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Foreword

This Technical Report was prepared by SC 9XA, Communication, signalling and processing systems, of
Technical Committee CENELEC TC 9X, Electrical and electronic applications for railways.

The draft, which was based on information supplied by some European railway infrastructure authorities for

track circuits currently in use in the individual countries, was submitted to vote and was approved by
CENELEC as CLC/TR 50507 on 2007-01-16.
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1 Scope

This Technical Report has been written to define the interference limits of existing track circuits used on
European railways. The purpose of this Technical Report is to provide an overview, a reference and a source
of information for other specifications and specifications that are presently in preparation. As required by the
CENELEC rules, it will be updated as needed and will be finally replaced by a future specification or
standard.

According to CENELEC rules, the existing national specifications are not required to be replaced by this
Technical Report. They will remain in use as the basis for approval of vehicles in the respective countries.
Where available, the national specifications are referenced in Annex A of this Technical Report.

The two main parts of this Technical Report are:

1) the List of European track circuit equipment;
2) the National Annex.

The contents of these two parts have been provided by railway infrastructure representatives. Not all
EU countries have provided information and in some cases the information may be incomplete.

In 4.5, the track circuits are classified into preferred and non-preferred types 1) with regard to their future use
on interoperable lines. This definition provides an indication which types of track circuits are preferred for
new signalling projects.

In Annex A the interference limits and test specifications are defined within a template prepared by
CENELEC, which is intended to ensure a large degree of common content and to facilitate comparisons
between national specifications. The content of Annex A is based on existing national specifications.

This Technical Report will remain informative until it is replaced by a specification. It may, however, be used
as a basis for defining requirements, for example in improved national specifications. If the content is used in
the TSI, the TSI document shall clearly define the consequences of the requirements. The vehicles have
only to be made compatible with the track circuits used on the lines where they run, as defined in EN 50238.
Normally an approval certificate will be restricted to these lines or countries.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

EN 50238, Railway applications - Compatibility between rolling stock and train detection systems

UIC leaflet 512, Rolling stock — Conditions to be fulfilled in order to avoid difficulties in the operation of track
circuits and treadles

TSI CCS AAA1; Train detection systems characteristics necessary to be compatible with rolling stock.

1) Previously Class A and Class B as defined in TSI CCS.
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3 Definitions

For the purposes of this document, the following terms and definitions apply.

31
accepting body
body that is responsible for evaluating the compatibility case and issuing the certificate of acceptance

3.2

certificate of acceptance

written authorisation from the Accepting Body that the compatibility case is acceptable to allow the new or
modified systems to enter service

NOTE This may be qualified.

3.3

compatibility case

suite of documents which records the evidence demonstrating the degree of compatibility between rolling
stock, traction power supplies and train detection systems for a specific route or specific railway network

3.4
coupled vehicles (CV)
part of the influencing unit except the traction subsystem

3.5
degraded modes
modes of operation in the presence of faults which have been anticipated in the design of the rolling stock

NOTE Degraded modes will normally allow the rolling stock to complete its journey.

3.6

gabarit

maximum permissible levels of interference signal, with respect to frequencies and duration, to which a train
detection system may be exposed

3.7
influencing unit (IU)
rolling stock influencing the infrastructure

NOTE This comprises all coupled/connected vehicles, e.g. complete train with single or multiple traction, single
vehicle, multiple connected/coupled vehicles.

3.8

right side failure

failure of a signalling system, which results in a more restrictive condition for the movement of traffic than is
appropriate

3.9
traction subsystem (TS)
subset of the traction unit which produces traction force or electric brake force

3.10
traction unit (TU)
subset of the influencing unit

NOTE Comprises all traction subsystems including auxiliary supplies and other power supplies, which can be
collectively switched off by one collector/pantograph.
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3.1

wrong side failure

failure of a signalling system, which results in a less restrictive condition for the movement of traffic than is
appropriate

4 Summary of specifications

41 General

The essential characteristics of the track circuits are listed in tabular form. The annexes contain the specified
interference limits (gabarits) of the track circuits and the test specifications for the vehicles.

4.2 Gabarits

The set of gabarits and their associated test specifications are grouped according to the following traction
parameters:

— traction frequency;

— traction voltage.
The traction systems are:

- 25kV, 50 Hz;
- 15kV, 16,7 Hz;
- 3kV, DC;

- 1500V, DC;

- 750V, DC;

— non-electrified.

This differentiation is necessary to avoid unnecessarily pessimistic interference levels, and take account of
harmonic content as a function of the traction frequency and voltage.

Each gabarit consists of a graph of the maximum interference current as a function of frequency. Time
constraints are defined for each case or frequency range.

The gabarits define the maximum interference current permitted for the track circuit operating frequency
bandwidth. Formulas for calculating the effect of multiple trains/locomotives are defined. This will enable the
vehicle manufacturer or tester to establish the maximum interference current of a single locomotive, power
converter on a passenger coach, or a complete train.

The gabarits take account of the requirements in the existing national specifications as they stand.

4.3 Test specifications

The test specifications are intended to ensure that the test results are consistent and may be assumed to
apply in other locations. In particular the following aspects are considered:

a) how to measure on the vehicle:

— cumulative current flowing via the current collectors to the vehicle, to be measured as close as possible
to the current collectors via a suitable filter (e.g. 100 Hz in the case of a 100 Hz track circuit test);

— frequency and bandwidth parameters/bandpass filter characteristics (see 4.4);
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b) vehicle test conditions:

velocity: full range from standstill to maximum speed;

— traction modes: variation of acceleration, stationary and coasting modes, constant velocity, brake
mode, start-up against the brakes;

— normal mode and failure modes;

— auxiliary supplies — from no load to full load;

— compliance with TSI CCS AAA1 (electrical impedance between the wheels);

— configuration management of hardware and software of the unit being approval tested;
c) testlocation:

— description of power supply arrangement;

— definition of reference test track or route, if applicable;
d) number of measurements:

— a minimum of several measurements per vehicle mode is required to identify critical areas which
require more lengthy test series;

e) analysis and evaluation of test results:

— the final analysis is usually given in the time domain. Some Rail Administrations may require an
analysis in the frequency domain;

— the integration time (length of time window) or smoothing time constant takes the required maximum
allowable interference duration into account to avoid misleading results.

It is to be expected that deviations in test results may occur if tests are performed on different infrastructures
due to differing traction supply characteristics such as resonant frequencies of supply networks, ripple on
DC supplies or harmonics of AC supplies. The difficulties of finding a worst-case test site, which is
representative of different countries with the same basic traction voltage and frequency are not trivial and
may require that testing takes place on specific test tracks or routes in the different countries.

4.4 Example of filter

Figure 1 shows an example of the filter characteristics for a 100 Hz track circuit compatibility test with f is
equal to 100 Hz and B is equal to 4 Hz.

transfer factor
A(f)[dB] B = bandwidth

* fk = centre frequency

-0,5

'/,B
-3 s >

B

fi f

Figure 1 — Example of filter characteristics
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4.5 List of European track circuit equipment

Table 1 gives a list that defines the types of track circuit equipment currently being used by European
railways. Types classified as “preferred” are designated to be used on future re-signalling projects.

Documents

Document Sharing Hub

Full document details: PD CLC/TR 50507:2007


http://www.avadocuments.com/doc/pd-clc-tr-50507-2007
http://www.avadocuments.com/doc/pd-clc-tr-50507-2007

2007

.
.

CLC/TR 50507

—11 -

—=—=—PorumentSharing Hub

n
i
c
Q
ZH G/2C azv €r-OM W
azv €01E-OM/20LE-OM O
a|qeladoisju MISZT NIE €'V 88g azv 9€-OM/SE-OM/YE-OM o
ZH 5. oazs| QA
azv 2E€-OM/1€-OM
29
66SE-OM/S6SE-OM
ZH 0S 96.2-OM/16%2-OM
ou gV 883 0azs
ZH G2 665 1-OM/€85L-OM
ZH 009 C
(1 ISH) eiqesadoisiul M GC (speqen y0) 'y 89S |  ‘00€ Z ‘000 Z ‘00Z L yodsuel] 3380 0ey WAL D LLINN 139VH4NI
ON |8s8lq ON oa 090y S)N2JID Xoell Od 139VHANI
paulajald SR AN ES a|qeoiidde JoN ojes asind zH ¥ 290y Hnou1D yoel| abeyoA ybiH
‘uoljewolny
ZH 0S ‘ealy ‘090y |IBIOUOI\ }INDUID Mokl ZH 0G g
Z'V 88s 139VH4ANI
M€ “‘uonewoiny
Slqesadosiul ZH 0g ‘ealy ‘000y Ie2Ig §NIID) OBIL ZH 0G
ON ZHY G 280y 8ZHH3 HN2UID Hoel L SSBRUIordH
2y 005 ZH 005 Z '00Z 2 1da buyjeudls
paiisjeld MISZT A€ ‘006 | ‘009 L =9% wois|y UN2AID MorIL ssauIor | €11 “13GVHANI
ZHM 0L ~ suawalg | Walpooun asialjwollssia|bzuanbaijuo]
oysl|ez Z0Z0%006G StejaIsiv|Bwonsyols|n
Mgs €81 100 stejaisia|bwonsyors|o
ON 1s-99 990
oa suawaIg 0./Z siejaisia|bwonsyoia|s
suswelg 1ZYSTA stejgisis|bwodsyois|o 1v
oxsl|8z / |8yeoly 09206 096 sie[aisia|buiossyoIg|9
palisjald ZH 2°90} -ZH 00} |81e0lY 71680106 S steja.sia|Biojsisued |
ajqesadosayu] 1’V 89S suswiaIS | ¥/gg/L ASsd siejisis|biojop usbe-¢ 1s-99 9490
ZH 00}
paliaaid suswaIS | 8/zzZ/l YMSsg siejaisia|bioloy usbe-g
9aInos
uoneoyyisse|) uoneoiddy abe}joA uonoel] s)lwi| @duasauadiu] | Aouanbauy Bunesadp |  1ainjoejnuepy adA uoneuuoju] | Aiyunon

juawdinba 31n2119 yoeu} jo sadA] — | a|qel

Full document details: PD CLC/TR 50507:2007


http://www.avadocuments.com/doc/pd-clc-tr-50507-2007
http://www.avadocuments.com/doc/pd-clc-tr-50507-2007

—12 —

2007

CLC/TR 50507

Document Sharing Hub

7]
el
c
Q
=
Q
a
ZH 62 eissny ¢
ZHY 91 - 9'6 suswelg 1168914
ZHN GZ'9-GL'Y suswalg 9¥SO14
ZH S2L suswalg | Aejay J0j0 ‘IeY 8|qnod zH 9z
ZH Gzl suswalg | Aejay JoJo0| ‘jley 8|buls zH Gz |
, MHY 14
oa HA apolp ‘0a
oa zueg oda
oa HA oa
(0a) siv 0z > oa zuelpy 00L€S 3Zr
(0a) siv 0z > od Zuespy 006€G 371
palsjeld ZH 00S 91-00S 6 ‘ZH 0SZ 9-0G. ¥ suswalg 168914 ‘9v SO14
YlomlaN
pa.lajaid s|qesadoalu| M S2 'V 99S ZH /L Jslpiequiog HNDAIO Yoen zH L/ Aem|iey Ma
ylewusq
pausjeid oa Jaiplequog }IN2J419 yoeu} DA
924noSs
uonesyyisse|d uonesiddy abejjoA uonoea] STTERITEYEINE ]| Kouanbauy Buesado Jainjoejnue adA) uopewuou] | Aiunon

(panunuos) yuswdinba 31no419 yoeuy jo sadA] — | s|qel

Full document details: PD CLC/TR 50507:2007


http://www.avadocuments.com/doc/pd-clc-tr-50507-2007
http://www.avadocuments.com/doc/pd-clc-tr-50507-2007

2007

.
.

CLC/TR 50507

— 13-

Documents
Document Sharing Hub

ZH G/ ¥ MS4 _
-ZH 00€ ¢l
Aemjiel uequngn 0 wojs o
I! qingng N ‘000 L1 ‘009 0L ‘000 0L 1SIV NOAD dlvd d:
‘002 6 ‘009 8 ‘002 8
-M'S'40
ou on 901 - uoswoyy oeys -Hodsuel /3380 od S OUHONS
zH G/ Je pasind OQ Modsuel /338D fole|
OV A\ 62 ZH 068 ‘00€ yodsuel] /3380 ZH 058/00¢
(4noyep
pausjalyq| '8 AUOO) alqesadosaiyl ov °N sjes osind zH ¢ wojs|y UNoUID MoeIL IAH
M GZ 0a M GL S 4S'O1/40NS
ZH 009 ¢
EIEIEY odsuel
p Jo.d ‘00€ Z ‘000 Z ‘00/ | H 1/33S0 1I3S WAL O LZNN
IV A\ G2
ZH 009 ¢
Jodsuel
‘00€ Z ‘000 Z ‘00Z | ] 1/33SD| 0ey WAL D LL NN
(SH) eigeJadousiu|
o) ZH 009 ¢ .
1odsuel 4
AN SZ 00 M S ‘00€ Z ‘000 Z ‘00Z | } 1/33SD 00€ NAL D LLZWN| 4S'OI/4ONS
OV Y 5T 008 2 ,OSNNI%W ¢ podsuei1/3380 | 3Sd WAL D b2 WN
(spueqes 40)
9V 998 ZH 009 2
EYIETEY odsuel :
p Ja.d o ‘00€ Z ‘000 Z ‘00/ | H 1/33S0 g0 LZNN| d4S™OI1/40NS
M ST 00N S ZH 009 2
. . . Modsuel /3380 OLLNN
(inojep 00€ Z 000 Z ‘00 |
' AUOD) B|qeladolaul AQRES- SION - WS40
OV M SZ ZH €8 1Sy - WO 0dSUB) | /9960 ZH €8
4S'O1/40NS
2aM §'1 ZH 05 Aaxes - sio ZH 05
- M'S’4'D - wojs|y -Jodsuel | /338D
aounos
uonjeayyisse|o uonesiddy abejjoA uonjoel] | S}WI| @9UaIaIBU| Kouanbauy Bunesado Jainjoejnuepy adA1 uonewuoyu] | Anunog

(panunuos) yuswdinba 31noa19 yoeuy jo sadA] — | s|qel

Full document details: PD CLC/TR 50507:2007


http://www.avadocuments.com/doc/pd-clc-tr-50507-2007
http://www.avadocuments.com/doc/pd-clc-tr-50507-2007

— 14 —

2007

CLC/TR 50507

Documents

Document Sharing Hub

(pausajaud

8q 0} pesodold) (*Au0d ZH 00S 91°°00G 6 ‘ZH 0SZ 9'°0G. ¥ suswals SO14
¥ SH) 8|qesadolau]
'Y 998 ZHM GL-6 suswals GL/6 S1O
ZHM 8°9L 9Vl | SNMZ-IsIpiequiog ‘SNMZ L NO3
(‘Au09) ajqeiadouayu]
INED ZHX Gl ‘2L ‘0L ‘8°L sSuswaIS ‘gSSM € pue | NO3
ZHY 9L suswIS ‘gSSM ASO-41
ON
A.>COO 9 Inojop ZHY 0L suswsls ASO-41 Z)9N 9dd 3a
SH) siqesedoisyul 2H 001 73S 191E0lY zH 001
ZH 001 SuswiaIS ‘gSSM ZH 001
("Au09) s|gesadoiaiu| |J@salq L'V 88§ ZH 0S suawalS ‘gSSM ZH 0§
(AU 8 Jn0}BP MGl ZH ¢y SuswidIS ‘gSSM ZH ¢¥y
SH) 9|qeladouaiu| :
(Au09) a|qeiadoiayu) |esaiq ON oa suswaIS ‘gSSAM |  HnaaiD yoell Da
aoinos
uolesyyisse|d uonesddy abejjoA uonjoes) SHWI| @ouUalapaju| Kouanbauy Bunesado Jainjoejnuep adA) uonjewuoyu] | A1i3unon

(panunuos) yuswdinba 31no419 yoeuy jo sadA] — | s|qel

Full document details: PD CLC/TR 50507:2007


http://www.avadocuments.com/doc/pd-clc-tr-50507-2007
http://www.avadocuments.com/doc/pd-clc-tr-50507-2007

2007

.
.

CLC/TR 50507

— 15—

Dqcuments
—==—=—Potument Sharing Hub

L0 4H
gV 993 ZHM 1LZ ‘Sl ‘2L | op|esuy-asnoybuisapy | 3noaiD yoel] Aousnbai ybiH
opjesuy-asnoybunsapn
‘IslpJequiog
ON ZHY 81 ‘L ‘0L ‘8 ‘B)IS ‘Wols|y [03U0 JUIOf JINJIID LOYS
uonenPoNS
A M€ Ifedig WnouID soel S139 - INVITIS MS4 04VIS
uonEINPONMIS 4 €6
Ilesig WnoaID soel] qises|  Y10SI MS4 dISVS Aelisa0
g’y 993
uone[npopy
MS4 lleaig InauID yoel] qises YS4 9ISVS Aelano
(uonenpopy
apnyduwy) [leaig INouID yoel] qises 68 NV 9ISVS Aelano
a|geladolalu| UNoJIo
paLIa}ald ZH 06 A S§2 ON ZH 00€ ¥'""006 | INOLSTV - gises ¥oed) L-zd.1d apodibig
|leJig pue ouo opjesuy ‘lsipiequiog 14 1l
UNoIID Soel] ZH €'€8-0G ‘B)IS ‘Wols|y 09sIp & 9Ja1 U0d S gpD
resig OdTVSNY 9'M
uNouIY Soell ZH €'€8/zH 0§ - asnoybunsepy | - SM - FM - €M -2 M- LM
Iresig
8V 89S |  ynonQ el zH £'€8/ZH 0G INOLSTV - gises ¥'S-€8-2S-1'S
2a M€ l'eig
uNouID Soell ZH €'€8/ZH 0§ ZNVHLQy - swied ¥08-£08-208-108-1Z192Zr
leqig UnouID soel] ZH £'€8 oplesuy G8 9pooNelS
ledig ¥N2IID SoelL ZH 0§ oplesuy G8 9pooe)S
swia)sAg
pausjeld Iledig WnouID Soell ZH 0G uonepodsuel] 39 snoovd
peusjeld N lIelg }INoUID YoeIL ZH 05 wojs|y asoo
pauIajald ZH 0S A 62 oplesuy uNoIID Moel] SILY
924nos
uolealyisse|d uonesddy abejjoA uonoea] SHWI| 92uUalapadju| Aouanbauy Bunesado Jainjoejnuepy adA) uonjewuoyu] | A13unon

(panunuos) yuswdinba 31noa19 yoeuy jo sadA] — | s|qel

Full document details: PD CLC/TR 50507:2007


http://www.avadocuments.com/doc/pd-clc-tr-50507-2007
http://www.avadocuments.com/doc/pd-clc-tr-50507-2007

—16 -

2007

CLC/TR 50507

Document Sharing Hub

7))
el
c
Q
-
(&
a
lesalq oa JeIpiequiog Mr 0d |
ZH G0l ‘G6 Jaipiequiog AYr Aejai jojop |
a|qesadolaiu| 0L’V 99S ZH S0 'G6 | dsnoubuisam LLA Aeiel JojoN JoyJonauequiar ON
pauajald A GL ZH0L9Z-2€S | Jaipiequiog 4
ZH 00G 91°°00G 6
pauseId ZH 052 906) ¥ suswaIg SIE!
5 5 . (unong >oeu
pauiajaid . H om_ Nt e . H oom ¢ 00ce wojls|y | ssajuior) uliyoodsuaney
0a A 006 | ‘1esaig 006 L ‘009 | = 04 9981] GV — 41 8per
_ (Mnoao yoeuL
pausjaid N__._ 00s * wojs|y | ssapuior) uliyoodsuaney
04 ZH Z€Z 19 ‘280 6% — JH eper
ZH 0G M\ G2 ‘leseid 6’V 835
ZH OV F (
NN2uID Yoeu] ssapuIor)
pausaid . OIMSdZHUSLE WOISIY | |10 100dSUBAEH — J BPEQ
L¥8 Z ‘005 ¢ ‘902 ¢
pauseId ZHY G'9L —G'6 suswaIg 1168914
olqesedoselul |z 2’9l MY GLIOA AN §'L _
pauseid ZH) G2'9 - GL'Y suswolg 9¥ S914 A9 lledouid N
ZH 2'9L A GL
pausjeid ‘0 A 6], 09I ON ajes asind zH 01 wojs|y | unaain yoeu] asindw [AH
(dLV se |[om S9p0o2
pauajeld 00 AY G} ‘|eseIq | se uonosleq ulel] splebay) ZH G/ SHYO|  dLV uum zH G/ Inoao
6’V 99S yoeJ} Aouanbaiy Mo
Z INJJID
1esela 6'v 998 ZH S S¥O yoel} >ocﬂ%mww >>o.._
20 MM G ‘leselq a|qeoldde JoN ZHY 01 ZHN0L G010 Aepano
ON SOA ZH 05 SYO
99.4nos
uonesyisse|n uonesiddy abe}joA uonoel] STTERITEYEINE ] Aouanbaly Bunesado | Jainjoejnuely adA} uojjewnioju| Aiuno)p

(panunuos) yuswdinba 31no419 yoeuy jo sadA] — | s|qel

Full document details: PD CLC/TR 50507:2007


http://www.avadocuments.com/doc/pd-clc-tr-50507-2007
http://www.avadocuments.com/doc/pd-clc-tr-50507-2007

2007

.
.

CLC/TR 50507

17—

Document Sharing Hub

7))
el
c
Q
-
(&
a
(‘auoo ZHN 116/ 9 Y suswalS| /16/9% SO14 _
'8 SH) s|qesadossyu ZHO0S A GZ2Oa M€ : |
oam e ZH 05 suawalg ZH 0§
(-Au0o) aqesedosey] oame ZH 0§ (3019) eshuz ZH 0§
. L60€ / L¥0E
Z - suel}oa
aa M€ HA6L-LL/SYL/GL WO | | ) (S Hous
(‘Au0o ZH 000 9- 080 ¥ owoneuwiq | 0005/000€/0002
'8 SH) 8|qesadossiu ZHO0S A G2Oa M€ / 00G £- 000 ¥/ 009 2-00Z L : : S4
("Au09) s|qeladossyul oamie ZH 0§ ouosBwIQ ZH 0§
(SH) siqesadousiu| ZH 05 M G2 ZL'V 998 ZH 009 Z - 00Z | Hodsues] /3380 0002/L2 AN diav s3
('Au09) sjqeladoisul oamie ZH 0§ lsipiequiog ZH 0§
(oo ZH) 66 / 9'2-G' JeIpreqUIOg W/1LZIL
'8 SH) 8|qesadossiu ZHO0S A G2Oa M€
(esindwj
Japliauyd
ZH 0l Q EoE:M%.EoWM obeyon
UBIH) INH
(1Au0d) 8|qesadoseiul ZH 05 (SyD) woisly ZH 05
ZH 008 WOl | S¥e-rsS Hous
oM € ZH 0G [o1e0)y ZH 05
ZH 00G L€ ‘00 8Z ‘0GL 92|  SNMZ-Ieipiequiog 203
ZH 00Z 9} ‘009 ¥
-JalpJequo -
‘051 21 ‘000 0L ‘000 8 ‘000 2|  SNMZ-eIpiEqUios ¢l0s
ZH 008 ¢ . - A
a|qesadosay| 1LY 89S ‘0L% 2 “0LL Z 098 | 086 | SNMZ-Jelpiequiog 1-10S V'S d
Md did
ZH 0G| SNMZ-selpsequiog give)
ZHOS| SNMZ-Jeipiequog sS10
ZH 0G| SNMZ-selpJequog Z10
924n0Ss
uonesyyisse|) uonesddy abejjoA uonoea] SHWI| 9oualapalu| Kouanbauy Buneirado Jainjoejnuey adA uonewuoyu] | A3unon

(penunuos) yuawdinba 31no419 yoeuy jo sadA] — | ajqel

Full document details: PD CLC/TR 50507:2007


http://www.avadocuments.com/doc/pd-clc-tr-50507-2007
http://www.avadocuments.com/doc/pd-clc-tr-50507-2007

— 18—

2007

CLC/TR 50507

Documents

Document Sharing Hub

(zH szL) wov §

Z ZIaMyog suswal u u
v 808 HGZL| o9V zemyos IS| LOZUINL/9ZZUNL a4as
ON ZH € wols|y VLNY-LSN gagas
(000
ON ZH 001 OV ZIoMYoS [8}edly LEZOV £0000 43¢)
a|qesadolayul M GL HO I81eoly
(zH szZ ;
pasajeld ‘ZH G/l ‘ZH LEL) HOV G ZH GZZ 0YZH /EL| OV ZISMYDS suswals G6-MSON (v rro\vwwmﬁw__._wv
ANAES :
(zyM €1) yov G0 (£96/62-ZLH)
71y 085 ZHNEL| OV ZIBMYDS suswals 1165914 Ho SUSWSIS o
(zuM §'G) Hov | . (£96/62-ZLH)
b1y 995 ZHN G'S| OV ZIeMyog suswalg 9¥SO 14 HO) SUBWIBIS
(zH 001) Hev ¢ . . } (£96/62-ZLH)
a|qesadolaiu M GL 71y 865 ZH GZL ZHO0L ‘ZH Z¥| OV ZIemyos suswalg GZL-2¥ST1O Ho SueweIg
: (£96/62-ZLH)
ON ZHY 08| OV ZIdMYDS suswals Z-/570 HO SusWoIS
(zH 0) yov 81 g (£96/62-ZLH)
Ly 885 0a| 9V zIemyds suswals 6-8001L00 HO SUSWSIS
(zH 0) #ov G5 _ (£96/62-ZLH)
71y 508 0d| 9V ZIsMyds suswals =AZL Ho SUSWIBIS
00LYS
S9 )JoAUe
A od YOMBAUBE | 370 11005 HS Tzr s
pauisjeld a|qesadouayu] M GL ISRVACETS oa uspemg JeipJequiog 0.0l MHr IENTENLET |
92Inos
uoljeosisse|d uonesiddy abe}oA uonoel] STTIERIEYETNE ] Kouanbauy Buieirado Jainjoejnuey adA) uopewuoju] | Ai3uno)

(panunuos) yuswdinba 31no419 yoeuy jo sadA] — | s|qel

Full document details: PD CLC/TR 50507:2007


http://www.avadocuments.com/doc/pd-clc-tr-50507-2007
http://www.avadocuments.com/doc/pd-clc-tr-50507-2007

2007

.
.

CLC/TR 50507

19—

Documents

Document Sharing Hub

(1ouuny jpuueyd) (sweges 10) ‘ ‘ ‘
pauajeld slqesedoalu| oV AY 62 o)y o5g | 2H 009 Z ‘00€ Z 000 Z ‘00L | Modsues1 /3380 0SVINALD LZINN
sw g‘p ‘oas/sasind {7 py71 Bulpin Buising seon
|1esaiqg ON ZH 0S snouep ases|oy YoIND HM
ZH 009 Z ‘00€ Z ‘000 Z ‘00. | Ja)sy
M G2 Gl'V @98 2a snouep (eunwwi 9v) 0a
1osalq ON oa snouep (sunwwi 9Oy uou) DQ
(Ajuo j1ey s|qnoq) . .
z - asnoybunss
A 0SZ G\ 085 H8'GzS - 8'L.€ ybunsa 0092 S4
[SINESTED]
paLsield (juo l1ey SHoMeN N
a|qeladouaiu| A0SL ‘M ST MN/009'ALY OON) sjel asind zH € woss|y HNJUID OBl |AH
Gl'V 998
A0SL ‘M SZ (Auo -1z 1b) ZH019Z-285 1|  Jeipiequog 1z IL
GlL'V 983 .
Ajuo 1ey a|gno
nogy| (Ao ned sianoq) ZHgzy-€9g| (woisly) D39 | Aemiiey Q@ suy uo pesy
Gl'V 998
(Ao ey 81Buis) ZHEgr-zHE9E| (Woisly) 0FD| Aemiiey OV aup uo paay
GlL'V 983 .
ZH 0§ snouep lley o|BuIs zH 05
paliajeld AOS. GlL'V 993
ZH 0§ snouep lley a|gnod zH 05
924noSs
uolneoljisse|d uonesyddy abejjoA uonoea) S}HWI| 9ouUalaalu| Kouanbauy Buneirado Jainjoejnuep adA) uonjeunioju] | A1unon

(panunuos) yuswdinba 31noa19 yoeuy jo sadA] — | s|qel

Full document details: PD CLC/TR 50507:2007


http://www.avadocuments.com/doc/pd-clc-tr-50507-2007
http://www.avadocuments.com/doc/pd-clc-tr-50507-2007

CLC/TR 50507:2007 —-20-

Annex A
(informative)

National specifications

A.1 Austria, OBB specification
A1.1 Scope of the specification

This specification is to be applied together with EN 50238 whereby EN 50238 covers largely the preparation
of a safety/compatibility case.

The scope of this specification is limited to defining electromagnetic interference limits and test specifications
for electric traction and other electrical equipment on trains.

The national regulation "Anforderungskatalog an Triebfahrzeuge fiir die Zulassung im Netz der OBB"
(Requirements for Approval of Rolling Stock for the Austrian National Railway Network) , 11th July 2003
applies in Austria.

A.1.2 Gabarits

A set of gabarits and their associated test specifications are required, grouped according to the following
traction parameters:

— traction frequency: 16,7 Hz;

— traction voltage: 15 kV.

The gabarits will define the maximum interference current permitted for the track circuit operating frequency
bandwidth. A formula for calculating the effect of multiple trains/locomotives will be defined. This will enable

the vehicle manufacturer or tester to establish the maximum interference current of a single locomotive,
power converter on a passenger coach, or a complete train.

The gabarits will take account of the requirements in the existing railway specifications. The existing
specifications are not expected to be changed. The values of interference in the existing specifications will
only be modified for the future specification if the rule stated in the previous paragraph was not applied by
the railway when the interference values were originally defined.

Interference limits for 100 Hz and 106,7 Hz track circuits (on OBB lines):

a) maximum current for an influencing unit:
= Imaxtoou = 2,8 A;
— r.m.s. integration time 0,5 s;
b) maximum current for a traction unit:
Imaxiootu = 2,0 A;
— r.m.s. integration time 0,5 s;
c) calculation rule for multiple traction units:

= 2,84 for 1< n <3 n:Number of Traction Units

1 nl00 TU \/n_
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If the addition of the measured influencing currents does not meet the above mentioned calculation rule,
the maximum current has to be reduced to fulfil the limit for the total influencing unit;

d) characterisation of filter:
— B bandwidth = 4 Hz;
— fx centre frequency = 100 Hz or 106,7 Hz.

transfer factor
A f)[dB] B = bandwidth

A : fk = centre frequency

-0,5

,B
3 — —

B

1% f

Figure A.1 — Filter characteristics for track circuit compatibility test

A.1.3 Test specifications

The test specifications are intended to ensure that the test results are consistent and may be assumed to
apply in other locations. In particular the following aspects shall be covered:

— how to measure on the vehicle:

— cumulative current flowing from the catenary to the vehicle, to be measured as close as possible to
the overhead line/catenary via a suitable filter (e.g. 100 Hz in the case of a 100 Hz track circuit test).
If the rails are used for the transmission of the return current of the heating train line, an additional
measurement at the 7, connection of the traction-transformer has to be made. In both cases the
gabarits shall be fulfilled;

— vehicle test conditions:

velocity: full range from standstill to maximum speed;

— traction modes: variation of acceleration, idle mode, constant velocity, brake mode;
— normal mode and failure modes;

— unloaded heating train line, when testing locomotives;

— loading on heating train line when testing coaches shall be defined. UIC 550 can provide a basis for
this;

— test location and test conditions:
— standstill testing in a station near the Austrian border;

- for an approval for the whole network of the OBB several measurements covering all critical areas
of the OBB-network and traction modes the vehicle are necessary (usually the lines Vienna-
Salzburg-Villach-Vienna and Vienna-Hohenau);

— if the approval is only wanted for a specific line, the measurements may be limited to this line;
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— due to the operation of different (partly older) types of vehicles in the OBB-network it has to be
considered, that the voltage in overhead line has a very high level of harmonics to the 16,7 Hz
traction frequency. The above-mentioned gabarits shall also be fulfiled under these bad case
conditions of the traction voltage;

— analysis and evaluation of test results:

— aninitial analysis during the test series is required to ensure, for example, that the test equipment is
providing a suitable signal/noise ratio with respect to the gabarit values (10 % of the gabarit or
5 mA, whatever is larger) and that no overloading occurs;

— the final analysis is required in the time domain. Analysis in the frequency domain is not
recommended due to the difficulty of achieving a time reference;

— the bandpass filtered harmonic current has to be displayed as floating r.m.s_;

— the integration time (length of time window) or smoothing time constant shall take the required
maximum allowable interference duration into account to avoid misleading results;

— ther.m.s. values may be calculated as follows:
—  true r.m.s. (integration);
— mean rectified value multiplied by 1,11;

— note that if the r.m.s. value is calculated by mean time windows, the overlapping of sequential time
windows shall be at least 50 %.

It is to be expected that deviations in test results may occur if tests are performed on different infrastructures
due to differing traction supply characteristics such as resonant frequencies of supply networks, ripple on DC

supplies or harmonics of AC supplies. It is realised that the difficulties of finding a worst-case test site that is
representative of different countries with the same basic traction voltage and frequency is not trivial.

A.2 Belgium, INFRABEL specification
A.21 Scope of the specification

This specification is to be applied together with EN 50238 whereby EN 50238 covers largely the preparation
of a safety/compatibility case.

The scope of this specification is limited to defining electromagnetic interference limits and test specifications
for electric traction and other electrical equipment on trains.

A.2.2 Gabarits

A set of gabarits and their associated test specifications are required, grouped according to the following
traction parameters:

— traction frequency;

— traction voltage.
For INFRABEL the following sets of gabarits are taken into account:

— set 1 of gabarits for 3 kV, DC;
—  set 2 of gabarits for 25 kV, 50 Hz;

A.2.21 Definitions

A Freight Train (FT) can have a maximum of 2 traction units.

A Passenger Train (PT) can have a maximum of 16 UIC coaches and 1 traction unit.
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Since one influencing unit may consist of multiple sources of influence, it shall be ensured that the resulting
interference current emitted by the influencing unit into the power supply network does not exceed the
gabarit value.

A.2.2.2 Gabarit for 3 kV, DC
a) maximum current for an influencing unit (calculation rule according to e):
— Inc =20A (35 Hz < f < 60 Hz);
— Ixc =50A (35 Hz < f);
—  Inctsminmum > 0,5 A (otherwise not taken into account for the calculation rule);
—  Iacovminmum > 0,5 A (otherwise not taken into account for the calculation rule);
b) maximum 50 Hz current for an influencing unit (calculation rule: summation):
— Iso<4 A (48,5 Hz <f<51,5Hz) for DC and AC traction;
—  Is0>4 A (48,5 Hz < f < 51,5 Hz) for AC traction during max 1 000 ms;
c) maximum transient currents for a traction unit:
— |AllA} <2500 A/s (f<35Hz);
d) maximum current (1 500 Hz < f < 3 000 Hz) for an influencing unit (calculation rule according to e):
— I <500 mA (1500 Hz < f < 3 000 Hz);
- I <3A (f=6nx50Hz£55Hz, n=5,6,7, 8,9, 10) (calculation rule: summation);
e) calculation rules are given in Table A.1.

Table A.1 — Calculation rules for 3 kV DC

Frequency Possibility of synchronisation Calculation rule
between the perturbation sources
<1000 Hz - Summation for the same f
>1 000 Hz Yes Summation for the same f
>1 000 Hz No Quadratic summation for same /'
f - Quadratic summation for different /

A.2.2.3 Gabarit for 25 kV, 50 Hz
a) maximum current (1 500 Hz < f < 3 000 Hz) for an influencing unit (calculation rule according to c):
— I <500 mA (1500 Hz < f <3 000 Hz);

- L <3A (f=(2n+1) x50 Hz+ 10 Hz, n = 15, 16, 17, 18, 19, 20, 21, 22, 23)
(calculation rule: summation);
- L <22A (f=(2n+1) x50 Hz + 10 Hz, n = 24, 25, 26, 27, 28, 29)

(calculation rule: summation);
b) calculation rules are given in Table A.2.
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Table A.2 — Calculation rules for 25 kV 50 Hz

Frequency Possibility of synchronisation between Calculation rule
the perturbation sources
<1000 Hz - Summation for the same f
>1 000 Hz Yes Summation for the same f
>1 000 Hz No Quadratic summation for same 1
f - Quadratic summation for different 1

A.2.3 Test specifications

The specifications of the rolling stock and the interference produced have to be analysed:
— on the vehicle with adequate measurement and logging tools to analyse the injected currents in the
return circuit;

— in the track with measurement coils and train detection systems adequately adapted.

A.2.31 Injected currents in the track

For the coupled vehicles, the verification of the above-mentioned limits is done by analysing the injected
currents in the power distribution system (measured at the catenary). The vehicles have to conform with
UIC 550.

For the influencing units or for the traction units, the verification of the above-mentioned limits is done by
analysing the currents from the catenary. Cumulative current flowing from the catenary to the TU, to be
measured as close as possible to the overhead line/catenary via a suitable filter (see A.2.3.2 for
characteristics).

The measurements have to be performed in the following conditions:

— vehicle test conditions:

—  velocity: full range from standstill to maximum speed, at full power and at reduced power in steps of
10 %;

— traction modes: variation of acceleration especially, for “difficult” speeds, stationary or coasting
mode, constant velocity, brake mode;

—  behaviour during the fluctuation of the catenary voltage;

—  behaviour during slipping;

— closing the power switch of the traction unit or of the traction unit at a certain distance.
These measurements have to be performed in different typical configurations of the traction equipment and
of the distribution system of electrical energy:
— configuration with all the systems in service;

— configuration with some systems out of service (degraded mode).

The measurements are realised with the aid of non-saturable coils, associated with filters and equipment on
board of the train.

The complete measurement equipment (measurement-sensors and equipment, data-storage equipment,
etc.) necessary for the control of the above mentioned limits have to be described in detail. Before the
beginning of the measurements, the complete measurement equipment has to be inspected by the
authorised staff of INFRABEL.
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— test location:
— description of power supply arrangement, 3 kV DC,
— definition of reference test line, line 94, location “Bois du Coucou” at distance mark 46,400;

— number of measurements:

— a minimum of several measurements per vehicle test condition is required to identify critical areas
which require more elaborate test series;

— analysis and evaluation of test results:

— the electromagnetic traction compatibility with the track circuits is evaluated on the test site itself.
The track circuits are adapted and regulated in the way they are most sensitive to outside
perturbations and tested in the presence of rolling stock that is used in its most aggressive way,

— the evaluation of the injected currents in the track are measured as close as possible to the
catenary via suitable filters (see A.2.3.2).

A.2.3.2 Example of the filter(s) used for the evaluation of the injected currents
Measurement Analysis of the harmaonics
l » Yerificafion of the gabarits

A
\%
¥

RMS measurement

G0Hz

k J

RMS measurement

L 4

’ 30Hz \

RMS measurement

Figure A.2 — Example of the filter(s) used for the evaluation of the injected currents

— place of measurement:
— the injected currents in the track are measured as close as possible to the catenary;

— the current measurement has to have a precision of at least 2,5 % on the whole frequency range of
30 Hz up to 3 000 Hz;

— 35 Hz and 60 Hz filters:
—  the filters are 8" order Butterworth;

— the 35 Hz high frequency bandpass filter needs an attenuation of minimum 20 dB at the frequency
of 25 Hz;

— the 60 Hz low frequency bandpass filter needs an attenuation of minimum 20 dB at the frequency of

85 Hz;
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— thefilters are not allowed to be saturated by the expected traction currents;
— 50 Hzfilter:
— the filters are 8" order Butterworth or elliptical,

— the 50 Hz bandpass filter needs an attenuation of minimum 80 dB at the frequencies of 30 Hz and
83 Hz;

— thefilters are not allowed to be saturated by the expected traction currents.
A.2.4 References

[1] Compatibilité électromagnétique du matériel roulant avec les systémes de détection des trains et les
transmissions par circuits galvaniques, Ref MI.01-EMC-75.2.0 Version 1.1, 4.03.2002.

A.3 Czech Republic, SZDC specification
A.31 Scope of specification
The following national standards apply to compatibility:

— CSN 34 2613 Zelezni ni zabezpe ovaci za izeni - Kolejové obvody a vn j8i podminky pro jejich innost
(Railway Signalling Equipment — Track circuits and external conditions for their function).

The specifications and their application methods in the Czech Republic, described in the following sections,
are based on currently out-dated specifications CSN 34 2613:1998. These specifications are going to be
replaced with new ones (CSN 34 2613:2007).

A.3.2 Gabarits

The gabarits are the inference limits of the track circuits. Frequency and bandwidth shall be considered.

The gabarits define the maximum interference current in the rails permitted for the track circuit operating
frequency bandwidth. A formula for calculating the effect of multiple trains/locomotives is required. This will
enable the vehicle manufacturer or tester to establish the maximum interference current of a single
locomotive, power converter on a passenger coach, or a complete train.

UIC leaflet 512 (especially wheel-to-wheel-resistance) has to apply.

A.3.2.1 Definitions

A traction unit is a vehicle (a locomotive or a trainset) with electric traction or bearing an electric power
supply for heating.

A coach is a vehicle without traction but with electric equipment fed by a heating cable where return current
may be led through the running rails.

A.3.2.2 Traction voltage and frequency - Interference limits

The gabarits listed below are valid for both traction systems used in the Czech Republic (3 kV and 25 kV
50 Hz) unless specified otherwise.

All types of track circuits are within the specification given in this subclause.

The traction unit shall not be emitting a disturbing current /4 to the traction system (to rails) in the given
frequency bands for a time longer than 0,1 s if its value is higher than the values given in Table A.3.
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Table A.3 — Values of gabarit (Czech Republic)

Frequency band 14
Hz A
44 -562 0,1
68 - 82 0,1
118 - 132 0,1
168 - 182 0,1
268 - 282 0,1
@  The limitation in this band does not apply for vehicles on lines electrified with the 25 kV 50 Hz system.

The coach shall not emit a disturbing current I, to the traction system (to rails) in the above frequency bands
for a time longer than 0,1 s if its value is higher than 0,1 A.

The total current summed at above frequency bands in the return traction current running through a track
circuit shall not exceed 0,167 A.

Considering the current distribution among tracks and between tracks and earth it assumed the total
summed disturbing current running through one track within one power section composes from at most two
sources of uncorrelated disturbance, i.e. from two trains 16 coaches each.

The above assumption is fixed; there are therefore no individual calculations based on number of vehicles in
a section.

The disturbing current can affect any track circuit located in a path of return traction current running from a
source of disturbance to the power substation.

All mentioned limits are effective values.

A.3.3 Test specifications

This subclause contains the test specification for verifying that vehicles are compatible with the track circuits.
It contains a description of the procedure and a definition of measurement parameters.

A.3.3.1 Test arrangement
A.3.3.1.1  Traction units

The disturbing current is preferably measured at the return traction current conductor in the location that is
nearest to the place of current partition and where there are no alternate current routes (see Figure A.3). The
current is measured ahead of its partition to individual bogies (axles) and ahead of its connection with a
vehicle frame where alternate routes may constitute.

If, from technical reasons, the measurement is not doable at the return traction current conductor it is
allowed to carry out the measurement in the incoming conductor (location A). In this case however
necessary measures have to be taken to determine an influence rate of the field generated by voltage
difference, as well as the measures for the health protection of the personnel and for the protection of the
measuring chain.

Both approaches are considered equal.
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Figure A.3 — Placement of measuring converter

The noise ratio of the own measuring chain (including background offset) shall exceed neither 10 % of limit
value nor 0,005 A (whatever is larger).

A.3.3.1.2 Coaches

The measurement is to be carried out on the heating conductor using the similar arrangement.

A.3.3.2 Test conditions

The measurement is to be carried out in normal and degraded modes of operation, when all propulsions
(traction, auxiliary) are connected and active, in all the area of operational characteristic of the tested vehicle.

To document a position of the operational event of the tested vehicle a registration of suitable variables
characterising the operational situation is made, e.g.:

—  vehicle speed;

—  traction current;

— relative force;

— auxiliary electric consumption (vehicle heating, etc.).

A.3.3.3 Test location

The VUZ test ring serves as the reference track for measurements of vehicles to be operated in the Czech
Republic. The test ring guarantees specification power supply conditions with negligible influence of another

energy consumer. There is therefore no dependency of measurement results on the daytime of
measurement.

A.3.34 Number of measurements

To guarantee independency of test results on random effects several measurements of each kind are
required.

A.3.3.5 Analysis and evaluation of test results
The analysis is made in two stages:

— first during the measurement process to search for critical conditions;

— second as detail analysis of the record after the completion of tests.
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The evaluation of disturbing current amplitude is exclusively based on the evaluation in the time domain
using the narrow-band filtration (analogue or digital one).

The evaluation in frequency domain has secondary meaning and serves to localise extremities.

The methods working in frequency domain but using time scale are used to evaluate duration of disturbing
current.

A.3.3.6 Filter definition

The transfer characteristic of filter for evaluation of measured data is being selected according to the
tolerance scheme shown on Figure A.4, with the tuneable mean frequency f, where A f=3 Hz. The mean
frequency is selected according to the frequency bands given in Table A.3 in such a way that permeable
filter band is completely within the given frequency band.

AT/3
A[dB] ﬂ ﬁ
05

f ———»  flHZ

Figure A.4 — Filter characteristic

The measuring chain uses r.m.s. value detector; for the integration a filter with start-up time 0,1s, if a
method of sliding window is used then the minimum overlap shall be 50 %.

A.4 Denmark, BS specification
A.4.1 Scope of the specification

This specification is to be applied together with EN 50238 whereby EN 50238 covers largely the preparation
of a safety/compatibility case.

The scope of this specification is limited to defining electromagnetic interference limits and test specifications
for electric traction and other electrical equipment on trains.

A.4.2 Gabarits

A set of gabarits and their associated test specifications are required, grouped according to the following
traction parameters:

— traction frequency 50 Hz;

- traction voltage 25 kV. Documents
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Each gabarit consists of a graph of the maximum interference current as a function of frequency. Time
constraints shall be defined for each case or frequency range.

The gabarits will define the maximum interference current permitted for the track circuit operating frequency
bandwidth. A formula for calculating the effect of multiple trains/locomotives will be defined. This will enable
the vehicle manufacturer or tester to establish the maximum interference current of a single locomotive,
power converter on a passenger coach, or a complete train.

The gabarits will take account of the requirements in the existing railway specifications. The existing
specifications are not expected to be changed. The values of interference in the existing specifications will
only be modified for the future specification if the rule stated in the previous paragraph was not applied by
the railway when the interference values were originally defined.

A4.21 Definitions
Since one influencing unit may consist of multiple sources of influence, it shall be ensured that the resulting

interference current emitted by the influencing unit into the power supply network does not exceed the
gabarit value.

A.4.2.2 Calculation of multiple traction

Calculation rule for currents from traction units that produce interference currents below 1 kHz (track
circuits):

Iy

I nTUfg n

<] U 1< n <6 n:Number of traction units

fg is the frequency defined in the gabarit.

Calculation rule for currents from traction units that produce interference currents above 1 kHz (track
circuits):

_ I gabarit
/ nUf \/;

< ]TU/g 1< n <6 n:Number of traction units

fg is the frequency defined in the gabarit.

A.4.23 Gabarit for 25 kV, 50 Hz

A.4.2.3.1 Interference limits for DC track circuits
Direct currents, continuous > 1,5s <4 A.

Maximum inrush currents DC-component after 1,5 s < 15 A.
A.4.2.3.2 Interference limits for 77 Hz track circuits

77 Hz continuous > 1 s 4 A, 3 dB bandwidth 70 Hz to 85 Hz.
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A.4.2.3.3 Interference limits and rules for multiple traction for FTGS 46 track circuits on DK lines

Table A.4 — FTGS 46

Channel centre frequency fk Measured interval Maximum current for an influencing
unit for 3 dB real channel bandwidth

Hz Hz A

4750 300 1,4

5250 300 1,4

5750 300 1,4

6 250 300 1,4

The limit for the calculated level is 1,40 A.

A.4.2.3.4 Interference limits and rules for multiple traction for FTGS 917 track circuits on DK lines

Table A.5 - FTGS 917

Channel centre frequency fk Measured interval Maximum current for an influencing
unit for 3 dB real channel bandwidth
Hz Hz A
9 500 500 0,700
10 500 500 0,700
11 500 500 0,700
12 500 500 0,700
13 500 500 0,700
14 500 500 0,700
15500 500 0,700
16 500 500 0,700

The limit for the calculated level is 0,70 A.

A.4.2.3.5 100 kHz track circuits

High frequency track circuit equipment 100 kHz + 40 kHz 28 mA.

A.4.3 Test specifications

The test specifications are intended to ensure that the test results are consistent and may be assumed to
apply in other locations. In particular the following aspects shall be covered:

— how to measure on the vehicle:

— cumulative current flowing from the catenary to the vehicle, to be measured as close as possible to
the overhead line/catenary via a suitable filter (e.g. 100 Hz in the case of a 100 Hz track circuit test);

— frequency and bandwidth parameters/bandpass filter characteristics (see A.2.3.2);
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— vehicle test conditions:

velocity: full range from standstill to maximum speed;

— traction modes: variation of acceleration, idle mode, constant velocity, brake mode;
— normal mode and failure modes in according to , 10.3;

— unloaded heating train line when testing locomotives;

— loading on heating train line when testing coaches shall be defined. UIC 550 can provide a basis for
this;

— compliance with UIC leaflet 512 (electrical resistance between the wheels of a wheel set);
—  power supply:
— test shall be made at different distances from the feeder stations on a single and a double-fed line;
— filters in rolling stock including possible resonances shall be taken into account;
— test location;
— description of power supply arrangement, 25 kV 50 Hz;
— definition of reference test line, line 26. Vojens-Tinglev maximum 180 km/h;
— number of measurements:

— a minimum of several measurements per vehicle mode is required to identify critical areas which
require more lengthy test series;

— analysis and evaluation of test results:

— aninitial analysis during the test series is required to ensure, for example, that the test equipment is
providing a suitable signal/noise ratio with respect to the gabarit values (10 % of the gabarit or
5 mA, whatever is larger) and that no overloading occurs;

— the final analysis is required in the time domain. Analysis in the frequency domain is not
recommended due to the difficulty of achieving a time reference;

— the bandpass filtered harmonic current has to be displayed as floating r.m.s.;

— the integration time (length of time window) or smoothing time constant shall take the required
maximum allowable interference duration into account to avoid misleading results;

— the r.m.s. values may be calculated as follows:
— true r.m.s. (integration);
— mean rectified value multiplied by 1,11;

— note that if the r.m.s. value is calculated by mean time windows, the overlapping of sequential
time windows shall be at least 50 %.

It is to be expected that deviations in test results may occur if tests are performed on different
infrastructures due to differing traction supply characteristics such as resonant frequencies of
supply networks, ripple on DC supplies or harmonics of AC supplies. It is realised that the
difficulties of finding a worst-case test site that is representative of different countries with the same
basic traction voltage and frequency is not trivial.

A.4.4 Example of filter, signal processing and measurements
A.4.41 DC-track circuits

Band-pass filtering, 3" order high-pass filter, - 3 dB by 0,1 Hz and 5™ order high-pass filter with - 3 dB by
2,5 Hz, r.m.s. of the measured signal, integration time 1 s.

A.4.4.2 77 Hz — track circuits

Band-pass filter, 8" Order (2 x 4) elliptic filter, - 3 dB by 70 Hz and 85 Hz, r.m.s. of the measured signal,
integration time 1 s.
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A.4.4.3 FTGS 46 track circuits

Spectrum analysis and complementary comments for processing measurements.
Spectrum analysis.

The recorded signal is spectrally analysed as follows:

— frequency range: 0 — 20 kHz;

— frequency resolution 25 Hz (distance between bins);

—  FFT-window: Hanning, 40 ms;

— overlapping of following windows: > 80 %;

— output: r.m.s.-value of the “Peak-Hold” with in the measurement duration (typically a couple of minutes).

R.M.S.-calculation 4,5 kHz to 6,5 kHz.

Root-Sum-Square of the 13 bins in each of the interval 4,6 kHz to 4,9 kHz (inclusive), 5,1 kHz to 5,4 kHz
(inclusive), 5,6 kHz to 5,9 kHz (inclusive), and 6,1 kHz to 6,4 kHz (inclusive).

The limit for the calculated level is 1,40 A.

A4.44 FTGS 917 track circuits

Spectrum analysis and complementary comments for processing measurements.
Spectrum analysis.

The recorded signal is spectrally analysed as follows:

— frequency range: 0 — 20 kHz;

— frequency resolution 25 Hz (distance between bins);
—  FFT-window: Hanning, 40 ms;

— overlapping of following windows: > 80 %;

— output: r.m.s.-value of the “Peak-Hold” with in the measurement duration (typically a couple of minutes).

R.M.S.-calculation 9 kHz to 17 kHz.

Root-Sum-Square of the 13 bins in each of the interval 9,25 kHz to 9,75 kHz (inclusive), 10,25 kHz to
10,75 kHz (inclusive), 11,25 kHz to 11,75 kHz (inclusive), 12,25 kHz to 12,75 kHz (inclusive), 13,25 kHz to
13,75 kHz (inclusive), 14,25 kHz to 14,75 kHz (inclusive), 15,25 kHz to 15,75 kHz (inclusive) and 16,25 kHz
to 16,75 kHz (inclusive).

The limit for the calculated level is 0,70 A.

A.5 Finland, RHK specification
A.5.1 Scope of the specification

This specification is to be applied together with EN 50238 whereby EN 50238 covers largely the preparation
of a safety/compatibility case.

This document is based on document LISO 1.8 given by Finnish Railway Administration.
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