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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ENERGY MEASUREMENT ON BOARD TRAINS -

Part 6: Requirements for purposes other than billing

FOREWORD

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.

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.

IEC Publications have |the form ofyrecommendations 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 cannet{be ;held sesponsiblefarthe,way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in'‘thein:national and regional publications. Any divergence
between any IEC Publication,and the.corresponding national orcregional publicationshall be clearly indicated in
the latter. .

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.

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

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.

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.

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 62888-6 has been prepared by IEC technical committee 9:
Electrical equipment and systems for railways.

This standard supplements and/or amends the requirements specified in IEC 62888-1 to
IEC 62888-5 which are based on EN 50463.

The text of this standard is based on the following documents:

FDIS Report on voting
9/2431/FDIS 9/2450/RVD

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e 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.




IEC 62888-6:2019 © |IEC 2019 -7-

INTRODUCTION

Three levels are introduced for categorizing EMS as described in Clause 1.

This is Part 6 of the IEC 62888 series which consists of the following parts, under the general
title Railway applications — Energy measurement on board trains:

Part 1: General

Part 2: Energy measurement

Part 3: Data handling

Part 4: Communication

Part 5: Conformance test

Part 6: Requirements for purposes other than billing

This series of International Standards follows the functional guidelines description in Annex A,

“Principles of conformity assessment”, of ISO/IEC 17000:2004 tailored to the Energy
Measurement System (EMS).

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

This series of International Standards uses, the functional approach to describe the EMS.
These functions are implemented in-one lor more [physical devices., The user of this series of
standards is free to choose the physical implementation arrangements.

Structure and main contents of the IEC 62888 series

This series of International‘Standards‘is‘divided‘into Six parts/-The titles’and brief descriptions
of each part are given below:

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

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

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

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

The EMF consists of the three functions: Voltage Measurement Function, Current
Measurement Function and Energy Calculation Function. For each of these functions,
accuracy classes are specified and associated reference conditions are defined. This part
also defines all specific requirements for all functions of the EMF.

The Voltage Measurement Function measures the voltage of the contact line (CL) system and
the Current Measurement Function measures the current taken from and returned to the CL
system. These functions provide signal inputs to the Energy Calculation Function.
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The Energy Calculation Function inputs the signals from the Current and Voltage
Measurement Functions and calculates a set of values representing the consumed and
regenerated energies. These values are transferred to the Data Handling System and are
used in the creation of Compiled Energy Measured Data.

All relevant metrological aspects are covered in this part of IEC 62888.
IEC 62888-2 also defines the conformance test of the EMF.

IEC 62888-3 — Data handling

The scope of IEC 62888-3 is the Data Handling System (DHS).

The on board DHS receives, produces and stores data, ready for transmission to any
authorised receiver of data on board or on ground. The main goal of the DHS is to produce
Compiled Energy Measured Data and transfer it to an on-ground Data Collection Service
(DCS). The DHS can support another functionality on board or on-ground with data, as long
as this does not conflict with the main goal.

IEC 62888-3 also defines the conformance test of the DHS.
IEC 62888-4 — Communication
The scope of IEC 62888-4.is'the communication'services.

This part of IEC 62888 gives requirements and“guidance regarding the data between the
functions implemented within EMS as well as between such functions and other on board
units where data are exchanged using-“a ‘communications protocol stack over a dedicated
physical interface ortassharedcnetwork! :

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

IEC 62888-4 also defines the conformance test of the communications services.
IEC 62888-5 — Conformance test
The scope of IEC 62888-5 is the conformance test procedures for the EMS.

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

IEC 62888-6 — Requirements for purposes other than billing

The scope of IEC 62888-6 is to specify the requirements for EMS to be used for
benchmarking, daily energy consumption monitoring, technical research and development.

This part provides the requirements for monitoring consumed energy on-board in daily
services in an easy way and the measured data are applicable for general purposes in
industry such as energy management, energy saving, etc. However, this part is not applicable
for billing purposes.
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EMS functional structure and dataflow

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

Since the communication function is distributed throughout the EMS, it has been omitted for
clarity. Not all interfaces are shown.

| Time Reference Source ]l frmsssssaas pother Systems
Settlement
| Location Reference Source System

Data Storage Function / \

—| Current Measurement Function I

—i Voltage Measurement 1 T h 4 :
] N Data d
:h Energy Calculation Function |'———r)| Data Compilation Function Collection E
' . Bervice !
. Energy Measurement - Data Handling System DCS) .
Function (EmF) | (DHS) , !
IEC 62888-2 (Enerav Measurina) 1 IEC 62888-3 (Data Handling) |\ | A i
Energy Measurement System
IEC 62888-1 (General), IEC 62888-4 (Communication), IEC 62888-5 (Conformance test), v
IEC 62888-6 (Requirements farpurposes-otherthan billing) Other
Systems
On-board (Traction Unit)
On-ground
IEC

Figure 1 — EMS functional structure and dataflow diagram
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RAILWAY APPLICATIONS -
ENERGY MEASUREMENT ON BOARD TRAINS -

Part 6: Requirements for purposes other than billing

1 Scope

This part of IEC 62888 specifies the specific requirements for EMS to be used for
benchmarking, daily energy consumption monitoring, technical research and development.

This document provides the requirements for monitoring consumed energy on board in daily
services in an easy way and the measured data are applicable for general purposes in
industry such as energy management, energy saving, etc. However, this document is not
applicable for billing purposes.

The practical purposes in industrial fields are, e.g.:

a) monitoring daily energy consumption of vehicles;

b) obtaining data on influential factors, such as operational commands and surrounding
conditions, in orderto analysejrelations,between operations and-energy;

c) energy management of power flow between vehicles and fixed installations;
d) implementing investigation tests ©of research and‘development for vehicle systems;
e) energy cost forecasting for analysing overall efficiency and consumption.

The requirements 'specifiediin. ithis/cdocument supplément-and/or‘amend the requirements
specified in IEC 62888-1 to IEC 62888-5¢

The energy measurement system (EMS) is categorized in 3 Levels as described in
IEC 62888-1:2018, Table 1. This document applies to Level 2 and Level 3.

In this document unless levels are specially mentioned, both Level 2 and Level 3 apply. If a
requirement applies only to one level between Level 2 and Level 3, this condition is clearly
specified.

In the following clauses and subclauses square brackets, e.g. [IEC 62888-3:2018, 4.6.1] in
the title indicate relevant clauses and subclauses of other parts.

When lower subclauses of other parts are not listed, provisions of higher subclauses apply to
the lower subclauses.
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Table 1 — Levels of performance [IEC 62888-1:2018, Table 1]

Levels Description Notes

Level 1 Level for measuring energy consumption on board for This is the only level applicable for
applications like energy management, energy saving, billing billing
and others.

Level 2 Level for measuring energy consumption on board for Level 2 is applied when accuracy
applications like energy management, energy saving, requirements need to be raised to
benchmarking by suppliers or train operators and others. ones equivalent to Level 1 by
This level is not applicable for billing. agreement by the Parties for

international comparison or
benchmarking purposes.

Level 3 Level for daily energy measurement, for instance: technical — Based on users requests.
research and development. This level is not applicable for .
billing. — Both measuring performance

and service conditions can be
less severe than Level 1.

Power and energy are calculated
based on voltage and current data
acquired from existing sensors
installed in converter systems, etc.

2 Normative references

The following documents are referredytoyin the,text in suchva wayythat some or all of their
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 amendments) applies.

IEC 60044-8, Instrument transformers — Part-8>‘Electronic current transformers
IEC 60850:2014, Railway applicatiohs — Supply voltages of traction systems

IEC 61287-1, Railway applications — Power converters installed on board rolling stock —
Part 1: Characteristics and test methods

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

IEC 62313:2009, Railway applications — Power supply and rolling stock — Technical criteria for
the coordination between power supply (substation) and rolling stock

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

IEC 62625-1, Electronic railway equipment — On board driving data recording system — Part 1:
System specification

IEC 62888-1:2018, Railway applications — Energy measurement on board trains — Part 1:
General

IEC 62888-2:2018, Railway applications — Energy measurement on board trains — Part 2:
Energy measurement

IEC 62888-3:2018, Railway applications — Energy measurement on board trains — Part 3:
Data handling
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IEC 62888-4:2018, Railway applications — Energy measurement on board trains — Part 4:
Communication

IEC 62888-5:2018, Railway applications — Energy measurement on board trains — Part 5:
Conformance test

3 Terms, definitions, abbreviated terms and symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62888 (all parts)
and the following apply.

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

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

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

3.1.1

involved party

entity that is involved in designing, manufacturing, supplying and/or using the EMS or parts/
components of the EMS

Note 1 to entry: Involved party can be a purchaser, supplier, manufacturer or user. Members of involved parties
do not necessarily consist of all of themgMembers of the involved parties, depend on the provisions of subclauses
in this document and are appropriately interpreted:

3.2 Abbreviated terms
CEMD Compiled’Energy Measured Data

CL Contact Line

CMF Current Measurement Function

DCS Data Collection Service

DHS Data Handling System

DSI Data Handling System to service Interface

ECF Energy Calculation Function

EMDI EMF to DHS Interface

EMF Energy Measurement Function

EMS Energy Measurement System

ESI Energy Measuring Function to service Interface
MCF Mobile Communication Function

PF Power Factor

PICS Protocol Implementation Conformity Statement
PIXIT Protocol Implementation Extra Information for Testing
RAMS Reliability, Availability, Maintainability and Safety
TCN Train Communication Network

TRP Time Reference Period

uTC Coordinated Universal Time

VEI VMF/CMF to ECF interface

VMF Voltage Measurement Function
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3.3 Symbols

/n rated frequency

IoMF cth rated continuous thermal current
IcmF,dyn  rated dynamic current

IomF th rated short-time thermal current

In cmF rated primary current of the CMF

In ECF rated primary current of the ECF

In EMF rated primary current of the EMF

Is.r response time

Unax2 highest non permanent voltage according to IEC 60850

Unnax3 highest long term overvoltage according to IEC 60850

Unini lowest permanent voltage according to IEC 60850

Unin2 lowest non permanent voltage according to IEC 60850

Un,vMF rated primary voltage of the VMF

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

EECF maximum percentage error allowed in accordance with the selected accuracy
class for the ECF

EVMF maximum j percentage (ratio) Jerror! allowed. in ‘accordance with the selected

accuracy class for the VMF
4 Requirements

4.1 General
4.1.1 Overview

The requirements specified in this document apply only in applications not related to billing.
These requirements supplement and/or amend the requirements specified in IEC 62888-1 to
IEC 62888-5. Individual permissions and requirements applicable to Level 2 and Level 3 are
specified in this document. Clauses not mentioned in this document are covered by
IEC 62888-1 to IEC 62888-5.

The differences between Level 1, Level 2 and Level 3 are summarized in Annex C.

4.1.2 Applications and usage

At present the traction equipment and the auxiliary equipment onboard are mainly controlled
by microcomputers installed in the control units. These equipments are equipped with voltage
and current sensors. They can calculate energy using these data.

Using these existing infrastructures can make a convenient energy measurement system on
board.

The data obtained by these systems may be used in applications other than billing purposes.
For these various purposes EMS functions may be different from Level 1.

Level 2 is applied to the following applications:
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