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Part  6:  Addi tional  general  requirements  
for low-power instrument  transformers 

 
FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn i cal  Commiss i on  ( I EC)  i s  a  worl dwi de  organ i zat i on  for  s tandard i zati on  compri s i ng  
al l  nat i onal  e l ectrotechn i cal  com mi ttees  ( I EC  Nati onal  Com mi ttees) .  The  obj ect  o f  I EC  i s  to  promote  
i n ternati onal  co-operati on  on  al l  questi ons  concern i ng  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards ,  Techn i cal  Speci fi cati ons,  
Techn i cal  Reports ,  Pu bl i cl y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu i des  (hereafter  referred  to  as  “ I EC  
Publ i cati on (s) ”) .  The i r  preparati on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  su bj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory  work.  I n ternati onal ,  g overnmen tal  and  non -
governmen tal  organ i zat i ons  l i ai s i ng  wi th  the  I EC  al so  parti c i pate  i n  th i s  preparati on .  I EC  co l l aborates  cl ose l y 
wi th  the  I n ternat i onal  Organ i zati on  for  S tandard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by  
ag reement  between  the  two  organ i zati ons .  

2 )  The  formal  deci s i ons  or  ag reemen ts  o f  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss ibl e,  an  i n ternat i onal  
consensus  o f  opi n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  from  al l  
i n terested  I EC  Nati 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  N ati onal  
Com mi ttees  i n  that  sense.  Wh i l e  al l  reasonable  e fforts  are  made  to  ensu re  that  the  techn i cal  con ten t  of  I EC  
Publ i cati ons  i s  accu rate ,  I EC  cannot  be  hel d  responsi bl e  for  the  way i n  wh i ch  they are  u sed  o r  for  any  
m i s i n terpretati on  by  any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y  I EC  Publ i cat i ons  
transparen tl y  to  the  maxim um  exten t  poss i bl e  i n  thei r  nat i onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cat i on  and  the  correspond i ng  nat i onal  o r  reg i onal  publ i cat i on  shal l  be  cl earl y  i nd i cated  i n  
the  l atter.  

5 )  I EC  i tsel f  does  not  provi de  any attestat i on  o f  con form i ty.  I ndependen t  cert i f i cati on  bod ies  provi de  con form i ty 
assessmen t  servi ces  and ,  i n  some  areas,  access  to  I EC  m arks  o f  con form i ty.  I EC  i s  n ot  responsi bl e  for  any 
servi ces  carri ed  ou t  by i ndependen t  certi f i cati on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  o f  th i s  publ i cati on .  

7)  N o  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  em ployees,  servan ts  o r  ag en ts  i ncl ud i ng  i nd i vi dual  experts  and  
m embers  o f  i ts  techn i cal  comm i ttees  and  I EC  N ati onal  Commi ttees  for  any personal  i n j u ry,  property  damag e  or  
o ther  dam age  o f  any natu re  whatsoever,  whether  d i rect  or  i nd i rect,  o r  for  costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  o f  the  pu bl i cati on ,  u se  o f,  o r  re l i ance  upon ,  th i s  I EC  Publ i cat i on  o r  any o ther  I EC  
Pu bl i cati ons .   

8 )  Atten t i on  i s  d rawn  to  the  N ormati ve  references  ci ted  i n  th i s  pu bl i cati on .  Use  o f  the  re ferenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cati on  o f  th i s  publ i cati on .  

9 )  Atten t i on  i s  d rawn  to  the  poss ibi l i ty  that  some  of  the  e l em en ts  o f  th i s  I EC  Publ i cati on  may be  the  subject  o f  
paten t  r i gh ts .  I EC  shal l  no t  be  he l d  responsi bl e  for  i den ti fyi ng  any or  a l l  such  paten t  ri g h ts .  

I n ternational  Standard  IEC  61 869-6  has  been  prepared  by I EC  techn ical  commi ttee  38:  
I nstrument  transformers.  

Th is  fi rst  ed i t ion  of  I EC  61 869-6  cancels  and  replaces  the  re levan t  parts  of  I EC  60044-7,  
publ i shed  i n  1 999,  and  of  I EC  60044-8,  publ i shed  i n  2002 1 .  

______________ 

1   I EC  60044-7  and  I EC  60044-8  wi l l  even tu al l y  be  repl aced  by  the  I EC  61 869  seri es ,  bu t  u n t i l  a l l  the  re l evan t  
parts  wi l l  be  publ i shed ,  these  two  s tandards  are  s t i l l  i n  force.  
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The  text  o f  th i s  s tandard  i s  based  on  the  fo l l owing  documents:  

FDI S  Report  on  vo ti ng  

38/501 /FDI S  38/507/RVD  

 
Fu l l  i n formation  on  the  voting  for  the  approval  o f  th is  s tandard  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 .  

A l i s t  o f  al l  parts  i n  the  I EC  61 869  series,  publ i shed  under the  general  t i t l e  Instrument 
transformers,  can  be  found  on  the  IEC  websi te.  

Th is  Part  6  i s  to  be  read  i n  con juncti on  wi th ,  and  i s  based  on ,  I EC  61 869-1 :2007,  General 

Requirements -  h owever,  the  reader i s  encouraged  to  use  i ts  most  recen t  ed i ti on .  

Th is  Part  6  fo l lows  the  structu re  of  I EC  61 869-1 :2007  and  supplements  or  mod i fi es  i ts  
correspond ing  clauses.  

When  a  particu lar  clause/subclause  of  Part  1  i s  not  men tioned  i n  th is  Part  6 ,  that  
clause/subclause  appl ies.  When  th i s  s tandard  states  “add i ti on”,  “mod i fi cation”  or  
“replacement”,  the  re levan t  text  i n  Part  1  i s  to  be  adapted  accord ing ly.  

For  add i t ional  clauses,  subclauses,  f i gu res,  tables,  annexes  or notes,  the  fo l l owing  numbering  
system  i s  used :  

– clauses,  subclauses,  tables,  f i gu res  and  notes  that  are  numbered  starti ng  from  601  are  
add i ti onal  to  those  i n  Part  1 ;  

– add i ti onal  annexes  are  l ettered  6A,  6B,  etc.  

An  overview of  the  planned  set  o f  standards  at  the  date  of  publ icati on  of  th i s  document  i s  
g i ven  below.  The  updated  l i s t  o f  s tandards  i ssued  by IEC  TC  38  i s  avai lable  at  the  websi te:  
www. iec. ch .  

 

http://www.iec.ch/
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The  commi ttee  has  decided  that  the  con ten ts  of  th i s  publ i cati on  wi l l  remain  unchanged  un ti l  
the  stabi l i ty  date  i nd icated  on  the  IEC  web s i te  under "h ttp: //webstore. i ec. ch "  i n  the  data 
re lated  to  the  speci fi c  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•  recon fi rmed ,  

•  wi thdrawn,  

•  replaced  by a  revised  ed i t i on ,  or  

•  amended .  

A bi l i ngual  version  of  th i s  publ i cation  may be  i ssued  at  a  l ater date.  

 

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  shou ld  therefore print  th is  document  using  a  
colour  printer.  
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Part  6:  Addi tional  general  requirements  
for low-power instrument  transformers 

 
 
 

1  Scope 

Th is  part  of  I EC  61 869  i s  a  product  fam i l y standard  and  covers  on ly  add i ti onal  general  
requ i rements  for  l ow-power i nstrument  transformers  (LPIT)  used  for  a. c.  appl i cations  having  
rated  frequencies  from  1 5  Hz  to  1 00  Hz  covering  MV,  HV and  EHV or used  for  d . c.  
appl i cati ons.  Th is  product  standard  i s  based  on  IEC  61 869-1 :2007,  i n  add i ti on  to  the  re levan t  
product  speci fi c  s tandard .  

Th is  part  of  I EC  61 869  does  not  cover the  speci fi cation  for  the  d i g i tal  ou tpu t  format  of  
i nstrument  transformers.  

Th is  part  of  I EC  61 869  defi nes  the  errors  i n  case  of  analogue  or  d i g i tal  ou tpu t.  The  other 
characteristics  of  the  d ig i tal  i n terface  for  i nstrument  transformers  are  standard ised  i n  
I EC  61 869-9  as  an  appl ication  of  the  standards,  the  IEC  61 850  series,  wh ich  detai l s  l ayered  
substation  commun ication  arch i tectu re.  

Th is  part  o f  I EC  61 869  considers  add i t ional  requ i rements  concern ing  bandwid th .  The  
accuracy requ i rements  on  harmon ics  and  requ i rements  for the  an ti -al iasing  fi l ter are  g i ven  i n  
the  normative  Annex 6A.4.  

The  general  block d iag ram  of  s i ng le-phase  LPITs  i s  g i ven  i n  Figu re  601 .  

Accord ing  to  the  technology,  i t  i s  not  absolu te ly  necessary that  al l  parts  described  in  
Fi gu re  601  are  i ncluded  i n  the  i nstrument  transformer.  

As  an  example,  for  l ow-power passive  transformers  (LPITs  wi thou t  acti ve  e lectron ic  
componen ts)  the  blocks  are  composed  on ly wi th  passive  componen ts  and  there  i s  no  power 
supply.  

 

Figure 601  – General  block d iagram  of  a  sing le-phase LPIT 

2  Normative reference 

The  fo l l owing  documents,  i n  whole  or  i n  part,  are  normati vely referenced  i n  th is  document  and  
are  i nd ispensable  for  i ts  appl ication .  For dated  references,  on ly  the  ed i ti on  ci ted  appl i es.  For  
undated  references,  the  latest  ed i tion  of  the  referenced  document  ( i nclud ing  any 
amendments)  appl ies.  

IEC  
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C lause  2  of  IEC  61 869-1 :2007  i s  appl icable  wi th  the  fo l lowing  add i ti ons:  

I EC  60068-2-6:2007,  Environmental testing – Part 2-6: Tests – Test Fc: Vibration 
(sinusoidal) 

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

IEC  60603-7-1 :201 1 ,  Connectors for electronic equipment – Part 7-1: Detail specification for 
8-way,  shielded,  free and fixed connectors 

I EC  60794-2:2002,  Optical fibre cables – Part 2: Indoor cables – Sectional specification 

IEC  60794-3:201 4,  Optical fibre cables – Part 3: Outdoor cables – Sectional specification 

I EC  6081 2:2006,  Analysis techniques for system reliability – Procedure for failure mode and 
effects analysis (FMEA) 

IEC  61 000-4-1 :2006,  Electromagnetic compatibility (EMC) – Part 4-1: Testing and 
measurement techniques – Overview of IEC 61000-4 series 

IEC  61 000-4-2:2008,  Electromagnetic compatibility (EMC) – Part 4-2: Testing and 
measurement techniques – Electrostatic discharge immunity test 

IEC  61 000-4-3:2006,  Electromagnetic compatibility (EMC) – Part 4-3: Testing and 
measurement techniques – Radiated,  radio-frequency,  electromagnetic field immunity test 
I EC  61 000-4-3:2006/AMD1 :2007  
I EC  61 000-4-3:2006/AMD2:201 0  

IEC  61 000-4-4:201 2,  Electromagnetic compatibility (EMC) – Part 4-4: Testing and 
measurement techniques – Electrical fast transient/burst immunity test 

IEC  61 000-4-5:201 4,  Electromagnetic compatibility (EMC) – Part 4-5: Testing and 
measurement techniques – Surge immunity test 

IEC  61 000-4-6:201 3,  Electromagnetic compatibility (EMC) – Part 4-6: Testing and 
measurement techniques – Immunity to conducted disturbances,  induced by radio-frequency 
fields 

IEC  61 000-4-7:2002,  Electromagnetic compatibility (EMC) – Part 4-7: Testing and 
measurement techniques – General guide on harmonics and interharmonics measurements 
and instrumentation,  for power supply systems and equipment connected thereto   
I EC  61 000-4-7:2002/AMD1 :2008  

IEC  61 000-4-8:2009,  Electromagnetic compatibility (EMC) – Part 4-8: Testing and 
measurement techniques – Power frequency magnetic field immunity test 

I EC  61 000-4-9: 1 993,  Electromagnetic compatibility (EMC) – Part 4-9: Testing and 
measurement techniques – Section 9: Pulse magnetic field immunity test  
I EC  61 000-4-9: 1 993/AMD1 :2000  

I EC  61 000-4-1 0:1 993,  Electromagnetic compatibility (EMC) – Part 4-10: Testing and 
measurement techniques –Section 10: Damped oscillatory magnetic field immunity test.  Basic 
EMC Publication   
I EC  61 000-4-1 0:1 993/AMD1 :2000  
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IEC  61 000-4-1 1 :2004,  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 3:2002,  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  61 000-4-1 3:2002/AMD1 :2009  

I EC  61 000-4-1 6:1 998,  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 6:1 998/AMD1 :2001   
I EC  61 000-4-1 6:1 998/AMD2:2009  

IEC  61 000-4-1 8:2006,  Electromagnetic compatibility (EMC) – Part 4-18: Testing and 
measurement techniques – Damped oscillatory wave immunity test  
I EC  61 000-4-1 8:2006/AMD1 :201 0  

IEC  61 000-4-29:2000,  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 

IEC  61 025:2006,  Fault tree analysis (FTA) 

I EC  61 076-2-1 01 :201 2,  Connectors for electronic equipment – Product requirements – 
Part 2-101: Circular connectors – Detail specification for M12 connectors with screw-locking 

I EC  TS  61 850-2:2003,  Communication networks and systems in substations – Part 2: 
Glossary 

IEC  61 850-7-4:201 0,  Communication networks and systems for power utility automation – 
Part 7-4: Basic communication structure – Compatible logical node classes and data object 
classes 

I EC  61 869-1 :2007,  Instrument transformers – Part 1: General requirements  

I EC  61 869-2:201 2,  Instrument transformers – Part 2: Additional requirements for current 
transformers 

IEC  61 869-3:201 1 ,  Instrument transformers – Part 3: Additional requirements for inductive 
voltage transformers 

IEC  TR  61 869-1 03:201 2,  Instrument transformers – Part 103: The use of instrument 
transformers for power quality measurement 

I EC  62271 -1 00:2008,  High-voltage switchgear and controlgear – Part 100: Alternating 
current circuit-breakers   
I EC  62271 -1 00:2008/AMD1 :201 2  

CISPR 1 1 :201 5,  Industrial,  scientific and medical equipment – Radio-frequency disturbance 
characteristics – Limits and methods of measurement 

ISO/IEC/IEEE  21 451 -4:201 0,  Information technology – Smart transducer interface for 
sensors and actuators – Part 4: Mixed-mode communication protocols and Transducer 
Electronic Data Sheet (TEDS) formats 
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EN  501 60:201 0,  Voltage characteristics of electricity supplied by public distribution systems 

3  Terms and  defin i tions  

For the  pu rposes  of  th i s  document,  the  terms  and  defin i t ions  i n  I EC  61 869-1 :2007  apply,  wi th  
the  fo l l owing  mod i fi cations  and  add i tions.  

3.1  General  terms and  defin i tions 

3. 1 .601   
low-power instrument  transformer 
LPIT 
arrangement,  consisti ng  of  one  or  more  cu rren t  or  vol tage  transformer(s)  wh ich  may be  
connected  to  transmi tti ng  systems  and  secondary converters,  al l  i n tended  to  transmi t  a  l ow-
power analogue  or  d ig i tal  ou tpu t  s i gnal  to  measuri ng  i nstruments,  meters  and  protective  or  
con tro l  devices  or  s im i lar  apparatus  

EXAMPLE  An  arrangemen t  cons i st i ng  o f  th ree  cu rren t  sensors,  th ree  vo l tag e  sensors  connected  to  one  m erg i ng  
un i t  de l i veri ng  one  d i g i tal  ou tpu t  i s  consi dered  an  LP I T.  

Note  1  to  en try:  LP I Ts  are  common l y  cal l ed  non -conven ti onal  i ns trumen t  t ransformers  (NCI T) .  

Note  2  to  en try:  The  ou tpu t  power  produced  by  these  devi ces  i s  typi cal l y  l ower or  equal  to  1  VA.  

Note  3  to  en try:  Th i s  note  appl i es  to  the  French  l ang uage  on l y.  

3.1 .602   
low-power current  transformer 
LPCT 
l ow-power i nstrument  transformer for curren t  measurement  

Note  1  to  en try:  Th i s  note  appl i es  to  the  French  l anguag e  on l y.  

3.1 .603   
low-power vol tage transformer 
LPVT 
l ow-power i nstrument  transformer for vol tage  measurement 

Note  1  to  en try:  Th i s  note  appl i es  to  the  French  l anguag e  on l y.  

3.1 .604  
measuring  LPIT 
LPIT i n tended  to  transmi t  an  ou tpu t  s ignal  to  measuring  instruments and meters 

3.1 .605  
protective  LPIT 
LPIT i n tended  to  transmi t  an  ou tpu t  s ignal  to  protective  and  con tro l  devices  

3.1 .606  
mu l tipurpose LPIT 
LPIT i n tended  for  both  measurement  and  protection  appl icati ons  

3.1 .607  
electron ic  LPIT 
LPIT that  i ncludes  acti ve  componen ts  

3.1 .608  
passive  LPIT 
LPIT that  i ncludes  on ly  passive  componen ts  
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3.1 .609   
i nput  signal  
signal  correspond ing  to  the  cu rren t  or  to  the  vol tage  appl ied  between  the  primary term inals  of  
the  LPIT 

3.1 .61 0   
primary sensor 
electri cal ,  optical  or  o ther device  i n tended  to  provide  i n formation  about  the  i npu t  s ignal  i n  
order to  transmi t  i t  to  the  secondary converter,  e i ther  d i rectl y  or  by  means  of  a  primary 
converter 

3.1 .61 1   
primary converter 
electri cal ,  opti cal  or  other arrangement that  converts  the  s ignal  com ing  from  one  or  more  
primary sensors  i n to  a  s i gnal  su i table  for  the  transmi tti ng  system  

3.1 .61 2   
primary power supply 
auxi l i ary  power supply  to  the  primary converter and/or primary sensor 

Note  1  to  en try:  Can  be  combi ned  wi th  secondary power su ppl y  (see  3 . 1 . 620) .  

3.1 .61 3   
transmitting  system  
short-  or  l ong -d istance  coupl i ng  arrangement  between  primary and  secondary parts  i n tended  
to  transmi t  the  s i gnal  

Note  1  to  en try:  Depend i ng  on  the  techno logy u sed ,  the  transm i tt i ng  system  can  al so  be  used  for  power 
transm iss i on .  

3.1 .61 4  
secondary converter 
arrangement that  converts  the  s i gnal  transmi tted  th rough  the  transmi tt ing  system  in to  a  s ignal  
proportional  to  the  i npu t  s ignal ,  to  supply measuri ng  i nstruments,  meters  and  protecti ve  or 
con tro l  devices  

Note  1  to  en try:  For  anal ogue  ou tpu t,  th e  secondary converter  d i rect l y  su ppl i es  m easu ri ng  i n struments,  meters  
and  protecti ve  o r  con tro l  devi ces .  For  d i g i tal  ou tpu t,  the  secondary converter  i s  connected  to  a  merg i ng  un i t  before  
suppl yi ng  the  secondary equ i pm en t.  

3.1 .61 5   
log ical  device  merg ing  un i t  
l og ical  device  ( i n  the  mean ing  of  I EC  61 850-7-4)  to  do  the  t ime-coheren t  combination  of  
l og ical  nodes  cu rren t  transformer (TCTR)  and/or l og ical  nodes  vol tage  transformer (TVTR)  for  
bu i l d ing  a  standard  d ig i tal  ou tpu t  

3.1 .61 6   
merg ing  un i t  
MU  
physical  device  ( IED  accord ing  to  I EC  61 850-2)  i n  wh ich  a  l og ical  device  merg ing  un i t  i s  
implemented  

Note  1  to  en try:  The  merg i ng  un i t  can  be  part  o f  one  o f  the  i ns trumen t  t ransformers  i n  the  f i e l d  or  may be  a  
separate  u n i t,  for  exam ple,  i n  the  con tro l  room .  

Note  2  to  en try:  The  i npu ts  of  the  merg i ng  un i t  may be  propri etary or  s tandard i zed .  

Note  3  to  en try:  Th i s  note  appl i es  to  the  French  l ang uage  on l y.  



I EC  61 869-6:201 6    I EC  201 6  – 1 5  – 

3.1 .61 7  
stand-alone merg ing  un i t  
SAMU  
merg ing  un i t  wi th  standard ized  i npu ts  (analogue  or  d ig i tal )  

EXAMPLE  1  SAMU  can  be  used  wi th  i n strumen t  transformers  for  retrof i t  pu rposes.  

EXAMPLE  2  D i g i tal  i n pu t  of  the  s tand-alone  merg i ng  un i t  cou l d  be  speci fi ed  accord i ng  to  former  I EC  60044-8  
d i g i tal  ou tpu t  o r  accord i ng  to  I EC  61 869-9 .  Th i s  poss ibi l i ty  ensu res  the  backward  compati bi l i ty  between  
I EC  60044-8  and  the  new I EC  61 869  seri es .  

Note  1  to  en try:  Th i s  note  appl i es  to  the  French  l ang uage  on l y.  

3.1 .61 8  
merg ing  un i t  clock input  
electri cal  or  opti cal  i npu t  of  the  merg ing  un i t  that  can  be  used  to  synchron ize  several  merg ing  
un i ts  i f  requ i red  

3.1 .61 9   
merg ing  un i t  power supply 
auxi l i ary  power supply  of  the  merg ing  un i t  

Note  1  to  en try:  A  merg i ng  un i t  power  suppl y can  be  combi ned  wi th  the  secondary power suppl y  (see  3 . 1 . 620) .  

3.1 .620  
secondary power supply 
auxi l i ary power supply  of  the  secondary converter 

Note  1  to  en try:  A  secondary power suppl y  can  be  combined  wi th  primary  power suppl y (see  3 . 1 . 61 2)  or  a  power  
suppl y  o f  o ther  i ns tru men t  transformers .  

3.1 .621   
output  signal  
analogue  or  d ig i tal  s ignal  at  the  secondary term inals  

Note  1  to  en try:  I n  an  e l ectri cal  s teady-state  cond i t i on ,  the  ou tpu t  s i gnal  i s  defi ned  by  the  fo l l owi ng  equ ati on :  

a)  For  an  anal ogue  ou tpu t:  

)() sin(22 = )( resssdcsss tyYtfYty +++π ϕ
 

where  

Y
s
 i s  the  r. m . s .  val ue  o f  secondary converter ou tpu t,  when  Y

sdc
+  y

s  res
(t)  =  0 ;  

f  i s  the  fundamen tal  frequency;  

ϕ
s
 i s  the  secondary phase;  

Y
sd c

 i s  the  secondary d i rect  s i gnal ;  

y
s  res

(t)   i s  the  secondary res i dual  s i gnal  i ncl u d i ng  harm on i c  and  subharmon i c  componen ts ;  

t  i s  the  i n stan taneou s  val ue  o f  the  t ime;  

f,  Y
s
,  ϕ

s
  be i ng  constan t  for  s teady-state  cond i t i on .  

b)  For  a  d i g i tal  ou tpu t:  

)() sin(22 = )( resssdcsss nyYtfYny n +++π ϕ  

where  

y
s
 i s  a  d i g i tal  n umber  at  the  merg i ng  un i t  ou tpu t  represen ti ng  the  actu al  i ns tan taneous  val ue  of  the  

prim ary s i g nal ;  

Y
s
 i s  the  r. m . s .  val ue  o f  a  certai n  merg i ng  un i t  ou tpu t,  when  Y

sd c
 +  y

s  res
(n)  =  0 ;  

f  i s  th e  fundam en tal  frequency;  

ϕ
s
 i s  the  secondary phase;  

Y
sd c

 i s  the  secondary d i rect  ou tpu t;  
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y
s  res

(n)  i s  the  secondary res i dual  ou tpu t  i ncl ud i ng  harmon i c,  sub-harmon ic  and  i n ter-harmon i c  
componen ts ;  

n  i s  the  data sample  coun ter;  

t
n
 i s  the  e ffect i ve  t im e  where  the  primary s i gnal  (cu rren t  o r  vo l tage)  o f  the  n

th
 data  set  have  been  

sampled ;  

f,  Y
s
,  ϕ

s
 be i ng  constan t  fo r  steady-state  cond i t i on .  

N ote  2  to  en try:  LP I T  can  exh i bi t  speci fi c  characteri st i cs  as  vo l tage  offset,  de l ay t ime,  e tc.  Hence,  wh i l e  not  
presen t  wi th i n  I EC  61 869-1 :2007,  I EC  61 869-2,  I EC  61 869-3  and  I EC  61 869-5,  the  above  equati ons  are  requ i red  
for  an  accu rate  presen tati on  of  the  requ i remen ts  re l ated  to  LP I T.  The  defi n i t i ons  o f  errors ,  wh i l e  compati bl e  wi th  
those  o f  I EC 61 869-2 ,  I EC  61 869-3  and  I EC  61 869-5,  are  al so  improved .  

3.1 .622   
i nput  signal  in  steady state  condi tion  
electri cal  s i gnal  at  the  primary term inals  i n  s teady state  cond i ti on  

Note  1  to  en try:  I n  a  s teady-state  cond i t i on ,  the  i npu t  s i g nal  i s  defi ned  by  the  fo l l owi ng  equat i on  

)() sin(22 = )( respppp txtfXtx ++π ϕ  

where  

X
p
 i s  the  r. m . s .  valu e  o f  primary i npu t  at  the  fundamen tal  frequency when  x

p  res
(t) =0 ;  

f  i s  the  fundamen tal  frequency;  

ϕ
p
 i s  the  prim ary phase;  

x
p  res

( t)  i s  the  primary res i du al  i npu t  i ncl ud i ng  harmon i c,  sub-harmon ic  and  i n ter-harmon i c  componen ts  and  
primary d i rect  cu rren t;  

t  i s  th e  i n s tan taneous  val u e  o f  the  t ime;  

f,  X
p
,  ϕ

p
 be i ng  constan t  for  s teady-state  cond i t i on .  

3.1 .623   
rated  secondary output  signal  
Usr  
Ysr  
r.m .s.  value  of  the  componen t at  rated  frequency fr  o f  the  secondary ou tpu t  on  wh ich  the  
performance  of  the  LPIT i s  based  

3.1 .624  
secondary d i rect  vol tage offset  
Usdco  
d i rect  vo l tage  component  of  the  secondary ou tpu t  of  a  l ow power i nstrument  transformer when  
xp(t)  =  0  

3.1 .625  
connecting  point  
poin t  provided  to  connect  e lectrical  cables  du ring  s i te  i nstal lation  and  test  i nstal lation  

Note  1  to  en try:  The  connecti ng  po i n ts  are  speci f i ed  by the  manu factu rer.  

3.1 .626  
low-vol tage components  
al l  e l ectric  or  e lectri cal  components  of  an  LPIT separated  from  the  primary ci rcu i t  at  the  fu l l  
rated  wi thstand  vol tage  l evel  

Note  1  to  en try:  Examples  o f  l ow vo l tag e  componen ts  are  the  secondary  converter,  the  merg i ng  un i t ,  and  the  
primary converter  i f  p l aced  at  g round  l evel .  

3.1 .627  
wake-up t ime  
delay time  needed  by some  kind  of  LPIT to  tu rn  on  after  the  primary cu rren t  has  been  
swi tched  on ,  due  to  the  fact  that  they are  powered  by the  l i ne  cu rren t  
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Note  1  to  en try:  Du ri ng  th i s  de l ay,  the  ou tpu t  o f  the  LP I T  i s  zero .  

3.1 .628  
wake-up current  
m in imum  value  of  the  primary curren t  necessary to  wake  up  the  LPIT (see  3 . 1 . 627)  

3.2  Terms and  defin i t ions  related  to  d ielectric  ratings  and  vol tages 

3.2.601   
rated  primary vol tage 
Upr  

value  of  the  primary vo l tage  wh ich  appears  i n  the  designation  of  the  LPVT and  on  wh ich  i ts  
performance  i s  based  

[SOURCE:  IEC  60050-321 : 1 986,  321 -01 -1 2,  mod i fied  – The  complement to  term  "of  a  vol tage  
transformer"  has  been  removed  and ,  i n  the  defin i t i on ,  "vol tage  transformer"  has  been  
replaced  by "LPVT". ]  

3.2.602   
transient  response of  an  LPVT 
response  of  the  secondary ou tpu t  to  a  transien t  change  of  the  primary vo l tage  

Note  1  to  en try:  For  example  du ri ng  short  c i rcu i t  o r  when  reclos i ng  wi th  t rapped  charges .  

3.2.603   
vol tages  in  transient  cond i tions 
i npu t  s i gnal  and  ou tpu t  s i gnal  o f  a  LPVT during  transien ts  i n  the  network 

Note  1  to  en try:  I n  the  trans i en t  cond i t i on ,  primary and  secondary vo l tages  are  defi ned  as  fo l l ows:  

)()() sin(22 = )( respdcpppp tutUtfUtu +++π ϕ  

)()() sin(22 = )( ressdcssss tutUtfUtu +++π ϕ  

where  U
p
 i s  the  actual  primary vo l tage.  

Note  2  to  en try:  Transi en t  cond i t i ons  are  i nduced  by  a  sudden  change  of  one  or more  parameters  of  the  prim ary 
i npu t  equati on  g i ven  i n  3 . 1 . 622.  

3.3  Terms and  defin i t ions  related  to  current  ratings 

3.3.601   
rated  primary current  
Ipr  
value  of  the  primary cu rren t  wh ich  appears  i n  the  designation  of  the  LPCT and  on  wh ich  i ts  
performance  i s  based  

[SOURCE:  IEC  60050-321 :1 986,  321 -01 -1 1 ,  mod i fied  – The  complement  to  term  "of  a  cu rren t  
transformer"  has  been  removed  and ,  i n  the  defin i ti on ,  "curren t  transformer"  has  been  replaced  
by "LPCT". ]  

3.3.602   
rated  extended  primary current  
Iepr  
primary cu rren t  up  to  wh ich  the  same  accuracy as  the  accuracy at  the  rated  primary cu rren t  i s  
guaran teed ,  and  wh ich  i s  not  b igger than  the  rated  con tinuous  thermal  cu rren t  Icth  
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3.3.603   
rated  extended  primary current  factor 
Kpcr  
rati o  of  the  rated  extended  primary cu rren t  to  the  rated  primary cu rren t  

3.3.604  
rated  accuracy l imi t  primary current  
value  of  primary curren t  up  to  wh ich  the  LPCT wi l l  comply wi th  the  requ i rements  for  composi te  
error 

[SOURCE:  I EC  60050-321 :1 986,  321 -02-29,  modi fi ed  – The  complement  to  term  "of  a  
protective  cu rren t  transformer"  has  been  removed  and ,  i n  the  defin i t i on ,  "cu rren t  transformer"  
has  been  replaced  by "LPCT". ]  

3.3.605   
rated  short-t ime thermal  current  
Ith  
maximum  value  of  the  primary cu rren t,  wh ich  an  LPCT wi l l  wi thstand  for  a  speci fi ed  short  t ime  
wi thou t  su ffering  harmfu l  effects  

[SOURCE:  IEC  60050-321 :1 986,  321 -02-22,  mod i fi ed  – A symbol  has  been  added ,  and ,  i n  the  
defin i t ion  " transformer"  has  been  replaced  by "LPCT”  and  “the  secondary wind ing  being  short-
ci rcu i ted”  has  been  deleted . ]  

3.3.606   
rated  dynamic  current  
Idyn  
peak value  of  the  primary curren t  wh ich  an  LPCT wi l l  wi thstand ,  wi thou t  being  damaged  
e lectrical l y  or  mechan ical l y  by the  resu l t ing  e lectromagnetic  forces  

[SOURCE:  IEC  60050-321 :1 986,  321 -02-24,  mod i fied  – A symbol  has  been  added,  and ,  i n  the  
defi n i t i on  " transformer"  has  been  replaced  by "LPCT”  and  “the  secondary wind ing  being  short-
ci rcu i ted”  has  been  deleted . ]  

3.3.607  
rated  continuous thermal  current  
Icth  
value  of  the  cu rren t  wh ich  can  be  permi tted  to  f l ow con tinuously i n  the  primary term inals  of  an  
LPCT,  the  analogue  secondary ou tpu t  being  connected  to  the  rated  bu rden ,  wi thou t  the  
temperatu re  ri se  exceed ing  the  values  speci fied  

[SOURCE:  IEC  60050-321 :1 986,  321 -02-25,  mod i fied  – A symbol  has  been  added ,  and ,  i n  the  
defin i t ion  "primary wind ing "  has  been  replaced  by "primary term inals  of  an  LPCT”  and  
"secondary wind ing "  by “ the  analogue  secondary ou tpu t”. ]  

3.3.608  
rated  primary short-ci rcu i t  current  
Ipsc  
r.m .s.  value  of  the  a. c.  component  of  a  transien t  primary short-ci rcu i t  cu rren t  on  wh ich  the  
accuracy performance  of  a  LPCT i s  based  

Note  1  to  en try:  Wh i l e  I
th  i s  re l ated  to  the  thermal  l im i t ,  I

psc
 i s  re l ated  to  the  accu racy l im i t .  Usu al l y,  I

psc
 i s  smal l er  

than  Ith
.  

3.3.609   
rated  symmetrical  short-circu i t-current  factor 
Kssc  
rati o  of  the  rated  primary short  ci rcu i t  cu rren t  to  the  rated  primary cu rren t  Ipsc  and  Ipr  
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Kssc  =  Ipsc  /  Ipr  

3.3.61 0   
speci fied  primary t ime constant  
Tp 
speci fied  value  of  the  t ime  constan t  of  the  d . c.  componen t of  the  primary short-ci rcu i t  cu rren t  
on  wh ich  the  transien t  performance  of  the  LPCT i s  based  

Note  1  to  en try:  An  example  i s  shown  i n  F i gu re  602 .  

 

Figure 602  – Primary t ime constant  Tp  

3 .3.61 1   
fau l t  repeti tion  t ime 
tfr  
t ime  i n terval  between  i n terruption  and  re-appl ication  of  the  primary short-ci rcu i t  cu rren t  du ring  
a  ci rcu i t  breaker au to-reclosing  du ty  cycle  i n  case  of  a  non-successfu l  fau l t  clearance  

3.3.61 2   
speci fied  duty cycle  

3.3.61 2.1  
C-O 
du ty cycle  i n  wh ich ,  du ring  the  speci fied  energ ization ,  the  primary short-ci rcu i t  cu rren t  i s  
assumed  to  have  the  worst-case  i nception  ang le  

Note  1  to  en try:  See  Fi gu re  603 .  

t  
0  

Tp  

ip  

IEC  

2scp ×I

e

I 2scp ×



 – 20  – I EC  61 869-6:201 6    I EC  201 6  

 

Sing l e  energ i zati on :  C  – t′  –  O  

where  

t′  i s  the  du rati on  o f  f i rs t  fau l t ;  

t′
al

 i s  th e  speci fi ed  t ime  to  accu racy l im i t  i n  the  f i rs t  fau l t .  

Figure  603  – Duty cycles,  sing le  energ ization  

3.3.61 2.2  
C-O-C-O 
du ty cycle  i n  wh ich ,  during  each  speci fied  energ ization ,  the  primary short-ci rcu i t  cu rren t  i s  
assumed  to  have  the  worst-case  i nception  ang le  

Note  1  to  en try:  See  Fi g u re  604.  

C-O  

t'al  

IEC  

ip  

t  

t'  
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Dou ble  energ i zati on :  C– t′  –  O  – t
f r

 – C– t″  –  O  

(both  energ i zati ons  be i ng  i n  the  same  pol ari ty  o f  magneti c  f l ux  when  appl i cable )  

where  

t′  i s  the  du rati on  o f  f i rs t  fau l t ;  

t″  i s  the  du rat i on  o f  the  second  fau l t ;  

t
f r

 i s  the  fau l t  repeti t i on  t ime;  

t′
al

 i s  th e  speci fi ed  t ime  to  accu racy l im i t  i n  the  f i rs t  fau l t ;  

t″
al

 i s  the  speci f i ed  t ime  to  accu racy l im i t  i n  the  second  fau l t .  

Figure 604  – Duty cycles,  double  energ ization  

3.3.61 3   
primary current  i n  transient  condi tion  
ip(t)  
i npu t  s i gnal  o f  a  l ow-power curren t  transformer du ri ng  transien ts  i n  the  network 

Note  1  to  en try:  I n  the  trans i en t  cond i t i on ,  prim ary cu rren t  i s  defi ned  as  fo l l ows:  

)()sin( -) sin(22 = )( respppscpp

p titfIti
T

t

+











+π

-

ϕϕ  

where  

I
psc

 i s  the  r. m . s .  val ue  o f  the  symmetri cal  componen t  o f  prim ary cu rren t;  

f i s  the  frequency;  

T
p
 i s  the  primary t ime  constan t;  

ϕ
p
 i s  the  prim ary phase;  

i
p  res

(t)  i s  the  primary res i dual  cu rren t  i ncl ud i ng  harmon i c  and  su bharmon i c  componen ts  and  primary d i rect  
cu rren t;  

t  i s  the  i n s tan taneous  val ue  o f  t ime.  

3.4  Terms and  defin i t ions  related  to  accuracy 

3.4.3   
ratio  error 
ε  

The  defin i ti on  3 .4.3  of  IEC  61 869-1 :2007  i s  appl icable  wi th  the  fo l lowing  add i ti on :  

t  

IEC  

ip  

C-O-C-O  

t'  
t'al  

tf r  
t' 'al  

t' '  
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Note  601  to  en try:  The  rat i o  error  for  cu rren t  (ε
i
)  o r  vo l tage  (ε

u
)  fo r  anal ogu e  and  for  d i g i tal  ou tpu t  i s  defi ned  by  

the  fo l l owi ng  formu la:  

For  anal ogu e  ou tpu t,  the  rat i o  error  expressed  i n  per  cen t  i s  g i ven  by  the  formu la:   

100×
-

=
p

psr

X

XYK
ε  

where  

K
r
 i s  the  rated  transformati on  rati o ;  

X
p
 i s  the  r. m . s .  val ue  o f  the  actual  i n pu t  s i g nal  when  x

p  res
(t)  =  0 ;  

Y
s
 i s  the  r. m . s .  val ue  o f  ou tpu t  s i gnal  when  Y

sd c  +  y
s  res

(t)  =  0 .  

Th i s  defi n i t i on  i s  on l y  re l ated  to  com ponen ts  at  rated  bu rden  and  rated  frequency o f  bo th  primary s i g nal  and  
secondary s i gnal  and  does  not  take  i n to  accoun t  d i rect  s i g nal  componen ts.  Th i s  defi n i t i on  i s  compati bl e  wi th  
I EC  61 869-2 ,  I EC  61 869-3  and  I EC  61 869-5.  

For  d i g i tal  ou tpu t,  the  rat i o  error  expressed  i n  per  cen t  i s  g i ven  by  the  formu la:   

100×
-

=
p

psr

X

XYK
ε  

where  

K
r
  i s  the  rated  transformati on  rat i o ;  

X
p
 i s  the  r. m . s .  val ue  o f  the  actual  primary s i gnal  when  x

p  res
(t)  =  0 ;  

Y
s
 i s  the  r. m . s .  val ue  o f  the  d i g i tal  ou tpu t  when  Y

sd c
(n)+  y

s  res
( t
n
)  =  0 .  

Th i s  defi n i t i on  i s  on l y  re l ated  to  componen ts  at  rated  bu rden  and  rated  frequency o f  both  prim ary s i gnal  and  
secondary s i gnal  and  does  not  take  i n to  accou n t  d i rect  s i gnal  componen ts.  Th i s  defi n i t i on  i s  compati bl e  wi th  
I EC  61 869-2,  I EC  61 869-3  and  I EC  61 869-5 .  

3.4.4   
phase d isplacement  

∆φ  
The  defin i ti on  3 . 4. 4  of  IEC  61 869-1 :2007  i s  appl icable  wi th  the  fo l l owing  add i t ions:  

Note  601  to  en try:  For  LP I T  phase  d i spl acemen t  i s  not  always  co i nci den t  wi th  phase  error,  as  i n  some  cases  
phase  d i spl acem en t  may i ncl ude  vari abl e  componen ts  (errors)  and  f i xed  componen ts  (phase  o ffset  and  de l ay t im e)  
wh i ch  are  no t  to  be  consi dered  as  errors .  

Conven ti onal  I n s trumen t  Transformers,  covered  by  I EC  61 869-2,  I EC  61 869-3  and  I EC  61 869-5,  are  to  be  
cons i dered  as  special  cases,  i n  wh i ch  phase  d i splacemen t  i s  equ i valen t  to  phase  error  because  there  i s  no  phase  
o ffset  and  no  de l ay t ime.  

Note  602  to  en try:  Th i s  defi n i t i on  i s  s tri ct l y  val i d  fo r  anal og  ou tpu t.  

For  d i g i tal  ou tpu t  the  presence  o f  a  t imestam p i n  the  data  frame  al l ows  for  the  compensat i on  o f  the  de lay t ime,  so  
that  i ts  con tri bu t i on  to  phase  d i spl acem ent  may be  neg l ected .  

3.4.6   
burden  
The  defin i ti on  3 .4.6  of  IEC  61 869-1 :2007  i s  replaced  by the  fo l lowing :  

impedance  of  the  secondary analogue  ci rcu i t  expressed  as  paral le l  combination  of  res istor 
and  capaci tor g i ven  i n  ohm  and  farad  

3.4.8   
rated  output  

Sr  

not  appl i cable  



I EC  61 869-6:201 6    I EC  201 6  – 23  – 

3.4.601   
delay t ime 
td  
actual  t ime  between  an  even t  taking  place  on  the  primary and  i ts  resu l t(s)  appearing  i n  the  
ou tpu t  

Note  1  to  en try:  De lay t ime  can  resu l t  i n  l ow-power i n s trum en t  transformers  due  to ,  for  i ns tance,  band  l im i t i ng  
f i l ters  and  d i g i tal  process i ng .  

Note  2  to  en try:  For  i n strumen t  transformers  wi th  anal ogue  ou tpu t,  de l ay t ime  shou l d  be  constan t,  as  any 
devi ati on  wou l d  resu l t  i n  phase  error.  

Note  3  to  en try:  For  i ns trumen t  transformers  wi th  d i g i tal  ou tpu t,  see  I EC  61 869-9 .  

3.4.602   
rated  delay t ime 
tdr  
rated  value  of  de lay t ime  for  an  LPIT wi th  analogue  ou tpu t  

3.4.603   
phase offset  

ϕo  
phase  d i splacement  of  an  LPIT due  to  the  technology employed  and  wh ich  i s  not  affected  by 
the  frequency 

Note  1  to  en try:  An  example  o f  su ch  technology i s  the  Rogowski  co i l .  

3.4.604  
rated  phase offset  

ϕor  
rated  value  of  phase  offset  o f  an  LPIT 

3.4.605   
phase error 

ϕe  
d i fference  between  the  actual  phase  d i splacement and  the  sum  of  rated  phase  offset  and  
phase  sh i ft  due  to  rated  delay time  

Note  601  to  en try:  The  phase  error  i s  cal cu l ated  accord i ng  to  the  fo l l owi ng  formu la:  

φ
e  =  ∆φ  –  (ϕ

or
 +  ϕ

td r
)  =  ϕ

S
 −  ϕ

P
 –  (ϕ

or
 +  ϕ

td r
)  

and  

ϕ
td r  =  –2πft

d r  

where  

ϕ
P

 i s  the  prim ary phase  

ϕ
S

 i s  the  secondary phase  

3.4.606  
accuracy l imi t  factor 
KALF  
rati o  of  the  rated  accuracy l im i t  primary curren t  to  the  rated  primary cu rren t  

[SOURCE:  IEC  60050-321 : 1 986,  321 -02-30,  modi fi ed  – The  complement  to  term  "of  a  
protecti ve  cu rren t  transformer"  has  been  removed,  and  a  symbol  has  been  added . ]  
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3.4.607  
composi te  error 

εc  
under steady-state  cond i ti ons,  the  r.m . s.  value  of  the  d i fference  between  

a)  the  i nstan taneous  values  of  the  primary cu rren t,  and  

b)  the  i nstan taneous  values  of  the  actual  secondary ou tpu t  mu l tipl ied  by the  rated  
transformation  ratio ,  

the  posi ti ve  s igns  of  the  primary cu rren t  and  secondary ou tpu t  correspond ing  to  the  
conven tion  for term inal  markings  

Note  1  to  en try:  For  anal ogue  ou tpu t,  th e  composi te  error  ε
c
 i s  general l y  expressed  as  a  percen tage  o f  the  r. m . s .  

val ues  o f  the  prim ary cu rren t  accord i ng  to  the  formu la:  

[ ]∫ --=
T

ttttuK
TI

ε i
0

2

drpsr

p

c d)()(
1100

(%)  

where  

K
r
 i s  the  rated  transformati on  rati o ;  

I
p
 i s  the  r. m . s .  val ue  o f  the  primary cu rren t;  

i
p
 i s  the  primary cu rren t;  

u
s
 i s  the  secondary vo l tage;  

T i s  the  du rati on  o f  one  cycle ;  

t  i s  the  i n s tan taneous  val ue  o f  the  t ime;  

t
d r

 i s  th e  rated  de lay t ime.  

For  s tand-al one  Rog owski  co i l s ,  see  I EC  61 869-1 0 .  

N ote  2  to  en try:  For  d i g i tal  ou tpu t,  th e  composi te  error  ε
c
 i s  g eneral l y  expressed  as  a  percen tage  of  the  r. m . s .  

val ues  o f  the  primary cu rren t  accord i ng  to  the  formu la:  

[ ] 2psr
s

p

c )()(∑ -= s/

1=

1 00
(%)

TT

n ntiniK
T

T

I
ε  

where  

K
r
 i s  the  rated  transformati on  rati o ;  

I
p
 i s  the  r. m . s .  val ue  o f  the  primary cu rren t;  

i
p
 i s  the  primary cu rren t;  

i
s
 i s  the  secondary d i g i tal  ou tpu t;  

T i s  the  du rati on  o f  one  power cycl e ;  

n  i s  the  sample  cou n ter;  

t
n
 i s  the  e ffect i ve  t ime  where  primary cu rren ts  o f  the  n th  data  set  have  been  sampled ;  

T
s
 i s  the  d i s tance  i n  t ime  between  two  samples  o f  the  primary cu rren t.  

[SOURCE:  I EC  60050-321 :1 986,  321 -02-26,  mod i fied  – "Secondary curren t"  has  been  
replaced  by "secondary ou tpu t”  i n  the  defin i t ion  and  the  Note  has  been  replaced  by two  new 
notes  to  en try. ]  

3.4.608  
transient  response of  an  LPIT 
response  of  the  secondary ou tpu t  to  a  transien t  change  of  the  primary s ignal  
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3.4.609   
i nstantaneous  error current  
iε(t)  
iε(n)  
d i fference  between  the  i nstan taneous  values  of  the  secondary ou tpu t  mu l ti pl i ed  by the  rated  
transformation  ratio  and  the  primary cu rren t  

Note  1  to  en try:  For  an  anal og ue  ou tpu t,  the  i ns tan taneous  error  cu rren t  i s  defi ned  by  the  fo l l owing  formu la:  

iε(t)  =  K
ra
 .  u

s
(t)  –  i

p
(t  – t

d r
)  

For  s tand -al one  Rogowski  co i l s ,  see  I EC  61 869-1 0 .  

Note  2  to  en try:  For  d i g i tal  ou tpu t,  the  i ns tan taneous  error  cu rren t  i s  defi ned  by  the  fo l l owi ng  formu la:  

iε(n)  =  K
rd
 i

s
(n)  –  i

p
(t
n
)  

3.4.61 0   
peak instantaneous  error 

ε̂  

peak value  (î
ε
)  of  i nstan taneous  error cu rren t  for  the  speci fi ed  du ty  cycle,  expressed  as  a  

percen tage  of  the  peak value  of  the  rated  primary short-ci rcu i t  cu rren t  

Note  1  to  en try:  The  peak i nstan taneous  error  i s  expressed  by  the  fo l l owi ng  formu la:  

%1 00
2

ˆ
ˆ

psc

×
×

=
I

iεε  

3.4.61 1   
i nstantaneous  vol tage error  for transient  condi tions 

εu(t)  
εu(n)  
ratio  of  the  d i fference  between  the  i nstan taneous  values  of  the  secondary ou tpu t  mu l ti pl i ed  by 
the  rated  transformation  ratio  and  the  primary vo l tage  and  the  peak of  the  primary vo l tage  
expressed  i n  percen t  (%)  

Note  1  to  en try:  For  an  anal og ue  ou tpu t,  the  i ns tan taneous  vo l tage  error  i s  expressed  by  the  fo l l owi ng  formu la:  

Vo l tage  error  ε
u
(t)  %  

( )
100  

2

)(

p

psr
dr ×

--
=

U

uuK ttt
 

where  u
P

( t)  and  u
S

( t)  are  described  for  a  l im i ted  range  o f  t ime  by  the  equati ons  g i ven  i n  3 . 2 . 603  and  U
p
 i s  the  

r. m . s .  val u e  of  the  primary vo l tage.  

The  chosen  ori g i n  o f  t ime  i s  the  i ns tan t  of  the  sudden  change  o f  the  parameters  descri bed  i n  3 . 1 . 622.  

Note  2  to  en try:  For  a  d i g i tal  ou tpu t,  the  i n stan taneou s  vo l tage  error  i s  expressed  by the  fo l l owi ng  formu la:  

Vo l tage  error  ε
u
(n)  %  

( )
100  

2

)(

p

psr
n ×

-
=

U

uuK tn
 

where  u
P

( t
n
)  and  u

S
(n)  are  descri bed  for  a  l im i ted  range  o f  t ime  by  the  equati ons  g i ven  i n  3 . 2 . 603  and  U

p
 i s  th e  

r. m . s .  val ue  of  the  primary vo l tage.  

The  chosen  ori g i n  o f  the  t ime  i s  the  i n stan t  o f  the  sudden  change  o f  the  parameters  descri bed  i n  3 . 1 . 622  
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Note  3  to  en try:  The  capaci t i ve  sensor wi th  phase  sh i ft  o ffset  i s  descri bed  i n  I EC  61 869-1 1 2.  

3.5  Terms and  defin i t ions  related  to  other ratings 

3.5.1   
rated  frequency 
fr  
The  defin i ti on  3 . 5. 1  o f  IEC  61 869-1 :2007  i s  replaced  by the  fo l l owing :  

frequency at  wh ich  the  l ow-power i nstrument  transformer i s  designed  to  operate  

[SOURCE:  IEC  60050-421 :1 990,  421 -04-03,  mod i fied  – "Transformer or  reactor"  has  been  
replaced  by " l ow-power i nstrument  transformer" . ]  

3.5.601   
rated  frequency range 
range  of  frequency for  wh ich  the  rated  accuracy class  i s  appl i cable  

3.5.602   
rated  auxi l iary power supply vol tage 
Uar  
auxi l iary  power supply vo l tage  value  on  wh ich  the  requ i rements  of  a  speci fi cati on  are  based  

3.5.603   
rated  supply current  
Iar  
curren t  requ i red  from  the  auxi l i ary  power supply,  i nclud ing  the  MU  power supply  i f  requ i red ,  i n  
the  rated  cond i t ions  

3.5.604  
maximum  supply current  
Iamax  
maximum  cu rren t  requ i red  by the  auxi l i ary power supply,  i nclud ing  the  MU  power supply  i f  
requ i red ,  i n  the  worst  cond i ti ons  

3.7  Index of  abbreviations  and  symbols  

The  table  i n  3 . 7  of  I EC  61 869-1 :2007 i s  replaced  by the  fo l lowing  table:  

AI S  ai r- i nsu l ated  swi tchgear 

C–O 
C–O–C–O  

speci f i ed  du ty cycl e  

CT cu rren t  t ransformer  

CVT capaci t i ve  vo l tage  transformer 

f
r
 rated  frequency  

F m echan i cal  l oad  

F
re l

 re l at i ve  l eakage  rate  

G I S  gas- i nsu lated  swi tchg ear 

I
am ax

 m aximum  su pply  cu rren t   

I
ar

 rated  su ppl y  cu rren t  

I
cth

 rated  con ti nuous  thermal  cu rren t  

______________ 

2  Under  cons i derati on .  
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I
d yn

 rated  dynam ic  cu rren t  

I
epr

 rated  extended  primary cu rren t  

i
p( t)

 p rimary cu rren t  i n  trans ien t  cond i t i on  

I
pr

 rated  prim ary cu rren t   

I
psc

 rated  prim ary short-ci rcu i t  cu rren t  for  trans i en t  perform ance  

I
th

 rated  short- t ime  thermal  cu rren t  

iε( t) ,  iε(n)  i ns tan taneous  error  cu rren t  

I T  i ns trum en t  transformer  

K actual  t ransformati on  rat i o  

K
ALF  accu racy l im i t  factor  

K
r
 rated  transformati on  rati o  

K
pcr  rated  extended  primary cu rren t  factor  

K
ssc

 rated  symmetri cal  short-ci rcu i t  factor  for  t rans i en t  performance  

LPCT l ow-power cu rren t  t ransformer 

LP I T l ow-power i n strumen t  transformer  

LPVT l ow-power vo l tage  transformer  

MU  merg i ng  u n i t  

R
br

 rated  bu rden  

SAMU  s tand-alone  merg i ng  un i t  

t
d
 de l ay t ime  

t
d r

 rated  del ay t ime  

t
f r

 fau l t  repet i t i on  t ime  

U
sys

 h i g hest  vo l tage  for  system  

U
m

 h i g hest  vo l tag e  for  equ i pmen t  

U
pr
 rated  primary vo l tage  

U
sd co

 secondary d i rect  vo l tage  o ffset  

U
ar

 rated  auxi l i ary  power su ppl y  vo l tage  

T
p
 speci f i ed  primary t im e  constan t  for  t rans i en t  performance  

VT vo l tage  transformer  

∆ϕ  phase  d i spl acemen t  

ε  rat i o  error  

ε
c
 composi te  error  

ε̂  m aximum  peak i nstan taneou s  error  

ε
u
(t) ,  ε

u
(n)  i ns tan taneous  vo l tage  error  for  trans i en t  cond i t i ons  

ϕ
o
 phase  o ffset  

ϕ
or

 rated  phase  o ffset  

ϕ
e
 phase  error  
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4 Normal  and  special  service  condi tions 

4.2  Normal  service  condi tions 

4.2.3  Vibrations  or  earth  tremors 

Clause  4. 2. 3  of  I EC  61 869-1 :2007  i s  replaced  by the  fo l l owing :  

Vibrations  may occur due  to  swi tchgear operations  or  short-ci rcu i t  forces.  I t  shou ld  be  
recogn ized  that  vibrations  due  to  causes  external  to  the  LPIT ( for example,  swi tch ing  
operations  of  ci rcu i t-breakers,  etc. )  shal l  be  regarded  as  normal  servi ce  cond i ti ons.  Tests  
shou ld  be  performed  to  prove  the  correct  operations  of  the  LPIT when  subjected  to  such  
even ts.  Vibrations  due  to  earth  tremors  are  considered  as  special  service  cond i ti ons.  

4.2.601  Partial ly outdoor LPIT 

I n  the  case  of  an  LPIT of  the  type,  wh ich  i s  partial l y  i ndoors,  partial l y  ou tdoors,  the  
manu facturer  shal l  i nd icate  wh ich  part  o f  the  equ ipment  i s  i ndoors  and  wh ich  part  o f  the  
equ ipment  i s  ou tdoors.  

5  Ratings 

5.3  Rated  insu lation  l evels  and  vol tages 

5.3.5  Insu lation  requ i rements  for  secondary terminals  

Clause  5 . 3 . 5  of  I EC  61 869-1 :2007  i s  appl icable  wi th  the  fo l l owing  add i ti on :  

I nsu lation  requ i rements  for  secondary term inals  and  the  l ow vo l tage  componen t  are  g iven  i n  
Table  601 .  

I n  cases  where  the  total  e lectrical  cable  l eng th  of  the  transmi tti ng  system  up  to  the  secondary 
equ ipment  does  not  exceed  1 0  m ,  and  the  associated  earth ing  impedance  i s  su ffi cien tl y  l ow,  
the  common  mode  vo l tage  i s  not  supposed  to  exceed  a  safe  value.  The  secondary term inal  
and  the  low vo l tage  componen t  i nsu lation  requ i rement  i n  such  cases  can  be  reduced  to  a  
l evel  meeting  the  requ i rements  defi ned  i n  the  IEC  60255-27:201 3,  Table  C. 3 .  

The  i nsu lati on  l evel  shal l  meet PEB  (protection  by equ ipoten tial  bond ing )  system  
requ i rements  for  1 50  V working  vo l tage.  

I n  case  where  the  total  e lectrical  cable  l eng th  of  the  transmi tt i ng  system  up  to  the  secondary 
equ ipment  does  exceed  1 0  m ,  the  requ i rement  of  I EC  61 869-1  appl ies.  

Table  601  – Secondary terminal  and  low vol tage component  wi thstand  capabi l i ty 

Transmi tti ng  system  of  the  LPIT Power  frequency vol tage  
wi thstand  capabi l i ty  

Impu lse  vol tage  wi thstand  
capabi l i ty 

Electri cal  cabl e  l eng th  <1 0  m .  820  V  1 , 5  kV  1 , 2/50  µs  

E l ectri cal  cabl e  l eng th  ≥1 0  m .  3 kV 5  kV  1 , 2/50  µs  

Opt i cal  connectors  N A NA 

 

5.3.601  Rated  auxi l iary power supply vol tage (Uar)  

5 .3.601 .1  General  

The  rated  auxi l i ary power supply  vol tage  means  the  vo l tage  measured  at  the  power ports  of  
the  apparatus  i tse l f  du ri ng  i ts  operation ,  i nclud ing ,  i f  necessary,  the  auxi l i ary res istors  or 
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accessories  suppl ied  or  requ i red  by the  manu factu rer to  be  i nstal led  i n  series  wi th  i t ,  bu t  not  
i nclud ing  the  conductors  for  the  connection  to  the  e lectrici ty  supply.  

5.3.601 .2  AC vol tage 

The  preferred  rated  values  of  a. c.  vol tages  are  g iven  below:  

1 1 0  V – 230  V 

5.3.601 .3  DC vol tage 

The  preferred  rated  values  of  d . c.  vo l tages  are  g iven  below:   

24  V – 48  V – 1 1 0  V – 220  V 

5.3.601 .4  Insu lation  requ irements  for  power supply terminals  

They shal l  be  capable  of  meeting  the  requ i rements  defined  i n  the  IEC  60255-27:201 3,  
Table  C. 7.  

5.4  Rated  frequency 

Subclause  5. 4  of  IEC  61 869-1 :2007  appl i es  wi th  the  fo l l owing  add i ti ons:  

For measuring  accuracy classes,  the  rated  frequency range  i s  from  99  % to  1 01  % of  the  
rated  frequency (fr) .  

For protection  accuracy classes,  the  rated  frequency range  i s  from  96  % to  1 02  % of  the  rated  
frequency (fr) .  

The  accuracy ou tside  the  rated  frequency range,  i f  speci fi ed ,  i s  defi ned  i n  Annex 6B.  

5.5  Rated  output  

5.5.601  Rated  burden  (Rbr)  

The  standard  value  of  rated  burden  i s  defined  by a  resistance  i n  paral le l  wi th  a  capaci tance  
accord ing  to  the  fo l l owing  table:  

Resistance  Capaci tance  

2  MΩ  50  pF  

 

For use  on  devices  backward  compatible  wi th  I EC  60044-8,  2  kΩ/5  000  pF  and  20  kΩ/500  pF 
are  acceptable.  

The  impact  of  the  total  bu rden  impedance  range  on  accuracy i s  covered  under accuracy 
clauses.  

Atten tion  shou ld  be  paid  to  the  paral le l  capaci tance  of  e lectrical  measuri ng  i nstruments  or  
e lectri cal  protective  devices.  I f  the  transmi tt ing  cable  i s  not  part  of  the  sensor,  the  
capaci tance  of  the  cable  has  to  be  considered  as  part  of  the  bu rden .  Typical  cable  
capaci tance  i s  i n  the  range  from  1 5  pF/m  to  1 00  pF/m.  

5.5.602  Standard  values  for  the  rated  delay t ime (tdr)  

The  standard  values  for rated  delay t ime  are:  
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50  µs,  1 00  µs,  500  µs  

5.6  Rated  accuracy class  

Subclause  5. 6  of  IEC  61 869-1 :2007  i s  appl i cable  wi th  the  fo l l owing  mod i fi cation :  

See  speci fi c  product  standard  and  harmon ic  requ i rements  i n  Annex 6A.  

6 Design  and  construction  

6.7 Mechanical  requ irements  

Subclause  6. 7  of  I EC  61 869-1 :2007  i s  appl icable  wi th  the  fo l l owing  mod i fi cation :  

These  requ i rements  apply  on ly to  free-stand ing  LPIT having  Um  ≥  72, 5  kV.  

6.1 1  Electromagnetic  compatibi l i ty (EMC)  

6. 1 1 .3  Requi rements  for  immuni ty 

6. 1 1 .3.601  General  

Table  602  g ives  a  l i s t  of  type  tests  for  e lectron ic  LPIT wi th  the  associated  test  l evels  and  
assessment  cri teria.  

I f  the  LPIT i s  designed  wi thou t  an  acti ve  electron ic  componen t,  i t  i s  by  defi n i t i on  considered  
as  a  passive  LPIT and  i s  therefore  not  subjected  to  the  tests  of  th is  subclause.  

NOTE  EMC imm un i ty  tests  for  h i gh l y  accu rate  passi ve  LP I Ts  are  under consi derati on .  Performances  o f  such  
devi ces  m ay be  affected  by  thei r  sh i e l d i ng  capabi l i ty.  

Table  602  – Immuni ty requ irements  and  tests  

Test   Reference  standard  Test  l evel  
Assessment  

cri teria  

H armon i c  and  i n terharmon ic  test  
a  

I EC  61 000-4-1 3  2  A  

S l ow vo l tage  vari ati on  test  
a  

I EC  61 000-4-1 1  From  +1 0  % to  –20  % A 

S l ow vo l tage  vari ati on  test  b  I EC  61 000-4-29  From  +20  % to  –20  % A 

Vo l tage  d i ps  and   
short  i n terruption  test  

a  
I EC  61 000-4-1 1  30  %  d i p  ×  0 , 1 s  c  

i n terrupti on  ×  0 , 02s  c  

A  

Vo l tag e  d i ps  and   
short  i n terrupti on  test  

b  
I EC  61 000-4-29  50  % d i p  ×  0 , 1  s  c  

i n terrupti on  ×  0 , 05  s  c  

A  

Su rge  im mun i ty  test   I EC  61 000-4-5  4  B  

Conducted  immu n i ty  test  
( 1 50  kH z  to  80  MHz)  

 I EC  61 000-4-6  3  A  

Conducted  immu n i ty  test  
(0  kHz  to  1 50  kH z)  

 I EC  61 000-4-1 6  4  A  

E l ectri cal  fast  trans i en t/bu rst  test   I EC  61 000-4-4  4  B  

Osci l l atory  waves  immun i ty  test   I EC  61 000-4-1 8  3  B  

E l ectrostat i c  d i scharge  test   I EC  61 000-4-2  3  B  

Power frequency magneti c  f i e l d  
immun i ty test  

 I EC  61 000-4-8  5  A  

Pu l se  m agnet i c  f i e l d  immun i ty test   I EC  61 000-4-9  5  B  

Dam ped  osci l l atory magneti c  f i e l d  
immun i ty test  

 I EC  61 000-4-1 0  5  B  
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Test   Reference  standard  Test  l evel  
Assessment  

cri teria  

Rad iated ,  rad i ofrequ ency,  e l ectro-
m agneti c  f i e l d  immun i ty test  

 I EC  61 000-4-3  3  A  

a  On ly  appl i cabl e  to  LP I T wi th  a. c.  power  port.  

b  On ly  appl i cabl e  to  LP I T wi th  d . c.  power  port .  

c  Values  are  adapted  to  comm on  pro tecti ve  devi ces.  

A  N orm al  pe rfo rm an ce  wi th i n  th e  accu racy  spec i f i cat i on  l i m i ts  ( s tead y-s tate  con d i t i on s  at  ra ted  p r i m ary  
cu rren t  o r  p r i m ary  vo l tag e  o r  l owe r) .  

B  Temporary deg radat i on  o f  perform ances  o f  measu remen ts ,  wh i ch  are  not  re l evan t  for  protecti on  o r  se l f-
d i agnosi s  and  wh i ch  are  se l f- recovered ,  i s  a l l owed .  A  reset  or  restart  i s  not  al l owed .  No  ou tpu t  overvol tage  
g reater  than  500  V  i s  al l owed .  No  deg radati on  o f  performance  causi ng  fal se  tr i ps  o f  protecti ve  devi ces  i s  
al l owed  for  e l ectron i c  protecti ve  transform ers .  

 

6.1 1 .3.602  Harmonic  and  in terharmonic  d isturbance 

The  purpose  i s  to  veri fy  the  immun i ty  of  the  LPIT against  harmon ic  and  i n terharmon ic  
componen ts  of  the  l ow-vol tage  power supply  of  the  LPIT.  Th is  test  i s  on ly  appl icable  for  LPIT 
us ing  a. c.  power supply.  

6.1 1 .3.603  Slow vol tage variation  

The  purpose  i s  to  veri fy  the  immun i ty of  the  LPIT against  s low vo l tage  variations  of  the  l ow-
vol tage  power supply of  the  LPIT.  The  requ i rement  i s  re levant  for  a. c.  or  d . c.  power supply.  

6.1 1 .3.604 Vol tage d ips  and  short  in terruption  

The  purpose  of  th is  test  i s  to  veri fy  the  immun i ty of  the  LPIT against  vo l tage  d ips  or  vo l tage  
i n terruption  of  the  l ow-vol tage  power supply of  the  LPIT.  The  requ i rement  i s  re levant  for  a. c.  
or  d . c.  power supply.  

6.1 1 .3.605  Surge immunity 

The  purpose  of  th is  test  i s  to  veri fy  the  immun i ty of  the  LPIT against  un id i recti onal  transien t  
caused  by overvol tages  from  swi tch ing  i n  the  power network and  l i gh tn ing  strokes  (d i rect  or  
i nd i rect) .  Th is  test  i s  very importan t  for  HV and  MV instal lations  because  of  the  h i gh  
probabi l i ty  of  l i gh tn ing  exposure.  

6.1 1 .3.606  Conducted  immunity tests  (1 50  kHz  to  80  MHz)  

The  purpose  of  th is  test  i s  to  veri fy  the  immun i ty  of  the  LPIT against  the  conducted  
d istu rbances  that  can  be  transferred  by i nductive  or  capaci t i ve  coupl ing  to  the  supply  cables,  
s ignal  cables  and  earth ings.  

6.1 1 .3.607 Conducted  immunity test  (0  kHz  to  1 50  kHz)  

The  purpose  of  th i s  test  i s  to  veri fy  the  immun i ty  of  the  LPIT against  the  power frequency 
d i stu rbances  that  can  be  transferred  by i nductive  or  capaci ti ve  coupl i ng  to  the  supply  cables,  
s ignal  cables  and  earth ings.  

6.1 1 .3.608 Electrical  fast  transient/burst  

The  purpose  of  th i s  test  i s  to  veri fy  the  immun i ty of  the  LPIT against  bursts  of  very short  
transien ts  generated  by the  swi tch ing  of  smal l  i nductive  l oads,  re lay con tact  bouncing  
(conducted  i n terference)  or  swi tch ing  of  HV swi tchgear – parti cu larly  SF6  or  vacuum  
swi tchgear (rad iated  i n terferences) .  
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6.1 1 .3.609  Osci l latory wave immuni ty 

The  purpose  of  th i s  test  i s  to  veri fy  the  immun i ty  of  the  LPIT against  repeti ti ve  damped  
osci l l atory waves  occurring  i n  l ow-vol tage  ci rcu i ts  i n  HV and  MV stati ons  due  to  swi tch ing  
phenomena ( i so lators  i n  HV/MV open-ai r  s tations,  parti cu larly  HV busbar swi tch ing )  or  fau l ts  
i n  HV or  MV networks.  

6.1 1 .3.61 0  Electrostatic  d ischarge 

The  purpose  of  th is  test  i s  to  veri fy  the  immun i ty of  the  LPIT against  e lectrostati c  d ischarges  
(ESD)  generated  by an  operator  touch ing  (d i rectly  or  wi th  a  tool )  the  equ ipment  or  i ts  vi ci n i ty.  
I n  general ,  th is  i s  not  o f  g reat  concern  because  e lectron ic  parts  of  LPIT are  l ocated  ou tdoors  
or i ndoors,  general l y  s tand ing  on  a  bare  concrete  fl oor,  wi thou t  any syn thetic  carpet  or 
fu rn i tu re  nearby.  Moreover,  the  e lectron ic  parts  are  general l y  moun ted  i ns ide  a  metal l i c  
cabinet  wel l  bonded  to  a  wel l -con trol l ed  earth ing  network,  for  safety  reasons.  Th is  makes  the  
probabi l i ty  of  ESD  very low.  

6.1 1 .3.61 1  Power-frequency magnetic  field  immunity 

The  purpose  of  th is  test  i s  to  veri fy  the  immun i ty  of  the  LPIT when  subjected  to  power-
frequency magnetic  f i e lds  re lated  to  the  proxim i ty  of  power conductors,  transformers,  etc.  i n  
normal  or  fau l ted  cond i ti ons.  Th is  test  i s  importan t  because  of  the  expected  vi cin i ty  of  
e lectron ic  parts  of  the  LPIT to  main  ci rcu i ts .  

6.1 1 .3.61 2  Pu lse  magnetic  field  immunity 

The  purpose  of  th i s  test  i s  to  veri fy  the  immun i ty  of  the  LPIT when  subjected  to  impu lse  
magnetic  f i e ld  generated  by l i gh tn ing  strokes  on  bu i l d ings,  metal  s tructures  and  earth  
networks.  Th is  test  i s  re levan t  to  HV and  MV i nstal lations  because  of  the  i ncreased  l i gh tn ing  
exposi ti on .  

6.1 1 .3.61 3  Damped  osci l latory magnetic  field  immunity 

The  purpose  of  th i s  test  i s  to  veri fy  the  immun i ty  of  the  LPIT when  subjected  to  damped  
osci l l atory magnetic  f i e lds,  generated  by swi tch ing  of  HV busbars  by i so lators.  Th i s  test  i s  
main ly  appl icable  to  e lectrical  equ ipment  i nstal led  i n  HV substations.  

6.1 1 .3.61 4  Rad iated,  rad iofrequency,  electromagnetic  field  immunity 

The  purpose  of  th is  test  i s  to  veri fy  the  immun i ty of  the  LPIT against  e lectromagneti c  f i e lds  
generated  by rad io  transmi tters  or  any other device  em i tti ng  wave-rad iated  e lectromagnetic  
energy.  The  most  importan t  concern  i n  HV and  MV instal lations  comes  from  the  possibi l i ty  o f  
the  use  of  walkie- talkie  and  portable  phones,  as  the  probabi l i ty  of  vi ci n i ty  of  broadcasting  
stations  or  amateur rad ios  i s ,  i n  general ,  very l ow.  

6.1 1 .4  Requi rement  for  transmitted  overvol tages 

Subclause  6. 1 1 . 4  of  I EC  61 869-1 :2007  i s  appl icable  wi th  the  fo l l owing  add i t i on :  

The  main  cause  of  overvol tage  i s  the  swi tch ing  of  HV equ ipment.  Th i s  requ i rement  i s  not  
appl icable  i f  a  non-conductive  transmi tt i ng  system  (such  as  opti cal  f i bre)  i s  used  (see  
Figure  601 ) .  

6.1 1 .601  Emission  requ irements 

Besides  the  em ission  requ i rements  considered  to  be  covered  wi th  a  rad io  i n terference  vol tage  
test  (RIV test)  and  transmi tted  overvol tage  test,  LPIT shal l  also  comply wi th  l im i ts  g i ven  i n  
CISPR 1 1 :201 5  for equ ipments  of  Group  1  – class  A,  and  shal l  be  tested  accord ing ly.  

Low-power passive  i nstrument transformers  are  not  subjected  to  these  requ i rements.  



I EC  61 869-6:201 6    I EC  201 6  – 33  – 

6.1 3  Markings 

Subclause  6. 1 3  of  I EC  61 869-1 :2007  i s  appl i cable  wi th  the  fo l l owing  add i ti on :  

o)  i nsu lation  l evel  on  secondary term inals  

Add i ti onal  markings  shal l  be  defined  i n  the  speci fi c  s tandards.  

6.601  Requirements  for  optical  transmitting  system  and  optical  output  l i nk 

6.601 .1  General  

I f  u sed  for  transmi tt ing  system  and/or ou tpu t  l i nk,  the  opti cal  f i bre  cables  shal l  comply wi th  
I EC  60794-2  for  i ndoor appl ications  and  IEC  60794-3  for  ou tdoor appl i cations.  The  
transmi tti ng  system  and  ou tpu t  l i nk cables  shou ld  be  protected  against  rodent  attack.  

I f  optical  f i bre  cables  are  protected  by conductive  material ,  atten tion  shou ld  be  paid  to  
g round ing  and  exported  poten tial .  

6.601 .2  Optical  connectors  

No  opti cal  f i bre  connectors  are  al l owed  ou tdoors  wi thou t  appropriate  envi ronmental  
protection .  

6.601 .3  Fibre  optic  terminal  box 

Where  a  f ibre  optic  term inal  box i s  used  i t  shal l  be  d i rectl y  accessible  for  i nspection  at  g round  
level .  

6.601 .4  Total  cable  l ength  

The  l ow-power i nstrument transformer shal l  be  capable  of  operating  wi th  maximum  l eng th  of  
transmi tting  system  cable  and  ou tpu t  l i nk as  speci fi ed  by the  manu facturer.  

The  manu factu rer shal l  take  i n to  accoun t  that  the  total  cable  l eng th  cou ld  reach  1  km  for  very 
h i gh-vol tage  ai r- i nsu lated  substations.  

6.602  Requi rements  for  electrical  transmitting  system  and  electrical  wires  for  output  
l ink 

6.602.1  Connectors 

The  connector description  i s  g i ven  i n  Table  603.  
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Table  603  – Connectors  

8  way,  sh i e l ded ,  free  connector  (RJ 45)  
I EC  60603-7-1  

 

The  p i n  ass i gnmen t  i s  defi ned  i n  the  speci fi c  product  s tandard  

8  way,  sh i e l ded  M1 2  free  connector,  
fem ale  con tacts ,  wi th  l ocki ng  nu t  
I EC  61 076-2-1 01  

 

 

M1 2 connector:  Pin:  1  2 3 4 5 6 7 8 

LPIT S1  S2 a n  T1 -  T2+  +V gnd 

-  S1 ,  S2 :  cu rren t   t ransform er secondary term inal s  as  defi ned  
i n  I EC  61 869-2:201 2,  6 . 1 3 . 201 . 3  

-  a,  n :  vo l tage   transform er secondary term inal s  as  defi ned  i n  
I EC  61 869-3 :201 1 ,  6 . 1 3 . 301 . 3  

-  T1 - ,  T2+ :  u sed  for  TEDS  connecti on  (Transducer  E l ectron i c  
Data  Sheet,  I SO/I EC/I EEE  21 451 -4:201 0 ) .  
The  vo l tage  l eve l  shal l  n ot  exceed  5  V  DC  

-  +V,  gnd :  power  suppl y  

 

Screw term inals  may also  be  used  i nstead  of  connectors.  

6.602.2  Earth ing  of  the  output  cable 

I f  double-sh ie lded  cable  (e lectrical l y separated  ci rcu i t)  i s  used ,  d i fferen t  solu tions  may be  
implemented  i n  substations  to  fu l f i l  EMC requ i rements:  

a)  i nner sh ie ld  g rounded  to  one  s ide  and  ou ter sh ie ld  g rounded  on  the  other s ide;  

b)  ou ter  sh ie ld  g rounded  on  both  s ides,  i nner sh ie ld  g rounded  on  one  s ide;  

c)  ou ter  sh ie ld  g rounded  on  one  s ide  and  the  other  s ide  g rounded  th rough  a  capaci tance,  
i nner  sh ie ld  g rounded  on  one  s ide.  

6.603  Signal -to-noise  ratio  

Noise  (and  bandwid th )  requ i rements  depend  on  the  appl ication(s) .  Accord ing ly,  there  i s  no  
one  common  set  of  requ i rements  that  i s  appl i cable  to  al l  i nstrument transformers.  The  
suppl i er  o f  the  low-power i nstrument  transformer shal l  provide  no ise  spectral  i n formation .  The  
noise  speci fi cations  may be  i n  various  forms.  The  recommended  forms  of  speci fi cati ons  are  
noise  spectral  densi ty  equations  or  g raphs  (no ise  d istribu tion  as  a  function  of  frequency) .  

I f  the  no ise  i s  wh i te  no ise  (Gaussian  d istribu tion )  and  random  (as  usual l y  i s) ,  i t  wi l l  average  to  
zero  over t ime.  Accord ing ly,  the  impact of  no ise  on  measurement depends  on  i n tegrati on  t ime  
(effective  measurement  bandwid th )  and  the  nature  of  an  appl i cation .  The  choice  of  
appropriate  noise  level  depends  on  the  appl icati on .  The  provider  of  the  i nstrument  transformer 
shou ld  provide  wh i te  no ise  spectral  densi ty  i n  the  form  of  a  number wi th  un i t  o f  equ ivalen t  

primary cu rren t  per square  root  of  frequency ( i . e .  A/ Hz ) .  

EXAMPLE  For  an  opt i cal  CT where  the  dom inan t  con tri bu tor  to  devi ce  no i se  i s  the  “opti cal  shot  no i se, ”  the  no i se  
i s  wh i te  and  can  be  provi ded  i n  amperes  (equ i valen t  prim ary)  per  square  root  o f  hertz .  Al ternati vel y,  normal i z i ng  to  
rated  val ues,  i t  can  be  g i ven  i n  PUs  (per  u n i ts)  per  squ are  root  o f  hertz.  I f  an  opti cal  CT has  a  rated  prim ary cu rren t  
o f  400  A,  a  rated  secondary ou tpu t  of  4  V,  and  1 0  mV o f  no i se  on  i ts  ou tpu t  (equ i valen t  no i se  to  1  A  on  the  primary)  

over  i ts  bandwid th  o f  1 0  kHz ,  then  the  no i se  can  be  g i ven  as  0 , 01  A/ Hz  o r  0 , 000  025  PU / Hz ,  o r  −92  dB/ Hz .  
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Al ternati ve l y,  s i g nal  to  n o i se  rat i o  at  the  rated  cu rren t  wi th  1 0  kHz  bandwid th  wi l l  be  +52  dB  or  400  (52  dB  =  

20  ×  l og 1 0(400/1 ) ) .  

As  a  general  gu i dance,  no i se  l eve l s  l ower than  –50  dB/ Hz  

 

to  –70  dB/ Hz  re l at i ve  to  the  rated  cu rren t  (or 

0 , 003  PU / Hz  to  0 , 0003  PU/ Hz )  are  typi cal l y  su ffi c i en t  for  most  common  appl i cati ons .  

NOTE  For  add i t i onal  i n form ati on ,  see  I EC/TR  61 869-1 03 .  

6.604 Fai lure  detection  and  maintenance announcement  

LPIT fai l u re,  where  au tomatical l y  detected ,  shal l  resu l t  i n  zero  analogue  ou tpu t  or  acti vation  of  
d ig i tal  ou tpu t  data i nval i d  f l ag .  At  l east,  the  fai lu re  of  the  transmi tti ng  system  shal l  be  
au tomatical ly  detected  or the  transmi tti ng  system  shal l  al l ow mon i toring  by the  re lay.  I n  the  
special  case  of  cessation  of  ou tpu t  due  to  i n terruption  of  power supply the  ou tpu t  shal l  be  
zero  for  vo l tage  ou tpu t  and  i nacti ve  for  d ig i tal  ou tpu t.  Fol lowing  restoration  of  the  LPIT power 
supply,  t i l l  the  LPIT has  stabi l i zed ,  the  analogue  ou tpu t  shal l  remain  zero  and  any d ig i tal  
ou tpu t  shal l  be  flagged  as  i nval i d .  When  the  LPIT has  stabi l i zed ,  the  operation  of  the  LPIT 
shal l  be  au tomatical l y  sel f-restored .  LPIT main tenance  requ i rement,  where  detected,  shal l  be  
announced .  For  d ig i tal  ou tpu t  th is  shal l  resu l t  i n  the  acti vati on  of  the  correspond ing  qual i ty  
b i ts  transmi tted  i n  the  d ig i tal  data stream.  

6.605  Operabi l i ty 

I n  order to  faci l i tate  the  operation  and  main tenance  of  the  LPIT,  the  posi ti on  of  parts  to which 
access is required shal l  be  i n  an  accessible  posi ti on .  These  parts  may i nclude  swi tches,  socket  
ou tlets,  fuses,  i npu ts  and  ou tpu ts,  etc.  

6.606  Rel iabi l i ty and  dependabi l i ty 

The  manu facturer  shal l  provide  i n formation  accord ing  to  re levan t  standards,  l i ke  I EC  6081 2  
and  IEC  61 025,  on  the  dependabi l i ty  and  re l iabi l i ty  of  the  LPIT.  Th is  i ncludes  assessment  of  
mean  time  to  fai l u re  (MTTF) ,  mean  t ime  between  fai l u res  (MTBF)  and  also  a  fai lu re  mode  and  
effect  analysis  (FMEA)  re lated  to  main  parts  subjected  to  main tenance.  A block d iag ram  shal l  
be  provided  describing  the  relati onsh ip  between  sub-parts  and  how the  redundancy,  i f  any,  i s  
managed .  Parts  subjected  to  main tenance  and  relevan t  main tenance  procedures  shal l  be  
i den ti fi ed .  

NOTE  A so l u t i on  to  improve  the  re l i abi l i ty  and  dependabi l i ty  cou l d  be  the  im pl emen tat i on  o f  proper redundancy.  

The  manu facturer  shal l  endeavour to  provide  al l  the  con tro l  necessary to  avoid  any spurious  
operati on  as  a  resu l t  of  l oss  of  supply  or  i nsu ffi cien t  supply,  l oss  of  an  i n ternal  componen t  or 
as  a  resu l t  of  a  componen t  mal function .  

The  rel iabi l i ty  and  dependabi l i ty  aspects  of  LPIT are  comparable  to  those  of  the  e lectrical  
componen ts  i n  the  substation .  Hence,  the  re l iabi l i ty  and  dependabi l i ty  of  LPIT shal l  be  treated  
s im i larl y.  

Componen ts  ( i . e .  sub-parts) ,  wh ich  can  be  replaced  on  s i te  wi thou t  requ i ring  cal i bration ,  shal l  
be  special l y  i den ti f ied  by an  appropriate  mark.  Th is  capabi l i ty  shal l  be  demonstrated  by test  or  
appropriate  documentation .  

No  other componen t  can  be  replaced  wi thou t  recal ibrati on  of  the  complete  LPIT.  

6.607 Vibrations 

The  ou tpu t  of  LPIT shal l  operate  correctly  when  subjected  to  vibrati on  l evels  appropriate  to  i ts  
appl i cation .  D i fferen t  parts  of  the  LPIT may be  subjected  to  d i fferen t  vibration  l evels  i n  
accordance  wi th  I EC  60068-2-6.  

– Endurance  by sweeping :  frequency range  1 0  Hz  to  1 50  Hz,  20  sweep cycles  i n  each  axi s .  
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– Endurance  test  at  fi xed  frequencies  for 30  m in .  

The  test  vibration  l evel  shal l  be  

– i ndoor equ ipment:  ampl i tude  1 0m/s2 ,  

– ou tdoor equ ipment  and  equ ipment  mounted  on  G IS  swi tchgear:  ampl i tude  20  m/s2 .  

7 Tests  

7.1  General  

7. 1 .2  List  of  tests  

Subclause  7. 1 . 2  of  I EC  61 869-1 :2007  i s  appl icable  wi th  the  fo l l owing  mod i fi ed  Table  1 0 .  

Table  1 0  – List  of  tests  

Tests  Subclause 

Type  tests  7.2  

Temperatu re-ri se  test   7 . 2 . 2  

I mpu l se  vo l tage  test  on  primary term i nal s  7 . 2 . 3  

Wet  test  for  ou tdoor  type  Transformers  7 . 2 . 4  

E l ectromag neti c  compati b i l i ty  tests  7 . 2 . 5  

Test  for  accu racy  7 . 2 . 6  

Veri f i cati on  o f  the  deg ree  o f  protecti on  by encl osu res  7 . 2 . 7  

Encl osu re  t i g h tness  test  at  ambi en t  temperatu re  7 . 2 . 8  

Pressu re  test  for  the  encl osu re  7 . 2 . 9  

Low-vo l tage  componen t  vo l tage  wi thstand  test  7 . 2 . 601  

Routine  tests  7.3  

Power- frequency vo l tage  wi ths tand  tests  on  primary term i nal s  7 . 3 . 1  

Parti al  d i scharg e  m easu remen t  7 . 3 . 2  

Power- frequency vo l tage  wi thstand  tests  between  sect i ons  7 . 3 . 3  

Power- frequency vo l tage  wi thstand  tests  on  secondary term i nal s  7 . 3 . 4  

Test  for  accu racy  7 . 3 . 5  

Veri f i cati on  o f  marki ngs   7 . 3 . 6  

Encl osu re  t i g h tness  test  at  ambi en t  temperatu re  7 . 3 . 7  

Pressu re  test  fo r  the  encl osu re  7 . 3 . 8  

Power- frequency vo l tage  wi thstand  test  for  l ow-vo l tage  componen ts  7 . 3 . 601  

Special  tests  7.4  

Chopped  impu l se  vo l tage  wi thstand  test  on  prim ary term inal s  7. 4. 1  

Mu l t i p l e  chopped  im pu l se  test  on  prim ary term i nal s  7 . 4. 2  

Measu rement  of  capaci tance  and  d i e l ectri c  d i ss i pati on  factor  7 . 4. 3  

Transm i tted  overvol tage  test  7 . 4. 4  

Mechan i cal  tests  7 . 4. 5  

I n ternal  arc  fau l t  test  7 . 4. 6  

Encl osu re  t i g h tness  test  at  l ow and  h i gh  temperatu res  7 . 4. 7  

Gas  dew poi n t  test  7 . 4. 8  

Corros i on  test  7 . 4. 9  
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Tests  Subclause 

Fi re  hazard  test  7 . 4. 1 0  

Vi brati on  test  7 . 4. 601  

Tests  fo r accu racy versus  harmon i cs  and  l ow frequ enci es  6A. 5  

Sample  tests  7.5  

  

 

7.2  Type tests  

7.2.1  General  

7.2.1 .1  In formation  for  identi fication  of  specimen  

Subclause  7. 2 . 1 . 1  o f  I EC  61 869-1 :2007  i s  appl i cable  wi th  the  fo l lowing  add i tion :  

The  software  vers ion ,  i f  appl icable,  shal l  be  i ncluded  i n  the  design  i den ti fi cation  records.  

7.2.2  Temperature-rise  test  

Subclause  7. 2 . 2  of  I EC  61 869-1 :2007 i s  appl i cable  wi th  the  fo l l owing  add i ti on :  

I n  the  case  of  an  LPIT having  more  than  one  secondary converter,  the  test  i s  to  be  performed  
on  each  secondary converter.  

The  LPIT i s  deemed  to  have  passed  th is  test  i f  

a)  the  temperatu re  ri se  i s  i n  accordance  wi th  requ i rements  g i ven  i n  6 . 4  of  I EC  61 869-1 :2007.  

b)  after  cool ing  to  ambien t  temperatu re,  i t  sati sfi es  the  fo l l owing  requ i rements:  

1 )  i t  i s  not  vi s ibly  damaged,  

2)  i ts  errors  shal l  be  wi th in  the  l im i ts  of  the  re levan t  accuracy class.  

7.2.3  Impulse  vol tage wi thstand  test  on  primary terminals  

7.2.3.1  General  

Subclause  7. 2 . 3 . 1  of  I EC  61 869-1 :2007  i s  appl i cable  wi th  the  fo l l owing  add i t ion :  

D ie lectric  tests  shal l  be  made  on  LPIT completely assembled ,  as  i n  service.  The  ou ts ide  
su rfaces  of  i nsu lati ng  parts  shal l  be  carefu l l y  cleaned .  

7.2.5  Electromagnetic  compatibi l i ty (EMC)  tests  

7.2.5.2  Immunity test  

7.2.5.2.601  General  

The  tests  shal l  be  made  to  prove  compl iance  wi th  6 . 1 1 . 3 .  

The  test  shal l  be  performed  on  a  port-by-port  basis ,  gu idance  for the  i den ti fi cati on  of  ports  
being  g iven  i n  Figu re  605,  Figu re  606,  and  Figu re  607  below.  

I n  many cases  an  LPIT may be  d i vided  i n to  a  number of  major sub-assembl ies  such  as,  for 
example,  ci rcu i ts  l ocated  i n  con tro l  cubicles  and  ci rcu i ts  l ocated  i n  the  swi tchgear area.  EMC 
tests  re levan t  for  the  appl ied  technology of  LPIT have  to  be  carried  ou t  on  each  major 
subassembly the  fu l l  LPIT being  i n  operati on  or the  m issing  subassembl ies  being  s imu lated .  
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Examples  of  major subassembly d ivi s ions  are  g iven  i n  Figu re  605,  Figu re  606,  and  Fi gu re  607 
below.  

 

 

Key 

1  HV l i ne  

2  Encl osu re  port  

3  Ground  s i gnal  port  

4  S i gnal  port  

5  Comm and  port  

6  Comm un icati on  port  

7  a. c.  power port  

8  d . c.  power port  

Subassembl y  1 :  “ou tdoor  part”  i n  swi tchgear  area  

Subassembl y  2 :  “ i ndoor part”  i n  con tro l  cubi cl e  area 

Figure  605  – Examples  of  subassembly subjected  to  EMC tests  – 
Usual  structure used  in  HV AIS  appl ications 
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Li nk between  

Subassembl y  1  and  2  
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Key 

1  Con tro l  devi ce  

2  LP I T  suppl y for  con tro l  devi ce  

3  Swi tch i ng  devi ce  

4  MV l i ne  

5  Comm un icati on  l i nk and/or  power  

6  Comm un icati on  l i nk 

 

Swi tchgear  cubi cl e  

N OTE  MV swi tchgears  do  not  have  gal van i c  i nsu l ati on  between  the  swi tchg ear  area and  the  con tro l  cubi cl e  as  i n  
the  HV AIS  exam ple.  Usual l y,  al l  i tems  are  i n s i de  a  m etal  case  that  i s  g rounded  as  wel l  as  wal l s  o f  d i fferen t  
com partmen ts  i n s i de .  

Figure  606  – Examples  of  subassembly subjected  to  EMC tests  – 
Usual  structure used  in  MV appl ications 

 

 

Key 

1  Low-power i n strum en t  transform ers  wi th  I ED  ( i n te l l i g en t  e l ectron i c  devi ce)  

2  Con tro l  u n i t  (wi th  merg i ng  un i t)  i ns tal l ed  i n  l ocal  con tro l  panel  

3  HV l i ne  encl osed  i n  earthed  metal  tank 

4  Operati ng  mechan isms  of  c i rcu i t  breaker  or  swi tchgear 

A  Comm un icati on  l i nk and/or  power suppl y  from  upper systems;  pro tecti on  re lays  and /or  con tro l  u n i ts  

B  Comm un icati on  l i nk and/or  power  supply  for  I EDs  o f  l ow-power i ns trum en t  transform ers  

C  Comm un icati on  l i nk and/or  power suppl y  for  operati ng  mechan i sms  

NOTE  HV gas  i n su l ated  swi tchgear  does  no t  have  g al van i c  i nsu lati on  between  swi tchgear and  l ocal  con tro l  panel  
and /or  con tro l  cu bi c  area as  shown  i n  AI S  example  

Figure  607 – Examples  of  subassembly subjected  to  EMC tests  – 
Usual  structure used  in  HV G IS  appl ications 
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7.2.5.2.602  General  cond i tions  during  immuni ty tests  

The  general  cond i ti ons  for  EMC tests  are  described  i n  I EC  61 000-4-1  and  CISPR 1 1 .  During  
the  EMC tests,  the  l eng th  of  cable  between  the  LPIT and  test  equ ipment  and  between  primary 
and  secondary converters  shou ld  be  the  maximum  speci fi ed  by the  manu facturer  and  the  
arrangement of  the  cable  shal l ,  as  far as  practicable,  represen t  i n -service  cond i ti ons.  

7.2.5.2.603  Harmonic  and  in terharmonic  d isturbance test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  I EC  61 000-4-1 3 .  The  test  l evel  
i s  class  2  ( fu l l  harmon ic d istortion  1 0  %) .  The  assessment cri terion  i s  g iven  i n  6 . 1 1 . 3 . 602  and  
Table  602 .  

7.2.5.2.604 Slow vol tage variation  test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  IEC  61 000-4-1 1  for  a. c.  power 

supply and  IEC  61 000-4-29  for  d . c.  power supply.  The  vo l tage  variations  used  are  from  +1 0  % 

to  -20  % of  the  nominal  vo l tage  of  the  a. c.  power supply  and  from  +20  % to  -20  % of  the  
nom inal  vo l tage  of  the  d . c.  power supply.  The  assessment cri teri on  i s  g i ven  i n  6 . 1 1 . 3 .603  and  
Table  602.  

7.2.5.2.605 Vol tage d ips  and  short  in terruption  test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  IEC  61 000-4-1 1  for  a. c.  power 
supply and  IEC  61 000-4-29  for  d . c.  power supply.  

The  vo l tage  d ip  used  for the  test  i s  30  % of  the  nominal  vol tage  of  the  a. c.  power supply 
during  0 , 1  s .  The  vo l tage  i n terruption  test  i s  performed  du ring  0 , 02  s  for  a. c.  power supply.  

The  vo l tage  d ip  used  for the  test  i s  50  % of  the  nominal  vol tage  of  the  d . c.  power supply 
during  0 , 1  s .  

The  vo l tage  i n terruption  test  i s  performed  during  0 , 05  s  ( l ow impedance)  for  d . c.  power 
supply.  

The  assessment  cri terion  i s  g i ven  i n  6 . 1 1 . 3 . 604  and  Table  602.  

7.2.5.2.606 Surge immuni ty test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  IEC  61 000-4-5:201 4.  The  test  
generator to  be  used  i s  the  combination  wave  (hybrid )  generator ( I EC  61 000-4-5:201 4,  6 . 1 )  

wi th  standard  1 , 2/50  µs  vo l tage  waveform  (open-ci rcu i t)  and  8/20  µs  cu rren t  waveform  (short-
ci rcu i t) .  The  test  l evel  i s  accord ing  to  test  l evel  4  (4  kV Line-Earth  (L-E) ,  2  kV Line-Line  (L-L) ) .  
The  assessment  cri terion  i s  g i ven  i n  6 . 1 1 . 3 . 605  and  Table  602.  

7.2.5.2.607 Conducted  immunity tests  (1 50  kHz  to  80  MHz)  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  I EC  61 000-4-6,  the  test  l evel  
and  the  assessment cri teria  are  g i ven  i n  6 . 1 1 . 3 .606,  and  Table  602.  

7.2.5.2.608 Conducted  immuni ty tests  (0  Hz  to  1 50  kHz)  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  I EC  61 000-4-1 6,  the  test  l evel  
and  the  assessment cri teria  are  g iven  i n  6 . 1 1 . 3 .607,  and  Table  602.  

7.2.5.2.609  Electron ic  fast  transient/burst  test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  I EC  61 000-4-4:201 2,  the  test  
l evel  being  severi ty  l evel  4  (4  kV test  vo l tage  on  power supply port  and  2  kV on  i npu t/ou tpu t,  
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s ignal ,  data and  con trol  ports  (common  mode) ,  repeti ti on  rate  5  kHz) .  The  test  wi l l  be  carried  
ou t  us ing  the  coupl i ng /decoupl i ng  network on  the  power supply port  and  the  capaci ti ve  
coupl i ng  clamp on  the  i npu t/ou tpu t,  s i gnal ,  data con tro l  and  commun icati on  ports.  The  
assessment  cri terion  i s  g i ven  i n  6 . 1 1 . 3 . 608  and  Table  602.  

7.2.5.2.61 0  Damped  osci l latory wave immunity test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  I EC  61 000-4-1 8:2006.  The  test  
generator to  be  used  i s  the  damped  osci l l atory wave  generator ( IEC  61 000-4-1 8:2006,  6 . 1 . 2) .  
The  test  vo l tage  wi l l  be  2 , 5  kV common  mode  and  1  kV d i fferen tial  mode  both  for  power 
supply  and  con trol /s ignal  l i nes.  Test  frequency wi l l  be  1 00  kHz  or  1  MHz  at  400  repeti t i ons  per 
second.  The  assessment cri terion  i s  g i ven  i n  6 . 1 1 . 3 .609  and  Table  602.  

7.2.5.2.61 1  Electrostatic  d ischarge test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  IEC  61 000-4-2:2008.  The  test  
l evel  i s  severi ty  l evel  3 .  The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  
IEC  61 000-4-2  appl i ed  on ly  on  the  physical  boundary of  the  equ ipment  under test  
(enclosure) .The  assessment  cri teri on  i s  g i ven  i n  6 . 1 1 . 3 . 61 0  and  Table  602.  

7.2.5.2.61 2  Power-frequency magnetic  field  immunity test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  I EC  61 000-4-8:2009.  Test  l evel  
i s  severi ty  l evel  5  (1 00  A/m  for 1  m in  and  1 000  A/m  for 1  s ) .  The  assessment cri terion  i s  g i ven  
i n  6 . 1 1 . 3 . 61 1  and  Table  602.  

7.2.5.2.61 3  Pu lse  magnetic  field  immunity test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  I EC  61 000-4-9:1 993.  Test  l evel  
i s  severi ty  l evel  5  (1  000  A/m  peak) .  The  assessment  cri terion  i s  g i ven  i n  6 . 1 1 . 3 .61 2  and  
Table  602.  

7.2.5.2.61 4  Damped  osci l latory magnetic  field  immuni ty test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  IEC  61 000-4-1 0: 1 993.  Test  
l evel  i s  severi ty  l evel  5  (1 00  A/m  test  f i e l d ) .  The  assessment  cri terion  i s  g i ven  i n  6 . 1 1 . 3 .61 3  
and  Table  602.  

7.2.5.2.61 5  Rad iated,  rad iofrequency,  electromagnetic  field  immuni ty test  

The  test  shal l  be  performed  accord ing  to  the  test  procedure  of  I EC  61 000-4-3:2006.  Test  l evel  
i s  severi ty  l evel  3  (1 0  V/m  fi e ld  streng th ) .  The  assessment  cri teri on  i s  g i ven  i n  6 . 1 1 . 3 .61 4  and  
Table  602 .  

7.2.5.601  EMC emission  tests  

An  emission  test  wi l l  be  performed  accord ing  to  the  CISPR 1 1  testi ng  procedure.  The  test  
l im i ts  wi l l  be  those  of  g roup  1  class  A.  The  test  shal l  preferably be  performed  on  the  complete  
assembly bu t  for  ease  of  testing  i n  case  one  of  the  possible  subassembl ies  con tains  no  
e lectrical  parts,  that  test  can  be  performed  on  the  remain ing  subassembl ies.  

7.2.6  Test  for  accuracy 

7.2.6.601  General  

The  fo l l owing  accuracy tests  are  appl ied  to  measuring  LPIT and  to  protecti ve  LPIT.  Test  
ci rcu i ts  are  g i ven  i n  Annex 6D.  
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7.2.6.602  Basic  accuracy tests  

7.2.6.602.1  Basic  accuracy tests  for  measuring  LPIT 

To  prove  compl iance  wi th  the  speci fied  accuracy class,  tests  shal l  be  made  at  each  value  of  
i npu t  s i gnal  g i ven  i n  the  speci fi c  s tandards  at  rated  frequency,  at  rated  burden  ( i f  re levan t) ,  
and  at  ambien t  temperatu re,  un less  otherwise  speci fied .  

NOTE  The  test  can  be  carri ed  ou t  u s i ng  a  pu re  del ay t ime  devi ce  i n serted  between  the  reference  transformer  and  
the  accu racy measu remen t  system.  

7.2.6.602.2  Basic  accuracy test  for  protective  LPIT 

To  prove  compl iance  wi th  the  speci fi ed  accuracy class,  the  test  shal l  be  made  at  rated  i npu t  
s ignal  at  rated  frequency,  at  rated  bu rden  ( i f  re levan t)  and  at  ambien t  temperature.  

NOTE  The  test  can  be  carri ed  ou t  u s i ng  a  pu re  del ay t ime  devi ce  i n serted  between  the  reference  transformer  and  
the  accu racy measu remen t  system.  

7.2.6.602.3  Basic  accuracy test  for  mul tipurpose LPIT 

Basic  accuracy test  for mu l ti purpose  low-power i nstrument  transformers  shal l  i nclude  the  
basic  accuracy tests  described  i n  7. 2. 6. 602. 1  and  i n  7. 2 .6.602. 2.  

7.2.6.603  Temperature  cycle  accuracy test  

I n  add i tion  to  the  basic  accuracy tests  made  i n  accordance  wi th  7. 2. 6.602,  the  temperatu re  
cycle  accuracy test  shal l  be  performed  i n  the  fo l lowing  cond i tions:  

– at  rated  frequency;  

– at  rated  primary s ignal ,  appl i ed  con ti nuously,  i n  case  of  maximum  or  ambien t  temperatu re  
(wi thou t  continuous  primary s i gnal  i n  case  of  m in imum  temperature) ;  

– at  rated  bu rden  ( i f  re levan t) ;  

– wi th  i ndoor and  ou tdoor components  exposed  to  thei r  speci fi c  maximum  and  m in imum  
ambien t  ai r  temperatu re.  A cycle  test  i n  accordance  wi th  Fi gu re  608  shal l  be  performed.  

 

Figure  608  – Temperature cycle  accuracy test  

Min imum  temperature  variati on  rate  i s  5  K/h .  I t  can  be  h i gher on ly  i f  al l owed  by the  
manu factu rer.  

The  thermal  t ime  constan t  τ  shal l  be  declared  by the  manu factu rer.  

I n s tan ts  where  accu racy has  to  be  measu red  

M i n im um  3τ  Min imum  3τ  Min imum  3τ  

Tim e  

Min im um  

Ambien t  

M aximum  

A
ir

 t
e

m
p

e
ra

tu
re
 

IEC  



I EC  61 869-6:201 6    I EC  201 6  – 43  – 

NOTE  Tim e  needed  to  s tabi l i ze  the  temperatu re  of  the  l ow-power i ns trumen t  t ransformer  depends  main l y  on  the  
s i ze  and  constructi on  o f  the  transformer.  

For LPIT,  partial l y  i ndoor,  partial l y  ou tdoor,  the  tests  shal l  be  made  for i ndoor and  ou tdoor 
parts,  each  one  at  both  extremes  of  the  re levan t  temperature  range,  respecti ng  the  fo l lowing  
ru les:  

– ambien t  ai r  temperatu re  for  both  parts;  

– maximum  temperature  for i ndoor part  when  maximum  temperature  for  ou tdoor part;  

– m in imum  temperatu re  for  i ndoor part  when  m in imum  temperature  for  ou tdoor part.  

I n  normal  service  cond i tions  the  measured  error  of  every measuring  poin t  shou ld  be  wi th in  the  
l im i ts  of  the  re levan t  accu racy class.  

7.2.6.604 Test  for  accuracy versus  frequency 

I n  add i ti on  to  the  basic  accuracy tests  made  i n  accordance  wi th  7. 2 .6. 602,  tests  for  accuracy 
shal l  be  made  at  the  two  extremes  of  rated  frequency range  g i ven  i n  5 . 4  at  rated  i npu t  s ignal ,  
at  rated  bu rden  ( i f  re levant)  and  at  constan t  ambien t  temperature.  

The  error shal l  be  wi th in  the  l im i ts  of  the  re levan t  accuracy class.  

NOTE  For the  tests ,  an  accu racy measu remen t  system  cal i brated  at  rated  frequ ency can  be  acceptabl e .  

7.2.6.605 Test  for  accuracy in  relation  to  replacement  of  components  

To  prove  compl iance  wi th  6 . 606  the  fo l lowing  test  shal l  be  performed.  The  abi l i ty  o f  the  LPIT 
to  fu l fi l  i ts  accuracy class  when  some of  i ts  componen ts  are  replaced  shal l  be  proven  by 
means  of  an  accuracy test  at  room  temperatu re,  rated  frequency,  rated  i npu t  s i gnal  and  rated  
burden  ( i f  relevan t) .  

7.2.6.606 Addi tional  accuracy tests  for  protective  LPIT 

Addi tional  accuracy tests,  for  example  transien t,  are  defi ned  i n  the  re levant  product  
standards.  

7.2.601  Low-vol tage component  vol tage withstand  test  

7.2.601 .1  Test  condi tions 

The  atmospheric  cond i ti ons  du ring  the  test  shal l  be  

•  ambien t  ai r  temperatu re:  1 0  °C  to  30  °C;  

•  re lati ve  humid i ty:  45  % to  75  %;  

•  a i r  pressu re:  86  kPa to  1 06  kPa.  

7.2.601 .2  Appl ication  of  the  test  vol tage 

The  test  vol tage  shal l  be  appl ied  to  the  connecting  po in ts  of  the  LPIT,  non  powered ,  i n  a  new 
and  d ry cond i ti on  wi thou t  se l f-heating .  

Each  i ndependen t  ci rcu i t  shal l  be  tested  at  the  prescribed  test  vo l tage  i n  re lati on  to  al l  other 
ci rcu i ts  connected  together and  to  earth .  

a)  For  the  test  between  a  g i ven  ci rcu i t  and  al l  o ther  ci rcu i ts ,  al l  the  connecting  po in ts  of  the  
s ing le  ci rcu i t  shal l  be  connected  together.  

b)  For al l  tests,  the  ci rcu i ts  wh ich  are  to  be  connected  to  earth  shal l  be  thus  connected .  
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Un less  obvious,  the  i ndependen t  ci rcu i ts  are  described  by the  manu factu rer.  For  example,  the  
secondary converter  and  merg ing  un i t  can  be  i ndependent  ci rcu i ts .  

For devices  wi th  an  i nsu lating  enclosure,  the  exposed  conducti ve  parts  needed  for  testing  
shal l  be  represen ted  by a  metal  fo i l  covering  the  whole  enclosu re  except  the  term inals  around  
wh ich  a  su i table  gap  shal l  be  l eft  so  as  to  avoid  f lashover to  the  term inals.  

7.2.601 .3  Power-frequency vol tage wi thstand  test  

The  power-frequency vo l tage  wi thstand  tests  shal l  be  made  by applyi ng  the  i nsu lation  
requ i rements  for  l ow-vol tage  components  speci fied  i n  5 . 3 . 5  

The  test  vo l tage  source  shal l  be  such  that,  when  applying  hal f  the  speci fied  value  to  the  
device  under test,  the  vol tage  drop  observed  i s  l ess  than  1 0  %.  

The  source  vo l tage  shal l  be  veri f ied  wi th  an  accuracy better than  5  %.  

The  test  vol tage  shal l  be  substan tial ly  s i nusoidal  wi th  a  frequency between  45  Hz  and  65  Hz.  

The  open-ci rcu i t  vo l tage  of  the  vol tage  source  i s  i n i t ial l y  set  to  not  more  than  50  % of  
the  speci fied  test  vo l tage.  I t  i s  then  appl ied  to  the  device  under test.  From  th is  i n i ti al  value  the  
vo l tage  shal l  be  raised  to  the  speci fi ed  value  i n  such  a  manner,  that  no  appreciable  transien ts  
occur  and  main tained  for  1  m in .  I t  shal l  then  be  reduced  smooth ly  to  zero  as  rapid ly  as  
possible.  

Acceptance  cri teria:  no  breakdown  or f l ashover shal l  occur.  

7.2.601 .4  Impulse-vol tage wi thstand  test  

The  impu lse-vol tage  wi thstand  tests  shal l  be  made  by applying  the  vo l tage  g i ven  i n  5 . 3 . 5.  

A standard  l i gh tn i ng  impu lse  i n  accordance  wi th  I EC  60060-1  shal l  be  used .  The  parameters  
are:  

– ou tpu t  impedance:   500  Ω  ±  1 0  % 

– ou tpu t  energy:   0 , 5  J  ±  1 0  % 

The  l eng th  of  each  test  l ead  shal l  not  exceed  2  m .  

The  impu lse  vo l tage  shal l  be  appl ied  to  the  appropriate  po in ts  accessible  from  the  ou ts ide  of  
the  device,  the  other  ci rcu i ts  and  the  exposed  conductive  parts  being  connected  to  earth .  

During  the  test,  no  i npu t  or  auxi l i ary  energ iz ing  quan ti ty  shal l  be  appl ied  to  the  device.  

Three  posi ti ve  and  th ree  negati ve  impu lses  shal l  be  appl ied  at  i n tervals  of  not  l ess  than  5  s .  

Acceptance  cri teria:  no  f lashover i s  accepted .  After the  test,  the  electron ic  shal l  s t i l l  comply 
wi th  basic  accu racy tests.  

7.3  Routine tests  

7.3.1  Power-frequency vol tage wi thstand  tests  on  primary terminals  

Requ i rements  of  I EC  61 869-1 :2007,  7. 3 . 1  are  appl icable  wi th  the  fo l l owing  add i ti on :  

D ie lectri c  tests  shal l  be  made  on  LPIT completely  assembled ,  as  i n  service;  the  ou tside  
su rfaces  of  i nsu lati ng  parts  shal l  be  carefu l l y  cl eaned .  
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7.3.4  Power-frequency vol tage wi thstand  tests  on  secondary terminals  

Subclause  7. 3 . 4  of  I EC  61 869-1 :2007  i s  appl i cable  wi th  the  fo l l owing  mod i fi cations:  

The  test  vol tage  i s  defi ned  i n  5 . 3 . 5.  

7.3.5  Test  for  accuracy 

The  rou ti ne  test  i s ,  i n  pri nciple,  the  same as  the  type  test  i n  7. 2 . 6.602.  However,  rou tine  tests  
at  a  reduced  number of  test  poin ts  are  perm issible  i f  type  tests  on  a  s im i lar  LPIT have  
demonstrated  that  such  a  reduced  number of  tests  i s  su ffi cien t  to  prove  compl iance  wi th  a  
speci fied  accuracy class.  

7.3.601  Power-frequency vol tage wi thstand  test  for  low-vol tage components  

For rou tine  tests  the  same  test  set-up  as  for  the  type  test  i s  used  (see  7. 2 .601 ) .  The  du ration  
of  the  test  can  e i ther  be  1  m in  as  described  i n  7. 2 .601  or  1  s  at  1 , 1  t imes  the  speci fi ed  test  
vo l tage  level  defi ned  i n  5. 3 . 5.  

7.4  Special  tests  

7.4.601  Vibration  tests  

7.4.601 .1  Vibration  test  for  secondary parts  

The  secondary converter,  the  merg ing  un i t  and  secondary power supply  are  general l y  
comparable  to  e lectri cal  secondary equ ipment  i n  the  substation  and  shal l  be  tested  i n  
accordance  wi th  I EC  60068-2-6  accord ing  to  6 . 607.  

7.4.601 .2  Vibration  test  for  primary parts  

The  test  arrangement  shal l ,  as  far  as  reasonably  practi cable,  represent  the  worst-case  service  
cond i ti on  wi th  respect  to  vibration .  Vibration  levels  vary depend ing  on  connection  
arrangements,  i nsu lation  type,  and  for ci rcu i t  breakers,  the  actuation  pri nciple  (spri ng  
mechan isms  are  considered  to  generate  h i gher vibration  levels) .  

7.4.601 .2.1  Vibration  test  for  primary parts  during  short-time current  

Th is  test  i s  performed  to  determ ine  that  the  l ow-power i nstrument transformer operates  
correctly  i n  the  presence  of  vibrati on  resu l ti ng  from  busbar vibration  caused  by short- time  
cu rren t  e lectromagnetic  forces.  

Th is  test  can  be  carri ed  ou t  i n  con juncti on  wi th  a  short- t ime  cu rren t  test  or  composi te  error 
test.  5  ms  after  the  l ast  open ing  of  the  ci rcu i t-breaker,  the  r. m . s.  value  of  the  secondary 
ou tpu t  s i gnal  o f  the  low-power i nstrument  transformer at  rated  frequency calcu lated  over one  
period ,  wh ich  shou ld  theoreti cal l y  be  “0”,  shal l  not  exceed  3  % of  the  rated  secondary ou tpu t.  
To  represent  the  worst-case  cond i tion  wi th  respect  to  vibration ,  the  low-power i nstrument  
transformer shou ld  be  connected  via  a  ri g id  connection  to  the  ci rcu i t-breaker.  

7.4.601 .2.2  Vibration  tests  for  primary parts  mechanical ly coupled  to  a  swi tchgear 

7.4.601 .2.2.1  General  

These  tests  shal l  apply to  LPIT’s  moun ted  on  AIS  ci rcu i t-breaker,  G IS  swi tchgear,  med ium  
vol tage  swi tchgear and  dead  tank ci rcu i t-breaker.  
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7.4.601 .2.2.2  Vibration  during  operation  

Th is  test  i s  performed  to  determ ine  that  the  l ow-power i nstrument transformer operates  
correctl y  i n  the  presence  of  vibration  resu l ti ng  from  ci rcu i t-breaker and  d isconnector 
operati on .  

The  ci rcu i t-breaker shal l  be  operated  th rough  one  du ty  cycle  (open-close-open)  wi thou t  
cu rren t.  5  ms  after  the  last  open ing  of  the  ci rcu i t-breaker,  the  r.m .s.  value  of  the  secondary 
ou tpu t  s ignal  o f  the  l ow-power i nstrument  transformer at  rated  frequency calcu lated  over one  
period ,  wh ich  shou ld  theoretical l y  be  “0”,  shal l  not  exceed  3  % of  the  rated  secondary ou tpu t.  
To  represent  the  worst-case  cond i tion  i n  respect  of  vibration ,  the  ci rcu i t-breaker shou ld  be  
connected  via  a  fl exible  conductor.  

7.4.601 .2.2.3  Vibration  endurance test  

The  ci rcu i t-breaker shal l  be  operated  wi thou t  primary cu rren t  2  000  t imes  (class  M1 )  or 1 0  000  
t imes  (class  M2)  as  described  i n  I EC  62271 -1 00.  Low-power i nstrument  transformer accuracy 
at  rated  cu rren t  and  rated  vo l tage  shal l  be  measured  before  and  after  the  test.  The  low-power 
i nstrument transformer error fo l l owing  the  test  shal l  not  d i ffer  from  that  recorded  before  the  
test  by more  than  hal f  the  l im i t  o f  error appropriate  to  i ts  accu racy class.  

NOTE  Vi brati on  l eve l s  generated  by  c i rcu i t-breakers  have  been  found  to  be  pri nci pal l y  dependan t  on  the  
actuati on  pri nci p l e .  A  ci rcu i t-breaker havi ng  a  spri ng  m echan i sm  wi l l  g eneral l y  produce  h i g her l evel s  of  vi brat i on ,  
thu s  a  l ow-power i n strumen t  transformer  test  on  such  a  c i rcu i t-breaker  may be  consi dered  val i d  for  o ther c i rcu i t-
breakers ,  subj ect  to  ag reement  between  manu factu rer  and  pu rchaser.  

601   In formation  to  be  g iven  wi th  enquiries,  tenders and  orders  

601 .1  Designation  

When  speci fyi ng  an  LPIT for  an  enqu i ry  or an  order,  the  re levan t  i tems  necessary to  
determine  i ts  performance  are  g i ven  i n  the  re levan t  product  standards.  

601 .2  Dependabi l i ty 

The  manu factu rer shal l  provide  a  re l iabi l i ty  and  dependabi l i ty cred ibi l i ty  f i l e  (see  6. 606) .  
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Annex 6A  
(normative)  

 
LPIT frequency response and  accuracy requi rements  for harmonics 

 

6A.1  General  

The  requ i rements  i n  6A. 2  are  re levant  for  al l  LPIT.  The  requ i rements  i n  6A.3  are  re levan t  for 
LPIT i nvolving  d i g i tal  data processing  or  transmission  even  i f  they have  an  analogue  ou tpu t.  

The  accuracy tests  versus  frequency on  LPIT are  presen ted  i n  6A.5.  

6A.2  Requirements  for noise and  d istortion  

The  requ i rements  on  noise  are  speci fi ed  i n  6 . 603.  

The  ou tpu t  of  the  LPIT can  con tain  some  perturbations  added  to  the  wh i te  noise  common  to  
al l  e lectri cal  systems.  Such  perturbation  can  be  generated  by the  LPIT over a  broad  
frequency band ,  and  i n  the  absence  of  any primary s ignal .  

NOTE  The  sou rce  o f  these  pertu rbati ons  may be  c l ock s i gnal s  o f  the  converters ,  mu l t i p l exer  commutati on  no i se ,  
d . c. /d . c.  converter,  commu tati on  frequenci es .  

The  fo l lowing  procedure  i s  recommended:  

– wi th  no  primary s i gnal ,  measure  the  ou tpu t  of  the  i nstrument transformer us ing  a  spectrum  
analyser.  Th i s  g i ves  an  image  of  the  noise  i nduced  by the  i nstrument  transformer i tse l f.  

Another pertu rbation  may come from  d istortion  of  the  fundamental  (creating  i ts  own  
harmon ics) ,  or  from  modu lation  of  harmon ics  of  the  fundamental  (creating  i n terharmon ics  at  
the  ou tpu t  of  the  secondary converter) .  The  manu factu rer shal l  g i ve  the  user some i nd icati on  
abou t  th is  source  of  pertu rbation .  A s imple  measurement  wh ich  wou ld  g i ve  a  usefu l  i nd ication  
may be:  

– wi th  a  ‘pu re’  s i nusoidal  primary s i gnal  at  rated  frequency and  magn i tude,  measure  the  
ou tpu t  of  the  i nstrument transformer using  a  spectrum  analyser for  example.  Th is  wou ld  
g i ve  an  image  of  the  harmon ic  d istortion  i nduced  by the  i nstrument transformer i tsel f.  

6A.3 Anti -al iasing  fi l ter  requ i rements  for LPIT using  d ig i tal  data  processing  

Dig i tal  and  d iscrete  t ime  data processing  l im i ts  the  bandwid th  to  hal f  the  d i g i tal  sampl ing  rate  
fs .  I f  d i fferen t  sampl ing  rates  along  the  s i gnal  processing  path  are  used ,  the  l owest  rate  i s  the  
l im i ti ng  factor.  For  i nstrument transformers  wi th  d ig i tal  ou tpu t,  the  l owest  rate  i s  usual l y  the  
ou tpu t  sampl ing  rate.  Frequencies  above  fs  /  2  are  m i rrored  to  frequencies  below fs  /  2 .  From  
the  po in t  of  vi ew of  accuracy,  the  most  cri ti cal  frequencies  are  those  mapped  on  to  the  power 
system  frequency fr.  The  f i rst  frequency wh ich  i s  mapped  on  fr  i s  

 fs  – fr   

F i gure  6A. 1  shows  an  example  of  a  d i g i tal  data acqu is i ti on  system.  
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Key 

fadc ADC  sampl i ng  rate  

fdr  Ou tpu t  sampl i ng  rate  

Figure  6A.1  – Dig i tal  data  acqu isi tion  system  example 

I f  fadc  i s  l arger than  fdr. the  s i gnal  bandwid th  i s  equal  to  fdr  /  2 ,  o therwise  the  s i gnal  bandwid th  
i s  equal  to  fadc  /  2 .  

Hence,  a  so-cal led  an ti -al ias ing  fi l ter  shal l  be  used .  M in imum  an ti -al i asing  f i l ter  attenuation  
requ i rements  are  speci fi ed  as  a  function  of  the  i nstrument  transformer accuracy class  i n  
Table  6A. 1 .  

Table  6A.1  – Anti -al iasing  fi l ter 

Accuracy cl ass  
Anti -al i asing  fi l ter  

attenuation  

(f ≥  f
s
 −  f

r
)  

0, 1  ≥34  dB  

0 , 2  ≥28  dB  

0 , 5  ≥20  dB  

1  ≥20  dB  

Al l  P rotecti on  cl asses  ≥20  dB  

 

Attenuation ,  expressed  i n  decibels  (dB) ,  i s  calcu lated  accord ing  to  the  fo l l owing  formu la:  

Attenuation  =   (dB) 
prs

srp
  log  20 1 0

II

II

×

×
 

where  

Ip  i s  the  r.m .s.  value  of  the  primary curren t  at  frequency f,  wi th  f ≥  fs  – fr;  

Is  i s  the  r. m .s.  value  of  the  secondary ou tpu t  at  the  m i rrored  frequency,  that  i s ,  at  fs  – fr;  

Ipr  i s  the  rated  primary curren t;  

Isr  i s  the  rated  secondary ou tpu t.  

For  l ow-power vo l tage  transformer,  replace  cu rren t  I by  vo l tage  U.  
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6A.4 LPIT accuracy requ irements for harmonics  and  low frequencies  

6A.4.1  General  

Due  to  the  use  of  speci fi c  devices  (non- l i near l oads,  FACTS,  rai lway)  harmon ics  can  be  
generated  on  the  network.  The  amoun t  of  harmon ics  depends  on  the  network and  the  vol tage  
l evel .  Harmon ics  are  of  i n terest  for metering ,  qual i ty  and  protecti on  pu rposes.  Figu re  6A.2  
i l l ustrates  the  harmon ic  and  an ti -al ias ing  frequency response  magn i tude  requ i rements  for  
metering  accuracy class  1  where  fr  =  60  Hz  and  fs  =  4  800  Hz.  Speci fi c  accuracy requ i rements  
for  each  class  are  g iven  i n  the  fo l l owing  subclauses.  

 

Key 

  P roh i bi ted  reg i on  for  response  

Figure  6A.2  – Frequency response mask for  metering  accuracy class 1  
(fr  =  60  Hz,  fs  =  4  800  Hz)  

6A.4.2  Measuring  accuracy classes 

Table  6A. 2  g ives  the  l im i t  o f  errors  for the  measuri ng  classes.  
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Table  6A.2  – Measuring  accuracy classes 

Accuracy 
cl ass  
(at  f

r
)  

Ratio  error   
at  l ow frequency 

Ratio  error  (+/–)   
at  harmonics  

Phase  
d i spla-
cement  

(+/–)  at  
l ow 

frequency 

Phase  error  (+/–)  at  
harmon ics  

Deg rees  Deg rees  

 0  Hz  1  H z  2 n d  to  
4 t h  

5 t h  
an d  
6 t h  

7 t h  to  
9 t h  

1 0 t h  to  
1 3 t h   

Above  1 3 t h   1  Hz  2 n d  to  
4 t h  

5 t h  an d  
6 t h  

7 t h  to  
9 t h  

1 0 t h  to  
1 3 t h   

0, 1  +1  %  
− 1 00  % 

+1  %  
−30  % 

1  %  2  %  4  %  8  %  +8  % 
− 1 00  % 

45  1  2  4  8  

0 , 2  0 , 2S  +2  %  
− 1 00  % 

+2  %  
−30  % 

2  %  4  %  8  %  1 6  %  +1 6  % 
− 1 00  % 

45  2  4  8  1 6  

0 , 5  0 , 5S  +5  %  
− 1 00  % 

+5  %  
−30  % 

5  %  1 0  %  20  %  20  %  +20  % 
− 1 00  % 

45  5  1 0  20  20  

1  +1 0  % 
− 1 00  % 

+1 0  %
−30  % 

1 0  %  20  %  20  %  20  %  +20  % 
− 1 00  % 

45  1 0  20  20  20  

3  5  – – – – – –  – – – – – 

NOTE  0  H z  i n  the  f i rs t  co l u mn  means  d . c.  coupl i n g  i s  al l owed  bu t  not  requ i red .  

 

The  transi ti on  between  po in ts  defi ned  i n  the  above  table  shal l  be  a  straigh t  l i ne  when  shown  
i n  l og /log  scale.  

The  above  l im i ts  apply  equal l y  to  l ow-power vol tage  and  cu rren t  transformers.  

6A.4.3  Accuracy class  extension  for  qual i ty metering  and  low bandwidth  d .c.  
appl ications 

Accord ing  to  EN  501 60  and  IEC  61 000-4-7,  for  such  purposes,  harmon ics  up  to  the  40
th

 o rder 
( i n  some cases  even  to  the  50

th
 o rder)  are  measured .  IEC  61 000-4-7  speci fies  that  the  

relati ve  error  (re lated  to  the  measured  value)  shal l  not  exceed  5  %.  

These  extensions  can  be  appl i ed  to  al l  accuracy classes  to  i nd icate  better  performances  at  
h i gh  frequencies.  

The  l im i t  of  accuracy for qual i ty  measurement  and  i nstrument transformers  for  d . c.  appl ication  
are  g i ven  i n  Table  6A.3 .  

Table  6A.3  – Accuracy classes  extension  for  qual i ty metering  
and  low bandwidth  d .c.  appl ications 

Accuracy 
class  

Ratio  error  (+/–)   
at  frequencies  shown  below 

Phase  error  (+/–)  at  frequencies  shown  below 

Degrees  

 (0 , 1  ≤  f <  1 )  kH z  
%  

( 1  ≤  f <  1 , 5 )  kH z  
%  

( 1 , 5  ≤  f <  3  kHz )  
%  

(0 , 1  ≤  f <  1 )  kH z  ( 1  ≤  f <1 , 5 )  kHz  ( 1 , 5  ≤  f <  3 )  kH z  

0, 1  1  2  5  1  2  5  

0 , 2  0 , 2S  2  4  5  2  4  5  

0 , 5  0 , 5S  5  1 0  1 0  5  1 0  20  

1  1 0  20  20  1 0  20  20  

For d . c.  appl i cat i ons  the  phase  errors  are  not  appl i cabl e .  
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The  accuracy classes  0 ,2S  and  0 , 5S  apply  on ly  for l ow-power cu rren t  transformers.  

The  above  l im i ts  of  the  Table  6A.3  apply  equal ly  to  both ,  l ow-power vol tage  transformers  and  
l ow-power cu rren t  transformers.  

The  l im i ts  of  accuracy for  h i gh  bandwid th  i nstrument  transformers  for  d . c.  appl ication  wi th  
h igh  bandwid th  appl i cation  are  g iven  i n  Table  6A.4.  

Table  6A.4  – Accuracy classes extension  for  h igh  bandwidth  d .c.  appl ications 

Accuracy 
class  

Ratio  error  (+/–)   
at  frequencies  shown  below 

Phase  error  (+/–)  at  frequencies  shown  below 

Degrees  

 (0 , 1  ≤  f <  5 )  kH z  
%  

(5  ≤  f <  1 0 )  kH z  
%  

( 1 0  ≤  f <  20 )  kHz  
%  

(0 , 1  ≤  f <  5 )  kH z  (5  ≤  f <  1 0 )  kH z  ( 1 0  ≤  f <  20 )  kHz  

0, 1  1  2  5  1  2  5  

0 , 2  0 , 2S  2  4  5  2  4  5  

0 , 5  0 , 5S  5  1 0  1 0  5  1 0  20  

1  1 0  20  20  1 0  20  20  

For d . c.  appl i cat i ons  the  phase  errors  are  not  appl i cabl e .  

 

C lass  0 , 2S  and  0 , 5S  apply  on ly  for  l ow-power curren t  transformers.  

The  above  l im i ts  apply equal l y to  both ,  l ow-power vo l tage  and  l ow-power cu rren t  
transformers.  

6A.4.4  Protective  accuracy classes 

Table  6A.5  appl i es  to  al l  protecti ve  accuracy classes.  1 6 ,7  Hz  or  20  Hz  are  re levan t  to  cover 
possible  i n fluences  coming  from  rai lway power frequencies  ( for  e lectri cal  network wi th  rated  
frequency at  50  Hz  or  60  Hz) .  

Table  6A.5  – Protective accuracy classes 

Accuracy 
class  

Ratio  error  (+/–)  at  frequencies  and  
harmon ics  shown  below 

Phase  error  (+/–)  at  frequencies  and  harmon ics  
shown  below 

Degrees  

 1 /3 rd  component  
(1 6,7  Hz  or   

20  Hz)  
%  

2nd  to  5 th  
h armonic  

 
%  

1 /3 rd  component  
(1 6,7  Hz  or  20  Hz)  

2nd  to  5 th  h armon ic  

Al l  protecti on  
c l asses  

1 0  1 0  1 0  1 0  

 

Above  l im i ts  apply  equal l y  to  both  low-power vol tage  and  l ow-power curren t  transformers.  

6A.4.5  Special  h igh  bandwidth  protection  accuracy class 

For some appl i cations  l i ke  travel l i ng -wave  relays,  there  i s  a  need  for  frequencies  as  h i gh  as  
500  kHz.  The  use  of  re lays  based  on  travel l i ng -wave  analysi s  seems  a prom is ing  so lu tion  for 
very accurate  fau l t  l ocation .  For i nstance,  new devices  based  on  such  principles  claim  to  be  
much  more  accurate  than  conventional  reactance  based  fau l t  l ocators.  Th is  f i e ld  i s  sti l l  under 
development,  bu t  CT and  VT su i table  for  these  re lays  shou ld  have  a  very l arge  frequency 
range,  hence  the  “extended”  range,  up  to  500  kHz.  No  consensus  for  general  requ i rements  for 
th i s  ki nd  of  appl i cation  i s  avai lable  at  the  date  of  the  publ i cation .  Table  6A.6  and  the  
bandwid th  i s  g i ven  for  i n formation  on ly.  
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Table  6A.6  – Accuracy classes  for  special  h igh  bandwidth  protection  

Accuracy 
class  

Maximum  peak i nstantaneous  error  (+/–)   
at  frequencies  shown  below 

Special   
h i g h  
bandwid th  
pro tecti on  

From  f
r
 to  50  kHz  At  500  kH z  

1 0  %  30% (3dB)  

 

NOTE  1  Travel l i n g  wave  re l ays  are  des i gned  especi al l y  for  th i s  pu rpose  and  are  very  special  (very  l arge  
bandwid th ,  e tc. ) .  Al thou gh  conven ti onal  CT’s  o ften  have  su ff i ci en t  bandwid th  i t  i s  customary for  the  manu factu rer  to  
suppl y  the  re l ay/fau l t  l ocator  tog ether wi th  the  cu rren t/vo l tage  transformers  and  thei r  associ ated  e l ectron i cs.  I n  
fact,  many such  devi ces  act  j u st  l i ke  d i s tu rbance  recorders ,  s tori ng  the  data  du ri ng  the  fau l t  and  do i ng  some  post-
process i ng  afterwards  to  l ocate  the  fau l t .  

NOTE  2  Du e  to  the  h i gh  bandwid th ,  th i s  c l ass  i s  n ot  su i table  for  the  s tandard i zed  d i g i tal  ou tpu ts .  

6A.4.6  Special  accuracy classes  for  d .c.  coupled  low-power vol tage transformers 

Low-power vo l tage  transformers  of  th i s  class  shal l  be  able  to  g i ve  some  i nd ication  on  the  
amount  of  d . c.  vo l tage  on  the  a. c.  l i ne.  I n  th is  case  the  user does  not  need  a  very accurate  
image  of  the  vol tage.  The  importan t  i n formation  i s  the  po lari ty  of  the  residual  vol tage  on  the  
l i ne.  

For th is  special  class,  al l  the  requ i rements  on  harmon ics  detai led  i n  6A.4.4  shal l  also  apply.  

Add i ti onal  requ i rement  are  g i ven  i n  Table  6A.7.  

Table  6A.7  – Accuracy classes  for  special  d .c.  coupled  low-power vol tage transformers  

Accuracy class  Maximum  peak i nstantaneous  error  (+/–)  at  
frequencies  shown  below 

Special  d . c.  
protecti on  ( for  l ow-power 

vol tage  transformer)  

from  0  H z  (d . c. )  to  f
r
 

1 0  % 

 

Care  shou ld  be  taken  wi th  an  analogue  ou tpu t  that  the  i npu t  transformers  of  the  connected  
relays  do  not  satu rate,  s i nce  the  l ow-power vo l tage  transformer may not  d i scharge  the  l i ne  
(constan t  d . c. -ou tpu t  for  the  low-power vo l tage  transformer) .  Of  course,  wi th  d i g i tal  ou tpu t,  
there  i s  no  such  problem.  

6A.5  Tests  for accuracy versus harmonics  and  low frequencies 

The  tests  are  carried  ou t  to  demonstrate  that  an  LPIT compl ies  wi th  the  accuracy requ i rement  
on  harmon ics  and  low frequencies  g i ven  i n  the  clause  6A. 4. 2.  I n  an  i deal  case,  tests  on  
harmon ics  shou ld  be  made  wi th  the  rated  i npu t  s i gnal  at  the  rated  frequency pl us  a 
percen tage  of  the  rated  primary i npu t  s i gnal  at  each  considered  harmon ic  frequency.  Such  a 
primary i npu t  s i gnal  shou ld  provide  a  real i stic  image  of  the  dynamic requ i rements  on  the  
transformer and  wi l l  yie ld  a  good  image  of  some non- l i near phenomena wh ich  can  happen  i n  
the  transformer ( i n termodu lation ,  for  example) .  

However,  i t  can  be  d i ffi cu l t  to  ach ieve  a  test  ci rcu i t  wh ich  generates  such  a  primary i npu t  
s ignal .  For practical  considerations,  i t  i s  accepted  that  the  accuracy tests  be  made  wi th  on ly 
one  s ing le  harmon ic  frequency appl i ed  at  the  primary s i de  for  each  measurement.  
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6A.6 Test  arrangement  and  test  ci rcu i t  

6A.6.1  Test  for  accuracy for  harmonics  and  low frequencies  

Frequency response  requ i rements  defi ned  i n  Table  6A.2  above  are  very importan t  for  
ach ieving  device  i n teroperabi l i ty.  Veri fi cation  of  these  requ i rements  may,  however,  be  qu i te  
d i ff i cu l t  and  requ i res  i n timate  knowledge  of  physical  properties  and  l im i tations  of  the  tested  
device’s  technology.  Frequency response  testi ng  shal l  fu l f i l  the  harmon ics  requ i rement 
described  i n  Table  6A. 2.  

The  use  of  a  su i table  test  setup  i s  requ i red  (see  IEC  TR  61 869-1 03  for  more  detai l s) .  

Ferromagnetic  ci rcu i t  based  devices  (conventional  CTs,  VTs,  CVTs  and  SAMU  auxi l i ary  i npu t  
transformers)  are  susceptible  to  ferromagnetic  core  satu ration  and  cannot  i n  general  be  
tested  at  l ow frequencies  us ing  fu l l  vo l tage/curren t  l evels.  For these  devices,  measurements  
at  frequencies  below the  nominal  system  frequency shou ld  be  performed  wi th  test  s i gnal  
magn i tude  reduced  i n  i nverse  proporti on  wi th  the  frequency:  

r

test
prtest

f

f
II ×=  

Rogowski  co i l /ai r  co i l  based  devices  provide  ou tpu t  whose  magn i tude  i ncreases  wi th  
frequency.  To  avoid  measurement  ci rcu i t  cl i pping ,  testi ng  above  the  nom inal  system  
frequency shou ld  be  performed  wi th  test  s i gnal  magn i tude  reduced  i n  proportion  wi th  the  
frequency:  

test

r
prtest

f

f
II ×=  

Opto-electron ic  based  devices  are  normal l y  i nsensi ti ve  to  test  s ignal  frequency.  The  test  
s i gnal  l evel  at  d i fferent  frequencies  wi l l  be  determ ined  primari l y  by  the  test  l aboratory 
capabi l i t ies.  

Test  cu rren ts  and  vo l tages  for  the  special  d . c.  coupled  l ow-power vo l tage  transformers  
(6A.4.6)  are  shown  i n  Table  6A.8.  

Table  6A.8  – Accuracy classes for  harmonics 

Accuracy cl ass  
Magni tude  of  cu rrents(or  vol tage)  for  accuracy tests   

(% of  I
pr

)  or  (% of  U
pr

)  

 DC  to  f
r  

step  every 1 0  Hz  

f
r
 to  the  5 th  h armon ic  

step  every harmon ic  

Special  d . c.  ( for  
l ow-power 

vo l tage  
transformers)  

20  %  20  % 

 

6A.6.2  Type test  for  proper anti -al iasing  

The  attenuation  i s  calcu lated  and  the  l im i t  g i ven  i n  6A. 3  i s  checked .  Where  ag reed  to  by the  
user and  manu factu rer,  i n jection  may be  i n to  the  secondary converter.  

The  magn i tude  of  the  primary s i gnal  shal l  be  at  l east  1  % of  the  rated  primary s ignal .  
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NOTE  Due  to  the  fact  that  a l i as i ng  occu rs ,  the  i npu t  s i gnal  and  the  ou tpu t  s i g nal  do  not  have  the  sam e  
frequ enci es.  Therefore  test  arrang ements  us i ng  bri dge  con fi gu rati ons  cannot  be  u sed .  The  eas i est  way to  do  the  
test  i s  to  cal cu late  or  measu re  the  r. m . s .  val ues  for  i n pu t  and  ou tpu t  separate l y  u s i ng  a  d i g i tal  system  or  a  s imple  
mu l t imeter  for  anal ogue  system s.  
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Annex 6B   
( in formative)  

 
Transient  performances of low-power current  transformers 

 

6B.1  General  

Power system  short-ci rcu i t  cu rrents  con tain  al ternating  curren t  (a. c. )  and  transien t  
componen ts.  The  transien t  componen t  i s  al so  known  as  d i rect  curren t  (d . c. )  componen t.  As  i s  
described  l ater  i n  th is  annex,  the  a. c.  componen t  i s  at  power system  frequency,  wh i le  the  d . c.  
component  decays  exponen tial l y  over t ime.  Cu rren t  sensors,  both  conven tional  i ron-core-
based  cu rren t  transformers  (CT)  and  l ow-power cu rren t  transformers  (LPCT)  represen t  short-
ci rcu i t  cu rren ts  wi th  some errors.  AC  component  errors  may affect  protection  re lay operation ,  
wh i le  d . c.  componen t  errors  are  not  usual l y  re levan t  for  re lay protection  using  phasor-based  
algori thms  as  the  d . c.  componen t i s  fi l tered  ou t.  However,  the  d . c.  componen t  can  cause  
satu ration  of  cu rren t  sensors  that  have  non- l i near e lements  such  as  i ron -core  CTs,  d istorting  
the  a. c.  componen t  representation .  DC  component  error may depend  on  the  magn i tude  and  
duration  of  the  d . c.  component.  I f  the  cu rren t  sensors  do  not  saturate  and  do  not  have  non-
l i near e lements,  d . c.  componen ts  do  not  con tri bu te  to  a. c.  componen t  errors .  

Requ i rements  for  conven tional  CTs  that  use  magnetic  materials ,  wh ich  have  non- l i near 
characteri sti cs,  are  provided  i n  I EC  61 869-2.  Low-power cu rren t  transformers  that  are  based  
on  d i fferen t  technolog ies  l i ke  optical  CTs  that  are  appreciably  l i near ( l i neari ty  defi ned  by 
electron ics)  or Rogowski  co i l s  that  by  design  do  not  have  non - l i near e lements  are  not  subject  
to  the  l im i tation  of  conven tional  CTs  caused  by phenomena such  as  saturation .  The  goal  o f  
th is  annex i s  to  summarize  benefi ts  of  u si ng  low-power cu rren t  transformers  for  improved  
transien t  performances.  

6B.2  Short-ci rcu i t  currents  in  power systems 

Figure  6B. 1  shows  a  s impl i fi ed  ci rcu i t  d iagram  of  a  power system  and  i l l ustrates  a  fau l t  (short-
ci rcu i t)  i n  the  network.  Du ri ng  normal  operation ,  cu rren ts  are  l im i ted  by the  load  impedance.  
When  a  fau l t  occurs,  the  cu rren t  i ncreases  and  i s  l im i ted  by the  source  and  l i ne  impedances  
that  are  much  smal ler  than  the  l oad  impedance.  Fau l t  cu rren t  i s  i n terrupted  by a  ci rcu i t  
breaker.  The  short-ci rcu i t  cu rren t  i s  model led  by Equation  6B. 1  (pre-fau l t  cu rren t  i s  not  
represen ted) .  The  fau l t  cu rren t  waveform  i s  shown  i n  Figure  6B.2.  The  fi rst  term  i n  Equation  1  
represents  the  decaying  d . c.  component  of  the  fau l t  cu rrent,  wh i le  the  second  term  represen ts  
the  a. c.  componen t.  When  the  d . c.  component  i s  m in imal ,  the  fau l t  cu rren t  i s  considered  
symmetric.  



 – 56  – I EC  61 869-6:201 6    I EC  201 6  

 

s

s
p

R

L
T =  

Key 

R
s
,  L

s
 Sou rce  impedance  

CB  C i rcu i t  breaker 

F  Fau l t  (short  c i rcu i t )  

PS  Power system  

R ,  L  Load  impedance  

Figure 6B.1  – I l lustration  of  a  fau l t  in  a  power system  

 [ ])cos(cos     2)( /

psc θωθ +-×××= - teIti Tpt
 (6B. 1 )  

i(t)  short-ci rcu i t  cu rren t  i nstan taneous  value  

Ipsc  
short-ci rcu i t  cu rren t  r.m .s.  value  

θ  fau l t  i ncidence  ang le  

Tp  primary ci rcu i t  t ime  constan t  

 

Key 

1  Short-ci rcu i t  cu rren t  

2  DC  componen t  

3  AC  componen t  

Figure  6B.2  – Short-ci rcu i t  current  a.c.  and  d .c.  components  

Assuming  that  the  source  and  l i ne  are  practi cal l y  i nducti ve,  symmetric  fau l t  cu rren t  i s  
obtained  for θ  =  90°  (see  Fi gu re  6B.3) ,  wh i le  a  fu l l -offset  (asymmetri c)  fau l t  cu rren t  i s  
obtained  for  θ  =  0°  (see  Figure  6B.4) .  
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Figure  6B.3  – Symmetric  fau l t  current  
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1  Short-ci rcu i t  cu rren t  

2  Vo l tage  

3  Fau l t  i n ci dence  ang l e  θ  =  90°  
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1  Short-ci rcu i t  cu rren t  

2  Vo l tage  

3  Fau l t  i n ci dence  ang l e  θ  =  0°  

Figure  6B.4  – Asymmetric  fau l t  current  

When  a  fau l t  occurs,  protective  re lays  i n i ti ate  ci rcu i t  breaker operati on  that  i n terrupts  the  fau l t  
cu rren t.  Fau l t  cu rren t  i n terruption  i s  wi th in  two  to  f i ve  cycles  after the  breaker operati on  i s  
i n i ti ated  by the  re lay.  Because  the  majori ty  of  fau l ts  are  temporary,  the  ci rcu i t  breaker may be  
designed  to  reclose  after a  pre-set  period  of  t ime.  I f  the  fau l t  i s  permanent,  the  fau l t  cu rren t  
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wi l l  be  re-establ i shed  and  the  ci rcu i t  breaker wi l l  open  again  and ,  i n  the  majori ty of  cases,  wi l l  
not  cl ose  again  (wi l l  l ockou t) .  Therefore,  I EC  standards  speci fy  that  the  CT performance  shal l  
be  tested  for two  consecu ti ve  short-ci rcu i t  cu rren t  periods.  

The  actual  power system  i s  a  complex e lectri c  network,  so  Equation  1  i s  not  adequate  to  
accurately  estimate  short-ci rcu i t  cu rren t  values.  I t  can  on ly be  used  to  approximate  values.  
Short-ci rcu i t  cu rren t  a. c.  and  d . c.  componen ts  depend  on  factors  such  as  the  primary time  
constan t,  fau l t  l ocation ,  and  the  network con figu ration .  The  primary ci rcu i t  t ime  constan t  near 
substations  can  be  l ong  (e . g .  200  ms) ,  bu t  a  few ki lometres  from  the  substation  (due  to  the  
l i ne  resistance)  can  be  much  shorter (e. g .  60  ms) .  Short-ci rcu i t  cu rren t  magn i tudes  also  
depend  on  the  fau l t  l ocation  (d istance  from  the  substation )  and  type  of  fau l t.  To  properly  
speci fy  CT requ i rements  du ring  transien t  periods,  power system  parameters  shal l  be  
accurately  determ ined .  

6B.3  Conventional  current  transformer equ ivalent  ci rcu i t  

I n  most  cases,  for  re lay appl ications,  adequate  CT transient  analysis  can  be  performed  by a  
s impl i fi ed  CT equ ivalen t  ci rcu i t  o f  Figure  6B.5.  

General l y,  CT parameters  that  shou ld  be  represen ted  i nclude  the  magnetiz ing  branch  Lm  (a  
non- l i near e lement)  and  the  CT burden .  Typical l y,  m icroprocessor-based  relays  are  low-
burden  devices  having  a  l ow resistance  as  seen  by the  CT and  can  be  neg lected .  Therefore,  
the  CT burden  Rb  may be  represen ted  on ly  by the  CT wi re  resistance  and  l ead  resistance.  
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Figure  6B.5  – Equ ivalent  electrical  ci rcu i t  of  a  conventional  CT 

The  CT magneti z ing  branch  Lm  has  a  non- l i near vol t-cu rren t  ( fl ux-curren t)  characteri sti c  as  
i l l ustrated  i n  Figu re  6B. 6.  

The  f l ux  i s  proportional  to  the  i n tegral  of  the  vo l tage.  
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1  Satu rati on  reg i on  

2  Knee  po i n t  

Y axi s  Magneti c  f l u x  

X  axi s  Exci t i ng  (magneti z i ng )  cu rren t  

Figure  6B.6  – Flux-current  characteristic  for  a  conventional  CT 
without  remanence representation  

During  normal  operation  magnetiz ing  branch  impedance  i s  much  h igher than  the  CT burden  
impedance,  so  j ust  a  fraction  of  the  CT secondary cu rren t  f l ows  th rough  the  magnetiz ing  
branch .  For s impl i fi ed  represen tation ,  i t  can  be  considered  that  magneti z ing  branch  i s  open-
ci rcu i ted  and  can  be  i gnored .  

However,  du ring  fau l ts  when  primary cu rren ts  are  h igh ,  vo l tage  across  the  magnetiz i ng  
branch  i ncreases  and  can  exceed  the  knee-poin t  value.  When  th is  happens,  the  magneti z ing  
branch  impedance  wi l l  rapid ly  decrease  (satu ration  occu rs)  and  the  cu rren t  th rough  the  
magneti z i ng  branch  wi l l  i ncrease.  During  severe  saturation  periods  most  of  the  CT secondary 
cu rren t  f l ows  th rough  the  magnetiz ing  branch  and  on ly  a  fraction  of  the  cu rren t  fl ows  th rough  
the  CT burden ,  resu l ting  i n  a  h i gh  CT transformation  error.  For s impl i fi ed  represen tation ,  i t  
can  be  considered  that  the  CT burden  i s  short-ci rcu i ted  and  no  curren t  f l ows  th rough  i t .  The  
cu rren t  i n  the  secondary ci rcu i t  has  near-zero  value.  

The  above  explanation  i s  appropriate  for  s tudying  protection  re lay operati on  du ri ng  CT 
satu ration .  However,  the  phenomena of  CT saturation  may be  more  accurately  described  as  a  
weaken ing  of  the  mu tual  coupl i ng  between  the  primary and  secondary wind ings.  When  a  CT 
satu rates  the  i nduced  CT secondary curren t  decreases  (wi l l  not  i ncrease  at  the  same  rate  as  
the  primary cu rren t)  wh ich  resu l ts  i n  a  h i gh  CT transformation  error.  

Du ri ng  steady-state  cond i ti ons,  the  CT saturation  depends  on  the  CT secondary vo l tage  
magn i tude,  wh ich  i s  a  function  of  the  CT secondary cu rren t  and  the  CT burden .  To  avoid  
satu ration ,  the  CT secondary vo l tage  shal l  be  below the  knee-poin t  value  of  the  vol t-curren t  
characteri stic.  

Du ri ng  transien t  cond i t i ons,  such  as  short-ci rcu i ts ,  the  fl ux  i s  i n fl uenced  by both  the  a. c.  and  
d . c.  components  of  the  primary cu rren t.  The  l onger the  primary ci rcu i t  t ime  constan t  the  more  
l i kely  the  knee-poin t  wi l l  be  reached.  To  avoid  satu ration ,  the  s ize  of  the  CT core  may be  
i ncreased  and/or the  burden  decreased .  

When  the  short-ci rcu i t  cu rren t  i s  i n terrupted ,  the  magnetic  core  wi l l  not  retu rn  immediately  to  
i ts  i n i t ial  cond i ti ons  because  the  transien t  exponen tial  cu rrent  wi l l  con tinue  to  fl ow th rough  the  
secondary ci rcu i t,  decaying  wi th  the  t ime  constan t  of  the  secondary ci rcu i t  Ts .  Secondary 
cu rren t  f l owing  after primary cu rrent  i s  i n terrupted  i s  cal l ed  subsidence  cu rren t.  Due  to  the  
h i gh  CT core  reactance,  Ts  can  be  much  l onger than  the  primary ci rcu i t  t ime  constan t  Tp .  
Depending  on  the  s i ze  of  the  CT core,  the  CT secondary ci rcu i t  t ime  constan t  Ts  can  have  
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values  of  2  s  to  5  s .  I f  another fau l t  occurs  before  th i s  cu rren t  decay,  the  combined  effect  of  
the  two  fau l ts  may cause  CT satu ration  where  e i ther  alone  wou ld  not.  

Another recogn ized  problem  for  CTs  ( that  use  the  core  wi thou t  ai r  gap)  i s  remanent f l ux.  
Because  of  the  CT core  material  hysteresis,  when  the  fau l t  cu rren t  i s  i n terrupted  during  the  
CT satu rati on  the  CT core  may retain  remanent f l ux,  as  i l l ustrated  i n  Figu re  6B.7.  Remanent  
f l ux  cannot  decay and  can  be  retained  i n  the  CT core  for  a  l ong  period  of  t ime.  The  CT core  
can  retain  remanent  f l ux  at  abou t  80  % of  the  saturation  fl ux.  I f  a  fau l t  occurs  when  the  CT 
retains  remanent  fl ux  then  the  CT may satu rate  sooner than  wi thou t  the  remanent  f l ux.  Th is  
wi l l  happen  when  the  fl ux  caused  by the  fau l t  cu rren t  adds  to  the  remanent f l ux.  However,  i f  
the  fl ux  caused  by the  fau l t  cu rren t  i s  i n  the  opposi te  d i rection  of  the  retained  fl ux,  the  CT may 
not  satu rate  at  al l .  
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1  Satu rati on  reg i on  

2  Knee  po i n t  

3  Remanent  f l u x  

Y axi s  Magneti c  f l u x  

X  axi s  Exci t i ng  (mag neti z i ng )  cu rren t  

Figure  6B.7 – Representation  of  hysteresis  and  remanent  flux for  a  conventional  CT 

A common  practi ce  for  reducing  remanence  i s  the  i n troduction  of  an  ai r  gap  i n to  the  core.  
However,  ai r  gaps  i ncrease  manufacturi ng  costs,  and  have  negative  impact  on  other  
performance  parameters.  

6B.4 Types of  current  transformers 

6B.4.1  Types  of  conventional  CTs 

Conven tional  CTs  may have  h i gh  accuracy during  steady-state  cond i ti ons.  However,  du ring  
fau l ts  i nvolvi ng  h igh  cu rren ts  they may satu rate,  resu l ti ng  i n  d i storted  secondary curren t  
waveforms  and  h igh  transformation  errors.  Remanence  i n  the  CT core  can  con tribu te  to  faster  
and  more  severe  satu ration .  To  ach ieve  requ i red  performance  for  re lay protection  
appl i cati ons,  d i fferen t  designs  of  conven tional  CTs  have  been  developed  and  appl ied ,  
especial l y  re lated  to  the  CT core  design .  I EC  standards  speci fy  requ i rements  for  d i fferen t  CT 
classes  such  as  P,  PR,  PX,  PXR,  TPX,  TPY,  and  TPZ.  Th is  annex i ncludes  a  summary of  the  
protecti ve  CT classes  presented  i n  Table  6B. 1  defi ned  by IEC  61 869-2:201 2  standard  
(Table  204) .  
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Table  6B.1  – Protective CTs 

Designation  Lim i t  for  
remanent  f l ux 

Explanation  

P  No  a  Defi n i ng  a  CT to  meet  the  composi te  error  requ i remen ts  o f  a  short-ci rcu i t  
cu rren t  u nder symmetri cal  s teady s tate  cond i t i ons  

PR  Yes  

PX N o  a   b  Def i n i ng  a  CT by speci fyi ng  i ts  mag neti z i ng  characteri s ti c  

PXR Yes  b  

TPX No  a  Defi n i ng  a  CT to  meet  the  trans ien t  error  requ i rements  u nder the  
cond i t i ons  of  an  asymmetri cal  short-ci rcu i t  cu rren t  

TPY Yes  

TPZ Yes  

a
 Al though  there  i s  no  l im i t  o f  remanen t  f l u x,  ai r  g aps  are  a l l owed ,  e . g .  i n  spl i t  core  CT’s .  

b
  To  d i s ti n gu i sh  between  PX and  PXR,  the  remanen t  f l u x  cri teri a  i s  u sed .  

 

6B.4.2  Types  of  low-power current  transformers  

There  are  several  d i fferen t  types  of  l ow-power cu rren t  transformers  defi ned  by IEC  61 869  
standard  series.  I EC  61 869-8 3  speci fi es  requ i rements  for  e lectron ic  CTs  such  as  optical  CTs.  
I EC  61 869-1 0  speci fi es  requ i rements  for  l ow-power i ron -core  CTs  and  Rogowski  co i l s .  
General  requ i rements  for  e lectron ic  CTs  and  low-power curren t  transformers  are  covered  by 
IEC  61 869-1  and  th is  s tandard.  I EC  61 869-9  speci fi es  requ i rements  for d i g i tal  i n terface  for 
i nstrument  transformers.  

Optical  CT technology i s  based  on  the  Faraday effect,  a  phenomenon  where  the  orien tation  of  
polari zed  l i gh t  rotates  proportional  to  the  streng th  of  the  magnetic  f i e l d  componen t  i n  the  
d i rection  of  the  optical  path .  Transien t  performance  i s  determ ined  by the  e lectron ics.  For 
appl icati ons  wi th  re lays  designed  for  l ow-power cu rren t  transformer i npu ts,  secondary ou tpu t  
vo l tage  at  rated  curren t  usual l y  i s  200  mV and  frequency bandwid th  such  as  0 ,5  Hz  to  1 0  kHz.  

Low-power i ron -core  CTs  have s im i lar designs  to  conven tional  CTs  bu t  employ a  m in im ized  
i ron  core,  resu l t ing  i n  a  reduced  s ize  and  weigh t.  An  i n ternal  resistor i s  connected  across  the  
ou tpu t  term inals,  producing  the  ou tpu t  vo l tage  d i rectly  proporti onal  to  the  cu rren t.  Because  of  
the  i ron  core,  they can  satu rate  s im i lar  to  conven tional  CTs,  wh ich  shal l  be  considered  when  
selecting  these  l ow-power curren t  transformers.  Usual l y,  secondary ou tpu t  vo l tage  at  rated  
cu rren t  i s  22, 5  mV.  

Rogowski  co i l s  have  l i near vol t-curren t  characteristics  because  the  wi re  i s  wound  over a  non -
magnetic  core.  When  design  cri teria  are  met,  Rogowski  co i l s  ach ieve  h igh  accuracy and  the  
same sensor can  be  used  for both  protection  and  meteri ng .  They produce  an  ou tpu t  vol tage  
that  i s  a  scaled  t ime  deri vati ve  d i(t) /d t  o f  the  primary current.  Rogowski  co i l s  are  frequency-
dependen t  devices  wi th  a  l i near vol t- frequency characteristic.  Rogowski  co i l s  cannot  saturate  
and  can  be  appl i ed  i n  systems  wi th  h igh  fau l t  cu rren ts  and  h igh  d . c.  components.  Typical l y,  
secondary ou tpu t  vol tage  at  rated  cu rren t  i s  22, 5  mV or  1 50  mV and  frequency bandwidth  
from  0 , 1  Hz  to  over  1  MHz  (depend ing  on  the  design ) .  

Class  TPE  l ow-power curren t  transformers  are  designed  for  re lay protection  appl i cations.  The  
accuracy i s  defi ned  by the  h ighest  perm issible  percen tage  composi te  error  at  the  rated  
accuracy l im i t  primary cu rren t  prescribed  for the  accuracy class  concerned .  C lass  TPE  
designates  transien t  protection  electron ic  class  CTs.  C lass  TPE  i s  defined  by a  maximum  
peak i nstan taneous  error of  1 0  % at  the  accuracy l im i t  cond i ti on ,  the  rated  primary ci rcu i t  t ime  
constan t,  and  the  rated  du ty  cycle.  The  peak i nstan taneous  error  i ncludes  d . c.  and  a. c.  
componen ts.  Th is  i s  equ ivalen t  to  the  defin i ti on  of  TPY-class  CTs.  

______________ 
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6B.5  Transient  performance of  current  transformers 

6B.5.1  Transient  performance of  conventional  current  transformers 

When  short-ci rcu i t  cu rren ts  are  l ow and  the  primary ci rcu i t  t ime  constan t  i s  short  as  not  to  
satu rate  CTs,  gapless  CTs  may be  used .  However,  i t  i s  importan t  to  veri fy  that  CTs  wi l l  not  
satu rate  during  steady-state  cond i ti ons  (a. c.  componen t) .  

When  short-ci rcu i t  cu rren ts  are  h igh  and  the  d . c.  component  i s  s i gn i fi can t,  the  gapless  CT 
transien t  performance  shal l  be  defined  and  the  appropriate  CT selected.  To  avoid  saturation ,  
CTs  shal l  be  adequately  s i zed  or  have  designed  protection  systems  that  wi l l  operate  fast,  
before  the  CT saturation .  I n  most  cases  when  a  fau l t  occurs  wi th  h i gh  d . c.  componen t,  CT’s  
wi l l  not  satu rate  i n  the  f i rst  several  m i l l i seconds  fo l l owing  the  fau l t  i nception .  However,  
remanent  f l ux  may decrease  time-to-satu ration ,  wh ich  needs  to  be  considered .  

Gapped  class  CTs  such  as  TPZ,  TPY,  PR  and  PXR are  often  used  to  avoid  satu rati on  and  
reduce  the  remanence.  The  impact of  ai r  gap  on  the  fl ux-cu rren t  characteristi c  i s  shown  i n  
Fi gu re  6B.8.  Ai r  gap  m in im izes  remanence  and  effects  of  the  d . c.  componen t  on  the  CT 
transien t  performance.  However,  the  d . c.  componen t  may not  be  correctl y transferred  to  the  
secondary ci rcu i t  and  the  phase  d isplacement  i s  l arger than  conventional  protecti ve  class  
CTs.  
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1  CT wi thou t  a i r  gap  

2  CT wi th  ai r  gap  

Y axi s  Magneti c  f l u x  

X  axi s  Exci t i ng  (mag neti z i ng )  cu rren t  

Figure  6B.8  – Comparison  of  flux-current  characteristics   
for  gapped  and  gapless  CTs 

I f  the  phase  d i splacement  has  to  be  kept  smal l ,  TPY-class  CTs  shou ld  be  used .  I n  th is  design ,  
the  magnetic  core  s ize  i s  i ncreased  to  avoid  satu ration .  Depend ing  on  the  primary ci rcu i t  t ime  
constan t,  the  requ i red  CT core  s i ze  i ncrease  can  be  s i gn i fi can t.  Assuming  that  there  i s  no  
remanence  i n  the  CT core,  and  to  avoid  saturation  for  the  maximum  d . c.  o ffset,  d imension ing  

transien t  factor  Ktf  i s  defi ned  by equation  Kt f  =  1  +  Tpω .  For example,  for  Tp  =  1 00  ms,  Ktf  
i s  32  for  a  power frequency of  50  Hz.  The  ai r  gap  i n  the  CT core  reduces  remanent  f l ux.  
Transien t  error  i ncludes  both  a. c.  and  d . c.  componen ts.  

Fi gure  6B.9  shows  primary cu rren t  wi th  d . c.  o ffset  and  the  CT secondary cu rren t  d istorted  due  
to  the  CT saturation  caused  by the  primary curren t  d . c.  componen t.  Figu re  6B. 1 0  shows  r. m . s.  
value  of  the  primary curren t  ( i ncludes  a. c.  and  DC  componen ts) ;  r.m .s.  value  of  the  primary 
cu rren t  a. c.  componen t on ly;  and  r. m . s.  value  of  the  primary cu rrent  a. c.  componen t  for a  
saturated  CT.  The  shaded  area i n  Figure  6B. 1 0  i s  the  primary cu rren t  a. c.  component  that  
was  not  transferred  to  the  CT secondary ci rcu i t  due  to  CT satu ration .  Th is  resu l ts  i n  reduced  
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value  of  the  short-ci rcu i t  cu rren t  deri ved  by the  re lay wh ich  may affect  proper operation  of  
protecti ve  re lays.  
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1  Primary cu rren t  

2  CT secondary cu rren t  d i s torted  du e  to  satu rati on  

Figure  6B.9  – Secondary current  d istorted  due to  the  CT saturation  
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1  Primary cu rren t  wi th  d . c.  o ffset  

2  AC  componen t  for  non -satu rated  CT 

3  AC  componen t  for  satu rated  CT 

Y axi s  Cu rren t  r. m . s .  val ue  

The  shaded  area i s  the  secondary cu rren t  r. m . s .  val ue  that  the  re l ay cannot  sense  du e  to  CT satu rati on .  

Figure  6B.1 0  – AC component  for non-saturated  and  saturated  CT 

6B.5.2  Transient  performance of  low-power current  transformers 

Low-power cu rren t  transformers  have  a  wider range  of  appl icati ons  than  conven tional  CTs.  
They do  not  saturate  at  h i gh  cu rren ts  and  h i gh  d . c.  componen ts  do  not  affect  thei r  
performance.  The  primary cu rren t  a. c.  componen t  can  be  correctly  transferred  (wi thou t  
d i storti on )  to  the  l ow-power curren t  transformer secondary s ide.  Protection  so lu tions  based  on  
l ow-power cu rren t  transformers  may employ l ow cu t-off  (ro l l -off)  frequency (below 1  Hz) .  TPE-
class  CTs  impl i ci t l y  define  l ow cu t-off  frequency (related  to  the  low-power curren t  transformer 
secondary t ime  constan t)  to  l im i t  peak i nstan taneous  error of  the  d . c.  componen t below 1 0  %.  
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A l onger primary t ime  constan t  requ i res  a l ower cu t-off  frequency to  obtain  the  same  peak 
i nstan taneous  error of  the  d . c.  componen t.  

I f  a  l ow-power curren t  transformer i s  appl ied  i n  a  network wi th  a  l onger primary time  constan t  
than  the  rated  t ime  constan t  or  i f  i ts  l ow cu t-off  frequency i s  h i gher than  speci fied  for  TPE-
class  low-power curren t  transformers,  the  peak i nstan taneous  error of  the  d . c.  componen t  wi l l  
i ncrease.  However,  i f  the  low-power curren t  transformers  operating  characteristi c  i s  
su ffi cien tl y  l i near,  the  peak i nstan taneous  error  of  the  a. c.  componen t  wi l l  remain  l ow or  wi th in  
the  speci fi ed  l im i ts.  The  transien t  behaviou r i s  s im i lar  to  conven tional  TPZ-class  CTs.  As  the  
re lay protecti on  algori thms  usual l y  depend  on ly  on  the  peak i nstan taneous  errors  of  a. c.  
componen ts,  the  impact on  the  re lay operation  may be  m in imal .  I f  the  low-power curren t  
transformers  operating  characteri sti c  i s  non- l i near,  the  peak i nstan taneous  error  of  the  a. c.  
componen t wi l l  i ncrease  and  may exceed  an  acceptable  l im i t.  Manu factu rers  shou ld  therefore  
speci fy  acceptable  peak i nstan taneous  errors  of  a. c.  components  for  thei r  appl icati ons.  

Example:  Assume a  rated  primary time  constan t  of  60  ms,  wh ich  i s  equ ivalen t  to  frequency of  
2 , 67  Hz,  and  a  l ow-power cu rren t  transformers  designed  wi th  a  l ow cu t-off  frequency of  
0 , 5  Hz.  Th is  satisfies  error l im i ts  for  TPE  class  l ow-power cu rren t  transformers.  I f ,  for  any 
reason ,  a  primary fau l t  cu rren t  has  a  l onger t ime  constan t  l i ke  200  ms  (equ ivalen t  to  a  
frequency of  0 , 8  Hz) ,  the  d . c.  componen t  error  wi l l  be  h i gher bu t  wi l l  not  cause  error of  the  
a. c.  componen t.  Therefore,  the  impact  on  the  relay protection  operation  may be  m in imal .  

Cu t-off  frequencies  are  also  defined  by th is  s tandard  that  speci fies  frequency response  
boundaries  for d i g i tal  i n terface  for  i nstrument transformers.  Low and  h igh  cu t-off  frequencies  
are  speci fi ed .  DC  coupl i ng  i s  al so  al l owed.  IEC  standards  speci fy  ampl i tude  and  phase  
characteri sti c  wi th in  the  pass-band  boundaries  to  ensure  i n teroperabi l i ty  of  protection  devices  
and  stop-band  attenuation  to  preven t  s ignal  al ias ing .  The  transi ti on  band  i s  not  speci fi ed  to  
al low for  d i fferen t  hardware  and  software  implementations.  

These  systems  can  transmi t  the  a. c.  componen t  wi th  l ow errors  wh i le  removing  part  o f  or  the  
en ti re  d . c.  componen t.  Th is  impl ies  that  the  primary time  constant  can  be  l ong  wi thou t  
affecting  the  accuracy of  the  a. c.  componen t  measurement.  

6B.6  Summary 

Conven tional  i ron  core-based  CTs  may satu rate  du ring  fau l ts.  A major cause  for  satu rati on  i s  
the  fau l t  cu rren t  d . c.  component.  CTs  can  be  adequately  s i zed  to  avoid  satu ration  or,  i n  some 
cases,  the  protection  system  can  be  made  to  operate  fast  enough  so  that  the  CT wi l l  not  
saturate.  An  ai r  gap  i n  the  CT core  reduces  f l ux  remanence  and  the  impact  of  the  d . c.  
componen t.  

Low-power cu rren t  transformers  have  a  wider range  of  appl icati ons  than  conven tional  CTs.  
Low-power cu rren t  transformers,  such  as  optical  CTs  and  Rogowski  co i l s ,  have  l i near 
characteristics  and  do  not  satu rate.  They can  be  appl i ed  for  fau l ts  i nvolving  h i gh  cu rren ts  and  
h igh  d . c.  componen ts.  However,  they requ i re  e lectron ics  for s i gnal  cond i ti on ing  or adequately 
designed  relays  to  accept  these  types  of  s ignals.  Protection  so lu tions  based  on  l ow-power 
cu rren t  transformers  may employ l ow cu t-off  frequency.  The  d . c.  component  may be  fi l tered  
ou t,  bu t  the  a. c.  componen t  i s  accurately  represen ted .  
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Annex 6C  
( in formative)  

 
Transient  performances of low-power vol tage transformers 

 

6C.1  Overview 

Th is  annex g ives  the  i n formation  requ i red  to  deal  wi th  transien t  performance  cond i t ions.  

I n  order to  improve  understand ing  of  these  cond i ti ons  i t  i s  usefu l  to  create  a  s imple  model l i ng  
of  the  l ow-power vol tage  transformer wh ich  makes  i t  easy to  describe  the  theoretical  
considerati ons.  

6C.2  General  

6C.2.1  Defin ing  primary and  secondary vol tages 

Primary and  secondary vo l tages  can  be  described  by the  fo l lowing  equations:  

up(t)  =  Up 2  ×  s i n (2π  f t  +  ϕp)  +  Updc(t)  +  up  res(t)  

us(t)  =  Us 2  ×  s i n (2π  f t +  ϕs)  +  Usdc(t)  +  us  res(t)  

where  

Up  i s  the  r. m . s.  value  of  the  primary vol tage  when  Up  dc(t)  =  0  and  up  res(t)  =  0 ;  

Us  i s  the  r. m . s.  value  of  secondary vol tage  when  Us  dc(t)  =  0  and  us  res(t)  =  0 ;  

f i s  the  fundamental  frequency of  the  network i n  hertz;  

Up  dc  (t)  i s  the  primary d i rect  vol tage,  caused  for  example  by trapped  charges  i n  vo l ts;  

Us  dc  (t)  i s  the  secondary d i rect  vo l tage,  caused ,  for  example,  by  Up dc(t)  and/or EVT 
i n ternal l y  produced  offset  i n  vol ts;  

ϕp  i s  the  primary phase  i n  rad ians;  

ϕs  i s  the  secondary phase  i n  rad ians;  

up  res(t)  i s  the  primary residual  vol tage,  i nclud ing  harmon ic  and  subharmon ic  componen ts;  

us  res(t)  i s  the  secondary residual  vo l tage,  i nclud ing  harmon ic  and  subharmon ic 
components;  

t  i s  the  i nstantaneous  value  of  t ime,  i n  seconds.  

f,  Up ,  Us ,  Up dc ,  Us  dc ,  ϕp ,  ϕs  be ing  constan t  for  s teady-state  cond i ti ons.  

For  the  pu rposes  of  metering  and  protection ,  LPVTs  shal l  g i ve  a  correct  measurement  of  the  
componen ts  at  frequency f.  Other terms  of  the  equations  describe  unwanted  components  
wh ich  can  add  errors  to  the  measured  s i gnal .  

6C.2.2  Normal  service  condi tions of  the  network 

Under normal  service  cond i ti ons  the  primary vo l tage  Up  and  the  frequency f wi l l  remain  
between  fi xed  l im i ts  due  to  the  regu lation  of  the  network.  For example  

0 , 8  Upr  ≤  Up  ≤  1 , 2  Upr  
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0 , 99  fr  ≤  f ≤  1 , 01  fr  

Under normal  service  cond i ti ons  LPVTs  designed  for  measurement purposes  are  used ,  more  
often  than  not,  i n  combination  wi th  measurement  CTs,  i . e .  for  metering .  

6C.2.3  Abnormal  service  condi tions  of  the  network 

Due  to  troubles  on  the  network the  primary vo l tage  Up  and  the  frequency f can  be  s ign i fi can tl y  
d i fferen t  from  thei r  rated  values.  

Low-power vo l tage  transformers  used  for  meteri ng  purposes  shal l  wi thstand  these  s i tuations  
wi thou t  damage,  bu t  thei r  accuracy class  i s  not  subject  to  I EC  standards  and  can  be  the  
object  o f  an  ag reement  between  the  manu factu rer and  the  user i n  accordance  wi th  the  
desi red  performances.  

Low-power vol tage  transformers  used  for  protecti ve  pu rposes  are  designed  to  correctly  
transmi t  the  s i gnal  during  normal  and  abnormal  cond i t ions  i n  order to  i n form  the  protection  
re lay of  any cri t i cal  change  i n  the  cond i tion  of  the  network.  

6C.2.4  Rated  secondary vol tages 

Usual l y,  e lectron ic  equ ipment  i s  suppl ied  by bipolar  vol tages  of  ±1 2  V to  ±1 5  V  wh ich  al l ows  

ou tpu t  s i gnal  values  of  ±1 0  V  peak wi th  fu l l  l i neari ty.  Therefore,  the  rated  secondary vo l tage  
value  of  l ow-power vo l tage  transformers  shal l  be  chosen  i n  such  a  way that  the  maximum  
value  remains  wi th in  these  l im i ts .  The  same observation  appl ies  to  the  low-vol tage  
transformer d i g i tal  ou tpu t.  

EXAMPLE:  

G i ven  a  vo l tage  factor  k
1  =  1 , 9  and  a  fu l l  o ffset  vo l tage  by trapped  charges  k

2  =  2 .  

Wi th  a  rated  val u e  of  3 , 25/ 3  V  for  a  phase-to-earth  l ow-power vo l tage  transformer,  the  maxim um  vo l tage  i s  g i ven  

by  

U
m ax

 =  k
1
 ×  k

2
 ×  3, 25 2 / 3  =  1 0 , 08  V  peak 

6C.2.5  Steady-state  cond i tions 

For steady-state  cond i tions  the  value  of  the  d i rect  vo l tage  component  i s  constan t:  

l im  t  →  ∞  Up dc(t)  =  Up  dc  

l im  t  →  ∞  Us  dc(t)  =  Us  dc  

up(t)  =  Up 2  ×  sin (2π  f t  +  ϕp)  +  Updc  +  up  res(t)  

us(t)  =  Us 2  ×  sin (2π  f t  +  ϕs)  +  Usdc  +  us  res(t)  

6C.3  Transient  condi tions 

6C.3.1  Theoretical  considerations 

6C.3.1 .1  Network phenomena 

Lots  of  phenomena on  networks,  beside  the  normal  service  cond i ti ons,  shal l  be  considered  
when  design ing  h i gh -vol tage  equ ipment.  Some of  these  have  a  d i rect  i n fl uence  on  d ie lectric  
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design ,  o thers  on  the  s i gnal  response  requ i rements  for  example.  The  i tems  l i s ted  below are  a  
sample  of  the  most  importan t  ones.  

a)  Continuous  overvol tages  on  networks  

Depend ing  on  the  d i stance  of  a  network part  from  a  strong  power source,  the  vo l tage  can  
have  a  con tinuous  value  wh ich  i s  h i gher when  compared  to  the  rated  value.  The  overvol tage  
i s  expressed  by means  of  a  factor by wh ich  the  rated  vol tage  shal l  be  mu l ti pl i ed .  

A usual  value  of  th is  continuous  overvol tage  factor i s  1 , 2 .  

b)  Short-ci rcu i t  to  earth  i n  a  th ree-phase  network wi th  unearthed  star poin t  

An  earth  fau l t  on  one  phase  of  such  a  network l eads  to  overvol tages  on  the  two  unaffected  
phases.  Theoreti cal l y,  the  overvol tage  factor on  th is  phase  i s  the  square  root  of  3 .  However,  
th i s  factor  depends  on  the  d i stance  of  the  earth  fau l t  from  the  observed  network poin t.  An  
earth  fau l t  can  l ast  for  up  to  several  hours,  even  days  for network parts  wh ich  are  h i gh ly 
i naccessible,  i . e .  i n  win ter.  

A usual  value  for  overvol tage  factor i s  1 , 9  for  8  h .  

c)  Atmospheric  d ischarges  on  h i gh-vol tage  overhead  l i nes  

Ligh tn ing  generates  overvol tages  wh ich  cause  a  h i gh  degree  of  s tress  to  h igh -vol tage  
equ ipment.  These  overvol tages  can  reach  the  megavol t  domain .  Fortunately,  the  du ration  of  
th i s  h i gh  l evel  i s  usual l y  l im i ted  to  a  few m icroseconds  wh ich  means  also  that  the  amoun t  of  

energy stressing  the  equ ipment  i s  l im i ted .  Bu t  the  ri se- time  of  the  wavefron t  of  abou t  1  µs  
leads  to  stress  frequencies  of  several  megahertz  wh ich  i s  dangerous  for  al l  i nsu lati on  due  to  
stray capaci tances.   

The  worst  effect  o f  th i s  phenomenon  appears  i n  the  reg ions  i n  wh ich  the  characteristic  
impedances  are  d iscon ti nuous.  Th is  i s  the  case  of  a  transi ti on  from  an  overhead  l i ne  to  a  
power transformer where  the  characteri sti c  impedance  of  the  l i ne  i s  much  smal ler than  that  of  
the  transformer.  The  travel l i ng  wave  can  be  raised  by reflection  to  twice  the  i n i t ial  value  on  
such  occasions.  

Such  overvol tages  often  l ead ,  also,  to  short  i n terruptions  on  the  network i n  the  even t  of  the  
arcing  of  a  spark-gap  acting  as  a  l im i ti ng  device.  The  protection  system  sees  the  arcing  as  a  
short  ci rcu i t  to  earth  and  acti vates  a  ci rcu i t-breaker.  Th is  i s  usual l y  enough  to  e l im inate  the  
arc and  the  ci rcu i t-breaker recloses.  

d )  Swi tch ing  acti vi t ies  

Other phenomena are  caused  by swi tch ing  acti vi t ies  on  h i gh -vol tage  networks.  These  can  
lead  to  parasi ti c  resonance  wi th  transien t  overvol tages  wh ich  have  frequencies  d i fferen t  from  
the  rated  power frequency.  The  frequencies,  i n  the  domain  of  ki lohertz  and  up  to  megahertz  
( i n  G IS) ,  are  main ly  determined  by the  actual  con fi gu ration  of  the  network.  Also,  the  arcing  of  
ci rcu i t-breakers  leads  to  transien t  effects  wi th  overvol tages.  Both  swi tch ing  on  and  off  of  smal l  
i nductive  cu rren ts  may i n i t iate  overvol tages  wh ich  are  caused  by resonance  between  non-
l i near componen ts  and  capaci tances.  

6C.3.1 .2  Types  of  transient  cond i tions 

A l ot  of  d i fferen t  transien t  cond i ti ons  are  due  to  overvol tages  and  swi tch ing  acti vi t ies  as  
described  i n  6C. 3 . 1 . 1 .  
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As  a  remedy against  these  overvol tages  there  exists  a  number of  d i fferen t  overvol tage  l im i ting  
devices  such  as  spark gaps  and  varistors.  On  the  one  hand  these  are  necessary to  protect  
the  network and  i ts  components,  on  the  other  hand ,  they can  also  produce  transient  
cond i ti ons  wh ich  then  have  to  be  wi thstood .  I t  i s  parti cu larly  importan t  that  l ow-power vo l tage  
transformers  i n tended  for  the  accurate  transmission  of  a  s ignal  be  designed  accord ing ly.  Th is  
l eads  to  measuring  device  requ i rements  stipu lati ng  a  good  frequency response  up  to  several  
ki l ohertz .  

Fu rther transien t  cond i tions  i nclude  sudden  primary vo l tage  changes  due  to  a  short  ci rcu i t  on  
the  measured  phase  i tse l f  or  to  an  earth  fau l t  on  one  of  the  other phases.  A l ow-power vo l tage  
transformer shal l  be  able,  wi th in  a  defi ned  t ime  of  a  few m i l l i seconds,  to  reproduce  these  
variati ons  wh i lst  respecting  accuracy requ i rements  for  th is  t ime.  

The  most  importan t  transien t  cond i t i on  problem  for  l ow-power vo l tage  transformers  us ing  a  
pure  capaci tor  d i vider as  h i gh -vol tage  sensor i s  due  to  the  phenomenon  of  trapped  charges.  
Same behaviou r  appl ies  to  al l  a. c.  coupled  vo l tage  sensors.  

Du ring  the  swi tch ing -off  o f  a  l i ne  or cable,  charges  may be  trapped  on  i t.  I f  the  l i ne  i s  not  
i n ten ti onal l y  earthed  or d ischarged  by a  l ow- impedance  device  connected  to  i t ,  the  charges  
can  remain  for  several  days.  The  understand ing  of  the  phenomenon  wi l l  be  made  easier wi th  
Fi gu re  6C. 1 .  The  charge  l evel  depends  on  the  phase  posi t ion  of  the  vol tage  when  swi tch ing -
off  occurs.  The  worst  case  i s  when  i t  occurs  wh i lst  the  vo l tage  i s  at  i ts  peak value  Up ,  
mean ing  that  the  primary capaci tor  of  the  d i vider Ca  s tays  charged ,  s toring  the  charge  q1  =  

Ca  ⋅  Up  wh i le  the  secondary capaci tor  Cb  i s  d i scharged  by the  paral l el  resistor  R2  o f  the  
connected  device.  

When  the  l i ne  i s  swi tched  on  again ,  the  l ow d . c.  impedance  of  the  network d ischarges  the  l i ne  
i nstan taneously wh ich  forces  the  charges  of  Ca  to  go  to  Cb.  Thus,  Cb  wi l l  be  charged  now at  

Us  =  –q1  /  (Ca  +  Cb)  =  –Up  Ca  /  (Ca  +  Cb)  

approximately  equal  to  

–Up  (Ca  /  Cb)  

Th is  vol tage  wh ich  decreases  exponential l y  wi th  the  t ime  constan t  R2  ⋅  Cb  i s  superposed  on  
the  s i nusoidal  s ignal  and  resu l ts  i n  a  substan tial  error (see  Fi gure  6C. 1 ) .  The  worst  effect  of  
th is  non -period ic  componen t  i s  the  satu ration  of  transformers  i ncorporated  i n  the  l ow-power 
vo l tage  transformer i tse l f  or  i n  the  protecti ve  re lays  connected  to  i t .  An  excel len t  so lu tion  to  
th is  problem  i s  the  use  of  a  m ixed  resisti ve-capaci ti ve  d i vi der  transmi tti ng  the  correct  s ignal  
du ring  th i s  transien t  cond i ti on .  Trapped  charge  i nduced  transformer satu ration  phenomena do  

not  apply  to  d ig i tal  and  low vol tage  (±1 5  V peak)  i n terfaces  (see  Figure  6C.2) .  
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Figure  6C.1  – Schematic  d iagram  explain ing  the  trapped  charge phenomena 
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U
p
 i s  the  vo l tage  on  primary term i nal s .  

U
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Figure  6C.2  – Vol tages  during  trapped  charges phenomena 

6C.3.1 .3  Equations  of  up(t)  and  us(t)  

The  theoreti cal  transien t  cond i ti on  occu rring  i n  a  network can  be  described  us ing  the  fo l lowing  
equations,  previously i n troduced  to  deal  wi th  steady state  cond i ti ons:  

Primary vo l tage:  up(t)  =  Up 2  ⋅  sin (2π  ⋅  f ⋅  t  +  ϕp)  +  Up  dc  +  up res(t)  
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Secondary vo l tage:  us(t)  =  Us 2  ⋅  sin (2π  ⋅  f ⋅  t  +  ϕs )  +  Us  dc  +  us  res(t)  

A sudden  change  i n  one  or more  of  the  parameters  creates  transien t  cond i ti ons.  

The  compari son  of  us(t)  and  up(t)  g i ves  the  performance  qual i ty  of  the  l ow-power vo l tage  
transformer i n  transien t  cond i ti ons,  as  speci fied  i n  Table  6C. 1  and  Table  6C.2.  

Table  6C.1  – Primary short  ci rcu i t  

 t  <  to  t  =  to  t  >  t
o  +  ( 1 /fr)  

|  up  (t)  |  See  equati on  above  0  0  

Up  Fv  Upr  0  0  

|  us  (t)  |  See  equati on  above  |  us  (to)  |  <0 , 1  |  us  ( t  <  to)  |  

NOTE  to  i s  the  exact  t ime  when  the  short-ci rcu i t  occu rs .  

 

Table  6C.2  – Trapped  charges 

 t  <  t
o
 t  =  t

o
 t

o
 <  t  <  t

1
 t  >  t

1
 

Up  F
V

 Upr 0  0  F
V

 Upr  

Up dc  0  
±  F

V
 Upr  2  ±  F

V
 Upr  2  

0  

|  us  (t)  |  See  equati on  above  |  us  ( to)  |  |  Us dc  ( t)  |  1  a  

N OTE  The  val ues  i n  th i s  table  are  fo r  the  worst  case  o f  open i ng  at  to  and  recl os i ng  at  t1  wi th  opposi te  po l ari ty  
o f  Up .  

to   i s  the  exact  t ime  when  the  ci rcu i t-breaker opens.  

t1   i s  the  exact  t ime  when  the  ci rcu i t-breaker recloses.  

a  L im i ts :  see  requ i remen ts  i n  Tabl e  6C. 3  

 

Table  6C.3  – Limi ts  of  instantaneous vol tage error for  
protective  electron ic  vol tage transformers  in  case of  trapped  charges reclose 

Comment  f/f
r
 U

p
/U

pr
 

U
p  dc

/U
pr

 2  

for  t  ≤  0  

ϕ
p
 ε

u
 

% 

2  <  f ⋅  t  ≤  3  3  <  f ⋅  t  ≤  4 , 5  

Li ne  charged  wi th  F
V

 per  un i t ,  
recl os i ng  i n  an  opposi te  po l ari ty  
o f  1  per  u n i t  

1  1  F
V
 −π/2  1 0  a  5  a  

I dem  wi th  oppos i te  po l ari ty  1  1  –F
V
 +π/2  1 0  a  5  a  

a  By ag reemen t  between  manu factu rer and  pu rchaser,  o ther  val u es  may be  adopted .  

 

Where  f ⋅  t  i s  the  product  of  the  frequency f by  the  t ime  t  and  represents  the  number of  cycles  
for  wh ich  the  accuracy i s  considered .  

I nstan taneous  error  l im i ts  g i ven  i n  Table  6C.3  apply  to  a. c.  coupled  electron ic  vo l tage  

transformers  wi th  analogue  ou tpu t  exceed ing  ±1 5  V peak.  

AC-coupled  l ow-power sensors  wi th  l ow-vol tage  analogue  ou tpu t  and  sensors  wi th  d ig i tal  
ou tpu t  complying  wi th  the  frequency response  mask defined  i n  Table  6A.2  may not  meet  the  
requ i rement of  Table  6C.3.  I n  th i s  case  i t  i s  up  to  the  secondary equ ipment  downstream  to  
implement  add i t ional  f i l teri ng  as  requ i red .  
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NOTE  Com pl i ance  wi th  Table  6A. 2  impl i es  a  h i gh -pass  corner  frequ ency o f  abou t  1  H z ,  wh i l e  com pl i ance  wi th  
Tabl e  6C. 3  impl i es  a  corner  frequency o f  approximatel y  1 5  H z.  

6C.3.1 .4  Simple  model ization  of  the  Low-power vol tage transformer 

6C.3.1 .4.1  General  

Every t ime  a practi cal  test  i s  impossible,  behaviou r of  the  l ow-power vol tage  transformer shal l  
be  veri f ied  by s imu lati on .  Th is  requ i res  an  ag reement  between  the  manu factu rer  and  the  user 
regard ing  both  the  l ow-power vol tage  transformer model  and  the  s imu lation  software  to  be  
used .  

S imu lation  i s  common ly used  i n  o ther areas,  i . e .  s imu lation  (using  EMTP software)  i nstead  of  
real  tests  i s  a  wel l -accepted  means  used  to  veri fy  correct  behaviou r of  a  ci rcu i t-breaker i n  a  
network.  

6C.3.1 .4.2  Low-power vol tage transformer model  

The  same  model  shal l  be  appl ied  for  both  the  primary short-ci rcu i t  and  trapped  charge  
cond i ti on .  The  ag reement  between  the  manu facturer  and  the  user shal l  be  based  on  the  
comparison  of  resu l ts  from  the  real  test  and  the  s imu lation  during  primary short  ci rcu i t.  The  
model  shal l  take  i n to  accoun t  the  non- l i neari ty  of  the  l ow-power vo l tage  transformer.  
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Figure  6C.3  – Model ization  example  of  a  simpl i fied  low-power vol tage transformer 

Let  us  assume  that  the  l ow-power vol tage  transformer ( i n  transien t  cond i t ion )  can  be  
described  by the  d iag ram  of  Figu re  6C.3 .  

The  model  shal l  describe  the  network i nclud ing  the  non- l i neari ty  of  the  i nducti ve  magnetic  
transformer TR.  The  s imu lation  can  be  performed  wi th  d i fferen t  software,  i . e .  EMTP,  Saber,  
Spice,  etc.  RL  i s  the  bu rden  and  shal l  comply wi th  the  requ i rements  of  th is  s tandard  (paral le l  
or  series  burden) .  The  model i zation  of  the  complete  test  arrangement  shal l  be  i n  accordance  
wi th  6C. 3. 3 .  
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6C.3.1 .5  Effects  of  transients  on  protective  relays  

I n  h igh-vol tage  substations  VTs  are  connected  to  protecti ve  re lays.  The  i npu t  s tage  of  these  
relays  i s  equ ipped  wi th  i nducti ve  magnetic  VTs  ensuring  galvan ic  i nsu lation .  These  
transformers  are  very smal l  i n  s i ze  and  thei r  primary wind ing  i s  made  wi th  very th in  wi res.  
Consequen tly,  they are  very sensi tive  to  the  presence  of  any d . c.  componen t at  the i r  i npu t.  
Th is  d . c.  componen t  can  i nduce  a  satu ration  of  thei r  magnetic  ci rcu i ts .  The  resu l ti ng  
overcurren t  can  cause  a  thermal  breakdown  of  the  primary wind ing .  Care  shou ld  be  taken  by 
the  user and  manu factu rer to  veri fy  the  effect  of  the  e lectron ic  VT on  the  re lays  du ri ng  the  
presence  of  trapped  charges.  Th is  i s  particu larl y  importan t  i f  the  low-power vo l tage  
transformer has  an  ou tpu t  ampl i fi ed  to  emu late  conven tional  vol tage  transformers  (above  

±1 5  V peak)  and  i s  capable  of  transmi tti ng  d i rect  vo l tage,  or  vo l tage  at  very l ow frequency.  

6C.3.2  Defin i tion  of  transient  error 

The  i nstan taneous  vol tage  error i s  defi ned  by the  fo l lowing  formu la:  
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where  

εu(t)  % i s  the  i nstantaneous  vo l tage  error;  

Kr  i s  the  rated  transformation  ratio .  

6C.3.3  Test  of  transient  performance 

6C.3.3.1  Transient  performance test  for  capaci tive  vol tage transformers  

I n  I EC  61 869-5,  CVTs  are  subject  to  transien t  performance  requ i rements,  the  primary short  
ci rcu i t  alone  being  taken  i n to  considerati on .  

The  test  can  be  done  by record ing  two  s ignals.  The  f i rst  i s  the  ou tpu t  of  the  CVT.  The  second  
i s  the  ou tpu t  of  a  reference  device  representing  the  primary vo l tage  and  g i ving  an  accurate  
determination  of  the  i nstan t  at  wh ich  the  short  ci rcu i t  occu rs.  The  performance  i s  s imply  
con tro l led  by d i rect  measurement  of  the  residual  value  of  the  fi rst  s i gnal .  

6C.3.3.2  Transient  performance test  for  low-power vol tage transformers  

6C.3.3.2. 1  General  

The  i nstan taneous  vol tage  error for  transien t  cond i ti ons  i s  defi ned  by the  fo l lowing  formu la:  
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Th is  formu la can  be  rewri tten  as  fo l l ows:  

( ) 1 00 )(
1

)(
2p

p
s

×-= 





u

K
u t

K
tut

u

r

r

%ε  

Using  the  steady-state  error defi n i t i on  
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Up  can  be  expressed  by a  function  of  Us  
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Replacing  Up  by  th is  expression  i n  the  previous  formu la g i ves  
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Taking  i n to  accoun t  that  
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The  test  procedure  can  be  s impl i fi ed  by usi ng  the  fo l l owing  formu la:  
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Note  that  the  transien t  performance  test  can  on ly  be  considered  to  be  completed  i f  the  time  
occurrence  of  the  primary short  ci rcu i t  and  the  reclosure  on  trapped  charges  are  varied ,  
covering  al l  real  network s i tuations.   

E ffects  of  rated  delay t ime.  I n  order to  avoid  unwanted  effects  on  protecti ve  re lays  two  cases  
can  be  considered . :  

a)  No  re lationsh ip  between  the  l ow-power vo l tage  transformer rated  delay t ime  and  the  CT.  
The  test  can  be  carried  ou t  wi thou t  external  compensation  of  the  rated  delay t ime  tdr.  

b)  The  l ow-power vo l tage  transformer i s  used  wi th  a  CT having  the  same  rated  delay t ime.  
The  test  can  be  carried  ou t  usi ng  a  pu re  time  delay device  i nserted  between  the  reference  
transformer and  the  d i fferen tial  ampl i fier.  The  delay t ime  of  th i s  device  can  be  set  to  a  

value  g iven  by td  =  ϕe  /  2π  fr,  ϕe  and  fr  be i ng  the  values  i nd icated  on  the  rati ng  plate.  

6C.3.3.2.2  Primary short  ci rcu i t  

I n  the  case  of  primary short-ci rcu i t  testing  we  have    0=)(p tu  for  t  >  0  

Thus,  the  formu la above  becomes  reduced  to  

1 00
2

1
)(=)%(

s
s ×

U
tutuε  

wh ich  i s  the  mathematical  expression  of  the  requ i rement  expressed  i n  th i s  s tandard .  

NOTE  U
s

2  i s  th e  peak val ue  o f  the  l ow-power vo l tage  transformers  secondary ou tpu t  vo l tag e  for  t <  0  (before  

the  short  c i rcu i t  occu rs) .  Th i s  s im pl i f i ed  formu la m akes  use  o f  a  cal i brated  primary vo l tag e  reference  for  primary  
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short  c i rcu i t  testi n g  u nnecessary.  On l y  one  t ime  re ference  i s  needed  to  i den ti fy  the  preci se  momen t  at  wh i ch  the  
short  c i rcu i t  occu rs.  

6C.3.3.2.3  Reclosure  on  a  l i ne  wi th  trapped  charges 

For t  <  0  

up(t)  =  up  dc(t)  +  up  res(t)  

us(t)  =  us  dc(t)  +  us  res(t)  

For t  >  0  

up(t)  =  Up 2  ⋅  s i n (2π  ⋅  f ⋅  t  +  ϕp)  +  up res(t)  

us(t)  =  Us 2  ⋅  s i n (2π  ⋅  f ⋅  t  +  ϕs)  +  us dc(t)  +  us res(t)  

Then  for  t  >  0  
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Replacing  us(t)  and  up(t)  by  thei r  expression ,  we  get  
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The  fi rst  term  εutr%(t)  con tains  on ly s i nusoidal  componen ts  and  i s  the  steady-state  error of  the  
l ow-power vol tage  transformer.  I f  the  low-power vol tage  transformer i s  correctl y  ad justed ,  i t  

can  be  neg lected  considering  the  second  term  εutr%(t)  wh ich  i s  the  error's  transient  
componen t.  

The  worst  case  i s  where  2  = )0( sVdc p UFu .  The  t ime  constan t  of  the  l ow-power vo l tage  

transformer componen t  usdc(t)  has  a substan tial  i n fluence  on  the  choice  of  a  test  procedure.  
We  shal l  d i sti ngu ish  two  cases:  l ong -  and  short  t ime  constan ts.  

6C.3.3.2.4  Short  t ime constants  

I f  usdc(t)  decays  wi th  a  t ime  constan t  l ess  than  1 00  ms,  a  real i sti c  test  arrangement  i s  
possible,  as  shown  i n  Fi gu re  6C. 4.  
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Ref.   i s  a  h i g h -vo l tage  reference  d i vi der  wi th  the  sam e  vo l tage  rati o  as  the  l ow-power vo l tage  transformer.  

D i ff .  i s  a  cal i brated  d i fferen ti al  ampl i f i er  wi th  a  l ow pass  bandwid th  characteri st i c  determ i ned  by  an  ag reement  
between  u ser  and  manu factu rer.  

Figure  6C.4  – Testing  arrangement  for  short  t ime constant  

e1 (t)  i s  set  to  the  rated  vo l tage  and  frequency,  e2(t)  i s  set  to  a  d . c.  value  equal  to  the  rated  
peak value,  mu l ti pl ied  by the  overvol tage  factor FV .  

e1  =  Upr  2  s i n (2π  f t)  

e2  =  k  Upr  2  

CLi ne  >  1  000  pF i n  order  to  ensure  that  the  primary vo l tage  decay i s  at  l east  1 0  t imes  s lower 
than  the  secondary vo l tage  decay of  the  l ow-power vol tage  transformer du ri ng  the  trapped  
charge  s i tuati on  (CB1  and  CB2  open) .  

Sequence  of  operati on :  

a)  CB1  open  CB2  closed  Charg ing  the  h i gh-vol tage  capaci tors  (CLi ne ,  l ow-power vol tage  

transformer,  etc. )  up  to  the  assigned  value  FV  ⋅  Upr 2 .  

b)  CB1  open  CB2  open  I so lating  the  h igh -vol tage  d . c.  source  e2  from  the  a. c.  source  e1 .  

c)  CB1  closed  CB2  open  Reclosing  on  trapped  charges  wi th  a  rated  value  Upn  for  the  a. c.  
component.  

6C.3.3.2.5  Long  t ime constants  

I f  us  dc(t)  decays  wi th  a  t ime  constan t  h i gher than  1 00  ms,  a  real i stic  test  arrangement  i s  
possible,  as  shown  i n  Figu re  6C.5.  
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Key 

Ref.   represen ts  a  h i g h -vol tage  reference  d i vi der  wi th  the  same  vo l tage  rat i o  as  the  l ow-power  vo l tage  
transformer.  

D i ff .   represen ts  a  cal i brated  d i fferen ti al  ampl i f i er  wi th  a  l ow-pass  bandwid th  characteri s ti c  determ i ned  by  an  
ag reement  between  u ser  and  manu factu rer.  

Figure 6C.5  – Testing  arrangement  for  long  t ime constant  

The  waveform  e(t)  i s  i l l ustrated  i n  Figu re  6C. 6.  

 

Figure  6C.6  – Typical  waveform  of  e(t)  during  test  
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Annex 6D  
( in formative)  

 
Test  ci rcui ts  

 

6D.1  Test  ci rcu i ts  for accuracy measurements in  steady state for low-power 
current  transformers 

Figure  6D. 1 ,  Figu re  6D.2  and  Fi gu re  6D.3  show some basic  ci rcu i ts  for the  d i rect  
measurement  of  a  composi te  error for the  cu rren t  transformer.  
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The  vo l tage  at  the  i npu t  o f  the  l ock- i n  ampl i f i er  shal l  be  ad j usted  i n  rated  cond i t i ons.  Th i s  vo l tage  shal l  be  equal  to  
the  rated  secondary vo l tage.  

Figure  6D.1  – Test  ci rcu i t  for  analogue accuracy measurements  in  steady state 
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Figure  6D.2  – Test  ci rcu i t  for  analogue accuracy measurements 
in  steady state  (al ternative  solution)  

IEC  

Reference  CT 

P 1  P2  

EU T 

P2  P 1  

S 1  S2  

Ip  

Kr  

Is  

Curren t  
Comparator  

Vo l tag e/cu rren t  
converter  

I’s  

Rc  

R l pcs  

Vl pcs  

S 1  S2  



 – 80  – I EC  61 869-6:201 6    I EC  201 6  

 

Key 

K
r
 Rated  transformati on  rat i o  o f  reference  CT 

V
1
 Vo l tage  at  the  i npu t  of  the  reference  A/D  converter  

V
l pcs

 Secondary vo l tage  for  l ow-power cu rren t  t ransformer  wi th  anal ogu e  ou tpu t  

R
1
 Bu rden  u sed  to  ad j ust  the  vo l tage  at  the  i npu t  o f  the  reference  A/D  converter  

R
1
 +  R

c
 Rated  secondary bu rden  o f  reference  CT 

R
l pcs

 Rated  secondary bu rden  o f  l ow-power cu rren t  transformer 

R
1
  i s  requ i red  to  be  a  h i gh  accu racy bu rden  

Figure  6D.3  – Test  ci rcu i t  for  d ig i tal  accuracy measurements  in  steady state  
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6D.2  Test  ci rcu i ts  for accuracy measurements in  steady state for low-power 
vol tage transformers 

Figure  6D.4,  Figu re  6D.5  and  Fi gu re  6D.6  show some basic  ci rcu i ts  for the  d i rect  
measurement  of  an  error  for  the  vol tage  transformer.  
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The  vo l tage  at  the  i npu t  o f  the  l ock- i n  ampl i f i er  shal l  be  ad j usted  i n  rated  cond i t i ons.  Th i s  vo l tage  shal l  be  equ al  to  
the  rated  secondary vo l tage.  

Figure  6D.4  – Test  ci rcu i t  for  analogue accuracy measurements  in  steady state 
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Figure  6D.5  – Test  ci rcu i t  for  analogue accuracy measurements 
in  steady state  (al ternative  solution)  
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Figure  6D.6  – Test  ci rcu i t  for  d ig i tal  accuracy measurements  in  steady state 
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Annex 6E  
( in formative)  

 
Graph  explaining  the accuracy requirements for 

mul ti -purpose low-power current  transformer 

The  g raph  i n  Figu re  6E. 1  shows  the  accuracy l im i ts  of  a  mu l ti purpose  l ow-power curren t  
transformer ( i . e .  an  LPIT wh ich  obeys  measuring  and  protective  requ i rements) ,  wh ich  i s  also  
speci fied  for transien t  response.  

The  marks  show at  wh ich  primary cu rren t  the  accuracy i s  actual l y  tested  du ring  type  tests.  
The  l i nes  show in  wh ich  primary cu rren t  range  the  accuracy i s  supposed  to  be  main tained .  

 

Figure  6E.1  – Accuracy l imi ts  of  a  mu l ti -purpose low-power current  transformer 

I f  an  appl icati on  requ i res  a  smal l  deviation  between  the  phase  and/or ampl i tude  error between  
the  l ow-power cu rren t  transformers  on  d i fferen t  phases,  the  user  shal l  se lect  a  set  o f  l ow-
power cu rren t  transformers  wi th  s im i lar  cal ibration  data,  as  i s  also  done  wi th  conven tional  
transformers.  The  cal i bration  data i s  avai lable  from  rou tine  testi ng .  A special  test  i s  not  
needed .  
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