly from the structure of the train and onboard equipment.
Most high level signals detected were transient and/or broadband in nature and are thought to
be generated predominantly through a combination of overhead line arcing and brush noise
from the DC traction motors. This broadband noise was seen on both the frequency domain
measurements and on the single frequency transient detectors. The nature of these emissions
is probably better understood by reference to the transient detector plots rather than the
continuous frequency plots. The brush noise from the DC motors is seen at higher levels in
the lower end of this frequency range whereas the signals detected from the overhead line
arcing are at similar levels throughout the frequency range.
The value of using more than one analyser for detecting broadband and transient events was
demonstrated in the cases where an intermittent radio transmitter was in use and in cases
where different signal strengths were detected – pointing to nulls in the response of the test
site.
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Some instances of intermittent emissions were measured in the region of 900MHz as the train
was passing. These did not register on the broadband/transient detector and are attributed to
cellular telephony handsets in use by train passengers.

4.3.3 Diesel electric high speed train
All measurements were made on class 43 stock operated by either GNER between London
and Scotland or by Virgin Trains on cross-country routes.
In all measurement results presented, two limit lines are shown. The upper limit is EN501212:2000 [2](limit A) which is applicable at the measurement locations as the line is electrified
by 25kV overhead. Limit C of EN50121-2:2000 [2] is also shown as these trains do not draw
power from the overhead line and may therefore be operated on non-electrified sections of
track.

York EMC Services Ltd. 2004

Page 83 of 210

Issue 1

OFCOM

AY4365

8342CR1

4.3.3.1 9kHz to 150kHz frequency range
4.3.3.1.1

9kHz to 59kHz frequency range

Result 1 :
Location

Ryther 21 August 2003

Notes

Southbound Train (Class 43)
Antenna polarisation – horizontal (parallel to the track)

Figure 101: Typical ambient and train approaching

In this case there is no noticeable difference between the measurement profile when the train
is approaching and the ambient signals measured. This is in contrast to the case of the train
drawing power from the overhead supply when emissions could be seen in this frequency
range with the train several miles from the measurement point. It can also be seen that, with
the measurement configuration used (including the 1kHz measurement bandwidth), the noise
floor of the system is above the lower (C) limit line up to approximately 20kHz. This
suggests that pre-amplification over this band will be required to give an adequate noise
margin if compliance testing is to be performed to this standard.
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Figure 102: Train passing the measurement point

Broadband noise can be observed across the band as the train is passing.

Figure 103: Peak envelope
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Result 2 :
Location

Ryther 21 August 2003

Notes

Northbound Train (Class 43)
Antenna polarisation – horizontal (parallel to the track)

Figure 104: Peak envelope

The peak envelope of this measurement shows a similar profile to the previous case.

4.3.3.1.2

50kHz to 100kHz frequency range

Result 1 :
Location

Ryther 20 August 2003

Notes

Southbound Train (Class 43)
Antenna polarisation – horizontal (parallel to the track)
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Figure 105: Typical ambient

The same pattern of ambient signals is seen as those of Figure 30 and Figure 35.

Figure 106: Train passing the measurement point(1)

There is noise present across the band as the train is passing. Particular signals are seen at
around 64kHz, 77kHz and 90kHz. These may be associated with signalling and
communications rather than noise from alternators or motors as they are seen to be present
for some time.
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Figure 107: Peak envelope

Result 2 :
Location

Ryther 20 August 2003

Notes

Northbound Train (Class 43)
Antenna polarisation – horizontal (parallel to the track)

Figure 108: Typical ambient

Again the ambient is consistent with the previous case.

York EMC Services Ltd. 2004

Page 88 of 210

Issue 1

OFCOM

AY4365

8342CR1

Figure 109: Train passing the measurement point(1)

Again broadband noise is present across the band as the train is passing. For this case (the
northbound train) there is much less activity seen at distinct frequencies, suggesting that some
of the emissions noted in the previous case may be associated with the operation of the
infrastructure rather than directly with train on-board systems.

Figure 110: Peak envelope
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100kHz to 150kHz frequency range

Result 1 :
Location

Sidings 29 August 2003

Notes

Southbound Train (Class 43)
Antenna polarisation – horizontal (parallel to the track)

Figure 111: Typical ambient
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Figure 112: Train passing the measurement point

Broadband emissions can be seen together with some more steady signals that may be
associated with signalling or communications.

Figure 113: Peak envelope
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General Comments (9kHz to 150kHz)

The emissions observed over this frequency range were predominantly broadband with a
number of more distinct signals sometimes present. These may be owing to signalling and
communications services.
Emissions were only observed when the train was in close proximity to the measurement
point. This is in contrast to the measurements made from the 25kV overhead line powered
stock where some emissions could be observed with the train remote from the measurement
point. From the measurements made it seems highly unlikely that there is any interaction
between this type of train and the overhead supply line which is linked to radio frequency
emissions.
The emissions seen were generally at significantly lower levels than those for the electric
trains supplied from the overhead lines. The majority of emissions emanating from the train
are probably associated with the on-board electrical generators (alternators and rectifiers) and
DC traction motor drive systems.

4.3.3.2 150kHz to 30MHz frequency range
4.3.3.2.5

150kHz to 10.15MHz frequency range

Result 1 :
Location

Sidings 28 August 2003

Notes

Southbound Train (Class 43)
Antenna polarisation – horizontal (parallel to the track)
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Figure 114: Typical ambient

Figure 115: Peak envelope

No emissions above ambient were detected for this frequency range.
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8342CR1

10MHz to 20MHz frequency range

Result 1 :
Location

Sidings 28 August 2003

Notes

Northbound Train (Class 43)
Antenna polarisation – horizontal (parallel to the track)

Figure 116: Typical ambient

Figure 117: Peak envelope

Again no emissions above ambient were detected in this frequency range.
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8342CR1

20MHz to 30MHz frequency range

No measurement data is available for this frequency range.

4.3.3.2.8

General Comments (150kHz to 30MHz)

No emissions other than ambient radio signals were observed above the measurement system
noise floor over this frequency range.

4.3.3.3 30MHz to 1000MHz frequency range
4.3.3.3.9

30MHz to 530MHz frequency range

Result 1 :
Location

Sidings 28 August 2003

Notes

Northbound Train (Class 43)
Antenna polarisation – vertical

Figure 118: Typical ambient
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Figure 119: Train passing the measurement point

Broadband emissions are present across the frequency band. These are masked in places by
the local radio ambient.

Figure 120: Peak envelope
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Figure 121: Signal from transient detector 1 (325MHz)

Figure 122: Signal from transient detector 2 (325MHz)

The broadband transient detection result shows significant activity as the train passes the
measurement point. This is likely to be the result of arcing from brushes in the DC traction
motors.
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500MHz to 1000MHz frequency range

Result 1 :
Location

Sidings 28 August 2003

Notes

Southbound Train (Class 43)
Antenna polarisation – vertical

Figure 123: Typical ambient

Ambient radio signals present across this band are consistent with terrestrial television
transmission from various transmitters and with transmissions from GSM mobile phone base
stations.
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Figure 124: Train passing the measurement point

There are no observable emissions from the train in this frequency range.

Figure 125: Peak envelope

Various emissions consistent with the signals from hand held GSM mobile phones are visible
around 900MHz as well as the signals from the GSM base stations around 950MHz.
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Figure 126: Signal from transient detector 1 (860MHz)

Figure 127: Signal from transient detector 2 (860MHz)

Any signals detected here are so close to the noise floor of the measurement system that they
cannot be treated as meaningful.

4.3.3.3.11

General Comments (30MHz to 1000MHz)

Broadband emissions can be seen as the train passes the measurement point over much of the
frequency range of 30MHz to 530MHz. This is seen in both the continuous frequency sweeps
and with the broadband transient detectors. There is no electrical connection between this
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type of train and the overhead power supply lines and so all emissions must be generated onboard the train and emitted from the structure of the train. These broadband emissions
observed are likely to be generated by arcing at the brushes of the DC traction motors.
No obvious emissions were observed at frequencies in excess of 500MHz. Again this is
consistent with the lower frequency interference being the result of commutator noise as
experience suggests that the levels of radiation from motor noise fall after a few hundred
MHz.

4.3.4 Diesel electric “Voyager” train
All measurements were made on class 220 or class 221 stock operated by Virgin Trains on
cross-country routes.
In all measurement results presented, two limit lines are shown. The upper limit is EN501212:2000 [1] (limit A) which is applicable at the measurement locations as the line is electrified
by 25kV overhead. Limit C of EN50121-2:2000 [2] is also shown as these trains do not draw
power from the overhead line and may therefore be operated on non-electrified sections of
track. The limit lines are shown for indicative purposes only. The test distances used were not
measured accurately to be in accordance with those specified in the EN50121 standards.
Additionally, for frequencies below 150kHz a bandwidth correction factor may be applied as
a greater measurement bandwidth was used than that required by EN50121-2:2000. This is
discussed further in section 4.3.2.1.5.
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4.3.4.1 9kHz to 150kHz frequency range
4.3.4.1.1

9kHz to 59kHz frequency range

Result 1 :
Location

Ryther 20 August 2003

Notes

Southbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track) – see picture below

Figure 128: Typical ambient

This ambient measurement is consistent with the ambient shown for the high speed train in
the previous section (Figure 101) and again shows that the system noise exceeds the limit at
frequencies below around 20kHz.
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Figure 129: Train passing the measurement point

A general increase in emissions is seen across the band as the train passes the measurement
point. These emissions are seen only when the train close to the measuring antenna.

Figure 130: Peak envelope
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Result 2 :
Location

Ryther 20 August 2003

Notes

Southbound Train (‘Voyager’)
Antenna polarisation – vertical (perpendicular to the track) – see picture below

Figure 131: Typical ambient

The ambient is similar for the case with the antenna in the orthogonal polarisation. There are
no distinct ambient signals seen that exceed the system noise floor.
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Figure 132: Train passing the measurement point

Unlike previous measurements with the loop antenna in the vertical (perpendicular)
polarisation there are significant emissions seen during this measurement. These again appear
to be broadband in nature.

Figure 133: Peak envelope
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Result 3 :
Location

Sidings 29 August 2003

Notes

Northbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track)

Figure 134: Typical ambient

Figure 135: Train passing the measurement point
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Again a broadband increase in emissions is seen as the train passes the measurement point.

Figure 136: Peak envelope

Result 4 :
Location

Sidings 29 August 2003

Notes

Northbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track)

Figure 137: Typical ambient
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Figure 138: Train passing the measurement point

In this case the emissions seen are lower than in the previous measurements.

Figure 139: Peak envelope
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4.3.4.1.2

8342CR1

50kHz to 100kHz frequency range

Result 1 :
Location

Sidings 29 August 2003

Notes

Northbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track)

Figure 140: Typical ambient

Figure 141: Train passing the measurement point
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Figure 142: Peak envelope
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Result 2 :
Location

Sidings 29 August 2003

Notes

Southbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track)

Figure 143: Typical ambient

Figure 144: Train passing the measurement point
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Figure 145: Peak envelope

4.3.4.1.3

100kHz to 150kHz frequency range

An example measurement animation is given in: Example 3

Result 1 :
Location

Ryther 20 August 2003

Notes

Northbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track)

Figure 146: Typical ambient
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Figure 147: Train passing the measurement point

Figure 148: Peak envelope

Result 2 :
Location

Sidings 29 August 2003

Notes

Northbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track)
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Figure 149: Typical ambient

Figure 150: Train passing the measurement point(1)
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Figure 151: Peak envelope

Result 3 :
Location

Sidings 29 August 2003

Notes

Northbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track)

Figure 152: Typical ambient
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Figure 153: Train passing the measurement point(1)

Figure 154: Peak envelope

4.3.4.1.4

General Comments (9kHz to 150kHz frequency range)

Over this frequency range the emissions seen are predominantly broadband in nature. This
means that it would be appropriate to apply a correction factor to take into account the
bandwidth used for the measurement if applying the limits of EN50121-2:2000 [2]. In this
case the measured data should be adjusted downwards by approximately 9dB. (The CISPR
bandwidth is 200Hz for this frequency range; the spectrum analyser bandwidth used for the
measurement was 1kHz.) It can be seen that, after adjustment, some of the emissions
measured (for example Figure 150) are still very close to the ‘C’ limit line over the frequency
range of 9kHz to 59kHz.
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The measurements show that there may be significant differences between the emissions
from different units of nominally the same type (compare Figure 135 and Figure 138).
The measurement made with the loop antenna perpendicular to the track (vertical
polarisation) shows significant emissions for this type of rolling stock. This was not the case
with the Class 91 rolling stock (described in section 4.3.2.1) where emissions appeared to be
polarised in the same direction as the overhead supply lines.

York EMC Services Ltd. 2004

Page 117 of 210

Issue 1

OFCOM

AY4365

8342CR1

4.3.4.1 150kHz to 30MHz frequency range
4.3.4.1.1

150kHz to 10.15MHz frequency range

Result 1 :
Location

Ryther 21 August 2003

Notes

Southbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track)

Figure 155: Typical ambient

Figure 156: Train passing the measurement point
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Figure 157: Peak envelope

4.3.4.1.2

10MHz to 20MHz frequency range

Result 1 :
Location

Sidings 28 August 2003

Notes

Southbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track)

Figure 158: Typical ambient
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Figure 159: Train passing the measurement point

Figure 160: Peak envelope
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4.3.4.1.3

8342CR1

20MHz to 30MHz frequency range

Result 1 :
Location

Ryther 21 August 2003

Notes

Southbound Train (‘Voyager’)
Antenna polarisation – horizontal (parallel to the track)

Figure 161: Typical ambient

Figure 162: Train passing the measurement point
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Figure 163: Peak envelope

4.3.4.1.4

General Comments (150kHz to 30MHz frequency range)

Some broadband emissions were observed at frequencies below 10MHz. These were,
however, at levels significantly below those specified in EN50121-2:2000 [2].
No emissions above the equipment noise floor were detected at frequencies between 10MHz
and 30MHz.

4.3.4.2 30MHz to 1000MHz frequency range
4.3.4.2.1

30MHz to 530MHz frequency range

Result 1 :
Location

Sidings 28 August 2003

Notes

Northbound Train (‘Voyager’)
Antenna polarisation – vertical
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Figure 164: Typical ambient

This is consistent with previous ambient measurements over this frequency range and shows
some of the signals from broadcast and radiocommunications devices using this portion of
the spectrum.

Figure 165: Train approaching (approximately 15s from measurement point)

Emissions were observed between approximately 30MHz and 80MHz when this train was
approximately 15 seconds from the measurement location.
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Figure 166: Train passing the measurement point

There are no obvious emissions above the ambient as the train passes the measurement point.

Figure 167: Peak envelope
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Figure 168: Signal from transient detector 1 (325MHz) – 30 second span

Figure 169: Signal from transient detector 2 (325MHz) – 30 second span

The broad bandwidth transient detectors do show some signals as the train is passing. This
may be from on-board generators. The maximum level seen is approximately 25dB below
that of the train supplied from the overhead supply (see Figure 74). The signals from the two
detectors are at the same frequency in this case and are very similar (as would be expected).
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Result 2 :
Location

Ryther 19 August 2003

Notes

Southbound Train (‘Voyager’)
Antenna polarisation – vertical

Figure 170: Typical ambient

Figure 171: Train passing the measurement point
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Figure 172: Peak envelope

In this case there are no obvious emitted signals as the train passes the measurement point
although the peak envelope plot does show some emissions which are not present on the
ambient plot. These may be as a result of intermittent ambients or some train emissions.

4.3.4.2.2

500MHz to 1000MHz frequency range

Result 1 :
Location

Sidings 28 August 2003

Notes

Northbound Train (‘Voyager’)
Antenna polarisation – vertical
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Figure 173: Typical ambient

The majority of the ambient radio signals in this frequency range are owing to various
terrestrial television transmitters over the frequencies below 850MHz and from GSM base
stations at frequencies centred around 950MHz.

Figure 174: Train passing the measurement point (1)
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Figure 175: Train passing the measurement point (2)

Figure 176: Train passing the measurement point (3)

Some signals can be seen in the frequency range of 500MHz to 600MHz as the train passes
the measurement point.
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Figure 177: Peak envelope

Result 2 :
Location

Sidings 29 August 2003

Notes

Southbound Train (‘Voyager’)
Antenna polarisation – vertical

Figure 178: Typical ambient
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Figure 179: Train passing the measurement point (1)

Figure 180: Train passing the measurement point (2)

There are fewer observable emissions for this train pass than in the previous measurement.
Several transmissions from GSM mobile phone handsets can be seen around 900MHz.
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Figure 181: Peak envelope

Figure 182: Signal from transient detector 1 (860MHz)

Again some broadband emissions can be detected as the train passes the measurement point
(although these are close to the noise floor of the measurement system used at this
frequency).

4.3.4.2.3

General Comments (30MHz to 1000MHz)

There was some variation noted between the emissions seen from different trains over the
same frequency range. In one case (see Figure 165) emissions were measured over the
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frequency range of 30MHz to 80MHz as the train was still some distance from the
measurement point. It is unclear whether this emission was caused by this particular train or
emanated from a different source.
The results from the transient detectors do indicate that broadband activity is occurring. As
no connection to the overhead power supply is present then these signals must be generated
on the train. This is likely to be associated with the generation or conversion of either the
traction power or power for auxiliary systems.
No specific narrowband emissions were observed although over this frequency range it can
be difficult to detect such emissions in an open environment because of the high levels of
radio ambient present.

4.3.5 Diesel Multiple Units with Mechanical Transmission
Passages of various diesel multiple unit (DMU) type passenger trains were measured. The
traction drive for these is provided via a direct mechanical or hydraulic transmission from the
on-board diesel engine. No significant variations between the ambient radio background and
the measured emissions with the trains present were noted.

4.4

Nottingham Tram

4.4.1 Introduction
Measurements on tramway infrastructure were performed at Nottingham, on the newly built
Line One of the Nottingham Express Transit (NET) tram system in the frequency range of
9kHz to 1GHz using the measurement system described in section 3.6. The measurements
were made prior to the commissioning into service of the tramway. The measurements were
performed at two different site locations. The first measurement site was situated at Highbury
Vale, just before a junction split (trams either accelerating after the junction or decelerating
before the junction) as shown in Figure 184 and at Hucknall, at the end of the line, where the
trams are accelerating and decelerating at that point (Figure 185). The measurements were
performed during driver training days. Maps of the measurement location are shown in
Figure 183.
The 15 trams in the NET fleet are electrically powered via a 750V nominal overhead DC
supply. This is transformed from the 11kV AC supplied from the grid by six substations
along the route of Line One. The overhead line is not isolated into sections (as is the case in
AC systems) rather all substations deliver electricity to the tram power system in parallel.
The trams are 3.35 metres high with each vehicle being 33 metres long.
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Figure 183: Location of the measurement sites along the Nottingham Express Transit line

Figure 184: Picture of the measurement site at Highbury Vale site (antenna in parallel polarisation)
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Figure 185: Picture of the measurement site at Hucknall (antenna in parallel polarisation)

4.4.2 Measurement results
The measurements were performed over the frequency range of 9kHz to 1GHz. The spectrum
analyser settings were as for the East Coast Mainline (see Table 3). The measurement
antennas were polarised as follows: loop antennas in horizontal polarisation (antenna loop
parallel to the track); bilog antenna vertically polarised. These polarisations are as specified
in EN50121-2:2000 [2]. The results are presented in three sections to take into account of the
different measurement bandwidths used and include measurements at both site locations. No
specific variations in the emission levels were noticed between each of the measurement site
for specific measurement scenarios (acceleration/deceleration of trams, static positioning in
front of the measuring antenna,).
If these measurements are to be compared with the limits specified in EN50121-2:2000 for
light rail systems then the following points should be noted:
•

Examination of Figure 184 and Figure 185 shows that the measurement
antenna is situated somewhat closer than the 10m prescribed in the standard. A
method of calculating correction factors to take into account alternative
measurement distances is given in EN50121-2:2000 section 5.1.6. For
example, measurement results taken at 5m would be reduced by
approximately 10dB using this rule.

•

At frequencies below 150kHz the measurements were made with a 1kHz
spectrum analyser bandwidth. The standard CISPR bandwidth for this
frequency range is 200Hz. EN50121-2:2000 allows for bandwidth correction
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in Appendix B.5. When applied in this case this equates to a correction of
8.8dB to be removed from the measured value (as discussed in section
4.3.2.1.5 ).

4.4.2.1 9kHz to 150kHz frequency range
4.4.2.1.1

9kHz to 59kHz frequency range

Figure 186 shows a typical measurement of the ambient signal, which is consistent with the
ambient measured next to the East Coast Main Line (for example Figure 21). No specific,
identifiable ambient signals are observed above the system noise floor over this frequency
range.

Figure 186: Ambient measurement (no tram present)
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Figure 187: Tram moving in front of the measuring antenna (Slowing down)

As the train is slowly approaching the measurement position (slowing down), the measured
levels of interferences are very similar to the ambient measurements: no specific emissions
are being radiated in this case.

Figure 188: Tram situated 5 metres away from the measuring antenna (start of acceleration)

Figure 188 shows the emissions measured as the tram is starting to accelerate: clear emissions
are being measured over most of the frequency range, but most specifically in the region of
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14kHz to 29kHz. These are assumed to be associated with power conversion for traction
purposes.

Figure 189: Tram passing in front of the measuring antenna

As the tram passes in front of the measuring antenna, the high levels of harmonic emissions
(Figure 188) are not being observed.

Figure 190: Peak envelope of the above measurement

The peak envelope of the results from these measurements shows that emissions were
detected across the frequency range during the measurement time.
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50kHz to 100kHz frequency range

Figure 191: Ambient measurement (no tram present)

Figure 191 shows the result of an ambient measurement: distinct ambient signals can be seen
at 62.5kHz, 72.5kHz and 82kHz which could be due to tramway signalling equipment or
communication equipment.

Figure 192: Tram approaching the measuring antenna (10m from antenna)
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The above figure shows substantial emissions centred at frequencies of 62.5kHz and 82kHz
and are believed to be due to tram signalling systems (e.g.: tram detection system) when the
tram is in close proximity.

Figure 193: Tram passing the measuring antenna

The level of broadband emissions is seen to rise as the tram passes in front of the measuring
antenna. No specific harmonic emissions are seen over this frequency range.

Figure 194: Peak envelope of the above measurement

Figure 194 shows the results of the peak envelope.
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8342CR1

100kHz to 150kHz frequency range

Figure 195: Ambient measurement (no tram present)

Figure 195 shows the result of an ambient measurement: distinct ambient signals can be seen
centred at 110kHz, 120kHz and 136kHz (possibly tramway signalling equipment).

Figure 196: Tram passing the measuring antenna
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As the tram passes in front of the measuring antenna, the level of broadband emissions is
seen to rise. No specific harmonic emissions are seen over this frequency range.

Figure 197: Tram 10 metres away from measuring antenna

The above figure shows substantial emissions centred at frequencies of 120kHz and 136kHz.
Similar results were observed in the frequency range of 50kHz to 100kHz (Figure 192). It is
believed that these emissions are due to tram positioning detectors or similar signalling
equipment.

Figure 198: Peak envelope of the above measurement
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In this frequency range, interference seen is predominantly broadband as the vehicle passes
the measurement point. Two distinct peaks are, however also visible which are thought to be
associated with emissions from the signalling equipment.

4.4.2.1.4

General comments for the 9kHz to 150kHz frequency range

The emissions observed over the frequency range of 9kHz to 150kHz were of three distinct
types:
1. Broadband emissions which are measured when the tram is passing next to the
measuring antenna.
2. Harmonic emissions, which can be detected when the tram is some distance away
from the measuring point. These emissions clearly depend on the status of the
rolling stock (acceleration, deceleration, or no movement).
3. Emission radiated from signalling equipment, such as train position detection
(Figure 197).

The broadband emissions are seen only when the tram is passing in front of the measuring
antenna. Similarly to electric trains on mainlines, the emissions are being generated onboard
the train and transmitted from the structure of the train directly without any interaction with
the overhead lines.
The harmonic emissions are seen some time after the tram passes the measurement point,
when accelerating. During these measurements, the trams were found to slow down before
and next to the measuring antenna and to accelerate after passing the measurement point (due
to the location and geometry of the track). It is believed that interference is propagated in a
similar manner to the case of mainline electric rolling stock, i.e. by a radiation mechanism
involving the overhead supply lines as part of the transmission loop. These harmonic
emissions were not constantly present and appear to be affected by trams slowing down,
stopping and accelerating. The emission frequencies of these harmonic signals were observed
to remain steady throughout the measurement (unlike the case for the mainline electric trains
where some frequency drift was observed). The harmonic emissions are likely to be
generated as part of the power conversion process from overhead supply to traction motor.
Radiated emissions were measured from line side equipments: emissions from the signalling
equipment were present at all time (emissions were seen in the ambient), and were found to
increase by up to 15dB when trams were in close proximity.

York EMC Services Ltd. 2004

Page 143 of 210

Issue 1

OFCOM

AY4365

8342CR1

4.4.2.2 150kHz to 30MHz frequency range
4.4.2.2.1

150kHz to 10.15MHz frequency range

Figure 199: Ambient measurement (no tram present)

Figure 199 shows a typical ambient measurement. Some ambient radio signals are clearly
observed in this frequency range.
Figure 200, Figure 201 and Figure 202 show the changes in the emission as the tram passes
the measuring antenna. A slight rise of emission (5-9 dB) can be noticed in the case of Figure
201 at frequencies below 3MHz, when the tram is in front of the measuring antenna. No
noticeable differences in the emission levels could be measured for the other tram positions.

Figure 200: Tram approaching the measuring antenna

York EMC Services Ltd. 2004

Page 144 of 210

Issue 1

OFCOM

AY4365

8342CR1

Figure 201: Tram passing the measuring antenna

Figure 202: Tram 10 metres away from measuring antenna
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Figure 203: Peak envelope of the above measurement

Comparing Figure 199 and Figure 203 show that emissions have risen by 5 to 9dB for
frequencies up to 3MHz and no interference could be measured for frequencies above 3MHz.

4.4.2.2.2

10MHz to 20MHz frequency range

Figure 204: Ambient measurement (no tram present)

Figure 204 shows a typical ambient measurement. Some ambient radio signals are clearly
observed in this frequency range.
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Figure 205: Tram passing the measuring antenna

Comparison of Figure 204 and Figure 205 shows that for this frequency range, no emissions
could be measured when the tram was passing the measurement point.

4.4.2.2.3

20MHz to 30MHz frequency range

Figure 206: Ambient measurement (no tram present)

York EMC Services Ltd. 2004

Page 147 of 210

Issue 1

OFCOM

AY4365

8342CR1

Figure 207: Tram passing the measuring antenna

Figure 206 and Figure 207 present the radiated emission results in the frequency range of
20MHz to 30MHz. No emissions above the ambient signal could be noticed as the tram was
passing next to the measuring antenna.

4.4.2.2.4

General comments for the 150kHz to 30MHz frequency range

In the frequency range of 150kHz to 30MHz, few emissions attributable to the tram system
could be observed. Some emissions were observed as the tram was passing next to the
measuring antenna, but only for frequencies below 3MHz. Such results suggest that, in this
frequency range, little interference is being generated by the trams. Similar results were also
found in the case of the mainline electric rolling stock measurements.
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4.4.2.3 30MHz to 1GHz frequency range
4.4.2.3.1

30MHz to 530MHz frequency range

Figure 208: Ambient measurement (no tram present)

Figure 208 shows a typical ambient measurement over the frequency range of 30MHz to
530MHz. It can be seen from such measurement, that various radio signals are present in the
ambient. These include radio and television broadcast as well as radiocommunications
services such as TETRA.

Figure 209: Tram passing the measuring antenna (decelerating)
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The trace in Figure 209 presents results of the measurement as the tram decelerates in front of
the measuring antenna. Broadband emissions can be noticed from 30MHz to 330MHz, with a
rise of the ambient signal by up to 12dB at some frequencies (around 130MHz). The ambient
signal (from 30MHz to 330MHz) is raised by 5dB on average.

Figure 210: Tram 10 metres away from measuring antenna

There is little or no measured increase in emissions above the ambient as the tram has moved
past the measurement point.

Figure 211: Tram accelerating 10 metres away from measuring antenna
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Figure 211 shows a plot after a tram has stopped near to the measurement point and then
accelerated away. A significant emission can be seen occupying bandwidth between 230MHz
and 280MHz. This was only seen for this particular frame in the data acquisition and so its
origin is unclear. Unfortunately this event was not recorded with the specific broadband
transient detectors as it occurred outside the duration of this measurement.

Figure 212: Peak envelope of the above measurement

4.4.2.3.2

500MHz to 1000MHz frequency range

Figure 213: Ambient measurement (no tram present)
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Ambient signals can be seen which are associated with terrestrial analogue televisions
transmission, terrestrial digital television transmission and GSM mobile phone base stations.

Figure 214: Tram passing the measuring antenna

In the frequency range of 500MHz to 1GHz, no noticeable emissions could be recorded from
the tram movements.

Figure 215:Peak envelope of the above measurements

4.4.2.3.3

General comments for the 30MHz to 1GHz frequency range

High levels of ambient signals have been recorded over this frequency range. This is
consistent with the heavy use of VHF and UHF bands for broadcast and other
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radiocommunications services. Emissions were only noticed when the trams were in close
proximity to the measuring antenna suggesting that interferences are only directly propagated
from the structure of the trams and onboard equipment. No emissions directly attributable to
the trams were noted at frequencies higher than 330MHz.
Very few transient events could be recorded, likely due to the new design of the infrastructure
and the slow speed of trams. In fact the only arcing event visually observed during the two
days of measurement on the tram system is shown in Figure 1. Arcing was observed to occur
consistently at this point, however this location was not accessible and was some distance
from the Highbury Vale measurement site. The measurements described were made prior to
the commissioning of the tram system and it is likely that the discontinuity causing the
observed arc has now been rectified.

4.5

3rd Rail (Ashford)

4.5.1 Introduction
Measurements on third rail infrastructures were performed at Ashford, in Kent over the
frequency range of 9kHz to 1GHz for both antenna polarisations. The measurement site was
located close to Ashford station, where emissions from substantial local third rail traffic could
be measured (recent and older type of rolling stock as illustrated in Figure 216 and Figure
217).

Figure 216: Picture of radiated magnetic field measurement for parallel (vertical) antenna polarisation
(emission measurement performed on a more recent Class 375 rolling stock)
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Figure 217: Picture of radiated electric field measurement for horizontal (perpendicular) antenna
polarisation (emission measurement performed on an older type rolling stock)

4.5.2 Measurement results
The measurements were performed over the frequency range of 9kHz to 1GHz for both the
horizontal (perpendicular) and vertical (parallel) polarisation. The results are presented in
following sections to take into account of the different measurement bandwidths and include
measurements for both antenna polarisations.

4.5.2.1 9kHz to 150kHz frequency range
4.5.2.1.1

9kHz to 59kHz frequency range

Result 1: Parallel polarisation

Figure 218: Ambient measurement (no rolling stock present)
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Figure 218 shows a typical ambient measurement of the ambient spectrum for frequencies
from 9kHz to 59kHz. Similar to the measurements performed at Nottingham, the measured
ambient is very close to the limit line of EN50121-2:2000 [2]. No specific ambient signals are
observed over this frequency range.

Figure 219: Train in moving in front of the measuring antenna

As the rolling stock passes next to the measuring antenna, a 10dB increase of the ambient is
measured for frequencies above 30kHz, with the emission being still below the limit line.

Figure 220: Peak envelope of the above measurements

The peak envelope results from this measurements does not give a good representation of the
actual interference observed during the passage of the train and does not provide information
of the actual interference during the passage of the rolling stock.
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Result 2: Perpendicular polarisation

Figure 221: Ambient measurement (no rolling stock present)

Figure 221 shows a measurement of the ambient in the case of the perpendicular polarisation
which similar to the ambient measurement in the case of the parallel polarisation (Figure
218).

Figure 222: Rolling stock in moving in front of the measuring antenna

In the case of the perpendicular polarisation, a small rise can be seen in the emission level as
the train passes next to the measuring antenna.
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Figure 223: Peak envelope of the above measurements

The result of the peak envelope measurements presented in Figure 223 show a slight rise of
the ambient (2-7dB over the frequency range) which is mostly due to the variation of the
noise floor. No substantial emission could be measured as the rolling stock was passing in
front of the measuring antenna. Similarly to Figure 218, peak envelope measurements only
provide a limited amount of information in the assessment of interference of train to radio
services.

4.5.2.1.2

50kHz to 100kHz frequency range

Result 1: Parallel polarisation

Figure 224: Ambient measurement (no rolling stock present)
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Figure 224 shows the results of an ambient measurement in the frequency range of 50kHz to
100kHz. No distinct ambient signals could be measured over this frequency range.

Figure 225: Rolling stock passing the measuring antenna

The above figure shows some sharp narrowband emission located at around 55kHz and
85kHz, but with no rise in the general ambient signal (no broadband interference being
measured in this case).

Figure 226: Peak envelope of the above measurements

The peak envelope measurement shows the results of the peak envelope, with the narrow
band emission at both extreme of the frequency range of interest. The measured levels are up
to 25dB above the EN50121-2:2000 [2] limit line.
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Result 2: Perpendicular polarisation

Figure 227: Ambient measurement (no rolling stock present)

The ambient measurement in the case of the perpendicular polarisation is shown in Figure
227, which is very similar to the ambient measurement in the case of the parallel polarisation.
No specific emissions are being measured in this case.

Figure 228: Rolling stock passing the measuring antenna

As the rolling stock passes next to the measuring antenna, very little emission can be
measured. Overall, the measurement looks very similar to the previous ambient measurement
(Figure 227), with the only difference of a spike being measured at around 67kHz and some
narrowband emissions around 62kHz.
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Figure 229: Peak envelope of the above measurements

Figure 229 shows the result of the peak envelope measurement. No noticeable emissions have
been measured in this case.

4.5.2.1.3

100kHz to 150kHz frequency range

Result 1: Parallel polarisation

Figure 230: Ambient measurement (no rolling stock present)

The ambient measurement in the case of the parallel polarisation for the frequency range of
100 to 150kHz is shown in Figure 230. No specific emissions are being measured in this
frequency range.
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Figure 231: Rolling stock passing the measuring antenna

No emission could be measured as the rolling stock passes in front of the measuring antenna
as shown in Figure 231.

Figure 232: Peak envelope of the above measurements

The peak envelope measurement indicates that there were emissions present over some of the
measurement period (particularly around 126kHz). These were not, however, present when
the train was passing the measurement point.
Result 2: Perpendicular polarisation
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Figure 233: Ambient measurement (no rolling stock present)

Figure 233 show the ambient measurement in the case of the perpendicular polarisation. No
noticeable difference can be made between the ambient measurement in the case of the
parallel and perpendicular antenna polarisation.

Figure 234: Rolling stock passing the measuring antenna

Figure 234 shows the measured emission as the train passes in front of the measuring
antenna. The emission in the frequency range of 100kHz to 130kHz are similar to the
previously measured ambient. Above 130kHz, some clear emissions can be seen.
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Figure 235: Peak envelope of the above measurements

Similarly to the parallel polarisation, the peak envelope measurement indicates that the
measured emissions are approximately 10dB above ambient across the band. There is also a
number of distinct emissions visible in the upper half of this band.

4.5.2.1.4

General comments for the 9kHz to 150kHz frequency range

In the frequency range of 9kHz to 150kHz, little emissions could be observed. Some small
emissions were observed as the rolling stock was passing next to the measuring antenna, but
only for short periods of time. No large differences in the level of emission could be
measured with the antenna parallel or perpendicular to the track.
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4.5.2.2 150kHz to 30MHz frequency range
4.5.2.2.1

150kHz to 10.15MHz frequency range

Result 1: Parallel polarisation

Figure 236: Ambient measurement (no rolling stock present)

Figure 236 shows the ambient measurement in the case of the antenna parallel to the track.
No specific emissions were measured over this frequency range.

Figure 237: Rolling stock passing the measuring antenna

Figure 237 shows a measurement as the train passes next to the measuring antenna. Some
broadband emissions centred approximately at 1.8MHz are being measured.
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Figure 238: Peak envelope of the above measurement

The corresponding peak envelope measurement shows that only emissions below 4MHz were
measured with the measured levels below the limit line.
Result 2: Perpendicular polarisation

Figure 239: Ambient measurement (no rolling stock present)

In the case of the perpendicular polarisation, the ambient measurements show some clear
emissions in the HF band likely to be due to some local broadcasting.
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Figure 240: Rolling stock passing the measuring antenna

Some broadband emissions can be measured when the rolling stock passes next to the
measuring antenna, spreading over most of the frequency range as shown in Figure 240.

Figure 241:Peak envelope of the above measurement

The peak envelope measurement is clearly similar to Figure 240, with broadband emission
spreading over most of the frequency range, but remaining below the limit line.
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10MHz to 20MHz frequency range

Result 1: Parallel polarisation

Figure 242: Ambient measurement (no rolling stock present)

Figure 242 shows the ambient measurement for the parallel polarisation, with some emissions
due to some short wave broadcasting.

Figure 243: Rolling stock passing the measuring antenna

As the rolling stock passes in front of the measuring antenna, no rise of the ambient level
could be measured.
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Figure 244: Peak envelope of the above measurements

The peak envelope measurement shows clearly the emission due to the short wave
broadcasting with a rise of the ambient signal by 10dB (variation in the ambient signal).

Result 2: Perpendicular polarisation

Figure 245: Ambient measurement (no rolling stock present)

The ambient measurement in the case of the perpendicular polarisation (Figure 245) shows
clearly the same emission as presented in Figure 242, but with decreased amplitude (10 to
15dB).
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Figure 246: Rolling stock passing the measuring antenna

Figure 246 shows some emissions above 15MHz as the rolling passes next to the antenna and
Figure 247 shows the corresponding transient measurement performs at a fixed frequency of
12MHz for a period of 30 seconds. Some emissions (even if being 5dB above the ambient
level) can be measured using the transient detector, for a period of about 6 seconds.

Figure 247: Transient measurement at 12MHz for a period of 30 seconds
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Figure 248: Peak envelope of the above measurements

The peak envelope shows clearly the emission due to the short wave broadcasting with a rise
of the ambient signal by approximately 5dB due to the variation in the ambient signal and by
up to 10dB due to the emission from the rolling stock when passing.

4.5.2.2.3

20MHz to 30MHz frequency range

Result 1: Parallel polarisation

Figure 249: Ambient measurement (no rolling stock present)
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Figure 249 show a typical ambient measurement in the case of the parallel polarisation over
the frequency range of 20 to 30MHz. No real broadcasted signal could be measured over this
frequency range.

Figure 250: Rolling stock passing the measuring antenna

As the rolling stock passes next to the measuring antenna, no specific emissions could be
measured. Only a slight variation of the ambient of a maximum of 5dB could be measured.

Figure 251: Transient measurement at 25MHz for a period of 30 seconds

Transient measurements were performed for a fixed frequency of 25MHz for a period of 30
seconds as shown in Figure 251. The measurement shows that some continuous interferences
are present and lasted for a few second (as the train passes next to the measuring antenna).
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Figure 252 Peak envelope of the above measurements

The peak envelope measurements show that no specific emissions could be measured over
this frequency range.

Result 2: Perpendicular polarisation

Figure 253: Ambient measurement (no rolling stock present)

Similarly to Figure 249, Figure 253 shows that very little ambient signals are present over
this frequency range, except around 21.5-22MHz where some ambient is present.

York EMC Services Ltd. 2004

Page 172 of 210

Issue 1

OFCOM

AY4365

8342CR1

Figure 254: Rolling stock passing the measuring antenna

As the rolling stock passes in front of the measuring antenna, no specific emissions could be
measured.

Figure 255: Peak envelope of the above measurements

The peak envelope measurement shown in Figure 255, presents little difference to Figure
253, apart from the overall rise of the ambient signal by approximately 5dB. No other
specific emissions could be measured over this frequency range.
4.5.2.2.4

General comments (150kHz to 30MHz)

The measurements performed over the frequency range of 150kHz to 30MHz showed that:
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1

Broadband emissions were measured in the frequency range of 150kHz to
10.15MHz. These emissions were only present as the rolling stock was passing
next to the measuring antenna. None of the emissions were measured to be above
the EN50121-2:2000 [2] limit line (C) for 750V DC conductor rail electrification.

2

Little emission could be measured for the rest of the frequency range (with the
exception of Figure 246). Transients were found to be present over this frequency
range, but in all cases, they were of weak amplitude (a rise of 7dB above the
ambient signal).

3

The antenna polarisation showed little difference in the measured emissions.

4.5.2.3 30MHz to 1GHz frequency range
4.5.2.3.1

30MHz to 530MHz frequency range

Result 1: Vertical polarisation

Figure 256: Ambient measurement (no rolling stock present)

Figure 256 shows a typical ambient measurement over the frequency range of 30MHz to
530MHz. The levels of ambient owing to a number of radiocommunications services are seen
to be significantly lower at this location than at other measurement locations used for this
study (c.f. Figure 69 and Figure 208 for example). This is attributed to the fact that this test
site was situated close to a concrete flyover structure which is assumed to provide shielding
from many signals.
As the rolling stock passes next to the measuring antenna (Figure 257), a slight increase of
the ambient can be noticed for frequencies between 30 to 130MHz. For the rest of the
frequency range, no specific emissions could be associated with the rolling stock.
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Figure 257: Rolling stock passing the measuring antenna

Figure 258: Transient measurement at 325MHz for a period of 30 seconds

Transient detector results are shown in Figure 258. The trains were generally moving at low
speed at this measurement location although discontinuities in the 3rd rail supply conductor
did lead to a degree of observable arcing even at low speed. Figure 258 shows some
broadband transient signals detected as the train passes the measurement point. This is seen to
be at a somewhat lower amplitude than results from fast (Class 91) electric trains on the East
Coast Mainline (for example Figure 74). The measured amplitude may be smaller owing to
reduced power in the arc or because the arc occurs close to the ground and hence there is less
efficient propagation to the measurement antenna.
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Figure 259: Peak envelope of the above measurements

The peak envelope measurements shown in Figure 259 are very similar to the measurements
shown in Figure 257, with an overall rise of approximately 5dB of the ambient.

Result 2: Horizontal polarisation

Figure 260: Ambient measurement (no rolling stock present)

Figure 260 shows the ambient measurement with the receiving antenna horizontally
polarised. The same frequencies can be seen as in the vertical polarisation measurement
(Figure 256) but with some attenuation of some of the services.
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Figure 261: Rolling stock passing the measuring antenna

As the rolling stock passes next to the measuring antenna, no specific emissions could be
measured over this frequency range and polarisation.

Figure 262: Transient measurement at 325MHz for a period of 30 seconds

The transient measurement (Figure 262) is very similar to the measurement performed in the
case of the vertical polarisation with only one short duration transient.
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Figure 263: Peak envelope of the above measurements

The peak envelope measurement shows little variation to the ambient measurement.

4.5.2.3.2

500MHz to 1000MHz frequency range

Result 1: Vertical polarisation

Figure 264: Ambient measurement (no rolling stock present)

Again the levels of ambients seen are rather lower than for the measurements on the East
Coast Mainline and in Nottingham with only the signals at GSM mobile phone frequencies
showing much excursion above the measurement noise floor. The local terrestrial television
transmissions are taken to be being heavily attenuated by the structures in the locality.
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Figure 265: Rolling stock passing the measuring antenna

In the frequency range of 500MHz to 1GHz, no noticeable emissions could be recorded from
the rolling stock movements.

Figure 266: Transient measurement at 860MHz for a period of 30 seconds

No significant transients could be measured, although there is evidence of some broadband
activity close to the measurement equipment noise floor.
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Figure 267: Peak envelope of the above measurements

Result 2: Horizontal polarisation

Figure 268: Ambient measurement (no rolling stock present)
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Figure 269: Rolling stock passing the measuring antenna

In the case of the horizontal polarisation, no noticeable emissions could be recorded from the
rolling stock movements.

Figure 270: Peak envelope of the above measurements

4.5.2.3.3

Comments on the 30MHz to 1000MHz frequency range

The ambient levels measured over this frequency range were significantly lower than those
seen at other measurement locations. This is taken to be a result of large structures close to
the measurement point (for example a concrete flyover carrying Eurostar traffic).
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No obvious emissions were observed from the continuous frequency measurements although
the broadband transient detectors did show some signals which is consistent with the
incidences of arcing observed at the power collector shoes.
No significant differences were noted between the measurements made with vertical and
horizontal antenna polarisations although so few signals were observed over this frequency
range that this is only a limited observation.

4.6

Measurements of Transient Emissions in the Time Domain

Laboratory based investigations in the measurement system development phase of this
project identified that measurements of transient emissions may be made using both
traditional time domain instruments (oscilloscopes) and suitably configured frequency
domain instruments (spectrum analysers).
The use of the spectrum analyser technique has been widespread throughout the
measurements detailed in the preceding sections and has given highly useful information on
the occurrence and nature of transient and other broad band emissions present as the train is
passing.
Presented below are further results of measurements on transient arcing events taken using
both a fast sampling oscilloscope and the spectrum analyser technique for comparison
purposes. This measurement system is shown in Figure 271.

Figure 271:Time Domain Measurement System

Three time domain events were captured at the Ryther measurement site on 15th October,
2003, using the measurement system of Figure 271. The DSO (Digital Storage Oscilloscope)
had the settings given in Table 4.
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Measurement
Number

DSO Settings
Sample
Number of Trigger
Rate (Gs/s) samples
Level
(N)
(mV)
4
5000
50
4
15000
75
4
15000
100

1
2
3

8342CR1

PreTrigger
(%)
25
10
25

Spectrum Analyser
(Transient Detector
settings)
Centre
RBW
Frequency (MHz)
(MHz)
850
3
850
3
850
3

Table 4: DSO and Spectrum analyser settings for time domain measurements at Ryther

To allow comparison of the time domain captured data (DSO) with frequency domain
captured data (spectrum analyser) the time domain data was treated with the FFT (Fast
Fourier Transform). The FFT is simply an efficient algorithm for computing the DFT
(Discrete Fourier Transform). To allow comparison with frequency domain data some
consideration of the properties of the DFT was required [3], the important properties are now
discussed. The DSO captured data was in the form of two columns, the first column gave the
time at which the voltage sample was taken, the other column was the value of sampled
voltage. The two column data translation into the frequency domain is controlled by two key
parameters, which are:
N = number of samples
T = sample period in the time domain
It is more convenient to express T as the sample frequency Fs where:
Fs =

1
T

Importantly:
F=

Fs
N

The parameter F is the spacing of frequency domain samples and is equivalent in concept to
RBW (Resolution Bandwidth) in the frequency domain. However the filter characteristics of
F and RBW are not identical. Some limited investigation has been carried out regarding the
differences in filter characteristics. The investigations, which need further work, are
discussed in section 4.6.1 and a number of issues are raised. Setting F=RBW is therefore an
over simplification and some differences in the two outputs are to be expected. The best
approximation that could be made, in order to make a frequency domain comparison between
DSO and spectrum analyser, was to arrange for F to be equal to RBW, which was the
approach used by previous authors [4]. The spectrum analyser RBW was set at 3MHz,
therefore to make F = 3MHz, N= 1333pts was chosen. The acquired data record was
significantly longer than 1333pts so a subset of each data record was selected that started at
the trigger point. For each DSO measurement three graphs are presented, a time domain plot
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of 1333pts, the FFT of this and the reading from the spectrum analyser transient detector.
Correction for antenna, cable loss etc to give a reading of dBµV/m was made after the FFT
was performed. The time domain plot of the data is not corrected in any way but is simply the
voltage that was observed at the DSO.
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Figure 272: 1333pts of Time Domain measurement 1
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Figure 273: FFT of 1333pts of Time Domain Measurement 1
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Figure 274: Transient detector set at 850MHz (taken at same time as Time Domain Measurement 1)
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Figure 275:1333pts of Time Domain Measurement 2
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Figure 276: FFT of 1333pts of Time Domain Measurement 2
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Figure 277: Transient detector set at 850MHz (taken at same time as Time Domain Measurement 2)
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Figure 278:1333pts of Time Domain Measurement 3
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Figure 279: FFT of 1333pts of Time Domain Measurement 3
86

84

82

dBuV/m

80

78

76

74

72

70

68
0

1

2

3

4

5

6

7

8

9

10

Time (s)

Figure 280: Transient detector set at 850MHz (taken at same time as Time Domain Measurement 3)
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For all three measurements it is believed that the DSO was triggered on the first transient
indicated by the spectrum analyser transient detector. If this was so the level indicated by the
transient detector should be equal to the level indicated by the FFT at 850MHz. The relevant
levels are compared in Table 5.

Measurement
Number

FFTed values from DSO measurement

Transient detector
reading at 850MHz
(dBuV/m)

FFT value at
849.85MHz (dBuV/m)

FFT value at
852.85MHz (dBuV/m)

1

70.6

75.3

76.1 at 3.86s

2

71.9

72.3

77.8 at 5.61s

3

74.1

76.3

73.5 at 1.64s

Table 5: Comparison of FFT amplitudes with values from Transient Detector

It can be appreciated from Table 5 that whilst the spacing of the FFT frequency bins was
3MHz (so that F=RBW) there was no discreet output frequency at 850MHz, the two closest
frequencies being 849.85MHz and 852.85MHz. To make the FFTed data as close as possible
in amplitude to the frequency domain measured data the FFT frequency bins should line up
with the frequency domain measurement points [4]. If the frequency bins do not line up a
scallop loss is expected at the adjacent FFT frequency points [4]. For the FFT function used
section 4.6.1 shows that the situation was not as straightforward as suggested in [4].
Differences of up to 6dB in FFT output to spectrum analyser output can be observed in Table
5. These may well be due to the reasons discussed in section 4.6.1 but another important
factor was that the spectrum analyser had a lower noise floor than the DSO and the transients
detected were comfortably above its noise floor, in contrast the ‘FFTed’ data at 850MHz is
very close to the DSO noise floor.
As already indicated very little energy appears in the FFT at higher frequencies suggesting
that typically most of the spectral energy in the impulse is below 200MHz

4.6.1 Comparison of FFT filter shape with spectrum analyser filter shape
The shape of the spectrum analyser IF filter is a 3dB gaussian as shown in Figure 281 (this is
a theoretical curve not the measured filter response). The equivalent filter shape of the FFT
was determined for the N=1333pts, Fs=4Gsample/s case. This was done by applying the FFT
time domain sinusoids of known amplitude at frequencies adjacent to 849.85MHz and
observing the response of the 849.85MHz frequency bin. The frequency of 849.85MHz was
the nearest FFT frequency bin to 850MHz, the transient detector frequency. It can be seen
from Figure 281 that the FFT response is not centred on 849.85MHz but is centred on
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849.2MHz. Clearly this seems anomalous but the offset of 0.65MHz does not readily relate to
the frequency scaling so this problem is noted and other factors are now considered.
To take account of the offset in the FFT the two gaussian shapes were centred at 849.2MHz.
It can be seen that the 3dB shape (standard spectrum analyser shape) does not fit the FFT but
the 4dB one does. The FFT 3dB bandwidth is approximately 2.66MHz which if the
bandwidths were correctly aligned would give a reduction of measured level of 1dB for a
broadband signal. A further error must be introduced by the frequency offset of the FFT
generated gaussian filter response.
2
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Figure 281: Blue curve is response of FFT frequency bin at 849.85MHz to time domain sinusoids between
847.35MHz and 851.35MHz, pink and yellow are gaussian responses centred at 849.2MHz

4.6.2 Spectum analyser impulse response
A further cause of difference in measured value between the transformed DSO data and
spectrum analyser data is the difference in the impulse response of the two instruments.
Helfrick [5] concludes that the impulse response of a spectrum analyser with 3dB
measurement bandwidth is 1.5*RBW. For a 3MHz spectrum analyser RBW this suggests that
the true measurement bandwidth when measuring impulsive noise is 4.5MHz. This
corresponds to an over reading of 3.5dB on the spectrum analyser. Combining this with the
under reading of the FFT by 1dB (discussed in section 4.6.1) would suggest a difference of
4.5dB between values measured by the spectrum analyser and those measured by the DSO.
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4.6.3 Conclusions regarding time domain measurements
1. A lower measurement system noise floor would improve the time domain
measurement system. This might be achieved by the use of a suitable pre-amplifier.
2. To obtain a correct measurement, investigations suggest that a number of correction
factors are necessary for both spectrum analyser and FFT data; previous authors [4]
have not identified these correction factors. Further work is required to fully
understand the correct application of the factors. The areas of work in this respect
are:
a. The response of spectrum analysers to impulsive noise should be investigated
to test whether a correction factor of 3.5dB is appropriate.
b. More sophisticated post processing techniques could be investigated with the
object of making the noise floor smoother and hence effectively lowering it.
In particular the cause of the deep nulls that occur in the FFT response should
be investigated.
c. It should be investigated whether an FFT always has a 4dB gaussian
bandwidth or whether this is dependent on N and Fs.
3. The time domain measurement approach has the great advantage that the spectral
content of short duration events lasting only a few milliseconds or less can be
investigated.

4.7

Measurements above 1GHz

Examination of spectrum analyser displays at higher frequencies (up to 2.9GHz) showed no
signals attributable to the passing train detectable above the measurement noise floor. This
does not show that there are no emissions from trains over this frequency range, however it is
not an unexpected observation. This may be for a number of reasons including:
•

there are no sources of interfering energy at frequencies higher than 1GHz on the
trains considered.

•

the noise floor of the measurement system is such that no signals are detected at a
distance of 10m or more from the source.

•

the field pattern of any emissions from onboard the train is such that the measurement
antenna (at a single position) does not detect any signal.

These points illustrate some of the difficulties in making meaningful measurements at these
higher frequencies. It is, however, unlikely that any equipment that may be radiating at
frequencies above 1GHz will require the train to be moving for it to emit. It is therefore
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currently the case that laboratory measurements on individual sub-systems will give a better
indication of the interference potential at these frequencies than limited whole vehicle tests.

4.8

Measurements on non-Railway Apparatus

The measurement system as described and used in this study has obvious potential uses for
determining emissions from other systems that are dynamic in their operation or involve
moving equipment. Automotive testing is one such possible use.
Additionally the use of the measurement system in laboratory testing of commercial
equipment was considered.
Limited testing was performed within the EMC laboratory on a domestic microwave oven
and a domestic steam iron to investigate and demonstrate the use of the measurement
techniques for such devices.
The spectrum analysers used for the continuous monitoring of the microwave oven were set
to operate with resolution and video bandwidths of 1MHz and with 200ms sweep time per
trace.
The spectrum analysers used for the detection of transient and broadband signals were all
configured with a measurement resolution bandwidth of 3MHz. The sweep time used was
either 30s.

4.8.1 Microwave Oven
4.8.1.1 Measurement 1 – Continuous measurement, 1GHz to 2.9GHz, 50% power level
The results presented here are not amplitude corrected for antenna, amplifier, splitter or cable
factors. However they do demonstrate the time and frequency emissions characteristics of
this equipment. The emissions presented were obtained over the frequency range of 1GHz to
2.9GHz.
The 50% power level appears to be achieved by switching on the microwave magnetron for
approximately 50% of the operating time whilst continuously turning the turntable.
The microwave oven was loaded with several coffee cups containing water.

York EMC Services Ltd. 2004

Page 191 of 210

Issue 1

OFCOM

AY4365

8342CR1

Figure 282: Emissions with magnetron off

Figure 283: Emissions approximately 0.5 seconds before magnetron powered on
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Figure 284: Emissions with magnetron on (1)

Figure 285: Emissions with magnetron on (2)
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Figure 286: Peak emissions envelope

4.8.1.2 Measurement 2 – Transient measurements
4.8.1.2.1

50% power level – as above

Figure 287: Result from transient detector (2000MHz) – 30 second span
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Figure 288: Result from transient detector (2100MHz) – 30 second span

The results of the transient detector measurements centred around 2GHz do not show any
signals sufficiently above the noise floor of the measurement system to draw any definite
conclusions about the broadband transient interference generated when the magnetron
switches on and off.

4.8.1.2.2

100% power level – equipment cycled

The equipment was cycled as follows: oven door opened, oven door closed, timer set, oven
started, oven stopped, door opened, door closed.
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Cycle 1 – detectors tuned to 325MHz and 330MHz

Figure 289: Result from transient detector (325MHz) – 30 second span

Figure 290: Result from transient detector (330MHz) – 30 second span
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Cycle 2 – transient detectors tuned to 860MHz & 870MHz

Figure 291: Result from transient detector (860MHz) – 30 second span

Figure 292: Result from transient detector (870MHz) – 30 second span
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Cycle 3 – transient detectors tuned to 2000MHz and 2100MHz

Figure 293: Result from transient detector (2000MHz) – 30 second span

Figure 294: Result from transient detector (2100MHz) – 30 second span

Examination of the plots presented shows that transient broadband emissions events occur at
various times during the typical cycle of a domestic microwave oven. They are particularly
visible in the plots centred on 325MHz and 330MHz. (Figure 289 and Figure 290). The
activities generating transient emissions are associated with switching actions: the opening of
the door causes the internal light to come on; closing the door causes the light to be
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extinguished and starting the oven causes both the magnetron to become energised and the
internal light to come on. These activities are marked on Figure 289 for that particular cycle.
As the centre frequency of the transient detectors rises then the amplitude of the transient
events becomes closer to the measurement system noise floor. There are still, however,
detectable signals present over the scan frequency.

4.8.2 Domestic Steam Iron
The energising of the heater element in this equipment is controlled by a thermostatic switch.
There were no high speed electronics within this item and hence no radiated emissions were
detected with the iron in normal operation.
The transient detector equipment was used to detect whether any disturbance could be
measured at the point where the thermostat switched.

Figure 295: Result from transient detector (325MHz) – 30 second span
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Figure 296: Result from transient detector (330MHz) – 30 second span

Figure 297: Result from transient detector (860MHz) – 30 second span
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Figure 298: Result from transient detector (870MHz) – 30 second span

Examination of the above figures showing the results from the broadband transient detectors
measuring the emissions from the steam iron as the thermostatic switch operated shows that
there are significant levels of emission detected present over a wide frequency range.

4.8.3 General comments on other equipment
Use of the continuous acquisition measurement system with the microwave oven showed
how the emitted signal frequency and amplitude varied with time. This is of importance when
determining the true interference potential of the system and so the use of rapid sweep
analysis (or real time analysis) should be considered for such equipment.
The use of the broadband transient detection technique showed that household equipment
does produce relatively high level momentary emissions when switching events occur. This
may be of concern when determining compatibility with digital or wideband communications
systems.

5

SUMMARY AND DISCUSSION

5.1

General

The compound measurement system developed for this project and described in section 3.6
has been used extensively to make measurements of the emissions from moving railway
vehicles and from other selected systems. These measurements have provided a large amount
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of data on the nature of the emissions from the equipment measured which, when examined
using both still and animation techniques, has revealed a number of interesting points that are
examined in more detail in the following sections.

5.2

Emissions from Railways

The majority of emissions observed appeared to originate from rolling stock. In some cases
(for example Figure 30 and Figure 195) there are emissions seen in the ambient
measurements that are thought to be attributable to signalling or similar equipment.
Observations on emissions seen are summarised here, split into three bands (9kHz to 150kHz,
150kHz to 30MHz and 30MHz to 1GHz). These are consistent with the bands defined by
CISPR for EMC measurements over this frequency range. Additional comments are made on
broadband transient emissions.

5.2.1 9kHz to 150kHz
Over this frequency range emissions were seen that appeared to be both broadband and
narrowband in nature.
The broadband emissions were seen across much of the frequency band as the train was
passing the measurement point. These emissions were only present as the vehicle was passing
the measurement point and so can be attributed to signals generated on-board the train and
emitted from the structure of the train. This type of emission was seen from both electrified
stock (for example Figure 32) and diesel electric stock (for example Figure 150).
The narrowband emissions were observed only with vehicles powered via the overhead
supply cables. These emissions (for example Figure 22) were seen with the vehicle a
significant distance from the measurement point, and the maximum emissions measured were
with the vehicle some distance from the measurement location. This suggests that the
propagation path for these emissions includes the power supply loop which is formed by the
overhead supply line and rail return conductors.

5.2.2 150kHz to 30MHz
Over this frequency band few emissions other than ambient radio broadcasts were observed.
Those that were seen were generally concentrated into the frequency band below 10MHz,
appeared to be broadband in nature and were present only when the train was passing the
measurement point. This suggests that emissions are being radiated from the vehicle only
rather than any combination of vehicle and fixed infrastructure.
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5.2.3 30MHz to 1GHz
Significant ambient emissions were measured over the band of 30MHz to 1GHz. This is to be
expected as this portion of the spectrum is heavily used for both broadcast and
radiocommunications purposes. The ambient emissions at the Ashford test location were
rather lower owing to the shielding effects of nearby structures.
Emissions observed from trains over this frequency range were seen to be predominantly
broadband in nature. The suspected sources of this broadband noise are as follows:
•

From arcing in electrical machines. This includes noise attributed to DC traction
motors (for example Figure 71 for a 25kV supplied train), and noise possibly caused
by on-board alternators from diesel powered trains.

•

Harmonics from the power conversion electronics in trains driven by AC motors. The
fundamental switching frequency for such power conversion systems is from several
hundred hertz to several kilohertz. Hence any emissions seen at frequencies in excess
of 30MHz, and detected using a bandwidth in the order of 100kHz will appear as
broadband noise.

•

From arcing at power supply pick ups. This type of emission is difficult to identify
using the standard frequency domain sweep technique as short duration transients
may appear only as a narrow ‘spike’ on the measurement result which look like a
narrowband emission at a specific frequency. It is also distinctly possible that the
duration of a transient emissions is short enough so that the bandwidth of the detector
used is too narrow to register an emission. The detection of this type of emission has
been better achieved using other techniques described below in section 5.2.4.

Narrowband emissions were also observed in this band at frequencies around 900MHz and
only as the train was passing the measurement point. These were attributed to the use of GSM
mobile phone handsets on-board the train rather than to any emissions from railway
equipment.

5.2.4 Broadband Transient Emissions
Broadband transient events were detected primarily using spectrum analysers employing a
wide measurement bandwidth and tuned to a single centre frequency (zero span). Some
measurements were also made using fast sampling oscilloscopes.
The use of the spectrum analyser technique allowed the detection of broadband events that
were both short duration transient (such as power supply pick up arcing) and more continuous
in nature such as noise from commutator arcing in DC motors. A measure of both the
amplitude of such emissions and the time for which they occurred is given by this method.
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Emissions detected using this method were thought to be generated from a combination of
arcing at overhead or 3rd rail power pick ups and from arcing at the commutators in DC
machines. This technique arguably provided more useful information on the nature of the
emissions seen from moving rolling stock at these frequencies than the continuous frequency
sweep method.
Limited investigations into the use of a fast sampling oscilloscope for capturing transient
arcing events at the overhead line demonstrated that to produce widely usable results would
require a high performance instrument which is outside the scope of the current equipment
inventory of most EMC laboratories. The use of real time data acquisition for EMC testing
may become more practicable in the future as measurement equipment specifications
improve.

5.3

EN50121-2:2000

The following discussion and comments examine the contents of some of the sections of
EN50121-2:2000 [2] and comment where the results of this study support or disagree with
particular points.
Section 4: Emission limits
4.1: Emissions from the open railway route
The emissions limits are specified with a peak detector on the basis that quasi-peak detection
values are at least 20dB below peak values. This is included on the strength of past
measurements on moving mainline trains. The results from this study suggest that this
assumption may not be valid (particularly in the 9kHz to 150kHz band) where steady
harmonic signals were observed particularly where an overhead line fed system is in use.
The measurements are specified only for vertical polarisation for electric field (30MHz to
1GHz) measurements. No measurements made during this study suggest that horizontally
polarised measurements are significantly higher than those in vertical polarisation and so the
decision to use a vertically polarised antenna seems generally valid. This requirement for a
single antenna polarisation only is unusual in EMC standards and is specified to reduce the
test effort for the measurement of moving trains.
Section 5 Method of measurement of emissions from moving trains
Field strength meters (in parallel) with several different set frequencies are specified. The
exact nature of these meters is not defined. This assumes that any emissions measured from
moving trains will be broadband in nature. The results from this study show that this is not
always the case and so a sweep based measurement may be necessary to effectively
characterise the interference potential of the railway.
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Sub-section 5.1.4 states that the noise may not attain its maximum value as the vehicle passes
the measurement point and so the measurement shall be continuously active during the test
and not just triggered as the train approaches the site. This statement is backed up by the
measurements made during this study, particularly in the frequency range of 9kHz to 150kHz
where the train draws power from the overhead supply line.
Sub-section 5.1.6 states that it is not considered necessary to carry out tests on both sides of
the vehicle as the majority of the emission is produced by the sliding contact if the train is
moving. Significant emissions were detected from diesel electric powered trains during this
study. These have no power supply sliding contact and so this statement cannot be supported.
There is not sufficient evidence at this stage to support or oppose the measurement of a single
side only from the test evidence gained.
Sub-section 5.1.8 specifies that the measurements need only be made with a single antenna
polarisation (horizontal for magnetic field antennas and vertical for electric field antennas),
although it is stated that this may not give the maxima in all cases. There is no strong
evidence from this study that the requirement for measurements in two orthogonal antenna
polarisations would significantly alter the levels measured. It is, however, important that
magnetic field measurements using a loop antenna are made in the horizontal polarisation
(plane of loop parallel to the track).
Sub-section 5.2.2 suggests that the use of a sweep frequency measuring technique using a
peak-hold circuit may offer adequate information on the noise generated. This will also
overcome some of the shortcomings in the use of a number of fixed frequency devices. The
results of this study suggest that the use of a swept measurement system can indeed aid
significantly in the understanding of the nature of the generated noise but that the use of a
peak-hold detector does not allow discrimination between broadband and narrowband
emissions, nor does it provide and information on the duration of an emission at the
measurement point. Hence the use of the peak-hold detector can mask much information on
the true interference potential of a train in its operating environment.
Sub-section 5.3 states that during the test, transients due to switching may be detected which
shall be disregarded in selecting the maximum signal level seen. No mention is made here of
transients resulting from power supply arcing events. Disregarding transient emissions is
becoming less justifiable as communications systems (both internal and external to the
railway) increasingly utilise digital transmission techniques that may be adversely affected by
short duration broadband events. Knowledge of the occurrence rate and level of transient
emissions may prove to be important in protecting future communications systems.
Annex B: Background to the method of measurement
This annex explains why a measurement method has been introduced for EN50121-2:2000
[2] that is not consistent with normal commercial EMC test methods and goes on to detail the
reasons for these various differences.
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Sections B.2 & B.3 explain and justify the use of the peak detector rather than the quasi-peak
detector for these measurements. This is necessary for both reasons of speed and because it
gives a better representation of the effects on systems other than radio communications (such
as computers). This latter point is somewhat of a departure from the conventional use of
emissions standards to protect the users of the radio spectrum and also raises the question as
to whether a single limit level is sufficient to provide the protection intended.
Section B.4 deals with emissions at frequencies in excess of 1GHz and states that because the
levels are low and attenuation with distance is high, no proposals are made at present for
measurements above 1GHz. With the ever increasing speeds of electronic and computing
devices, and the higher density of communications traffic using frequencies above 1GHz then
the subject of making measurements above 1GHz should perhaps be revisited. Because of
difficulties in making accurate measurements at these higher frequencies then it may be more
appropriate to include frequency domain tests into the train equipment standard (EN50121-32) or into the whole vehicle standard (EN50121-3-1). The potential effect of broadband
transient emissions on communications services cannot, however, be ignored and so a
transient based test covering these higher frequencies may be necessary for EN50121-2.
Section B.5 comments upon measurement bandwidth selection. The preferred (reference)
measurement bandwidths are those given in CISPR16-1. It is accepted that other bandwidths
may be more appropriate for use with some instruments. The use of a narrow measurement
bandwidth (200Hz) is encouraged for the frequency range of 9kHz to 150kHz as this enables
better identification of specific sources of noise. If bandwidths other than the CISPR
bandwidths are used then a correction factor should be used to convert the results to the given
bandwidth based upon the assumption that the noise is impulsive in nature. Development of
the measurement system for this study suggests that the use of the 200Hz bandwidth is not
practical for swept measurements because the required sweep time becomes so long as to
negate the advantages of using a sweep. The issue of correcting results to take into account
the bandwidth used is discussed in section 4.3.2.1.5 of this report. Care must be taken in the
assumption that the noise has the characteristics of impulsive noise as this has been shown
not always to be the case.
Section B.10 considers statistical treatment of results given the potentially large variations in
results that may occur given the difficulties concerned in making this type of measurement. If
statistical analysis is to be applied to the results of measurements of the railway then care
must be taken so that instances of particularly problematic individual trains or installations
are not hidden by the generally good performance of other trains or installations. It should
also be noted that it is desirable that the same statistical treatment be applied to all parts of
EN50121 to reduce the possibility of non compliance to EN50121-2.
Section B.11 considers the issues concerning the selection of the frequencies to be measured.
This section implies that significant pre-testing may be necessary to give an indication of the
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expected emissions profile before making final measurements. Use of the system developed
for this study largely overcomes this problem (with somewhat increased complexity in
measurement configuration).

5.4

Complexity of System Required for Railway Measurements

The continuous (frequency domain) measurements performed using the multiple analyser
system have used three spectrum analysers to cover each frequency sub-range. The actual
number of analysers required to give acceptable results depends upon the nature of the
emissions and the speed of the train. Theoretical analysis of these issues can be found in [1]
(section 6) and suggests that many analysers will be necessary to adequately quantify the
emissions profile, particularly towards the higher end of the frequency range considered. This
is predominantly because fast scan times are needed to catch emissions from rapidly
changing (or moving) EUTs.
Examination of the results gained during this study may help to quantify the required number
of analysers for the various frequency ranges.
These observations do not obviate the need to consider the particular requirements of any
individual situation when planning tests or measurements.
9kHz to 150kHz
The sweep rate used over this frequency range was 300ms per plot, with the plots spaced by
290ms. As previously described, emissions of two distinct types were seen:
narrowband/harmonic emissions from traction power control and conversion systems; and
broadband emissions emanating from the body of the train.
For the narrowband case, observations of emissions from trains travelling at speeds of around
120mph suggest that a scan rate of approximately 1 to 2 seconds would be sufficient to
capture signals to within 2dB of the maximum. However for the broadband case, at similar
train speeds, a difference of up to approximately 5dB was noted between adjacent plots.
Hence it is estimated that a sweep time of 0.5s would probably be sufficiently fast to capture
data for most cases in this frequency range. This could probably be achieved reasonably
using two spectrum analysers if a bandwidth of 1kHz is used.
150kHz to 30MHz
Over the frequency range of 150kHz to 30MHz, there were too few emissions observed to
comment upon the number of measuring instruments required.
30MHz to 1GHz
Over the frequency range of 30MHz to 1GHz, [1] suggests that up to 10 spectrum analysers
may be required in parallel to adequately characterise the emissions. The measurements made
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for this study do indeed show that emissions are rapidly changing in this frequency range.
The majority of emissions observed were, however, broadband in nature and the use of the
broadband/transient detector function may well give a more useful picture of emissions at
these frequencies than the more traditional swept frequency techniques.

5.5

Further Uses for the System

The measurement system constructed would lend itself to the measurement or monitoring of
emissions from other moving equipment, particularly those from vehicles.
The laboratory investigations performed on the microwave oven and the iron have
demonstrated that there may be significant transient emissions in the VHF and UHF bands
when switching events occur in these products. At present there are no methods prescribed in
European commercial EMC emissions standards for the measurement of short duration
events at frequencies in excess of 30MHz. This does lead to the potential of disruption to
services, particularly those using wide band digital techniques, from domestic goods that
utilise switching.
The use of the spectrum analyser based broadband detection technique could provide a
simple additional test to determine the likely level of disruption that may be expected from
such equipment.

6

RECOMMENDATIONS AND FURTHER WORK

6.1
The compound measurement system utilised for most of the tests performed in this project
could form the basis for improvements in determining the true interference potential of
moving railway vehicles. This is obviously of great importance if future rail systems are to
function correctly and without unduly affecting neighbouring radio based services.

6.2
Monitoring for differences in emissions profiles and degradations in performance of
operational stock can additionally be performed using the system described without
withdrawing vehicles from service or arranging special test conditions. This may be of
significant importance in ensuring the continuing compatibility of trains throughout their
service life.

6.3
The introduction of a method to detect broadband and short duration transient events should
be considered for both railway and other selected EMC measurement standards.
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6.4
The effects of broadband and transient emissions on the performance of newer digital and
wideband communications technologies should be investigated and quantified to enable the
updating of measurement standards to be undertaken effectively.

6.5
The use of the leaky feeder as a measurement transducer for EMC purposes should be
investigated further, particularly for environments such as railways where many potential
victim circuits are connected by long cable runs.

6.6
The measurement methods and assumptions of EN50121-2:2000 should be reconsidered
particularly for the frequency range of 9kHz to 150kHz in the light of some of the results
obtained.

6.7
It is not considered practicable to introduce meaningful emissions tests at frequencies greater
than 1GHz into EN50121-2. However, to take into account the threats from newer and future
electronics systems to the increasing number of radio based services operating above 1GHz,
it is recommended that tests at frequencies above 1GHz be considered for the equipment
specific standards within EN50121.

6.8
A consensus should be sought on the actual protection provided to current radio services by
the test methods and limits specified in the EN50121 standards, particularly those referring to
emissions from trains (EN50121-2:2000 and EN50121-3-1:2000).
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