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Foreword 

This document (EN 50121-2:2015) has been prepared by CLC/TC 9X: “Electrical and electronic 
applications for railways”. 

The following dates are fixed: 

• latest date by which this document has to be 
implemented at national level by publication of 
an identical national standard or by 
endorsement 

(dop) 2016-01-05 

• latest date by which the national standards 
conflicting with this document have to 
be withdrawn 

(dow) 2018-01-05 

This document supersedes EN 50121-2:2006. 

EN 50121-2:2015 includes the following significant technical changes with respect to 
EN 50121-2:2006: 

− clarification of scope (Clause 1); 

− set dated normative references (Clause 2); 

− combination of former Clause 5 and Annex A related to method of measurement for moving 
trains and railway substations; (5.1) 

− moving emission values for radiated H-fields in the frequency range 9 kHz – 150 kHz into new 
Annex C due to the fact that:  

− there are very few outside world victims; 

− there is low reproducibility; 

− clarification of acquisition method (5.2). 

This European Standard is to be read in conjunction with EN 50121-1. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such 
patent rights. 

This document has been prepared under a mandate given to CENELEC by the European Commission 
and the European Free Trade Association, and supports essential requirements of EU Directive(s). 

For the relationship with EU Directive(s) see informative Annex ZZ, which is an integral part of this 
document. 

This standard forms Part 2 of the European Standard series EN 50121, published under the general 
title “Railway applications - Electromagnetic compatibility”. The series consists of: 

− Part 1: General 

− Part 2: Emission of the whole railway system to the outside world 

− Part 3-1: Rolling stock - Train and complete vehicle 
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− Part 3-2: Rolling stock - Apparatus 

− Part 4: Emission and immunity of the signalling and telecommunications apparatus 

− Part 5: Emission and immunity of fixed power supply installations and apparatus 
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1 Scope 

This European Standard is intended to define the electromagnetic environment of the whole railway 
system including urban mass transit and light rail system. It describes the measurement method to 
verify the emissions, and gives the cartography values of the fields most frequently encountered. 

This European standard specifies the emission limits of the whole railway system to the outside world. 

The emission parameters refer to the particular measuring points defined in Clause 5. These 
emissions should be assumed to exist at all points in the vertical planes which are 10 m from the 
centre lines of the outer electrified railway tracks, or 10 m from the fence of the substations. 

Also, the zones above and below the railway system may be affected by electromagnetic emissions 
and particular cases shall be considered individually. 

These specific provisions are to be used in conjunction with the general provisions in 
EN 50121-1:2015. 

For existing railway lines, it is assumed that compliance with the emission requirements of 
EN 50121-3-1, EN 50121-3-2, EN 50121-4 and EN 50121-5 will ensure the compliance with the 
emission values given in this part. 

For newly build railway systems it is best practice to provide compliance to the emission limits given in 
this part of the standard (to be defined in the EMC plan according to EN 50121-1). 

2 Normative references 

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

EN 50121-1:2015, Railway applications - Electromagnetic compatibility - Part 1: General 

EN 55016-1-1:2010, Specification for radio disturbance and immunity measuring apparatus and 
methods - Part 1-1: Radio disturbance and immunity measuring apparatus - Measuring apparatus 
(CISPR 16-1-1:2010) 

EN 55016-1-4:2010, Specification for radio disturbance and immunity measuring apparatus and 
methods - Part 1-4: Radio disturbance and immunity measuring apparatus - Antennas and test sites for 
radiated disturbance measurements (CISPR 16-1-4:2010) 

IEC 60050-161, International Electrotechnical Vocabulary (IEV) 

3 Terms, definitions and abbreviations 

For the purpose of this document, the terms and definitions given in IEC 60050-161 and the following 
apply. 

3.1 Terms and definitions 

3.1.1  
apparatus 
an electric or electronic product with an intrinsic function intended for implementation into a fixed 
railway installation 
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3.1.2   
environment 
the surrounding objects or region which may influence the behaviour of the system and/or may be 
influenced by the system 

3.1.3 
railway substation 
an installation the main function of which is to supply a contact line system at which the voltage of a 
primary supply system, and in some cases the frequency, is transformed to the voltage and frequency 
of the contact line 

3.1.4 
rolling stock 
It covers traction stock and trainsets including urban vehicles for use in city streets 

3.2 Abbreviations 

a.c. alternating current 

bw band width 

d.c. direct current 

E electric (field) 

EMC Electromagnetic Compatibility 

FFT Fast Fourier transform 

H magnetic (field) 

HV high voltage 

4 Emission limits 

4.1 Emission from the open railway system during train operation 

The emission limits in the frequency range 150 kHz to 1 GHz are given in Figure 1 and the 
measurement method is defined in Clause 5. 

Annex B gives guidance values for typical maximum field values at fundamental frequency of different 
electrification systems which may occur. They depend on numerous geometrical and operational 
parameters which may be obtained from the infrastructure manager. 

It is not possible to undertake complete tests with quasi-peak detection due to the reasons stated in 
Annex A. 

There may be cases in which radio or other railway external services with working frequencies below 
150 kHz are in operation close to the railway system. The EMC management plan covers these cases 
and an adequate level of emission from the railway system on these working frequencies may be found 
in the values given in informative Annex C hence no guarantee can be given for an undisturbed 
operation. 

4.2 Radio frequency emission from railway substations 

Radio frequency noise emission from the railway substation to the outside environment measured 
according to the method defined in Clause 5 shall not exceed the limits in Figure 2. 

SIST EN 50121-2:2015

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST EN 50121-2:2015
https://standards.iteh.ai/catalog/standards/sist/02f7800c-dc66-4aee-af6a-

5de178207410/sist-en-50121-2-2015



EN 50121-2:2015 - 8 - 

 

The limits are defined as quasi-peak values and the bandwidths are those used in EN 55016-1-1: 

  Bandwidth 

frequencies from 150 kHz to 30 MHz 9 kHz 

frequencies above 30 MHz 120 kHz 
The distance of 10 m defined in Clause 5 shall be measured from the fence of the substation. If no 
fence exists, the measurements shall be taken at 10 m from the apparatus or from the outer surface of 
the enclosure if it is enclosed. 

For other kinds of fixed installations like auto-transformers, the same limit and measuring distance 
shall be applied. 

There may be cases in which radio or other railway external services with working frequencies below 
150 kHz are in operation close to the railway substation. The EMC management plan covers these 
cases and an adequate level of emission from railway substation on these working frequencies may be 
found in the values given in informative Annex C hence no guarantee can be given for an undisturbed 
operation. 

5 Method of measurement of emission from moving rolling stock and 
substations 

NOTE The method of measurement is adapted from EN 55016–2-3 to a railway system with moving rolling 
stock and substations. The background to the method of measurement of moving rolling stock is given in 
Annex A. 

5.1 General and specific measurement parameters 

5.1.1 General measurement parameters 

5.1.1.1 Frequency bands 

Frequency bands and bandwidths at –6 dB used for measurements are in accordance with 
EN 55016-1-1. 

These are: 

Frequency bands: 0,15 to 30 MHz 30 to 300 MHz 300 MHz to 1 GHz   

Bandwidth:  9 kHz 120 kHz 120 kHz  
Other bandwidth for peak measurement can be chosen according to EN 55016-1-1. Data measured 
with the reference bandwidth shall take precedence. 

5.1.1.2 Measurement uncertainty 

The measurement uncertainty of the measuring equipment shall comply with the requirements in 
EN 55016-1-1 and EN 55016-1-4. 

Due to the measurement method, the normalized site attenuation may not be considered in the 
measurement uncertainty. 

5.1.1.3 Types of antennas 

To cover the full frequency range, antennas of different design are required. Typical equipment is 
described below: 
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 - for 150 kHz to 30 MHz, a loop or frame antenna is used to measure H field (see Figure 3); 

 - for 30 MHz to 300 MHz, a biconical dipole is used to measure E field (see Figure 4); 

 - for 300 MHz to 1,0 GHz, a log-periodic antenna is used to measure E field (see Figure 5). 

For measurements in the frequency range of 30 MHz to 1 GHz a combined antenna may be used. 

Calibrated antenna factors are used to convert the terminal voltage of the antenna to field strength. 

5.1.1.4 Measurement distance and height 

The preferred distance of the measuring antenna from the centreline of the track on which the vehicle 
is moving (Test track) is 10 m. In the case of the log-periodic antenna, the 10 m distance is measured 
to the mechanical centre of the array. 

The preferred distance of the measuring antenna while measuring the emission of the substation is 
10 m from the outer fence of the substation, at the midpoints of the three sides, excluding the side 
which faces the railway system, unless this side is more than 30 m from the centre of the nearest 
electrified railway track. In this case all four sides shall be measured. If the length of the side of the 
substation is more than 30 m, measurements shall be taken additionally at the corners. 

Where the antennas are not at 10 m, the results can be converted to an equivalent 10 m value by 
using the following formula: 

E10 = Ex + n x 20 × log10 (D/10) 

where 

E10 is the value at 10 m 

Ex is the measured value at D m 

n is a factor taken from the Table 1 below. 

Table 1 - Conversion factor n 

Frequency range n 

0,15 MHz to 0,4 MHz 1,8 

0,4 MHz to 1,6 MHz 1,65 

1,6 MHz to 110 MHz 1,2 

110 MHz to 1 000 MHz 1,0 

The measured values (at the equivalent 10 m distance) shall not exceed the limits given in Figure 1 for 
the appropriate system voltage. 

No measurements are necessary for total underground railway systems with no surface operation (no 
victim outside this railway system can be affected). 

The height above reference level of the antenna centre shall be within the range 1,0 m to 2,0 m for the 
loop antenna, and within 2,5 m to 3,5 m to the centre of measuring antenna above 30 MHz. One 
measuring height within the given range is sufficient and it is not required to do measurements with 
several antenna heights within this range. The selected height shall be noted in the test report. 

The reference level for the substation is the ground. 
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The reference level for moving trains is the top of the rail. 

If the actual level of the ground at the antenna differs from the top of the rail by more than 0,5 m, the 
actual value shall be noted in the test report. 

It is accepted that the fixed antenna position may result in values being less than the absolute 
maximum at some frequencies. 

5.1.1.5 Values of measurement 

The values measured are expressed as: 

 - dBµA/m for magnetic fields, 

 - dBµV/m for electric fields. 

These are obtained by using the appropriate antenna factors and conversions. 

5.1.1.6 Antenna position and orientation 

The plane of the loop antenna shall be positioned to measure the horizontal component of the 
magnetic field perpendicular to the track respectively to the wall of the substation. The biconical dipole 
shall be placed in the vertical and horizontal axis. The log periodic antenna shall be arranged to 
measure the vertical and horizontal polarization signal, with the antenna directed towards the track 
respectively to the wall of the substation. 

The test locations should whenever possible avoid objects with changing of field characteristic like 
turnouts, walls and under bridges. 

Figures 3, 4 and 5 show the positions and vertical alignments of the antennas as an example for 
measurements at the track. 

5.1.1.7 Ambient noise 

At the beginning and at the end of the test series the ambient noise shall be recorded. 

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

5.1.2 Measurement parameter for moving trains 

This subclause summarizes the specific conditions for the measurement of moving rolling stock. 

− It is not considered necessary to carry out two tests to examine both sides of the rolling stock, 
even if it contains different apparatus on the two sides, as in the majority of cases the level of 
fields is due to the radiation of catenary and not to the direct radiation from the train. For systems 
with a third rail, measurements have to be performed at the same side of it. 

− The peak measurement method is used. The duration at selected frequency shall be sufficient to 
obtain an accurate reading. This is a function of the measuring set and the recommended value is 
50 ms. 

− The noise may not attain its maximum value as the traction vehicle passes the measuring point, 
but may occur when the vehicle is a long distance away. Therefore, the measuring set shall be 
active for a sufficient duration before and after the vehicle passes by to ensure that the maximum 
noise level is recorded. 
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