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ii

Preface

This Standard was prepared by the Standards Australia Committee EL-013,  Measurement and 
Protection Transformers.

The objective of this document is  to define the minimum requirements (therefore performances)  and 
consequent classification and tests for fault passage indicators (FPIs)  and distribution substation 
units (DSUs) .

This document is  an adoption with national modifications,  and has been reproduced from, 
IEC 62689‑1:2016, Current and voltage sensors or detectors,  to be used for fault passage indication  
purposes – Part 1: General principles and requirements.  The modifications are additional requirements 
and are set out in Appendix ZZ,  which has been added at the end of the source text.

Appendix ZZ  l ists the modifications to IEC 62689‑1:2016, for the application of this document 
in Australia.

As this document has been reproduced from an International document,  the following applies:

(a)  In the source text “this part of IEC 62689” should read “this document”.

(b)  A full point substitutes for a comma when referring to a decimal marker.

Australian or Australian/New Zealand Standards that are identical adoptions of international 
normative references may be used interchangeably.  Refer to the online catalogue for information on 
specific Standards.

The terms “normative” and “informative” are used in Standards to define the application of the 
appendices or annexes to which they apply.  A “normative” appendix or annex is  an integral part of a 
Standard, whereas an “informative” appendix or annex is  only for information and guidance.
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I NTERNATIONAL 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  I n ternati ona l  E l ectrotechn ica l  Commission  ( I EC)  i s  a  worl dwide  organ izati on  for standard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  National  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern ing  standard i zati on  i n  the  e l ectrical  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ica l  Speci fi cati ons,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s)” ).  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  sub ject dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen ta l  and  non -
governmen ta l  organ izati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternational  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ica l  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  N ati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati onal  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  N ati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  possib l e  i n  thei r nati ona l  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg ional  pub l i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f does  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t  services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsib le  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6 )  Al l  u sers  shou l d  ensu re  that  they have  the  l atest ed i ti on  of th i s  publ i cati on .  

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn i cal  commi ttees  and  I EC  Nati onal  Commi ttees  for any persona l  i n j u ry,  property d amage  or 
o ther damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud ing  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cati on ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect  of 
paten t ri gh ts .  I EC  shal l  n ot  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

I n ternational  Standard  IEC  62689-1  has  been  prepared  by I EC techn ical  commi ttee  38:  
I nstrument transformers.  

The  text of th is  standard  i s  based  on  the  fol lowing  documents:  

FDI S  Report  on  voti ng  

38/503/FDI S  38/51 0/RVD  

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  standard  can  be  found  i n  the  report on  
voting  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  
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A l i s t  of a l l  the  parts  i n  the  I EC  62689  series,  under the  general  ti tl e  Current and voltage 
sensors or detectors,  to be  used for fault passage indication purposes,  can  be  found  on  the  
I EC  websi te.  

The  commi ttee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC  web  s i te  under "h ttp: //webstore. iec. ch"  i n  the  data  
related  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

IMPORTANT – The 'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understanding  of i ts  contents.  Users  should  therefore print th is  document using  a  
colour printer.  
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I NTRODUCTION  

0.1  General  

The  I EC 62689  series  i s  a  product fami l y standard  for cu rrent and  vol tage  sensors  or 
detectors,  to  be  used  for fau l t  passage  ind ication  purposes  by su i table  devices  or functions,  
i nd icated  as  fau l t  passage  i nd icator (FPI )  or d istribu tion  substation  un i t  (DSU),  depend ing  on  
thei r performances.   

D i fferent names  are  used  to  i nd icate  FPI s  depend ing  on  the  reg ion  of the  world  and  on  thei r 
functional i ties  concern ing  capabi l i ty to  detect d i fferent kinds  of fau l ts,  for i nstance:  

•  fau l t  detector;  

•  smart sensor;  

•  fau l ted  ci rcu i t  i nd icator (FCI ) ;  

•  short ci rcu i t  i nd icator (SCI );  

•  earth  fau l t  i nd icator (EFI );  

•  test poin t mounted  FCI .  

•  combination  of the  above.  

S impler versions,  using  on ly local  i n formation/signals  and /or l ocal  commun ication ,  are  cal led  
FPI ,  wh i le  very evolved  versions  are  cal led  DSU .  The  l atter are  expl ici tl y designed  for smart 
g ri ds  and  based  on  I EC  60870-5  and  I EC  61 850  commun ication  protocols.  Compared  to  
i nstrument transformers,  d ig i ta l  commun ication  technology i s  subject to  on-going  changes  
wh ich  are  expected  to  con tinue  i n  the  fu ture.  

Profound  experience  wi th  deep  i n tegration  between  e lectron ics  and  instrument transformers  
has  yet to  be  gathered  on  a  broader basis,  as  th is  type  of equ ipment i s  not yet widespread  in  
the  i ndustry.  

DSUs,  besides  FPI  basic functions,  may a lso  optional l y i n tegrate  add i tional  auxi l iary functions  
such  as:  

•  vo l tage  presence/absence  detection  for med ium  vol tage  (MV)  network au tomation ,  wi th  
and  wi thout d istribu ted  energy resources  presence  (not for fau l t  confi rmation ,  wh ich  can  
be  a  basic FPI  function  depend ing  on  the  adopted  fau l t  detection  method ,  nei ther for 
safety-related  aspects,  wh ich  are  covered  by I EC  61 243-5);   

•  measuring  of vol tage,  curren t,  and  active  and  reactive  power,  etc. ,  for various  
appl ications,  such  as  MV network au tomation ,  mon i toring  of power flows,  etc. ;   

•  smart g rid  management (such  as  vol tage  control  and  unwanted  i s land  operation )  by 
means  of a  proper i n terface  wi th  l ocal  d i stribu ted  generators  (DER);  

•  l ocal  ou tpu t of col lected  in formation  by means  of su i table  i n terfaces;   

•  remote  transmission  of col lected  i n formation ;  

•  o thers.  

A general  FPI  scheme is  ou tl i ned  i n  F igure  1 .  

A DSU  may have  a  much  more  complex scheme.  
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Key 

A:  Cu rren t  (and ,  i f necessary,  vo l tage)  sensors .  1  or 3  phases  may be  mon i tored .   

B :  Transmissi on  of s i gna l s  between  sensors  and  e l ectron ics .  

C:  Local  i nd i cati ons  ( l amps,  LEDs,  fl ags,  e tc. ) .  

D :  Ana logue,  d i g i ta l  and /or commun icati on  i npu ts/ou tpu ts  for remote  commun icati on /commands  (hard  wi red  and /or 
wi re l ess) .  

E :  Connections  to  fi e l d  apparatus.  

F :  S i gnal  cond i ti on i ng ,  processi ng  and  i n d i cati ng  un i t  (CPI U ) .  

G :  Power suppl y.   

Cu rren t  sensor(s)  may detect fau l t  cu rren t  passages  wi thou t  any need  of ga l van i c connecti on  to  the  phase(s)  ( for 
i nstance  i n  case  of cabl e  type  cu rren t sensors  or of magnetic  fi e l d  sensor).  

Not  a l l  the  above  l i s ted  parts  or functi ons  are  necessari l y i ncl uded  i n  the  FPI ,  depend ing  on  i ts  complexi ty and  on  
i ts  technology.  However,  a t  l east  1  one  of C  or D  functi ons  sha l l  be  present.  

Figure  1  – General  arch i tecture  of an  FPI  

0 .2  Position  of th is  standard  in  relation  to  the  IEC  61 850  series  

I EC  61 850  i s  the  series  of I n ternational  Standards  i n tended  to  be  used  for commun ication  and  
systems  to  support power u ti l i ty au tomation .  

The  I EC  62689  series  wi l l  a lso  i n troduce  a  ded icated  namespace  to  support i n tegration  of 
FPI s/DSUs  i n to  power u ti l i ty au tomation .  

I n  add i tion ,  i t  defines  proper data  models  and  d i fferent profi les  of commun ication  i n terfaces  to  
support the  d i fferen t use  cases  of these  FPI s/DSUs.  

Some of these  use  cases  re ly on  the  concept of extended  substation ,  wh ich  i s  i n tended  as  the  
commun ication  among  in tel l i gen t e lectron ic devices  ( IED)  th rough  I EC  61 850  located  both  
a long  MV feeders  and  in  the  main  substation ,  for the  most soph isticated  FPI  versions  (for 
smart grid  appl ications,  for i nstance,  usual ly DSUs).  Such  a  profi le  may not be  l im i ted  to  
FPI /DSU  devices,  bu t may embrace  features  needed  to  support extensions  of these  
substations  a long  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 

Th is  part of I EC  62689  defines  the  m in imum  requ i rements  (therefore  performances)  and  
consequent classi fication  and  tests  (wi th  the  exception  of functional  and  commun ication  ones)  
for fau l t  passage  ind icators  (FPI s)  and  d istribu tion  substation  un i ts  (DSUs)  ( i nclud ing  thei r 
cu rren t and /or vol tage  sensors),  wh ich  are,  respectively,  a  device  or a  device/combination  of 
devices  and /or functions  able  to  detect fau l ts  and  provide  ind ications  abou t thei r l ocal ization .   

By l ocal ization  of the  fau l t  i s  meant the  fau l t  posi tion  wi th  respect to  the  FPI /DSU  instal lation  
poin t on  the  network (upstream  or downstream  from  the  FPI /DSU ’s  l ocation)  or the  d i rection  of 
the  fau l t  curren t fl owing  th rough  the  FPI /DSU  i tsel f.  The  fau l t l ocal ization  may be  obtained  

•  d i rectly from  the  FPI /DSU ,  or 

•  from  a  cen tral  system  using  in formation  from  more  FPI s  or DSUs,  

considering  the  features  and  the  operating  cond i tions  of the  e lectric system  where  the  
FPI s/DSUs  are  i nstal led .  

I n  th is  part of I EC  62689,  the  FPI /DSU  classi fication  i s  speci fied  i n  detai l ,  i n  accordance  wi th  
the  fi rst “core”  classi fication  defined  i n  I EC  62689-2 ,  wh ich  i s  expl ici tl y focused  on  the  
description  of e lectric phenomena  and  e lectric system  response  during  fau l ts,  considering  the  
most widely d i ffused  d istribu tion  system  arch i tectu re  and  fau l t typolog ies.  

Thus,  I EC  62689-2  i s  main ly focused  on  help ing  users  i n  the  correct choice  of FPI s/DSUs,  
whereas  I EC  62689-1 ,  I EC  62689-3  and  I EC  62689-4  are  main ly focused  on  FPI /DSU  
requ i rements,  commun ication  and  testing  procedures,  respectively.   

2  Normative references  

The  fol lowing  documents,  i n  whole  or i n  part,  are  normatively referenced  in  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies.  

I EC  60028,  International standard of resistance for copper  

I EC  60038,  IEC standard voltages  

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

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

I EC  60068-2-1 4,  Environmental testing – Part 2-14: Tests – Test N: Change of temperature  

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

I EC  60068-2-6,  Environmental testing – Part 2-6:  Tests – Test Fc: Vibration (sinusoidal)  
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I EC  60068-2-30,  Environmental testing – Part 2-30: Tests – Test Db:Damp heat,  cyclic 

(12 h  +  12 h  cycle)  

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

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

I EC  60085,  Electrical insulation  – Thermal evaluation and designation  

I EC  601 21 ,  Recommendation for commercial annealed aluminum electrical conductor wire  

I EC  60270,  High-voltage test techniques – Partial discharge measurements  

I EC  6041 7,  Graphical symbols for use on equipment (avai l able  at:  h ttp: //www.graph ical -
symbols. in fo/equ ipment  

I EC  60455  (a l l  parts) ,  Resin based reactive compounds used for electrical insulation 

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

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

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

I EC  TS  6081 5  (a l l  parts),  Selection and dimensioning of high-voltage insulators intended for 
use in  polluted conditions  

I EC  TS  6081 5-1 ,  Selection and dimensioning of high-voltage insulators intended for use in  
polluted conditions – Part 1 :  Definitions,  information and general principles 

I EC  TS  6081 5-2 ,  Selection and dimensioning of high-voltage insulators intended for use in  
polluted conditions – Part 2:  Ceramic and glass insulators for a. c.  systems 

I EC  TS  6081 5-3,  Selection and dimensioning of high-voltage insulators intended for use in  
polluted conditions – Part 3:  Polymer insulators for a. c.  systems 

I EC  60870-5-1 01 ,  Telecontrol equipment and systems – Part 5-101 : Transmission protocols – 
Companion standard for basic telecontrol tasks 

I EC  60870-5-1 04,  Telecontrol equipment and systems – Part 5-104: Transmission protocols,  
Network access for IEC 60870-5-101  using standard transport profiles  

I EC  61 000-4-1 0,  Electromagnetic compatibility (EMC)  – Part 4-10: Testing and measurement 
techniques – Damped oscillatory magnetic field immunity test 

I EC  61 000-4-1 1 ,  Electromagnetic compatibility (EMC)  – Part 4-11 : Testing and measurement 
techniques – Voltage dips,  short interruptions and voltage variations immunity tests  

I EC  61 000-4-1 2,  Electromagnetic compatibility (EMC)  – Part 4-12: Testing and measurement 
techniques – Ring wave immunity test  
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I EC  61 000-4-1 6,  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 

I EC  61 000-4-1 8,  Electromagnetic compatibility (EMC)  – Part 4-18: Testing and measurement 
techniques – Damped oscillatory wave immunity test 

I EC  61 000-4-2,  Electromagnetic compatibility (EMC)  – Part 4-2:  Testing and measurement 
techniques – Electrostatic discharge immunity test  

I EC  61 000-4-3,  Electromagnetic compatibility (EMC)  – Part 4-3:  Testing and measurement 
techniques – Radiated,  radio-frequency,  electromagnetic field immunity test  

I EC  61 000-4-4,  Electromagnetic compatibility (EMC)  – Part 4-4: Testing and measurement 
techniques – Electrical fast transient/burst immunity test 

I EC  61 000-4-5,  Electromagnetic compatibility (EMC)  – Part 4-5: Testing and measurement 
techniques – Surge immunity test  

I EC  61 000-4-6,  Electromagnetic compatibility (EMC)  – Part 4-6:  Testing and measurement 
techniques – Immunity to conducted disturbances induced by radio-frequency fields 

I EC  61 000-4-8,  Electromagnetic compatibility (EMC)  – Part 4-8:  Testing and measurement 
techniques – Power frequency magnetic field immunity test 

I EC  61 000-4-9,  Electromagnetic compatibility (EMC)  – Part 4-9: Testing and measurement 
techniques – Pulse magnetic field immunity test  

I EC  61 000-6-2: 2005,  Electromagnetic compatibility (EMC)  – Part 6-2: Generic standards – 
Immunity for industrial environments  

I EC  61 850-7-2,  Communication networks and systems for power utility automation – Part 7-2: 
Basic information and communication structure – Abstract communication service interface 
(ACSI)  

I EC  60255-27:201 3,  Measuring relays and protection equipment – Part 27: Product safety 
requirements 

I EC  61 000-4-1 3,  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  

I EC  61 000-4-29,  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,  defin i tions,  abbreviations  and  symbols  

For the  purposes  of th is  document,  the  fol lowing  terms  and  defin i tions  apply.  
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3.1  General  terms  and  defin i tions  

3. 1 . 1   
fau l t  passage  ind icator  
FPI  
device  able  to  detect fau l ts  provid ing  i nd ications  abou t thei r l ocal ization  (upstream  or 
downstream  from  the  FPI ’s  l ocation)  and /or abou t the  d i rection  of fau l t  current (usual ly 
referred  as  the  d i rection  of l oad  curren t,  i . e .  from  the  HV/MV transformer towards  end  of MV 
feeders  i n  a  rad ia l  operated  network)  

Note  1  to  en try:  D i fferen t names  are  used  to  i nd i cate  FPI s  depend i ng  on  the  reg i on  of the  worl d  and  on  thei r 
functi onal i t i es  concern i ng  capabi l i ty to  d etect  d i fferen t  ki nds  of fau l ts :  

•  fau l t  detector;  

•  smart sensor;  

•  fau l ted  ci rcu i t  i nd icator (FCI ) ;  

•  short  ci rcu i t  i nd i cator (SCI ) ;  

•  earth  fau l t  i nd i cator (EFI ) ;  

•  test  poi n t  mounted  FCI .  

•  combinati on  of the  above.  

I n  th i s  s tandard ,  the  FPI  defi n i ti on  i ncl udes  a l l  the  above  l i s ted  terms  wi th  the i r re l evan t performances.  

Note  2  to  en try:  Th i s  note  appl i es  to  the  French  l anguage  on l y.  

3.1 .2   
accuracy class  
<FPI  or DSU>  category of measuring  instruments,  a l l  of wh ich  are  in tended  to  comply wi th  a  
set of speci fications  regard ing  uncertain ty 

Note  1  to  en try:  The  accu racy cl ass  of an  FPI  or DSU  i s  defi ned  as  the  overa l l  system  accuracy,  i . e .  wi th  
reference  to  the  g l obal  cha i n  ( i npu t  to  ou tpu t) :  accu racies  of sensors ,  of transmissi on  of s i gna l s  and  of CPI U  
i ncl ud ing  variati ons  due  to  i n fl uence  q uan ti ti es .  See  overal l  system  accuracy as  d efi ned  i n  I EC  60255-1 : 2009,  
Annex B ,  B . 1  to  B . 4 .  

[SOURCE:  I EC  60050-31 1 : 2001 ,  31 1 -06-09,  mod i fied  – Note  1  to  en try has  been  added . ]  

3.1 .3   
substation  
part of a  power system,  concentrated  i n  a  g iven  p lace,  i nclud ing  main ly the  terminations  of 
transmission  or d istribu tion  l i nes  swi tchgear and  housing  and  wh ich  may a lso  i nclude  
transformers.  I t  general l y i ncludes  faci l i ties  necessary for system  securi ty and  control  (e . g .  
the  protective  devices)  

Note  1  to  en try:  Accord ing  to  the  natu re  of the  system  wi th i n  wh i ch  the  substati on  i s  i ncl uded ,  a  prefi x may qua l i fy  
i t.  Examples:  transmissi on  substati on  (of a  transmission  system),  d i s tri bu ti on  substati on ,  400  kV substati on ,  20  kV 
substati on .  

Note  2  to  en try:  I n  i ts  complete  confi gu rati on ,  a  med i um  vol tage/l ow vol tage  substati on  (d i stri bu ti on  substati on )  
may i n cl ude:  

•  p rotecti on  re l ays  both  for MV and  LV feeders ;  

•  a  med i um  vol tage/l ow vol tage  (MV/LV)  transformer wi th  i t’ s  own  speci fi c  protecti ons;  

•  FP I s ,  wi th  thei r re l ati ve  cu rren t  and /or vo l tage  sensors ;  

•  commun icati on  apparatus ,  such  as  modems,  rou ters,  o thers ,  for remote  operation  of Swi tches  and /or Ci rcu i t  
Breakers  and  a l arms;  

•  l oca l  au tomatons  for MV network au tomation ,  embedded  i n  proper i n te l l i gen t  e l ectron i c devi ces  operati ng  
u s i ng  FPI  i nd i cati ons  or i n  DSUs.  

[SOURCE:  I EC  60050-605: 1 983,  605-01 -01 ,  mod i fied  – Note  2  to  en try has  been  added . ]  
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3.1 .4  
d istribution  substation  un i t   
DSU  
device  (or a  combination  of devices  and /or functions)  able  to  perform,  i n  add i tion  to  speci fic 
FPI  functional i ti es,  add i tional  features,  not strictl y re lated  to  fau l t  detection  (for i nstance  
remote  commun ication /commands,  swi tch  control  or breaker con trol ,  network au tomation ,  
d istribu ted  energy resources  mon i toring  and  control ,  etc)  

Note  1  to  en try:  A DSU  may consi st  of a  s i ng l e  phys ica l  d evi ce  i ncl ud ing  the  functi ons  of more  FPI s  or of an  
e l ectron ic  un i t  connected  to  one  or more  phys ical  FPI s  suppl yi ng  s i gna l s .  

3.1 .5   
i n tel l igent electron ic  device  
IED  
any device  incorporating  one  or more  processors  wi th  the  capabi l i ty of receiving  or send ing  
data/con trol  from  or to  an  external  source  (for example,  e lectron ic mu l ti function  meters,  d i g i ta l  
relays,  control lers)  

Note  1  to  en try:  The  defi n i ti on  of I ED  a l so  i ncl udes  devices  l i ke  remote  term inal  u n i ts ,  u sual l y denominated  as  
RTUs.  

Note  2  to  en try:  Th i s  note  app l i es  to  the  French  l anguage  on l y.  

[SOURCE:  I EC  TR 61 850-1 : 201 3,  3 . 1 . 6,  mod i fied  – Notes  1  and  2  to  en try have  been  added . ]  

3.1 .6   
condition ing ,  processing  and  ind icating  un i t   
CPIU  
part of the  FPI /DSU  in  charge  of transforming  vol tage  and/or sensor s ignals  i n to  i nd ications  
concern ing  fau l ts,  wi thout or wi th  d ig i ta l  treatment of sensor s ignals  

Note  1  to  en try:  Th i s  note  app l i es  to  the  French  l anguage  on l y.  

3.1 .7   
sensor 
functional  un i t  that senses  the  effect of a  measured  variable  (quan ti ty)  at i ts  i npu t and  p laces  
a  correspond ing  measurement s i gnal  at  i ts  ou tpu t 

Note  1  to  en try:  Wi th  reference  to  th i s  s tandard ,  sensors  may be  both  cu rren t  and  vol tage  sensors ,  accord ing  to  
re l evan t exi sti ng  standards  (e . g .  ferromagneti c  sensors ,  cu rren t and /or vo l tage  transformers  accord ing  to ,  for 
i n stance,  I EC  61 869-2 ,  I EC  61 869-3,  I EC  61 869-4  or e l ectron ic  cu rren t  and /or vol tage  sensors ,  accord i ng  to  
I EC  60044-7  and /or I EC  60044-8,  e tc. ) ,  as  wel l  as  other devices,  not  yet  described  i n  exi sti ng  s tandards,  anyway 
ab l e  to  measure  vol tage  and /or cu rren t  and  supp ly these  measuremen ts  to  the  FPI ’ s  e l ectron ics  for s i gnal  
cond i ti on i ng  and  i nd i cati on  abou t  the  passage  of a  fau l t.  I n  both  cases  the  overa l l  accu racy,  sensi ti vi ty and  
re l i abi l i ty of the  FPI  shal l  be  declared ,  as  for the  resu l t  of tests  on  the  whole  u n i t  (FPI  or DSU  wi th  the i r sensors ,  
tested  i npu t  to  ou tpu t).  The  adoption  of other phys i cal  pri nci p l es ,  such  as  mechan ical  i nd i cati on  (rotor)  or fl u i d  wi th  
col ou r change  pri ncip l e  for fau l t  detecti on ,  a l so  exi sts .  

Note  2  to  en try:  Sensors  may be  e i ther separate  cu rren t  sensors  and  vol tage  sensors  or i n tegrated  vol tage  and  
cu rren t  sensors .  Add i ti onal l y,  they may be  stand  a l one  devi ces  and /or sensors  i ncl uded  i n  cable  term inati ons,  
cabl e  j o i n ts ,  swi tchboards  post  i nsu l ators ,  e tc. ) .  

[SOURCE:  I EC  60050-351 : 201 3,  351 -56-26,  mod i fied  – The  term  “sensing  element”  has  been  
replaced  here  by “sensor” .  I n  the  defin i tion ,  "measurand"  has  been  replaced  by "measured  
variable  (quan ti ty)" .  The  existing  examples  and  note  have  been  deleted  and  Note  1  and  Note  
2  to  en try have  been  added . ]  

3.1 .8   
cable  type  current sensor 
current sensor wi thou t primary conductor and  primary i nsu lation  of i ts  own ,  wh ich  can  be  
mounted  over an  i nsu lated  cable  

[SOURCE:  I EC  60050-321 : 1 986,  321 -02-04,  mod i fied  – I n  the  term  and  defin i tion ,  
" transformer"  has  been  replaced  wi th  "sensor" . ]  
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3.1 .9   
residual  current sensor 
sing le,  or group  of three,  curren t sensor(s)  so  connected  as  to  transform  on ly the  residual  
cu rren t 

[SOURCE:  I EC  60050-321 : 1 986,  321 -02-21 ,  mod i fied  – I n  the  term  and  defin i tion ,  
" transformer"  has  been  replaced  wi th  "sensor" . ]  

3.1 .1 0   
d istributed  energy resources   
DER 
power generation  p lan ts  general ly connected  to  med ium  vol tage  (general l y i n  the  range  
1 0  MW maximum  down  to  0 , 1  MW)  and  l ow vol tage  (general l y below 0, 1  MW) d istribu tion  
networks  

Note  1  to  en try:  Th i s  note  app l i es  to  the  French  l anguage  on l y.  

3.1 .1 1   
smart grid   
i n tel l igent grid  
electric power system  that u ti l i zes  in formation  exchange  and  con trol  technolog ies,  d istribu ted  
computing  and  associated  sensors  and  actuators,  for purposes  such  as:  

– to  i n tegrate  the  behaviour and  actions  of the  network users  and  other stakeholders,  

– to  efficien tl y del i ver sustainable,  economic and  secure  e lectrici ty suppl ies  

Note  1  to  en try:  At  the  moment,  the  concept of smart  g ri ds  i s  not  exactl y defi ned ;  therefore,  i n  th i s  s tandard  we  
l im i t  th i s  to  d i stri bu ti on  g ri ds  wi th  “presence  of l arge  amoun t of DER”.  

[SOURCE:  I EC  60050-61 7:2009,  61 7-04-1 3,  mod i fied  – Note  1  to  en try has  been  added . ]  

3.1 .1 2   
upstream  fau l t   
fau l t  l ocated  between  the  h igh  vol tage/med ium  vol tage  (HV/MV)  transformer and  the  FPI ’s  
l ocation  or on  d i fferen t MV feeders  suppl ied  from  the  same HV/MV transformer in  a  rad ial  
operated  network 

Note  1  to  en try:  The  fau l t  d i recti on  i s  d esi gnated  by e i ther downstream  or upstream.  I n  d i s tri bu ti on  networks,  even  
though  now wi de l y u sed  to  connect  DER,  the  presen t  defi n i ti on  i s  to  be  i n tended  as  the  H V/MV transformer bei ng  
“upstream”  of the  d i stri bu ti on  network/feeder.  

3.1 .1 3   
downstream  fau l t   
fau l t  l ocated  i n  the  opposi te  d i rection  of the  HV/MV transformer wi th  respect to  the  FPI ’s  
l ocation  i n  a  rad ia l  operated  network 

Note  1  to  en try:  The  fau l t  d i recti on  i s  designated  by e i ther downstream  or upstream .  I n  d i s tri bu ti on  networks,  even  
though  now wi de l y u sed  to  connect  DER,  the  presen t  defi n i ti on  i s  to  be  i n tended  as  the  H V/MV transformer bei ng  
“upstream”  of the  d i stri bu ti on  network/feeder.  

3.1 .1 4  
earth  fau l t   
ground  fau l t  (US)  
occurrence  of an  acciden tal  conductive  path  between  a  l i ve  conductor and  the  Earth  

Note  1  to  en try:  The  conducti ve  path  can  pass  th rough  a  fau l ty i n su lati on ,  th rough  s tructu res  (e . g .  po les,  
scaffol d i ngs ,  cranes,  l adders) ,  or th rough  vegetati on  (e. g .  trees,  bushes)  and  can  have  a  s i gn i fi can t impedance.  

Note  2  to  en try:  Fau l t  cu rren ts  are  dependent  on  the  MV neu tra l  s ta tus  and  on  the  fau l t  res i stance.  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-04-1 4,  mod i fied  – Note  2  to  en try has  been  added . ]  
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3.1 .1 5  
i n termittent fau l t 
transien t fau l t  wh ich  recurs  repeated ly i n  the  same  place  due  to  the  same  cause  

Note  1  to  en try:  Th i s  ki nd  of fau l t  may be  an  appreciabl e  percen tage  of earth  fau l ts .   

[SOURCE:  I EC  60050-604: 1 998,  604-02-1 4,  mod i fied  – Note  1  to  en try has  been  added . ]  

3.1 .1 6   
mu ltiple  fau l ts  
cross-country fau l t 
i nsu lation  fau l ts  to  earth ,  occurring  s imu l taneously at more  than  two  d i fferent l ocations  i n  one  
or several  ci rcu i ts  orig inating  from  a  common  source  

Note  1  to  en try:  I t  i s  a  d ouble  s i ng l e  phase  to  earth  fau l t,  i nvo l vi ng  two  d i fferen t  phases  of two  d i fferen t  feeders  
Fau l t  cu rren ts  are  nearl y i ndependen t  from  MV neu tral  s tatus ,  and  are  l im i ted  mai n l y by the  fau l t  res i stances  and  
by the  l ong i tud ina l  impedances  of the  fau l t  path .   

Note  2  to  en try:  Neu tra l  s tatus  may affect the  percentage  of these  fau l ts  (un l i kel y to  veri fy on  sol i d  earthed  
systems  as  phase  to  earth  vol tage  i s  not  i ncreased  i n  case  of an  earth  fau l t) .  

[SOURCE:  I EC  60050-604: 1 987,  604-02-23,  mod i fied  – Notes  1  and  2  to  en try have  been  
added . ]  

3.1 .1 7   
three-phase fau l t 
symmetrical  fau l t 
fau l t  affecting  the  i nsu lation  of a l l  the  th ree  phase  conductors  between  one  another and  
usual l y to  earth  

Note  1  to  en try:  These  fau l ts  u sual l y have  h i gh  fau l t  cu rren ts  nearl y i ndependen t  from  MV neu tral  s tatus.  

[SOURCE:  I EC  60050-604: 1 987,  604-02-24,  mod i fied  – I n  the  defin i tion ,  “an  i nsu lation  fau l t  at  
one  poin t of a  ci rcu i t, ”  has  been  replaced  by “fau l t” .  Note  1  to  en try has  been  added . ]  

3.1 .1 8   
phase-to-phase fau l t  
l ine-to-l ine  fau l t  (US)  
i nsu lation  fau l t  between  two-phase  conductors  on ly,  and  clear of earth  

Note  1  to  en try:  These  fau l ts  u sual l y have  h i gh  fau l t  cu rren ts  nearl y i ndependen t  from  MV neu tral  s tatus.  

[SOURCE:  I EC  60050-604: 1 987,  604-02-20,  mod i fied  – Note  1  to  en try has  been  added . ]  

3.1 .1 9   
overcurrent 
curren t exceed ing  the  rated  curren t 

Note  1  to  en try:  I n  th i s  s tandard ,  i f no  expl i ci t  d i s ti ncti on  i s  made,  overcu rren t  means  any cu rren t  exceed i ng  the  
ra ted  one  consequen t  to  a  th ree-phase  fau l t,  a  phase-to-phase  fau l t,  a  cross-coun try fau l t.  Earth  fau l ts ,  except  for 
those  i n  sol i d l y earthed  systems,  are  not  i ncl u ded  i n  the  term  overcu rren t.  Cu rren ts  exceed i ng  the  rated  one,  bu t 
not  consequen t to  fau l ts ,  may be  i ncl uded .  

[SOURCE:  I EC  60050-442: 1 998,  442-01 -20,  mod i fied .  Note  1  to  en try has  been  added . ]  

3.1 .20   
i ndoor,  ad j  
i n tended  for operation  under normal  ambien t cond i tions  i n  a  bu i ld ing  

[SOURCE:  I EC  60050-1 51 :2001 ,  1 51 -1 6-06]  
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3.1 .21   
outdoor,  ad j  
capable  of operating  under speci fic range  of ou tdoor cond i tions   

[SOURCE:  I EC  60050-1 51 :2001 ,  1 51 -1 6-05]  

3.1 .22   
barrier 
transformer the  ou tpu t variable  of wh ich  i s  equal  to  the  inpu t variable  during  trouble-free  
operation  and  wh ich  l im i ts  certa in  variable  quan ti ties  to  permissib le  values  in  the  even t of a  
mal function  

Note  1  to  en try:  Th i s  en try was  numbered  351 -32-44  i n  I EC  60050-351 : 2006 .  

Note  2  to  en try:  Th i s  d evi ce  i s  a l so  known  as  i nsu lati on  transformer 

[SOURCE:  I EC  60050-351 :201 3,  351 -56-31 ,  mod i fied  – Note  2  to  en try has  been  added . ]  

3.1 .23   
electrostatic  d ischarge 
ESD 
transfer of e lectric charge  between  bod ies  of d i fferen t e lectric potentia l  i n  proxim i ty or th rough  
d i rect contact  

Note  1  to  en try:  L i teratu re  and  teach ing  genera l l y refer to  transfers  of charge,  a l though  stri ctl y speaking  charge  
carri ers  ( I EC  60050-1 1 3: 201 1 ,  1 1 3-06-25)  are  transferred .  Cu rren t  sensor(s)  may detect  fau l t  cu rren t  passages  
wi thou t  any need  of ga l van i c  connecti on  to  the  phase(s)  (for i nstance  i n  case  of cable  type  cu rren t  sensors  or of 
magneti c  fi e l d  sensor).  

3.2  Terms  and  defin i tions  related  to  neutral  point treatment 

3.2 .1   
neutral  point  
common  poin t of a  star-connected  polyphase  system  or earthed  m id -poin t of a  s ing le-phase  
system  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-02-05]  

3.2.2   
i solated  neutral  system  
system  where  the  neu tral  poin t  i s  not i n ten tional ly connected  to  earth ,  except for h i gh  
impedance  connections  for protection  or measurement purposes  

Note  1  to  en try:  I n  genera l ,  i t  i s  a  system  i n  wh i ch  transformer neu tra l s  are  not  connected  to  earth ,  except  for 
h i gh -impedance  connecti ons  for s i gna l l i n g ,  measuri ng ,  or protecti on  pu rposes.  I n  th i s  type  of system,  an  earth  fau l t  
produces  a  cu rren t  depend ing  on  the  phase  to  earth  capaci tance  of the  fau l t-free  phases.  Cu rren ts  are  smal l  on  
tota l l y overhead  networks.  However,  cu rren ts  can  be  h i gh  i n  case  of networks  wi th  l arge  cabl e  extens ions.  

[SOURCE:  I EC  60050-601 : 1 985,  601 -02-24,  mod i fied  – Note  1  to  en try has  been  added . ]  

3.2.3   
resonant earthed  (neutral )  system   
arc-suppression-coi l -earth  (neutral )  system 
system  in  wh ich  one  or more  neu tral  poin ts  are  connected  to  earth  through  reactances  wh ich  
approximately compensate  the  capaci ti ve  component of a  s ing le-phase  to-earth  fau l t  curren t 

Note  1  to  en try:  The  combined  i nductance  of a l l  arc  suppressi on  coi l s  i s  u sual l y tu ned  to  the  earth  capaci tance  of 
the  system  for the  operati ng  frequency or a t  a  va l ue  s l i g h tl y  d i fferen t.  I n  case  of fau l ts  on  the  M V network (wi th  
vari ati on  of capaci ti ve  cu rren t)  i t  i s  possi b l e  to  have  a  m i smatch ,  wh i ch  can  be  temporary (some  seconds)  i n  case  
of au tomati c  u nabl e  coi l s ,  l onger i n  case  of manua l l y ad j ustab l e  coi l s .  I t  i s  poss i b l e  to  have  a  h i gh -val ue  resi stor i n  
para l l e l  to  the  coi l ,  temporari l y  or permanen tl y connected  to  a l l ow fau l t  detecti on  and /or fau l t  cl eari ng  ( i n  add i ti on  i t  
can  a l so  dump  the  resonan t  system).  The  magn i tude  of the  fau l t  cu rren t  wou l d  have  near zero  val ue  when  an  earth  

AS 62689.1:2022

© Standards Australia Limited 2022

Full document details: AS 62689.1-2022

http://www.avadocuments.com/doc/as-62689-1-2022
http://www.avadocuments.com/doc/as-62689-1-2022


I EC  62689-1 : 201 6  © I EC 201 6  – 1 9  – 

fau l t  occu rs  a t  any l ocati on  of the  same  substati on  busbar network i f no  earth i ng  res i stor i s  adopted ,  a  va l ue  nearl y 
correspond i ng  to  the  acti ve  cu rren t  though  the  earth i ng  res i stor,  i f th i s  sol u ti on  i s  adopted .  

When  arc fau l ts  are  not se l f-exti ngu i sh ing ,  two  d i fferen t  operati on  methods  are  u sed :  

1 )  au tomati c  fau l t  cl eari ng  th rough  d i sconnection  of the  en ti re  fau l ty feeder ( tri pp ing  of MV feeder protecti on  
devi ces)  or on l y  of the  fau l ted  secti on  (by means  of protecti on  devi ces  or FPI s)  wi th  proper tim i ng  accord ing  to  
re l evan t standards;  

2 )  con ti nuous  operati on  d u ri ng  fau l t  l oca l i zati on  process  (manual ,  by means  of protecti on  devices,  and /or FPI s) .  

I n  order to  faci l i tate  fau l t  l oca l i zati on  and  operati on  there  are  vari ous  supporti ng  procedu res:  

– short-term  earth i ng  of neu tral  po i n t  for detecti on ;  

– short-term  earth i ng  of neu tral  po i n t  for tri ppi ng ;  

– permanent  earth i ng  of neu tral  po i n t  for tri ppi ng  and /or detecti on ;  

– operati on  measures,  such  as  d i sconnection  of coupl ed  busbars  or feeder d i sconnecti on ;  

– phase  earth i ng .   

Permanen t  and  short-term  earth i ngs  are  usual l y rea l i zed  th rough  a  proper earth i ng  res i stor,  assu ri ng  a  proper 
val ue  cu rren t  i n  the  fau l t  and  a l ong  the  fau l t  cu rren t  path ,  able  to  be  d etected  from  protecti ons  and /or FPI s.  

[SOURCE:  I EC  60050-601 : 1 985,  601 -02-27,  mod i fied  – Note  1  to  en try has  been  added . ]  

3.2.4  
sol id ly earthed  neutral  system   
system  whose  neu tral  poin t(s)  i s  (are)  earthed  d i rectly 

Note  1  to  en try:  The  neu tra l  conductor can  be  d i s tri bu ted  or not  d i s tri bu ted .  

Note  2  to  en try:  The  magn i tude  of the  fau l t  cu rren t  wou l d  have  h i gh  va l ue  (h i gh  overcu rren ts)  when  an  earth  fau l t  
occu rs  at  any l ocati on  of the  same  substati on  busbars  network.  

[SOURCE:  I EC  60050-601 : 1 985,  601 -02-25,  mod i fied  – Notes  1  and  2  to  en try have  been  
added . ]  

3.2.5   
impedance  earthed  neutral  system 
system  whose  neu tral  poin t(s)  i s  (are)  earthed  th rough  impedances  to  l im i t  earth  fau l t  curren ts  

Note  1  to  en try:  Th i s  category a l so  i ncl udes  “systems  wi th  earth i ng  resi stor” ,  i . e .  systems  i n  wh i ch  the  transformer 
neu tral  poi n t  i s  i n ten ti onal l y connected  to  the  Earth  th rough  a  res istor.  I n  th i s  type  of system,  the  res i stor val ue  
determ ines  the  maximum  neu tra l  cu rren t  val ue,  wh i ch ,  vector summed  to  the  capaci ti ve  cu rren t  of the  network,  
determ ines  the  maximum  va l ue  of the  earth  fau l t  cu rren t  (genera l l y severa l  hund red  amperes).  

[SOURCE:  I EC  60050-601 : 1 998,  601 -02-26,  mod i fied  – Note  1  to  en try has  been  added . ]  

3.3  Terms  and  defin i tions  related  to  d ielectrics  ratings  

3.3.1   
rated  primary vol tage  
Upr  
<vol tage  sensor>  r.m .s.  va lue  of the  primary vol tage  wh ich  appears  in  the  designation  of a  
vol tage  sensor and  on  wh ich  i ts  performance  i s  based  

[SOURCE:  I EC  60050-321 : 1 986,  321 -01 -1 2 ,  mod i fied  – I n  the  defin i tion ,  “ transformer”  has  
been  replaced  by “vol tage  sensor” ;  " r.m. s. "  has  been  added . ]   

3.3.2   
rated  vol tage  factor 
mul tiplying  factor to  be  appl ied  to  the  rated  primary vol tage  to  determine  the  maximum  vol tage  
at  wh ich  a  vol tage  sensor must comply wi th  the  relevant thermal  requ i rements  for a  speci fied  
time  and  wi th  the  re levant accuracy requ i rements  
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[SOURCE:  I EC  60050-321 : 1 986,  321 -03-1 2 ,  mod i fied  – I n  the  defin i ti on ,  “ transformer”  has  
been  replaced  by “vol tage  sensor” . ]  

3.3.3   
h ighest vol tage  of a  system   
Usys  
h ighest value  of the  operating  phase-to-phase  vol tage  (r.m. s.  value)  wh ich  occurs  under 
normal  operating  cond i tions  at any time  and  at any poin t i n  the  system  

[SOURCE:  I EC  60050-601 : 1 985,  601 -01 -23,  mod i fied  – The  Note  has  been  deleted  and  
“phase-to-phase”  and  “ (r.m. s.  va lue)”  have  been  added . ]  

3.3.4  
h ighest vol tage  for equipment  
Um  
h ighest r.m. s.  va lue  of phase-to-phase  vol tage  for wh ich  the  equ ipment i s  designed  i n  respect 
of i ts  i nsu lation  as  wel l  as  other characteristics  wh ich  re late  to  th is  vol tage  i n  the  re levant 
equ ipment standards  

[SOURCE:  I EC  60050-604: 1 987,  604-03-01 ]  

3.3.5   
primary vol tage  terminals  
terminals  by means  of wh ich  the  primary vol tage  i s  suppl ied  to  the  vol tage  sensor(s)  

Note  1  to  en try:  I n  an  FPI /DSU  us i ng  vol tage  s i gnal s ,  whatever i s  the  pu rpose,  these  term ina l s  are  a lways  
present.  

Note  2  to  en try:  From  a  functi onal  poi n t  of vi ew,  FPI s/DSUs  are  a lways  cons idered  as  a  u n i que  system  i ncl ud i ng  
sensors .  

3.3.6   
rated  insu lation  level  
test vol tages,  under speci fied  cond i tions,  that the  insu lation  i s  designed  to  wi thstand  

Note  1  to  en try:  These  test  vo l tages  can  be  for i n stance:  

– rated  l i g h tn i ng  impu l se  and  short  d u rati on  power frequency wi thstand  vol tages.  

– rated  l i g h tn i ng  and  swi tch i ng  impu l se  wi thstand  vo l tages  (phase  to  earth ) .  

[SOURCE:  I EC  60050-421 : 1 987,  421 -09-02]  

3.3.7   
secondary vol tage  terminals  
outpu t terminals  of the  primary vol tage  sensors  

Note  1  to  en try:  I n  an  FPI /DSU  us i ng  vol tage  s i gna l s ,  whatever i s  the  pu rpose,  these  term inal s  may be  
accessi b l e ,  embedded ,  or even  vi rtual .  

3.3.8   
secondary current terminals  
outpu t terminals  of the  primary current sensors  

Note  1  to  en try:  I n  an  FP I /DSU ,  whatever i s  the  pu rpose,  these  term inal s  may be  access ib l e,  embedded ,  or even  
vi rtual .  
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3.4 Terms  and  defin i tions  related  to  current ratings  

3.4.1   
rated  primary current  
Ipr   
<curren t sensor>  value  of the  primary cu rren t wh ich  appears  i n  the  designation  of an  FPI  and  
on  wh ich  i ts  performance  i s  based  

[SOURCE:  I EC  60050-321 : 1 986,  321 -01 -1 1 ,  mod i fied  – I n  the  defin i tion ,  "a  cu rrent 
transformer"  has  been  replaced  wi th  "an  FPI " . ]  

3.4.2   
rated  short  time  thermal  current  
Ith  
maximum  value  of the  primary curren t wh ich  an  FPI  wi l l  wi thstand  for a  speci fied  short time  
wi thout su ffering  harmfu l  effects  

[SOURCE:  I EC  60050-321 : 1 986,  321 -02-22,  mod i fied ,  I n  the  defin i ti on ,  “ transformer”  has  
been  replaced  wi th  “FPI ” ;  “ ,  the  secondary wind ing  being  short-ci rcu i ted ”  has  been  deleted . ]  

3.4.3   
rated  dynamic current 
Idyn  
maximum peak value  of the  primary cu rren t wh ich  an  FPI  wi l l  wi thstand  wi thou t being  
damaged  e lectrical l y or mechan ical ly by the  resu l ting  electromagnetic forces  

[SOURCE:  I EC  60050-321 : 1 986,  321 -02-24,  mod i fied ,  I n  the  defin i tion ,  “ transformer”  has  
been  replaced  wi th  “FPI ” ;  “ ,  the  secondary wind ing  being  short-ci rcu i ted”  has  been  deleted . ]  

3.5 Terms  and  defin i tions  related  to  other ratings  

3.5.1   
rated  frequency  
fR  

frequency at wh ich  the  vol tage/curren t sensors  are  designed  to  operate  

[SOURCE:  I EC  60050-421 : 1 990,  421 -04-03,  mod i fied  – I n  the  defin i tion ,  “ transformer or 
reactor”  has  been  replaced  wi th  “vol tage/curren t sensors” . ]  

3.5.2   
rated  frequency range 
range  of frequency for wh ich  the  rated  accuracy class  i s  appl icable  

3.5.3   
rated  supply vol tage  of auxi l iary and  control  ci rcu i ts   
Uar  
auxi l iary power supply vol tage  value  on  wh ich  the  requ i rements  of a  speci fication  are  based  

3.6  Abbreviations  and  symbols   

For the  purposes  of th is  document,  the  fol lowing  abbreviations  and  symbols  apply.  

Abbreviation  or 
symbol  

Phrase  

CPI U  cond i ti on i ng ,  processi ng  and  i nd i cati ng  un i t  

DER  d i stri bu ted  energy resources  

DSU  d i stri bu ti on  substati on  un i t  

FPI  fau l t  passage  i n d i cator 
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Abbreviation  or 
symbol  

Phrase  

f
R
 rated  frequency 

HV/MV  h i gh  vol tage/med i um  vol tage  

MV/LV med ium  vol tage/l ow vol tage  

I
d yn

 rated  d ynam ic  cu rren t  

I ED  i n te l l i gen t e l ectron ic devi ce  

I
Pr
 rated  primary cu rren t  

I
th
 rated  short  t ime  thermal  cu rren t  

U
pr
 rated  primary vol tage  

U
ar
 rated  suppl y vol tage  of auxi l i ary and  con trol  ci rcu i ts  

U
m
 h i ghest vo l tage  for equ i pmen t 

U
sys

 h ighest vo l tage  of a  system  

ESD e l ectrostati c  d i scharge  

SPS  s i te  pol l u ti on  severi ty 

USCD  un i fi ed  speci fi c  creepage  d i s tance  

VVC vol tage  var con trol  

SCADA supervi sory con tro l  and  data  acqu i s i ti on  

CPI U  cond i ti on i ng ,  processi ng  and  i nd i cati ng  un i t  

FDI R fau l t  detecti on  i sol a ti on  and  restorati on  

FLI SR fau l t  l ocati on  i so l ati on  and  service  restorati on  

 

4 Choice  of FPI  requirements  according  to  network and  fau l t type 

The  description  of i nd ications  for a  proper choice  of FPI /DSU  and  i ts  requ i rements  concern ing  
fau l t  detection  i s  present i n  I EC  62689-2 .  

5 Overview of appl ications  

5.1  General  description  

The  typical  FPI  configuration  i s  shown  i n  F igure  2  ( the  device  i s  strictly focused  on  fau l t 
detection ,  wi th  possibi l i ty of a  few add i tional  functions),  wh i l e  a  DSU  in  a  wide  extended  
configuration  i s  described  in  F igure  3  ( the  device  includes  a lso  the  possib i l i ty of mon i toring  
more  than  a  s ing le  feeder and /or many add i tional  features,  even  not strictl y re lated  to  speci fic 
FPI  functional i ti es).  

 
Key 

A:  Cu rren t  sensors :  they shal l  be  a lways  consi dered  as  part  of the  FPI  from  a  fu ncti onal  po i n t  of vi ew.  They may 
be  compl i an t  to  speci fi c standards  (for i n stance  I EC  61 869-2 ,  I EC  60044-8,  e tc)  or not compl i an t  to  any 
speci fi c  s tandards  (e . g .  i nnovati ve  sensors  or technol ogy).  One  or th ree  phases  may be  mon i tored .  

Cu rren t  sensor(s)  may detect fau l t  cu rren t passages  wi thou t any need  of ga l van i c connecti on  to  the  phase(s)  
( for i n stance  i n  case  of cable  type  cu rren t  sensors  or of magneti c  fi e l d  sensor).   

B :  Local  i n d i cati on  ( l amps,  LED,  fl ags ,  ou tpu t  re l ays,  e tc) .  

Figure  2  – Possible  arch itecture  of a  typical  FPI  
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Key 

1 :  feeder 1  

2 :  feeders  2 ,  3 ,  . . . ,  n  

A:  Cu rren t  sensors  (and  vol tage  sensors ,  opti onal ,  d epend ing  on  fau l t  detecti on  pri nci p l es  and  on  add i ti ona l  
functi ons).  1  or 3  phases  may be  mon i tored ,  as  wel l  as  more  than  one  feeder.  Sensors ,  wh i ch  sha l l  be  a lways  
considered  as  part  of the  DSU  from  a  fu ncti onal  poi n t  of vi ew,  may be  compl i an t  to  speci fi c  s tandards  (for 
i nstance  I EC  61 869-2 ,  I EC  61 869-3 ,  I EC  61 869-4 ,  I EC  60044-7,  I EC  60044-8,  e tc)  or not compl i an t  to  any 
speci fi c  s tandards  (e . g .  i n novati ve  sensors  or technol ogy) .  

B :   Transmissi on  of s i gna l s  between  sensors  and  e l ectron ics .  Up  to  manu facturer.  

C:  Local  i nd i cati on  ( l amps,  LED,  fl ags,  ou tpu t re l ays,  e tc) .  These  i nd i cati ons  are  mandatory for s tand  a l one  
appl i cati ons  (FPI s  non  i nserted  i n  a  network con trol  system),  opti onal  i n  case  of FPI s  i n serted  i n  a  network 
au tomation  system  and /or for smart g ri d  appl i cati on .  

D :  Remote  i nd i cati on  commun icati ons  and /or commands  (b i -d i recti onal  commun icati on ,  d i rectl y or th rough  other 
apparatus),  opti onal  for s tandard  appl i cati ons,  mandatory for network au tomati on  system  and /or for smart  g ri d  
appl i cati on .  These  s i gna l s/commands  may be  transmi tted /recei ved  both  th rough  anal ogue,  d i g i ta l  and /or 
commun icati on  i npu ts/ou tpu ts  for remote  commun icati on /commands  (hard  wi red  and /or wi re l ess).  

E :   Possi b l e  connecti ons  to  fi e l d  apparatus  (hard  wi red ) .  

F :   CPI U .  

G :   Power suppl y:  

•  se l f-suppl y from  the  cu rren t  s i gnal ;   

•  power suppl y from  a  non  rechargeable  battery;   

•  power suppl y from  a . c.  mains  (a  su i tab le  backup  i s  recommended ) ;   

•  power suppl y from  a  d . c.  supply.  

Recommend  suppl y from  su i tab le  energy s tati on  (rechargeabl e  battery or power d . c.  suppl y)  i n  case  of 
network au tomati on /smart g ri d  appl i cati ons.  

I :    (E thernet)  I n terface  (copper or opti cal  fi bre)  to  rou ter for commun icati on  th rough  I EC 61 850  protocol  to  
SCADA or other FPI  ( I EDs)  ou ts i de  the  d i s tri bu ti on  s tati on ;  phys i cal  i n terface.  

L :   (E thernet)  I n terface  (copper or opti cal  fi bre)  to  rou ter for commun icati on  th rough  I EC 61 850  protocol  to  
apparatus  i n s i de  prosumer’ s  p l an t  ( i nverters ,  generators  con trol  systems,  etc. ) ;  phys ica l  i n terface.  

M :   (E thernet)  I n terface  (copper or opti ca l  fi bre)  to  rou ter for commun icati on  th rough  I EC  61 850  protocol  to  other 
FPI  ( I EDs)  i n  the  same  d i s tri bu ti on  stati on ;  phys i cal  i n terface.  

I ,  L  and  M  may a l so  be  d i fferen t  data  fl ows  us i ng  a  s i ng l e  phys ical  i n terface.  

Cu rren t  sensor(s)  may detect fau l t  cu rren t  passages  wi thou t any need  of ga l van i c connecti on  to  the  phase(s)  ( for 
i nstance  i n  case  of cabl e  type  cu rren t  sensors  or of magneti c  fi e l d  sensor) .  

I f I EC  61 850  commun icati on  i s  presen t,  D  cou l d  be  removed ,  u n l ess  compatib i l i ty wi th  o l der sol u ti ons  i s  necessary  

Figure  3  – Possible  detai led  arch itecture  of a  DSU  in  a  wide  extended  configuration  
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Other possib le  examples  of FPI /DSU  arch i tectures  are  g iven  i n  F igure  B. 1 ,  F igure  B . 3  and  
F igure  B .5.  

5.2  Appl ication  with  regard  to  instal lation  type  

5.2 .1  Overhead  l ine  appl ications   

5.2 .1 . 1  General  

These FPI s/DSUs  are  for ou tdoor i nstal lation .  They provide  i n formation  concern ing  the  fau l t 
passage  ( local  and /or remote,  th rough  l i gh ts,  fl ags,  con tacts,  etc. )  to  a l low easier fau l t 
l ocation  by operators  ( in  fie ld  or i n  the  network con trol  room).  For network au tomation ,  they 
shal l  be  able  to  del iver su i table  s ignals  (d ig i ta l  and /or analogue)  and  commands  to  
appropriate  devices  (from  a  s imple  relay or combination  of relays  up  to  I EDs,  depend ing  on  
the  fau l t  detection  i f performed  from  an  FPI  or from  a  DSU),  operating  i n  such  a  way that 
swi tch  d isconnectors  and /or ci rcu i t  breakers  are  able  to  a l l ow au tomatic fau l t  cl earing  and  
supply restoration .  

5.2.1 .2  Cl ip  on  l ine  devices  

These  devices  can  be  instal led  d i rectly on  s i ng le  feeders  (phase  conductor) .  Feeder ou tage  
may be  requ i red  for the  instal lation ,  depend ing  on  how the  FPI  i s  real ized .  I f so,  th is  shal l  be  
i nd icated .  

5.2.1 .3  Pole  mounted  devices  

These devices  shal l  be  i nsta l l ed  on  feeder poles,  wi th  no  d i rect contact wi th  l i ve  wi res.  
Usual l y,  no  feeder ou tage  i s  requ i red .   

5.2.1 .4 Portable  devices  

These  devices  can  be  used  by personnel  to  i nd icate  the  passage  of a  fau l t  current during  
manual  fau l t l ocation  procedures.  No  i nstal lation ,  so  no  feeder ou tage,  i s  requ i red .  

5.2.2  Underground  cable  appl ication  

These  devices  are  for i ndoor i nstal lation .  They can  be  i nstal led  d i rectly on  the  cable  or the  
swi tchboard .  They can  s imply provide  in formation  concern ing  the  fau l t  passage  ( local  and /or 
remote,  th rough  l i gh ts,  flags,  con tacts,  etc. )  to  a l l ow an  easier fau l t  l ocation  for operators  ( in  
fi e ld  or i n  the  network control  room)  or for network au tomation .  They shal l  supply su i table  
s ignals  and  commands  to  appropriate  devices  (from  a  s imple  re lay or combination  of re lays  
up  to  I EDs,  depend ing  on  the  fau l t  detection  i f performed  from  an  FPI  or from  a  DSU),  
operating  in  such  a  way that swi tch  d isconnectors  and /or ci rcu i t  breakers  are  able  to  a l l ow 
au tomatic fau l t  clearing  and  supply restoration .  

5.3  Appl ication  wi th  regard  to  fau l t  detection  capabi l i ty 

5.3.1  S ingle  phase  appl ication  

For overcurren t detection ,  usual l y wi th  non-d i rectional  i nd ication .  

NOTE  I n  case  of s i ng l e-phase  systems,  one  cu rren t sensor and  one  vol tage  sensor are  enough  to  d etect 
d i recti on .  

5.3.2  Three-phase appl ication  

For overcurren t detection ,  fau l t  i nd ication  may be  real ized  wi th  non-d i rectional  or d i rectional  
fau l t  detection .  Three-phase  appl ication  does  not necessari l y requ i re  vol tage  and /or curren t 
sensors  for each  phase.  Two  curren t sensors  are  enough  for non-d i rectional  overcurren t 
detection ;  i n  add i tion ,  two  curren t sensors  and  two  vol tage  sensors  are  enough  to  detect a lso  
d i rectional  overcurren t,  bu t the  mon i toring  of the  th ree  phases  i s  sti l l  recommended .  
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