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Axle counters are more and more often appliedamtdetection systems. The wheel sensor is
a main part of each axle counter system. In pakallgore and more complex railway vehicles,
especially traction ones, are a potential sourcentérferences influencing the operation of these
train detection systems. It is the reason to vetigy electromagnetic compatibility (EMC) between
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the signalling equipment, particularly train detect systems and new vehicles in the process of
obtaining the permission for their exploitation. eTimeasurement of interfering magnetic fields
generated by vehicles is one of tests to be caroed For the simplification and unification
purpose of the applied interference test method<=tN 50238 standard and TS 50238-3 technical
specification were developed. The specificationndsfunified testing procedures. However, it is
necessary to verify if it may replace differentites methods used in particular European states. It
is the goal of the European research project firethdrom the TEN-T network resources. This
project is part of the larger project of facilitain and speeding up the ERTMS system deployment.
One of nine measurement campaigns planned in &meefrof this project was conducted in Poland
by Railway Research Institute.

Keywords: track vacancy detection, interoperability, railwayansport, axle counters,
magnetic fields.

Cucmemu niopaxyuky oceil NpusHaueHi Ons eKCniyamayii Ha 3a1i3HUYHOM)Y MPAHCNOPMI,
KOHmMpOoo sinbrocmi (3atiHamocmi) OLIAHOK KONIL HA CMAHYIsAX [ Nepe2oHax npu PizHux euoax mseu
noi30ie. /lamuux Konic € 0CHOBHOW YACMUHOI KONCHOI cucmeMu JiYUIbHUKIE Ocell [ Ma€e CMIUKICMb
00 3a6a0, sAKI 2eHepye pyXomuil CK1ad, i NOMPIOHY wymaugicms OJisi peECmpayii npoxo0HCeHHs.
KOMICHOI napu, mouyHicmb 01 HEeNpUUHAMHOCMI 0ONIKY 3aU6UX KOAICHUX nap. /[nis 0ocseHeHHs
32adanux eiracmueocmeti 0AM4UK 00IKY NPOXOOHNCEHHS KONICHUX NAP MEXAHIYHO 3aKPINIOEMbCs
00 peliku [ 3abe3newyemvcsi pOo30iNeHHS U020 eNeKMPU4YHO20 Koaa U pelku. 3a3Ha4aemuvcs
ocobugicms QYHKYIOHY8AHHA OAMYUKA, 30KpeMA NPUHYUN NPUOVULEHHA MASHIMHO20 NOJA MidC
nepeoasavem i npuimaiem 0amyuxa iccto KOnicHoi napu. 3 nosieo HO8UX 8UOI8 PYXOMO20 CKAAOY
3'aensar0muca npodaemu, AKi N06'A3aHi 3 GUHUKHEHHAM Odcepell NepewKoo i 6nIuearms Ha pobomy
yux cucmem. Tomy sunuxae neobxionicme y nepesipyi enekmpomaznimuoi cymicnocmi (EMC) midxc
CUCHATILHUM OONAOHAHHAM, 30KPeMAa CUCMeMAaMU 6UsEIeHHs NOi30i8, | HOBUM PYXOMUM CKIAAOOM,
0cobnuso 8 npoyeci ompumanHs 0036801y Ha to2o excnayamayito. OOHico 3 yinei nposedenux
00Cni0JICeHb € BUMIDIOBAHHSL | OYIHIOBAHHS MASHIMHUX NOJIG, AKI BUHUKAIOMb 80 PYXOMO20 CKAOY .
s cnpowenns ma yuighikayii memoois sunpooysanus nepewxoo oynu pospooneni cmandapm EN
50238 i mexuiuna cneyugirayia TS 50238-3.Cneyugpixayis euznauae ywigixoeani memoou
nposedeHHss 8unpooyeansb. Tomy HeO0OXIOHO BUBHAYUMU MONCIUBICIb 3ACMOCYBAHHA OAHUX
Memooie 6unpo6y8aHb y KOHKPEMHUX eKCHIYAMAYItHUX YMO8AX 3ali3HUYHOI iHpacmpykmypu
oinvwocmi esponelicokux kpain. Lle i € memoro e€gponeticbko2co 00CHIOHUYLKO2O NPOEKMY, KUl
Ginancyemoca 3 mepescesux pecypcie TEN-T. Lleii npoexm — uacmuna 0invuioco npoexkmy
poseopmanus cucmemu ERTMS.Ooun 3 oes'smu emanie eumiprosanvrux pooim, 3an1aHO08AHUX Y
PAMKax ybo2o npoekmy, 6y1o npogedero 6 Ilonvwyi Incmumymom 0ocniodxcensb 3ani3HUYb.

Kniwwuosi cnosa. nivunvnux oceu, macHimue noie, iHmMeponepadiibHiCMb, 3ANI3HUYHULL
MPaHcnopm, UMIPIOGAHHSL.

Cucmembl cuema ocell NpeOHA3HAYEHbl OJisl OIKCHAYAMAYUU HA  HCENe3HOOOPONCHOM
mpancnopme, KOHMpoAsi c80600Hocmu (3aAHAMOCMU) YUACMKO8 NYMU HA CIMAHYUSX U NePecoOHaX
npu 1060m 8ude msaeu noe3008. /lamuux Kojiec A81aemcs OCHOGHOU Y4ACMbIO KaXCOOU CUCMeMbl
cuemuukog oceu. C nosenenuem HOBbIX 6UO08 NOOBUNCHO20 COCMABA NOABIAIOMCA NPoOIeMbl,
CBA3AHHbIE C BO3HUKHOBEHUEM UCMOYHUKO8 NoMeX, 6GIUAIWUX HA pabomy >mux cucmem
00OHapyxcenus noez0os. Ilosmomy 6o3nuxaem HeoOXOOUMOCMb 8 NPOGEpKe INEKMPOMASHUMHOU
cosmecmumocmu  (OMC)  mexncdy cuenanbubim 000pyO0O8aHUeM, 6 HACMHOCMU CUCTEMAMU
00OHapYMHCeHUs: N0e3008, U HOBbIM NOOBUINCHBLIM COCMABOM, OCOOEHHO 6 npoyecce NOJY4eHUs
paspewenusi Ha e2o Ikcnayamayuro. OOHOU u3 yenell NPOBEOeHHbIX UCCLEeO08aHUL ABTIAENCSl
uMepeHue U OYyeHKa MASHUMHbLIX NoJlell, KOmopbvle B03HUKAIOM Om NOOBUNCHO20 cocmasd. /s
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yhpowjenus u YHUpuKayuu HNPUMEHAEMbIX Memo008 UCNbIMAHUA NoMex Obliu pa3pabdomarsl
cmanoapm EN 50238u mexnuuecxkas cneyugpuxayus TS 50238-3 Cneyudurayus onpeoensem

VHUGUYUposanuvie Memoovl

npogedenusi ucnvimauuii. Ilosmomy HeobXooumo onpedenums

803MONCHOCMb NPUMEHEHUS. OAHHLIX Memo008 UCHbIMAHULL 8 KOHKPEMHbIX IKCHIAYAMAYUOHHBIX
VCILOBUAX HCENEe3HOOOPOINCHOU UHPPACMPYKMYPbL OOILUUHCINGA €8PONEUCKUX 20CyO0apcms. Imo
ABNAEMCS Yelbl0 e8PONelCK020 UCCIe008aMeNbCKO20 NPOeKmd, (QUHAHCUPYEeMOo20 U3 cemesvlx
pecypcos TEN-T. Dmom npoexm — uacme Oonee KpynHozo npoexma pazeepmvl8anus CUCTIEMbl

ERTMS.
Knroueevte cnoea. cuemuux  ocei,
JHCENIEZHOOOPOICHBLU MPAHCNOPM, USMEPEHUE.

Introduction. One of the basic function
performed by the railway signalling devices i
track occupancy detection of the specified pg
of the railway network. It may be a section g
main track, station track, junction or any othe
separated region which needs continuol
occupancy detection in order to provide sat
and uninterrupted rolling stock movement. |
the past, this function was mostly realized b
the various types of track circuits which
primary operating principle is based of
indicating electrical (galvanic) shunting of

each rail with rolling stock axles. Therefore

such devices are detecting track occupan
continuously along all track circuit area undg
condition of preserving proper electrica

MACHUNMHOE noje, uHmeponepa6erbHocmb,

counting head consists of two independent
5 wheel sensors therefore each device is able to
rt detect speed and direction of a train. To improve
f the reliability axle counting systems are usually
r designed with redundancy that means at least
Is two independent channels are used to generate
e information regarding track status.
L The aim of the study. Nowadays
y European railways are more often increasing

the number of axle counters systems
1 installations in relation to track circuits
devices. Railway infrastructure managers

\Y

exchanged a lot of track circuits for the axle

Cy counter systems, especially on the main lines

r of fundamental importance for the whole
transport system. This is directly linked with

isolation between rails. In addition as a si
effect of above mentioned method diagnost
of rail cracks rail is possible due to the fa
that rail continuity is required for track circuit
operation. If rail is cracked or broken the
automatically track circuit indicates trac
occupancy permanently. However difficultie
in the application of track circuits and need t

e
c
t

the issue of ensuring the proper safe and
uninterrupted operation of axle counting
systems that are resistant to the interferences
generated from the rolling stock. Wheel
sensors must comply with requirements for
sensitivity in order to reliably detect wheel
passage. Moreover this parameter has to be
reduced at the same time to avoid undesirable

maintain necessary technical parameters [of influence of external interferences which can
track and roadbed contributed to the develop- cause for example erroneous counting of
ment of alternative methods for track occupan- redundant axis. Wheel sensor is mechanically
cy detection so called axle counters systems.| attached to rail and its circuit is separated from
Axle counters detect passing of a trains it. However, the influence of interfering
between two points of a track via wheel sensdrs magnetic fields cannot be avoided, since the
that are installed on each end of a supervised sensors operate on the principle of coupling or
section. Each time train passes over whegel damping magnetic field between the
sensor with the first axle counting process transmitter and receiver of the sensor through
starts. The same process takes place in thethe axis of the vehicle. Wheel sensors operate
second counting point and if two counts havye in frequency bands characteristic for a
the same values the track is indicated as different types of axle counters. The current
unoccupied and clear for next train. Each flowing in the rails with frequency of a sensor
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or external magnetic field at this frequenc
will strongly affect the performance of a4
sensor. Magnetic field vector for currents i
the rails has predictable direction, while th
magnetic field vector has a directior
depending on the location of interferenc
source in relation to the wheel sensor. TH
impact of interference will be different for the
sensor when there is no nearby axes a
another when the axle will be located in th
sensing area. Therefore interferences due
their origin can be divided into: currentg
flowing in the rails (return traction current ang
resonance currents in catenary),
fields (fixed and variable) generated by
elements of the rolling stock (eg rail brakeg
eddy current brakes, electric traction motor
converters). Providing the required reliability

of axle counting with usage of wheel sensor

on acceptable susceptibility level determing
need of elaborating electromagnetic fiel
limits generated from a rolling stock. This
issue is
Compatibility of railway vehicles with
signalling trackside devices in that case ax
counters. There are number of different typgq
of axle counting systems around the Euroy
and many more of rolling stock that is usuall
prepared and allowed to operate in a wids
area of the rail network, which results in
considerable complexity of the compatibility
problem. Determining acceptable levels ¢
interference for each frequency band ¢
operation of wheel sensor is a subject of th
so-called process of frequency managemsg
and it has been defined in the technic
specification TS 50238-3.

Validation of the measurement
method according to TS 50238-3validation
of measurement method regarding permittq
magnetic fields levels generated from th
rolling stock has been made in the scope
European project WP11l. Measuremer
campaign was performed according TS 5023
3 in following countries: Austria, Belgium,
Netherlands, France, Germany, Polan
Switzerland, Great Britain and Italy.

magneti

called EMC Electromagnetic

e

Research was conducted on the basis of
pre-agreed programs on selected sections of
railroads or special test tracks for all traction
supply systems, i.e. For 1.5 kV and 3 kV DC
and 15 kV and 25 kV AC. Each measurement
e campaign included: measurements of magnetic
e fields generated from rolling stock performed

in consistent manner in accordance with the
ndtechnical  specifications TS  50238-3,
e measurements in accordance with applicable
tonational test procedures of axle counter
response in case of magnetic field limit
exceedances, post processing of collected data
in order to compare interferences levels with
existing national limits.

Measurement campaign in Poland.
Railway Research Institute was responsible for
performing Polish measurement campaign and
representation of the final results. In regard to
abovementioned issues there was a need to set
up test system for measuring magnetic field
emissions generated by rolling stock. Railway
Research Institute acquired all necessary
components and build up complete measure-
ment system that provides testing of both sides
of vehicle at the same time. It was made
according to the technical specification TS
50238-3 and the measurement is performed in
three dimensions by specially designed anten-
nas. The examination involves performing of a
several test runs by the tested vehicle over the
sensors and recording the levels of generated
magnetic fields. In accordance to TS 50238-3
e requirements measurement has to be
nt conducted independently in three mutually
hl perpendicular dimensions marked with letters:
X, Y, Z. Location of each measurement
direction is illustrated on Fig. 1.

—

D

e
2S
e

Fig. 1. Measurement directions
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In all stages of the Polish campaig

disturbances generated from the examined

measurements were carried out simultaneously rolling stock regardless of any asymmetry in
using two antennas mounted on the inner sigde the position of the interference source on the
f vehicle (Fig. 2).

of rails in order to measure maximum level

Fig. 2. Two measurement antennas mounted to ttse rai

In the first phase of the project all
participants elaborated measureme
schedules. Polish campaign was planned
take place first on the Test Ring n&amigrod
that belongs to Railway Research Institute ar
after that on a regular railway line with high
density of train movement. The purpose d
conducting measurements on the railway lin
in service was to examine as many types
vehicles as it was possible. Throug
measurements performed on the Test Rir
personnel had opportunity to familiarize with
new research equipment, test procedures 3
processing of collected data according to T
50238-3. Realization of the measurements (
the Test Ring also allowed to extend the rang
of examined vehicles. Second stage of Poli
campaign was conducted on CMK line whic
is currently one and only line in Poland tha
allows trains to travel with a speed up to 20

assumptions it was the most important phase
nt and therefore measurements duration was the
to longest and number of tested vehicles was the
largest. Data acquired during all phases of
id Polish measurement campaign after digital
processing led to some conclusions regarding
f inferences levels generated from variety of
e rolling stock on 3 kV railway lines. Accuracy
of of measuring method and measurement
N equipment was confirmed on the basis of final
g results. After examination of the same vehicle
within few days of the measurements it was
ndvisible that results were very similar to each
S other every time. Visual presentation of
bn measurement is something like a footprint of
je particular vehicle and it is a unique like human
5h fingerprints.
N Exemplary results of magnetic fields
t strength measurement are presented on
0 Fig. 3,4 and 5. Every time measurement was

km/h. Thus that fact there was possibility of taking place it was automatically compared

performing measurements with a speed whic
was not possible to achieve on any other lir
in Poland. As it was mentioned before thir
stage was carried out on line with high densit

ch with the limit values set out in technical

e specifications for each of the directions.

1 Measured data are marked with blue color |,

y red color represents limit values for each of the
three directions.

of railway traffic. Regarding project
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H-Fieldstrength: X.Y,Z max Level to Limit: -16,0dB, with: 77,0dBul/m @ 27,25kHz
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Fig. 3. Exemplary result of measurement in X dimct

H-Fieldstrength: X,¥.Z max Level to Limit: -8,3dB, with: 76,7dBus/m @ 41,75kHz
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Fig. 4. Exemplary results of measurement in Y diogc

Conclusions. Measurement method and First of all electric traction vehicles equipped
used equipment provided repeatability df with electro-mechanical traction converters
results on acceptable level what ensured generated significantly less disturbances than
reliability under condition of regular| the newer generation vehicles equipped with
calibration of whole system according to electronic converters. Interference generated
procedures. Further conclusion concernirlg by diesel locomotives, which were even
tests was that it is possible to distinguish some smaller and mostly did not exceed disturbance
groups of vehicles regarding results types. of a background noise.
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H-Fieldstrength: XY, Z

max Level to Limit: -13,8dB, with: 84,2dBuf/m @ 49,75kHz
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Fig. 5. Exemplary result of measurement in Z diogct

Moreover it was noticed that the highe
values of magnetic fields were observed in
and Z directions. Experience gained so far al
indicates that the magnetic fields streng
exceedances emitted by rolling stock gener
concern the measurement plane Y. This is d
to the mutual influence of magnetic fieldg
generated from rail currents and from rolling
stock in this direction. Results gathered durin
campaign in all countries that participated i
the project may contribute to elaboration g
uniform European measurement method
disturbances from rolling stock. This step wil
give opportunity to eliminate all sources o
exceeded interferences on the stage
approval tests. Facing the general trend

i

I and replacing track circuits with them on
Y modernized ones, the issue of testing the
50 impact of magnetic fields on axle counters is
h essential and it should be carried out for the
ly entire range of rolling stock that is operating
peon a rail network. Presented method of
5 measuring magnetic field strength meets the
) requirements of the technical specifications of
g the TS 50238-3 and allows clear determination
h of whether the tested vehicle may affect the
f operation of the wheel sensors and
bf consequently the axle counters. Such action

would eliminate rolling stock that may affect

the operation of axle counters, and thus will
of reduce disturbances in train movements
pf allowing easier traffic management.

introducing axle counters on new railway line
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