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Part 2:  d .c.  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternati onal  Organ i zation  for S tandard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

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

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

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

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

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

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

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

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

The  main  task of I EC  techn ical  committees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  committee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ ired  support cannot be  obtained  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subj ect i s  sti l l  u nder techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t  no  immed iate  poss ib i l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subj ect to  review wi th in  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  in to  I n ternational  Standards.   

I EC 61 936-2,  wh ich  is  a  techn ical  speci fication ,  has  been  prepared  by techn ical  committee  99:  
System  eng ineering  and  erection  of e l ectrical  power i nsta l lations  in  systems wi th  nom inal  
vo l tages  above  1  kV a . c.  and  1 , 5  kV d . c. ,  particu larl y concern ing  safety aspects .  
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Fu ture  s tandards  i n  th is  series  wi l l  carry the  new general  ti tl e  as  ci ted  above.  T i tl es  of existi ng  
standards  i n  th is  series  wi l l  be  updated  at  the  time of the  next ed i tion .  

The  text of th is  techn ical  speci fication  is  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

99/1 30/DTS  99/1 32/RVC  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  speci fication  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/I EC  D irecti ves,  Part 2 .  

A l i st of a l l  parts  i n  the  I EC  61 936  series ,  publ ished  under the  general  t i tl e  Power installations 
exceeding 1  kV a. c.  and 1 , 5 kV d. c. ,  can  be  found  on  the  I EC websi te.  

The  fol l owing  d i fferences  exist i n  the  coun tries  i nd icated  below:  

7. 2. 4:  For l i ve  parts  wi thout  protecti ve  faci l i ti es,  a  m in imum  height  H =  N +  2  440  mm  shal l  be  main tai ned .   
(Austral i a)  

7 . 2 . 6:  Gu i dance  reference  construction  can  be  found  at  ENA Doc 01 5.  (Austral i a)  

7 . 5. 4:  Space  for evacuati on  shal l  a lways  be  at  l east  600  mm,  even  when  removabl e  parts  or open  doors,  wh ich  are  
b locked  i n  the  d i recti on  of escape,  i n trude  i n to  the  escape  rou tes.  (Austral i a)  

8 . 7. 1 :  F i re  rati ng  of barri ers  must be  a  m in imum  fi re  rati ng  of 1 20  m inu tes.  (Austral i a)  

8 . 7. 2 :  The  d imensions  G1  and  G2  are  to  be  measured  from  the  i ns i de  edge  wal l  of any bund  wal l  rather than  the  
measured  poi n t  shown  i n  F i gure  7a)  and  7b)  of I EC 61 936-1 : 201 0/AMD1 : 201 4  from  the  transformer where  the  bund  
wal l  i s  wi der than  the  transformer.  (Austral i a)  

8 . 8 :  Spi l l  con tainment  shou ld  extend  by 50%  of the  hei gh t  of the  transformer.  (Austral i a)  

1 0:  For requ i rements  on  earth i ng ,  refer to  AS  2067,  Substations  and  H igh  Vol tage  I nstal l ati ons.  (Austral i a)  

1 0. 2 . 1 :  HV earth i ng  systems  shou l d  be  desi gned  accord ing  to  tolerable  vol tages  based  on  body impedances  not  
exceeded  by 5  %  of the  popu lation ,  as  g i ven  i n  Table  1 0  of I EC TS  60479-1 : 2005.  (Un i ted  Ki ngdom)  

1 0. 2 . 1 :  Perm issible  touch  and  s tep  vol tages  i n  power i ns tal l ati ons  shal l  be  i n  accordance  wi th  Federal  l aw 
concern ing  e l ectri cal  i nstal l at i ons  (H igh  and  l ow vo l tage)  (SR 734. 0)  and  Regu l ations  for e l ectri ca l  power 
i nstal l ati ons  (SR 743. 2  StV).  (Swi tzerland )  

1 0. 2 . 1  and  Annex B :  Earth ing  requ i rements  are  based  on  probabi l i s ti c  calcu lations  and  so  much  of the  cl ause  i s  not  
appropri ate  for Austral i a .  (Austral i a)  
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The  committee  has  decided  that  the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•  transformed  in to  an  I n ternational  s tandard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  l ogo on  the  cover page  of th is  publ ication  ind icates  
that  i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore print th is  document using  a  
colour printer.  
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INTRODUCTION  

There  are  few national  l aws,  s tandards  and  i n ternal  ru les  deal i ng  wi th  the  matter com ing  
wi th in  the  scope  of th is  techn ical  speci fication ,  and  these  practices  have  been  taken  as  a  
bas is  for th is  work.  

Th is  part  of I EC 61 936  con tains  the  m in imum  requ irements  val i d  for I EC coun tries  and  some  
add i ti onal  i n formation  wh ich  ensures  an  acceptable  re l iab i l i ty of an  i nsta l lation  and  i ts  safe  
operation .  

Th is  part of I EC 61 936  i s  publ ished  as  a  Techn ica l  Speci fication  i n  order to  welcome 
con tribu tion  and  i nvolvement from  a  wider aud ience.  Th is  may provide  the  bas is  for a  fu ture  
i n ternational  standard .  

The  publ ication  of th is  techn ical  speci fication  i s  bel i eved  to  be  a  decis ive  step  towards  the  
gradual  a l ignment a l l  over the  world  of the  practices  concern ing  the  design  and  erection  of 
h igh  vol tage  power i nstal lations.  

Particu lar requ irements  for transm ission  and  d istribution  i nstal l ations  as  wel l  as  particu lar 
requ i rements  for power generation  and  i ndustria l  i nsta l l ations  are  i ncluded  in  th is  techn ica l  
speci fication .  

The  re levant laws  or regu lations  of an  au thori ty having  j u risd iction  takes  precedence.  
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POWER INSTALLATIONS EXCEEDING  1  kV a.c.  and  1 ,5  kV d.c.  –  
 

Part 2:  d .c.  
 
 
 

1  Scope 

This  part of I EC 61 936  provides,  i n  a  conven ient form ,  common  ru les  for the  des ign  and  the  
erection  of e lectrical  power i nsta l lations  i n  systems wi th  nom inal  vo l tages  above 1 , 5  kV d . c. ,  
so  as  to  provide  safety and  proper function ing  for the  use  i n tended .  

Th is  techn ical  speci fication  does  not  appl y to  the  des ign  and  erection  of any of the  fo l l owing :  

– overhead  and  underground  l i nes  between  separate  i nsta l lations;  

– e lectric ra i lways;  

– m in ing  equ ipment and  i nstal l ations;  

– i nsta l lations  on  sh ips  and  off-shore  instal l ations;  

– e lectrostatic equ ipment (e. g .  e l ectrostatic precip i tators,  spray-pain ting  un i ts);  

– test s i tes ;  

– med ica l  equ ipment,  e. g .  med ical  X-ray equ ipment;  

– va lve  hal l .  

Th is  techn ical  speci fication  does  not  appl y to  the  des ign  of factory-bu i l t,  type-tested  
swi tchgear for wh ich  separate  I EC  standards  exist.  

Th is  techn ica l  speci fication  does  not appl y to  the  requ irements  for carrying  ou t l i ve  working  on  
e lectrica l  i nsta l l ations.  

Th is  techn ical  speci fication  does  not  appl y to  the  des ign  of factory-bu i l t,  type-tested  thyristor 
valves,  VSC va lves  and  swi tchgear for wh ich  separate  I EC  standards  exist.  

2  Normative references  

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

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

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

I EC 60071 -2: 1 996 ,  Insulation co-ordination – Part 2: Application guide  

IEC 60071 -5,  Insulation co-ordination – Part 5:  Procedures for high  voltage direct current 
(HVDC)  converter stations  

IEC 60079-1 0-1 ,  Explosive atmospheres – Part 10-1 :  Classification of areas – Explosive gas 
atmospheres 
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IEC 60079-1 0-2 ,  Explosive atmospheres −  Part 10-2: Classification of areas −  Combustible  
dust atmospheres  

I EC TS  60479-1 : 2005,  Effects of current on human beings and livestock – Part 1 :  General 
aspects 

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

I EC TR 61 000-5-2,  Electromagnetic compatibility (EMC)  – Part 5: Installation and mitigation  
guidelines – Section 2:  Earthing and cabling 

I EC 61 936-1 : 201 0,  Power installations exceeding 1  kV a. c.  – Part 1 :  Common rules  

I EC 61 936-1 : 201 0/AMD1 :201 4  

I EC 62271 -1 : 2007 ,  High-voltage switchgear and controlgear – Part 1 : Common specifications 
I EC 62271 -1 : 2007/AMD1 :201 1  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms and  defin i ti ons  g i ven  in  I EC  61 936-1  and  the  
fol lowing  appl y.  

3.1   
valve  
complete  operative  control lab le  or non-control l ab le  va lve  device  assembly,  normal l y 
conducting  in  on l y one  d i rection  (the  forward  d i rection),  wh ich  can  function  as  a  converter arm  
i n  a  converter bridge  

Note  1  to  en try:  An  example  of a  non-con tro l l able  val ve  device  assembly i s  a  sem iconductor d iode  val ve.  An  
example  of a  con trol l abl e  va lve  device  assembly i s  a  thyri stor val ve.  

[SOURCE:  I EC 60633: 1 998,  6 . 3 ]  

3.2   
el ectronic  valve  device  
i nd ivis ib le  e lectron ic device  for electron ic power conversion  or e lectron ic power swi tch ing ,  
compris ing  a  s i ng le  non-con trol l ab le  or b istabl y con trol led  un id i rectional l y conducting  curren t 
path  

Note  1  to  en try:  Typica l  e l ectron i c val ve  devices  are  thyri s tors,  power recti fi er d i odes,  power swi tch ing  b i pol ar 
and  fi e l d  effect  transistors  and  i nsu lated -gate  b ipolar trans istors  ( IGBT).  

Note  2  to  en try:  Two  or more  e lectron ic valve  devices  may be  i n tegrated  on  a  common  sem iconductor ch i p  
(examples:  a  thyri stor and  a  recti fi er d i ode  i n  a  reverse  conducti ng  thyri stor,  a  power swi tch i ng  fi e l d  effect  
transistor wi th  i ts  i nverse  d i ode)  or packaged  i n  a  common  case  (sem iconductor power modu le).  These  
combinations  are  to  be  considered  as  separate  e l ectron ic val ve  devices.  

[SOURCE:  I EC 60050-551 : 1 998,  551 -1 4-02]  

3.3   

nominal  vol tage ,  <of a  system>  
su i table  approximate  value  of vol tage  used  to  des ignate  or identi fy a  system  

[SOURCE:  I EC 60050-601 : 1 985,  601 -01 -21 ]  
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3.4  

h ighest vol tage ,  <of a  d . c.  system>  
Udm  
h ighest mean  or average  pole  d . c.  vol tage  to  earth ,  exclud ing  harmon ics  and  commutation  
overshoots,  for wh ich  the  i nstal l ation  i s  des igned  i n  respect of i ts  i nsu lation  

3.5   
d .c.  neutral  point  
common  poin t  of two  monopoles  form ing  a  b ipole  converter or the  earthed  poin t  of a  
monopole  converter 

3.6   
d .c.  e lectrode l i ne  

electrical  connection  between  a  d . c.  earth  e lectrode  and  the  d . c.  i nstal l ation   

3.7   
h igh  vol tage  

d .c.  vo l tage  exceed ing  1  500V d . c.  

3.8   
low voltage  

d . c.  vol tage  not exceed ing  1  500V d . c.  

3.9   
converter station  
part of a  power system  wh ich  in terconnects  an  a . c.  system  to  a  d . c.  system  or two  d . c.  
systems  wi th  d i fferen t vol tages  enabl i ng  power transfer from  one  system  to  the  other and /or 
vice  versa  

3.1 0   
d .c.  earth  electrode  
d .c.  g round  e lectrode  
array of conductive  e lements  p laced  i n  the  earth ,  or the  sea,  wh ich  provides  a  l ow resistance  
path  between  a  poin t i n  the  d . c.  ci rcu i t and  the  earth  and  is  capable  of carrying  conti nuous  
curren t for some extended  period  

Note  1  to  en try:  An  earth  e l ectrode  may be  l ocated  at  a  poin t  some  d i stance  from  the  HVDC substation .  

Note  2  to  en try:  Where  the  e l ectrode  i s  p l aced  i n  the  sea  i t  may be  termed  as  sea  e lectrode.  

[SOURCE:  I EC 60633: 1 998,  8. 1 4,  mod i fied  – The  i nd ication  "d . c. "  has  been  added  to  the  term  
and  a  synonym ,  d . c.  g round  electrode,  has  been  added . ]  

3. 1 1   
pole  
part  of an  HVDC system  cons isti ng  of a l l  the  equ ipment i n  the  HVDC substations  and  
in terconnecting  transm ission  l i nes,  i f any,  wh ich  during  normal  operation ,  exh ib i t  a  common  
d i rect vol tage  polari ty wi th  respect to  earth .   

[SOURCE:  I EC 60633: 1 998,  8 . 5]  

3.1 2   
l igh tn ing  impulse  protective  level ,  <of a  protecti ve  device>  
Upl   
maximum  perm issib le  peak vol tage  value,  on  the  term inals  of a  protecti ve  device  subjected  to  
l i gh tn ing  impu lses  under speci fic cond i ti ons  

[SOURCE:  I EC 60050-604: 1 987,  604-03-56]  
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3. 1 3   
switch ing  impu lse  protective  l evel ,  <of a  protecti ve  device>  
Ups  

maximum  perm issib le  peak vol tage  value,  on  the  term inals  of a  protecti ve  device  subjected  to  
swi tch ing  impu lses  under speci fic  cond i tions  

[SOURCE:  I EC 60050-604: 1 987,  604-03-57]  

4 Fundamental  requirements  

4.1  General  

4. 1 . 1  General  requ irements  

See  4 . 1 . 1  of I EC 61 936-1 : 201 0.   

4. 1 .2  Agreements  between  suppl ier (manufacturer)  and  user 

See  4 . 1 . 2  of I EC 61 936-1 : 201 0  and  I EC  61 936-1 : 201 0/AMD1 : 201 4.   

4.2  Electrical  requ i rements  

4.2. 1  Methods  of d .c.  neutral  point  earth ing  

The method  of d . c.  neu tral  poin t  earth ing  of a  system  is  importan t wi th  regard  to  the  fo l lowing :  

– selection  of i nsu lation  l evel ;  

– characteristics  of overvol tage- l im i ti ng  devices  such  as  spark gaps  or surge  arresters ;  

– se lection  of protecti ve  re lays.  

The  fo l lowing  are  examples  of d . c.  neu tral  poin t earth ing  methods:  

– i solated  neu tra l ;  

– h igh  impedance  earth ing ;  

– h igh  res isti ve  earth ing ;  

– sol i d  ( l ow impedance)  earth ing .   

The  choice  of the  type  of d . c.  neu tra l  poin t  earth ing  is  normal l y based  on  the  fo l l owing  cri teria:  

– l ocal  regu lations  ( i f any);  

– con tinu i ty of service  requ ired  for the  network;  

– l im i tation  of damage  to  equ ipment caused  by earth  fau l ts ;  

– se lecti ve  e l im ination  of fau l ty sections  of the  network;  

– detection  of fau l t l ocation ;  

– touch  and  step  vol tages;  

– i nductive  i n terference;  

– operation  and  maintenance  aspects.  

One  ga lvan ical l y connected  d . c.  system  has  on l y one  method  of d . c.  neu tral  poin t earth ing .  
Di fferen t galvan ical l y i ndependent d . c.  systems  may have  d i fferent  methods  of d . c.  neu tral  
poin t  earth ing ,  so  the  earth ing  poin t  cou ld  be  l ocated  in  one  or both  converter s tations .   

The  a . c.  and  d . c.  systems  may be  e i ther galvan ical l y separated  or not.  The  d . c.  neutral  poin t  
earth ing  method  of an  a. c.  system  not galvan ica l l y separated  from  the  d . c.  one  has  an  effect 
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on  the  d . c.  neu tral  poin t  earth ing  and  vice  versa.  Des ign  of equ ipment and  protecti ve  system  
shal l  take  in to  account th is  feature.  

I f d i fferen t d . c.  neu tral  poin t  earth ing  configurations  can  occur during  normal  or abnormal  
operati ng  cond i ti ons,  equ ipment and  protecti ve  system  shal l  be  des igned  to  operate  under 
these  cond i ti ons.  

4.2.2  Vol tage  classification  

The nom inal  vol tage  and  the  maximum  operati ng  vol tage  of the  system  shal l  be  agreed  
between  user and  manufacturer.   

Based  on  the  maximum  operati ng  vol tage  the  h ighest vol tage  of a  d . c.  system  (Udm )  shal l  be  

se lected .  

4.2.3  Current  in  normal  operation  

Every part  of an  instal lation  shal l  be  designed  and  constructed  to  wi thstand  currents  under 
defined  operating  cond i ti ons.   

4.2.4  Short-circu i t current 

I nsta l l ations  shal l  be  designed ,  constructed  and  erected  to  safel y wi thstand  the  mechan ical  
and  thermal  effects  resu l ti ng  from  short-ci rcu i t  curren ts.  

For the  purposes  of th is  standard ,  a l l  appl icable  types  of short-ci rcu i ts,  wh ich  may happen,  
shal l  be  cons idered ,  e . g . :  

–  pole-to-earth ;  

– pole-to-pole;  

– double  pole-to-earth ;  

– converter arm .  

I nstal l ations  shal l  be  protected  wi th  au tomatic devices  or functions  to  d isconnect or swi tch  off 
the  d . c.  system  in  case  of pole-pole  or pole-pole-earth  short  ci rcu i t.   

I n  case  of pole-earth  or metal l ic  return  or d . c.  e l ectrode  l ine  to  earth ,  i nsta l l ations  shal l  be  
protected  wi th  au tomatic  devices  or functions  to  d isconnect or swi tch  off the  d . c.  system  or 
wi th  a  device  to  i nd icate  the  earth  fau l t  cond i tion .   

The  se lection  of the  device  or function  is  dependent upon  the  method  of d . c.  neu tral  poin t  
earth ing .  

Selection  of magn i tude  and  duration  of short  ci rcu i t current  shal l  be  agreed  between  
manufacturer and  user.  

Methods  for the  calcu lation  of the  effects  of short-ci rcu i t  curren t are  g i ven ,  for power cables,  
i n  I EC 60949.  

4.2.5  Rated  frequency 

The provis ion  of I EC 61 936-1 : 201 0,  4 . 2 . 5  is  not  appl icable.  

4.2.6  Corona 

The  des ign  of i nsta l l ations  shal l  be  such  that rad io  i n terference  due  to  e lectromagnetic fie lds,  
e. g .  caused  by corona  effects ,  wi l l  not exceed  a  speci fi ed  level .   
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When  the  acceptable  value  i s  exceeded ,  the  corona  l evel  may be  con trol led ,  for example,  by 
the  i nstal l ation  of corona  ri ngs  or the  recess ing  of fasteners  on  bus  fi ttings  for h igh-vol tage  
suspension  i nsu lator assembl ies,  bus  support assembl ies,  bus  connections  and  equ ipment 
term inals .   

Maximum  perm issib le  l evels  of rad io  i n terference  are  g i ven  by national  or local  au thori ti es  i n  
some countries.  

Gu idance  on  acceptable  l evels  of rad io  in terference  vol tage  for a. c.  swi tchgear and  
con trolgear can  be  found  in  I EC  62271 -1  i n  wh ich  the  em iss ion  tests  are  recommended  from  
a. c.  vo l tages  of 1 23  kV and  above.  I n  absence of other cri teria ,  i t  i s  proposed  that em ission  
tests  as  per I EC 62271 -1 : 2007,  6. 9. 1  i s  performed  on  equ ipment subjected  to  a  d i rect vol tage  

(to  earth)  Udm  of 1 23  ×  √2/√3  =  1 00  kV or h i gher.  The  test  vol tage  shal l  be  corrected  to  
1 , 1 /√2  ×  Udm .  

NOTE  Recommendations  for m in im izing  the  rad io  i n terference  of h i gh -vol tage  i nstal l ati ons  are  reported  i n  

CI SPR 1 8-1 ,  CISPR 1 8-2  and  CISPR 1 8-3  [1 , 2 , 3 ] 1 .   

4.2.7  Electric and  magnetic  fields  

The  design  of an  i nstal lation  shal l  be  such  as  to  l im i t  the  e lectric  and  magnetic  fie lds  
generated  by energ ized  equ ipment to  an  acceptable  level  for exposed  people.  

National  and/or i n ternational  regu lations  may speci fy acceptable  levels.  

4.2.8  Overvoltages  

See  4 . 2 . 8  of I EC 61 936-1 : 201 0.   

4.2.9  Harmonics  

See  4 . 2. 9  of I EC 61 936-1 : 201 0.   

4.2. 1 0  Galvanic  separation  between  a.c.  and  d .c.  systems  

The  a. c.  and  d . c.  systems may be  e i ther ga lvan ical l y separated  or not.  Galvan ic  separation  
between  a. c.  and  d . c.  systems i s  general l y obta ined  by means  of converter transformers.  

NOTE  Regard less  of gal van ic separation  between  a. c.  and  d . c.  systems  there  i s  a lways  a  porti on  of a . c.  system  
comprised  wi th i n  the  converter transformer and  the  e l ectron ic  val ve  devices  wh ich  i s  not  ga lvan ica l l y i nsu lated  
from  the  d . c.  system .   

4.3  Mechan ical  requ irements  

See  4 . 3  of I EC 61 936-1 : 201 0  and  IEC 61 936-1 : 201 0/AMD1 : 201 4.  

4.4 Cl imatic and  envi ronmental  cond itions  

4.4. 1  General   

I nstal lations,  i nclud ing  a l l  d evices  and  auxi l iary equ ipment wh ich  form  an  i n tegral  part of them ,  
shal l  be  des igned  for operation  under the  cl imatic  and  environmenta l  cond i ti ons  l i s ted  be low.   

The  presence  of condensation ,  precipi tation ,  particles,  dust,  corrosive  e lements  and  
hazardous  atmospheres  shal l  be  speci fied  i n  such  a  manner that appropriate  e lectrical  
equ ipment can  be  selected .  Zone  class i fication  for hazardous  areas  shal l  be  performed  i n  
accordance  wi th  I EC 60079-1 0-1  and  I EC 60079-1 0-2 .  

______________ 

1  F i gu res  i n  square  brackets  refer to  the  b ib l i og raphy.  
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Dust accumulates  constantl y on  i nsu lators  and  conductive  surfaces  immersed  in  a  d . c.  e l ectric  
fie ld .  I n  i nsta l lations  wi th  h igh  l evels  of d . c.  e lectric fie lds  special  care  shal l  be  paid  e i ther to  
creapage  lengths  or a i r treatment ( i ndoor i nstal lations) .   

I n  cases  wi th  heavy pol l u tion  l evels ,  the  i ndoor a i r cou ld  be  treated  and  overpressurized .  

4.4.2  Normal  cond i tions  

See  4 . 4. 2  of I EC 61 936-1 : 201 0.  

4.4.3  Special  cond i tions  

See  4 . 4. 3  of I EC 61 936-1 : 201 0  and  I EC  61 936-1 : 201 0/AMD1 : 201 4.  

4.5  Special  requ irements  

See  4 . 5  of I EC 61 936-1 : 201 0.  

5 Insulation  

5.1  General  

As conventional  (a i r i nsu lated)  d . c.  i nstal lations  are  normal l y not  impu lse  tested ,  the  d . c.  
i nsta l l ation  requ ires  m in imum  clearances  between  l i ve  parts  and  earth  and  between  l i ve  parts  
of poles  i n  order to  avoid  fl ashover below the  impu lse  wi thstand  level  se lected  for the  
i nstal l ation .  

I nsu lation  coord ination  shal l  be  i n  accordance wi th  I EC  60071 -5  and  I EC 60071 -1  as  far as  
principal  defin i tions  and  ru les  are  concerned .   

5.2  Selection  of i nsu lation  l evel  

The insu lation  l evel  shal l  be  chosen  accord ing  to  the  establ ished  h ighest d . c.  vo l tage  for 
equ ipment Udm  and/or impu lse  wi thstand  vol tage.  

5.2. 1  Consideration  of methods  of neutral  earth ing  

The choice  shou ld  be  made primari l y to  ensure  re l i abi l i ty i n  service,  taking  in to  account the  
method  of d . c.  neu tral  poin t earth ing  i n  the  system  and  the  characteristics  and  the  l ocations  of 
overvol tage  l im i ting  devices  to  be  i nsta l l ed .  

I n  i nsta l l ations  i n  wh ich  a  h igh  l evel  of safety i s  requ ired ,  or i n  wh ich  the  configu ration  of the  
system ,  the  adopted  method  of d . c.  neutra l  poin t  earth ing  or the  protection  by surge  arresters  
make i t  i nappropriate  to  l ower the  l evel  of i nsu lation ,  one  of the  h igher a l ternative  va lues  of 
Annex A may be  chosen .  

I n  i nstal l ations  i n  wh ich  the  configuration  of the  system,  the  adopted  method  of d . c.  neu tral  
poin t  earth ing  or the  protection  by surge  arresters  make i t  appropriate  to  l ower the  l evel  of 
i nsu lation ,  the  lower a l ternative  values  of Annex A may be  sufficient.  

5.2.2  Consideration  of rated  wi thstand  vol tages  

I n  the  vol tage  range  I  ( 1 , 5  kV d . c.  <  Udm  <  500  kV d . c. ) ,  the  choice  is  general l y based  on  the  
rated  l i gh tn ing  impu lse  wi thstand  vol tages  g i ven  i n  Annex A;  i n  the  vol tage  range  I I  (Udm  >  
500  kV d . c. ) ,  the  choice  i s  general l y based  on  the  rated  swi tch ing  impu lse  wi thstand  vol tages  
and  the  rated  l igh tn ing  impu lse  wi thstand  vol tages  g i ven  i n  Annex A.   
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5.3  Veri fication  of wi thstand  values  

5.3. 1  I f the  m in imum  clearances  ca lcu lated  accord ing  to  5. 4  are  mainta ined ,  i t  i s  not  
necessary to  appl y d ielectric  tests.  

5.3.2  I f the  m in imum  clearances  referred  to  in  5 . 4  are  not main tained ,  the  ab i l i ty to  
wi thstand  the  test vol tages  of the  chosen  i nsu lation  l evel  sha l l  be  establ ished  by appl ying  the  
appropriate  d ie lectric tests  i n  accordance wi th  I EC  60060-1  for the  speci fi ed  wi thstand  vol tage  
values  or by exact calcu lation  of poss ib le  overvol tages  i n  the  HVDC system  and  deriving  
clearances  based  on  I EC  60071 -1  and  60071 -2.  

5.3.3  I f the  m in imum  clearances  referenced  to  in  5 . 4  are  not main ta ined  in  parts  or areas  
of an  i nstal l ation ,  d ie lectric tests  restricted  to  these  parts  or areas  wi l l  be  sufficient.  

I n  accordance wi th  I EC 60071 -2 : 1 996,  Annex B,  m in imum  clearances  may be  lower i f th is  has  
been  proven  by tests  or by operating  experience  of l ower overvol tages.  

5.4  M in imum  clearances  of l ive  parts  

5.4. 1  The m in imum  clearance  N sha l l  be  chosen  as  the  maximum  of the  two  fo l l owing  

clearances:  

– Swi tch ing  impu lse  wi thstand  clearance dsw  

–  L ightn ing  impu lse  wi thstand  clearance  dl w  

Swi tch ing  impu lse  pole-to-earth  wi thstand  clearances  in  a i r,  i n  meters,  are  g i ven  by the  
fol l owing  Formu la  (1 ) ,  based  on  negative  swi tch ing  impu lse  wi thstand ,  wh ich  resu l ts  from  
Formu la  G . 3  of I EC  60071 -2 : 1 996  and  appl ies  for a l ti tudes  up  to  1  000  m  above sea  level .  For 
h igher a l ti tudes,  see  4 . 4 . 3. 2  of I EC 61 936-1 : 201 0.  
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The  m in imum  pole-to-pole  clearance i n  meters  is  g i ven  by the  fol lowing  Formu la  (2) ,  based  on  
negative  swi tch ing  impu lse  wi thstand ,  wh ich  resu l ts  from  Formu la  G .3  of I EC  60071 -2: 1 996  
and  appl ies  for a l ti tudes  up  to  1  000  m  above sea  level .  For h i gher a l ti tudes,  see  4 . 4 .3 . 2  of 
I EC 61 936-1 : 201 0.  
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Where  

Udm  i s  the  establ ished  h i ghest  d . c.  vol tage  for equ ipment (pole  to  earth)  i n  kV;  

K i s  a  factor based  on  I EC  60071 -2 ;  

Ka  i s  an  atmospheric correction  factor accord ing  to  I EC 60071 -2 ,  and  

[uS ]p. u .  i s  the  requ i red  per un i t  swi tch ing  impu lse  wi thstand  vol tage  and  σS  i s  assumed  to  be  

0, 06.   
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Normal l y,  for d . c.  systems wi th  sol i d  earth  reference,  [uS ]p. u .  =  2  p . u .  can  be  conservativel y 

assumed  for swi tch ing  impu lse  wi thstand  vol tage.  I n  case  of protection  wi th  surge  arresters ,  
the  [uS ]p. u  va lue  can  be  reduced  accord ing  to  the  swi tch ing  impu lse  protective  l evel  Ups  of the  

surge  arresters  wi th  a  proper safety marg in  as  shown  i n  Formu la  (3)  below:  

 [ ]
dm

ps
u.p,S 1 5,1

U

U
u =  (3)  

The  l i gh tn ing  impu lse  wi thstand  (both  the  pole-to-ground  and  the  pole-to-pole)  clearance  i n  
meters  can  be  calcu lated  wi th  the  fol lowing  Formu la  (4):  
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Where   

UL  i s  the  requ i red  l i ghtn ing  impu lse  wi thstand  vol tage  i n  kV;  

Kt  i s  an  atmospheric correction  factor accord ing  to  I EC 60060-1 ;  

σ  i s  a  safety marg in  for taking  i n to  accoun t dust deposi t and  hum id i ty that can  be  
assumed  to  be  0 , 01 5  m  and  σL  i s  assumed  to  be  0, 03.   

I n  case  of protection  wi th  surge  arresters ,  the  [uL]p. u  va lue  can  be  reduced  accord ing  to  the  
l igh tn ing  impu lse  protecti ve  level  Upl  of the  surge  arresters  wi th  a  proper safety marg in  as  

shown  i n  the  fol l owing  Formu la  (5) :  

 plL 25,1 UU ⋅=  (5)  

The  safety marg in  cou ld  be  further reduced  for specia l  i nsta l l ations  wi th  con trol l ed  e lectric  
fie l d  configuration  and  atmosphere  as  in  converter va lve  hal l .  

I n  i nsta l l ations  i n  wh ich  a  h i gh  l evel  of safety i s  requ ired ,  or i n  wh ich  the  configuration  of the  
system ,  the  adopted  method  of d . c.  neu tra l  poin t  earth ing  or the  protection  by surge  arresters  
make i t  i nappropriate  to  l ower the  level  of i nsu lation ,  the  safety marg in  can  be  i ncreased .  

I n  instal lations  i n  wh ich  the  configuration  of the  system,  the  adopted  method  of d . c.  neu tral  
poin t  earth ing  or the  protection  by surge  arresters  make i t  appropriate  to  l ower the  l evel  of 
i nsu lation ,  the  safety marg in  can  be  decreased .  

I n  vol tage  range  (Udm  >  450  kV d . c. ) ,  the  pole-to-earth  clearances  i n  a i r are  determ ined  by the  

rated  swi tch ing  impu lse  wi thstand  vol tage  (SIWV).  They substantia l l y depend  on  the  e lectrode  
configurations.  I n  cases  of d i fficu l ty i n  classi fying  the  e lectrode  configuration ,  i t  i s  
recommended  to  make  a  choice  based  on  the  phase-to-earth  clearances  of the  most 
unfavourable  configuration  such  as,  for example,  the  arm  of an  i solator against the  tower 
construction  (rod-structure).  
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5.4.2  I f parts  of an  i nsta l lation  can  be  separated  from  each  other by a  d isconnector,  they 
shal l  be  tested  at  the  rated  impu lse  wi thstand  vol tage  for the  i solating  d istance.  I f between  
such  parts  of an  i nsta l l ation  the  m in imum  clearances  ca lcu lated  wi th  the  formu lae  of 5 . 4  are  
i ncreased  by 25  %  or more,  i t  i s  not necessary to  appl y d ielectric tests.  

5.5  M in imum  clearances  between  parts  under special  conditions  

5.5. 1  Min imum  clearances  between  parts  of an  i nstal l ation ,  wh ich  are  ass igned  to  d i fferent  
i nsu lation  levels,  shal l  be  at l east 1 25  %  of the  clearances  of the  h igher i nsu lation  l evel .  

5. 5.2  I f conductors  swing  under the  i n fl uence  of short-ci rcu i t  forces,  50  %  of the  m in imum  
clearances  calcu lated  wi th  the  formu lae  of 5 . 4  shal l  be  main tained  as  a  m in imum.  

5. 5.3  I f conductors  swing  under the  i n fluence of wind ,  75  %  of the  m in imum  clearances  
calcu lated  wi th  the  formu lae  of 5 . 4  shal l  be  main tained  as  a  m in imum.  

5.5.4  I n  case  of rupture  of one  sub-chain  i n  a  mu l ti p le  i nsu lator chain ,  75  %  of the  
m in imum  clearances  calcu lated  wi th  the  formu lae  of 5 . 4  shal l  be  main tained  as  a  m in imum.  

5.6  Tested  connection  zones  

I n formation  on  moun ting  and  service  cond i ti ons  of type  tested  equ ipment suppl ied  by the  
manufacturer shal l  be  observed  on  s i te.  

NOTE  I n  tested  connection  zones,  the  m in imum  clearances  accord ing  to  5. 4  and  Annex A need  not  to  be  
main tai ned  because  the  abi l i ty to  wi thstand  the  test  vol tage  i s  establ i shed  by a  d i el ectri c  type  test.  

6 Equipment 

6.1  General  requ irements  

See  6 . 1  of I EC 61 936-1 : 201 0.  

6.2  Specific  requ irements  

6.2. 1  Switch ing  devices  

See  6 . 2. 1  of I EC 61 936-1 : 201 0  and  I EC  61 936-1 : 201 0/AMD1 : 201 4.   

6.2.2  Reactors  

The reactors  are  class i fied  taking  i n to  account the  d ie lectric i n  con tact wi th  the  wind ing  and  
the  type  of i n ternal  or external  cool i ng  med ium ,  as  described  in  C lause  3  of I EC  60076-2: 201 1 .  

When  des ign ing  the  reactor i nsta l lation ,  the  possibi l i ty of fi re  propagation  (see  8. 7)  sha l l  be  
considered .  S im i l arl y,  means  shal l  be  implemented  to  l im i t,  i f necessary,  the  acoustic noise  
level  (see  4 . 5. 2  of I EC 61 936-1 : 201 0) .  

For reactors  insta l led  i ndoors,  su i table  ven ti l ation  shal l  be  provided  (see  7. 5. 7).  

Water (ground  water,  surface  water and  waste  water)  sha l l  not be  pol l u ted  by reactors  
i nstal l ations.  Th is  shal l  be  ach ieved  by the  choice  of the  design  of reactors  type  and /or s i te  
provis ions.  For measures,  see  8. 8.  

I f i t  i s  necessary to  take  samples  (oi l  sampl i ng)  or to  read  mon i toring  devices  (such  as  fl u id  
l evel ,  temperature,  or pressure),  wh ich  are  important  for the  operation  of the  reactor wh i ls t  the  
reactor i s  energ ized ,  i t  shal l  be  possib le  to  perform  th is  safel y and  wi thou t  damage  to  the  
equ ipment.   

Copyright International  Electrotechnical  Commission  



I EC TS  61 936-2:201 5  © I EC  201 5  – 1 9  – 

Ai r-core  reactors  shal l  be  i nsta l led  i n  such  a  way that the  m in imum  des ign  magnetic clearance  
to  other reactors  and  metal l ic  parts  i s  fu l fi l led  to  m in im ize  i nduced  l osses .  

I n  general  meta l l ic parts  shou ld  be  located  where  the  effect of the  magnetic fi e l d  does  not  
cause  harmfu l  effects .  

Ai r-core  reactors  shal l  be  i nstal l ed  i n  such  a  way that  the  magnetic  fi e ld  of the  short-ci rcu i t  
curren t wi l l  not  be  capable  of d rawing  objects  i n to  the  coi l .  Ad j acent equ ipment shal l  be  
designed  to  wi thstand  the  resu l ting  e lectromagnetic forces.   

Ai r core  reactors  shal l  be  designed  to  prevent hazardous  ferromagnetic objects  attraction  due  
to  the ir magnetic  fl ux densi ty.  Rotational  forces  may be  noticeable  above  6  mT and  cause  
d i fficu l ty around  60  mT.  Trans lational  forces  may be  noticeable  above  1 0 -4  T2/m  and  equal  to  
gravi ty above 1 0 -3  T2/m .  

6.2.3  Prefabricated  type-tested  switchgear 

See  6 . 2. 3  of I EC 61 936-1 : 201 0.   

6.2.4  Surge  arresters  

See  6 . 2. 5  of I EC 61 936-1 : 201 0.   

6.2.5  Capacitors  

See  6 . 2. 6  of I EC 61 936-1 : 201 0.   

6.2.6  Line  traps  

See  6 . 2. 7  of I EC 61 936-1 : 201 0.   

6.2.7  Insu lators  

The m in imum  speci fic creepage d istance  of i nsu lators  shal l  comply wi th  the  l evel  of pol l u tion  
speci fied  by the  user.  

The  requ irements  of the  wet test  procedure  of I EC  62271 -1  sha l l  appl y for a l l  external  
i nsu lation .  

I nsu lator profi les  and/or requ i rements  for performance of ou tdoor insu lators  i n  pol l u ted  or 
heavy wetting  cond i tions  may be  speci fi ed  by the  user.  

6.2.8  Insu lated  cables  

6.2.8. 1  Temperature   

See  6 . 2 . 9. 1  of I EC  61 936-1 : 201 0.  

6.2.8.2  Stress  due  to  temperature  changes  

See  6 . 2. 9. 2  of I EC  61 936-1 : 201 0.  

6.2.8 .3  F lexible  reel ing  and  trai l ing  cables  

See  6 . 2. 9. 3  of I EC  61 936-1 : 201 0.  

6.2.8.4  Crossings  and  proximities  

See  6 . 2. 9. 4  of I EC  61 936-1 : 201 0.  
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6.2.8.5  Instal lation  of cables  

See  6 . 2. 9. 5  of I EC  61 936-1 : 201 0  and  I EC 61 936-1 : 201 0/AMD1 : 201 4.  

6.2.8.6  Bending  radius   

See  6 . 2. 9. 6  of I EC  61 936-1 : 201 0.  

6.2.8.7  Tensi le  stress   

See  6 . 2. 9. 7  of I EC  61 936-1 : 201 0.  

6.2.9  Conductors  and  accessories  

See  6 . 2. 1 0  of I EC 61 936-1 : 201 0  and  I EC 61 936-1 : 201 0/AMD1 :201 4.  

6.2. 1 0  Rotating  electrical  machines  

See  6 . 2 . 1 1  of I EC 61 936-1 : 201 0  and  I EC 61 936-1 : 201 0/AMD1 :201 4.  

6.2. 1 1  Static converters  

See  6 . 2. 1 4  of I EC 61 936-1 : 201 0.  

6.2. 1 2  Fuses  

6.2. 1 2. 1  Clearances   

See  6 . 2 . 1 5. 1  of I EC 61 936-1 : 201 0.  

6.2. 1 2.2  Fuse replacement 

See  6 . 2. 1 5. 2  of I EC 61 936-1 : 201 0.  

6.2. 1 3  Electrical  and  mechan ical  In terlocking  

See  6 . 2. 1 6  of I EC 61 936-1 : 201 0.  

6.2. 1 4  Electron ic  valve  devices  

I n  cases  where  use  of paral l e l  e lectron ic  va lve  devices  is  necessary,  consideration  shal l  be  
g i ven  to  poten tia l  u neven  current d is tribution  i n  para l l e l  currents.   

I n  case  of series  connection  of e lectron ic  valve  devices,  cons ideration  to  uneven  vol tage  
d istribu tion  shal l  be  g i ven .  

The  needed  redundancy i n  va lves  shal l  be  agreed  between  suppl ier (manufacturer)  and  user.   

6.2. 1 5  Valve  cool ing  system  

I f i t  i s  necessary to  take  samples  (water sampl i ng , )  or to  read  mon i toring  devices  (such  as  
flu id  l evel ,  temperature,  conductivi ty or pressure),  wh ich  are  importan t for the  operation  of the  
valve  wh i lst  the  converter i s  energ ized ,  i t  sha l l  be  poss ible  to  perform  th is  safel y and  wi thou t 
damage  to  the  equ ipment.  

When  design ing  the  cool i ng  system ,  the  poss ib i l i ty of fi re  propagation  (see  8 . 7)  sha l l  be  
considered .  S im i larl y,  means  shal l  be  implemented  to  l im i t,  i f necessary,  the  acoustic noise  
level  (see  4 . 5 . 2  of I EC 61 936-1 : 201 0) .  
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For room  of cool ing  equ ipment instal led  i ndoors,  su i tab le  venti l ation  shal l  be  provided  (see  
7. 5. 7) .  

7 Instal lations  

7. 1  General  requ irements  

This  C lause  7  speci fi es  on l y general  requ i rements  for the  i nstal lations  regard ing  choice  of 
ci rcu i t  arrangement,  ci rcu i t  documentation ,  transport rou tes,  l i gh ting ,  operational  safety and  
l abel l i ng .  

D istances,  cl earances  and  d imensions  speci fied  are  the  m in imum  values  perm i tted  for safe  
operation .  They are  general l y based  on  the  m in imum  values  g iven  i n  the  former national  
standards  of the  I EC  members.  A user may speci fy h i gher values  i f necessary.   

For m in imum  clearances  (N)  of l i ve  parts ,  refer to  5. 4.   

National  standards  and  regu lations  may requ ire  the  use  of h i gher clearance  values.  

Where  an  existi ng  i nstal l ation  is  to  be  extended ,  the  requ irements  appl icable  at  the  time of i ts  
design  and  erection  may be  speci fi ed  as  an  a l ternative.  

The  re levant standards  for operation  of e l ectrica l  (power)  i nsta l l ations  shal l  add i ti onal l y be  
taken  i n to  account.  Operati ng  procedures  shal l  be  agreed  upon  between  manufacturer and  
user (see  7. 1 . 2).  

7. 1 . 1  Ci rcu i t  arrangement 

See  7 . 1 . 1  of I EC 61 936-1 : 201 0.   

7. 1 .2  Documentation  

See  7 . 1 . 2  of I EC 61 936-1 : 201 0.   

7. 1 .3  Transport routes  

See  7 . 1 . 3  of I EC 61 936-1 : 201 0.  

7. 1 .4  Aisles  and  access  areas  

See  7 . 1 . 4  of I EC 61 936-1 : 201 0.   

7. 1 .5  Lighting  

See  7 . 1 . 5  of I EC 61 936-1 : 201 0.   

7. 1 .6  Operational  safety 

See  7 . 1 . 6  of I EC 61 936-1 : 201 0.   

7. 1 .7  Label l ing  

See  7 . 1 . 7  of I EC 61 936-1 : 201 0.   

7.2  Outdoor instal lations  of open  design  

The layou t of open  type  ou tdoor i nsta l l ations  shal l  take  in to  account the  m in imum  pole- to-pole  
and  pole-to-earth  clearances  g i ven  i n  5 . 4 .  
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The  design  of the  i nsta l l ation  shal l  be  such  as  to  restrict access  to  danger zones,  taking  i n to  
account  the  need  for operational  and  main tenance access.  External  fences  shal l  therefore  be  
provided  and ,  where  safety d istances  cannot be  main tained ,  permanent protecti ve  faci l i ties  
shal l  be  i nstal led .  For e lectrical  i nsta l lations  on  mast,  pole  and  tower external  fences  may not  
be  requ i red ,  i f the  i nsta l l ation  is  inaccessib le  from  ground  l evel  to  the  general  publ ic  and  meet 
the  safety d istances  g i ven  i n  7. 7 .  

A separation  shal l  be  provided  between  bays  or sections  by appropriate  d i stances,  protecti ve  
barriers  or protecti ve  obstacles.  

7.2. 1  Protective  barrier clearances  

With in  an  i nstal l ation ,  the  fol l owing  m in imum  protective  clearances  shal l  be  main tained  
between  l i ve  parts  and  the  i n ternal  surface  of any protecti ve  barrier (N i s  defined  in  5. 4):  

– for so l i d  wal ls ,  wi thout open ings,  wi th  a  m in imum  heigh t of 1  800  mm,  the  m in imum  
protective  barrier clearance  i s  B1  =  N;  

– for equ ipment,  where  Udm  i s  g reater than  45  kV d . c. ,  a  wi re  mesh ,  screen  or so l i d  wal l ,  
wi th  open ings,  wi th  a  m in imum  heigh t of 1  800  mm  and  a  degree  of protection  of I P1 XB  

(see  I EC  60529)  shal l  be  used .  The  m in imum  protective  barrier clearance  is  B2  =  N +  
1 00  mm ;  

– for equ ipment where  Udm  i s  up  to  45  kV d . c. ,  a  wire  mesh ,  screen  or so l i d  wal l ,  wi th  
open ings,  wi th  a  m in imum  height  of 1  800  mm  and  a  degree  of protection  of I P2X (see  

I EC 60529),  sha l l  be  used .  The  m in imum  protective  barrier clearance  i s  B3  =  N +  80  mm .  

For non-ri g i d  protective  barriers  and  wire  meshes,  the  clearance  values  shal l  be  i ncreased  to  
take  i n to  account any possible  d isplacement of the  protecti ve  barrier or mesh .  

7.2.2  Protective  obstacle  clearances  

With in  i nsta l lations,  the  fol l owing  m in imum  clearance  shal l  be  main tained  from  l i ve  parts  to  
the  i n ternal  surface  of any protective  obstacle  (see  F igure  1  of I EC  61 936-
1 : 201 0/AMD1 :201 4):  

– for sol i d  wal ls  or screens  less  than  1  800  mm  h igh ,  and  for ra i ls ,  cha ins  or ropes,  the  

m in imum  protective  obstacle  clearance  i s  O2  =  N +  300  mm  (m in imum  600  mm);  

– for chains  or ropes,  the  va lues  shal l  be  increased  to  take  i n to  account  the  sag .  

Where  appropriate,  protective  obstacles  shal l  be  fi tted  at  a  m in imum  heigh t of 1  200  mm  and  
a  maximum  height  of 1  400  mm.  

NOTE  Rai l s ,  chai ns  and  ropes  are  not  acceptable  i n  certai n  coun tri es.  

7.2.3  Boundary clearances  

The external  fence  of ou tdoor instal l ations  of open  des ign  shal l  have  the  fol lowing  m in imum  
boundary clearances  i n  accordance wi th  F igu re  2  of I EC 61 936-1 : 201 0/AMD1 :201 4:  

– sol i d  wal ls  (height  see  7 . 2. 6)   C =  N +  1  000  mm;  

– wi re  mesh/screens  (he ight see  7 . 2 . 6)  E  =  N +  1  500  mm.  

The  degree  of protection  of I P1 X (see  I EC  60529)  shal l  be  used .  

7.2.4  M in imum  height over access  area  

The  m in imum  heigh t of l i ve  parts  above  surfaces  or p latforms  where  on l y pedestrian  access  i s  
perm i tted  shal l  be  as  fol l ows:  
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– for l i ve  parts  wi thout  protecti ve  faci l i t ies,  a  m in imum  heigh t H =  N +  2  250  mm  (m in imum  
2  500  mm)  shal l  be  main tained  (see  F igure  3  of I EC 61 936-1 : 201 0) .  The  he igh t H refers  to  
the  maximum  conductor sag  (see  Clause  4) ;  

– the  l owest part  of any i nsu lation ,  for example  the  upper edge  of metal l ic  i nsu lator bases,  
shal l  be  not  less  than  2  250  mm  above accessible  surfaces  un less  other su i table  
measures  to  prevent  access  are  provided .  

Where  the  reduction  of safety d istances  due  to  the  effect of snow on  access ib le  surfaces  
needs  to  be  cons idered ,  the  values  g i ven  above  shal l  be  i ncreased .  

7.2.5  Clearances  to  bu i ld ings  

Where bare  conductors  cross  bu i ld i ngs  wh ich  are  l ocated  wi th in  closed  e lectrical  operati ng  
areas,  the  fo l lowing  clearances  to  the  roof shal l  be  main ta ined  at maximum  sag  (see  F igure  1 ) :  

– the  clearances  speci fied  i n  7. 2. 4  for l i ve  parts  above  access ib le  surfaces,  where  the  roof 
i s  access ib le  when  the  conductors  are  l i ve;  

– N +  500  mm  where  the  roof cannot be  accessed  when  the  conductors  are  l i ve;  

– O2  i n  la teral  d i rection  from  the  end  of the  roof i f the  roof i s  access ible  when  the  conductors  
are  l i ve.  

Where bare  conductors  approach  bu i l d i ngs  wh ich  are  located  wi th in  closed  e lectrical  
operati ng  areas,  the  fol lowing  clearances  shal l  be  main ta ined ,  a l l owing  for the  maximum  
sag /swing  i n  the  case  of stranded  conductors :   

– ou ter wal l  wi th  unscreened  windows:  m in imum  clearance g iven  by DV;  

– ou ter wal l  wi th  screened  windows (screened  i n  accordance wi th  7. 2. 2) :  protecti ve  barrier 
cl earances  B2  i n  accordance  wi th  7 . 2. 2;  

– ou ter wal l  wi thou t windows:  N.  
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a  The  roof cannot  be  accessed  when  the  conductors  are  l i ve  Dv =  N +  1  000  for Un  ≤  1 1 0  kV 
b   The  roof can  be  accessed  when  the  conductors  are  l i ve  Dv =  N +  2  000  for Un  >  1 1 0  kV 

a)  Ou ter wal l  wi th  unscreened  windows 

 

b)  Outer wal l  wi th  screened  windows  

.  
c  O2  ≥  N +  300  (600  m in . )  i f the  roof i s  accessible  when  the  conductors  are  l i ve  

c)  Ou ter wal l  wi thout windows  

When  work i s  performed  on  the  roof when  the  conductors  are  l i ve ,  cl earances  from  Figure  3  of 
I EC 61 936-1 : 201 0  shal l  be  used .  

Figure 1  – Approaches  wi th  bu i ld ings  (with in  closed  electrical  operating  areas)  

N
 +
 5
0
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a
 

H
 b
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N 
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N =  M in imum  Clearance  

O2  

c  N 

Dimensions  i n  m i l l imetres  
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7.2.6  External  fences  or wal ls  and  access  doors  

See  7 . 2. 6  of I EC 61 936-1 : 201 0  and  I EC  61 936-1 : 201 0/AMD1 : 201 4.  

7.3  Indoor instal lations  of open  design  

The layou t  of open-type  i ndoor i nstal l ations  shal l  take  i n to  account  the  m in imum  pole-to-pole  
and  pole-to-earth  clearances  speci fied  i n  5 . 4 .  

The  des ign  of the  i nstal l ation  shal l  be  such  as  to  prevent access  to  danger zones  taking  i n to  
account the  need  of access  for operational  and  maintenance  purposes.  Therefore,  safety 
d istances  or permanent protecti ve  faci l i ties  wi th in  the  i nstal l ation  shal l  be  provided .  

For protecti ve  barrier cl earances,  safety d istances  and  m in imum  heigh t,  see  7. 2 .  

For bu i ld ings,  corridors,  escape routes,  doors  and  windows,  see  7. 5.  

For sol id  wal ls  or screens  less  than  1  800  mm  h igh ,  and  for ra i ls ,  chains  or ropes,  the  
protective  obstacle  clearances  are  at l east  

O1  =  N +  200  mm  (m in imum  500  mm,  see  F igure  1  of I EC 61 936-1 : 201 0/AMD1 : 201 4)  

For chains  or ropes,  the  va lues  shal l  be  i ncreased  taking  i n to  account the  sag .  They shal l  be  
fi tted  at  a  m in imum  heigh t of 1  200  mm  to  a  maximum  of 1  400  mm,  where  appropriate.  

7.4 Instal lation  of prefabricated  type-tested  switchgear 

See  7 . 4  of I EC 61 936-1 : 201 0  and  I EC 61 936-1 : 201 0/AMD1 : 201 4.   

7.5  Requirements  for bu i ld ings  

7.5. 1  General  

See  7 . 5. 1  of I EC 61 936-1 : 201 0.   

7.5.2  Structural  provisions  

7.5.2 .1  General  

See  7 . 5. 2. 1  of I EC  61 936-1 : 201 0.   

7.5.2 .2  Specifications  for wal ls  

See  7 . 5. 2 . 2  of I EC  61 936-1 : 201 0.   

7.5.2 .3  Windows  

See  7 . 5. 2. 3  of I EC  61 936-1 : 201 0.  

7.5.2 .4  Roofs  

The  roof of the  bu i l d ing  shal l  have  sufficien t mechan ical  strength  to  wi thstand  the  environ -
mental  cond i tions.  I n  case  of va lves  i n tended  to  be  suspended  by anchoring  to  the  roof,  the  
roof of the  va lves  bu i l d i ng  shal l  have  sufficien t mechan ical  s trength  to  wi thstand  both  the  
envi ronmental  cond i tions  and  the  valves  weigh t.  

I f the  cei l i ng  of the  swi tchgear room  is  a lso  the  roof of the  bu i ld ing  for pressure  rel i ef,  the  
anchoring  of the  roof to  the  wal ls  shal l  be  adequate.  
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7.5.2 .5  Floors  

See  7 . 5. 2. 5  of I EC  61 936-1 : 201 0.   

7.5.3  Rooms  for switchgear 

See  7 . 5. 3  of I EC 61 936-1 : 201 0.   

7.5.4  Maintenance  and  operating  areas  

Main tenance and  operati ng  areas  comprise  a is les,  access  areas,  hand l ing  passages  and  
escape rou tes.  

Ais les  and  access  areas  shal l  be  adequatel y d imensioned  for carrying  ou t work,  operating  
swi tchgear and  transporti ng  equ ipment.  

Ais les  shal l  be  at  least 800  mm  wide.  

The  wid th  of the  a is les  shal l  not be  reduced  even  where  equ ipment projects  in to  the  a is les,  for 
example  permanentl y i nsta l led  operati ng  mechan isms  or swi tchgear trucks  in  i solated  
posi tions.  

Space  for evacuation  shal l  a lways  be  at  l east 500  mm,  even  when  removable  parts  or open  
doors,  wh ich  are  b locked  i n  the  d i rection  of escape,  in trude  i n to  the  escape  routes.  

For erection  or service  access  ways  beh ind  closed  i nstal lations  (sol i d  wal l s),  a  m in imum  wid th  
of 500  mm  is  requ ired .  

Clear and  safe  access  for personnel  shal l  be  provided  at a l l  times.  

The  doors  of swi tchgear cubicles  or bays  shal l  close  i n  the  d i rection  of escape.  

Below cei l ings,  covers  or enclosures,  except  cable  accesses,  a  m in imum  heigh t of 2  000  mm  
is  requ ired .  

Exi ts  shal l  be  arranged  so  that the  length  of the  escape route  wi th in  the  room  does  not 
exceed  40  m  for i nsta l lation  of rated  vol tages  Udm  g reater than  45  kV d . c. ,  and  20  m  for 
i nsta l l ation  of rated  vol tages  up  to  Udm  =  45  kV d . c. .  Th is  does  not apply to  access ib le  bus  
ducts  or cable  ducts.  I f the  above d istances  of the  escape rou te  cannot be  met,  an  agreement 
shal l  be  made  wi th  the  user.  

Permanentl y i nsta l l ed  l adders  or s im i l ar are  perm issible  as  emergency exi ts  i n  escape  rou tes.  

7.5.5  Doors  

See  7 . 5. 5  of I EC 61 936-1 : 201 0.   

7.5.6  Drain ing  of i nsu lating  l i qu ids   

See  7 . 5. 6  of I EC 61 936-1 : 201 0.   

7.5.7  Ai r condition ing  and  venti l ation  

See  7 . 5. 7  of I EC 61 936-1 : 201 0.   

7.5.7.1  Venti lation  of battery rooms 

See  7 . 5. 7  1  of I EC  61 936-1 : 201 0.   
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7.5.7.2  Rooms  for emergency generating  un i ts  

See  7 . 5. 7. 2  of I EC  61 936-1 : 201 0.   

7.5.8  Bu i ld ings  which  requ i re  special  consideration  

See  7 . 5. 8  of I EC 61 936-1 : 201 0.   

7.6  H igh  vol tage/low voltage prefabricated  substations  

See  7 . 6  of I EC 61 936-1 : 201 0.   

7.7  Electrical  instal lations  on  mast,  pole  and  tower 

The m in imum  heigh t H' o f l i ve  parts  above surfaces  access ib le  to  the  general  publ ic  shal l  be  

– H' =  4  300  mm  for rated  vol tages  Udm  up  to  45  kV;  

– H' =  N +  4  500  mm  (m in imum  6  000  mm)  for rated  vol tages  Udm  above  45  kV;  

where  N i s  the  m in imum  clearance.  

Where  the  reduction  of safety d istances  due  to  the  effect  of snow on  accessib le  surfaces  
needs  to  be  considered ,  the  values  g i ven  above  shal l  be  i ncreased .  

I so lati ng  equ ipment and  fuses  shal l  be  arranged  so  that they can  be  operated  wi thout  danger.  
I so lati ng  equ ipment access ib le  to  the  general  publ ic  shal l  be  capable  of being  l ocked .  The  
operati ng  rods  shal l  be  compl ian t wi th  the  re levan t standard .  

Safe  pole-to-pole  connection  and  earth ing  of the  overhead  l ine  shal l  be  possible.  

8 Safety measures  

8. 1  General  

See  8 . 1  of I EC 61 936-1 : 201 0.   

8.2  Protection  against  d i rect contact 

See  8 . 2  of I EC 61 936-1 : 201 0.   

8.2. 1  Measures  for protection  against d i rect  contact  

8.2. 1 . 1  Recognized  protection  measures  

See  8. 2. 1 . 1  of I EC  61 936-1 : 201 0.   

8.2. 1 .2  Design  of protective  measures  

See  8 . 2. 1 . 2  of I EC  61 936-1 : 201 0.   

8.2.2  Protection  requ i rements  

8.2.2 .1  Protection  outside  of closed  electrical  operating  areas  

See  8. 2. 2 . 1  of I EC  61 936-1 : 201 0.   

8.2.2 .2  Protection  inside  closed  electrical  operating  areas  

See  8 . 2. 2. 2  of I EC  61 936-1 : 201 0.   
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8.2.2 .3  Protection  during  normal  operation  

The re levant  standards  for operation  of e l ectrical  i nsta l l ations  shou ld  be  taken  in to  account.  

Protection  measures  i n  an  i nstal lation  shal l  take  i n to  accoun t the  need  for access  for 
purposes  of operation  and  control  and  maintenance,  e . g . :  

– con trol  of a  ci rcu i t-breaker or a  d isconnector;  

– chang ing  a  fuse  or a  l amp;  

– ad j usti ng  a  setting  value  of a  device;  

– resetti ng  a  re lay or an  i nd icator;  

– earth ing  for work;  

– erection  of a  temporary i nsu lati ng  shu tter;  

– read ing  the  temperature  or o i l  l evel  of a  reactor.  

I n  i nsta l lations  wi th  Udm  ≤  45  kV d . c. ,  where  doors  or covers  have  to  be  opened  i n  order to  

carry ou t  normal  operation  or main tenance,  i t  may be  necessary to  provide  fixed  non-
conductive  ra i ls  as  a  warn ing .  

8.3  Means  to  protect persons  in  case  of ind i rect  contact  

See  8. 3  of I EC 61 936-1 : 201 0.   

8.4  Means  to  protect  persons  working  on  electrical  i nstal lations  

See  8 . 4  of I EC 61 936-1 : 201 0  and  I EC 61 936-1 : 201 0/AMD1 : 201 4.   

8.5  Protection  from  danger resu lting  from  arc fau l t  

See  8. 5  of I EC 61 936-1 : 201 0  and  IEC 61 936-1 : 201 0/AMD1 : 201 4.   

8.6  Protection  against  d i rect l ightn ing  strokes  

See  8 . 6  of I EC 61 936-1 : 201 0.   

8.7  Protection  against  fi re  

See  8. 7. of I EC 61 936-1 : 201 0  and  IEC 61 936-1 : 201 0/AMD1 : 201 4  as  far as  appl icable.  

8.8  Protection  against  l eakage of i nsu lating  l iqu id   

See  8 . 8  of I EC 61 936-1 : 201 0  and  I EC 61 936-1 : 201 0/AMD1 : 201 4  as  far as  appl icable.  

8.9  Identi fication  and  marking  

See  8. 9  of I EC 61 936-1 : 201 0.   

9  Protection,  control  and  auxi l iary systems  

See  Clause  9  of I EC  61 936-1 : 201 0  and  I EC  61 936-1 : 201 0/AMD1 :201 4  as  far as  appl icable.  
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1 0  Earthing  systems  

1 0. 1  General  

This  C lause  1 0  provides  the  cri teria  for design ,  i nsta l l ation ,  testi ng  and  maintenance of an  
earth ing  system  such  that  i t  operates  under a l l  cond i ti ons  and  ensures  the  safety of human  
l i fe  in  any p lace  to  wh ich  persons  have  l eg i timate  access.  I t  a lso  provides  the  cri teria  to  
ensure  that  the  in tegri ty of equ ipment connected  and  i n  proxim i ty to  the  earth ing  system  is  
main ta ined .  

D.C.  earth  electrodes  shal l  be  located  far enough  away from  the  i nsta l l ation  or other 
immersed  meta l  structures  so  that e lectrol ytic  corros ion  i s  neg l i g ible  in  comparison  wi th  other 
causes  of corros ion ,  and  to  avoid  transformer satu ration .   

NOTE  I EC TS  62344  provides  general  g u i del i nes  on  the  des ign  of earth  e l ectrode  stations  for h i gh -vol tage  d i rect  
curren t  (HVDC)  l i nks.   

As the  e lectrol ytic corros ion  due  to  the  d . c.  earth  e lectrode  depends  on  the  ampere-hours  of 
use,  the  d istance  of the  d . c.  earth  electrode  from  the  i nsta l l ation  cou ld  be  reduced  i n  case  of 
temporary use  of the  e lectrode.  

1 0.2  Fundamental  requ i rements  

1 0 .2. 1  Safety cri teria  

The hazard  to  human  beings  is  that a  curren t wi l l  fl ow th rough  the  reg ion  of the  heart wh ich  is  
sufficien t to  cause  ventri cu lar fibri l l ation .  The  curren t l im i t,  for d . c.  purposes  i s  derived  from  
the  appropriate  curve  i n  I EC TS  60479-1 .  Th is  body current l im i t  i s  translated  in to  vol tage  
l im i ts  for comparison  wi th  the  calcu lated  step  and  touch  vol tages  taking  i n to  account the  
fol lowing  factors :  

– proportion  of cu rrent fl owing  through  the  reg ion  of the  heart;  

– body impedance  a long  the  curren t path ;  

– res istance  between  the  body contact poin ts  and  e . g .  meta l  structure  to  hand  i nclud ing  
g love,  feet to  remote  ground  i nclud ing  shoes  or g ravel ;  

– fau l t  duration .  

For i nstal l ation  des ign ,  the  curve  shown  in  F igure  2  i s  ca lcu lated  accord ing  to  the  method  
defined  i n  Annex B.   

NOTE  The  cu rve  i s  based  on  data  extracted  from  I EC  TS  60479-1 :   

– body impedance  from  Table  1 0  of I EC TS  60479-1 : 2005  (not  exceeded  by 50  %  of the  popu l ation ) ,  

– perm iss ible  body cu rren t  correspond ing  to  the  c
2
 cu rve  i n  F i gu re  22  and  Tabl e  1 3  of I EC TS  60479-1 : 2005  

(probabi l i ty of ven tri cu l ar fi bri l l ati on  i s  l ess  than  5  %),  

– heart  cu rrent  factor accord ing  to  Tabl e  1 2  of I EC TS  60479-1 : 2005.  

The curve  i n  the  fo l l owing  F igure  2 ,  wh ich  g i ves  the  a l l owable  touch  vol tage,  shou ld  be  used .  
As  a  general  ru le,  meeting  the  touch  vol tage  requ i rements  satisfies  the  step  vol tage  
requ irements,  because  the  to lerable  step  vol tage  l im i ts  are  much  h igher than  touch  vol tage  
l im i ts  due  to  the  d i fferen t current path  through  the  body.  

For i nsta l lations  where  h igh -vol tage  equ ipment i s  not l ocated  i n  closed  e lectrica l  operati ng  
areas,  e . g .   i n  an  industrial  environment,  a  g lobal  earth ing  system  shou ld  be  used  to  prevent  

touch  vol tages  exceed ing  the  vol tage  l im i ts  g iven  i n  I EC  60364-4-41  [8 ] .  
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Figure 2  – Touch  vol tage l imi t  d .c.  

1 0 .2.2  Functional  requ irements  

The earth ing  system ,  i ts  components  and  bond ing  conductors  shal l  be  capable  of d is tribu ti ng  
and  d ischarg ing  the  fau l t  current wi thou t exceed ing  thermal  and  mechan ical  design  l im i ts  
based  on  back-up  protection  operati ng  time.   

I n  general ,  a . c.  and  d . c.  earth ing  systems  shal l  be  i n terconnected  except for the  d . c.  earth  
e lectrode  wh ich  wi l l  be  separated  from  the  a. c.  and  d . c.  earth ing  systems.  

The  earth ing  system  shal l  main ta in  i ts  i n tegri ty for the  expected  instal lation  l i fetime wi th  due  
a l lowance  for corros ion  and  mechan ical  constrain ts.  

Earth ing  system  performance  shal l  avoid  damage  to  equ ipment due  to  excess ive  poten ti a l  rise,  
poten tia l  d i fferences  wi th in  the  earth ing  system  and  due  to  excessive  curren ts  fl owing  i n  
auxi l i ary paths  not  i n tended  for carrying  parts  of the  fau l t  curren t.  

The  earth ing  system,  i n  combination  wi th  appropriate  measures,  shal l  main ta in  s tep,  touch  
and  transferred  poten tia ls  wi th in  the  vol tage  l im i ts  based  on  normal  operati ng  time of 
protection  relays  and  breakers.  

The  earth ing  system  performance shal l  contribu te  to  ensuring  e lectromagnetic compatib i l i ty 
(EMC)  among  e lectrica l  and  e lectron ic  apparatus  of the  h i gh-vol tage  system  in  accordance  
wi th  I EC TR 61 000-5-2.  

1 0.2.3  H igh  and  low vol tage  earth ing  systems  

See  1 0 . 2 .3  of I EC 61 936-1 : 201 0.   

1 0.3  Design  of earth ing  systems  

1 0 .3. 1  General  

Design  of an  earth ing  system  can  be  accompl ished  as  fol l ows:  

a)  data  col lection ,  e . g .  earth  fau l t curren t,  fau l t  duration  and  l ayou t;  

b)  i n i tia l  des ign  of the  earth ing  system  based  on  the  functional  requ i rements ;  

c)  determ ine  whether i t  i s  part  of a  g l obal  earth ing  system;  
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d )  i f not,  determ ine  soi l  characteristics  e . g .  speci fic soi l  resistivi ty of l ayers;  

e)  determ ine  the  curren t fl owing  i n to  earth  from  the  earth ing  system ,  based  on  earth  fau l t  
curren t;  

f)  determ ine  the  overal l  impedance  to  earth ,  based  on  l ayout,  soi l  characteristics ,  and  
para l l el  earth ing  systems;  

g)  determ ine  earth  poten tia l  ri se;  

h )  determ ine  to lerable  touch  vol tage;  

i )  i f the  earth  poten tial  ri se  is  below the  perm issib le  touch  vol tages,  the  design  i s  completed ;  

j )  i f not,  determ ine  i f touch  vol tages  i ns ide  and  i n  the  vicin i ty of the  earth ing  system  are  
below the  to lerable  l im i ts ;  

k)  determ ine  i f transferred  poten tia ls  present  a  hazard  outs ide  or i ns ide  the  electrica l  power 
i nsta l l ation ;  i f yes,  proceed  wi th  m i tigation  at exposed  l ocation ;  

l )  determ ine  i f l ow-vol tage  equ ipment i s  exposed  to  excess ive  s tress  vol tage;  i f yes,  proceed  
wi th  m i tigation  measures  wh ich  can  i nclude  separation  of HV and  LV earth ing  systems;  

Once the  above cri teria  have  been  met,  the  des ign  can  be  refined ,  i f necessary,  by repeating  
the  above  steps.  Detai led  des ign  is  necessary to  ensure  that a l l  exposed  conductive  parts ,  
are  earthed .  Extraneous  conductive  parts  shal l  be  earthed ,  i f appropriate.  

A flowchart of th is  des ign  process  is  g i ven  in  Annex D  of I EC  61 936-1 : 201 0/AMD1 : 201 4.  

The  s tructural  earth  e lectrode  shal l  be  bonded  and  form  part of the  earth ing  system.  I f not 
bonded ,  veri fication  i s  necessary to  ensure  that  a l l  safety requ i rements  are  met.  

1 0.3.2  Power system  fau l ts  

The obj ecti ve  is  to  determ ine  the  worst case  fau l t  scenario  for every re levant aspect of the  
functional  requ i rements,  as  these  may d i ffer.  The  fol l owing  types  of fau l t shal l  be  exam ined  at 
each  vol tage  l evel  present  i n  the  i nsta l l ation :  

a)  pole  to  earth ;  

b)  two poles  to  earth ;  

c)  metal l ic  return  to  earth .  

Fau l ts  wi th in  and  ou tside  the  i nstal lation  s i te  shal l  be  exam ined  to  determ ine  the  worst fau l t  
l ocation .  

1 0.3.3  Lightn ing  and  transients   

See  1 0 .3. 3  of I EC 61 936-1 : 201 0.  

1 0.4  Construction  of earth ing  systems  

See  1 0 . 4  of I EC  61 936-1 : 201 0.   

1 0.5  Measurements  

See  1 0 .5  of I EC  61 936-1 : 201 0.   

1 0.6  Maintainabi l i ty 

1 0 .6. 1  Inspections  

See  1 0 .6 . 1  of I EC 61 936-1 : 201 0.   
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1 0.6.2  Measurements  

See  1 0 .6 .2  of I EC 61 936-1 : 201 0.   

1 1  Inspection  and  testing  

1 1 . 1  General  

See  1 1 . 1  of I EC  61 936-1 : 201 0.   

1 1 .2  Veri fication  of specified  performances  

See  1 1 . 2  of I EC  61 936-1 : 201 0.   

1 1 .3  Tests  during  instal lation  and  commissioning  

See  1 1 . 3  of I EC  61 936-1 : 201 0.   

1 1 .4  Trial  running  

See  1 1 . 4  of I EC  61 936-1 : 201 0.   

1 2  Operation  and  maintenance manual  

See  Clause  1 2  of I EC  61 936-1 : 201 0  and  IEC 61 936-1 : 201 0/AMD1 : 201 4.   
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Annex A 
(informative)  

 
Values  of rated  insu lation  levels  and  minimum  clearances  in  air based  

on  nominal  vol tage of some HVDC projects  worldwide  

Nominal  
vol tage  
for 

i nstal la-
tion  

H ighest 
vol tage  
for 

i nstal l a-
tion  

Rated  1 5  
m inutes  
d .c.  wi th-
stand  
vol tage  

Rated  
l ightn ing  
impu lse  
wi thstand  
vol tagea  

Rated  
swi tch ing  
impu lse  
wi thstand  
vol tage  

M in imum  pole- 
to-earth  clearance  

Rated  
swi tch ing  
impu lse  
wi thstand  
vol tage  

M in imum  pole- 
to-pol e  clearance  

 U
dm

  1 ,2/50 µs 
peak  va l ue  

Pol e-to-
earth  

250/  

2  500  µs   
peak val u e  

Conductor 
–  

s tructure  

Rod  
– 

s tructure  

  

Pole-to-pol e  

250/  

2  500  µs  
peak  va l ue  

Conductor 
–  

conductor 
paral le l  

Rod  –  

conductor 

kV kV kV kV kV mm  kV mm  

80  82 . 5  1 1 5  
350  

450  
1 70  

700  

900  
350  

700  

900  

1 00  1 03  1 45  
450  

550  
250  

900  

1  1 00  
450  

900  

1  1 00  

1 50  1 54, 5  21 5  

550  

650  

750  

350  

1  1 00  

1  300  

1  500  

650  

1  200  

1  300  

1  500  

1  300  

1  300  

1  500  

200  206  290  

750  

850  

950  

450  

1  500  

1  700  

1  900  

850  

1  700  

1  700  

1  900  

1  900  

1  900  

1  900  

250  257, 5  360  

850  

950  

1  050  

550  

1  700  

1  900  

2  1 00  

1  050  2  200  2  500  

270  278  390  

950  

1  050  

1  1 75  

650  

1  900  

2  1 00  

2  400  

1  1 25  2  300  2  600  

300  309  435  

950  

1  050  

1  1 75  

650  

1  900  

2  1 00  

2  400  

1  275  2  600  3  1 00  

320  329, 5  460  

1  050  

1  1 75  

1  300  

750  

2  1 00  

2  400  

2  600  

1  360  2  900  3  400  

350  360, 5  505  

1  1 75  

1  300  

1  425  

750  

2  400  

2  600  

2  900  

1  425  3  1 00  3  600  

400  41 2  580  

1  300  

1  425  

1  550  

850  

2  600  

2  900  

3  1 00  

1  680  3  900  4  600  

450  463, 5  650  

1  425  

1  550  

1  675  

950  

2  900  

3  1 00  

3  400  

1  850  5  200  6  000  
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Nominal  
vol tage  
for 

i nstal la-
tion  

H ighest 
vol tage  
for 

i nstal l a-
tion  

Rated  1 5  
m inutes  
d .c.  wi th-
stand  
vol tage  

Rated  
l ightn ing  
impu lse  
wi thstand  
vol tagea  

Rated  
swi tch ing  
impu lse  
wi thstand  
vol tage  

M in imum  pole- 
to-earth  clearance  

Rated  
swi tch ing  
impu lse  
wi thstand  
vol tage  

M in imum  pole- 
to-pol e  clearance  

 U
dm

  1 ,2/50 µs 
peak  va l ue  

Pol e-to-
earth  

250/  

2  500  µs   
peak val u e  

Conductor 
–  

s tructure  

Rod  
– 

s tructure  

  

Pole-to-pol e  

250/  

2  500  µs  
peak  va l ue  

Conductor 
–  

conductor 
paral le l  

Rod  –  

conductor 

kV kV kV kV kV mm  kV mm  

500  51 5  720  

1  550  

1  675  

1  800  

1  050  

3  1 00  

3  400  

3  600  

3  400  

3  600
b
 

2  050  6  200  7  300  

600  61 8  865  

1  800  

1  950  

2  1 00  

1  300  

3  600  

3  900  

4  200  

4  800  2  500  9  000  1 0  1 00  

NOTE  The  i n troduction  of Udm  above  =  600  kV i s  under consi derati on .  

a  The  rated  l i gh tn ing  impu lse  i s  appl i cabl e  pol e-to-pol e  and  pol e-to-earth .  

b  Min imum  clearance  requ i red  for upper val ue  of rated  l i gh tn i ng  impu lse  wi thstand  vo l tage.  
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Annex B  
(normative)  

 
Method  of calculating  the  vol tage l imi t 

The fol l owing  Formu la  (B . 1 )  sha l l  be  used :  

 BFUR
HF

tIU ×××= )(
1

)( TTfBT
 (B . 1 )  

where   

UT  i s  the  touch  vol tage;  

tf  i s  the  fau l t  duration ;  IB(tf)  i s  the  body current l im i t.  See  c2  i n  F i gure  22  and  Table  1 3  
of I EC TS  60479-1 : 2005  ,  where  probabi l i ty of ven tricu lar fi bri l l ation  i s  l ess  than  5  % .  
IB  d epends  on  fau l t duration .  

HF i s  the  heart curren t factor.  See  Table  1 2  of I EC  TS  60479-1 : 2005,  i . e .  1 , 0  for l eft 

hand ,  both  feet;  0 , 8  for ri gh t hand  to  both  feet;  0 , 4  for hand  to  hand .  

RT(UT)  i s  the  body res istance.  See  Table  1 0  and  F igure  3  of I EC  TS  60479-1 : 2005.  RT  i s  not 
exceeded  by 50  %  of the  popu lation .  Therefore,  the  fi rst calcu lation  has  to  s tart wi th  
an  assumed  level .  

BF i s  the  body fact.  See  F igure  3  of I EC TS  60479-1 : 2005,  i . e .  0 , 75  for hand  to  both  feet,  
0 , 5  for both  hands  to  both  feet.  

NOTE  Di fferen t  touch  vol tage  cond i ti ons,  e. g .  l eft  h and  to  feet,  h and  to  hand ,  l ead  to  d i fferen t  to l erabl e  touch  
vol tages.  F i gure  2  of th i s  standard  i s  based  on  a  weighted  average  taken  from  four d i fferen t  touch  vol tage  
confi gu rati ons.  Touch  vol tage  l eft  hand  to  feet  (wei ghted  1 , 0),  touch  vol tage  ri gh t  hand  to  feet  (wei ghted  1 , 0),  touch  
vol tage  both  hand  to  feet  (weigh ted  1 , 0)  and  touch  vol tage  hand  to  hand  (weighted  0 , 7).  

For speci fic  cons ideration  of add i ti onal  res istances  the  formu la  becomes:  

 ))((
1

)( FHTTfBT RRBFUR
HF

tIU ++×××=  (B . 2)  

where   

RH  i s  the  add i ti onal  hand  res istance;  

RF   i s  the  add i ti onal  foot res istance.  
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