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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
RAILWAY APPLICATIONS –  

ENERGY MEASUREMENT ON BOARD TRAINS –  
 

Part 2: Energy measurement 
 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 62888-2 has been prepared by IEC technical committee 9: 
Electrical equipment and systems for railways. 

This standard is based on EN 50463. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

xxxxxxx xxxxxxx 

 
Full information on the voting for the approval of this International Standard can be found in 
the report on voting indicated in the above table. 
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This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts in the IEC 62888 series, published under the general title Railway 
applications – Energy measurement on board trains, can be found on the IEC website. 

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

• 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 document using a 
colour printer. 
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INTRODUCTION 1 

Three levels are introduced for categorising EMS as described in IEC 62888-1:202x, 4.1. 2 

This is Part 2 of the IEC 62888 series, which consists of the following parts, under the 3 
common title Railway applications – Energy measurement on board trains: 4 

Part 1: General 5 

Part 2: Energy measurement 6 

Part 3: Data handling 7 

Part 4: Communication 8 

Part 5: Conformance test 9 

Part 6: Requirements for purposes other than billing 10 

This series of International Standards follows the functional guidelines description in Annex A, 11 
“Principles of conformity assessment”, of ISO/IEC 17000:2004 tailored to the Energy 12 
Measurement System (EMS). 13 

The Energy Measurement System (EMS) provides measurement and data suitable for 14 
applications such as energy management, energy saving, billing and others. 15 

This series of International Standards uses the functional approach to describe the EMS and 16 
on-ground Data Collecting System (DCS). These functions are implemented in one or more 17 
physical devices. The user of this series of standards is free to choose the physical 18 
implementation arrangements. 19 

Structure and main contents of the IEC 62888 series 20 

This series of International Standards is divided into six parts. The titles and brief descriptions 21 
of each part are given below: 22 

IEC 62888-1 – General 23 

The scope of IEC 62888-1 is the Energy Measurement System (EMS). 24 

IEC 62888-1 provides system level requirements for the complete EMS and common 25 
requirements for all devices implementing one or more functions of the EMS. 26 

IEC 62888-2 – Energy measurement 27 

The scope of IEC 62888-2 is the Energy Measurement Function (EMF). 28 

The EMF provides measurement of the consumed and regenerated active energy of a railway 29 
traction unit. If the traction unit is designed for use on AC electric traction systems, the EMF 30 
also provides measurement of reactive energy. The EMF provides the measured quantities via 31 
an interface to the Data Handling System. 32 

The EMF consists of the three functions: Voltage Measurement Function, Current 33 
Measurement Function and Energy Calculation Function. For each of these functions, 34 
accuracy classes are specified and associated reference conditions are defined. IEC 62888-2 35 
also defines all specific requirements for all functions of the EMF. 36 
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The Voltage Measurement Function measures the voltage of the contact line (CL) system and 37 
the Current Measurement Function measures the current taken from and returned to the CL 38 
system. These functions provide signal inputs to the Energy Calculation Function. 39 

The Energy Calculation Function inputs the signals from the Current and Voltage 40 
Measurement Functions and calculates a set of values representing the consumed and 41 
regenerated energies. These values are transferred to the Data Handling System and are 42 
used in the creation of Compiled Energy Measured Data. 43 

IEC 62888-2  has been developed taking into account that in some applications, the EMF 44 
should be subjected to metrological principles. The relevant metrological requirements are 45 
covered in IEC 62888-2. 46 

IEC 62888-2 also defines the conformance test of the functions of EMF and the conformance 47 
evaluation of the EMF. 48 

IEC 62888-3 – Data handling 49 

The scope of IEC 62888-3 is the Data Handling System (DHS) and the associated 50 
requirements of the Data Collecting System (DCS). 51 

The on board DHS receives, produces and stores data, ready for transmission to any 52 
authorised receiver of data on board or on ground. The main goal of the DHS is to produce 53 
Compiled Energy Measured Data (CEMD) and transfer it to an on-ground Data Collecting 54 
System (DCS). The DHS can support other functions on board or on ground with data, as long 55 
as this does not conflict with the main goal. 56 

The DCS on ground receives CEMD, stores the CEMD and transfer it to upstream servers 57 
such as settlement system. 58 

IEC 62888-3 also defines the conformance test of the DHS and for the transfer of CEMD to an 59 
on-ground DCS . 60 

IEC 62888-4 – Communication 61 

The scope of IEC 62888-4 is the communication services. 62 

IEC 62888-4 gives requirements and guidance regarding the data communication between the 63 
functions implemented within EMS as well as between such functions and other on board 64 
units where data are exchanged using a communications protocol stack over a dedicated 65 
physical interface or a shared network. 66 

It includes the board to ground communication service and covers the requirements 67 
necessary to support data transfer between DHS and DCS. 68 

IEC 62888-4 also defines the conformance test of the communications services. 69 

IEC 62888-5 – Conformance test 70 

The scope of IEC 62888-5 is the conformance test procedures for the EMS. 71 

IEC 62888-5 also covers re-verification procedures and conformance test in the event of the 72 
replacement of a device of the EMS. 73 

IEC 62888-6 – Requirements for purposes other than billing 74 
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The scope of IEC 62888-6 is to specify the requirements for EMS to be used for 75 
benchmarking, daily energy consumption monitoring, technical research and development. 76 

IEC 62888-6 provides the requirements for monitoring consumed energy on-board in daily 77 
services in an easy way and the measured data are applicable for general purposes in 78 
industry such as energy management, energy saving, etc. However, this part is not applicable 79 
for billing purposes. 80 

EMS functional structure and dataflow 81 

Figure 1 illustrates the functional structure of the EMS, the main sub-functions and the 82 
structure of the dataflow and is informative only. Only the main interfaces required by this 83 
standard are displayed by arrows. 84 

Since the communication function is distributed throughout the EMS, it has been widely 85 
omitted for clarity, except for the train to ground communication. Not all interfaces are shown. 86 

 87 

Figure 1 – EMS functional structure and dataflow diagram 88 
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RAILWAY APPLICATIONS –  90 

ENERGY MEASUREMENT ON BOARD TRAINS –  91 

 92 

Part 2: Energy measurement 93 

 94 

 95 

 96 

1 Scope 97 

This part of IEC 62888 specifies the requirements applicable to the Energy Measurement 98 
Function (EMF) of an Energy Measurement System (EMS) for use on board traction units for 99 
measurement of energy supplied directly from/to the Contact Line system. 100 

This document also gives requirements for the Current Measurement Function (e.g. current 101 
sensor), the Voltage Measurement Function (e.g. voltage sensor) and the Energy Calculation 102 
Function (e.g. energy meter). 103 

The conformance test arrangements for the Voltage Measurement Function, Current 104 
Measurement Function, the Energy Calculation Function and a complete Energy 105 
Measurement Function are also specified in this document. 106 

This document has been developed taking into account that in some applications the EMF 107 
may be subjected to metrological assessment. All relevant metrological aspects are covered 108 
in this part and they are applicable to EMS Level 1. 109 

Specific requirements for EMS Level 2 and Level 3 are specified in IEC 62888-6. 110 

Figure 2 shows the flow between the functional blocks of the EMF. Only connections between 111 
the functional blocks required by this document are displayed. 112 

Full document details: 24/30488086 DC

http://www.avadocuments.com/doc/24-30488086-dc
http://www.avadocuments.com/doc/24-30488086-dc


9/3061/CD – 12 – IEC CD 62888-2  IEC 2024 

 113 

Figure 2 – EMF functional block diagram 114 

2 Normative references 115 

The following documents are referred to in the text in such a way that some or all of their 116 
content constitutes requirements of this document. For dated references, only the edition 117 
cited applies. For undated references, the latest edition of the referenced document (including 118 
any amendments) applies. 119 

IEC 60028:1925, International standard of resistance for copper 120 

IEC 60044-8:2002, Instrument transformers – Part 8: Electronic current transformers 121 

IEC 60068-2-1:2007, Environmental testing – Part 2-1: Tests – Test A: Cold 122 

IEC 60068-2-2:2007, Environmental testing – Part 2-2: Tests – Test B: Dry heat 123 

IEC 60068-2-30:2005, Environmental testing – Part 2-30: Tests – Test Db: Damp heat, cyclic 124 
(12 h + 12 h cycle) 125 

IEC 

Energy Measurement Function 
(EMF) 

Energy Calculation Function 
(ECF) 

Current 
Measurement 

Function (CMF) 
(current sensor) 

Voltage 
Measurement 

Function (VMF) 
(voltage sensor) 

Current signal Voltage signal 

Calculation of 
active and 

reactive energy ∆ t 

Transmission of 
energy data 

Active and reactive  
energy index values  

and/or energy delta values 

Data Handling 
System (DHS) 
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IEC 60077-4:2019, Railway applications – Electric equipment for rolling stock – Part 4: 126 
Electrotechnical components – Rules for AC circuit-breakers 127 

IEC 60085:2007, Electrical insulation – Thermal evaluation and designation 128 

IEC 60121:1960, Recommendation for commercial annealed aluminium electrical conductor 129 
wire 130 

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)  131 
IEC 60529:1989/AMD1:1999 132 
IEC 60529:1989/AMD2:2013 133 

IEC 60571:2012, Railway applications – Electronic equipment used on rolling stock 134 

IEC 60850:2014, Railway applications – Supply voltages of traction systems 135 

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) – Part 4-2: Testing and 136 
measurement techniques – Electrostatic discharge immunity test 137 

IEC 61000-4-3:2020, Electromagnetic compatibility (EMC) – Part 4-3: Testing and 138 
measurement techniques – Radiated, radio-frequency, electromagnetic field immunity test 139 
 140 

IEC 61000-4-4:2012, Electromagnetic compatibility (EMC) – Part 4-4: Testing and 141 
measurement techniques – Electrical fast transient/burst immunity test 142 

IEC 61000-4-5:2014, Electromagnetic compatibility (EMC) – Part 4-5: Testing and 143 
measurement techniques – Surge immunity test 144 

IEC 61000-4-6:2023, Electromagnetic compatibility (EMC) – Part 4-6: Testing and 145 
measurement techniques – Immunity to conducted disturbances, induced by radio-frequency 146 
fields 147 

IEC 61373:2010, Railway applications – Rolling stock equipment – Shock and vibration tests 148 

IEC 61869 (all parts), Instrument transformers 149 

IEC 61992-1:2006, Railway applications – Fixed installations – D.C. switchgear – Part 1: 150 
General 151 

IEC 62236-1:2018, Railway applications – Electromagnetic compatibility – Part 1: General 152 

IEC 62236-3-2:2018, Railway applications – Electromagnetic compatibility – Part 3-2: Rolling 153 
stock – Apparatus 154 

IEC 62497-1, Railway applications – Insulation coordination – Part 1: Basic requirements – 155 
Clearances and creepage distances for all electrical and electronic equipment 156 

IEC 62498-1:2010, Railway applications – Environmental conditions for equipment – Part 1: 157 
Equipment on board rolling stock 158 

IEC 62313:2009, Railway applications – Power supply and rolling stock – Technical criteria for 159 
the coordination between power supply (substation) and rolling stock to achieve 160 
interoperability 161 
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IEC 62888-1:202X, Railway applications – Energy measurement on board trains – Part 1: 162 
General 163 

IEC 62888-3: 202X, Railway applications – Energy measurement on board trains – Part 3: 164 
Data handling 165 

IEC 62888-4: 202X, Railway applications – Energy measurement on board trains – Part 4: 166 
Communication 167 

IEC 62888-5:202X, Railway applications – Energy measurement on board trains – Part 5: 168 
Conformance test 169 

IEC 62888-6:202X, Railway applications – Energy measurement on board trains – Part 6: 170 
Requirements for purposes other than billing. 171 

3 Terms, definitions, abbreviated terms and symbols 172 

3.1 Terms and definitions 173 

For the purposes of this document, the terms and definitions given in IEC 62888-1:202X and 174 
the following apply. 175 

ISO and IEC maintain terminological databases for use in standardization at the following 176 
addresses: 177 

• IEC Electropedia: available at http://www.electropedia.org/ 178 

• ISO Online browsing platform: available at http://www.iso.org/obp 179 

3.1.1 Accuracy class 180 
accuracy class 181 
designation that identifies a set of error limits for measured quantities under reference 182 
conditions and the additional percentage errors due to influence quantities 183 

Note 1 to entry:  An individual accuracy class is associated with each metrological function of the EMF. 184 

Note 2 to entry: The suffix “R” is used to differentiate classes according to this standard from other technical 185 
standards. 186 

3.1.2 Burden 187 

 188 
Admittance (or impedance) of the secondary circuit expressed in siemens (or ohms) and 189 
power factor  190 

 191 
Note: The burden is usually expressed as the apparent power in volt-amperes absorbed at a specified power factor 192 
and at the rated secondary voltage or current. 193 

[IEC 61869-1] 194 

3.1.3 Rated burden 195 

 196 

Value of the burden on which the accuracy requirements of this specification are based. 197 
 198 
[IEV 321-01-26] 199 

3.1.4 Rated output power 200 

 201 
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The value of the apparent power (in volt-amperes) at a specified power factor which the 202 
transformer is intended to supply to the secondary circuit at the rated secondary voltage or 203 
current and with rated burden connected to it. 204 
 205 
[IEV 321-01-27 modified] 206 
 207 

3.1.5  208 
consumed active energy 209 
active energy taken from the contact line by the traction unit on which the EMF is installed 210 

3.1.6  211 
consumed reactive energy 212 
reactive energy taken from the contact line by the traction unit on which the EMF is installed 213 

3.1.7  214 
electronic sensor 215 
device in which electronic circuits are used to process a measured signal 216 

Note 1 to entry: Electronic circuits for processing the measurement signal include items such as analogue to 217 
digital converters, signal amplifiers, etc. 218 

3.1.8  219 
influence quantity 220 
external condition which affects metrological performance 221 

. 222 

3.1.9  223 
percentage error 224 

100×
−

=
Q

QQ
ε

T

TM 
 225 

where 226 

QM is the measured quantity; 227 

QT is the true quantity 228 

Note 1 to entry: Since the true quantity cannot be determined, it is approximated by a quantity with a stated 229 
uncertainty that can be traced to standards agreed upon between supplier and purchaser or to national standards. 230 

3.1.10  231 
phase influence function 232 
function of the real or apparent phase angle between a measured voltage and a measured 233 
current 234 

Note 1 to entry: Phase influence function expressed as a power factor refers to measurements of real and 235 
apparent powers and energies, while sin φ refers to reactive powers and energies. 236 

Note 2 to entry: For DC measurements the requirements for a phase influence function of 1 need to be used. 237 

3.1.11  238 
Power Factor 239 
PF 240 
under periodic conditions, ratio of the absolute value of the active power P to the apparent 241 
power S 242 

Note 1 to entry: Under sinusoidal conditions, the power factor is the absolute value of the active factor. 243 

[SOURCE: IEC 60050-131:2002, 131-11-46] 244 
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3.1.12  245 
rated continuous thermal current 246 
ICMF,cth 247 
value of current which can be permitted to flow continuously into the primary input of a current 248 
sensor 249 

3.1.13  250 
rated dynamic current 251 
ICMF,dyn 252 
peak value of the primary current which a current sensor will withstand without being 253 
damaged 254 

3.1.14  255 
rated primary current of the EMF 256 
In,EMF 257 
value of current which is used to define the relevant performance of the EMF 258 

Note 1 to entry: The term current refers to RMS value for AC unless otherwise specified. 259 

3.1.15  260 
rated primary voltage of the EMF 261 
Un,EMF 262 
value of voltage which is used to define the relevant performance of the EMF 263 

Note 1 to entry: The term voltage refers to RMS value for AC unless otherwise specified. 264 

3.1.16  265 
rated short-time thermal current 266 
ICMF,th 267 
value of the primary current which a current sensor will withstand for a specified time period 268 
without being damaged 269 

3.1.17  270 
reference conditions 271 
set of influence quantities, with reference values and tolerances, with respect to which the 272 
error limits are specified for an input quantity range 273 

3.1.18  274 
regenerated active energy 275 
active energy fed back into the contact line by the traction unit on which the EMF is installed 276 

3.1.19  277 
regenerated reactive energy 278 
reactive energy fed back into the contact line by the traction unit on which the EMF is installed 279 

3.1.20  280 
register 281 
electronic device which stores the information representing the measured energy and 282 
associated quality code 283 

Note 1 to entry: Registers can also be accessed and displayed locally via a service tool and if available via a 284 
local display. 285 

3.1.21  286 
response time 287 
tS,r 288 
duration between the instant of a step change in the measured quantity and the instant when 289 
the output signal reaches 90 % of the intended value 290 
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3.1.22  291 
temperature coefficient 292 
ratio between the temperature change and the resulting change in measurement error 293 

3.2 Abbreviated terms 294 

For the purpose of this document, the abbreviated terms given in IEC 62888-1:20xx and the 295 
following apply. 296 

EUT Equipment Under Test 297 

3.3 Symbols 298 

fa maximum frequency without aliasing 299 

fn rated frequency 300 

ICMF,cth rated continuous thermal current 301 

ICMF,dyn rated dynamic current 302 

ICMF,th rated short-time thermal current 303 

In,CMF rated primary current of the CMF 304 

In,ECF  rated primary current of the ECF 305 

In,EMF rated primary current of the EMF 306 

ts,r response time 307 

Umax1 highest permanent voltage according to IEC 60850:2014 308 

Umax2 highest non-permanent voltage according to IEC 60850:2014 309 

Umax3 highest long-term overvoltage according to IEC 60850:2014 310 

Umin1 lowest permanent voltage according to IEC 60850:2014 311 

Umin2 lowest non-permanent voltage according to IEC 60850:2014 312 

Un,EMF rated primary voltage of the EMF 313 

Un,VMF rated primary voltage of the VMF 314 

εCMF maximum percentage (ratio) error allowed in accordance with the selected 315 
accuracy class for the CMF 316 

εECF maximum percentage error allowed in accordance with the selected accuracy 317 
class for the ECF 318 

εEMF calculated maximum percentage error of the EMF 319 

εVMF maximum percentage (ratio) error allowed in accordance with the selected 320 
accuracy class for the VMF 321 

4 Requirements 322 

4.1 General 323 

The requirements in IEC 62888-1:2018, Clause 4, apply to any device containing one or more 324 
functions of the Energy Measurement Function (EMF), where applicable. IEC 62888-2:2018 325 
defines additional requirements for a complete EMF and to any device comprising one or 326 
more functions of the EMF. 327 
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4.2 Energy Measurement Function (EMF) 328 

4.2.1 General 329 

4.2.1.1 Introduction 330 

The Energy Measurement Function (EMF) is made up of the following functions, which can be 331 
contained in one or more devices: 332 

• Voltage Measurement Function (VMF); 333 

• Current Measurement Function (CMF); 334 

• Energy Calculation Function (ECF). 335 

NOTE 1 In this document, the voltage sensor and current sensor are used as terms for the device implementing 336 
measurement functions. It is possible that one or more devices may be used to fulfil the role of one function. It is 337 
also possible that different functions are combined in one device. 338 

NOTE 2 Multiple CMFs and VMFs can be used with a single ECF (see Annex B). 339 

The purpose of the EMF is to measure the voltage and current, calculate the energy and 340 
produce energy data. 341 

The EMF provides energy data through an interface to the Data Handling System (DHS). 342 

4.2.1.2 General requirements 343 

If functions are grouped together in a single device, such grouping shall not degrade the 344 
performance (including accuracy) of the system. 345 

4.2.1.3 Identification and marking of the EMF 346 

The EMF function shall be clearly identified. 347 

Devices containing the EMF will have the marking as specified in IEC 62888-1:2018, 4.3.1.1. 348 
In addition, all devices that include functions which are subject to metrological assessment 349 
shall include a metrological mark. 350 

If different functions are included in one device, it is not necessary to duplicate the marking. 351 

In case of EMF as a function included in the function of traction equipment or auxiliary 352 
equipment, marking of equipment type is not necessary. 353 

4.2.1.4 Essential information 354 

For all devices containing the EMF the essential information as specified in 355 
IEC 62888-1:2018, 4.3.1.2 shall be available in a format (e.g. hardcopy or electronic) agreed 356 
between supplier and purchaser. 357 

The k-factor of the EMF shall also be stated. 358 

4.2.2 Electrical requirements 359 

4.2.2.1 Rated voltages 360 

The characteristics of the voltage systems to which the EMF can be connected are specified 361 
in IEC 60850:2014. 362 
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The rated primary voltage of the EMF (Un,EMF) shall be equal to the nominal voltage of the 363 
traction supply system as listed in IEC 60850:2014 and in Table B.1 of IEC 60850:2014, 364 
Annex B. 365 

Other voltages may be agreed between the involved parties. 366 

If the EMF is designed to be used on more than one traction supply system it shall have a 367 
rated primary voltage assigned for each traction supply system. 368 

4.2.2.2 Rated current  369 

The standard values of rated primary current of the EMF (In,EMF) are: 370 

10 A – 12,5 A – 15 A – 20 A – 25 A – 30 A – 40 A – 50 A – 60 A – 75 A, and their decimal 371 
multiples. 372 

NOTE For example, decimal multiples of 10 A are 100 A, 1 000 A, 10 000 A. 373 

The rated primary current (In,EMF) of the EMF shall be between 80 % and 120 % of the rated 374 
traction unit current. 375 

If an EMF is designed to be used on more than one traction supply system it may have more 376 
than one value of rated primary current assigned. 377 

4.2.2.3 Rated frequency (fn) 378 

The rated frequency of the EMF shall be equal to the frequency of the traction supply system 379 
for which it is designed to operate, selected according to IEC 60850:2014. Other frequencies 380 
may be agreed between the involved parties. 381 

If an EMF is designed to be used on more than one traction supply system it may have more 382 
than one value of rated frequency. 383 

4.2.3 Accuracy requirements 384 

4.2.3.1 General 385 

The accuracy of the EMF is determined by the accuracy of the functions included within the 386 
EMF. 387 

For any device which includes one or more functions of the EMF, any interface constraint (e.g. 388 
cable type, maximum / minimum burden, etc.), which is necessary to ensure accuracy is 389 
assured, shall be clearly stated. 390 

The following subclauses detail the requirements and procedure for determination of the 391 
accuracy of the complete EMF. 392 

4.2.3.2 Limits of error for the EMF 393 

The percentage error for the complete EMF shall be determined in accordance with the 394 
following formula: 395 

( ) ( ) ( )2ECF
2

CMF
2

VMFEMF εεεε ++=
 396 
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where 397 

εEMF is the calculated maximum percentage error of the EMF; 398 

εVMF is the maximum percentage (ratio) error allowed in accordance with the selected 399 
accuracy class for the VMF under the reference conditions; 400 

εCMF is the maximum percentage (ratio) error allowed in accordance with the selected 401 
accuracy class for the CMF under the reference conditions; 402 

εECF is the maximum percentage error allowed in accordance with the selected accuracy 403 
class for the ECF under the reference conditions. 404 

NOTE Informative Annex C provides further explanation about the method above. 405 

For EMFs with more than one VMF, CMF or ECF, the formula above shall be used, but with 406 
errors for the squared terms being determined in accordance with appropriate rules in 407 
Annex B. 408 

Errors caused by digits number, quantization, sampling periods are the matter of the 409 
interface. 410 

The allocation of the errors to the related function (VMF, CMF, ECF) shall be stated in the 411 
documentation. 412 

4.2.3.3 Reference conditions 413 

Table 1 details the reference conditions to be used for any part of the EMF and the complete 414 
EMF. 415 

If the tests have to be made at a temperature other than the reference temperature, including 416 
permissible tolerances, the results shall be corrected by applying the appropriate temperature 417 
coefficient of the equipment under test. 418 

Table 1 – Reference conditions 419 

Influence quantity Reference value Permissible tolerances 

Ambient temperature 23 °Ca ± 2 °C 

EUT Temperature  Thermal steady state condition ≤ 1,5 °C/min 

Frequency Rated frequency ± 0,3 % 

Wave-form  AC Sinusoidal voltages and currents Distortion factor less than: 

 2 % 

Wave-form  DC Pure DC voltages and currents Ripple less than 1 % 

Auxiliary power supply voltage Rated auxiliary power supply 
voltage 

± 5 % 

Continuous magnetic induction of 
external origin 

Equal to zero Induction value shall be less than 
0,05 mT 

Electromagnetic RF fields, 30 kHz 
to 2 GHz 

Equal to zero < 1 V/m 

Conducted disturbances, induced 
by radio frequency fields, 150 kHz 
to 80 MHz 

Equal to zero - 

Magnetic induction of external 
origin at the reference frequency 

Magnetic induction equal to zero Induction value shall be less than 
0,05 mT 

a If the tests have to be made at a temperature other than the reference temperature, including permissible 
tolerances, the results shall be corrected by applying the appropriate temperature coefficient of the item. 

 420 
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4.2.3.4 Limits of error due to variations in input quantities 421 

When all functions of the EMF pass the accuracy tests as detailed in Clause 5, and the input 422 
quantities and power factor are within the range given in Table 2, the percentage error when 423 
calculated in accordance with 4.2.3.2 shall not exceed the limits given in Table 2. These limits 424 
shall apply to the measurement of energy in each direction. 425 

Table 2 – EMF percentage error limits at reference conditions 426 

System 
type 

Input quantity range PF = Power Factor 
or sin φc 

Percentage 
error limit, 

active energy 

Percentage error 
limit, 

reactive energy Value of current a Value of voltageb 

AC 10 % In ≤ I ≤ 
120 % In 

Umin1 ≤ U ≤ Umax2 0,85 ≤ PF 
or  

sin φ = 1 Inductive 

1,5 3,0 

DC 10 % In ≤ I ≤ 
120 % In 

Umin1 ≤ U ≤ Umax2 N/A 2,0 N/A 

a In is the rated primary current of the EMF. 
b The values of Umin2 and Umax2 are as specified in IEC 60850:2014. 
c The power factor is taken from IEC 62313:2009, Table 1. The reactive energy cannot be measured accurately 

for power factor near 1. Therefore the reactive energy is tested at sin φ = 1. 

 427 

The accuracy classes of the VMF, CMF and ECF (which together form an EMF) shall be 428 
selected to ensure that the EMF accuracy requirements detailed above are achieved. 429 

4.2.3.5 Starting conditions 430 

The EMF shall measure energy if the primary current is equal to or greater than 0,4 % In, and 431 
the voltage is at Umin2 or above. 432 

If the primary current is zero, no energy shall be added to the energy registers. 433 

4.2.4 Traction supply system change 434 

When there is a changeover between traction supply systems the EMF shall ensure that all 435 
consumption is measured. 436 

4.2.5 Re-verification 437 

The supplier shall provide recommendations to the purchaser regarding any re-verification 438 
activities (testing and surveillance) that are considered necessary to ensure that the 439 
metrological performance of the functions making up the EMF can be expected to remain 440 
within the specified accuracies during the intended design life of the device containing these 441 
functions. 442 

The recommendations shall be accompanied by supporting evidence based on technical 443 
justification to explain why the ongoing metrological performance can be expected to remain 444 
within the accuracy limits for the duration of the design life. The supporting evidence shall 445 
also indicate which aspects of the devices (making up the EMF) are relevant to ensure the 446 
ongoing metrological performance perspective. The supplier shall clearly identify all aspects 447 
which require planned intervention (i.e. re-verification testing and surveillance). The supplier 448 
shall clearly describe how this planned intervention should be undertaken. 449 

Further information on re-verification is included in the Annex D. 450 
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4.3 Sensors 451 

4.3.1 General 452 

Sensors measure the primary voltage and primary current input to the EMF and provide an 453 
output (digital or analogue) for use by the Energy Calculation Function (ECF). 454 

Sensors may be self-powered (i.e. drawing any power they require from the sensor input) or 455 
may be separately powered from an auxiliary power supply external to the sensor. 456 

4.3.2 General requirements 457 

4.3.2.1 General 458 

Voltage and current sensor requirements may be realised using separate devices or within a 459 
combined device. 460 

Where sensor technology is covered by IEC 61869, these standards may be applied to 461 
sensors as applicable. Where requirements in IEC 61869 conflict with the requirements in 462 
IEC 62888 series the latter shall take precedence. 463 

4.3.2.2 Insulation requirements 464 

4.3.2.2.1 Insulation withstand for passive analogue sensors 465 

For passive analogue sensors having insulation between the input and output, insulation 466 
withstand of the primary side shall be according to IEC 62497-1 and the rated power-467 
frequency withstand voltage of the output signal to ground shall be 3 kV (RMS) according to 468 
IEC 61869-1 and IEC 61869-2. 469 

For passive analogue sensors having two or more outputs separated by insulation, the rated 470 
power-frequency withstand voltage between the sections shall be 3 kV (RMS) according to 471 
IEC 61869-1 and IEC 61869-2. 472 

Where passive analogue sensors have no galvanic isolation between the input and output, the 473 
rated withstand voltage of the output signal to ground shall be equal to that applied to the 474 
input. 475 

4.3.2.2.2 Insulation withstand for electronic analogue sensors  476 

For electronic analogue sensors with multiple low voltage circuits having galvanic isolation 477 
between them, the rated power-frequency withstand voltage between these circuits shall be in 478 
accordance with IEC 62497-1, taking into account the rated insulation voltage and the 479 
overvoltage category. 480 

4.3.2.3 Requirements for outputs 481 

4.3.2.3.1 General 482 

Sensors can have three different types of output: analogue dedicated, digital dedicated or 483 
digital shared outputs. The output shall be compatible with the device performing the Energy 484 
Calculation Function. The requirements on dataflow security are given in IEC 62888-1:2018, 485 
4.3.5 and shall be applied according to the output type. 486 

4.3.2.3.2 Requirements for dedicated analogue outputs 487 

A sensor may have multiple outputs as long as these outputs do not influence any outputs 488 
used in the Energy Measurement Function. 489 
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If agreed between the supplier and purchaser, equipment may be temporarily connected to 490 
any outputs of the EMF, e.g. for short-term monitoring, periodic testing and calibration 491 
purposes. The design of these outputs shall take account of the effect of such temporary 492 
connections to ensure that no additional errors are introduced, e.g. the effect of additional 493 
burden. 494 

4.3.2.3.3 Requirements for digital dedicated or digital shared outputs 495 

Requirements for communication protocols stack and communication security can be found in 496 
IEC 62888-4:2018, 4.3.4.2, 4.3.4.3 and 4.3.4.4. 497 

4.3.2.3.4 Burden requirements 498 

For voltage transducers with current outputs, the voltage across the burden shall not exceed 499 
45 V (AC rms or DC) at maximum input voltage. 500 
 501 

4.3.2.3.5 Essential information 502 

In addition to the requirements given in IEC 62888-1:2018, 4.3.1.2, the following essential 503 
information relevant to control the operation of the sensors shall be available on an 504 
accompanying document:  505 

a) the accuracy-class of the sensors; 506 

b) if applicable: the auxiliary power supply voltage and form (e.g. 230 V 50 Hz, 110 V DC), 507 
together with the tolerance, maximum power consumption and the supply voltage 508 
interruption class according to  IEC 60571:2012, 5.1.1.2; 509 

c) main diagrams (e.g. overall schematics, general arrangements, etc.) and drawings 510 
including their drawing number, version identifier and title; 511 

d) terminal marking identification information for: 512 

– the primary and secondary connections; 513 

– if applicable, other accessible terminals e.g. testing and service points; 514 

– if applicable, auxiliary power supply voltage connections; 515 

– if applicable, the relative polarities of connections and connector details. 516 

e) the rated primary input; 517 

f) the rated frequency(s) of the primary input (e.g. DC, 16,7 Hz , 50 Hz, 60 Hz); 518 

g) if applicable, the maximum frequency which can be measured without aliasing (see 519 
4.3.3.1.6 and 4.3.4.1.7); 520 

h) in case of analogue outputs, the rated secondary output signal information; 521 

i) if applicable, k-factor of sensor inclusive of measurement units; 522 

j) in case of digital outputs, the communication protocol and, if applicable, how 523 
communication security is achieved; 524 

k) all other sensor rated values and classification information (e.g. electrical, mechanical, 525 
EMC and environmental ratings and classifications); 526 

l) if applicable, software version and other information necessary for configuration control; 527 

m) integration and installation constraints. 528 

Full document details: 24/30488086 DC

http://www.avadocuments.com/doc/24-30488086-dc
http://www.avadocuments.com/doc/24-30488086-dc


9/3061/CD – 24 – IEC CD 62888-2  IEC 2024 

4.3.3 Voltage sensors 529 

4.3.3.1 Electrical requirements 530 

4.3.3.1.1 Rated primary voltage (Un,VMF) 531 

The rated primary voltage of the sensor input shall be equal to the highest nominal voltage of 532 
the traction supply systems used at which the sensor is designed to be used, selected from 533 
the values given in 4.2.2.1. 534 

4.3.3.1.2 Rated secondary values for analogue sensors 535 

4.3.3.1.2.1 General 536 

The rated secondary values of the sensor output shall be compatible with the input of the ECF 537 
to which it is intended to be connected. 538 

The rated values shall be agreed between supplier and purchaser. 539 

4.3.3.1.2.2 Rated secondary output signal for analogue sensors 540 

The rated output signal, either as a voltage or a current, shall be defined, the preferred values 541 
are: 542 

a) for voltage transformers: 100 V, 110 V or 150 V (AC); 543 

b) for electronic sensors with voltage output: 2 V, 4 V or 10 V (AC or DC); 544 

c) for electronic sensors with current output: 20 mA, 50 mA or 100 mA (AC or DC). 545 

4.3.3.1.2.3 Rated output burden for analogue sensors 546 

The rated output burden shall be defined to be matched with the input circuit of ECF, the 547 
preferred values are: 548 

a) for rated secondary voltage > 10 V: 1 VA, 2 VA, 4 VA or 5 VA; 549 

b) for rated secondary voltage ≤ 10 V: 0,001 VA, 0,01 VA, 0,1 VA or 0,5 VA; 550 

c) for current outputs, a burden such that the voltage across the burden at maximum input 551 
voltage shall not exceed 45 V (AC RMS or DC). 552 

4.3.3.1.3 Influence of input overvoltage 553 

The sensors shall not be damaged by overvoltage of Umax3 in accordance with 554 
IEC 60850:2014, Table A.1. Other voltages of Umax3 listed in Table A.1 shall be agreed 555 
between the involved parties. 556 

The sensors shall perform correctly when returned to initial working conditions. 557 

4.3.3.1.4 Rated burden and rated output power for analogue sensors 558 

The rated burden shall be defined to be matched with the input circuit of ECF.  559 
For passive analogue sensors with iron core the preferred values of the rated output power 560 
are: 561 

a) for rated secondary voltage > 10 V: 1 VA, 2 VA, 4 VA or 5 VA; 562 

b) for rated secondary voltage ≤ 10 V: 0,001 VA, 0,01 VA, 0,1 VA or 0,5 VA;  563 
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The output power can be used under any value between 0% and 100% of the rated output 564 
power with a power factor of 1. 565 

Note: These requirements are based on requirements stated in IEC 61869-3 clause 5.6.301.3 and clause 7.2.6.301 566 
(Table 305). A direct reference has been avoided due to different accuracy class definition in the two standards  567 

For active analogue sensors, the accuracy shall be verified in the datasheet range. 568 

4.3.3.1.5 Response time (ts,r) 569 

Sensors for DC measurement shall have a maximum response time of 10 ms. 570 

If the DC sensor is to be used in a system where the energy content associated with 571 
harmonics is significant, a shorter response time need to be agreed between the involved 572 
parties. 573 

4.3.3.1.6 Bandwidth requirements for electronic sensors 574 

The supplier shall provide a curve showing the variation in performance of the sensor for 575 
variation in frequency. 576 

For a sensor with digital output, the supplier shall specify the maximum frequency (fa) which 577 
can be measured without aliasing. 578 

For sensors with a digital output, fa is usually half the sampling frequency used. 579 

NOTE This will give an overall view of the frequency performances of the sensor. 580 

4.3.3.1.7 Power frequency withstand voltage for earthed terminals 581 

Any terminal of the voltage sensor’s measuring circuit which is intended to be connected to 582 
(the traction unit) earth and which is also insulated from the metallic case or other accessible 583 
conductive parts of the sensor, shall withstand a rated power frequency short duration 584 
withstand voltage according to IEC 60571. 585 

4.3.3.2 Short circuit withstand and fault protection for analogue sensors 586 

Application of a short circuit to the analogue output or outputs of a sensor shall not damage 587 
the sensor. The duration of the short circuit shall be 588 

• 1 s (for passive sensors), or 589 

• 60 s (for electronic sensors). 590 

For electronic sensors, the supplier shall indicate the type of current limiting measures used 591 
(if any). 592 

For electronic sensors, the supplier shall specify any time delay between removal of the short 593 
circuit and the outputs returning to within specified accuracy limits. The time delay shall not 594 
exceed 5 s. 595 

Fault protection for electronic sensors shall be provided in accordance with IEC 60571:2012, 596 
7.2.2. 597 

Note: requirements for European countries are also stated in EN 50155:2021 598 
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4.3.3.3 Limit of temperature rise 599 

Sensors with electrical insulation shall be assigned a thermal class in accordance with 600 
IEC 60085. The permitted temperature limits for other components shall be stated by the 601 
supplier. 602 

The sensor shall not exceed these limits and shall not be damaged when operating under the 603 
following conditions: 604 

• continuous operation at Umax2 and at the rated frequency; 605 

• maximum applicable ambient temperature of the temperature class selected in accordance 606 
with environmental requirements of IEC 62888-1:2018, 4.3.6.2; 607 

• output conditions which creates the highest temperatures in the sensor; 608 

• if applicable, the auxiliary power supply which creates the highest temperatures in the 609 
sensor. 610 

4.3.3.4 Accuracy requirements 611 

The VMF shall be assigned an accuracy class selected from Table 3. 612 

Table 3 – Percentage error limits – VMF 613 

Accuracy 
class 

± Maximum percentage voltage (ratio) 
error at voltage defined in 

IEC 60850:2014 

εVMF 

± Maximum phase displacement at voltage 
defined in IEC 60850:2014 

AC VMH (min) at rated frequency 

Umin2 ≤ U < Umin1 Umin1 ≤ U ≤ Umax2 Umin2 ≤ U < Umin1 Umin1 ≤ U ≤ Umax2 

0,2 R 0,4 0,2 15 10 

0,5 R 1,0 0,5 30 20 

0,75 R 1,5 0,75 45 30 

1,0 R 2,0 1,0 60 40 

 614 

For traction unit designed for multiple traction supply systems, a single voltage sensor can be 615 
used if it achieves the accuracy requirement defined in Table 4 for each rated voltage. 616 

Unless otherwise specified, the requirements of class 0,2 R apply. 617 

4.3.3.5 Effect of temperature on error limits 618 

4.3.3.5.1 Limits of error including the effects of ambient temperature variation 619 

The maximum percentage error, including the effects of temperature variation, shall not 620 
exceed the values given in Table 4. 621 

In order to be able to achieve compliance with the maximum error limits specified in Table 4, 622 
a VMF of a given class can have its maximum error at reference temperature constrained to a 623 
value lower than the maximum allowed by the accuracy class as specified in Table 3. If this is 624 
the case, the supplier shall declare this lower maximum error limit at reference temperature 625 
and give evidence to demonstrate this lower limit will ensure the maximum limits given in 626 
Table 4 are not exceeded. 627 

Full document details: 24/30488086 DC

https://doi.org/10.3403/03148322U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/24-30488086-dc
http://www.avadocuments.com/doc/24-30488086-dc


IEC CD 62888-2  IEC 2024 – 27 – 9/3061/CD 

Table 4 – Maximum percentage error for a VMF including 628 
ambient temperature variation 629 

Value of voltage System 
type 

± Maximum percentage error limits for a VMF 

Ambient temperature variation, 
main range 

–10 °C to +60 °C 

Ambient temperature variation, 
extended range 

–40 °C to –10 °C and + 60 °C to + 75 °C 

Umin2 ≤ U ≤ Umax2 AC and 
DC Nb + (0,01 × ΔTa) N1

d + (0,02 × ΔT1
c) 

a  ΔT is the temperature variation in Kelvin between reference temperature 23 °C and the ambient temperature. 
b  The term N is the maximum allowable percentage ratio error allowed for the VMF class as specified in  

Table 3. For example, for a class 0,5 R VMF and input signal in the range Umin1 ≤ U ≤ Umax2, the formula for 
the main temperature range becomes 0,5 + (0,01 x ΔT) and for the input signal in the range Umin2 ≤ U ≤ Umin1 
the formula becomes 1,0 + (0,01 x ΔT). 

c  ΔT1 is the difference between the ambient temperature and the boundary temperature of main range. 
d  N1 is the error limit at the boundary temperature of main range. 

 630 

NOTE 1 Maximum phase displacement is identical for all temperatures and is defined in Table 4. 631 

NOTE 2 As an example, the maximum percentage error limits with an input signal in the range Umin1 ≤ U ≤ Umax2 632 
for a class 0,5 R and a class 1,0 R VMF over the temperature range in accordance with Table 4 are shown in 633 
Figure 3. 634 

 635 

Figure 3 – Example of maximum percentage error for a VMF of class 0,5 R and 636 
a VMF of class 1,0 R with input signal in the range Umin1 ≤ U ≤ Umax2 637 
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