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gll national electrotechnical committees (IEC National Committees). The object of IECNis/to pro

jzsessment services and, in some areas\\access to IEC marks of conformity. IEC is not responsible fof

indispensable forithe correct application of this publication.

patent rights.) IEC shall not be held responsible for identifying any or all such patent rights.

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization ‘comprj

ternational co-operation on all questions concerning standardization in the electrical and eleectronic field
his end and in addition to other activities, IEC publishes International Standards, Technical Specificaf]
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter’~referred to as

ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interg

the subject dealt with may participate in this preparatory work. Internationaly ‘governmental and

overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance' with conditions determine|
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express{ as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

FC Publications have the form of recommendations for interpational use and are accepted by IEC Naf]
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible\for the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in_their national and regional publications. Any diverg
etween any IEC Publication and the corresponding-hational or regional publication shall be clearly indicat
he latter.

FC itself does not provide any attestation-ofi conformity. Independent certification bodies provide confo

rvices carried out by independent certification bodies.
Il users should ensure that they have*the latest edition of this publication.

o liability shall attach to IEC «0rifs directors, employees, servants or agents including individual expertg
embers of its technical comimittees and IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of\the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawnto)the Normative references cited in this publication. Use of the referenced publicatio

ttention is_drawn to the possibility that some of the elements of this IEC Publication may be the subij¢
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International Standard IEC 62236-3-1 has been prepared by IEC technical committee 9:
Electrical equipment and systems for railways.

This third edition cancels and replaces the second edition published in 2008. It constitutes a
technical revision and has been developed on the basis of EN 50121-3-1:2015.

This edition includes the following significant technical changes with respect to the previous
edition:

a)
b)
c)
d)

e)

clarification of scope (Clause 1);

Claritfication of definitions (Clause J3);

clarification of applicability (Clause 4);

current (Annex A);

moving emission values for radiated H-field in the frequency range 9 kHz t6 150 kHz
hew Annex C due to the fact that:

- there are very few outside world victims (e.g. radio services),

- the radiated emission measured at 10 m is not representative of the compatibility
internal railway apparatus,

- the EMC with other railway apparatus in this frequenecy range is covered in o
procedures and standards like IEC 62427 series,

- there is low reproducibility.

Thig International Standard is to be read in conjunction with IEC 62236-1.

Thel|text of this International Standard is based“on the following documents:

Full
the

FDIS Report on voting
9/2337/EDIS 9/2367/RVD

information on the voting for the approval of this International Standard can be foun
report on voting indicated.in’the above table.

Thig document has been.drafted in accordance with the ISO/IEC Directives, Part 2.

Al

st of all parts)in the IEC 62236 series, published under the general title Ralil

applications — Electromagnetic compatibility, can be found on the IEC website.

The| committee has decided that the contents of this document will remain unchanged until
stahility(date indicated on the IEC website under "http://webstore.iec.ch” in the data relate

the

specific document. At this date, the document will be

clarification of interference on outside party telecommunication lines (6.2), pSephometric

into

with

her

way

the
d to

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

High powered electronic equipment, together with low power microcontrollers and other
electronic devices, is being installed on trains in great numbers. Electromagnetic compatibility
has therefore become a critical issue for the design of train-related apparatus as well as of
the train as a whole.

This Product Standard for rolling stock sets limits for electromagnetic emission and immunity
in order to ensure a well functioning system within its intended environment.

Im
req
con
doc

unity limits are not given for the complete vehicle. Part 3-2 of this series def
irements for the apparatus installed in the rolling stock, since it is impractical to\test
plete unit. An EMC plan-sheould-be-establishedfor includes equipment covered-by
Lment.

nes
the
this |
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RAILWAY APPLICATIONS -
ELECTROMAGNETIC COMPATIBILITY -

Part 3-1: Rolling stock — Train and complete vehicle

Scope

018

This
rolli
use
outq

The
inpu
curr
aux
is n
sloVi

part of IEC 62236 specifies the emission and immunity requirements for all type
ng stock. It covers traction stock, hauled stock and trainsets including urban vehicles
in city streets. This document specifies the emission limits of the rolling stock to
ide world.

5 of
for
the

scope of this document ends at the interface of the rolling stock with its respective en¢rgy
ts and outputs. In the case of-lecometives traction units, trainsets, trams, etc., this is

ent collector (pantograph, shoe gear). In the case of hauled stock, this is the AC or
liary power connector. However, since the current collector is part of the traction stoc

bt entirely possible to exclude the effects of this interface with,the power supply line.
moving test has been designed to minimize these effects:

the

The
IEC

The

Fe may be additional compatibility requixeéments within the railway system identified in
C plan (e.g. as specified in IEC 6242%).

the

ing Electromagnetic emissions of the railway system

whole-is are dealt with in IEC62236-2.

se specific provisions\are—te—be used in conjunction with the general provisions
62236-1.

frequency range considered is from 0 Hz (DC) to 400 GHz. No measurements need tq

performed at frequencies where no requirement is specified.

2

Normative references

The

5 in

be

fn”n\l\ling documents are referred to in the text in such a way that some or all of t

eir

content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including

any

IEC

amendments) applies.

62236-1:2018, Railway applications — Electromagnetic compatibility — Part 1: General

IEC 62236-2:2018, Railway applications — Electromagnetic compatibility — Part 2: Emission of

the

whole railway system to the outside world

IEC 62236-3-2:2018, Railway applications — Electromagnetic compatibility — Part 3-2: Rolling
stock — Apparatus
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CISPR 16-1-1:2015, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring

app

aratus

3 |Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

ISOjand IEC maintain terminological databases for use in standardization at the following
addfesses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso,0rglobp

3.1

tragtion stock

aladtric _ and diacel locomotives hiah cneed traincdic\*alactric and diecsel multinle unite l{no
clogide anddicecl lecormatines il concc teainoric clocicle and cioocl cnnliiole nelictloc
locdmotive aeasch coach hac ite awn traction eauinwent) for main line vehicles | iaht Raillyavy
loedratbiooneh conel foc Mo cvin dtrootlon conderaont for caoin los vonicelos Lot Dolllioy
eledtric and diesel traction unit, high speed trainset, elementary fixed combination of tragtion
stogk and hauled stock, electric and dieselultiple unit (no traction unit, distributed tragtion
equjpment), Light Railway Vehicle (LRW),“such as tram, trolley bus or any other electfical
veh

3.1

all
suc

cle for urban mass transit, undergrotind trainset

2

hat1|ed stock
ndependent passenger-coaches and freight wagons (if they contain electric apparatus

N as freezing equipment) which may be hauled in random combinations by different ty

ofdgcomeotives traction Unifs

3.1.
mai
veh

3
In line vehicles
cles suchas high speed trains, suburban trains, freight trains, mainly designed to ope

between cities

pes

rate

3.1 4
urban vehicles
vehicles such as underground trainsets, trams, LRV (Light Rail Vehicles), trolleybuses, mainly

designed to operate within the boundary of a city
3.2 Abbreviated terms

AC Alternating current

BW Band width

DC Direct current

E Electric (field)

EMC Electromagnetic compatibility

EUT Equipment under test
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H Magnetic (field)

ISDN Integrated Services Digital Network

ITU-T International Telecommunucation Union — Telecommunication Standardization
Sector

LRV Light rail vehicle

PCM Pulse — code modulation

QC Quadrant converters

QP Quasi-Peak

xDYL All types of digital subscriber lines

4 |Applicability

Generally, it is not possible to test electromagnetic compatibility invoking evefy function of|the
stogk. The tests shall be made at typical operating modes considered to produce the largest
emipsion.

confinuous operation during service. It is not necessary during (he test to exercise systg¢ms
whi¢th operate transiently such as for example operation of internal doors, although they
shopld be energised. It is not necessary to test degraded mddes of operation.

The| typical operating mode shall require all systems to be energised which are normaIIF in

The| configuration and mode of operation shall be specified in the test plan and the agtual
confitions during the tests shall be precisely noted in.the test report.

5 [Immunity-tests-and-limits requirements

No ests are applled to the complete vehlcle—but—the—mmnumty—tests—and—mts—m—paﬁt—s-z—et

te%%%#%evet—ﬂte#equenewmng&@%%Hz—te%@Hz It is expected that the

assembly of the apparatus into axcemplete vehicle will give adequate immunity, provided fthat
an EMC plan has been prepared-and implemented, taking into account the-limits requirements
in IEC 62236-3-2.

In exceptional cases, where apparatus meets another EMC Standard, but full compliance with
IEC|62236-3-2 is not. demonstrated, EMC shall be ensured by adequate integration measyres
of the apparatus_ito the vehicle system and/or by an appropriate EMC analysis and [test
whi¢h justifies deviating from IEC 62236-3-2.

6 |Emission tests and limits

6.1 Gemerat

The emission tests and limits for rolling stock in this document should ensure as far as
possible that the rolling stock does not interfere with typical installations in the vicinity of the
railway system.

Measurements shall be performed in well-defined and reproducible conditions. It is not
possible to totally separate the effects of the ra|lway system and the stock under test
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NOTE 1

Signalling and communication, train radio and other railway systems (axle counters, track circuits, train
control systems, etc.) are different in every country in terms of operating frequencies and waveforms. Therefore,
emission compatibility requirements-shal-be are specified according to the type of signalling and communication

systems used-{see tEC-62427).

NOTE 2 There can be cases in which radio or other railway external services with working frequencies below
150 kHz are in operation close to the railway. The EMC plan covers these cases and an adequate level of emission

from

guar

6.2
6.2.

It s
car

It is

6.2.

Intefference with digital systems such as PCM, ISDN, xDSL is&oélévered in this documer

range. ‘\&

hntee can be given for an undisturbed operation. Eg
QN

Interference on outside party telecommunication lines ('b’
@/

1 Digital telecommunication lines (1/

hould be noted that these systems operate in a higb\e\erequency range using mul{
iers and various automatic error correction protocolé.o

considered unlikely that rolling stock can pro{@@sufficient interference in this freque

2 Analogue telecommunication Ii%@

e no

—

iple

ncy

No harmonized limits apply.

Info

6.3
6.3.

rmation about interference on telecommunication lines can be found in Annex A.

Radiated electromagnetic disturbances

1 Test site
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It can be assumed that measurements will not take place in laboratory conditions. Trees,
walls, bridges, tunnels or other conductive objects in the vicinity of the measurement antenna
could have an impact on the measurement. Other railway vehicles operating in the same
feeding section or nearby the measuring point may affect the measurement result.
Overhead/third rail discontinuities as well as substations, power lines, buried lines,
transformers, neutral sections, section insulators, etc., close to the measuring point may
cause additional variations.

Thegse influences shall be reduced as far as practical but in any case no obstacles aboveg|rail
levdl which may influence the measurements shall be located between antenna and EUV.

The| overhead/third rail should be a continuous line as far as practical on both sides of|the
megdsurement point (typically at least 200 m).

Singe it is impossible to avoid the support masts of the overhead, the-measurement point
sha|l be at the midpoint between masts, on the opposite side of the track (in case of a dolible
track, on the side of the track which is being used). If the railway system is powered by a third
rail,|the antenna shall be on the same side of the track (worst casg):

Sin¢e resonances may occur in the overhead line at radio-frequencies, it may be necessarny to
chahge the test site. The exact location of the test site and features of both the site and|the
ovefhead system layout shall be noted:

The| contribution of the substation may be considered when assessing the emissions from|the
veh|cle. Note that the contribution of a DC substation depends on its load current and will| not
be measured properly in a no-load condition.

5
-

At the beginning and at the end of the test series the ambient noise shall be recorded. This
measurement shall be done without any influence of the vehicle.

If at specific frequencies or in specific frequency ranges the ambient noise is higher than the
limit values less 6 dB (ambient noise > (limit — 6 dB)), the measurements at these frequencies
need not be considered. These frequencies shall be noted in the test report.

NOTE It is helpful to perform this ambient noise measurement also with the vehicle completely powered down in
front of the antenna.
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2 Test conditions

The tests shall cover the operation of all systems onboard the rolling stock which may
produce radiated emissions.

Hauled stock (a representative version) shall be tested while stationary in an energised mode
(auxiliary converters, battery chargers, etc., in operation). The antenna should be sited
opposite the equipment expected to produce the greatest emissions at the frequencies under
measurement.

Tes

s faoridantical caachac Arwwaanne ara narfarmmaod Anlvy ancao
STt eHtHea 6036850+ W3 gehE—a peHeHRea-ohty-eR6e-

Tra

ction stock shall be tested while stationary and at slow moving speed. During

statjonary test, the auxiliary converters shall operate (it is not inevitably under maximum |

con
und
mid
emi

For
slid

Hitions that the maximum emission level is produced) and the traction converters shal
er voltage but not operating. The antenna-sheuld shall be-sited-eppesife in front of
Hle of each vehicle-eentre-tine unless an alternative location is expected*to produce hig
5sion levels.

the slow moving test, the speed shall be low enough to avoid arcing at or bouncing of|
ng contact and high enough to allow for electric braking. Thé~recommended speed ra

is (20 £ 5) km/h for urban vehicles and (50 £ 10) km/h for main line vehicles. When pas

the

tractive effort within the given speed range.

The| slow moving test may be replaced by a stationary)test with the vehicle operating at 1/

its
fulfi

maximum tractive effort against the mechanical brakes, if the following conditions
led:

he traction equipment-allowsfor-operation—whilst can be operated while the vehicl

stationary;
ests of electric braking are not reguired, if no different circuits are used in braking.

If the slow moving test is replaced by a stationary test with tractive effort, then the §

moying limits-shall be applied apply. The decision for the stationary test with-tractive €|

has{to-bejustified-in-the test report:

Any] vehicles using onboard energy storage for traction shall use the test procedure and li

for

tlow moving testfor the charging process.

NOTE Slow moying+test procedure and limits are used for charging process (for traction energy storing dev,
becguse it has-ashort duration with high energy transfer.

the
oad
be
the
her

the
nge
5ing

antenna, the vehicle shall accelerate or decelerate with.approximately 1/3 of its maxinpum

B of
are

()
a.

low

mits

ces)
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3 Emission limits
dBpA/m dBuV/m
80 80
60 : i 60
| |
5oi - - - - - - .50
40 ~ | ) 40
| |
| |
| |
20 . | 20
. \ | |
. \ |
{ 5 |
0 || D (-
| RO |
| | |
| | |
=20 L ; | —20
i 1 MHz 10 MHz i 100 MHz ‘
;\ 150 kHz BW 1 \\‘ 30 MHz BW 2 1 GHz i
- > >
H Field ‘ E Field

Tram/trolleybus systems for use in city streets

Other rail vehicles

Figure 1 — Limits for stationary test (quasi-peak, 10 m)

NoTE The limits are defined as quasi-peak values and the bandwidths are those use
CISPR/16-1-1:
Bandwidth
mroemonsiooue te B0 [l 200 ==
Frequencies from 150 kHz to 30 MHz 9 kHz (BW 1)

Frequencies-above from 30 MHz to 1 GHz

120 kHz (BW 2)

NOTE All values are measured at a distance of 10 m from the centre of the track.

in

The emission limits are specified up to 1 GHz due to the fact that there are no significant
sources of interference above 1 GHz and that emissions from microprocessor controlled
equipment which may give rise to emissions at frequencies greater than 1 GHz are addressed
by compliance with IEC 62236-3-2.
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dBpA/m dBuV/m
100 100
90
85 \
~
80 — | ~ 1 80
| 1 ~ A !
‘ 75 [« N g ‘
70 | ~ |
651\ ! ~ L B o
\ \ ~ ~
60 > < ~>-60
\ N \ |
55i~ AN C ‘
N N \ \
| A ~ 50
‘ ~ \ ‘ ‘
| DN |
40 S | . 40
| . BN | |
| N N | |
~ \ |
| c . AN | |
20 — S > 20
| . N 15 |
~ ’ !
| « 4 |
‘ \‘ 5 i
0 i o
i 1 MHz 10 MHz ‘ 100 MHz ‘
© 150 kHz ' 30 MHz 1 GHz
BW 1 ‘ BW 2
- >
‘ H Field E Field ‘
A =20/25kV AC
— — — B=15kV AC;"3kVv DC and 1,5kV DC
- - = C =750V and 600 V DC including tram/trolleybus systems
for use in city streets (catenary and conductor rail)
IE
Figure 2 — Limits for slow moving test (peak, 10 m)

NOTE

For details of test procedure. see Annex B.

NOoTFE All values are measured at a distance of 10 m from the centre of the track in peak

values.

NOTE For diesel and diesel electrictecometive traction units and multiple units, the emission
limits of Figure 1 (“other rail vehicles”) and B in Figure 2 shall apply unless specific measures

dictate otherwise (e.g. usage in lower voltage electrified lines).

The emission limits are specified up to 1 GHz due to the fact that there are no significant
sources of interference above 1 GHz and that emissions from microprocessor controlled
equipment which may give rise to emissions at frequencies greater than 1 GHz are addressed

by compliance with IEC 62236-3-2.
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Annex A
(informative)

Interference on telecommunication lines

Harmonics in the traction current

A General

tele
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the
nor
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wei

Onsg
pso
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The
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app
Dudg
volt

The
ITU

The
tele
and

bhone lines is specified by ITU-T. The value of this noise is measured with a psophom
. The relationship between the current absorbed or generated by the tractionCrehicle
noise in the telephone line is neither under the total control of the vehiclesxmanufact
of the operator of the network. Thus, it is the responsibility of the purchagerof the trad
k in accordance with the rules of the infrastructure manager to specify a frequg
hhted current limit at the vehicle interface.

method commonly used is to specify the psophometric ¢urrent Ipso
bhometrical frequency weighting. The background and application of this metho
Cribed in this Annex. As it is known that the /,;, method dges not fully represent the n
ct of the harmonics in the kHz range, alternative methods of frequency weighting may
Cified by the purchaser.

2 Relationship between currents in railway.system and noise on
telecommunication lines

ventional telecom copper cables in the yicinity of electrified railway lines are subjeg
tromagnetic disturbances caused by the currents in the railway system.

se disturbances result in induced.longitudinal voltages ranging from the frequency of
amental wave to higher frequency harmonics. Sources of the harmonics are conver

to imbalances in the cable itself, these longitudinal voltages translate to transve
Ages or noise.

acceptable level ofinoise on conventional analogue telephone lines is specified by
L T. The value of-this noise is measured with a psophometric filter.

relationship-between the current absorbed by the traction vehicle and the noise on
com ling is' neither under the total control of the vehicle manufacturer nor of the rail
telecemmunication network operators.

Thid

which haf a

rer
tive
ncy

is
hise
be

t to

the
ters

ied within the traction equipment of the traction stock and/or in the power supply station.

prse

—

he

the
way

relationship depends on:

a) the structure of the telecom cables

1) shielding, isolation to ground, balance of the cable;

b) the characteristics of the telecom terminals

1) susceptibility, input balance;

c) the topology of the telecom network

1) length of parallel sections of the telecom line to the tracks;

2) the distance between tracks and telecom lines;

3) the earth-resistivity;

d) the topology of the railway network
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1) single/double track;

the type of power supply of the catenary

1) AC/DC;

2) substation ripple (DC rectifiers or AC 16,7 Hz static converters in some cases);
3) type of catenary and feeder system (e.g. 1 x 25 kV or 2 x 25 kV);

4) application of return conductors;

5) single-end or double-end supply of the section under consideration;

the density of train circulation;

the current absorption and generation of harmonics of the tractive stock;
the kind of harmonics superposition from a number of converters.

The| psophometric current is an equivalent disturbance current, which repr€sents the effegtive
disthrbance of a current spectrum in a power circuit to a telephone lin€. It is defined by|the
formula:
1 2
Ipso = Z(pflf)
Pgoo
where:
I is the current component at frequency f in thedcontact line current;
Dt is the psophometric weighting.
The| values of p; may be found in the ITU=T-bi ve—; nes
Selas Rl nnele e cloebdenl coven s cndl slootiiiod padbieons Lnoet LIPLLAD Ol
Dirgctives ITU-T 0.41 and ITU-T K.68.
For|measurement purposes, voltage and ampere meters which automatically calculate [the
sigrjal according to these valugs of p; by means of a psophometric filter are available.
A.3] Limits and test'conditions
Ilt—shal—be is the-fesponsibility of the purchaser to specify the maximum value of [the
psophometric.current, and the conditions under which it is defined, including duration.
The| following conditions-shal-be are covered:
a) Limits of /., under normal and under reduced performance conditions (one or more
traction converters temporarily out of service).
b) In the case of DC supply:

DC railways are normally fed by diode rectifiers from the 3-phase mains supply. Ideally, a

single bridge rectifier produces a 6-pulse shape of voltage (i.e. first harmonic at 300 H

z in

a 50 Hz mains) or two bridges produce a 12-pulse shape (i.e. 600 Hz). Due to imbalances
in the rectifier and due to induction, a fundamental component at 50 Hz is commonly

found.
The presence of filters in the substation greatly reduces the effect of the substation.
Nevertheless, in DC systems, the substation is the main source of perturbation.

Thus, to qualify a traction vehicle, the contribution of the rectifier unit and filters of
fixed installation-shall-be-taken-into-account are relevant.

the
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It-shall is also-be necessary to take into account the distance between the traction vehicle
and the substation which affects the line inductance.

b) In the case of AC supply:

If the line voltage distortion has to be taken into consideration, the essential harmonics
shall have to be specified. If special resonance conditions in the-catenary power supply
line system-shall-be-taken-into-account are relevant, it-shall-be is necessary to specify the
relevant data. Otherwise, the situation of the vehicle nearest to the supply station is
assumed to give the highest value /4,

A.4__Measurement of the psophometric current

Dur|ng acceptance tests or |nvest|gat|on tests the disturbance current I & is
mec

the

B
s the hr'anefnrmnr mayv-have
St tHAHASTO! Yy

andlnot on the
R GHe+oRtthe

1 a S a a
t ¢ s a a
The|current is measured at the high voltage input of the vehic

The| psophometric current—shal—be is measured by means of a |psophometer or another
adepuate system which uses filtering according to the psophometric-weighting factor p;.

To pbtain additional information about the composition of\the spectrum and the sourceg of
disthrbance, the use of a dual channel spectrum analyser, applied to vehicle input current and
inpyt voltage, is strongly recommended.

The| psophometric current-should-be is measured in normal and in reduced operation mjode
(nof all converters operating). The interpretation’of the measurement results-should takes |into
congideration the influence of operating conditions as well as changes in line inductance jand
supply voltage.

Effgcts due to transients (switching“in the power circuits, pantograph bouncing, third
rail/fourth rail gaps, etc.)-should-be-kept are out of the evaluation.

A.5| Calculation of the-overall psophometric current of a trainset

A.5]1 Current of one‘tractive unit
A.5]1.1 General

Typjcally, théltotal current of a trainset is not available. Instead of installing a spqgcial
megsuringssystem which can generate an image of the total current from sensors distributed
ovel the'whole trainset, it is normally sufficient to pick up the current of one tractive unit of|the
traivrset.

If the psophometric current is being measured at one power terminal of a trainset and this
trainset has "»" terminals, the overall current-shal-be is calculated according to thefollowing
rules:

A.5.1.2 DC systems

DC railways are normally fed by diode rectifiers from the three phase supply. If no special
filters are applied, the ripple of the rectifier output contributes considerably to the
psophometric current absorbed by vehicles in the supply section.

— DC systems with dominating rectifier ripple

(Vehicles with camshaft control; vehicles with chopper or inverter control, substation with
6-pulse rectifier without filtering)
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Ipso (total) =nX [pso (one unit)

DC systems with converters on the vehicle and low rectifier ripple
Ipso (total) May be less than Iys, one unit): for choppers operating in interlaced mode

Ipso gtotal)?\/; X Ipso (one unity for choppers operating without synchronisation or for
inverters directly connected to the power supply.

A5.1.3 AC systems

The psophometric current generated by vehicles in the supply section depends mainly on the
type_of converter used on board the vehicle

A\C systems with phase controlled converters

[bso (total) = ln x Isso (one unit)- This seems to be based ona statis.tical_mix of vehicl_e types,
speeds and actual current consumption. But recent experience with high power frainsef

shows that this \/Z-Iaw is not applicable in the case of equal speeds, equal power and
equal vehicle types, when /¢ (total) = 7 X Ipso (one unity @PPlies.

AC systems with 4 quadrant converters (4QC, pulse width modulated ine converter)

[oso (total)—< MaY be less than Is, (one unit) if 4QC-operate-initerlaced depends on|the
nterlacing mode used (normal operating condition)

[

[bso (total) = 7 X Ipso (one unity: if 7 €qual units operate in nonsinterlaced mode.
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Annex B
(normative)

Radiated electromagnetic disturbances — Test procedure

Purpose

This annex describes a measurement method for evaluation and qualification of a complete
railway vehicle or train concerning the-neise disturbance generated in the range-8 150 kHz to

1G
sim

B.2

To 1

a spectrum analyser or a computer controlled receiver. Each frequency_ range is divided

sev

Ead

The
reag
con
eled

The
des

The
des
18
the]

Hz. It fulfils most of the IEC 62236-2 measurement method recommendations but provid
plified features which significantly reduce the whole test duration.

Measuring equipment and test method

educe test duration, the frequency scanning technique is used. This can be done either

bral subranges.
h evaluation of a train or a vehicle consists in doing a test of €ach subrange.

apparatus shall scan this subrange continuously andvmemorize the maximum valu

rol of the apparatus. This method assumes~that the level and characteristics
tromagnetic-neise disturbance do not vary significantly during each scan.

position, location, type and other featurés’ concerning the antennas are the same
cribed in IEC 62236-2:2018, Clause 5.

es

by

into

es

hed during the test. This can be achieved by the "péak hold" function or under comppter

of

as

measuring apparatus shall be in@ccordance with the CISPR 16-1-1:2015 requiremgnts
cribed in—4-2 Clause 5: "Peak measuring receivers for the frequency range 9 kHz {o—%

iomenldmalin Voncenoos s o mnlio b e pnn o ol cubnene il e condio e ot ing
Eorlthese reason —the band dth-for band-A-mavbe hiaher-and ! F-comvenien allue
Prope orreetion nall be carried out on the mea ement resu assuming that the nolse
Table B.1 may be used as a guideline for the test:
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Table B.1 — Guideline for test

Band Subrange Span 2 Bandwidth Sweep time P
Hz Hz kHz ms
A 9k-59k 50k 1 300
e S 1 oo
B 150 k to 1,15 M 1M 9or10 37
1Mto11 M 10 M 9or10 370
10 Mto 20 M 10 M 9or10 370
20 Mto 30 M 10 M 9or10 370
C/D 30 Mto 230 M 200 M 100 or 120 42
200 M to 500 M 300 M 100 or 120 63
500 Mto 1 G 500 M 100 or 120 100
2  For a spectrum analyser.
b May be slightly different from one instrument to another.

oy
1 + H i f 132 St
N m in ed g 2
a d 0 a g 0 P
calibkation—lt also-mav be necessarvto check the accuracvof the instrument over the-whole freauencevrangelbwith
= aHoR—tH—aiso-may-beh SSaFy-+to0-¢€ —the—aceuracy the St e verthe-whotetHequenhcy-rangepwih
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Annex C
(informative)

Emission values for lower frequency range

In the early 1990s measurements of emission from railways and vehicles on railways were
undertaken to get information about the values to be expected in the neighbourhood of
railways. It was experienced that in particular the results of magnetic field measurements, at
10 m distance, gave a poor reproducibility for frequencies below 150 kHz due to several

reasons.

Dug to the large variation in measured value (up to 20 dB) on the same vehicle depefding on
the | location and other circumstances the reproducibility cannot be achieved “and [the
usefulness is in question.

Sing¢e these emission values were published in the first editions of IEC 62236=3-1, the graphs
are |shown in this informative annex without being a requirement to be ‘fulfilled (see Figlires
C.1]and C.2).

Quasi - peak values
dBuA/m P dBUA/N

=

80

60

40

25
20

15

10kHz 100kHz

BW = 200 Hz
< >

9 kHz H Field 150 kHz

- - - Tram/trolleybus systems for use in city streets

Other rail vehicles

IEC

Figure C.1 — Emission values for stationary rolling stock
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ELECTROMAGNETIC COMPATIBILITY —

Part 3-1: Rolling stock — Train and complete vehicle

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization ‘compr
Il national electrotechnical committees (IEC National Committees). The object of IEChiS/to pro
imternational co-operation on all questions concerning standardization in the electrical and electronic field
this end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter’“referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intersg
in the subject dealt with may participate in this preparatory work. Internationaly ‘governmental and
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clg
ith the International Organization for Standardization (ISO) in accordance’ with conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express{as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation frof
terested IEC National Committees.

=i )

IEC Publications have the form of recommendations for international use and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts are made to ensure that the technical content of
Hublications is accurate, IEC cannot be held responsible\for the way in which they are used or for
misinterpretation by any end user.

Inh order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in_their national and regional publications. Any diverg
Hetween any IEC Publication and the correspondinginational or regional publication shall be clearly indicat
the latter.

FC itself does not provide any attestation-ofs conformity. Independent certification bodies provide confo
Isessment services and, in some areasy\access to |[EC marks of conformity. IEC is not responsible foy
rvices carried out by independent certification bodies.

Il users should ensure that they have‘the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of\the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn {{o)the Normative references cited in this publication. Use of the referenced publicatio
dispensable forithe correct application of this publication.

=D 0o 0 3 Z o

ttention is_drawn to the possibility that some of the elements of this IEC Publication may be the subje
atent rights.)[EC shall not be held responsible for identifying any or all such patent rights.

ol ~3

Intefnational Standard IEC 62236-3-1 has been prepared by IEC technical committee
Ele¢trical equipment and systems for railways.

sing
mote
. To
ons,
“IEC
sted
non-
sely
H by

onal
h all

onal
IEC
any

ions
bnce
d in

mity
any

o liability shall attach to IEC «or\ifs directors, employees, servants or agents including individual experts| and

e or
and
IEC

hs is

ct of

b O:

This third edition cancels and replaces the second edition published in 2008. It constitutes a
technical revision and has been developed on the basis of EN 50121-3-1:2015.

This edition includes the following significant technical changes with respect to the previous
edition:

a)
b)
c)
d)

clarification of scope (Clause 1);
clarification of definitions (Clause 3);
clarification of applicability (Clause 4);

clarification of interference on outside party telecommunication lines (6.2), psophometric

current (Annex A);
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018

e) moving emission values for radiated H-field in the frequency range 9 kHz to 150 kHz into
new Annex C due to the fact that:

— there are very few outside world victims (e.g. radio services),

internal railway apparatus,

procedures and standards like IEC 62427 series,

— there is low reproducibility.

the radiated emission measured at 10 m is not representative of the compatibility with

the EMC with other railway apparatus in this frequency range is covered in other

Thig

The

Full
the

Thig

Al
app,

The
stal
the

:IItUIIIGt;UIIG: Stdllddld ;O tU II:IC IUad ;II bUIIquIL:t;UII VV;th :EC 62236'1
text of this International Standard is based on the following documents:
FDIS Report on voting
9/2337/FDIS 9/2367/RVD

information on the voting for the approval of this International Standard can be foun
report on voting indicated in the above table.

document has been drafted in accordance with the ISO/IEC)Directives, Part 2.

st of all parts in the IEC 62236 series, published*under the general title Ralil
ications — Electromagnetic compatibility, can be found on the IEC website.

committee has decided that the contents of this'document will remain unchanged until
ility date indicated on the IEC website under"http://webstore.iec.ch” in the data relate
specific document. At this date, the document will be

reconfirmed,

vithdrawn,

replaced by a revised edition, ‘er

hmended.

way

the
d to
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INTRODUCTION

High powered electronic equipment, together with low power microcontrollers and other
electronic devices, is being installed on trains in great numbers. Electromagnetic compatibility
has therefore become a critical issue for the design of train-related apparatus as well as of
the train as a whole.

This Product Standard for rolling stock sets limits for electromagnetic emission and immunity
in order to ensure a well functioning system within its intended environment.

Imnunity limits are not given for the complete vehicle. Part 3-2 of this series deflnes
reqlirements for the apparatus installed in the rolling stock, since it is impractical to\test|the
conlplete unit. An EMC plan includes equipment covered by this document.
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power connector. However, since the current collector is part of the traction stock, it is

enti

moying test has been designed to minimize these effects.

The
EM

Ele¢tromagnetic emissions of the railway system.as*a whole are dealt with in IEC 62236-2.
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RAILWAY APPLICATIONS -
ELECTROMAGNETIC COMPATIBILITY -

Part 3-1: Rolling stock — Train and complete vehicle

Scope

018

part of IEC 62236 specifies the emission and immunity requirements for all type
ng stock. It covers traction stock, hauled stock and trainsets including urban vehicles
in city streets. This document specifies the emission limits of the rolling stock to
ide world.

ts and outputs. In the case of traction units, trainsets, trams, etc,Jthis is the cur
pctor (pantograph, shoe gear). In the case of hauled stock, this is.the AC or DC auxi

rely possible to exclude the effects of this interface with the(power supply line. The s

re may be additional compatibility requirements withip\the railway system identified in
C plan (e.g. as specified in IEC 62427).

se specific provisions are used in conjunétion with the general provisions in IEC 62236

frequency range considered is from0 Hz (DC) to 400 GHz. No measurements need tq

Normative references

following documents are referred to in the text in such a way that some or all of t

 applies. For undated references, the latest edition of the referenced document (inclu
amendments).applies.

62236-1.2018, Railway applications — Electromagnetic compatibility — Part 1: General

62236-2:2018, Railway applications — Electromagnetic compatibility — Part 2: Emissio

ent constitutes requirements of this document. For dated references, only the ed:ﬁion

5 of
for
the

scope of this document ends at the interface of the rolling stock with its respective engrgy

rent
iary
not
low

the

T
—_

be

heir

ing

n of

tote raitway systenT to theoutside worlfd

IEC 62236-3-2:2018, Railway applications — Electromagnetic compatibility — Part 3-2: Rolling
stock — Apparatus

CISPR 16-1-1:2015, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
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3

3.1

For

Terms, definitions and abbreviated terms

Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

3.1.4

IEC Electropedia: available at http://www.electropedia.org/

SO Online browsing platform: available at http://www.iso.org/obp

tragtion stock

eledtric and diesel traction unit, high speed trainset, elementary fixed combination of trac
stogk and hauled stock, electric and diesel multiple unit (no traction unit, distributed trag
equjpment), Light Railway Vehicle (LRV), such as tram, trolley bus or any’other elect

veh

3.1.2

cle for urban mass transit, underground trainset

hauled stock

inde

tion
tion
ical

pendent passenger coaches and freight wagons (if they contain electric apparatus such

as freezing equipment) which may be hauled in random eombinations by different types of

traction units

3.1

main line vehicles

veh|cles such as high speed trains, suburban trains, freight trains, mainly designed to opefate

between cities

3.1.E

urbpn vehicles

veh|cles such as underground trainsets, trams, LRV (Light Rail Vehicles), trolleybuses, mdinly

des|gned to operate within the boundary of a city

3.2| Abbreviated terms

AC Alternating current

BW Band ‘width

DC Direct current

E Electric (field)

EMC Electromagnetic compatibility

EUT Equipment under test

H Magnetic (field)

ISDN Integrated Services Digital Network

ITU-T International Telecommunucation Union — Telecommunication Standardization
Sector

LRV Light rail vehicle

PCM Pulse — code modulation

QC Quadrant converters

QP Quasi-Peak

xDSL All types of digital subscriber lines
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4 Applicability

Generally, it is not possible to test electromagnetic compatibility invoking every function of the
stock. The tests shall be made at typical operating modes considered to produce the largest
emission.

The typical operating mode shall require all systems to be energised which are normally in
continuous operation during service. It is not necessary during the test to exercise systems
which operate transiently such as for example operation of internal doors, although they
should be energised. It is not necessary to test degraded modes of operation.

Thel| configuration and mode of operation shall be specified in the test plan and the actual
confitions during the tests shall be precisely noted in the test report.

5 |Immunity requirements

No fests are applied to the complete vehicle. It is expected that the assembly of the apparatus
into] a complete vehicle will give adequate immunity, provided thatran’ EMC plan has been
prepared and implemented, taking into account the requirements im|EC 62236-3-2.

In exceptional cases, where apparatus meets another EMC Standard, but full compliance with
IEC|62236-3-2 is not demonstrated, EMC shall be ensured ‘by’adequate integration measdyres
of the apparatus into the vehicle system and/or by ancappropriate EMC analysis and [test
whigh justifies deviating from IEC 62236-3-2.

6 |Emission tests and limits

6.1 General

The| emission tests and limits for rolling stock in this document should ensure as faf as
posgible that the rolling stock does not interfere with typical installations in the vicinity of|the
railway system.

Megsurements shall be performed in well-defined and reproducible conditions. It is[not
posgible to totally separate the effects of the railway system and the stock under test. [For
radipted emissions, the.fest conditions are defined in 6.3.1 and 6.3.2.

NOTE 1 Signallingqand“communication, train radio and other railway systems (axle counters, track circuits, [train
contfol systems, ete.) are different in every country in terms of operating frequencies and waveforms. Therefore,
compatibility requirements are specified according to the type of signalling and communication systems used.

NOTE 2 There can be cases in which radio or other railway external services with working frequencies blow
150 kHz are)in operation close to the railway. The EMC plan covers these cases and an adequate level of emigsion

from| railiway on these working frequencies may be found in the values given in informative Annex C, hence no
guarbntee can he gi\/pn for an undisturbed npprntinn

6.2 Interference on outside party telecommunication lines
6.2.1 Digital telecommunication lines

Interference with digital systems such as PCM, ISDN, xDSL is not covered in this document.

It should be noted that these systems operate in a higher frequency range using multiple
carriers and various automatic error correction protocols.

It is considered unlikely that rolling stock can produce sufficient interference in this frequency
range.
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6.2.2 Analogue telecommunication lines

No harmonized limits apply.

Info
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rmation about interference on telecommunication lines can be found in Annex A.
Radiated electromagnetic disturbances
1 Test site
be imed ements will not take place in laborato ondition ces,

s, bridges, tunnel other conductive objects in the vicinity of the measurement antghna
d have an impact on the measurement. Other railway vehicles operating in the ,same
ing section or nearby the measuring point may affect the measurement™ result.
rhead/third rail discontinuities as well as substations, power lines, kuried lipes,
sformers, neutral sections, section insulators, etc., close to the measuking point may
5e additional variations.

se influences shall be reduced as far as practical but in any case fio” obstacles above|rail
| which may influence the measurements shall be located between_antenna and EUT.

overhead/third rail should be a continuous line as far as~practical on both sides of|the
surement point (typically at least 200 m).

e it is impossible to avoid the support masts of/the” overhead, the measurement pjoint
| be at the midpoint between masts, on the oppasite side of the track (in case of a dolible
K, on the side of the track which is being used):df the railway system is powered by a third
the antenna shall be on the same side of thetrack (worst case).

e resonances may occur in the overhead line at radio-frequencies, it may be necessarny to
hge the test site. The exact location.of the test site and features of both the site and|the
'head system layout shall be notedc

contribution of the substationnmay be considered when assessing the emissions from|the
cle. Note that the contribution of a DC substation depends on its load current and willfnot
heasured properly in a no=load condition.

he beginning and-at‘the end of the test series the ambient noise shall be recorded. This
surement shall-be/done without any influence of the vehicle.

specific ffequencies or in specific frequency ranges the ambient noise is higher than|the
values(less 6 dB (ambient noise > (limit — 6 dB)), the measurements at these frequencgies
0 not-be*considered. These frequencies shall be noted in the test report.

front

of the antenna.

6.3.2 Test conditions

The

tests shall cover the operation of all systems onboard the rolling stock which may

produce radiated emissions.

Hauled stock (a representative version) shall be tested while stationary in an energised mode
(auxiliary converters, battery chargers, etc., in operation). The antenna should be sited
opposite the equipment expected to produce the greatest emissions at the frequencies under
measurement.

Tests for identical coaches or wagons are performed only once.
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Traction stock shall be tested while stationary and at slow moving speed. During the
stationary test, the auxiliary converters shall operate (it is not inevitably under maximum load
conditions that the maximum emission level is produced) and the traction converters shall be
under voltage but not operating. The antenna shall be in front of the middle of each vehicle
unless an alternative location is expected to produce higher emission levels.

For the slow moving test, the speed shall be low enough to avoid arcing at or bouncing of the
sliding contact and high enough to allow for electric braking. The recommended speed range
is (20 £ 5) km/h for urban vehicles and (50 £ 10) km/h for main line vehicles. When passing
the antenna, the vehicle shall accelerate or decelerate with approximately 1/3 of its maximum

trac

ive effort within the given speed range

The
its
fulfi

If th
mov

Any
for

NOT]
beca

slow moving test may be replaced by a stationary test with the vehicle operatinghat1/
maximum tractive effort against the mechanical brakes, if the following conditions
led:

he traction equipment can be operated while the vehicle is stationary;
ests of electric braking are not required, if no different circuits are used in braking.
ing limits apply.

vehicles using onboard energy storage for traction shall\ise the test procedure and li
5low moving test for the charging process.

FE  Slow moving test procedure and limits are used for charging process (for traction energy storing dev
use it has a short duration with high energy transfer.

e slow moving test is replaced by a stationary test with tractive effort, then the g

3 of
are

ow

mits

ces)
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6.3.3 Emission limits
dBpA/m dBuV/m
80 80
| B |
soi - - = F - - - = .50
40 ~ | )40
| |
| |
| |
20 > ‘ 20
. \ | |
. \ |
‘ t L s |
0 || e o
| O |
| | |
| | |
=20 | ‘ ) =20
i 1 MHz 10 MHz ‘ 100 MHz ‘
; 150 kHz BW 1 ‘ 30 MHz BW 2 1 GHzi
- > >
H Field ‘ E Field
- - - Tramltrolleybus systems for use in city streets
Other rail vehicles
IE¢
Figure 1 — Limits for stationary test (quasi-peak, 10 m)
The| limits. are defined as quasi-peak values and the bandwidths are those used
CISPRA16-1-1:
Bandwidth
Frequencies from 150 kHz to 30 MHz 9 kHz (BW 1)

Frequencies from 30 MHz to 1 GHz 120 kHz (BW 2)

All values are measured at a distance of 10 m from the centre of the track.

The emission limits are specified up to 1 GHz due to the fact that there are no significant
sources of interference above 1 GHz and that emissions from microprocessor controlled
equipment which may give rise to emissions at frequencies greater than 1 GHz are addressed

by compliance with IEC 62236-3-2.
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i 1 MHz 10 MHz ‘ 100 MHz i
150 kHz ' 30 MHz 1GHz:
BW 1 ‘
H Field E Field
A =20/25 kV AC
— — — B=15kV AC;*3kV DC and 1,5 kV DC
- - - C =750V and 600 V DC including tram/trolleybus systems
for use in city streets (catenary and conductor rail)
IEQ
Figure 2 — Limits for slow moving test (peak, 10 m)
For|[details of test procedure, see Annex B.

All values are measured at a distance of 10 m from the centre of the track in peak values.

For diesel and diesel electric traction units and multiple units, the emission limits of Figure 1
(“other rail vehicles”) and B in Figure 2 shall apply unless specific measures dictate otherwise
(e.g. usage in lower voltage electrified lines).

The emission limits are specified up to 1 GHz due to the fact that there are no significant
sources of interference above 1 GHz and that emissions from microprocessor controlled
equipment which may give rise to emissions at frequencies greater than 1 GHz are addressed
by compliance with IEC 62236-3-2.
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Annex A
(informative)

Interference on telecommunication lines

Harmonics in the traction current

1 General
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ITU
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phone lines is specified by ITU-T. The value of this noise is measured with a psophom
. The relationship between the current absorbed or generated by the tractionCvehicle
noise in the telephone line is neither under the total control of the vehiclesmanufact
of the operator of the network. Thus, it is the responsibility of the purchaser of the trag
k in accordance with the rules of the infrastructure manager to specify a frequg
phted current limit at the vehicle interface.

method commonly used is to specify the psophometric ~current Ipso which ha
bhometrical frequency weighting. The background and application of this metho
cribed in this Annex. As it is known that the 7., method dges not fully represent the n
ct of the harmonics in the kHz range, alternative methods of frequency weighting may
cified by the purchaser.

2 Relationship between currents in railway.system and noise on
telecommunication lines

ventional telecom copper cables in the yicinity of electrified railway lines are subjeg
tromagnetic disturbances caused by the currents in the railway system.

se disturbances result in induced.longitudinal voltages ranging from the frequency of
amental wave to higher frequency harmonics. Sources of the harmonics are conver

to imbalances in the cable itself, these longitudinal voltages translate to transve
Ages or noise.

acceptable level ‘ofinoise on conventional analogue telephone lines is specified by
L T. The value of-this noise is measured with a psophometric filter.

relationship-between the current absorbed by the traction vehicle and the noise on
com ling is' neither under the total control of the vehicle manufacturer nor of the rail
telecemmunication network operators.

Thid

irer
tive
ncy

a
is
Dise
be

t to

the
ters

ied within the traction equipment of the traction stock and/or in the power supply statjion.

prse

the

the
way

relationship depends on:

a) the structure of the telecom cables

1) shielding, isolation to ground, balance of the cable;

b) the characteristics of the telecom terminals

1) susceptibility, input balance;

c) the topology of the telecom network

1) length of parallel sections of the telecom line to the tracks;

2) the distance between tracks and telecom lines;

3) the earth-resistivity;

d) the topology of the railway network
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1) single/double track;
the type of power supply of the catenary
1) AC/DC;

2) substation ripple (DC rectifiers or AC 16,7 Hz static converters in some cases);

3) type of catenary and feeder system (e.g. 1 x 25 kV or 2 x 25 kV);

4) application of return conductors;

f)
g)
h)

A.2

The
dist

5) single-end or double-end supply of the section under consideration;
the density of train circulation;

the current absorption and generation of harmonics of the tractive stock;

the kind of harmonics superposition from a number of converters.
Psophometric current definition

psophometric current is an equivalent disturbance current, which repr€sents the effec
Lirbance of a current spectrum in a power circuit to a telephone lin€. It is defined by

fornmpula:

1
Tpso = z<pf]f)2

Pgoo

whdre:

It
ps
The

For

is the current component at frequency f in thedcontact line current;
is the psophometric weighting.

values of p; may be found in the ITU-TDirectives ITU-T 0.41 and ITU-T K.68.

measurement purposes, voltagerand ampere meters which automatically calculate

sigrjal according to these values ofp; by means of a psophometric filter are available.

A.3

It is

Limits and test conditions

currnent, and the conditions under which it is defined, including duration.

The

a)

b)

following<«canditions are covered:

| imits<of 7,,, under normal and under reduced performance conditions (one or
traction converters temporarily out of service).

nthe case of DC supnnly:
rrJ

tive
the

—

he

the responsibility~ef the purchaser to specify the maximum value of the psophometric

ore

DC railways are normally fed by diode rectifiers from the 3-phase mains supply. Ideally, a
single bridge rectifier produces a 6-pulse shape of voltage (i.e. first harmonic at 300 Hz in
a 50 Hz mains) or two bridges produce a 12-pulse shape (i.e. 600 Hz). Due to imbalances
in the rectifier and due to induction, a fundamental component at 50 Hz is commonly
found.

The presence of filters in the substation greatly reduces the effect of the substation.

Nevertheless, in DC systems, the substation is the main source of perturbation.

Thus, to qualify a traction vehicle, the contribution of the rectifier unit and filters of the
fixed installation are relevant.

It is also necessary to take into account the distance between the traction vehicle and

substation which affects the line inductance.

the
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c)

In the case of AC supply:

If the line voltage distortion has to be taken into consideration, the essential harmonics
have to be specified. If special resonance conditions in the power supply line system are
relevant, it is necessary to specify the relevant data. Otherwise, the situation of the vehicle
nearest to the supply station is assumed to give the highest value Ipso

A.4 Measurement of the psophometric current

During acceptance tests or investigation tests, the disturbance current / ., is measured on
board the traction vehicle. Existing current sensors of the vehicle may be used, if their
freduency response is sufficient (at least up to 5 kHz). The current is measured at the, high

voltage input of the vehicle and not on the ground side.

The| psophometric current is measured by means of a psophometer or another adequate

system which uses filtering according to the psophometric weighting factor py.

To

bbtain additional information about the composition of the spectrum’and the sourcep of

disthrbance, the use of a dual channel spectrum analyser, applied to yehicle input current jand

inpyt voltage, is strongly recommended.

The| psophometric current is measured in normal and in reduced operation mode (not all

con
the
volthge.

Verters operating). The interpretation of the measurement results takes into consideraltion
influence of operating conditions as well as changes in line inductance and supply

Effdcts due to transients (switching in the power circuits, pantograph bouncing, third

rail/fourth rail gaps, etc.) are out of the evaluation:

A.5| Calculation of the overall psophometric current of a trainset

A.5

A.5

1 Current of one tractive unit

1.1 General

Typjcally, the total current’of a trainset is not available. Instead of installing a spgcial
megsuring system which_can generate an image of the total current from sensors distributed

ove
traipset.

 the whole trainsetit is normally sufficient to pick up the current of one tractive unit of|the

If the psophometric current is being measured at one power terminal of a trainset and [this

traipset has\"a" terminals, the overall current is calculated according to the following rules:

A.5

12 DC systems

DC railways are normally fed by diode rectifiers from the three phase supply. If no special
filters are applied, the ripple of the rectifier output contributes considerably to the
psophometric current absorbed by vehicles in the supply section.

DC systems with dominating rectifier ripple

(Vehicles with camshaft control; vehicles with chopper or inverter control, substation with
6-pulse rectifier without filtering)

[pso (total) =nX [pso (one unit)
DC systems with converters on the vehicle and low rectifier ripple
Ipso (total) May be less than Is, one unit): for choppers operating in interlaced mode

Ipso (total)f\/; X Ipso (one unity for choppers operating without synchronisation or for
inverters directly connected to the power supply.
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A.5.1.3 AC systems

The psophometric current generated by vehicles in the supply section depends mainly on the
type of converter used on board the vehicle.

— AC systems with phase controlled converters

Tpso (total) = \[n x Ipso (one unit)- This seems to be based on a statis.tical_mix of vehiclg types,
speeds and actual current consumption. But recent experience with high power trainsets
shows that this \/Z-Iaw is not applicable in the case of equal speeds, equal power and
equal vehicle types, when I, (1otaly = 7 X Ipso (one unit) @PPlies.

— AC systems with 4 quadrant converters (4QC, pulse width modulated line converter)

[bso (total) MaY be less than /s, (one unity, if 4QC depends on the interlacing mede used
normal operating condition)

[bso (total) = 7 X Ipso (one unity: if 7 €qual units operate in non-interlaced mode;
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Annex B
(normative)

Radiated electromagnetic disturbances — Test procedure

Purpose

This annex describes a measurement method for evaluation and qualification of a complete
railway vehicle or train concerning the disturbance generated in the range 150 kHz to 1 GHz.

It f
sim

B.2

To 1

a spectrum analyser or a computer controlled receiver. Each frequency range is divided

sev

Ead

The
reag
con
eled

The]
des

The
des

Tab

UITils most of the [EC 62236-2 measurement method recommendations but prov
plified features which significantly reduce the whole test duration.

Measuring equipment and test method

educe test duration, the frequency scanning technique is used. This can be done eithe

bral subranges.
h evaluation of a train or a vehicle consists in doing a test of €ach subrange.

apparatus shall scan this subrange continuously andvmemorize the maximum va
hed during the test. This can be achieved by the "péak hold" function or under comp
rol of the apparatus. This method assumes~that the level and characteristics
tromagnetic disturbance do not vary significantly ‘during each scan.

position, location, type and other featurés’ concerning the antennas are the same
cribed in IEC 62236-2:2018, Clause 5.

measuring apparatus shall be in@ccordance with the CISPR 16-1-1:2015 requirems

e B.1 may be used as a guideline for the test:

Table B.1 — Guideline for test

des

r by

into

N

Band Subrange Span @ Bandwidth Sweep time P
Hz Hz kHz ms
B 150 k to 1,15 M 1M 9or10 37
1Mto11 M 10 M 9or10 370
10 Mto 20 M 10 M 9or10 370
20--to-30-M 40w 9-or40 340
C/D 30 M to 230 M 200 M 100 or 120 42
200 M to 500 M 300 M 100 or 120 63
500 Mto 1 G 500 M 100 or 120 100
2  For a spectrum analyser.
b May be slightly different from one instrument to another.

cribed in Clause 5: "Peak measuring receivers for the frequency range 9 kHz to 18 GHz".

ues
uter

of
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ents
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Annex C
(informative)

Emission values for lower frequency range

In the early 1990s measurements of emission from railways and vehicles on railways were
undertaken to get information about the values to be expected in the neighbourhood of
railways. It was experienced that in particular the results of magnetic field measurements, at
10 m distance, gave a poor reproducibility for frequencies below 150 kHz due to several
reasons.

Dug to the large variation in measured value (up to 20 dB) on the same vehicle depending on
the | location and other circumstances the reproducibility cannot be achieved “and [the
usefulness is in question.

Singe these emission values were published in the first editions of IEC 62236:3-1, the grgphs
are|shown in this informative annex without being a requirement to be ‘fulfilled (see Figlires
C.1jand C.2).

Quasi - peak values
dBuA/m P dBA/r

=)

80

60

40

25
20

15

10 kHz 100 kHz
BW = 200 Hz
- >

9 kHz H Field 150 kHz

- - - Tram/trolleybus systems for use in city streets

Other rail vehicles

IEC

Figure C.1 — Emission values for stationary rolling stock
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Figure C.2 — Emission values for slow moving rolling stock
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPLICATIONS FERROVIAIRES -
COMPATIBILTE ELECTROMAGNETIQUE -

Partie 3-1: Matériel roulant — Trains et véhicules complets

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale des~normalis
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)L’IEC a
bjet de favoriser la coopération internationale pour toutes les questions de normalisation_dans les dom{
e I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des No
imternationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessible
ublic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée 3
mités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer,
rganisations internationales, gouvernementales et non gouvernementales, en(liaison avec I'lEC, partic
dgalement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (I
lon des conditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la m¢g
u possible, un accord international sur les sujets étudiés, étant dohné-que les Comités nationaux de
intéressés sont représentés dans chaque comité d’études.

es Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agr
mme telles par les Comités nationaux de I'l[EC. Tous les _efforts raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de ses publications; I'l[EC ne peut pas étre tenue responsab
dventuelle mauvaise utilisation ou interprétation qui en est{faite par un quelconque utilisateur final.

ans le but d'encourager I'uniformité internationale, de$,€Comités nationaux de I'lEC s'engagent, dans tou
esure possible, a appliquer de fagon transparente_les Publications de I'lEC dans leurs publications natior]
t régionales. Toutes divergences entre toutes,Rublications de I'|EC et toutes publications nationale
regionales correspondantes doivent étre indiquées-en termes clairs dans ces dernieres.

'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fopurnissent des services d'évaluation de“conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certific
indépendants.

ous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité ne doit* étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires
andataires, y compris ses éxperts particuliers et les membres de ses comités d'études et des Con
ationaux de I'lEC, pour‘tout préjudice causé en cas de dommages corporels et matériels, ou de tout

ommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les
e justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC o
tpute autre Publication de I'lEC, ou au crédit qui lui est accordé.

attention estyattirée sur les références normatives citées dans cette publication. L'utilisation de publica
reférencées-est obligatoire pour une application correcte de la présente publication.

‘attentionsest attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent
bjet de ‘'droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels d
e bréevets et de ne pas avoir signalé leur existence.
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La Norme internationale IEC 62236-3-1 a été établie par le comité d'études 9 de I'lEC:
Matériels et systémes électriques ferroviaires.

Cette troisieme édition annule et remplace la deuxieme édition publiée en 2008. Elle constitue
une révision technique et a été développée sur la base de EN 50121-3-1:2015.

Cette édition inclut les changements techniques significatifs suivants par rapport a I'édition
précédente:

a) clarification du domaine d’application (Article 1);

b) clarification des définitions (Article 3);

c) clarification de I'applicabilité (Article 4);
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d) clarification de linteférence sur les lignes de télécommunications de tierces parties

externes (6.2), courrant psophométrique (Annexe A);

e) déplacement des valeurs d’émissions pour les champs H rayonnés de largeurs de bande

Cet

Le texte de cette Norme internationale est issu des documents suivants:

Le napport de vote indiqué dans le tableau ci-dessus donne toute‘information sur le vote a
abo

Ce

Ung liste de toutes les parties de la série IEC 62236, publiées sous le titre gén

Applications ferroviaires — Compatibilité électramagnétique, peut étre consultée sur le
wel de I'IEC.
Le comité a décidé que le contenu de.ce document ne sera pas modifié avant la datg

stal
rela

9 kHz a 150 kHz dans I’Annexe C pour les raisons suivantes:
— il y atrés peu de victimes du monde extérieur (par exemple services radio);

— I'émission rayonnée mesurée a 10 m n’est pas représentative de la compatibilité avec

les appareils ferroviaires internes;

— la CEM avec d’autres appareils ferroviaires dans cette bande de fréquence
couverte par d’autres procédures et d’autres normes comme la série IEC 62427,

est

- la reproductibilité est faible.

e Norme internationale doit étre lue conjointement avec I'lEC 62236-1.

FDIS Rapport de vote
9/2337/FDIS 9/2367/RVD

uti & I'approbation de cette norme.

Hocument a été rédigé selon les Directives ISO/IEC, Partie 2.

remplacé par une édition révisée, ou

hmendé.

ant

eral
site

de

ilit¢ indiquée sur le site web de@/TEC sous "http://webstore.iec.ch" dans les donngées
tives au document recherché. A cette date, le document sera

reconduit,

supprime,
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INTRODUCTION

Les équipements électroniques de forte puissance avec leurs microcontréleurs de faible
puissance et d’autres appareils électroniques sont installés en grand nombre a bord des
trains. La compatibilité électromagnétique est devenue de ce fait une question importante
pour la conception des appareils embarqués ainsi que pour celle des trains dans leur
ensemble.

La présente norme de produit concernant le matériel roulant fixe des limites pour les
émissions et 'immunité électromagnétiques afin d’assurer le bon fonctionnement du systéme
danfson environnement.

Les| limites d'immunité ne sont pas données pour le véhicule complet. La Partie"3-2 dg la
présente série définit les exigences pour les appareils installés a bord du matériel rouflant
puigqu’il est impossible, en pratique, de soumettre 'unité compléte aux essdis,. ‘'Un plarl de
CEM inclut les équipements couverts par le présent document.



https://iecnorm.com/api/?name=92bada81778ebf9a9fa84c771cb1c182

1

- 26 - IEC 62236-3-1:2018 © IEC 2

APPLICATIONS FERROVIAIRES -
COMPATIBILTE ELECTROMAGNETIQUE -

Partie 3-1: Matériel roulant — Trains et véhicules complets

Domaine d'application

018

La
les

présente partie de I'EC 62236 spécifie les exigences d’émission et d'immunité pourit
fypes de matériels roulants. Elle s’applique au matériel de traction, au matériel/emor

et qux rames, y compris les véhicules de transport urbain. Le présent documentcspécifie

limi

es d’émission du matériel roulant vers le monde extérieur.

Le domaine d’application du présent document s’arréte a I'interface du matériel roulant g

Ses

entrées et sorties d’énergie respectives. Dans le cas des unités motrices, des rames,

tramways, etc., il s’agit du collecteur de courant (pantographe, frotteur). Dans le cas

mat
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Eriel remorqué, il s’agit du connecteur de puissance auxiliaire-eén,courant alternatif ot
rant continu. Cependant, comme le collecteur de courant~fdit partie du matériel
tion, il n’est pas complétement possible d’exclure les effets de cette interface avec la li
mentation en énergie. L'essai a vitesse lente a été congl/pour minimiser ces effets.

systémes ferroviaires identifiés dans le plan de CEM peuvent faire I'objet d’exigences
patibilité supplémentaires (spécifiées dans I'lEC$62427, par exemple).

emmissions électromagnétiques du systemerferroviaire dans son ensemble sont trait
5 I'IEC 62236-2.

dispositions spécifiques sont utilisées avec les dispositions générales données d
> 62236-1.

plage de fréquences concefnee est comprise entre 0 Hz (courant continu) et 400 G
une mesure n’est nécessaire aux fréquences pour lesquelles aucune exigence n
Cifiée.

Références normatives

exigences du présent document. Pour les références datées, seule I'édition @
plique—Pour les références non datées, la derniére édition du document de référe
pligue (y compris les éventuels amendements).

ous
qué
les

vec
des
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en
de
gne

de

ées

ans

Hz.
est

documents_suivants cités dans le texte constituent, pour tout ou partie de leur cont¢nu,

itée
nce

IEC 62236-1:2018, Applications ferroviaires — Compatibilité électromagnétique — Partie 1:
Généralités

IEC 62236-2:2018, Applications ferroviaires — Compatibilité électromagnétique — Partie 2:

Emi

ssion du systéme ferroviaire dans son ensemble vers le monde extérieur

IEC 62236-3-2:2018, Applications ferroviaires — Compatibilité électromagnétique — Partie 3-2:
Matériel roulant — Appareils

CIS

PR 16-1-1:2015, Spécifications des méthodes et des appareils de mesure

des

perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-1:
Appareils de mesure des perturbations radioélectriques et de l'immunité aux perturbations

radi

oélectriques — Appareils de mesure
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Termes, définitions et termes abrégés

Termes et définitions

Pour les besoins du présent document, les termes et définitions suivants s’appliquent.

L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

IEC Electropedia: disponible a I'adresse http://www.electropedia.org/

SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

ybus ou tout autre véhicule électrique de transport urbain, rame de métro

Notel 1 a l'article: L’abréviation «LRV» est dérivée du terme anglais développé€ correspondant «light ra

vehi

3.1.

le».

2

mafériel remorqué

de

yay,

Iway

des

voithre indépendante pour voyageurs et tout wagon (our le fret (s’ils contiennent
apppreils électriques tels que des équipements de réfrigération) qui peuvent étre remorqués
en gombinaisons aléatoires par différents types d’unités motrices

3.1

véhlicules grandes lignes

véh

cules tels que les trains a grande> vitesse, les trains suburbains, les trains

marichandises, congus principalement pour circuler entre villes

3.1.
véh
véh
troll

F‘cules urbains
cules tels que les rames.-de métro, les tramways, LRV (véhicules légers sur rail),
eybus, congus principalement pour circuler en ville

Notel 1 a 'article: L’abréviation «LRV» est dérivée du terme anglais développé correspondant «light rail vehic

de

es

3.2| Termes abrégés

CA Courant alternatif

BW Band width (largeur de bande)

CC Courant continu

E {ctramp)Efectrique

CEM Compatibilité électromagnétique

EUT Equipment Under Test (équipement en essai)

H (champ) Magnétique

RNIS Réseau numérique a intégration de services

UIT-T Union internationale des télécommunications — Secteur de la normalisation
télécommunications

LRV Light Rail Vehicle (Véhicule léger sur rail)

MIC Modulation par impulsion et codage

QC Quadrant converters (Convertisseurs a quadrant)

des
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QP Quasi Peak (Quasi-créte)
xDSL xdigital subscriber lines (tous types de lignes d'abonnés numériques)

4 Applicabilité

En général, il n’est pas possible de soumettre a essai la compatibilité électromagnétique en
étudiant chaque fonction du matériel. Les essais doivent étre réalisés sous des modes de
fonctionnement typiques considérés comme générateurs des émissions les plus élevées.

Le rlnode de fonctionnement classique doit exiger que soient alimentés tous les systémeg en
fongtionnement continu normal pendant le service. Pendant I'essai, il n'est pas nécesspire
d’utjliser des systémes qui fonctionnent de maniére transitoire comme, par,exemple, le
fongtionnement des portes internes, méme s’il convient de les mettre sous _tension. Il Nest
pas|nécessaire de soumettre a essai les modes de fonctionnement dégradés:

La ¢onfiguration et le mode de fonctionnement doivent étre spécifiés @dans le plan d’essgi et
les |conditions réelles pendant les essais doivent étre notées de-~maniére précise dang le
rapport d’essai.

5 |Exigences d’immunité

Aucdun essai n’est appliqué au véhicule complet. L’asseémblage des appareils en un véhigcule
conplet est censé offrir 'immunité adéquate, sousreserve qu’un plan de CEM ait été étabjli et
mis|en ceuvre, en prenant en compte les exigences indiquées dans I'lEC 62236-3-2.

Dans des cas exceptionnels, quand un appadreil respecte une autre norme CEM, mais qug la
pleipe conformité avec I'lEC 62236-3-2 n*est pas démontrée, la CEM doit étre assurée|par
des| mesures adéquates d’intégration de* I'appareil dans le véhicule et/ou par une analyse
CEM appropriée et un essai qui justifiet'écart par rapport a I'lEC 62236-3-2.

6 |Essais d’émission et limites

6.1 Généralités

Il copnvient que les-‘essais d’émission et les limites pour le matériel roulant donnés par le
présent documentassurent, dans la mesure du possible, que le matériel roulant ne crée |pas
de perturbations~qui affectent les installations types qui se trouvent a proximité du systéme
ferrpviaire.

Les| mesures doivent étre réalisées dans des conditions bien définies et reproductibleg. I
n‘eqt\pas possible de séparer totalement les effets du systéme ferroviaire et du matérie| en
essal. Pour les emissions rayonnees, les conditions d’essal sont definies en 6.3.1 et 6.3.2.

o

NOTE 1 Les systémes de signalisation et de communication, de radio des trains et les autres systémes
ferroviaires (compteurs d’essieux, circuits de voies, systémes de pilotage des trains, etc.) sont différents d’un pays
a l'autre en matiére de fréequences de fonctionnement et de formes d’ondes. C’est pourquoi les exigences relatives
a la compatibilité sont spécifiées selon le type de systéme de signalisation et de communication utilisé.

NOTE 2 Dans certains cas, la radio ou d’autres services ferroviaires externes dont les fréquences de travail sont
inférieures a 150 kHz peuvent fonctionner a proximité de la voie ferrée. Le plan CEM couvre ces cas, et un niveau
approprié d'émission réseau de traction a ces fréquences de fonctionnement peut étre trouvé dans les valeurs
indiquées dans I'Annexe C informative. Un fonctionnement exempt de perturbation ne peut donc étre garanti.
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