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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
INSTRUMENT TRANSFORMERS –  

 
Part  9:  Dig i tal  i nterface for instrument  transformers 

 
FOREWORD 

1 )  The  I n tern ati onal  E l ectrotechn i cal  Commi ss i on  ( I EC)  i s  a  worl dwide  o rg an i zati on  fo r  s tandard i zati on  compri s i ng  
al l  nati onal  e l ectrotech n i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  Th e  object  o f  I EC  i s  to  prom ote  
i n ternati on al  co-operati on  on  al l  questi ons  con cern i n g  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  an d  i n  add i t i on  to  o ther  acti vi t i es ,  I EC  pu bl i sh es  I n ternat i onal  Stan dards ,  Techn i cal  Speci fi cati ons,  
Techn i cal  Reports ,  Publ i cl y  Avai l able  Speci f i cat i ons  (PAS)  and  Gu i des  (h ereafter  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  subject  deal t  wi th  may part i ci pate  i n  th i s  preparatory  work.  I n ternati onal ,  g overnm en tal  and  n on -
governm en 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  th e  I n ternat i onal  Organ i zati on  fo r  Standard i zat i on  ( I SO)  i n  accordan ce  wi th  cond i t i ons  determ ined  by  
ag reement  between  th e  two  organ i zati ons.  

2 )  Th e  form al  deci s i on s  or  ag reemen ts  o f  I EC  on  techn i cal  m atters  express,  as  n earl y  as  poss ib l e,  an  i n ternati 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  N ati onal  Commi ttees.  

3 )  I EC  Publ i cati ons  have  th e  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by I EC  Nati onal  
Comm i ttees  i n  th at  sense.  Wh i l e  al l  reasonable  e fforts  are  made  to  ensu re  that  the  techn i cal  con ten t  o f  I EC  
Publ i cati ons  i s  accu rate ,  I EC  cann ot  be  hel d  responsi bl e  for  the  way i n  wh i ch  they are  used  or  for  an y 
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  N ati onal  Commi ttees  undertake  to  appl y  I EC  Publ i cati on s  
transparen tl y  to  the  maximum  exten t  poss ibl e  i n  thei r  nat i on al  and  reg i on al  publ i cati ons .  Any d i vergence  
between  an y I EC  Publ i cat i on  and  the  correspond i ng  nati onal  or  reg i on al  publ i cati on  shal l  be  cl earl y  i nd i cated  i n  
the  l atter.  

5)  I EC  i tse l f  does  no t  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  an d ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC  i s  not  responsi bl e  for  an y  
servi ces  carri ed  ou t  by i ndependen t  certi f i cat i 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,  employees,  servan ts  or  agen ts  i n cl u d i ng  i nd i vi du al  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or  
o ther  damage  o f  any natu re  whatsoever,  wh eth er d i rect  or  i nd i rect,  o r  for  costs  ( i ncl ud i ng  l egal  fees)  an d  
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  u pon ,  th i s  I EC  Publ i cati on  or  any o th er  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  referenced  publ i cati ons  i s  
i nd i spensable  for  th e  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 ib i l i ty  that  som e  of  th e  e l em en ts  o f  th i s  I EC  Publ i cati on  may be  th e  subj ect  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  61 869-9  has  been  prepared  by IEC  techn ical  commi ttee  38:  
I nstrument  transformers.  

Th is  f i rst  ed i t i on  replaces  the  correspond ing  speci fi c  requ i rements  previously con tained  i n  
I EC  60044-8,  publ i shed  i n  2002.  

The  text  of  th i s  s tandard  i s  based  on  the  fo l l owing  documents:  

FDI S  Report  on  vot i ng  

38/502/FDI S  38/508/RVD  

 
Fu l l  i n formation  on  the  voti ng  for  the  approval  o f  th i s  s tandard  can  be  found  i n  the  report  on  
voting  i nd icated  i n  the  above  table.  

Th is  publ i cation  has  been  drafted  i n  accordance  wi th  the  ISO/IEC  Di recti ves,  Part  2 .  
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A l i s t  o f  al l  parts  i n  the  IEC  61 869  series,  publ i shed  under the  general  t i t le  Instrument 
transformers,  can  be  found  on  the  IEC  websi te.  

Th is  publ i cati on  con tains  an  attached  f i l e  i n  the  form  of  a  . xm l  f i l e .  Th is  f i l e  i s  i n tended  to  be  
used  as  a  complement  and  does  not  form  an  i n tegral  part  o f  the  publ ication .  

Th is  I n ternational  Standard  con tains  speci fi c  requ i rements  for  e lectron ic  l ow power i nstrument  
transformers  (LPIT)  having  a  d ig i tal  ou tpu t.  

Th is  Part  9  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 and   I EC  61 869-6:201 6.  However,  the  reader i s  encouraged  to  use  i ts  most  
recen t  ed i ti on .  

Th is  Part  9  fo l lows  the  structu re  of  I EC  61 869-6  and  IEC  61 869-1  and  supplements  or  
mod i fies  thei r  correspond ing  clauses/subclauses.  

When  a  particu lar clause/subclause  of  Part  6  i s  not  men tioned  i n  th is  Part  9 ,  that  
clause/subclause  appl ies.  When  th is  s tandard  states  “add i ti on”,  “mod i fi cation”  or  
“replacement”,  the  re levan t  text  i n  Part  6  i s  to  be  adapted  accord ing ly.  

When  a  parti cu lar  clause/subclause  of  Part  1  i s  not  men tioned  i n  Part  6 ,  that  
clause/subclause  appl i es.  When  part  6  s tates  “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 ti onal  clauses,  subclauses,  f i gu res,  tables,  annexes  or  note,  the  fo l l owing  numbering  
system  i s  used :  

– clauses,  subclauses,  tables,  f i gures  and  notes  that  are  numbered  starti ng  from  901  are  
add i ti onal  to  those  i n  Part  1 ;  

– add i ti onal  annexes  are  lettered  9A,  9B,  etc.  

An  overview of  the  planned  set  o f  standards  at  the  date  of  publ icati on  of  th is  document  i s  
g i ven  below.  The  updated  l i s t  of  s tandards  i ssued  by IEC  TC38  i s  avai lable  at  the  websi te:  
www. iec. ch  
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PRODUCT FAMILY STANDARDS PRODUCT 
STANDARD  

IEC 

PRODUCTS OLD 
STANDARD 

IEC  

61 869-1  

GEN ERAL 
REQU I REMENTS  
FOR 
I NSTRU MENT 
TRANSFORMERS  

 61 869-2  ADDI TI ONAL REQU I REMENTS  FOR 
CURRENT TRANSFORMERS 

60044-1  

60044-6  

61 869-3  ADDI TI ONAL REQU I REMENTS  FOR 
I NDUCTI VE  VOLTAGE  TRANSFORMERS 

60044-2  

61 869-4  ADDI TI ONAL REQU I REMENTS  FOR 
COMBI N ED  TRANSFORMERS 

60044-3  

61 869-5  ADDI TI ONAL REQU I REMENTS  FOR 
CAPACI TOR  VOLTAGE  
TRANSFORMERS  

60044-5  

61 869-6  

ADDI TI ONAL 
GENERAL 
REQU I REMENTS  
FOR  LOW POWER 
I N STRUMEN T 
TRAN SFORM ERS  

61 869-7  ADDI TI ONAL REQU I REMEN TS  FOR  
ELECTRON I C  VOLTAGE  
TRANSFORMERS  

60044-7  

61 869-8  ADDI TI ONAL REQU I REMEN TS  FOR 
ELECTRON I C  CURRENT 
TRANSFORMERS  

60044-8  

61 869-9  DI G I TAL I N TERFACE  FOR  I NSTRUMENT 
TRANSFORMERS  

61 869-1 0  ADDI TI ONAL REQU I REMEN TS  FOR 
LOW POWER PASSI VE  CURRENT 
TRANSFORMERS  

61 869-1 1  ADDI TI ONAL REQU I REMEN TS  FOR 
LOW POWER VOLTAGE  
TRANSFORMERS  

60044-7  

61 869-1 2  ADDI TI ONAL REQU I REMEN TS  FOR 
COMBI N ED  ELECTRONI C  I NSTRUMEN T 
TRANSFORMERS  AND  COM BI NED  
STAN D  ALONE  I NSTRU MENT 
TRANSFORMERS  

 

61 869-1 3  STAN D  ALONE  MERGI NG  U N I T  

61 869-1 4  ADDI TI ONAL REQU I REMEN TS  FOR DC  
CURREN T TRANSFORMERS 

 

61 869-1 5  ADDI TI ONAL REQU I REMEN TS  FOR DC  
VOLTAGE  TRANSFORMERS  FOR  DC  
APPLI CATI ONS  

 

 

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

•  recon fi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended.  

A bi l i ngual  version  of  th i s  publ icati on  may be  i ssued  at  a  later 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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INTRODUCTION  

General  

Th is  standard  i s  a  product  fam i l y  standard  for  i nstrument  transformers.  I t  provides  an  
appl i cation  of  the  standard  series  IEC  61 850,  wh ich  detai l s  l ayered  substati on  commun icati on  
arch i tectu re  i n  the  world  of  i nstrument  transformers.  

By provid ing  tu torial  material  such  as  examples  and  explanations,  i t  also  provides  access  for 
i nstrument  transformer,  protecti ve  re lay and  meter experts  to  concepts  and  methods  appl ied  
i n  the  IEC  61 850  series.  

Compared  to  i nstrument transformers,  d ig i tal  commun icati on  technology i s  subject  to  on -going  
changes  wh ich  are  expected  to  con tinue  i n  the  fu tu re.  S ign i fi can t  experience  wi th  e lectron ics  
i n tegrated  d i rectly  i n to  i nstrument  transformers  has  yet  to  be  gathered  on  a  broader basis ,  as  
th is  type  of  equ ipment  i s  not  widely spread  i n  the  i ndustry  and  a  change  of  parad igm  has  not  
yet  occurred .  

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

The  IEC  61 850  series  i s  a  s tandard  i n tended  to  be  used  for commun ication  networks  and  
systems  for  power u ti l i ty  au tomation .  The  most  importan t  parts  of  th is  series  defi ne:  

a)  i n formation  models  for  the  substati on  au tomation  system;  

b)  these  i n formation  models  i nclude  both  the  models  of  the  i nstrument  transformers  and  
other process  equ ipment ( l i ke  ci rcu i t-breakers  and  d i sconnectors) ,  and  the  models  of  the  
substation  au tomation  system  ( l i ke  protection  re lays  and  meters) .  The  models  are  defined  
i n  I EC  61 850-7-3  and  IEC  61 850-7-4;  

c)  the  commun ication  between  i n te l l i gen t  e lectron ic  devices  ( IEDs)  of  the  substation  
au tomation  system.  The  abstract  models  are  defined  i n  I EC  61 850-7-2  and  the  mappings  
on  commun ication  stacks  are  defined  i n  I EC  61 850-8-1  and  IEC  61 850-9-2;  

d )  a  con fi gu rati on  language  used  to  describe  the  con figuration  aspects  of  the  substation  
au tomation  system  i s  described  i n  I EC  61 850-6;  

e)  con formance  testing  of  the  commun ication  i n terfaces  of  the  IEDs  of  the  power u ti l i ty  
au tomation  system  i nclud ing  thei r  data models.  The  con formance  testi ng  i s  defined  i n  
I EC  61 850-1 0.  

Typical l y,  i n  a  trad i ti onal  system,  IEDs  l i ke  bay l evel  con tro l lers  or  protection  re lays  i n terface  
d i rectl y  th rough  analogue  s ignals  to  i nstrument transformers.  I n  that  case,  the  data models  of  
the  i nstrument  transformers  are  implemented  i n  these  bay l evel  devices.  However,  th is  i s  not  
the  on ly  real i zation .  I n  the  case  where  e lectron ics  are  i n tegrated  d i rectl y i n to  e lectron ic  LPIT,  
the  above-mentioned  data models  shou ld  be  implemented  wi th in  the  i nstrument transformer 
and  the  i nstrument  transformer needs  to  support  a  commun ication  i n terface.  The  part  o f  an  
e lectron ic  LPIT that  does  th is  i s  known  as  the  merg ing  un i t.  

IEC  61 850,  being  a  system  orien ted  standard  series,  l eaves  many options  open  i n  order  to  
support  presen t  and  fu tu re  requ i rements  of  al l  s i zes  of  substati ons  at  al l  vo l tage  levels.  

To  reduce  the  eng ineering  amoun t  requ i red  to  ach ieve  i n teroperabi l i ty  for  the  d i g i tal  i n terface  
between  i nstrument transformers  and  equ ipment  that  uses  the  d i g i tal  s i gnal  ( l i ke  protecti ve  
re lays,  meters  or  bay l evel  con trol lers) ,  th i s  s tandard  speci fies  add i ti onal  constrain ts  on  
implementi ng  a  d ig i tal  commun ication  i n terface.  

The  IEC  61 869-9  standard :  

– replaces  the  I EC  60044-8  d ig i tal  so lu ti on ;  
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– provides  a  product  standard  for  i nstrument  transformers  wi th  a  d i g i tal  i n terface  accord ing  
to  the  IEC  61 850  series;  s im i lar  to  what  IEC  62271 -3  offers  for swi tchgear;  

– i ncludes  backward  compatibi l i ty  for the  UCA I n ternational  Users  Group  Implementation 
Guideline for Digital Interface to Instrument Transformers Using IEC 61850-9-2;  

– uses  IEC  61 588  based  t ime  synchron ization  i n  accordance  wi th  IEC/IEEE  61 850-9-3,  wi th  
an  option  for 1 PPS  (pu lse  per second) .  

Overview of  the  d ig i tal  in terface for instrument  transformers  

An  i l l ustrati ve  general  block d iag ram  of  an  i nstrument  transformer wi th  d i g i tal  ou tpu t  i s  shown  
i n  Figure  901 .  I t  shows  mu l ti ple  curren t  and/or vo l tage  i n formation  coming  from  the  secondary 
converters  (SC  i n  Fi gu re  901 )  and  fed  i n to  a  common  block label l ed  “merg ing  un i t” .  The  
merg ing  un i t  performs  al l  the  data processing  (sampl ing ,  analogue  to  d ig i tal  conversion ,  
scal ing ,  message  formatti ng ,  etc. )  necessary to  produce  a  t ime-coheren t  ou tpu t  data stream  
accord ing  to  th is  s tandard .  For the  pu rposes  of  th i s  s tandard  a  merg ing  un i t  i s  a  physical  un i t  
(hardware  subsystem)  used  to  assemble  and  transmi t  d i g i tal  ou tpu t  data frames.  

Merging  unit

SC of ECTa (meas. )

SC of ECTb (meas. )

SC of ECTc (meas.)

SC of ECTa (prot. )

SC of ECTb (prot. )

SC of ECTc (prot. )

SC of ECT neutral

SC of EVTa

SC of EVTb

SC of EVTc

SC of EVT neutral

SC of EVT busbar

Power

supply

Clock

input

Digital

output

 
IEC  

Figure  901  – General  block d iagram  of  an  electron ic   
LPIT wi th  d ig i tal  output  

A merg ing  un i t  i s  model led  as  one  or  more  l og ical  devices  that  con tain  mu l tiple  l og ical  nodes  
as  i l l ustrated  i n  Fi gu re  902.  
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Merging  unit (physical  device)

Logical  device "xxxxMUnn"

Logical  node LLN0

Dataset PhsMeas1

InnATCTR1 .AmpSv. instMag. i

InnATCTR1 .AmpSv.q

InnBTCTR2.AmpSv. instMag. i

InnBTCTR2.AmpSv.q

InnCTCTR3.AmpSv. instMag. i

InnCTCTR3.AmpSv.q

InnNTCTR4.AmpSv. instMag. i

InnNTCTR4.AmpSv.q

UnnATVTR1 .VolSv. instMag. i

UnnATVTR1 .VoSvl.q

UnnBTVTR2.VolSv. instMag. i

UnnBTVTR2.VoSvl.q

UnnCTVTR3.VolSv. instMag. i

UnnCTVTR3.VolSv.q

UnnNTVTR4.VolSv. instMag. i

UnnNTVTR4.VolSv.q

MSVCB03

SvEna = TRUE

DatSet = PhsMeas1

SmpRate = 4 800

APPID = 0 x 4003

noASDU = 2

MSVCB04

SvEna = TRUE

DatSet = PhsMeas1

SmpRate = 1 4 400

APPID = 0 x 4 004

noASDU = 6

LPHD

PhyNam

PhyHealth

UnnBTVTR2

VolSv. instMag. i

VolSv.q

UnnCTVTR3

VolSv. instMag. i

VolSv.q

UnnNTVTR4

VolSv. instMag. i

VolSv.q

UnnATVTR1

VolSv. instMag. i

VolSv.q

InnBTCTR2

AmpSv. instMag. i

AmpSv.q

InnCTCTR3

AmpSv. instMag. i

AmpSv.q

InnNTCTR4

AmpSv. instMag. i

AmpSv.q

InnATCTR1

AmpSv. instMag. i

AmpSv.q

IA

IN

UA

UN

IB

IC

UB

UC

samples

samples

4 800 

samples 

per 

second

1 4 400 

samples 

per 

second

MSVCB

SvEna

DatSet

SmpRate

APPID

noASDU

LN TVTR

VolSv

NamPlt

Standard

CB class

Standard

LN class

Instantiate to MSVCB04Instantiate to UnnNTVTR4
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Figure  902  – General  i l l ustration  of  the  objects  wi th in  a  merg ing  un i t  (example)  

Curren t  and  vol tage  measurements  i n  the  example  merg ing  un i t  i n  Figu re  902  are  model led  
per I EC  61 850-7-1  by usi ng  the  fo l lowing  log ical  nodes:  

•  C lass  TCTR  per  I EC  61 850-7-4,  i nstan tiated  i nd ividual l y  for  each  of  the  th ree  curren t  
transformer phases,  and  for  the  neu tral  cu rren t  measurement.  

•  C lass  TVTR  per  I EC  61 850-7-4,  i nstan tiated  i nd ividual l y  for  each  of  the  th ree  vol tage  
transformer phases,  and  for  the  neu tral  vo l tage  measurement.  

•  Log ical  node  zero  LLN0  con tain ing  i nstances  of  the  sampled  value  con trol  b locks  
(MSVCB03  and  MSVCB04 i n  th i s  example)  con tro l l i ng  s imu l taneous  publ i sh ing  of  
I EC  61 850-9-2  data streams  ( in  th is  example  one  wi th  4  800  samples  per  second  and  
2  samples  per frame  yie ld ing  a  frame  rate  of  2  400  per second,  the  other wi th  
1 4  400  samples  per second  and  6  samples  per  frame  also  yie ld i ng  a  frame rate  of  
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2  400  per  second) ,  and  a  dataset  that  con tro ls  the  con ten t  of  the  sampled  value  d ig i tal  
ou tpu t  messages.  

Appl icable  sample  rates,  t ime  synchron ization ,  con tro l  b locks  and  dataset  are  defined  i n  th i s  
standard .  

Physical  real i zati on  of  the  above  concepts  may vary wi th  the  appl ied  technology determ in ing  
wh ich  parts  are  necessary for  the  real i zation  of  an  actual  i nstrument transformer.  One  such  
real i zati on  showing  an  electron ic  LPIT wi th  bu i l t- i n  d ig i tal  data ou tpu t  i s  shown  i n  Figu re  903  
and  fu rther described  i n  the  re levan t  product  speci fi c  s tandards  i n  the  IEC  61 869  series  
(Part  7,  Part  8 ,  Part  1 2,  Part  1 4,  Part  1 5) .  
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Figure 903  – Electronic  LPIT wi th  d ig i tal  output  (concept  example)  

I t  i s  not  absolu tely  necessary that  al l  parts  shown  i n  Figu re  903  be  i ncluded .  For clari ty,  power 
suppl i es  are  not  shown  here.  An  i nstrument  transformer may be  implemented  i n  a  s i ng le  
physical  un i t  or  i n  mu l tiple  physical  un i ts .  For  example,  there  may be  a  separate  physical  un i t  
for  each  phase  con tain ing  the  primary vo l tage  and/or  cu rren t  sensors,  primary converters  and  
primary i nsu lation ,  wi th  al l  secondary converters  and  the  merg ing  un i t  i n  a  separate  physical  
un i t  l ocated  i n  the  con trol  house.  The  number of  primary i npu ts  and  thei r  type  (vo l tage  or 
cu rren t)  i n  a  s i ng le  i nstrument transformer may be  other than  shown  here.  

For  comparison ,  an  i l l ustrati ve  general  b lock d iag ram  of  an  i nstal lation  us ing  a  stand-alone  
merg ing  un i t  (SAMU)  i s  shown  i n  Figu re  904.  Un l ike  the  merg ing  un i t  i n  an  i nstrument 
transformer,  a  SAMU  i s  a  separate  product  covered  i n  I EC  61 869-1 3.  I t  accepts  as  i npu ts  the  
ou tpu ts  of  i nstrument  transformers,  said  ou tpu ts  con forming  to  the  speci fi cations  of  one  of  the  
product  standards  i n  the  IEC  61 869  series.  The  number of  i npu ts  and  thei r  type  (vo l tage  or  
cu rren t)  may be  other  than  shown  i n  Fi gu re  904.  Ou tpu t  produced  by a  SAMU  and  ou tpu t  
produced  by an  e lectron ic  LPIT wi th  bu i l t  i n  merg ing  un i t  shou ld  i n  pri nciple  be  
i nd istingu ishable  from  each  other (exclud ing  the  fact  that  SAMU  ou tpu t  wi l l  typical l y have  
l ower accuracy due  to  cascad ing  the  separately g i ven  i nstrument transformer and  SAMU  
accuracy speci fi cations) .  
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An  example  wi l l  be  presen ted  i n  I EC  61 869-1 3 1 ,  as  soon  as  th i s  s tandard  wi l l  be  avai l abl e .  

Figure  904  – Standalone merg ing  un i t  

 

  

______________ 

1   U nder  cons i derat i on .  
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INSTRUMENT TRANSFORMERS –  
 

Part  9:  Dig i tal  i nterface for instrument  transformers 
 
 
 

1  Scope 

Th is  part  of  I EC  61 869  i s  a  product  fam i l y  standard  appl i cable  to  i nstrument  transformers  wi th  
d i g i tal  ou tpu t.  The  product  standard  i s  composed  of  I EC  61 869-1  and  IEC  61 869-6,  i n  add i ti on  
to  th is  s tandard  and  the  re levant  product  speci fi c  s tandards  i n  the  IEC  61 869  series  (Part  7,  
Part  8 ,  Part  1 2,  Part  1 3 ,  Part  1 4,  and  Part  1 5) .  

Th is  standard  defines  requ i rements  for  d ig i tal  commun ications  of  i nstrument  transformer 
measurements.  I t  i s  based  on  the  I EC  61 850  series,  UCA i n ternational  users  g roup  document  
Implementation guideline for digital interface to instrument transformers using IEC 61850-9-2,  
and  the  relevan t  parts  of  I EC  60044-8  that  are  replaced  by th i s  s tandard .  I t  i ncludes  add i t ional  
improvements  i nclud ing  the  IEC  61 588  network based  t ime  synchron izati on .  

2  Normative references 

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 i cation .  For dated  references,  on ly  the  ed i ti on  ci ted  appl i es.  For 
undated  references,  the  l atest  ed i t ion  of  the  referenced  document  ( i nclud ing  any 
amendments)  appl ies.  

C lause  2  of  I EC  61 869-6:201 6  i s  appl i cable  wi th  the  fo l l owing  add i t ions:  

I EC  61 588:2009,  Precision clock synchronization protocol for networked measurement and 
control systems 

I EC  61 850-6:2009 ,  Communication networks and systems for power utility automation – 
Part 6: Configuration description language for communication in electrical substations related 
to IEDs 

IEC  61 850-7-1 :201 1 ,  Communication networks and systems for power utility automation – 
Part 7-1: Basic communication structure – Principles and models 

IEC  61 850-7-2:201 0,  Communication networks and systems for power utility automation – 
Part 7-2: Basic information and communication structure – Abstract communication service 
interface (ACSI) 

IEC  61 850-7-3:201 0,  Communication networks and systems for power utility automation – 
Part 7-3: Basic communication structure – Common data classes 

I EC  61 850-8-1 :201 1 ,  Communication networks and systems for power utility automation – 
Part 8-1: Specific communication service mapping (SCSM) – Mappings to MMS (ISO 9506-1  
and ISO 9506-2) and to ISO/IEC 8802-3 

I EC  61 850-9-2:201 1 ,  Communication networks and systems for power utility automation – 
Part 9-2: Specific communication service mapping (SCSM) – Sampled values over 
ISO/IEC 8802-3 

IEC/IEEE  61 850-9-3:201 6,  Communication networks and systems for power utility 
automation – Part 9-3: Precision time protocol profile for power utility automation 
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I EC  61 850-1 0:201 2,  Communication networks and systems for power utility automation –  
Part 10: Conformance testing 

I EC  61 869-6:201 6,  Instrument transformers – Part 6: Additional general requirements for 
low-power instrument transformers 

UCA ( I n ternational  Users  Group) ,  Implementation guideline for digital interface to instrument 
transformers using IEC 61850-9-2 

3  Terms and  defin i tions  

3.5  Terms and  defin i t ions  related  to  other ratings  

For the  purposes  of  th is  document,  the  terms  and  defi n i t i ons  i n  I EC  61 869-6:201 6  apply,  wi th  
the  fo l l owing  add i ti ons:  

3.5.901   
rated  holdover t ime 
rated  du ration  over wh ich  the  merg ing  un i t  con tinues  to  send  samples  main tain ing  the  sample  
t im ing  requ i red  for  the  measuring  accuracy class  fo l lowing  loss  of  the  t ime  s ignal  

3.5.902   
processing  delay t ime 
tpd  

d i fference  between  the  time  encoded  by the  fie ld  SmpCnt  i n  a  d ig i tal  ou tpu t  message  and  the  
t ime  th is  message  appears  at  the  d i g i tal  ou tpu t  

3.5.903   
maximum processing  delay t ime 
l ongest  processing  delay t ime  (tpd )  under al l  rated  operating  cond i ti ons  

3.5.904  
free  runn ing  mode 
operating  mode  where  sampled  values  i ssued  by the  merg ing  un i t  are  not  synchron ised  to  an  
external  clock to  the  degree  requ i red  to  meet  the  measuring  accuracy class  phase  error  l im i t  

Note  1  to  en try:  The  val ues  are  based  on  an  i n ternal  c l ock osci l l ator.  

3.7 Index of  abbreviations 

I ndex of  abbreviati ons  of  I EC  61 869-6:201 6  i s  extended  by the  add i ti on  of  the  fo l l owing :  

9-2LE  The  sampled  value  protocol  defined  by UCA I n ternational  Users  Group  document  
Implementation Guideline for Digital Interface to Instrument Transformers using 
IEC 61850-9-2,  mod i fi cati on  I ndex R2-1  dated  2004-07-07  

ASDU  Appl ication  Service  Data Un i t  

ACSI  Abstract  Commun ications  Service  I n terface  

SCSM  Speci fi c  Commun icati on  Service  Mapping  

SAV Common  data class  defi ned  i n  IEC  61 850-7-3:201 0,  7 . 4.4  for  model l i ng  sampled  
values.  

TCTR Log ical  node  defined  i n  I EC  61 850-7-4:201 0,  5 . 1 5.4  for  model l i ng  sampled  values  
from  cu rren t  transformers  

TVTR Log ical  node  defined  i n  I EC  61 850-7-4:201 0,  5. 1 5. 20  for  model l i ng  sampled  values  
from  vol tage  transformers  
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SCL System  Con figuration  description  Language  accord ing  to  I EC  61 850-6:2009,  
C lause  4  

ICD  IED  Capabi l i ty  Descripti on  fi l e  accord ing  to  IEC  61 850-6:2009,  5 . 3  

I ED  I n tel l i gen t  E lectron ic  Device  

SAS Substation  Au tomation  System  

MU  Merg ing  Un i t  

SAMU  Stand  Alone  Merg ing  Un i t  

EMC ElectroMagnetic  Compatibi l i ty  

4 Normal  and  special  service condi tions 

Clause  4  of  I EC  61 869-1 :2007  appl ies.  

5  Ratings 

5.6  Rated  accuracy class  

Accuracy classes  for e lectron ic  LPIT wi th  d ig i tal  ou tpu t  are  defined  i n  the  appl i cable  
IEC  61 869  series  product  standards  Part  7 ,  Part  8 ,  Part  1 2 ,  Part  1 3 ,  Part  1 4,  and  Part  1 5 .  
Accuracy class  speci fi cations  apply end-to-end,  represen ting  al l  errors  i n troduced  between  
the  i nstrument  transformer primary and  the  properly  t ime-stamped  message  created  at  the  
d ig i tal  ou tpu t.  

Accuracy speci fi cations  d i rectly  i ncorporate  al l  errors  associated  wi th  t ime  synchron ization .  
Time  synchron ization  requ i rements  are  as  described  i n  6 . 904.  

Wi th  regard  to  accuracy classes,  i nstrument transformers  wi th  d ig i tal  ou tpu t  shal l  be  classi fi ed  
i n  two  g roups:  

•  measuring  i nstrument  transformers,  

•  protection  i nstrument  transformers.  

To  make  best  use  of  the  dynamic  range  enabled  by the  32-bi t  message  format speci fied  i n  
th i s  s tandard ,  al l  protection  i nstrument transformers  and  protecti on  capable  SAMU  channels  
shal l  be  speci fi ed  wi th  dual  accuracy class  rati ngs.  Dual  rating  i s  i n tended  to  precisely 
document  the  measuring  and  protection  accuracy class  appl icable  to  a  g i ven  channel .  

The  dual  rati ng  requ i rement acknowledges  the  fact  that  protection  rated  i nstrument 
transformers  are  common ly  al so  used  for measurement and  i nd ication  pu rposes.  I t  
establ i shes  a  proven ,  wel l  understood  method  for documenting  th is  performance.  

The  protection  i nstrument  transformer accuracy class  shal l  be  g i ven  as  a  s lash  “/”  symbol  
separated  pai r,  wi th  measuring  accuracy class  taking  the  fi rst  posi ti on  and  the  protecti on  
accuracy class  fo l l owed  by the  accuracy l im i t  factor KALF at  the  end .  Dual  speci fi cation  shal l  
be  reported  on  the  d ig i tal  i nstrument  transformer nameplate.  

Rating  examples:  

0 , 2S  0 , 2S  class  measuri ng  i nstrument  transformer (not  rated  for protection )  

0 , 2S/5P20  5P20  protection  i nstrument  transformer meeting  class  0 , 2S  measuring  
accuracy class  requ i rements  
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5.901  Performance requ i rements  

Electron ic  LPIT wi th  d i g i tal  ou tpu t  shal l  meet al l  the  requ i rements  defined  i n  I EC  61 869  
speci fi c  product  standards  Part  7 ,  Part  8 ,  Part  1 2 ,  Part  1 3 ,  Part  1 4,  and  Part  1 5 ,  i f  appl i cable .  
Th is  requ i rement  therefore  extends  to  the  merg ing  un i t  component  wh ich  i s  an  i n tegral  part  o f  
the  i nstrument  transformer apparatus,  and  i s  therefore  subject  to  the  same  envi ronmental  and  
EMC cond i ti ons.  

Depending  on  the  device  con formance  class  defined  i n  6 . 903. 1 3,  the  merg ing  un i t  componen t  
may be  exposed  to  various  l evels  of  E thernet  network traffi c.  Al though  i t  i s  impossible  to  
foresee  al l  operati ng  envi ronments,  the  fo l l owing  recommendations  are  provided  based  on  
real  l i fe  f i e ld  experience:  

•  merg ing  un i t  behaviour  shou ld  be  wel l  defi ned  under al l  operating  cond i tions;  

•  i f  presen t,  the  test  s i gnal  generating  capabi l i ty  shou ld  be  d i sabled  by defau l t;  

•  a l l  data i ncluded  i n  the  same  ASDU  ( i nclud ing  qual i ty  bi ts)  shou ld  be  mu tual l y  consisten t  
and  represent  the  same  time  i nstan t  as  requ i red  by the  appl icable  accuracy class  
speci fi cation ;  

•  data  shal l  be  synchron ized  to  a  common  t ime  reference  as  described  i n  6 . 904.  

Merg ing  un i ts  shou ld  have  wel l  defined  behaviou r under al l  operating  cond i ti ons.  Th is  
especial l y  appl ies  du ri ng  power-up,  power-down  and  sel f-d iagnostic  system  fai lu re  i nd ications  
(as  requ i red  by IEC  61 869-6:201 6,  6 . 604) .  Wh i le  the  merg ing  un i t  ou tpu t  (data stream)  may 
become  unavai lable  at  any t ime  ( th rough  componen t fai lu re) ,  when  presen t,  qual i ty  b i ts  wi th in  
the  stream  shou ld  fai th fu l l y  represen t  the  e lectron ic  LPIT operating  state  i n  accordance  wi th  
the  bu i l t- i n  se l f-check,  d iagnosti c  capabi l i ti es  or  external  alarm  i npu ts  (when  presen t) .  Qual i ty  
bi ts  are  used  by protecti ve  re lays,  and  are  re l i ed  upon  to  preven t  protecti ve  scheme  mal -
operation .  

For  example,  when  powering  up,  an  opti cal  cu rren t  transformer may need  to  acti vate  
thermoelectri c  coolers,  perform  carefu l l y  con trol led  laser  start-up,  and  wai t  un ti l  the  system  
has  stabi l i zed  to  al l ow operati on  wi th in  stated  accuracy.  Du ring  th i s  process,  merg ing  un i t  
(d i g i tal )  ou tpu t  shou ld  be  d isabled .  I f  data ou tpu t  i s  enabled ,  al l  affected  data values  shou ld  
be  tagged  as  ‘ i nval id ’ ,  and  detai led  qual i ty  set  to  e i ther ‘ fai l u re’  or  ‘ i naccurate’  i n  accordance  
wi th  6 . 903.9.  The  same requ i rement  appl ies  du ring  power-down  ( loss  of  power)  and  sel f-
d iagnosti c  system  acti vation  ( i . e .  DSP  subsystem  fai lu re) .  The  merg ing  un i t  shou ld  guarantee  
no  un - flagged  bad  sampled  value  data i s  ou tpu t.  

Bu i l t  i n  test  s ignal  generating  capabi l i ty  i s  general l y encouraged ,  bu t  shou ld  be  considered  at  
the  substation  system  level .  I t  shou ld  be  d isabled  by defau l t.  Th is  appl ies  to  sh ipping  and  to  
al l  acti ve  power system  i nstal lations.  When  presen t,  test  values  shal l  be  accompan ied  by the  
associated  test  bi t  acti vati on  as  described  i n  6 . 903.9.  

External  E thernet  traffi c  received  by the  merg ing  un i t  shou ld  not  i n terfere  wi th  the  sampled  
value  transmission .  Th is  requ i rement  appl i es  regard less  of  the  type  of  traffi c,  destination  
address  range  or  the  receive  channel  l oad ing  (1 00  % load ing  and  fu l l  duplex  commun ications  
are  assumed) .  

A data consi stency requ i rement  appl ies  to  al l  data values  wi th in  the  same ASDU .  Qual i ty  b i t  
updates  shou ld  be  atomic  (shal l  be  updated  at  the  same time  and  shal l  be  consisten t  wi th  the  
SV data po in t  they describe) ,  and  are  not  al l owed  to  lag  beh ind  thei r  associated  data values.  
For  example;  the  ou tOfRange  qual i ty  b i t  shou ld  be  set  as  soon  as  cl i pping  occurs,  and  i t  
shou ld  stay set  un ti l  the  i npu t  value  i s  back wi th in  cl i pping  l im i ts  and  ou tpu t  retu rns  wi th in  the  
accuracy class.  Wh i le  the  ou tOfRange  bi t  i s  true,  the  associated  data value  shou ld  be  
reported  as  being  at  some  value  between  the  cl i pping  l im i t  and  the  actual  i npu t  value.  The  
ou tpu t  behaviour,  wh i le  the  i npu t  i s  ou tside  the  cl i pping  l im i ts ,  shou ld  be  monoton ic,  wi th  the  
ou tpu t  value  not  al l owed  to  change  s ign  wi thou t  a  correspond ing  change  at  the  device  i npu t  
(no  polari ty  i nversion ) .  
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6 Design  and  construction  

6.901  Technolog ical  boundaries 

6.901 .1  In terface point  

An  e lectron ic  LPIT wi th  bu i l t  i n  merg ing  un i t  has  two  s i gnal  i n terface  boundaries,  p lus  an  
auxi l iary  power supply  i n terface.  The  fi rst  s i gnal  boundary i s  the  i nstrument  transformer h i gh  
vo l tage  primary,  wh i le  the  second  i s  the  merg ing  un i t ’s  d ig i tal  ou tpu t  connector  i n terface.  The  
merg ing  un i t  ou tpu t  connector shou ld  also  defi ne  the  spl i t  o f  responsibi l i ty  between  the  
e lectron ic  LPIT manu facturer  and  the  system  i n tegrator.  Add i ti onal  i n terface  boundaries  such  
as  i n terfaces  between  the  primary and  secondary converter are  considered  to  be  i n tegral  
parts  of  the  e lectron ic LPIT.  Add i ti onal  i n terface  poin ts,  such  as  1 PPS time  synchron izati on  
i npu t,  may also  be  presen t  i n  some  i nstal lations.  

The  cables  and  connections  that  are  i n ternal  to  the  e lectron ic LPIT assembly i nclud ing  
connections  between  a  merg ing  un i t  and  the  primary s ide  sensor are  ou ts ide  the  scope  of  th is  
standard .  The  system  in tegrator shou ld  supply al l  cables  and  connections  that  form  part  o f  the  
connection  to  the  substati on  au tomation  system  (SAS) .  Where  any cables  or  connections  are  
run  external  to  enclosu res,  they shou ld  be  suppl ied  wi th  su i table  mechan ical  protection .  

6.901 .2  Dig i tal  output  interface 

A fi bre  optic  d i g i tal  transmission  system  1 00BASE-FX (1  300  nm ,  mu l t imode,  fu l l  duplex,  two  
strand  fi bre  optic  cable)  accord ing  to  I SO/IEC  8802-3:2001  i s  recommended,  bu t  fu tu re  
technolog ies  i nclud ing  1  Gbi t/s  ( 1 000BASE-LX)  can  be  used  (see  IEC  TR  61 850-90-4) .  

NOTE  901  I nd i vi du al  opt i cal  cable  s tran ds  wi th  BFOC/2, 5 2 (al so  known  as  ST type)  connectors  are  s t i l l  wi de l y 

u sed ,  cal l i ng  for  i nd i vi dual  f i bre  l abel l i ng  (Rx,  Tx  f i bres) .  Go i n g  fo rward  du plex  LC 3 connectors  shown  i n  Fi g u re  905  
are  the  preferred  so l u t i on  as  these  e l i m i nate  the  Rx/Tx  cross  conn ecti on  cabl i ng  i ssu es.  When  requ i red  (backward  
compati b l e  i ns tal l at i ons)  convers i on  between  th e  ST,  FC  and  LC  conn ector  types  can  be  accom pl i shed  wi th  wi de l y  
avai l abl e  f i bre-opti c  patch  cord  cables.  

 

Figure  905  – Duplex LC connector 

6.901 .3  Human-mach ine  in terface 

Due  to  the  wide  variety of  possible  merg ing  un i t  implementations,  human-mach ine  i n terface  
(HMI )  requ i rements  are  kept  to  the  absolu te  m in imum,  and  are  l im i ted  on ly  to  devices  that  can  
be  visual l y  i nspected  by the  operator du ring  normal  operati on .  There  are  no  l im i ts  on  the  
maximum  complexi ty  of  the  HMI .  

Al l  devices  wh ich  can  be  visual l y  i nspected  by the  operator shal l  have  the  means  to  i nd icate:  

•  the  device  i s  tu rned  ON  (powered) ;  

______________ 

2  As  speci f i ed  i n  I EC  61 754-2: 1 996,  Fibre optic connector interfaces – Part 2: Type BFOC/2,5 connector family.  

3   As  speci f i ed  i n  I EC  61 754-20:2002,  Fibre optic connector interfaces – Part 20: Type LC connector family.  

IEC 
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•  the  device  i s  i n  service  

•  a larm  cond i ti ons  and/or fai l u re;  

•  the  commun ication  l i nk status;  

•  i t  i s  i n  a  test  cond i ti on .  

Al l  i nd ications  and  thei r  exact  behaviou r shal l  be  clearl y  stated  i n  the  manu factu rer’s  product  
documentation .  

6.902  Electrical  requ i rements  

6.902.1  Frequency response requ irements 

I nstrument  transformers  wi th  d i g i tal  ou tpu t  shal l  comply wi th  the  frequency response  and  
accuracy requ i rements  on  harmon ics  speci fied  i n  I EC  61 869-6:201 6,  Annex 6A.  For e lectron ic  
LPIT wi th  bu i l t  i n  d ig i tal  ou tpu t,  th is  requ i rement  appl ies  between  the  i nstrument  transformer 
primary,  and  the  i nstrument  transformer d i g i tal  ou tpu t.  

6.902.2  Maximum processing  delay t ime requ irement  

Processing  delay t ime  (tpd )  i s  defined  i n  3 . 5 .902  as  the  d i fference  between  the  t ime  encoded  
by the  message  fi e ld  SmpCnt  and  the  t ime  the  message  appears  at  the  d i g i tal  ou tpu t.  
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Figure  906  – Maximum  processing  delay t ime 

The  time  of  the  message  appearing  on  the  d ig i tal  ou tpu t  shal l  be  measured  at  the  message  
t imestamp poin t  (Figu re  907)  us ing  the  external  clock suppl ied  to  the  device  synchron ization  
i npu t.  

Maximum  processing  delay t ime  i s  the  longest  processing  delay t ime  under rated  operating  
cond i ti ons.  I t  i s  measured  i n  accordance  to  7. 2 . 901 ,  and  i l l ustrated  i n  Figure  906.  I n  th is  
example,  the  sample  wi th  smpCnt  0000,  wh ich  encodes  a  t ime  of  xxx, 0000,  reaches  the  MU  
ou tpu t  at  t ime  xxx,0009,  so  the  processing  delay time  for  th i s  sample  i s  0 , 9  ms.  As  there  i s  no  
l onger processing  delay t ime  i n  th is  example,  0 , 9  ms  i s  also  the  maximum  processing  delay 
t ime.  
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The  maximum  processing  delay t ime  shal l  be  speci fied  by the  manu factu rer and  shal l  be  
wi th in  the  l im i ts  speci fi ed  i n  Table  901 .  

Table  901  – Maximum  processing  delay t ime l imi ts  

Appl ication  class  Maximum  processing  delay t ime  l im i t  

Qual i ty  m eteri ng  appl i cati ons  1 0  ms  

Protecti ve  and  measu ri ng  appl i cati ons  2  ms  

Ti me  cri t i cal  l ow bandwid th  d . c.  con tro l  appl i cati ons  1 00  µs  

H i g h  bandwi d th  d . c.  con tro l  appl i cati ons  25  µs  

 

The  maximum  processing  delay t ime  l im i t  i s  measured  at  the  merg ing  un i t  ou tpu t  and  does  
not  i nclude  external  de lays  con tribu ted  by the  process  bus  network componen ts  or network 
congestion .  External  de lays  are  appl ication  dependen t  and  are  cri t i cal  for  correct  system  
operati on .  External  network delays  are  the  responsibi l i ty  of  the  system  i n tegrator (network 
design  eng ineer)  and  are  ou ts ide  of  the  scope  of  th i s  s tandard .  

The  maximum  processing  delay t ime  shal l  remain  compl ian t  wi th  th i s  s tandard ,  regard less  
whether the  device  i s  i n  the  ho ldover mode  or  synchron ized  to  an  external  t ime  reference.  

Per defin i t ion ,  maximum  processing  delay t ime  cannot  be  measured  when  the  device  i s  free  
runn ing .  Due  to  complexi ty  associated  wi th  precise  h igh  vol tage  and  h igh  curren t  
measurements,  delay t ime  i n  the  free  runn ing  mode  i s  not  separately  veri f ied .  However,  no  
s ign i fi can t  processing  delay t ime  change  shal l  be  observed  du ring  the  transi ti on  from  the  
holdover to  the  free  runn ing  mode  i n  accordance  to  7. 2 .901 .  

Wi th  merg ing  un i ts ,  i n  con trast  to  i nstrument  transformers  wi th  analogue  ou tpu t,  the  main  
impact  of  delay t ime  i s  that  i t  adds  to  the  re lay’s  fau l t  detection  time.  Wi th  analogue  ou tpu ts,  
the  delay t ime  i s  also  importan t  i n  estimating  primary phase  ang les.  Wi th  d ig i tal  ou tpu t,  the  
sample  t ime  encoded  wi th in  the  message  rather than  the  t ime  of  s i gnal  receipt  i s  used  i n  
estimating  the  primary phase  ang le.  Thus,  phase  error  i s  a  resu l t  o f  d i fferences  between  the  
encoded  sample  t ime  and  the  t ime  that  the  sample  corresponds  to  on  the  power system  
primary,  and  i s  i ndependen t  of  delay t ime.  Phase  error  l im i ts  speci fied  i n  the  appl icable  
product  standards  (Part  7,  Part  8 ,  Part  1 2  and  Part  1 3)  ensure  correspondence  of  the  
encoded  sample  t ime  and  the  t ime  that  the  sample  corresponds  to  on  the  power system  
primary.  I nstrument  transformers  for d . c.  appl i cati ons  (Part  1 4  and  Part  1 5)  meet  phase  error 
l im i ts  speci fi ed  i n  IEC  61 869-6:201 6,  6A.4. 3 .  

For  h igh  performance  systems  i t  i s  recommended  that  maximum  delay t ime  be  kept  to  a  
m in imum.  

A precise  defin i t ion  of  the  timestamping  po in t  i n  the  frame for  1 00BASE-FX physical  l ayer 
encod ing  i s  shown  i n  Fi gu re  907.  

I t  i s  adopted  from  h ttp: //standards. ieee.org /fi ndstds/in terps/1 588-2008.h tm l  i n terpretation  #26.  
and  wi l l  be  i ncorporated  i n  the  next  revis ion  of  I EEE  1 588  / I EC  61 588  standards.  
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Figure  907 – Output  message t imestamp point  

6.903  Speci fication  of  the  communications  profi le  

6.903.1  General  

The  IEC  61 869-9  commun ications  profi l e  i s  a  carefu l l y  se lected  subset  of  the  I EC  61 850  
series.  I t  uses  I EC  61 850-9-2:201 1  for  sampled  values  speci fi c  commun icati on  service  
mapping  (SCSM) .  I t  uses  I EC  61 850-8-1  for cl i en t/server and  peer- to-peer SCSM.  The  
abstract  commun icati ons  service  i n terface  (ACSI )  i s  as  defined  i n  I EC  61 850-7-2.  The  l og ical  
nodes  are  as  defi ned  i n  I EC  61 850-7-4.  Common  data classes  and  constructed  attribu te  
classes  are  as  defined  i n  I EC  61 850-7-3.  

6.903.2  Variants  

To  faci l i tate  i n teroperabi l i ty,  on ly  a  l im i ted  variabi l i ty  i s  perm i tted  for  nam ing ,  message  
structu re,  sample  rate,  analogue  s i gnal  con ten t  and  scal i ng .  The  permi tted  varian ts  are  
described  i n  the  device  nameplate  us ing  the  fo l l owing  notation ,  i n troduced  here  as  an  easy 
way to  describe  merg ing  un i t  capabi l i t i es  i n  a  human  readable  text  format:  

F f S s  I  i  U  u  

where  

f i s  the  d i g i tal  ou tpu t  sample  rate  expressed  i n  samples  per  second;  

s  i s  the  number of  ASDUs (samples)  con tained  i n  a  sampled  value  message;  

i  i s  the  number of  curren t  quan ti t i es  con tained  i n  each  ASDU;  

u  i s  the  number of  vo l tage  quan ti t i es  con tained  i n  each  ASDU .  

Device  nameplate  documents  device  capabi l i ty (range  of  supported  varian ts)  wi th  acti ve  
con figuration  separately speci fied  i n  the  merg ing  un i t  con figu ration  fi l e  (Annex 9C) .  

Varian t  notation  examples:  

F4000S1 I4U4 describes  the  9-2LE  MSVCB01  sampled  values  wi th  50  Hz  nominal  system  
frequency.  

F1 2800S8I4U4 describes  the  9-2LE  MSVCB02  sampled  values  wi th  50  Hz  nom inal  system  
frequency.  

F4800S2I8U0  describes  sampled  values  wi th  4  800  samples  per second ,  two  ASDU  
(samples)  per message,  8  curren ts,  and  no  vo l tages.  



 – 20  – I EC  61 869-9:201 6    I EC  201 6  

I nstrument  transformers/SAMU  claim ing  compl iance  to  th is  s tandard  shal l  be  con figu rable  to  
implement  one  of  the  preferred  rates  defined  i n  Table  902  and  at  l east  one  of  the  fo l lowing  
backward  compatible  con figurations:  

•  F4000S1 I4U4  

•  F4800S1 I4U4 

•  F5760S1 I4U4  

Merg ing  un i ts  may also  implement  varian ts  wi th  other  numbers  of  cu rren ts  and  vol tages.  The  
m in imum  number of  cu rren t  pl us  vol tage  quan ti t i es  al l owed  i s  1 .  The  maximum  number of  
quan ti t ies  al lowed  on  a  1 00  Mbi t/s  network i s :  

•  for  general  measuring  and  protection :  24  quan ti ti es  maximum  

•  for  qual i ty  metering :  8  quan ti t ies  maximum  

•  for  d . c.  con tro l  appl icati ons:  24  quan ti ti es  maximum.  

The  maximum  l im i tations  are  i n troduced  to  ensu re  fai r  network access  and  prevent  b locking  
caused  by excessively  l ong  Ethernet  frames.  No  speci fi c  l im i ts  are  defi ned  for 1  Gbi t/s  and  
faster networks.  DC  i nstrument  transformer ou tpu ts  may requ i re  poin t  to  po in t  connection  and  
G igabi t  Ethernet  l i nks.  

6.903.3  Dig i tal  output  sample  rates  

The  standard  sample  rates  (f i n  the  varian t  notation)  are  i nd icated  i n  Table  902.  

Table  902  – Standard  sample  rates 

Dig i tal  ou tpu t  
sample  rates  

H z  

Number  of   
ASDUs  per  

frame 

Dig i tal  ou tput  
publ i sh ing  rate  

frames/s  
Remarks  

4  000  1   4  000  For  u se  on  50  H z  systems  backward  com pati b l e  wi th  
9 -2LE  gu i de l i ne .  

4  800  1  4  800  For  u se  on  60  H z  systems  backward  com pati b l e  wi th  
9 -2LE  gu i de l i ne ,  or  50  Hz  systems  backward  
com pati b l e  wi th  96  samples  per  nom i nal  system  
frequency cycle .  

4  800  2  2  400  Preferred  rate  for  g eneral  measu ri n g  an d  protecti ve  
appl i cati ons ,  regard l ess  o f  the  power system  
frequency.  

5  760  1  5  760  For  appl i cati ons  on  60  H z  systems  backward  
com pati b l e  wi th  96  samples  per  nom i nal  system  
frequency cycle .  

1 2  800  8  1  600  Deprecated ,  on l y  fo r  u se  on  50  H z  systems.  

1 4  400  6  2  400  Preferred  rate  for  qu al i ty  meteri ng  appl i cati ons ,  
reg ard less  of  the  power system  frequency  i ncl ud i ng  
i ns trum en t  transformers  for  t ime  cri t i cal  l ow 
bandwi d th  d . c.  con tro l  appl i cati ons .  

1 5  360  8  1  920  Deprecated ,  on l y  fo r  u se  on  60  H z  systems.  

96  000  1  96  000  Preferred  rate  for  i ns trumen t  t ransformers  for h i gh  
bandwi d th  d . c.  con tro l  appl i cati ons .  

 

Sampl ing  rates  wi th  varian ts  F4000S1 I4U4,  F4800S1 I4U4,  F1 2800S8I4U4  and  F1 5360S8I4U4 
are  i den ti cal  to  the  sample  rates  recommended  by UCA i n ternational  users  g roup document  
Implementati on  Gu ide  l i ne  for D ig i tal  I n terface  to  I nstrument  Transformers  us i ng  
IEC  61 850-9-2  (common ly  referred  to  as  9-2LE)  and  are  retained  for  backward  compatibi l i ty  
pu rposes.  Going  forward,  preference  i s  g i ven  to  4  800  Hz,  1 4  400  Hz  and  96  000  Hz  wi th  2 ,  6  
and  1  ASDUs  respectively,  wh ich  are  marked  “preferred”  i n  Table  902.  Speci fi ed  sample  rates  
are  constan t  and  are  normal l y  synchron ized  to  an  external  t ime  sou rce.  Power system  
frequency tracking  ( i f  requ i red  by an  appl i cation)  i s  performed  by the  subscriber.  
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6.903.4  Log ical  devices 

The  merg ing  un i t  shal l  implement  one  or  more  l og ical  devices.  Log ical  devices  shal l  be  as  
speci fi ed  i n  IEC  61 850-7-2:201 0,  5 . 3 .2 .  

Each  l og ical  device  product-re lated  name (LDName)  shal l  be  formatted  accord ing  to :  

xxxxMUnn  

where  

xxxx  i s  the  con figu rable  I ED  name  of  the  merg ing  un i t  per  I EC  61 850-6:2009,  8. 5. 3 .  

MUnn   i s  the  l og ical  device  i nstance  name,  the  attribu te  “ i nst”  o f  the  e lement  LDdevice  i n  the  
IED  section  of  the  ICD  fi l e .  nn  shal l  be  a  decimal  number that  makes  the  i nstance  
i den ti fier  o f  the  l og ical  device  un ique  wi th in  the  physical  device.  

NOTE  902  The  combi nati on  o f  the  I ED  name  and  th e  LD  i nstance  nu mber  m akes  the  l og i cal  devi ce  un i qu e  wi th i n  
the  system .  

6.903.5  Log ical  nodes  LPHD 

LPHD  log ical  nodes  shal l  be  as  speci fi ed  i n  I EC  61 850-7-4:201 0,  5 . 3 .2 ,  except  that  the  LPHD  
log ical  nodes  shal l  be  extended  by the  add i tion  of  the  nameplate  data objects  defined  i n  
Table  903.  The  value  of  dataNs  data attribu tes  of  these  extended  data objects  shal l  be  
“ IEC  61 869-9:201 6”.  The  data attri bu tes  of  these  extended  data objects  shal l  be  read-on ly.  

The  LPHD  data object  PhyNam  shal l  con form  to  the  DPL common  data class  defin i t i on  i n  
I EC  61 850-7-3:201 0,  7. 8. 2 ,  except  that  attribu tes  PhyNam.vendor,  PhyNam.model ,  
PhyNam.serNum,  PhyNam.hwRev,  PhyNam.swRev and  PhyNam.d  are  mandatory and  read-
on ly.  

For  attribu te  PhyNam.serNum,  where  the  manu facturing  date  i s  not  impl ici t  i n  the  serial  
number,  the  date  of  manu factu re  shal l  be  i ncluded .  

Table  903  – Extensions to  the  LPHD class  

LPHD  cl ass  extensions  for  nameplate  i n formation  

Data  object  
name 

Common  
data  cl ass  

Explanation  T  M/O/C  

NamVariant VSD  a sem icol on  separated  l i s t  o f  the  vari an t  codes  supported ,  the  codes  
be i ng  as  def i ned  i n  6 . 903 . 2 ,  e . g .  
“F4800S1 I 4U4;F1 4400S6I 4U 4;F4800S2I 0 -24U0-24”  

 M  

NamHzRtg  VSD  a  sem icol on  separated  l i s t  o f  the  nom i nal  frequenci es  (f
R

)  supported ,  i n  
h ertz ,  e . g .  “dc;  50 ;  60”  

 M  

NamAuxVRtg VSD  a  sem icol on  separated  l i s t  o r  h yph enated  range  o f  rated  auxi l i ary  
power su ppl y  vo l tag es  (U

ar
)  i n  vo l ts ,  wi th  i n d i cati on  o f  ac  or  dc  where  

appl i cabl e ,  e . g .  “80 -300  dc; 1 00-250  ac”  

 O  

NamHoldRtg  VSD  the  rated  ho l dover  t i me  i n  seconds,  e . g .  “ 1 0”   M  

NamMaxDlRtg  VSD  the  maxi mum  processi ng  de lay t i me  i n  m i croseconds,  e . g .  “1 500”   M  

Key  

M  =  Man datory  

O  =  Opti onal  

C  =  Cond i t i onal  

 

6.903.6  Log ical  nodes  LLN0 

LLN0  log ical  nodes  shal l  be  as  speci fi ed  i n  IEC  61 850-7-4.  

6.903.7  Log ical  nodes TCTR 

TCTR log ical  nodes  shal l  be  as  speci fi ed  i n  IEC  61 850-7-4,  except  that  the  TCTR log ical  
nodes  shal l  be  extended  by the  add i t i on  of  the  nameplate  data objects  defined  i n  Table  905  
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and  i n  Table  903.  The  value  of  dataNs  data attribu tes  of  these  extended  data objects  shal l  be  
“ I EC  61 869-9:201 6”.  The  data attri bu tes  of  these  extended  data objects  shal l  be  read-on ly.  

Each  TCTR name  (LNName)  shal l  be  formatted  du ri ng  eng ineeri ng  phase  accord ing  to:  

I  nn p  TCTR n  

where  

nn  i s  the  i nstance  number of  the  cu rren t  measurement  po in t  (01 -99)  that  makes  the  
cu rren t  measurement  i den ti fi cation  ( I nn )  un ique  wi th in  the  bay.  Th is  value  i s  part  o f  the  
substation  section  of  the  SCL description  and  i s  defi ned  du ri ng  the  eng ineering  
process.  

p  i s  the  phase  i den ti fi cation  of  the  primary cu rren t,  e i ther  A,  B,  C ,  or  N  for  AC  i nstrument  
transformers.  For d . c.  i nstrument  transformers,  pend ing  support  for  d . c.  systems  i n  the  
I EC  61 850  series  of  s tandards,  use  A for  po le  1 ,  B  for pole  2 ,  and  N  for  earth  retu rn .  
Th is  value  shou ld  correspond  to  the  SubEqu ipment  phase  attribu te  i n  the  substation  
section  of  the  SCL description  i f  any.  

n  i s  the  attribu te  “ i nst”  o f  the  e lement LN  i n  the  substation  and  IED  sections  of  the  ICD  
fi l e .  I t  b i nds  the  TCTR described  i n  the  substati on  section  to  the  TCTR described  i n  
the  IED  secti on .  “n” shal l  be  a  decimal  number (1  th rough  99)  that  makes  the  i nstance  
i den ti fier  o f  the  TCTR un ique  wi th i n  the  l og ical  device,  and  i s  i n  general  f i xed  by the  
manu factu rer.  

As  an  example,  a  TCTR name m igh t  be:  

I 02ATCTR4 

The  above  name  i s  for cu rren t  measurement  poin t  number 02,  phase  A,  wi th  cu rren t  
transformer core  connected  to  TCTR i nstance  4  as  i l l ustrated  i n  Figu re  908.  Th is  i s  on ly  one  
example  i l l ustrati ng  substation  model l i ng  defined  i n  I EC  61 850-7-1  and  substation  
con fi guration  language  ru les  defined  i n  I EC  61 850-6.  
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Figure  908  – TCTR naming  example 

The  TCTR data object  NamPl t  shal l  con form  to  the  LPL common  data class  defin i t ion  i n  
I EC  61 850-7-3:201 0,  7 . 8.3 .  

The  TCTR data object  AmpSv shal l  con form  to  the  SAV common  data class  defin i t ion  i n  
I EC  61 850-7-3:201 0,  7 . 4. 4,  except  that  attribu tes  AmpSv. instMag . i ,  AmpSv. sVC.scaleFactor,  
AmpSv.sVC.offset,  AmpSv.un i ts .mu l ti pl i er  and  AmpSv. un i ts.SIUn i t  are  mandatory and  read-
on ly  wi th  values  speci fied  i n  Table  904:  

Table  904  – AmpSv object  attribute  values  

Attribu te  Value  

AmpSv. un i ts . S I Un i t  5  (code  for  ampere)  

AmpSv. un i ts . mu l t i pl i er  0  

AmpSv. sVC. offset  0  

AmpSv.sVC. scal eFactor  0 , 001  

AmpSv. i nstMag . i  coun t  (o f  m i l l i ampere)  
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Table  905  – Extensions to  the  TCTR class  

TCTR class  extensions  wi th  nameplate  i n formation  

Data  object  
name 

Common  
data  cl ass  

Explanation  T M/O/C  

NamAccRtg  VSD  the  accu racy cl ass  rati ng  i n  the  fo rmat  descri bed  i n  5 . 6 ,  
e . g .  “0 , 5S/5P20”  

 M  

NamARtg  VSD  a  sem icol on  separated  l i s t  o f  the  rated  pri mary cu rren ts  (I
Pr

)  i n  
amperes,  e . g .  “200;400;800”  

 M  

NamClipRtg  VSD  the  rat i o  o f  th e  c l i ppi ng  l im i t  o f  the  i ns tan taneou s  cu rren t  to  th e  rated  
pri mary cu rren t  mu l t i p l i ed  wi th  a  square  root  o f  two ,  e . g .  “20”  

 M  

Key  

M  =  Man datory  

O  =  Opti onal  

C  =  Cond i t i onal  

 

6.903.8  Log ical  nodes  TVTR 

TVTR l og ical  nodes  shal l  be  as  speci fi ed  i n  I EC  61 850-7-4:201 0,  except  that  the  TVTR log ical  
nodes  shal l  be  extended  by the  add i t i on  of  the  nameplate  data objects  defined  i n  Table  907  
and  i n  Table  903.  The  value  of  dataNs  data attribu tes  of  these  extended  data objects  shal l  be  
“ IEC  61 869-9:201 6”.  The  data attri bu tes  of  these  extended  data objects  shal l  be  read-on ly.  

Each  TVTR name  (LNName)  shal l  be  formatted  du ring  eng ineering  phase  accord ing  to:  

U  nn pTVTR n  

where  

nn  i s  the  i nstance  number of  the  vol tage  measurement  po in t  (01 -99)  that  makes  the  
vo l tage  measurement  i den ti f i cation  (Unn)  un ique  wi th in  the  bay.  Th is  value  i s  part  of  
the  substation  section  of  the  SCL description .  

p  i s  the  phase  i den ti fi cation ,  e i ther A,  B,  C ,  AB,  BC,  CA or  N  for  a. c.  i nstrument 
transformers.  For d . c.  i nstrument  transformers,  pend ing  support  for  d . c.  systems  i n  the  
I EC  61 850  series,  use  A for  pole  1 ,  B  for  pole  2 ,  and  N  for  earth  return .  Th is  value  
shou ld  correspond  to  the  SubEqu ipment  phase  attribu te  i n  the  substati on  section  of  
the  SCL description  i f  any.  

n  i s  the  attribu te  “ i nst”  o f  the  element LN  i n  the  substati on  and  I ED  sections  of  the  ICD  
fi l e .  I t  b inds  the  TVTR described  i n  the  substation  section  to  the  TVTR described  i n  the  
I ED  section .  "n" shal l  be  a  decimal  number (1  th rough  99)  that  makes  the  i nstance  
i den ti f ier  o f  the  TVTR un ique  wi th in  the  l og ical  device,  and  i s  i n  general  f i xed  by the  
manu factu rer.  

As  an  example,  a  TVTR name  m igh t  be:  

U01 ATVTR1  

The  TVTR attribu te  NamPl t  shal l  con form  to  the  LPL common  data class  defi n i ti on  i n  
I EC  61 850-7-3:201 0,  7 . 8.3 .  

The  TVTR data object  VolSv shal l  con form  to  the  SAV common  data class  defi n i ti on  i n  
I EC  61 850-7-3:201 0,  7 . 4. 4,  except  that  attribu tes  VolSv. instMag . i ,  Vo lSv. sVC.scaleFactor,  
VolSv. sVC.offset,  VolSv.un i ts . mu l tipl ier and  VolSv. un i ts .SIUn i t  are  mandatory and  read-on ly  
wi th  values  speci fied  i n  Table  906.  
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Table  906  – VolSv object  attribute  values  

Attribu te  Value  

VolSv. u n i ts . SI U n i t  29  (code  for  vo l t)  

Vo lSv. un i ts . mu l t i pl i er  0  

Vo lSv. sVC. offset  0  

Vo lSv. sVC. scaleFactor  0 , 01  

Vo lSv. i nstMag . i  cou n t  (o f  cen ti vo l t )  

 

Table  907 – Extensions to  the  TVTR class  

TVTR class  extensions  wi th  nameplate  i n formation  

Data  object  
name 

Common  
data  c lass  

Explanation  T  M/O/C 

NamAccRtg  VSD  the  accu racy cl ass  rat i ng  i n  the  fo rmat  descri bed  i n  5 . 6 ,  e . g .  “0 . 5/3P”   M  

NamVRtg  VSD  the  rated  pri m ary vo l tage  (U
Pr

)  i n  vo l ts ,  e . g .  for  rat i ng  o f  300000/sqrt(3 )  
we  wi l l  h ave  “1 73000”  

 M  

NamClipRtg  VSD  the  rat i o  o f  th e  c l i ppi ng  l im i t  o f  the  i n stan taneou s  vo l tage  to  the  rated  
pri mary vo l tage  m u l t i p l i ed  wi th  a  square  root  o f  two ,  e . g .  “2 ”  

 M  

Key  

M  =  Man datory  

O  =  Opti onal  

C  =  Cond i t i onal  

 

6.903.9  Qual i ty 

The  constructed  attri bu te  qual i ty  where  used  i n  the  SAV common  data class  shal l  be  as  
speci fied  i n  I EC  61 850-7-3:201 0,  7 . 4.4,  and  as  fu rther  constrained  by th i s  subclause  6 . 903.9.  

The  qual i ty  attribu te  refers  to  the  qual i ty  of  the  sampled  value  i ndependen tly  of  any error  i n  
the  sample  t ime  i nstan t.  The  qual i ty  of  sample  t im ing  i s  commun icated  i n  the  SmpSynch  
attribu te  defi ned  i n  6 . 904.4  below.  For i nstance  when  i n  the  free-run  mode,  wherein  sample  
t ime  error i s  arbi trari l y  large,  sample  qual i ty  may sti l l  be  good  and  sampled  values  perfectl y 
usable  by subscribers  that  are  not  sensi t i ve  to  the  phase  d i fference  between  these  samples  
and  samples  from  other  i nstrument  transformers.  

The  qual i ty  of  each  sampled  value  i n  each  ASDU  shal l  be  as  represen ted  by i ts  qual i ty  value  
i n  that  ASDU.  For  example,  i f  a  channel  having  previously been  accurate  becomes  i naccurate,  
the  fi rst  i naccurate  value  shal l  have  i n  the  same  ASDU  as  i ts  i naccurate  attribu te  set.  

The  val i d i ty  attribu te  shal l  be  i nval i d  and  al l  o ther attribu tes  of  the  qual i ty  attribu te  shal l  be  
thei r  defau l t  value  when  the  quan ti ty  i s  not  provided ,  e . g .  when  a  s i ng le  phase  bus  vo l tage  i s  
being  transmi tted  i n  a  l egacy format  wi th  a  4  TCTR,  4  TVTR dataset,  the  unused  phases  shal l  
be  tagged  as  i nval i d .  

The  val id i ty  attribu te  shal l  be  set  to  questionable  and  the  ou tOfRange  attribu te  shal l  be  true  
as  soon  as  cl i pping  occu rs,  and  they shal l  s tay set  t i l l  the  i npu t  value  i s  again  wi th in  cl ipping  
l im i ts  and  the  ou tpu t  value  accuracy has  recovered.  Th is  mechan ism  al l ows  the  subscribing  
appl icati ons  to  use  the  cl i pping  i n formation  where  appropriate  ( for  example  for  record ing  or 
t ime  overcurren t  function ) .  

The  val i d i ty  attribu te  shal l  be  set  to  questionable  when  the  i naccurate  attri bu te  i s  true.  

The  fai l u re  attribu te  shal l  be  true  when  an  i nstrument  transformer supervis ion  function  has  
detected  an  error cond i t i on  other than  the  l oss  of  synchron ism  ind icating  that  the  sampled  
value  i s  unusable,  e . g .  to  i nd icate  i n ternal  hardware  fai l u re.  
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The  i naccurate  attribu te  shal l  be  true  when  an  i nstrument  transformer supervis ion  function  
has  detected  an  error  cond i ti on  other than  the  loss  of  synchron ism  i nd icating  that  the  sampled  
value  does  not  meet  the  nameplate  measuri ng  accuracy class,  bu t  may be  useable.  

Notwi thstand ing  IEC  61 850-7-3:201 0,  6 . 2 .2 ,  the  sampled  value  shal l  at  al l  t imes  be  the  
merg ing  un i t’ s  best  estimate  of  the  primary value.  Subscriber  appl ications  shal l  i nd i vidual l y  
choose  how to  use  values  marked  questionable.  

The  overflow,  badReference,  osci l latory,  o ldData,  i nconsisten t  and  operatorBlocked  flags  
shal l  be  set  to  false.  

The  source  attribu te  shal l  be  set  to  process.  

The  test  attribu te  shal l  be  set  i n  accordance  wi th  I EC  61 850-7-3.  

6.903.1 0  Dataset(s)  

The  datasets  shal l  be  as  speci fied  i n  I EC  61 850-7-2:201 0,  1 0 . 1 . 3. 4,  and  as  fu rther 
constrained  by th i s  subclause  6 . 903. 1 0 .  

Each  dataset  name (DSName)  shal l  be  formatted  accord ing  to :  

PhsMeasx  

where  

x  i s  the  i s  the  i nstance  number of  the  dataset  (1 -99) .  "x"  shal l  be  a  decimal  number that  
makes  the  dataset  name un ique  wi th in  LLN0,  and  i s  i n  general  f i xed  by the  
manu facturer.  

The  dataset  name  PhsMeas1  may on ly be  used  for  a  dataset  whose  members  i n  order are:  

I nnATCTR1 .AmpSv. instMag . i  
I nnATCTR1 .AmpSv. q  
I nnBTCTR2.AmpSv. instMag . i  
I nnBTCTR2.AmpSv. q  
I nnCTCTR3.AmpSv. i nstMag . i  
I nnCTCTR3.AmpSv.q  
I nnNTCTR4.AmpSv. i nstMag . i  
I nnNTCTR4.AmpSv.q  
UnnATVTR1 .VolSv. i nstMag . i  
UnnATVTR1 .VolSv.q  
UnnBTVTR2.VolSv. i nstMag . i  
UnnBTVTR2.VolSv.q  
UnnCTVTR3.VolSv. i nstMag . i  
UnnCTVTR3.VolSv.q  
UnnNTVTR4.VolSv. i nstMag . i  
UnnNTVTR4.VolSv.q  

Dataset  members  shal l  consist  o f  AmpSv. i nstMag . i  (cu rren t  sampled  value)  or VolSv. i nstMag . i  
(vol tage  sampled  value)  attribu tes,  each  fo l l owed  immed iately by the  correspond ing  AmpSv.q  
or  VolSv. q  (qual i ty)  attribu te.  The  number of  cu rren t  sampled  values  and  the  number of  
vo l tage  sampled  values  shal l  match  the  number of  each  speci fi ed  by the  varian t  code  for the  
dataset.  

Al l  AmpSv members  (cu rren t  sampled  values)  shal l  precede  any VolSv members  (vol tage  
sampled  values) .  
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By defau l t,  where  mu l t iple  cu rren t  or mu l ti ple  vo l tage  members  for  a  common  measurement 
poin t  exist,  they shal l  be  ad jacent  and  i n  the  sequence:  A,  AB,  B,  BC,  C,  CA,  N .  

6.903.1 1  Mu l ticast  sampled  value  control  block(s)  

The  mu l ti cast  sampled  value  con trol  blocks  shal l  be  as  speci fi ed  i n  I EC  61 850-7-2:201 0,  
1 9 .2 . 1 ,  and  as  fu rther constrained  by th is  subclause  6. 903. 1 1 .  

Each  mu l t i cast  sampled  value  con tro l  block name  (MsvCBName)  shal l  be  formatted  accord ing  
to:  

MSVCBxx  

where  

xx  i s  the  i nstance  number (01 -99)  of  the  mu l ti cast  sampled  value  con tro l  block.  I nstance  

number “xx”  shal l  be  a  decimal  number that  makes  the  dataset  name un ique  wi th in  the  
LLN0,  and  i s  i n  general  fi xed  by the  manu factu rer.  

For  backward  compatibi l i ty  wi th  l egacy products,  i n  the  con tro l  b locks  MSVCB01 ,  MSVCB02,  
and  h igh  bandwidth  d . c.  con trol  appl icati ons  wi th  sample  rate  equal  to  96  kHz,  the  SmpMod  
attribu te  shal l  have  a  value  of  ‘0 ’  (samples  per nominal  period) .  For  al l  o ther  appl i cations,  
SmpMod  shal l  have  a  value  of  ‘ 1 ’  (samples  per  second) .  

The  value  of  attribu te  MsvID  shal l  be  un ique  wi th in  the  substation .  I t  i s  recommended  that  th is  
f i e ld  be  short  to  preserve  commun ications  bandwid th  (recommend  making  i t  equal  to  
hexadecimal  character  represen tation  of  APPID:  4000  to  7FFF) .  

NOTE  903  Some  l egacy devi ces  restri ct  the  l eng th  of  th i s  f i e l d  to  be  between  1 0  and  34  ch aracters.  

The  SmpRate  attribu te  shal l  have  a  value  match ing  the  sample  rate  i n  the  varian t  code  for  the  
con trol  b lock.  For con tro l  b locks  MSVCB01  SmpRate  attribu te  shal l  be  80,  and  for  MSVCB02  
i t  shal l  be  256.  For other con tro l  b locks,  the  value  i n  the  varian t  code  i s  used  d i rectly  wi th  
exception  of  the  d . c.  contro l  b lock for 96  kHz  whose  value  i s  9  600.  Use  of  9  600  samples  per 
nom inal  period ,  implyi ng  a  nominal  frequency of  1 0  Hz,  i s  a  workaround  to  the  maximum  
value  the  SmpRate  attribu te  can  encode.  

The  OptFlds. refresh- time  attribu te  shal l  be  false.  

The  OptFlds. reserved  (OptFlds. samplesynchon ised  i n  I EC  61 850-9-2:201 1  attribu te  shal l  be  
true.  

The  OptFlds. sample-rate  attribu te  shal l  be  false.  

The  OptFlds. data-set-name  attribu te  shal l  be  false.  

The  OptFlds. securi ty  attribu te  as  per I EC  61 850-9-2:201 1  shal l  be  false.  

The  smpMod  attribu te  shal l  not  be  present  i n  the  SV message.  

The  noASDU  attribu te  shal l  have  a value  match ing  the  number of  ASDUs  i n  the  appl icable  
varian t  code  defined  i n  6 . 903.2.  

6.903.1 2  Configuration  of  the  merg ing  un i t  

Table  908  summarizes  the  parameters  that  need  to  be  con fi gu rable.  
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Table  908  – Configuration  parameters  of  the  merg ing  uni t  

Parameter  Value  Range Detai l s  

LDNam e xxxxMUn n  xxxx  i s  the  con fi gu rabl e  I ED  n ame  o f  the  merg i ng  u n i t  per  
I EC  61 850-6:2009,  8 . 5 . 3 .  

MUnn  i s  th e  attri bu te  I nst  o f  the  LDevice  per  I EC  61 850-6:2009 ,  
8 . 5 . 3 .   

MSVCBxx. SvEna TRU E/FALSE  Repeated  for  each  MSVCB  i mpl emen ted .  

MSVCBxx. MsvI D  see  detai l s  Shou l d  be  un i qu e  wi th i n  the  su bstati on .  I t  i s  recommended  that  th i s  
f i e l d  be  short;  set  to  match  the  hexadecimal  APPI D  represen tat i on .  
 
NOTE  Som e  l egacy devi ces  restri ct  th e  l eng th  o f  th i s  f i e l d  to  
1 0… 34  characters .  

DstAddress    

 Addr see  commen t  I f  DstAddress  i s  a  mu l t i cast  add ress ,  the  address  shal l  be  
01 -0C-CD-04-xx-xx,  where  xx-xx  needs  to  be  con fi gu red .  

I f  DstAddress  i s  a  u n i cast  address,  the  address  shal l  be  th e  E th ernet  
address  of  the  SV subscri ber.  

PRI ORI TY 0… 7   

VI D  0… 4095   

APPI D  0x4000… 0x7FFF Th e  val u e  0x4000  i s  the  defau l t  val ue ,  i nd i cati ng  l ack of  
con fi gu rati on .  I t  i s  s trong l y  recom mended  to  have  un i que,  sou rce  
ori en tated  SV APPI D  wi th i n  a  system ,  i n  order  to  en abl e  a  f i l ter  on  
the  l i nk l ayer.  The  con fi g u rati on  o f  APPI D  sh ou l d  be  en forced  by  th e  
con fi gu rati on  system .  

 

6.903.1 3  Rated  conformance classes 

6.903.1 3.1  General  

The  standards  of  the  IEC  61 850  series  speci fy a  l arge  set  o f  commun icati on  models  and  
services.  Not  al l  o f  these  are  used  i n  merg ing  un i ts .  Many of  these  support  add i tional  
capabi l i t ies  such  as  con figu ration  and  supervis ion  of  a  merg ing  un i t.  

NOTE  904  Com mun i cati on  servi ces  are  u sed  to  access  and  exch ange  data  res i d i ng  i n  l og i cal  nodes  vi a  a  seri al  
commun icati on  network accord i ng  to  the  I EC  61 850  seri es .  

Therefore,  not  al l  o f  the  models  or  services  defi ned  i n  the  IEC  61 850  series  need  to  be  
implemented  i n  al l  merg ing  un i ts .  The  services  that  are  requ i red  to  be  implemented  are  
defi ned  i n  terms  of  conformance  classes  wi th i n  th is  subclause  6 . 903. 1 3 . 1 .  The  con formance  
classes  are  defi ned  us ing  the  abstract  commun ication  service  i n terface  (ACSI )  conformance  
statements  speci fied  i n  6 . 903. 1 3 .2  th rough  6 . 903. 1 3. 6,  wh ich  i n  tu rn  are  based  on  those  i n  
I EC  61 850-7-2:201 0,  Annex A.  The  con formance  classes  may be  summarized  as  fo l l ows:  

– class  a:  the  m in imal  set  o f  services  requ i red  to  transmi t  MU  data us ing  sampled  values;  

– class  b:  class  a  capabi l i t i es  plus  the  m in imal  set  o f  services  requ i red  to  support  GOOSE  
messages;  

– class  c:  class  b  capabi l i t i es  plus  services  requ i red  to  implement  the  IEC  61 850  series’  
i n formation  model  wi th  se l f-descriptive  capabi l i ties;  

– class  d :  class  c  capabi l i t i es  pl us  services  for f i l e  transfer,  bu ffered  and  unbu ffered  
reporti ng .  

NOTE  905  The  commun icati on  servi ces  wi th i n  the  I EC  61 850  seri es  are  def i ned  u s i ng  an  abstract  model l i ng  
techn i que  (abstract  commun i cat i on  servi ce  i n terface  or  ACSI ) .  Abstract  means  that  the  def i n i t i on  i s  a  h i gh  l evel  
descri pti on  o f  what  the  servi ces  provi de.  Th e  l ower l evel s  u pon  wh i ch  th e  abstract  l evel  i s  i mpl emen ted  are  
speci f i ed  i n  speci fi c  commun icati on  servi ce  m appi ngs  (SCSM) .  

NOTE  906  Log i cal  nodes  and  servi ces  wi th i n  the  I EC  61 850  seri es  provi de  means  to  retri eve  comprehen sive  
i n form ati on  abou t  th e  i n formati on  model  and  the  servi ces  th at  operate  on  the  i n formati on  model s ,  i . e .  abou t  
th emsel ves .  Th i s  capabi l i ty  i s  cal l ed  se l f-descri pti on .  
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NOTE  907  Fi l e  t ransfer  can  be  u sed  to  t ransm i t  i n formati on  such  as  con fi gu rati on  i n formati on  vi a  the  
commun icati on  network.  

NOTE  908  Logg i ng  and  report i ng  are  commun icati on  faci l i t i es  wi th i n  th e  I EC  61 850  seri es  wh i ch  can  be  u sed  for  
the  tran sm iss i on  o f,  fo r  example ,  a  sequen ce  o f  even ts ,  from  a  merg i ng  un i t  to  a  h uman -mach i ne  i n terface  for  the  
pu rpose  o f  main tenance  o f  a  substati on .  

6.903.1 3.2  ACSI  basic  conformance statement  

The  basic  con formance  statement  shal l  be  as  defined  i n  Table  909.  

Table  909  – Basic  conformance statement  

 Conformance  cl asses  

a  b  c  d  

Cl i ent-server  roles  

B1 1  Server s i de  (o f  TWO-PARTY-APPLI CATI ON-
ASSOCI ATI ON )  

– – M  M  

B1 2  C l i en t  s i de  (o f  TWO-PARTY-APPLI CATI ON -
ASSOCI ATI ON )  

– – – – 

SCSMs supported  

B21  SCSM:  I EC  61 850-8-1  used  – C1  M 1  M 1  

B22   – – – – 

B23  SCSM:  I EC  61 850-9-2  used  M  M  M  M  

B24  SCSM:  o ther – – – – 

Generi c  substation  event  model  (GSE)  

B31  Publ i sh er  s i de  – M  M  M  

B32  Subscri ber s i de  – O  O  O  

Transmission  of  sampled  value  model  (SVC)  

B41  Publ i sh er  s i de  M  M  M  M  

B42  Subscri ber s i de  O  O  O  O  

Key 

M  – M andatory  

O  −  Opti on al  

C1  – SCSM  re lated  to  GOOSE  i s  mandatory  

M1  – SCSM:  I EC  61 850-8-1  o ther than  i ts  t i me  synch ron i zati on  model  (STNP)  i s  m andatory.  The  t i me  
synch ron i zat i on  SCSM  shal l  be  as  speci fi ed  i n  6 . 904.  

 

6.903.1 3.3  ACSI  models  conformance statement  

The  ACSI  models  con formance  statement  shal l  be  as  defined  i n  Table  91 0.  

Table  91 0  – ACSI  models  conformance statement  

Model  Conformance  cl ass  

a  b  c  d  

M1  Log i cal  devi ce  – –  M  M  

M2  Log i cal  n ode  –  –  M  M  

M3  Data  –  –  M  M  

M4  Data  set  –  –  M  M  

M5  Substi tu ti on  –  –  O O  

M6  Setti n g  g roup  con tro l  – – O  O  
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Model  Conformance  cl ass  

a  b  c  d  

Reporting  

M7 Buffered  report  control  –  –  – M  

M7-1   sequ ence-number  –  –  – M  

M7-2   report- t i m e-stamp –  –  – M  

M7-3   reason -for- i ncl us i on  –  –  – M  

M7-4   data-set-name  –  –  – M  

M7-5   data-reference  –  –  – M  

M7-6   bu ffer-overfl ow –  –  – M  

M7-7   en tryI D  –  –  – M  

M7-8   Bu fTim  –  –  – M  

M7-9   I n tgPd  –  –  – M  

M7-1 0   G I  –  –  – M  

M7-1 1   con f- revi s i on  – – – M  

M8 Unbuffered  report  control  –  –  –  M  

M8-1   sequ ence-number  –  –  –  M  

M8-2   report- t i m e-stamp –  –  – M  

M8-3   reason -for- i ncl us i on  –  –  – M  

M8-4   data-set-name  –  –  – M  

M8-5   data-reference  –  –  – M  

M8-6   Bu fTim  –  –  – M  

M8-7   I n tgPd  –  –  – M  

M8-8   G I  –  –  – M  

M8-9   con f- revi s i on  – – – M  

Logg ing  

M9  Log  con tro l  (LCB)  –  –  –  O 

M9-1  I n tg Pd  –  –  – O  

M1 0  Log  –  –  –  O 

Control  

M 1 1  Con tro l  –  –  O O  

GSE  

M 1 2  GOOSE  –  M  M  M  

M1 3  GSSE  –  –  –  –  

SVC  

M 1 4  Mu l t i cast  SVC M  M  M  M  

M1 5  Un i cast  SVC O  O  O  O  

Miscel l aneous  

M 1 6  Ti me  M  M  M  M  

M1 7  Fi l e  transfer  –  –  O  M  

Key 

M  =  Mandatory  

O  =  Opti onal  
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6.903.1 3.4  ACSI  service conformance statement  

The  ACSI  service  con formance  statement shal l  be  as  defined  i n  Table  91 1  (depending  on  the  
statements  i n  Table  909  and  Table  91 0.  

Table  91 1  – ACSI  service  conformance statement  

Services  Conformance  classes  

a  b  c  d  

Server  ( IEC  61 850-7-2:201 0,  Clause  7)  

S1  ServerD i rectory  –  – M  M  

Appl ication  association  ( IEC 61 850-7-2:201 0,  Clause  8)  

S2  Associate  –  – M  M  

S3  Abort  –  – M  M  

S4  Rel ease  –  – M  M  

Log ical  device  ( IEC  61 850-7-2:201 0,  Cl ause 9)  

S5  Log icalDevi ceDi rectory  –  – M  M  

Log ical  node  (IEC  61 850-7-2:201 0,  Cl ause  1 0)  

S6  GetLog i calNodeDi rectory  –  – M  M  

S7  GetAl lDataVal ues  –  – M  M  

Data  object  ( IEC  61 850-7-2:201 0,  Cl ause  1 1 )  

S8  GetDataVal ues  –  – M  M  

S9  SetDataVal ues  –  – O  O  

S1 0  GetDataDi rectory  –  – M  M  

S1 1  GetDataDefi n i t i on  –  – M  M  

Data  set  ( IEC  61 850-7-2:201 0,  Clause  1 3)  

S1 2  GetDataSetValues  –  – M  M  

S1 3  SetDataSetValu es  –  – O  O  

S1 4  CreateDataSet  –  – O  O  

S1 5  Del e teDataSet  –  – O  O  

S1 6  GetDataSetD i rectory  –  – M  M  

Setti ng  g roup  control  ( IEC  61 850-7-2:201 0,  Clause  1 6)  

S1 8  Se l ectActi veSG  –  – O  O  

S1 9  Se l ectEd i tSG  –  – O  O  

S20  SetEd i tSGValue  –  – O  O  

S21  Con fi rmEd i tSGValues  –  – O  O  

S22  SetEd i tSGValue  –  – O  O  

S23  GetSGCBValues  –  – O  O  

Reporting  ( IEC  61 850-7-2:201 0,  Clause  1 7)  

Bu ffered  report  con tro l  b l ock (BRCB)  

S24  Report  –  – C4  C4  

S24-1      data-change  (dchg )  –  – O  O  

S24-2      q -chang e  (qchg )  –  – O  O  

S24-3      data-update  (dupd )  –  – O  O  

S25  GetBRCBValues  –  – C4  C4  

S26  SetBRCBValu es  –  – O  O  

Unbu ffered  report  con tro l  b l ock (URCB)  
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Services  Conformance  classes  

a  b  c  d  

S27 Report  –  – C5  C5  

S27-1      data-change  (dchg )  –  – O  O  

S27-2      q -chang e  (qchg )  –  – O  O  

S27-3      data-update  (dupd )  –  – O  O  

S28  GetU RCBValu es  –  – C5  C5  

S29  SetU RCBValues  –  – O  O  

Logg ing  ( IEC  61 850-7-2:201 0,  Clause  1 7)  

Log  con tro l  b l ock 

S30  GetLCBValues  –  – C6  C6  

S31  SetLCBValu es  –  – O  O  

Log  

S32  QueryLogByTi me  –  – C6  C6  

S33  QueryLogAfter  –  – C6  C6  

S34  GetLogStatusVal ues  –  – C6  C6  

C4  – M andatory  i f  M 8  (bu ffered  reporti ng )  i s  supported  

C5  – M andatory  i f  M 7  (unbu ffered  reporti ng )  i s  su pported  

C6  – M andatory  i f  M 9  ( l ogg i ng )  i s  supported  

Generic  substation  event  model  (GSE)  

GOOSE   ( I EC  61 850-7-2:201 0 ,  C l ause  1 8)  

S35  SendGOOSEMessage  –  M  M  M  

S36  GetGoReference  –  – O  O  

S37  GetGOOSEElementNumber –  – O  O  

S38  GetGoCBValues  –  – O  O  

S39  SetGoCBValues  –  – O  O  

GSSE   ( I EC  61 850-7-2:201 0,  C l ause  1 8 )  

S40  SendGSSEMessage  – – – – 

S41  GetGsReference  – – – – 

S42  GetGSSEElemen tNumber – – – – 

S43  GetGsCBValues  – – – – 

S44  SetGsCBValues  – – – – 

Transmission  of  sampled  value  model  (SVC)  ( IEC  61 850-7-2:201 0,  Cl ause  1 9)  

Mu l ti cast  SVC 

S45  SendMSVMessag e  M  M  M  M  

S46  GetMSVCBValues  – – O  O  

S47  SetMSVCBValues  – – O  O  

Un i cast  SVC 

S48  SendUSVMessag e  O  O  O  O  

S49  GetU SVCBValues  – – O  O  

S50  SetU SVCBValues  – – O  O  

Control  ( IEC 61 850-7-2:201 0,  Cl ause  20)  

S51  Se l ect  – – O  O  

S52  Se l ectWi thValue  – – O  O  

S53  Can cel  – – O  O  
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Services  Conformance  classes  

a  b  c  d  

S54 Operate  – – M  M  

S55  Com mand-Term i nate  – – O  O  

S56  Ti m eActi vated -Operate  – – O  O  

Fi le  transfer  ( IEC  61 850-7-2:201 0,  Clause  23)  

S57 GetFi l e  – – – M  

S58  SetFi l e  – – – O  

S59  Del e teFi l e  – – – O  

S60  GetFi l eAttri bu teValu es  – – – M  

Key  

M  =  Mandatory  

O  =  Opti onal  

 

6.903.1 3.5  A-Profi le  conformance statement  

The  A-Profi le  con formance  statement  shal l  be  as  defi ned  i n  Table  91 2.  

Table  91 2  – PICS for A-Profi le  support  

Services  Conformance  classes  

a  b  c  D  

A1  C l i en t/Server  A-Profi l e  per  I EC  61 850-8-1 :201 1 ,   6 . 2 . 2  
an d  I EC  61 850-9-2:201 1 ,  5 . 2 . 2  

–  – M  M  

A2  GOOSE/GSE  managemen t  A-Prof i l e  per  
I EC  61 850-8-1 :201 1 ,  6 . 3 . 2  

–  M  M  M  

A3  GOOSE  A-Profi l e  per  I EC  61 850-8-1 :201 1 ,  6 . 3 . 2  –  M  M  M  

A4  Ti meSync  A-Profi l e  per  I EC  61 850-8-1 :201 1 ,  6 . 4 . 2  N 1  N 1  N 1  N 1  

A5  Secu ri ty  for  c l i en t/server A-Prof i l e  – – – – 

A6  Secu ri ty  for  GOOSE/GSE  managem en t  A-Prof i l e  – – – – 

A7  SV A-Profi l e  per  I EC  61 850-9-2 :201 1 ,   5 . 3 . 2  M  M  M  M  

Key 

M  =  Mandatory  

N 1  =  Ti me  syn ch ron i zati on  requ i remen ts  shal l  be  as  speci fi ed  i n  6 . 904.  Time  synch ron i zation  us i ng  SNTP  i s  
opt i onal  i n  th i s  s tandard .  

 

6.903.1 3.6  T-Profi le  conformance statement  

The  T-Profi le  con formance  statement  shal l  be  as  defined  i n  Table  91 3.  
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Table  91 3  – PICS for T-Profi le  support  

Services  Conformance  classes  

a  b  c  d  

T1  TCP/I P  T-Profi l e  per  I EC  61 850-8-1 : 201 1 ,   6 . 2 . 2  and  
I EC  61 850-9-2 :201 1 ,  5 . 2 . 3  

–  – M  M  

T2  SV T-Prof i l e  per  I EC  61 850-9-2:201 1 ,  5 . 3 . 3  M  M  M  M  

T3  GOOSE  T-Profi l e  per  I EC  61 850-8-1 :201 1 ,  6 . 3 . 3  –  M  M  M  

T4  GSSE  T-Profi l e  –  – – – 

T5  Ti m eSync  T-Prof i l e  per  I EC  61 850-8-1 :201 1 ,  6 . 4 . 3  –  – O  O  

Key  

M  =  Mandatory  

O  =  Opti onal  

 

6.904 Synchronization  

6.904.1  General  

The  abi l i ty  of  i nstrument  transformers  wi th  d ig i tal  ou tpu t  to  meet  thei r  publ i shed  accuracy 
speci fi cation  depends  on  t ime  synchron ization .  Merg ing  un i ts  shal l  have  the  capabi l i ty  to  
accept  an  external  synchron iz ing  s i gnal ,  so  that  thei r  sampl ing  can  be  synchron ized  both  to  
other  merg ing  un i ts  and  to  an  external  t ime  reference.  The  preferred  synchron ization  method  
i s  Precis ion  Time  Protocol  speci fied  i n  I EC  61 588:2009  (PTP,  also  known  as  1 588. )  wi th  
profi l e  subset  speci fi ed  i n  I EC/IEEE  61 850-9-3 .  

The  merg ing  un i t  may use  a  one  pu lse  per second  (1 PPS)  i npu t  as  speci fi ed  herein  i nstead  of  
(or  as  an  optional  al ternati ve  to)  PTP  for  l egacy appl ications.  I n  e i ther  case,  the  accuracy of  

the  t ime  s i gnal  (mean  error from  absolu te  t ime)  i s  expected  to  be  better than  ±1  µs  for  
accuracy characteri sation .  

Phase  error when  i n  service  wi l l  su ffer depend ing  on  the  deg ree  that  del i vered  t ime  deviates  
from  th i s  i deal .  I EC  61 850-5:201 3,  Table  3  defi nes  appl i cable  t ime  synchron ization  classes  
( typical l y  classes  T4  and  T5  for  synchron ized  sampl ing ) .  

The  merg ing  un i t  shal l  con tain  an  i n ternal  clock that  i s  synchron ized  by the  synchron iz ing  
s i gnal .  A sample  coun ter (SmpCnt)  shal l  be  used  to  i den ti fy  the  samples  wi th in  the  present  
second  and  to  code  thei r  sample  times.  The  sample  coun ter i ncrements  from  zero  to  the  
nominal  number of  samples  per second  l ess  one,  then  repeats.  Sample  t imes  are  those  
i nstan ts  where  the  i n ternal  clock’s  fraction  of  a  second  equals  the  sample  counter’s  coun t  
d i vided  by the  nominal  sample  rate.  That  means;  when  synchron ized ,  the  sample  coun ter 
shal l  be  zero  at  the  top  of  the  second  mark.  

The  sample  coun ter f i e ld  SmpCnt  defi ned  i n  I EC  61 850-9-2:201 1 ,  8 . 5 .2  i s  an  unsigned  s i xteen  
bi t  i n teger ( INT1 6U)  representing  values  between  0  and  65  535.  When  used  for  h igh  
bandwid th  d . c.  con trol  appl ications  wi th  sample  rate  of  96  kHz,  the  sample  counter  fi e ld  shal l  
natural l y  overflow back to  zero,  65  536  samples  after  the  top  of  the  second  mark;  and  shal l  
con ti nue  coun ting  up  to:  30  463  (96  000  – 65  536  −  1  =  30  463) ,  correctly  represen ting  the  
l ower 1 6  b i t  of  an  i n ternal  1 7  bi t  coun ter representation .  Subclause  6. 904.7  defines  add i ti onal  
detai l s  govern ing  SmpCnt  behaviour du ring  t ime  ad justments.  

6.904.2  Precision  t ime protocol  synchronization  

Th is  subclause  6 . 904.2  appl ies  on ly to  merg ing  un i ts  claim ing  precis ion  t ime  protocol  (PTP)  
synchron ization .  

Merg ing  un i t  ports  used  for  sample  value  transmission  shal l  be  capable  of  receiving  t ime  
synchron ization  messages  compl ian t  wi th  I EC/IEEE  61 850-9-3.  
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A synchron iz ing  s i gnal  received  wi th  the  PTP  clockClass  6  or  7  shal l  be  sourced  by a  g lobal  
area clock.  A synchron iz ing  s ignal  received  wi th  any other  cl ockClass  shal l  be  sourced  by a  
l ocal  area clock.  

6.904.3  1 PPS  synchronization  

Th is  subclause  6 . 904.3  appl ies  on ly  to  merg ing  un i ts  claim ing  1 PPS synchron ization .  

Merg ing  un i ts  shal l  accept  the  fo l lowing  1 PPS s i gnal  on  a  ded icated  clock i npu t  port:  

S i gnal  type  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  optical  on  g raded  i ndex 62,5/1 25  µm g lass  fi bre  

Clock rate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  one  pu lse  per second  

Change  of  second  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  on  the  ri s ing  edge  from  low to  h i gh  

Pu lse  du ration  th   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  µs  to  500  ms  

Rise  and  fal l  t imes,  1 0  to  90% . . . . . . . . . . .  up  to  200  ns  

J i tter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ±2  µs  maximum  

Optical  waveleng th  . . . . . . . . . . . . . . . . . . . . . . . . . . .  820  nm  to  860  nm  

Maximum  receiving  power . . . . . . . . . . . . . . . .  –1 2  dBm  (wh i le  h i gh )  

M in imum  receiving  power . . . . . . . . . . . . . . . . .  –24  dBm  (wh i le  h i gh )  

Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  BFOC/2,5  ( recommended ,  bu t  fu tu re  technology 
may be  used) .  

Optional l y,  the  merg ing  un i t  may compensate  for  transmission  delays  i n  the  t ime  network by 
applyi ng  a  user con figu rable  time  offset  to  the  1 PPS si gnal .  

Fi gu re  909  shows  the  shape  of  the  1 PPS  s ignal  g raph ical l y.  
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Figure  909  – 1 PPS signal  waveform  at  the  merg ing  un i t  clock input  

The  1 PPS s ignal  does  not  con tain  i n formation  on  the  clock that  i s  the  source  of  the  
synchron iz ing  s ignal .  I t  shal l  therefore  always  be  i n terpreted  as  a  g l obal  area clock.  Th is  
enables  the  newly manu factured  merg ing  un i ts  to  be  used  i n  l egacy i nstal lations  bu i l t  i n  
accordance  to  UCA i n ternational  users  g roup  Implementation  Gu ide  l i ne  for  D ig i tal  I n terface  
to  I nstrument  Transformers  us ing  I EC  61 850-9-2.  Use  of  l egacy MUs  (1 PPS  mode)  i n  new 
systems  bu i l t  i n  accordance  wi th  th i s  s tandard  needs  to  be  analyzed  on  a  case  by case  basis .  

6.904.4  Sample  value  message SmpSynch  attribute 

Appl ications  that  are  sensi ti ve  to  the  phase  ang le  d i fference  between  d i fferen t  merg ing  un i ts  
requ i re  that  the  sampled  values  from  those  merg ing  un i ts  be  synchron ized  wi th  each  other.  
Such  appl i cations  i nclude  protection ,  contro l ,  metering ,  and  synchrophasors.  Sampled  values  
are  synchron ized  to  each  other when  each  i s  synchron ized  to  the  same t ime  source.  The  
SmpSynch  attribu te  defi ned  IEC  61 850-9-2:201 1 ,  Table  1 4,  provides  i n formation  on  the  t ime  
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source  used  to  assist  sample  value  subscribers  i n  determ in ing  whether sampled  values  are  
synchron ized  to  each  other.  

Wh i le  sampled  values  are  synchron ized  to  a  g lobal  area clock to  the  degree  requ i red  to  meet 
the  measuring  accuracy class  phase  error l im i t,  the  value  of  the  "SmpSynch"  attri bu te  i n  the  
SV messages  shal l  be  2 .  A g lobal  area clock i s  a  source  that  provides  t ime  that  i s  traceable  to  
the  i n ternational  s tandards  laboratories  main tain ing  clocks  that  form  the  basis  for  the  
I n ternational  Atom ic  Time  (TAI )  and  Un iversal  Coord inated  Time  (UTC)  timescales.  Examples  
of  these  are  G lobal  Posi ti on ing  System  (GPS) ,  NTP,  and  National  I nsti tu te  of  Standards  and  
Technology (N IST)  t imeservers.  Al l  sampled  values  synchron ized  to  any g lobal  area clock are  
synchron ized  to  each  other.  

Wh i le  sampled  values  are  synchron ized  to  a  l ocal  area clock to  the  degree  requ i red  to  meet  
the  measuring  accuracy class  phase  error l im i t,  the  value  of  the  "SmpSynch"  attri bu te  i n  the  
SV messages  shal l  be  1 .  I f  the  un ique  i den ti fi er  o f  the  speci fi c  l ocal  area clock i s  known  
"SmpSynch"  attribu te  can  be  set  to  that  value.  A l ocal  area clock i s  a  source  that  provides  
t ime  that  advances  at  essen tial l y  the  correct  rate  bu t  wh ich  may have  a  t ime  offset  from  g lobal  
area clocks  and  other l ocal  area clocks.  A speci fi c  l ocal  area clock un ique  i den ti fi er  i s  a  
number from  5  to  254.  Al l  sampled  values  synchron ized  to  the  same l ocal  area clock are  
synchron ized  to  each  other,  bu t  may not  be  synchron ized  to  sampled  values  synchron ized  to  
some  other cl ock.  The  mean ing  of  unspeci fi ed  local  area clock code  (SmpSynch  ==  1 )  
depends  on  the  design  of  the  t ime  d i stribu ti on  network.  I n  some  cases  the  time  d istribu ti on  
network design  ensures  that  a  set  o f  merg ing  un i ts  can  on ly  recei ve  synchron ization  from  the  
same  local  area clock,  i n  wh ich  case  they are  synchron ized  to  each  other.  I n  o ther cases,  
t ime  network design  al l ows  d i fferen t  merg ing  un i ts  to  receive  from  d i fferen t  l ocal  area clocks,  
i n  wh ich  case  they cannot  be  presumed  to  be  synchron ized .  Merg ing  un i ts  may opti onal l y 
have  a  setting  speci fyi ng  the  un ique  l ocal  area clock i den ti f i er  (5  to  254)  to  use  shou ld  the  
i den ti f ier  not  be  received  via  the  time  s ignal .  

Wh i le  sampled  values  are  not  synchron ized  to  a  g lobal  or  l ocal  area clock to  the  degree  
requ i red  to  meet  the  measuring  accuracy class  phase  error  l im i t,  the  value  of  the  "SmpSynch"  
attribu te  i n  the  SV messages  shal l  be  0 .  A merg ing  un i t  may be  i n  the  not  synchron ized  state  
due  to:  

•  the  synchron iz ing  s ignal  having  never been  received;  

•  the  synchron iz ing  s i gnal  being  i n terrupted  and  the  merg ing  un i t  operating  beyond  i ts  hold-
over du ration  speci fi cation ;  

•  l ock to  the  synchron iz ing  s i gnal  not  acqu i red ;  

•  o ther  cond i t ion  that  resu l ts  i n  the  samples  not  be ing  synchron ized  wi th  an  external  clock to  
the  degree  requ i red  by the  measuring  accuracy class  phase  error  l im i t.  

6.904.5  Holdover mode 

When  the  external  synchron ization  s i gnal  i s  l ost,  the  merg ing  un i t  shal l  go  i n to  a  holdover 
mode.  For the  du rati on  of  the  holdover period  the  merg ing  un i t  shal l  continue  to  send  samples  
main tain ing  the  sample  tim ing  requ i red  for  the  measuring  accuracy class.  Du ri ng  holdover,  the  
"SmpSynch"  attri bu te  i n  the  SV messages  shal l  remain  unchanged,  and  the  "SmpCnt"  
attribu te  i n  the  SV messages  shal l  i ncrement  and  wrap  as  i f  a  synchron ization  s ignal  were  
presen t.  

The  m in imum  holdover duration  shal l  be  5  s  under stable  temperature  cond i ti ons.  

When  the  synchron izati on  s ignal  resumes  before  holdover timeou t,  the  sampled  value  
messages  shal l  con tinue  as  i f  the  synchron iz ing  s ignal  were  con tinuous.  
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6.904.6  Free-running  mode 

Whi le  a  merg ing  un i t  i s  i n  the  not  synchron ized  state  ( i . e .  when  free-runn ing ) ,  sampled  values  
shal l  be  sent  wi th  sampl ing  rate  whose  maximum  deviati on  from  i ts  nom inal  sampl ing  rate  i s  

no  more  than  ±1 00  ×  1 0−6 .  

Wh i le  free-runn ing ,  the  "SmpSynch"  attri bu te  i n  the  SV messages  shal l  be  zero,  and  the  
"SmpCnt"  attribu te  i n  the  SV messages  shal l  i ncrement  and  wrap  as  i f  a  synchron ization  
s ignal  were  presen t.  

Regard less  of  whether the  merg ing  un i t  i s  synchron ized  to  an  external  t ime  source  or  not,  al l  
sampled  values  from  the  same  merg ing  un i t  shal l  be  synchron ized  to  each  other.  

6.904.7 Time ad justments 

When  the  synchron ization  s ignal  i s  restored  after an  i n terrupti on ,  when  a  transfer i s  made  
between  d i fferen t  external  clock sources,  and  when  the  external  clock execu tes  a  t ime  
ad justment,  there  may be  an  offset  between  the  t ime  tracked  before  the  even t  and  the  t ime  
tracked  after  the  even t.  I n  th is  case  a  t ime  ad justment  of  the  merg ing  un i t  l ocal  clock that  
con tro ls  sample  t imes  i s  requ i red .  

The  t ime  ad justment  shal l  be  accompl i shed  as  fo l l ows.  The  sampl ing  shal l  j ump from  the  o ld  
t ime  to  the  new time  between  consecu ti ve  samples.  The  sample  i n terval  over j umps  shal l  be  
no  more  than  one  and  a  hal f  t imes  the  nom inal  i n terval  and  no  shorter than  one  hal f  t imes  the  
nom inal  i n terval .  SmpCnt  i s  d i scon tinuous  over the  j ump for  t ime  ad justments  l arger than  are  
accommodated  by an  off-nominal  sample  i n terval ,  bu t  i s  always  con ti nuous  for  samples  
immed iately pri or  to  the  ad justment  and  con tinuous  for  samples  immed iately  fo l l owing  the  
ad justment,  see  Figu re  91 0.  
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Figure  91 0  – Time ad justment  example  (6  ASDU  example)  

The  values  of  SmpCnt  and  SmpSynch  i n  ASDUs  shal l  i n  al l  cases  correspond  to  the  t ime  
scale  and  source  used  for  the  samples  i n  that  ASDU.  I n  particu lar,  the  sample  fo l l owing  a 
j ump shal l  have  the  ad justed  values  of  both  SmpCnt  and  SmpSynch .  

Receiving  appl i cations  us ing  sampled  value  data du ring  the  synchron ization  state  change  
( free  runn ing  to  synchron ized)  are  expected  to  cope  wi th  th is  transi ti on .  Time  ad justments  
g reater  than  one  hal f  o f  the  nom inal  i n terval  cause  d i scon tinu i ty  i n  SmpCnt  and  a  change  i n  
SmpSynch .  

The  manu facturer shal l  s tate  i n  the  protocol  implementation  extra i n formation  for testi ng  
(PIXIT)  the  maximum  t ime  requ i red  to  ach ieve  synchron ization  on  merg ing  un i t  power up  and  
on  resynchron izati on .  
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7 Tests  

7.2  Type tests  

7.2.6  Test  for  accuracy 

7. 2.6  of  I EC  61 869-6:201 6  appl ies  wi th  the  fo l l owing  add i t ion :  

Annex 9D  provides  sample  ci rcu i ts  for  perform ing  accuracy tests  for  i nstrument  transformers  
having  d ig i tal  ou tpu t.  

For  protection  classes,  accuracy tests  shal l  be  performed  over one  period  of  power frequency 
s ignal ;  e . g .  20  ms  for  a  50  Hz  system.  

For  measuring  classes,  accuracy tests  may be  performed  over several  power frequency 
cycles,  or  several  measurements  may be  averaged .  I f  the  comparison  i s  not  over one  period  
of  power frequency s i gnal ,  the  detai l s  of  the  test  arrangement  and  tim ing  and/or bandwid th  of  
test  system  shal l  be  provided  i n  the  accuracy test  report.  

7.2.901  Dig i tal  output  conformance tests  

IEC  61 850-1 0:201 2,  C lause  6  deal i ng  wi th  con formance  and  IEC  61 850-1 0:201 2,  C lause  8  
performance  tests  are  appl icable.  

7.2.902  Maximum  processing  delay t ime test  

Maximum  processing  delay time  l im i t  compl iance  (defined  i n  6 . 902. 2)  shal l  be  veri f i ed  by 
measuring  the  processing  delay time  of  i nd ividual  sample  value  frames  as  presen ted  to  the  
merg ing  un i t  d i g i tal  ou tpu t.  

Si nce  frequency and  phase  response  requ i rements  defined  i n  sections  5. 6  and  6 . 902. 1  form  
part  o f  the  merg ing  un i t  accuracy speci fi cation ,  i t  can  be  assumed  that  the  t ime  coded  wi th in  
each  sampled  value  message  adequately  corresponds  to  the  sampl i ng  poin t  on  the  primary,  
or  i n  the  case  of  SAMUs,  on  the  SAMU  i npu t.  

The  maximum  processing  delay t ime  i s  measured  by determ in ing  the  d i fference  between  the  
i nstan t  the  message  t imestamp poin t  appears  at  the  merg ing  un i t  ou tpu t,  and  the  sample  t ime  
represen ted  by the  SmpCnt  f i e ld  wi th in  the  message.  

The  test  shal l  be  performed  for  a  m in imum  of  1  m in .  Time  measurement  uncertain ty  shal l  be  
smal ler  than  the  d i fference  between  the  upper l im i t  of  the  maximum  processing  delay t ime  
speci fied  i n  6 . 902. 2  and  the  maximum  measured  value  of  the  processing  delay times.  

For sampled  value  messages  con tain ing  mu l tiple  samples  (NoASDU  >  1 ) ,  the  maximum  
processing  delay t ime  measurement  shal l  be  performed  wi th  respect  to  the  fi rst  (o ldest)  
SmpCnt  f ie ld .  

NOTE  909  No  anal og ue  s i g nal s  (vo l tag e  or  cu rren t)  are  requ i red  to  complete  th i s  test.  

Th is  method  requ i res  external  t ime  synchron ization .  The  same time  source  that  synchron izes  
the  merg ing  un i t  i s  used  i n  the  measurement  of  the  sampled  value  frame  ou tpu t  t ime.  The  
SmpCnt  f ie ld  i s  decoded  as  the  fracti onal  part  o f  the  presen t  second  as  fo l lows:  

푆푆 = 푆푆푆푆푆푆 푓푠⁄  

where  

St  i s  the  sample  t ime,  and  
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fS  i s  the  nom inal  number of  samples  per second  

(Example:  SmpCnt  =  0x0000  corresponds  to  the  start  o f  the  second)  

For 96  kHz  rate;  the  equation  becomes:  

푆푆 = � 푆푆푆푆푆푆 푓푠⁄                                  푎푓푆푎푎  푆푡푆  푡푓  푠푎푠푡푆푠
(푆푆푆푆푆푆 + 65 536) 푓푠                     푎푓푆푎푎  푆푆푆푆푆푆  푡표푎푎푓표푡표⁄  

NOTE  91 0  Above  equati on  addresses  the  fact  Sm pCn t  overf l ows,  reach i ng  zero  twi ce  i n  one  second .  Sm pCn t  
trans i t i on  from  30  463  to  zero  den otes  the  real  s tart  o f  the  second .  

To  observe  the  transi ti on  from  the  ho ldover to  the  free  runn ing  mode  the  fo l lowing  test  shal l  
be  performed.  

– Start  operating  i n  the  synchron ized  state;  al l ow su fficien t  t ime  for  the  device  to  stabi l i ze.  

– Remove  the  synchron izati on  i npu t  to  the  device  under test.  

– Observe  SmpSynch  attribu te  and  wai t  un ti l  i t  changes  to  zero  (ho ldover period) .  

– Perform  the  maximum  processing  delay test  for  1  s  s tarting  from  the  i nstan t  SmpSynch  
attribu te  changes  to  zero.  

– Veri fy  that  the  maximum  processing  delay measured  i n  th is  test  does  not  change  by more  

than  ±1 00  µs  from  the  value  measured  du ring  the  1  m in  synchron ized  state  test.  

Th is  test  may not  be  practical  for devices  wi th  ho ldover mode  exceed ing  24  h .  Such  devices  
are  exempt from  th is  test  and  are  expected  to  ensu re  compl iance  by design .  

7.2.903  Loss  of  synchronization  tests  

Veri fy  under worst-case  cond i t ions  that  on  l oss  of  synchron iz ing  s i gnal ,  the  merg ing  un i t  
con ti nues  to  send  samples  main tain ing  the  sample  t im ing  requ i red  for  the  measuring  accuracy 
class  for  the  publ i shed  du ration  of  the  ho ldover period .  Veri fy  that  over  th i s  period ,  the  
SmpSynch  attribu te  i n  the  SV messages  remains  unchanged ,  and  the  SmpCnt  attribu te  i n  the  
SV messages  i ncrements  and  wraps  as  i f  synchron izati on  s i gnal  was  presen t.  

Veri fy  that  before  the  sample  tim ing  fai l s  to  meet the  requ i rements  for  the  measuring  accuracy 
class  declared ,  the  SmpSynch  attribu te  changes  to  zero.  

Veri fy  both  on  power up  wi thou t  a  synchron iz ing  s ignal  presen t  and  after  a  t ime  i n terval  
appropriate  to  the  speci fi c  merg ing  un i t  under test  fo l lowing  synchron ization  s ignal  cessation ,  

the  sampl i ng  rate  maximum  deviation  from  nominal  i s  no  more  than  ±1 00  ×  1 0−6 .  

For merg ing  un i ts  supporti ng  PTP,  veri fy  that  SmpSynch  fo l l ows  transi ti ons  between  a  g lobal  
clock and  at  l east  two  l ocal  area clocks.  Veri fy  that  when  transferring ,  t ime  ad justments  
proceed  as  speci fi ed  i n  th i s  s tandard .  

7.2.904 1 PPS test  

For merg ing  un i ts  supporting  1 PPS,  veri fy  j i tter  compl iance  by observing  the  ou tpu t  i s  wi th in  
speci fied  to lerance  and  SmpSynch  remains  non-zero  wi th  nom inal  primary i npu t  and  1 PPS 

i npu t  s i gnal  al ternately  2  µs  early  and  2  µs  late.  

Veri fy  that  wi thou t  a  val i d  1 PPS s ignal  present  SmpSynch  i s  equal  to  0 .  

Veri fy  that  wi th  a  val id  1 PPS s ignal  presen t  SmpSynch  i s  equal  to  2 .  
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Annex 9A 
( in formative)  

 
Dynamic range considerations 

 

Figures  9A. 1  and  9A.2  show how the  INT32  represen tation  wi th  the  fi xed  scal i ng  defined  i n  
th is  s tandard  can  be  used  to  satisfy the  complete  dynamic  range  requ i red  by the  majori ty  of  
power system  appl ications.  Two  nomograms  i l l ustrate  the  re lationsh ip  between  the  dynamic  
range  requ i red  by various  i nstrument  transformer accuracy classes  and  the  dynamic  range  
offered  by a  s igned  32  bi t  i n teger INT32  data represen tation .  

The LSB  values  defined  in  th is  standard  are:  

– Curren t:  LSB  =  1  mA ( i nstan taneous  value)  

– Vol tage:  LSB =  1 0  mV ( i nstan taneous  value)  

– One  bi t  i s  used  for  the  s i gn  (+  or  - )  

The  requ i red  bi t- range  has  been  determ ined  as  shown  i n  the  example  below for  a  cu rren t  
measurement  accord ing  to  class  0 . 1  and  appl icati on  of  protection  and  d i stu rbance  record ing .  
The  LSB  value  i s  chosen  to  be  around  4  t imes  less  than  the  m in imum  vol tage  or  curren t  error 
al l owed .  

Example:  

I nstrument  transformer wi th  1 00  A rated  cu rren t.  

1 00  A r.m . s.  corresponds  to  1 41  421  mA peak for  pure  s inusoidal  s ignals.  

1 41  421  ≅  2 1 7represen ts  the  approximate  numerical  expression  for  the  rated  cu rren t  i n  th is  
example.  

– The  maximum  curren t  error  to lerated  for  an  ECT accord ing  to  class  0 , 1  at  5  % of  i ts  rated  
cu rren t  equals  to  0 , 4  %.  

– The  to lerated  error  thus  becomes  0 ,000  2  Irated .  The  value  of  0 , 000  2/4  equals  0 , 000  05  
and  approximately  corresponds  to  2 -1 4 .  

– The  h ighest  curren t  value  at  accu racy l im i t  i s  i n  th is  case  

65  Irated  ×  2  =  1 30  Irated .  1 30  ≅  27 .  

– We  get  the  m in imal  b inary peak value  as:  21 7  ×  2− 1 4  =  23  wh ich  i s  acceptable  s i nce  

23  >  20 .  

– The  max binary value  becomes  21 7  ×  27  =  224  wh ich  i s  acceptable  since  224  <  231 .  
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Annex 9B  
( in formative)  

 
Time synchronization  and  management example 

 

Figure  9B. 1  shows  a  typical  example  of  the  s ignal  processing  and  the  i nd ividual  sources  of  
delay that  make  up  the  total  de lay t ime  from  the  power system  primary to  the  appl ication  
algori thm.  The  t ime  source  may be  e i ther the  1 PPS s i gnal  shown  or  precis ion  t ime  protocol  
(PTP) .  
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Figure  9B.1  – Sampled  value  signal  processing  example showing  2ASDUs 
per message (F4800S2I4U4 example)  
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Major  delay t ime  componen ts  i n  th i s  example  are:  

– transport  delay between  the  i nstrument  transformer primary and  secondary converters  
(when  presen t)  

– the  an ti -al ias ing  fi l tering  of  the  primary i npu t  that  i n troduces  t ime  delay prior  to  the  
analogue  to  d ig i tal  converter;  

– the  analogue  to  d ig i tal  converter that  i n troduces  a  constan t  conversion  delay (not  shown) ;  

– the  message  assembly and  processing  wi th in  the  i nstrument  transformer that  may 
i n troduce  a  variable  delay between  the  time  the  d ig i tal  sample  i s  acqu i red  and  when  the  
sampled  value  packet  becomes  avai lable  at  the  MU  d ig i tal  ou tpu t.  

The  sum  of  these  delays  forms  the  bu lk of  the  i nstrument  transformer processing  delay t ime.  

Because  there  i s  a  variable  componen t  to  the  delay t ime,  the  worst-case  delay t ime  shal l  be  
considered  when  evaluati ng  con formance  to  the  maximum  processing  delay t ime  requ i rement.  

Where  1 PPS i s  used  for  synchron ization ,  add i tional  o ffset  may also  be  used  to  compensate  
for  d i fferen t  1 PPS propagation  delays  con tribu ted  by the  1 PPS  del i very system  (e. g .  an  
exceptional ly  l ong  fi bre  run ) .  

The  merg ing  un i t  processing  delay t ime  does  not  i nclude  any delays  that  occur after  the  
sampled  value  packet  l eaves  the  merg ing  un i t  ou tpu t  (such  as  the  process  bus  network 
delays) .  Such  delays  depend  on  the  network speed ,  swi tch ing  capabi l i t i es,  and  con fi gu ration .  
They can  be  separately  calcu lated  and  wi l l  depend  on  the  parti cu lar  appl i cation .  
Responsibi l i ty  for  the  overal l  system  performance  i s  l eft  wi th  the  system  i n tegrator.  
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Annex 9C 
( in formative)  

 
Example merging  uni t  ICD fi le  

 

The  ICD  ( IED  Capabi l i ty  Description )  f i l e  i n  Substation  Con fi gu ration  Language  (SCL)  format 
below describes  the  capabi l i ti es  of  an  example  merg ing  un i t  wi th  varian t  codes  (see  6. 903.2)  
F4000S1 I4U4  (9-2LE  for  50  Hz) ,  F4800S1 I4U4 (9-2LE  for  60  Hz) ,  F4800S2I3U3  (preferred  for  
protection  and  measuring  appl ications  wi th  3  cu rren ts  and  3  vol tages) ,  F1 4400S6I3U3  
(preferred  for  qual i ty  metering  wi th  3  cu rren ts  and  3  vo l tages)  and  F4800S2I 1 U0  
(demonstration  of  a  s tream  wi th  on ly  one  curren t,  no  vol tages) ,  con formance  class  a  (see  
6. 903. 1 3) ,  and  PTP  time  synchron ization  (see  6. 904.2) .  I n  practice,  a  f i l e  o f  th is  kind  may be  
generated  by the  merg ing  un i t  manu facturer  or  by the  merg ing  un i t  manu factu rer’s  
con fi guration  too l ,  and  passed  to  the  system  con fi gu ration  tool .  

P lease  note  th is  ICD  text  i s  g i ven  on ly as  an  example.  Refer to  the  SCL schema publ i shed  i n  
I EC  61 850-6.  

Fi le  ICD_example. xml  

<?xml  version="1. 0"  encoding="utf-8"?> 

<SCL  xmlns="http: //www. iec. ch/61850/2003/SCL"  

xmlns: xsi="http: //www. w3. org/2001/XMLSchema-instance"  

xsi: schemaLocation="http: //www. iec. ch/61850/2003/SCL SCL. xsd"  version="2007"  

revision="B"> 

 

  <Header id="ICD file as  supplied  by the manufacturer for a  hypothetical  

IEC  61869-9 instrument  transformer"  version="1. 0"  revision="12"  toolID="XML 

Notepad"/> 

 

  <Substation  name="TEMPLATE"  desc="Binds  the TCTR and  TVTR instances  in  the IED 

section  to particular phases  of particular CTs/VTs  in  the station"> 

    <VoltageLevel name="TEMPLATE">  

      <Bay name="TEMPLATE"> 

        <ConductingEquipment  name="Inn"  type="CTR"> 

          <SubEquipment  name="A"  phase="A"> 

            <LNode iedName="TEMPLATE"  ldInst="MU01"  lnClass="TCTR"  lnInst="1"/> 

          </SubEquipment> 

          <SubEquipment  name="B"  phase="B"> 

            <LNode iedName="TEMPLATE"  ldInst="MU01"  lnClass="TCTR"  lnInst="2"/> 

          </SubEquipment> 

          <SubEquipment  name="C"  phase="C"> 

            <LNode iedName="TEMPLATE"  ldInst="MU01"  lnClass="TCTR"  lnInst="3"/> 

          </SubEquipment> 

          <SubEquipment  name="N"  phase="N"> 

            <LNode iedName="TEMPLATE"  ldInst="MU01"  lnClass="TCTR"  lnInst="4"/> 

          </SubEquipment> 

        </ConductingEquipment> 

        <ConductingEquipment  name="Unn"  type="VTR"> 
          <SubEquipment  name="A"  phase="A"> 

            <LNode iedName="TEMPLATE"  ldInst="MU01"  lnClass="TVTR"  lnInst="1"/> 

          </SubEquipment> 

          <SubEquipment  name="B"  phase="B"> 

            <LNode iedName="TEMPLATE"  ldInst="MU01"  lnClass="TVTR"  lnInst="2"/> 

          </SubEquipment> 

          <SubEquipment  name="C"  phase="C"> 

            <LNode iedName="TEMPLATE"  ldInst="MU01"  lnClass="TVTR"  lnInst="3"/> 

          </SubEquipment> 
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          <SubEquipment  name="N"  phase="N"> 

            <LNode iedName="TEMPLATE"  ldInst="MU01"  lnClass="TVTR"  lnInst="4"/> 

          </SubEquipment> 

        </ConductingEquipment> 

      </Bay> 

    < /VoltageLevel> 

  </Substation> 

 

  <Communication> 

    <SubNetwork name="NONE"  type="8-MMS"> 

      <BitRate unit="b/s"  multiplier="M">100</BitRate> 

      <ConnectedAP iedName="TEMPLATE"  apName="S1"> 

        <SMV ldInst="MU01"  cbName="MSVCB01"  desc="9-2LE  SV stream ( F4000S1I4U4 and  

F4800S1I4U4) "> 

          <Address> 

            <P  type="MAC-Address">01-0C-CD-04-00-00</P> 

            <P  type="VLAN-ID">000</P> 

            <P  type="VLAN-PRIORITY">4</P> 

            <P  type="APPID">4000</P> 

          </Address> 

        </SMV> 

        <SMV ldInst="MU01"  cbName="MSVCB03"  desc="preferred  stream for apps  

needing measuring or protective class  ( F4800S2I3U3) "> 

          <Address> 

            <P  type="MAC-Address">01-0C-CD-04-00-01</P> 

            <P  type="VLAN-ID">000</P> 

            <P  type="VLAN-PRIORITY">4</P> 

            <P  type="APPID">4003</P> 

          </Address> 

        </SMV> 

        <SMV ldInst="MU01"  cbName="MSVCB04"  desc="preferred  stream for apps  

needing quality metering class  ( F14400S6I3U3) "> 

          <Address> 

            <P  type="MAC-Address">01-0C-CD-04-00-02</P> 

            <P  type="VLAN-ID">000</P> 
            <P  type="VLAN-PRIORITY">4</P> 

            <P  type="APPID">4004</P> 

          </Address> 

        </SMV> 

        <SMV ldInst="MU01"  cbName="MSVCB05"  desc="demonstration  of a  stream with  

one quantity ( F4800S2I1U0) "> 

          <Address> 

            <P  type="MAC-Address">01-0C-CD-04-00-03</P> 

            <P  type="VLAN-ID">000</P> 

            <P  type="VLAN-PRIORITY">4</P> 

            <P  type="APPID">4005</P> 

          </Address> 

        </SMV> 

        <PhysConn  type="Connection"> 

          <P  type="Type">FOC</P> 

          <P  type="Plug">ST</P> 

        </PhysConn> 

      </ConnectedAP> 

    </SubNetwork> 

  </Communication> 

 

  <IED name="TEMPLATE"  desc="Hypothetical  instrument  transformer with  digital 

output  according to IEC 61869-9"> 

    <AccessPoint  name="S1"> 

      <Server> 

        <Authentication  none="true"/> 
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        <LDevice inst="MU01"> 

          <LN0 lnType="LN0"  lnClass="LLN0"  inst=""> 

            <DataSet  name="PhsMeas1"  desc="9-2LE  dataset  for SV streams  

F4000S1I4U4 and  F4800S1I4U4"> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="1"  doName="AmpSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="1"  doName="AmpSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="2"  doName="AmpSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="2"  doName="AmpSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="3"  doName="AmpSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="3"  doName="AmpSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="4"  doName="AmpSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="4"  doName="AmpSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="1"  doName="VolSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="1"  doName="VolSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="2"  doName="VolSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="2"  doName="VolSv"  fc="MX"  

daName="q"/>  

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="3"  doName="VolSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="3"  doName="VolSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="4"  doName="VolSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="4"  doName="VolSv"  fc="MX"  

daName="q"/> 

            < /DataSet> 

            <DataSet  name="PhsMeas2"  desc="dataset  for preferred  SV streams  

F4800S2I3U3 and  F14400S6I3U3"> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="1"  doName="AmpSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="1"  doName="AmpSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="2"  doName="AmpSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="2"  doName="AmpSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="3"  doName="AmpSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="3"  doName="AmpSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="1"  doName="VolSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="1"  doName="VolSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="2"  doName="VolSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="2"  doName="VolSv"  fc="MX"  

daName="q"/> 

              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="3"  doName="VolSv"  fc="MX"  

daName="instMag. i"/> 
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              <FCDA ldInst="MU01"  lnClass="TVTR"  lnInst="3"  doName="VolSv"  fc="MX"  

daName="q"/> 

            < /DataSet> 

            <DataSet  name="PhsMeas3"  desc="dataset  for SV stream F4800S2I1U0"> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="4"  doName="AmpSv"  fc="MX"  

daName="instMag. i"/> 

              <FCDA ldInst="MU01"  lnClass="TCTR"  lnInst="4"  doName="AmpSv"  fc="MX"  

daName="q"/> 

            < /DataSet> 

            <SampledValueControl  name="MSVCB01"  datSet="PhsMeas1"  confRev="1"  

smvID="xxxxMU0101"  smpRate="80"  smpMod="SmpPerPeriod"  nofASDU="1"  

multicast="true"> 

              <SmvOpts  sampleSynchronized="true"  refreshTime="false"  

sampleRate="false"  dataSet="false"  security="false"/> 

            < /SampledValueControl> 

            <SampledValueControl  name="MSVCB03"  datSet="PhsMeas2"  confRev="1"  

smvID="4003"  smpRate="4800"  smpMod="SmpPerSec"  nofASDU="2"  multicast="true"> 

              <SmvOpts  sampleSynchronized="true"  refreshTime="false"  

sampleRate="false"  dataSet="false"  security="false"/> 

            </SampledValueControl> 

            <SampledValueControl  name="MSVCB04"  datSet="PhsMeas2"  confRev="1"  

smvID="4004"  smpRate="14400"  smpMod="SmpPerSec"  nofASDU="6"  multicast="true"> 

              <SmvOpts  sampleSynchronized="true"  refreshTime="false"  

sampleRate="false"  dataSet="false"  security="false"/> 

            </SampledValueControl> 

            <SampledValueControl  name="MSVCB05"  datSet="PhsMeas3"  confRev="1"  

smvID="4005"  smpRate="4800"  smpMod="SmpPerSec"  nofASDU="2"  multicast="true"> 

              <SmvOpts  sampleSynchronized="true"  refreshTime="false"  

sampleRate="false"  dataSet="false"  security="false"/> 

            </SampledValueControl> 

          </LN0> 

          <LN lnType="PHD"  lnClass="LPHD"  inst="1"/> 

          <LN lnType="CTR-P"  lnClass="TCTR"  inst="1"/> 

          <LN lnType="CTR-P"  lnClass="TCTR"  inst="2"/> 

          <LN lnType="CTR-P"  lnClass="TCTR"  inst="3"/> 

          <LN lnType="CTR-N"  lnClass="TCTR"  inst="4"/> 

          <LN lnType="VTR-P"  lnClass="TVTR"  inst="1"/> 

          <LN lnType="VTR-P"  lnClass="TVTR"  inst="2"/> 

          <LN lnType="VTR-P"  lnClass="TVTR"  inst="3"/> 

          <LN lnType="VTR-N"  lnClass="TVTR"  inst="4"/> 

        </LDevice> 

      < /Server> 

    </AccessPoint> 

  </IED> 

 

  <DataTypeTemplates> 

 

    <LNodeType id="LN0"  lnClass="LLN0"> 

      <DO name="NamPlt"  type="NamPlt-LN0"/> 

      <DO name="Beh"  type="Beh"/> 

      <DO name="Health"  type="Health"/> 

      <DO name="Mod"  type="Mod"/> 

    </LNodeType> 

    <LNodeType id="PHD"  lnClass="LPHD"> 

      <DO name="PhyNam"  type="PhyNam"/> 

      <DO name="PhyHealth"  type="Health"/> 

      <DO name="Proxy"  type="Proxy"/> 

      <DO name="NamVariant"  type="NamVariant"/> 

      <DO name="NamHzRtg"  type="NamHzRtg"/> 

      <DO name="NamAuxVRtg"  type="NamAuxVRtg"/> 

      <DO name="NamHoldRtg"  type="NamHoldRtg"/> 
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      <DO name="NamMaxDlRtg"  type="NamMaxDlRtg"/> 

    </LNodeType> 

    < LNodeType id="CTR-P"  lnClass="TCTR"> 

      <DO name="Beh"  type="Beh"/> 

      <DO name="AmpSv"  type="AmpSAV"/> 

      <DO name="NamAccRtg"  type="NamAccRtg-PC"/> 

      <DO name="NamARtg"  type="NamARtg-PC"/> 

      <DO name="NamClipRtg"  type="NamClipRtg-PC"/> 

    </LNodeType> 

    <LNodeType id="CTR-N"  lnClass="TCTR"> 

      <DO name="Beh"  type="Beh"/> 

      <DO name="AmpSv"  type="AmpSAV"/> 

      <DO name="NamAccRtg"  type="NamAccRtg-NC"/> 

      <DO name="NamARtg"  type="NamARtg-NC"/> 

      <DO name="NamClipRtg"  type="NamClipRtg-NC"/> 

    </LNodeType> 

    <LNodeType id="VTR-P"  lnClass="TVTR"> 

      <DO name="Beh"  type="Beh"/> 

      <DO name="VolSv"  type="VolSAV"/> 

      <DO name="NamAccRtg"  type="NamAccRtg-PV"/> 

      <DO name="NamVRtg"  type="NamVRtg-PV"/> 

      <DO name="NamClipRtg"  type="NamClipRtg-PV"/> 

    </LNodeType> 

    <LNodeType id="VTR-N"  lnClass="TVTR"> 

      <DO name="Beh"  type="Beh"/> 

      <DO name="VolSv"  type="VolSAV"/> 

      <DO name="NamAccRtg"  type="NamAccRtg-NV"/> 

      <DO name="NamVRtg"  type="NamVRtg-NV"/> 

      <DO name="NamClipRtg"  type="NamClipRtg-NV"/> 

    </LNodeType> 

 

    <DOType id="NamPlt-LN0"  cdc="LPL"> 
      <DA name="vendor"  desc=""  bType="VisString255"  fc="DC"/> 

      <DA name="swRev"  bType="VisString255"  fc="DC"> 

        <Val>1v00</Val> 

      </DA> 

      <DA name="configRev"  bType="VisString255"  fc="DC"> 

        <Val>1</Val> 

      </DA> 

      <DA name="ldNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61850-7-4: 2007B</Val> 

      </DA> 

    </DOType> 

    <DOType id="Beh"  cdc="ENS"> 

      <DA name="stVal"  bType="Enum"  type="Beh"  fc="ST"  dchg="true"  />  

      <DA name="q"  bType="Quality"  fc="ST"  qchg="true"/> 

      <DA name="t"  bType="Timestamp"  fc="ST"/> 

    </DOType> 

    <DOType id="Health"  cdc="ENS"> 

      <DA name="stVal"  bType="Enum"  type="Health"  fc="ST"  dchg="true"  />  

      <DA name="q"  bType="Quality"  fc="ST"  qchg="true"/> 

      <DA name="t"  bType="Timestamp"  fc="ST"/> 

    </DOType> 

    <DOType id="Mod"  cdc="ENC"> 

      <DA name="stVal"  bType="Enum"  type="Mod"  fc="ST"  dchg="true"/> 

      <DA name="q"  bType="Quality"  fc="ST"  qchg="true"/> 

      <DA name="t"  bType="Timestamp"  fc="ST"/> 

      <DA name="ctlModel"  bType="Enum"  type="CtlModels"  fc="CF"  dchg="true"> 

        <Val>status-only</Val> 

      </DA> 

    </DOType> 
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    <DOType id="PhyNam"  cdc="DPL"> 

      <DA name="vendor"  bType="VisString255"  fc="DC"> 

        <Val>Acme Manufacturing Ltd. ,  1  North  Rodeo Drive,  Beverley Hills,  CA,  

90210</Val> 

      </DA> 

      <DA name="hwRev"  bType="VisString255"  fc="DC"> 

        <Val>1v03</Val> 

      </DA> 

      <DA name="swRev"  bType="VisString255"  fc="DC"> 

        <Val>1v00</Val> 

      </DA> 

      <DA name="serNum"  bType="VisString255"  fc="DC"> 

        <Val>000001,  mfg 2011-12-01</Val> 

      </DA> 

      <DA name="model"  bType="VisString255"  fc="DC"> 

        <Val>DigiMeas101</Val> 

      </DA> 

    </DOType> 

    <DOType id="Proxy"  cdc="SPS"> 

      <DA name="stVal"  bType="BOOLEAN"  fc="ST"  dchg="true"> 

        <Val>false</Val> 

      </DA> 

      <DA name="q"  bType="Quality"  fc="ST"  qchg="true"/> 

      <DA name="t"  bType="Timestamp"  fc="ST"/> 

    </DOType> 

    <DOType id="NamVariant"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>F4800S1I4U4; F14400S6I4U4; F4800S2I0-24U0-24</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>a  semicolon  separated  list  of the variant  codes  supported,  the codes  

being as  defined  in  IEC 61869-9: 2016 clause 6. 903. 2</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

    <DOType id="NamHzRtg"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>dc;  50;  60</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>a  semicolon  separated  list  of the nominal  frequencies  ( fR)  supported,  

in  hertz</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

    <DOType id="NamAuxVRtg"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>80-300 dc; 100-250 ac</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>a  semicolon  separated  list  or hyphenated  range of rated  auxiliary 

power supply voltages  ( Uar)  in  volts,  with  indication  of ac  or dc  where 

applicable</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 
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    </DOType> 

    <DOType id="NamHoldRtg"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>10</Val> 

      < /DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>the rated  holdover time in  seconds</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

    <DOType id="NamMaxDlRtg"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>1. 5</Val> 

      < /DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>the rated  delay time in  milliseconds</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      < /DA> 

    < /DOType> 

 

    <DOType id="NamAccRtg-PC"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>0, 5S/5P20</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>the accuracy class  rating in  the format  described  in  IEC 61869-9 

clause 5. 6</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 
    < /DOType> 

    <DOType id="NamARtg-PC"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>400; 800; 1200</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>rated  primary currents  ( IPr)  in  amperes</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

    <DOType id="NamClipRtg-PC"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>20</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val> the ratio of the clipping limit  of the instantaneous  current  to the 

rated  primary current  multiplied  with  a  square root  of two</Val> 

      < /DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 
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    <DOType id="NamAccRtg-NC"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>1/5P</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>the accuracy class  rating in  the format  described  in  IEC 61869-9 

clause 5. 6</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

    <DOType id="NamARtg-NC"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>400; 800; 1200</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>  rated  primary currents  (IPr)  in  amperes</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

    <DOType id="NamClipRtg-NC"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>20</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val> the ratio of the clipping limit  of the instantaneous  current  to the 

rated  primary current  multiplied  with  a  square root  of two</Val> 

      < /DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

 

    <DOType id="NamAccRtg-PV"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>0, 5/3P</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>the accuracy class  rating in  the format  described  in  IEC  61869-9 

clause 5. 6</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

    <DOType id="NamVRtg-PV"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>83716</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>the rated  primary voltage ( Upr)  in  volts</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

    <DOType id="NamClipRtg-PV"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 
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        <Val>2</Val> 

      < /DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>the ratio of the clipping limit  of the instantaneous  voltage to the 

rated  primary voltage multiplied  with  a  square root  of two</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      < /DA> 

    < /DOType> 

 

    <DOType id="NamAccRtg-NV"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>1</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>the accuracy class  rating in  the format  described  in  IEC 61869-9 

clause 5. 6</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

    <DOType id="NamVRtg-NV"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 

        <Val>115</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>the rated  primary voltage ( Upr)  in  volts</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      </DA> 

    </DOType> 

    <DOType id="NamClipRtg-NV"  cdc="VSD"> 

      <DA name="val"  bType="VisString255"  fc="DC"> 
        <Val>2</Val> 

      </DA> 

      <DA name="d"  bType="VisString255"  fc="DC"> 

        <Val>the ratio of the clipping limit  of the instantaneous  voltage to the 

rated  primary voltage multiplied  with  a  square root  of two</Val> 

      </DA> 

      <DA name="dataNs"  bType="VisString255"  fc="EX"> 

        <Val>IEC 61869-9: 2016</Val> 

      < /DA> 

    < /DOType> 

 

    <DOType id="AmpSAV"  cdc="SAV"> 

      <DA name="instMag"  bType="Struct"  type="AnalogueValue"  fc="MX"/> 

      <DA name="q"  bType="Quality"  fc="MX"  qchg="true"/> 

      <DA name="units"  bType="Struct"  type="AmpUnits"  fc="CF"  dchg="true"/> 

      <DA name="sVC"  bType="Struct"  type="AmpScaledValueConfig"  fc="CF"  

dchg="true"/> 

    < /DOType> 

    <DOType id="VolSAV"  cdc="SAV"> 

      <DA name="instMag"  bType="Struct"  type="AnalogueValue"  fc="MX"/> 

      <DA name="q"  bType="Quality"  fc="MX"  qchg="true"/> 

      <DA name="units"  bType="Struct"  type="VolUnits"  fc="CF"  dchg="true"/> 

      <DA name="sVC"  bType="Struct"  type="VolScaledValueConfig"  fc="CF"  

dchg="true"/> 

    < /DOType> 
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    <DAType id="AmpScaledValueConfig"> 

      <BDA name="scaleFactor"  bType="FLOAT32"> 

        <Val>0. 001</Val> 

      </BDA> 

      <BDA name="offset"  bType="FLOAT32"> 

        <Val>0</Val> 

      </BDA> 

    </DAType> 

    <DAType id="VolScaledValueConfig"> 

      <BDA name="scaleFactor"  bType="FLOAT32"> 

        <Val>0. 01</Val> 

      </BDA> 

      <BDA name="offset"  bType="FLOAT32"> 

        <Val>0</Val> 

      </BDA> 

    </DAType> 

    <DAType id="AmpUnits"> 

      <BDA name="SIUnit"  bType="Enum"  type="ITSIUnit"> 

        <Val>A</Val> 

      </BDA> 

    < /DAType> 

    <DAType id="VolUnits"> 

      <BDA name="SIUnit"  bType="Enum"  type="ITSIUnit"> 

        <Val>V</Val> 

      </BDA> 

    </DAType> 

    <DAType id="AnalogueValue"> 

      <BDA name="i"  bType="INT32"/> 

    </DAType> 

 

    <EnumType id="Mod"> 

      <EnumVal  ord="1">on</EnumVal> 

      <EnumVal  ord="2">blocked</EnumVal> 

      <EnumVal  ord="3">test</EnumVal> 

      <EnumVal  ord="4">test/blocked</EnumVal> 

      <EnumVal  ord="5">off</EnumVal> 

    </EnumType> 

    <EnumType id="Beh"> 

      <EnumVal  ord="1">on</EnumVal> 
      < EnumVal  ord="2">blocked</EnumVal> 

      < EnumVal  ord="3">test</EnumVal> 

      < EnumVal  ord="4">test/blocked</EnumVal> 

      < EnumVal  ord="5">off</EnumVal> 

    </EnumType> 

    <EnumType id="Health"> 

      <EnumVal  ord="1">Ok</EnumVal> 

      <EnumVal  ord="2">Warning</EnumVal> 

      <EnumVal  ord="3">Alarm</EnumVal> 

    </EnumType> 

    <EnumType id="CtlModels"> 

      <EnumVal  ord="0">status-only</EnumVal> 

      <EnumVal  ord="1">direct-with-normal-security</EnumVal> 

      <EnumVal  ord="2">sbo-with-normal-security</EnumVal> 

      < EnumVal  ord="3">direct-with-enhanced-security</EnumVal> 

      < EnumVal  ord="4">sbo-with-enhanced-security</EnumVal> 

    </EnumType> 

    <EnumType id="ITSIUnit"> 

      <EnumVal  ord="5">A</EnumVal> 

      <EnumVal  ord="29">V</EnumVal> 

    </EnumType> 
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  </DataTypeTemplates> 

</SCL> 
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Annex 9D 
( in formative)  

 
Test  ci rcui ts  for accuracy measurement  

 

 

Figure  9D.1  – Example test  ci rcu i t  

For the  pu rposes  of  accu racy class  compl iance  testi ng ,  the  ratio  error and  phase  error  of  an  
i nstrument  transformer (CT under test  i n  Fi gu re  9D. 1 )  shou ld  be  calcu lated  us ing  a  fu l l  cycle  
D iscrete  Fourier  Transform  on  the  d i fference  between  i ts  samples  and  those  of  a  reference  
i nstrument transformer (Reference  CT i n  Figu re  9D. 1 ) .  The  composi te  error  shal l  be  
calcu lated  as  the  RMS value  of  the  d i fference  between  i ts  samples  and  those  of  the  reference  
i nstrument  transformer over a  fu l l  cycle.  

Wi th  th is  method ,  i t  i s  necessary that  the  composi te  error  of  reference  transformer R  i s  tru l y  
neg l i g ible  under the  cond i ti ons  of  use.  
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The  correspond ing  formu lae  are:  
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where  

( )se


 i s  the  merg ing  un i t ’s  ratio  error and  phase  error,  represented  as  a  phasor,  at  the  t ime  

i nstan t  coded  by a  SmpCnt  wi th  value  s ;  

( )sce  i s  the  merg ing  un i t’s  composi te  error at  the  time  i nstan t  coded  by a  SmpCnt wi th  

value  s ;  

)( sXi  i s  the  value  from  the  i nstrument transformer under test  of  AmpSv. i nstMag . i  or  

VolSv. i nstMag . i  i n  the  SV ASDU  that  has  a  SmpCnt  value  of  s ;  

)( sRi  i s  the  value  from  the  reference  i nstrument  transformer of  AmpSv. instMag . i  or  

VolSv. i nstMag . i  i n  the  SV ASDU  that  has  a  SmpCnt  value  of  s ;  

N  i s  the  nom inal  sample  rate  i n  samples  per  second  d i vided  by the  fundamental  

frequency i n  hertz;  

k i s  the  number of  the  harmon ic  being  measured  (k >  0  ,  and  i s  1  for  the  fundamental ) .  

Another example  test  ci rcu i t  for  accuracy measurements  i n  s teady state  and  transien t  
cond i ti ons  for  an  E lectron ic  LPCT wi th  d i g i tal  ou tpu t  i s  shown  i n  Figure  9D.2.  
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Figure  9D.2  – Example  test  ci rcu i t  
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Annex 9E 
( in formative)  

 
Electronic  nameplate 

 

The  electron ic  nameplate  i n formation  i s  con tained  i n  extensions  to  the  l og ical  models  defi ned  
i n  I EC  61 850-7-4.  The  extensions  use  the  common  data class  VSD  vis ible  stri ng  description  
i n formation  that  wi l l  be  added  to  I EC  61 850-7-3.  The  defin i ti on  of  th is  CDC (common  data 
class)  i s  provided  here  for i n formation  pu rposes.  

VSD cl ass  

Data  
attribu te  
name 

Type  FC  TrgOp  Value/Value  range  M/O/C 

DataN ame  I n heri ted  from  GenDataObject  c l ass  or  from  GenSubDataObject  c l ass  (see  
I EC  61 850-7-2)  

 

DataAttribute  

configuration,  description and extension 

val  VI S I BLE  STRI NG255  DC    M  

d  VI S I BLE  STRI NG255  DC   Text  O  

dU  U N I CODE  
STRI NG255  

DC    O  

cdcNs  VI S I BLE  STRI NG255  EX   AC_DLN DA_
M  

cdcName VI SI BLE  STRI NG255  EX   AC_DLN DA_
M  

dataNs  VI S I BLE  STRI NG255  EX  I EC  61 869-9:201 6  AC_DLN _M  

Services  

As  defi ned  i n  I EC  61 850-7-3 :  201 0 ,  Tabl e  60  
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