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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
CURRENT AND VOLTAGE SENSORS OR DETECTORS,  

TO BE USED FOR FAULT PASSAGE INDICATION PURPOSES –  
 

Part 1: General principles and requirements 
 

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 62689-1 has been prepared by IEC technical committee 38: 
Instrument transformers. 

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

FDIS Report on voting 

38/503/FDIS 38/510/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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A list of all the parts in the IEC 62689 series, under the general title Current and voltage 
sensors or detectors, to be used for fault passage indication purposes, can be found on the 
IEC website. 

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

0.1 General 

The IEC 62689 series is a product family standard for current and voltage sensors or 
detectors, to be used for fault passage indication purposes by suitable devices or functions, 
indicated as fault passage indicator (FPI) or distribution substation unit (DSU), depending on 
their performances.  

Different names are used to indicate FPIs depending on the region of the world and on their 
functionalities concerning capability to detect different kinds of faults, for instance: 

• fault detector; 

• smart sensor; 

• faulted circuit indicator (FCI); 

• short circuit indicator (SCI); 

• earth fault indicator (EFI); 

• test point mounted FCI. 

• combination of the above. 

Simpler versions, using only local information/signals and/or local communication, are called 
FPI, while very evolved versions are called DSU. The latter are explicitly designed for smart 
grids and based on IEC 60870-5 and IEC 61850 communication protocols. Compared to 
instrument transformers, digital communication technology is subject to on-going changes 
which are expected to continue in the future. 

Profound experience with deep integration between electronics and instrument transformers 
has yet to be gathered on a broader basis, as this type of equipment is not yet widespread in 
the industry. 

DSUs, besides FPI basic functions, may also optionally integrate additional auxiliary functions 
such as: 

• voltage presence/absence detection for medium voltage (MV) network automation, with 
and without distributed energy resources presence (not for fault confirmation, which can 
be a basic FPI function depending on the adopted fault detection method, neither for 
safety-related aspects, which are covered by IEC 61243-5);  

• measuring of voltage, current, and active and reactive power, etc., for various 
applications, such as MV network automation, monitoring of power flows, etc.;  

• smart grid management (such as voltage control and unwanted island operation) by 
means of a proper interface with local distributed generators (DER); 

• local output of collected information by means of suitable interfaces;  

• remote transmission of collected information; 

• others. 

A general FPI scheme is outlined in Figure 1. 

A DSU may have a much more complex scheme. 
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Key 

A: Current (and, if necessary, voltage) sensors. 1 or 3 phases may be monitored.  

B: Transmission of signals between sensors and electronics. 

C: Local indications (lamps, LEDs, flags, etc.). 

D: Analogue, digital and/or communication inputs/outputs for remote communication/commands (hard wired and/or 
wireless). 

E: Connections to field apparatus. 

F: Signal conditioning, processing and indicating unit (CPIU). 

G: Power supply.  

Current sensor(s) may detect fault current passages without any need of galvanic connection to the phase(s) (for 
instance in case of cable type current sensors or of magnetic field sensor). 

Not all the above listed parts or functions are necessarily included in the FPI, depending on its complexity and on 
its technology. However, at least 1 one of C or D functions shall be present. 

Figure 1 – General architecture of an FPI 

0.2 Position of this standard in relation to the IEC 61850 series 

IEC 61850 is the series of International Standards intended to be used for communication and 
systems to support power utility automation. 

The IEC 62689 series will also introduce a dedicated namespace to support integration of 
FPIs/DSUs into power utility automation. 

In addition, it defines proper data models and different profiles of communication interfaces to 
support the different use cases of these FPIs/DSUs. 

Some of these use cases rely on the concept of extended substation, which is intended as the 
communication among intelligent electronic devices (IED) through IEC 61850 located both 
along MV feeders and in the main substation, for the most sophisticated FPI versions (for 
smart grid applications, for instance, usually DSUs). Such a profile may not be limited to 
FPI/DSU devices, but may embrace features needed to support extensions of these 
substations along the MV feeders connected to the main substation themselves. 

A 
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CURRENT AND VOLTAGE SENSORS OR DETECTORS,  
TO BE USED FOR FAULT PASSAGE INDICATION PURPOSES –  

 
Part 1: General principles and requirements 

 
 
 

1 Scope 

This part of IEC 62689 defines the minimum requirements (therefore performances) and 
consequent classification and tests (with the exception of functional and communication ones) 
for fault passage indicators (FPIs) and distribution substation units (DSUs) (including their 
current and/or voltage sensors), which are, respectively, a device or a device/combination of 
devices and/or functions able to detect faults and provide indications about their localization.  

By localization of the fault is meant the fault position with respect to the FPI/DSU installation 
point on the network (upstream or downstream from the FPI/DSU’s location) or the direction of 
the fault current flowing through the FPI/DSU itself. The fault localization may be obtained 

• directly from the FPI/DSU, or 

• from a central system using information from more FPIs or DSUs, 

considering the features and the operating conditions of the electric system where the 
FPIs/DSUs are installed. 

In this part of IEC 62689, the FPI/DSU classification is specified in detail, in accordance with 
the first “core” classification defined in IEC 62689-2, which is explicitly focused on the 
description of electric phenomena and electric system response during faults, considering the 
most widely diffused distribution system architecture and fault typologies. 

Thus, IEC 62689-2 is mainly focused on helping users in the correct choice of FPIs/DSUs, 
whereas IEC 62689-1, IEC 62689-3 and IEC 62689-4 are mainly focused on FPI/DSU 
requirements, communication and testing procedures, respectively.  

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. 

IEC 60028, International standard of resistance for copper  

IEC 60038, IEC standard voltages  

IEC 60060-1, High-voltage test techniques – Part 1: General definitions and test requirements 

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

IEC 60068-2-14, Environmental testing – Part 2-14: Tests – Test N: Change of temperature  

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

IEC 60068-2-6, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal) 
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IEC 60068-2-30, Environmental testing – Part 2-30: Tests – Test Db:Damp heat, cyclic 
(12 h + 12 h cycle) 

IEC 60068-2-78, Environmental testing – Part 2-78: Tests – Test Cab: Damp heat, steady 
state 

IEC 60071-1, Insulation co-ordination – Part 1: Definitions, principles and rules  

IEC 60085, Electrical insulation – Thermal evaluation and designation  

IEC 60121, Recommendation for commercial annealed aluminum electrical conductor wire  

IEC 60270, High-voltage test techniques – Partial discharge measurements  

IEC 60417, Graphical symbols for use on equipment (available at: http://www.graphical-
symbols.info/equipment 

IEC 60455 (all parts), Resin based reactive compounds used for electrical insulation 

IEC 60529, Degrees of protection provided by enclosures (IP Code) 

IEC 60695-1-30, Fire hazard testing – Part 1-30: Guidance for assessing the fire hazard of 
electrotechnical products – Preselection testing process – General guidelines 

IEC 60695-7-1, Fire hazard testing – Part 7-1: Toxicity of fire effluent – General guidance 

IEC TS 60815 (all parts), Selection and dimensioning of high-voltage insulators intended for 
use in polluted conditions  

IEC TS 60815-1, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 1: Definitions, information and general principles 

IEC TS 60815-2, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 2: Ceramic and glass insulators for a.c. systems 

IEC TS 60815-3, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 3: Polymer insulators for a.c. systems 

IEC 60870-5-101, Telecontrol equipment and systems – Part 5-101: Transmission protocols – 
Companion standard for basic telecontrol tasks 

IEC 60870-5-104, Telecontrol equipment and systems – Part 5-104: Transmission protocols, 
Network access for IEC 60870-5-101 using standard transport profiles  

IEC 61000-4-10, Electromagnetic compatibility (EMC) – Part 4-10: Testing and measurement 
techniques – Damped oscillatory magnetic field immunity test 

IEC 61000-4-11, Electromagnetic compatibility (EMC) – Part 4-11: Testing and measurement 
techniques – Voltage dips, short interruptions and voltage variations immunity tests  

IEC 61000-4-12, Electromagnetic compatibility (EMC) – Part 4-12: Testing and measurement 
techniques – Ring wave immunity test  
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IEC 61000-4-16, Electromagnetic compatibility (EMC) – Part 4-16: Testing and measurement 
techniques – Test for immunity to conducted, common mode disturbances in the frequency 
range 0 Hz to 150 kHz 

IEC 61000-4-18, Electromagnetic compatibility (EMC) – Part 4-18: Testing and measurement 
techniques – Damped oscillatory wave immunity test 

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

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

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

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

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

IEC 61000-4-8, Electromagnetic compatibility (EMC) – Part 4-8: Testing and measurement 
techniques – Power frequency magnetic field immunity test 

IEC 61000-4-9, Electromagnetic compatibility (EMC) – Part 4-9: Testing and measurement 
techniques – Pulse magnetic field immunity test  

IEC 61000-6-2:2005, Electromagnetic compatibility (EMC) – Part 6-2: Generic standards – 
Immunity for industrial environments  

IEC 61850-7-2, Communication networks and systems for power utility automation – Part 7-2: 
Basic information and communication structure – Abstract communication service interface 
(ACSI) 

IEC 60255-27:2013, Measuring relays and protection equipment – Part 27: Product safety 
requirements 

IEC 61000-4-13, Electromagnetic compatibility (EMC) – Part 4-13: Testing and measurement 
techniques – Harmonics and interharmonics including mains signalling at a.c. power port, low 
frequency immunity tests  

IEC 61000-4-29, Electromagnetic compatibility (EMC) – Part 4-29: Testing and measurement 
techniques –Voltage dips, short interruptions and voltage variations on d.c. input power port 
immunity tests 

3 Terms, definitions, abbreviations and symbols 

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