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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 describe electric phenomena and electric system behaviour during 
faults,  according to the most widely diffused distribution system architecture and to fault typologies,  
to define the functional requirements for fault passage indicators (FPI)  and distribution substation 
units (DSU)  (including their current and/or voltage sensors) ,  which are,  respectively,  a device or a 
device/combination of devices and/or of functions able to detect faults and provide indications about 
their localization.

A list of all  parts in the 62689 series can be found in the Standards Australia online catalogue.

This document is  an adoption with national modifications,  and has been reproduced from, 
IEC 62689‑2:2016, Current and voltage sensors or detectors,  to be used for fault passage indication  
purposes — Part 1: System aspects.  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  lists  the modifications to IEC 62689‑2:2016,  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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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
CURRENT AND VOLTAGE SENSORS OR DETECTORS,   

TO BE  USED FOR FAULT PASSAGE INDICATION  PURPOSES –  
 

Part 2:  System  aspects  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  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 ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  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 cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

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

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Comm i ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts.  

I n ternational  Standard  I EC  62689-2  has  been  prepared  by I EC  techn ical  committee  38:  
I nstrument transformers.  

The  text of th is  s tandard  is  based  on  the  fo l lowing  documents:  

FDIS  Report  on  voti ng  

38/504/FDIS  38/51 1 /RVD  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  s tandard  can  be  found  i n  the  report on  
voting  ind icated  in  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D irecti ves,  Part 2 .  
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A l i st 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  
IEC websi te .  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti l  
the  stabi l i ty date  i nd icated  on  the  I EC web s i te  under "h ttp: //webstore. iec. ch "  in  the  data  
re lated  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 
understand ing  of i ts  contents.  Users  shou ld  therefore print th is  document using  a  
colour printer.  
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INTRODUCTION  

0. 1  General  

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

D i fferen t 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 fferen t ki nds  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,  on l y using  l ocal  i n formation /s ignals  and /or l ocal  commun ication ,  are  cal led  
FPI ,  wh i l e  very evolved  vers ions  are  ca l led  DSU .  The  l atter are  expl ici tl y designed  for smart 
grids  and  based  on  I EC 60870-5  and  I EC  61 850  communication  protocols .Compared  to  
i nstrument transformers,  d i g i ta l  communication  technology is  subj ect to  on-going  changes  
wh ich  are  expected  to  conti nue  i n  the  fu ture.  

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

DSUs,  bes ides  FPI  basic  functions,  may a lso  optional l y i n tegrate  add i ti onal  auxi l iary functions  
such  as:  

•  vo l tage  presence/absence detection  for med ium  vol tage  (MV)  network automation ,  wi th  
and  wi thou t d istributed  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-re lated  aspects,  wh ich  are  covered  by I EC  61 243-5) ;   

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

•  smart grid  management (such  as  vol tage  con trol  and  unwanted  i s l and  operation )  by 
means  of a  proper i n terface  wi th  l ocal  d is tribu ted  generators  (DER);  

•  l oca l  ou tput  of col lected  i n formation  by means  of su i table  i n terfaces;   

•  remote  transm ission  of co l l ected  i n formation ;  

•  others.  

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

A DSU  may have  a  much  more  complex scheme.  
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Key 

A Curren t (and ,  i f n ecessary,  vo l tage)  sensors.  1  or 3  phases  may be  mon i tored .   

B  Transm ission  of s i gna l s  between  sensors  and  e l ectron ics .  

C:  Local  i n d icati ons  ( l amps,  LEDs,  fl ags,  etc. ) .  

D  Analogue,  d i g i ta l  and /or commun ication  i npu ts/ou tpu ts  for remote  commun ication/commands  (hard  wi red  and/or 
wi reless).  

E  Connections  to  fi e l d  apparatus.  

F  S ignal  cond i ti on i ng ,  process ing  and  i nd icati ng  u n i t  (CPIU ).  

G  Power supp ly.   

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

Not  a l l  the  above  l i s ted  parts  or functions  are  necessari l y i n cl uded  i n  the  FPI ,  depend ing  on  i ts  complexi ty and  on  
i ts  technology.  However,  at  l east  1  one  of C  or D  functions  shal l  be  present.  

Figure 1  – General  arch i tecture of an  FPI  

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

The I EC 61 850  series  i s  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 l so  in 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  defi nes  proper data  models  and  d i fferen t profi les  of communication  i n terfaces  to  
support the  d i fferent use  cases  of these  FPI s/DSUs.  

Some of these  use  cases  re l y on  the  concept of extended  substation ,  wh ich  is  i n tended  as  the  
communication  among  i n te l l i gen t e lectron ic devices  ( I ED)  th rough  IEC 61 850  l ocated  both  
a long  MV feeders  and  i n  the  main  substation ,  for the  most soph isticated  FPI  vers ions  (and  
therefore  DSUs)  (for smart gri d  appl ications,  for i nstance) .  Such  a  profi l e  may not be  l im i ted  
to  FPI /DSU  devices,  bu t may embrace features  needed  to  support extens ions  of these  
substations  a long  the  MV feeders  connected  to  the  main  substation  themselves.  

A 

F  

B  

C  

D  

E  

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

 
Part 2:  System  aspects  

 
 
 

1  Scope 

This  part  of I EC  62689  describes  e lectric phenomena  and  e lectric  system  behaviour during  
fau l ts ,  accord ing  to  the  most widel y d i ffused  d istribution  system  arch i tecture  and  to  fau l t 
typolog ies,  to  defi ne  the  functional  requ irements  for fau l t  passage i nd icators  (FPI )  and  
d istribu tion  substation  un i ts  (DSU)  ( i nclud ing  the ir current  and /or vol tage  sensors) ,  wh ich  are,  
respectivel y,  a  device  or a  device/combination  of devices  and/or of functions  able  to  detect  
fau l ts  and  provide  i nd ications  abou t thei r local i zation .   

By l ocal i zation  of the  fau l t i s  meant the  fau l t pos i ti on  wi th  respect to  the  FPI /DSU  insta l 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 flowing  through  the  FPI  i tsel f.  The  fau l t l ocal i zation  may be  obtained  

•  d i rectl y from  the  FPI /DSU,  or 

•  from  a  cen tral  system  us ing  i n formation  from  more  FPI s  or DSUs,  

cons idering  the  features  and  the  operati ng  cond i tions  of the  e lectric  system  where  the  
FPI s/DSUs  are  i nsta l l ed .  

Th is  part of I EC  62689  is  therefore  a imed  at help ing  users  i n  the  appropriate  choice  of 
FPI s/DSUs (or of a  system  based  on  FPI /DSU  in formation)  properl y operating  in  thei r 
networks,  cons idering  adopted  solu tions  and  operation  ru les  (defined  by trad i tion  and/or 
depend ing  on  poss ib le  constrain ts  concern ing  continu i ty and  qual i ty of vol tage  suppl y defined  
by a  national  regu lator) ,  and  a lso  taking  i n to  account complexi ty of the  apparatus  and  
consequent cost.  

Th is  part of I EC 62689  is  main l y focused  on  system  behaviour during  fau l ts ,  wh ich  i s  the  
“core”  of FPI /DSU  fau l t  detection  capabi l i ty classes  described  in  I EC 62689-1 ,  where  al l  
requ i rements  are  speci fied  i n  detai l .  

2  Normative references  

The fol l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC 62689-1 ,  Current and voltage sensors or detectors,  to be  used for fault passage 
indication purposes – Part 1 :  General principles and requirements   

3 Terms,  defin i tions,  abbreviations  and  symbols  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g i ven  in  I EC 62689-1  and  the  
fol lowing  appl y.   
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3. 1  Terms and  defin i tions  related  to  neutral  point  treatment  

3. 1 . 1   
arc-suppression  coi l  
sing le-phase  neu tral  earth ing  reactor i n tended  for compensating  the  capaci ti ve  l i ne- to-earth  
curren t due  to  a  s i ng le-phase  earth  fau l t  

Note  1  to  en try:  I nstead  of a  pu re  reactor,  wi th  h i gh  qua l i ty factor Q,  a  res i sti ve-reacti ve  impedance  may be  used  
to  render easier the  earth  fau l t  detection  and/or cl earance.  

Note  2  to  en try:  An  arc-suppression  coi l  i s  a l so  known  as  a  Petersen  coi l  i n  certa in  areas.  

[SOURCE:  I EC  60050-421 : 1 990,  421 -01 -04,  mod i fied  – Note  1  and  Note  2  to  entry have  been  
added . ]  

3.2  Abbreviations  and  symbols   

For the  purposes  of th i s  document,  the  abbreviations  and  symbols  g i ven  i n  I EC 62689-1  
appl y.  

4 Choice of FPI /DSU  requirements  related  to  faul t detection  according  to  
network operation  mode and  faul t  type  

4.1  General  

Clause  4  i s  main l y focused  on  rad ia l l y operated  d istribu tion  networks,  because  th is  i s ,  
general l y,  the  most widel y adopted  mode  of operation .  

Fau l t  (or fau l t curren t passage)  detection  on  such  networks  strong l y re l ies  on  MV neu tral  poin t  
mode of operation .  

I n  case  of cl osed  l oop  d istribution  networks,  d i fferent  cons iderations  are  necessary.   

D i rectional  fau l t detection ,  both  concern ing  earth  fau l ts  and  overcurrents,  based  on  vector 
re lationsh ips  among  vol tages  and  currents ,  i s  i n fl uenced  by the  impedance of the  feeder and  
have  to  be  evaluated  case  by case.  Commun ication  among  FPI s  may be  requ ired .  

A s impler solu tion  may cons ist i n  open ing  the  closed  l oop  return ing  to  rad ial  operation  and /or 
to  adopt commun ication  among  FPI s.  

An  example  of a  possible  so lu tion  is  shown  i n  Annex A.   

4.2  FPIs/DSUs  for i solated  neutral  system  

4.2. 1  Earth  fau l t  detection  

The earth  fau l t curren t i s  i n fl uenced  both  by the  network configuration  and  typology and  by 
the  fau l t  res istance.   

The  capaci tive  earth  fau l t curren t contribution  of med ium  vol tage  feeders '  heal thy sections  is  
general l y an  appreciable  percentage  of tota l  earth  fau l t  current.  

NOTE  The  con tri bu tion  to  earth  fau l t  current  of an  underg round  med ium  vol tage  cable  i s  about  50  t imes  that  of an  
overhead  feeder of the  same l eng th .  

Hence,  i n  case  of a  fau l t  upstream  from  the  l ocation  of a  FPI /DSU  not equ ipped  wi th  
d i rectional  detection  of fau l t current passage,  to  avoid  incorrect i nd ications  regard ing  the  fau l t  
l ocation ,  the  cu rrent threshold  set on  FPI /DSU  shou ld  be  h i gher than  the  maximum  earth  fau l t  
curren t contribu tion  from  the  heal thy feeder section  downstream  from  the  FPI /DSU  i tsel f.  
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Low sens i ti vi ty wi th  regards  to  fau l t res istance  cou ld ,  therefore,  be  obtained  i n  case  of 
non-d i rectional  FPI s/DSUs.  

One  method  to  d iscrim inate  the  fau l t curren t wi th  re lati vel y h i gh  sens i ti vi ty wi th  regards  to  
fau l t  res istance  cou ld  be  the  adoption  of FPI s/DSUs  based  on  d i rectional  earth  fau l t  detection .   

I f the  con tribu tion  to  capaci ti ve  earth  fau l t curren t from  the  network downstream  from  the  
FPI ’s/DSU ’s  l ocation  is  neg l ig ib le,  non-d i rectional  earth  fau l t  detection  may be  considered  
wi thout any s ign i fican t decrease  of FPI /DSU  performance.   

Possib le  presence of DER has  no  effect on  the  d i rection  of fau l t  curren t.  

4.2.2  Polyphase fau l t  detection   

For the  purpose  of th i s  document,  the  term  pol yphase  is  used  to  i nclude  the  fol lowing  fau l ts :   

•  th ree  phase  

•  phase  to  phase  

•  cross  coun try 

as  they a l l  i nvolve  main l y overcurren t.  

I f no  DER (or not appreciable  amount of DER)  i s  presen t,  i n  case  of pol yphase fau l ts,  the  fau l t  
curren t i s  com ing  from  the  HV/MV transformer.  D i rectional  FPI s/DSUs shou ld ,  general l y,  be  
requ i red  i f DER con tribu tion  to  pol yphase  fau l t curren t i s  appreciabl y presen t or i n  case  of 
cl osed- loop configu ration .  

4.3  FPIs/DSUs  for resonant earthed  (neutral )  system  – arc-suppression-coi l -earth  
(neutral )  system  

4.3. 1  Earth  fau l t  detection  

4.3. 1 . 1  General  

The fau l t  current i s  i n fl uenced  by the  network configuration ,  the  coi l  des ign  (pure  i nductive  or 
i nductive-res istance  or i nductive  wi th  short-term  resistance,  etc. ) ,  the  connection  to  MV 
neu tra l  poin t,  the  tun ing  of the  resonant  coi l ,  the  network l osses  at  zero  sequence  and  the  
fau l t  res istance.   

Two main  solu tions  are  poss ib le:  a  “pure”  arc-suppress ion  coi l ,  a  fixed  or tunable  inductor 
wi th  neg l ig ib le  res isti ve  component due  on l y to  i n ternal  l osses  or an  i nductance  wi th  an  
i n ten tional  res istor to  i ncrease  the  amount of res isti ve  curren t due  to  the  coi l .  

4.3. 1 .2  “Pure”  arc-suppression  coi l  

I n  case  of “pure”  arc-suppress ion  coi l ,  tuned  nearly to  1 00%  of network capaci tve  current and  
standard  l osses  value  i n  the  network components,  the  earth  fau l t current i s  extremely l ow,  
main l y res istive,  as  the  capaci ti ve  earth  fau l t cu rrent contribution  from  the  MV network is  
compensated  by the  inductive  contribu tion  from  the  arc  suppress ion  coi l .  The  magn i tude  of 
the  earth  fau l t curren t wou ld  have  near zero  value  when  an  earth  fau l t  occurs  at any location  
on  the  same HV/MV substation  busbar network.  

Moreover,  earth  fau l t curren t through  a l l  FPI s /DSUs,  whatever thei r l ocation  on  the  network 
(upstream  or downstream  from  the  fau l t  pos i tion) ,  i s  main l y reactive  (vector re lationsh ip  
between  res idual  curren t i n  any FPI /DSU  and  res idual  vo l tage  i s  the  same,  correspond ing  to  
90°  degree  lead ing  ang le  of res idual  current wi th  respect to  res idual  vol tage) ,  wi th  neg l ig ib le  
active  component ( th is  component i s  the  on l y one  able  to  mod i fy vector re lationsh ips  between  
res idual  curren t and  residual  vo l tage  on  fau l ty feeders  wi th  respect to  heal thy ones) .  
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FPI s/DSUs for pure  resonan t earthed  (neutra l )  systems shou ld ,  therefore,  be  d i rectional  for 
phase  to  earth  fau l t  detection .  

NOTE  Wi thou t the  adoption  of a  res i sti ve-i nducti ve  arc-suppress ion  coi l  (4 . 3 . 1 . 3),  i t  may be  possib le  to  detect an  
earth  fau l t  wi th  non-d i rectional  FPI /DSU  and  wi th  temporary mod i fi cation  of the  network confi guration ,  by,  for 
i nstance,  creati ng  a  m i stun ing  of the  arc-suppression  coi l  us i ng  a  capaci tor i n  para l l e l  to  the  coi l  i tsel f and  
swi tch i ng  i t  on  and  off wi th  d i fferent  modal i ti es.   

4.3. 1 .3  Resistive-inductive  arc-suppression  coi l  

I f a  h igh-value  res istor i s  i nsta l l ed  i n  paral l e l  to  the  arc suppression  coi l ,  temporari l y or 
permanentl y connected  to  earth :  

•  earth  fau l t  cu rren t through  FPI /DSU  i nstal l ed  on  heal thy feeders  or downstream  from  the  
fau l t i s  main l y reactive  (the  vector relationsh ip  between  res idua l  curren t and  res idual  
vol tage  nearl y corresponds  to  90°  lead ing  ang le  of residual  current wi th  respect to  res idual  
vol tage) ,  wi th  neg l ig ib le  acti ve  component;  

•  earth  fau l t curren t through  FPI /DSU  instal l ed  on  fau l ty feeders  upstream  from  the  fau l t  i s  
res isti ve-reactive  ( the  vector re lationsh ip  between  residual  current and  residual  vol tage  i s  
usual l y i n  the  range  from  90°  to  1 80°  lead ing  ang le  of res idual  curren t wi th  respect  to  
res idual  vol tage),  wi th  non-neg l ig ib le  acti ve  component.   

The  magn i tude  of the  earth  fau l t  cu rrent wou ld  have  a  value  nearl y correspond ing  to  the  
active  curren t from  the  earth ing  res istor when  an  earth  fau l t occurs  at any location  on  the  
same substation  busbar network.  

FPI s/DSUs for res istive- inductive  resonant earthed  (neu tra l )  systems  shou ld ,  therefore,  have  
e i ther d i rectional  or non-d irectional  capabi l i ty for phase  to  earth  fau l t  detection .  

Possib le  presence of DER has  no  effect on  the  d i rection  of fau l t  curren t.  

NOTE  Detection  of i n term i ttent  earth  fau l ts  by FPI /DSU  m igh t  be  requ i red .  

4.3.2  Polyphase fau l t  detection  

See  4 . 2. 2 .  

4.4  FPIs/DSUs  for sol id ly earthed  neutral  systems (systems  with  low-impedance 
earthed  neutrals)  

Overcurren t detection  can  be  used  to  detect  both  earth  and  pol yphase fau l ts .  

I f no  DER (or no  appreciable  amount of DER)  is  present,  the  fau l t current comes  from  the  
HV/MV transformer.  Phase  d i rectional  FPI s/DSUs  may be  requ i red  on l y i f DER is  appreciabl y 
present.  

Moreover,  earth  d i rectional  FPI s/DSUs  may be  requ ired  even  i f,  accord ing  to  the  DER neu tral  
poin t  and  the  DER transformer group,  a  phase  to  earth  curren t con tribu tion  may have  come 
from  the  DER.  

4.5  FPIs/DSUs  for impedance  earthed  neutral  system  (resistive impedance earthed  
neutral  system  )   

4.5. 1  Earth  fau l t  detection  

I f the  MV system  neutral  poin t i s  earthed  by a  resistor i nsta l led  i n  the  HV/MV substation ,  the  
fau l t  current  i s  assumed  to  come from  the  HV/MV transformer.   
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FPI s/DSUs  cou ld  be  d i rectional  and /or non-d i rectional ,  depend ing  on  the  values  of the  
i n ten tional  earth ing  res istor ( the  l ower i t  i s ,  the  h i gher is  the  neu tra l  current,  thus  d i rectional  
detection  cou ld  be  avoided  i n  some ci rcumstances),  on  the  network configuration ,  on  the  
network capaci tive  current and  on  the  des i red  sens i ti vi ty concern ing  fau l t  res istance  va lue  
detection .   

I n  the  case  of an  earth ing  res istor i n jecting  low or moderate  neu tral  currents  i n  the  event of an  
earth  fau l t,  FPI s/DSUs shou ld  preferabl y be  d i rectional  for earth  fau l t detection .  Th is  i s  to  
obtain  appropriate  sensi ti vi ty wi th  regards  to  fau l ts  wi th  h i gh  res istance  value.  The  resu l ti ng  
earth  fau l t  curren t obtained  wi th  th is  sol u tion  is  not much  h i gher than  the  pure  capaci ti ve  earth  
fau l t  current  component.  

I n  the  case  of an  earth ing  res istor i n jecting  moderate  or h igh  neutral  curren t in  the  event  of an  
earth  fau l t,  non-d i rectional  FPI s/DSUs  may be  used .  Wi th  th is  solu tion ,  the  earth  fau l t current  
i s  h i gher than  the  network capaci tive  curren t.  

4.5.2  Polyphase fau l t  detection  

See  4 . 2. 2.  

4.6  FPIs/DSUs  for systems  with  h igh  presence of DER 

The  presence of DER on  a  network is  considered  to  be  h igh  when  the  curren t con tribution  
from  DER downstream  from  the  FPI ’s/DSU ’s  location  for a  fau l t l ocated  upstream  from  the  
FPI /DSU  i tsel f (even  on  another MV feeder connected  to  the  same HV/MV or MV/MV 
transformer)  i s  comparable  to  the  FPI /DSU  overcurrent thresholds.   

I n  th is  case,  FPI s/DSUs  shal l  have  d i rectional  detection  of phase  fau l ts  i f the  DER 
sign i ficantl y contribu tes  to  short-ci rcu i t  cu rrents  (see  5 . 2 . 4  and  5 . 2 . 5).  Concern ing  phase  to  
earth  fau l t detection ,  see  4 . 2. 1 ,  4 . 3 . 1 ,  4 . 4,  4 . 5. 1 .  I n  any case,  i f d i rectional  detection  i s  
present for pol yphase  overcurrents ,  the  same shou ld  be  true  for phase  to  earth  currents .  

NOTE  Th is  vers ion  of FPI /DSU  can  a l so  be  able  to:   

•  manage  many smart  g ri d  network confi gurations,  assum ing  that  smart  g ri ds  are  d i stri bu ti on  networks  wi th  a  
h i gh  penetration  of DERs;   

•  offer add i ti onal  featu res  (for i nstance,  advanced  network au tomation ,  i ncl ud i ng  sel f heal i ng  and  au tomatic 
suppl y restore)  even  i n  the  presence  of DER;   

•  support  easy network reconfigurati on ,  DER acti ve  power and  reacti ve  power contro l  for vol tage  regu lation ,  etc.   

Even  add i ti onal  d i stri bu tion  network operation  structures,  d i fferen t from  the  main  d i ffused  rad ial  ones,  may be  
successfu l l y hand led  by these  FPI s/DSUs  (for i nstance  cl osed  l oop  operation  of MV feeders).   

4.7  Summary of FPI /DSU  requ i rements  wi th  respect to  fau l t  detection  according  to  
network operation  mode and  fau l t  type  

Table  1  g i ves  a  summary of FPI /DSU  requ irements  described  i n  4 . 1  to  4 . 6 .  

Table  1  refers  on l y to  whether i t  i s  poss ib le  or not to  adopt the  d i rectional  fau l t detection  
princip le  on  FPI s,  i . e .  the  detection  of the  fau l t  curren t th rough  the  FPI  i tsel f.  

The  d i rection  may be  obtained  wi th  d i fferent so lu tions:  by measuring  the  ang le  between  
res idual /phase  vol tage  and  residual /phase  current,  by trans ien t anal ys is  of curren t (and /or 
vol tage)  of the  fi rst m i l l i second  after fau l t  occurrence,  etc.   

The  complete  FPI  (and  DSU)  classi fication  by classes  i s  i ncluded  i n  I EC  62689-1 .  

The  con ten t of C lause  4  i s  techn ical l y j usti fi ed  i n  Clause  5.  

AS 62689.2:2022

© Standards Australia Limited 2022

Full document details: AS 62689.2-2022

http://www.avadocuments.com/doc/as-62689-2-2022
http://www.avadocuments.com/doc/as-62689-2-2022

