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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
POWER INSTALLATIONS EXCEEDING  

1 kV AC AND 1,5 kV DC –  
 

Part 1: Common rules AC 
 

FOREWORD 
1)  Th e International El ectrotechnical Commission ( IEC) i s a worldwide organization for s tandardization comprising 

al l  national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co -operation on all q uestions concerning s tandardization in the el ectrical and el ectronic f i elds. To this end and 
i n  addition to other  activities, IEC p ublishes International Standards, Technical Specifications, Technical Reports, 
Publ icly Available Sp ecifications (PAS) an d Guides (h ereafter  referred to  as  " IEC Publ ication(s)"). Their 
p reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may  p articipate in this p reparatory work. International, governmental and non-governmental organizations liaising 
wi th the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Stan dardization ( ISO) in accordance with conditions determined by agreement between the two organizations. 

2)  Th e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
co nsensus o f o pinion o n th e relevant subjects s ince each technical committee h as representation from all 
i n terested IEC National Committees. 

3)  IEC Publ ications have the form o f recommendations fo r international use and are accepted by  IEC National 
Co mmittees i n  that sense. W hile al l reasonable efforts are made to en sure th at th e technical content of IEC 
Publ ications i s  accurate, IEC cannot be h eld responsible fo r th e way  i n  wh ich th ey are used o r  for  any 
mi s interpretation by any end user. 

4)  In  o rder to  p romote i nternational un iformity, IEC National Committees undertake to  apply IEC Publications 
transparently to the maximum extent possible in their n ational and regional p ublications. Any divergence between 
an y  IEC Publication and the corresponding national or regional publication shall be c learly indicated in the latter. 

5)  IEC i tself does not p rovide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, i n  some areas, access to  IEC marks o f conformity. IEC i s  n ot responsible for any 
services carried out by independent certif ication bodies. 

6)  Al l  users should ensure that they have the l atest edition of this publication. 

7)  No  l i ability shall attach to IEC o r i ts d irectors, employees, servants o r agents i ncluding i ndividual experts and 
members o f i ts technical committees and IEC National Committees for any personal injury, property damage or 
o ther d amage o f an y n ature wh atsoever, whether d i rect o r  i ndirect, o r fo r costs ( including l egal fees) and 
exp enses ar i sing o ut o f th e p ublication, use o f, o r  rel i ance up on, th is IEC Publ ication o r  an y  o ther IEC 
Publ ications. 

8)  Atten tion i s d rawn to th e No rmative references c ited i n this p ublication. Use o f th e referenced p ublications is 
i n dispensable for the correct application of this publication. 

9)  Atten tion is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
r i ghts. IEC shall not be held responsible for identifying any or all such patent rights. 

This commented version (CMV) of the official  standard IEC 61936-1:2021 edition 3.0 
al lows the user to identi fy the changes made to the previous IEC 61936-1:2010+AMD1: 
2014 CSV edition 2.1.  Futhermore,  comments from IEC TC 99 experts are provided to 
explain the reasons of the most relevant changes.  

A vertical  bar appears in the margin wherever a change has been made.  Additions are in 
green text,  deletions are in strikethrough red text.  Experts' comments are identi fied by a 
blue-background number.  Mouse over a number to display a pop-up note with the 
comment.  

This publ ication contains the CMV and the official  standard.  The ful l  l ist of comments is 
avai lable at the end of the CMV. 
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Internat ional Standard  IEC 61936-1 has been p repared  by  IEC technical committee 99:  
Insulat ion co -ordination and  system eng ineering of  high vo ltage elec t rical power ins tal lations 
above 1,0 kV AC and  1,5 kV DC. 

This  third  ed it ion cancels  and  rep laces the second  ed it ion pub lished in 2010 and  
Amendment  1:2014. This  ed it ion constitutes a technical rev ision.   

This  ed it ion inc ludes the f ol lowing s ignif icant technical changes with respect to  the p revious 
ed it ion: 

a) int roduction has been rewrit ten to ref lect  the s tatus when this  document  is  p roduced; 
b ) the scope has been improved to  c larify  the applicat ion of  this document ; 
c ) miss ing and  obsolete terms and  def initions have been updated inc luding imp rovement of  

ex is t ing terms;  
d ) Tab le 1 has been updated where ag reements between supplier and  user are needed ; 
e) requirements o f  elec tromagnetic compatibil ity  have been c larif ied; 
f ) insulat ion coordination c lause (Clause 5) has imp roved wo rding f or better c larity and  the 

technical content  has an updated coo rdination to  the lates t  vers ions o f  the insulation 
coo rdinat ion s tandards; 

g ) wo rd ing regarding elec trical equipment has been imp roved and  made c learer; 
h) subc lause for f uses has been imp roved and  rewo rded; 
i) requirements have been added f o r labelling when mult ip le sources are required  to  be 

d isconnected; 
j) miss ing requirements f or GIS have been reint roduced; 
k ) subc lause regarding vent ilation (HVAC) has been imp roved; 
l) f igures in Clause 7 have been updated and  moved to  the corresponding subclause; 
m) requirements f o r t ransformer ins tal lations have been imp roved inc luding ad jus tment of  

ed ito rial typing-errors ; 
n) c lause on p ro tect ion, automat ion and  aux il iary sys tems has been res truc tured and  

imp roved; 
o ) p ro tect ion agains t l ightning s trokes has been extended;  
p ) c larif ication o f  content due to  the d is t inction between erect ion (and  p roviding elec t rical 

saf ety f or the intended use o f  the elec t rical power ins tallation) and  subsequent ac t ivities 
such as  maintenance and  repair with safe wo rking p rocedures; 

q ) where no  p rov incial, nat ional o r reg ional regulat ions are availab le f o r saf e wo rking  
p rocedures, an inf ormat ive guideline is p rovided in Annex  F.  This  rep laces the former parts 
o f  Figure 3 in Clause 7.  

The tex t  o f  this Internat ional Standard is  based on the f ol lowing documents: 

FDIS Rep ort on voting 

99/311/FDIS 99/316/RVD 

 
Full inf o rmat ion on the vo t ing f or i ts  approval can be f ound in the repo rt  on vo t ing ind icated in 
the above tab le. 

The language used f or the development  of  this Internat ional Standard is  Eng lish. 

This  document  was d raf ted in acco rdance with ISO/IEC D irec tives, Part  2,  and  developed in 
acco rdance with ISO/IEC D irectives,  Part 1 and  ISO/IEC D irectives, IEC Supplement , available 
at  www. iec .ch/members_experts/ refdocs. The main document types developed by IEC are 
described in g reater detail  at  www. iec .ch/standardsdev/publicat ions. 
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A l is t  o f  al l  parts in the IEC 61936 series ,  published under the general t i t le Power ins tal lations 
exceeding 1 kV AC and 1,5 kV DC,  can be f ound on the IEC webs ite.  

A document on p rinc iples to  be observed in the p reparat ion o f  safety  publicat ions regarding 
high vo ltage ins tal lat ions is  current ly under development (IEC TS 61936-0).  

The committee has dec ided that  the contents of  this document  wil l  remain unchanged unt il  the 
s tab ili ty date ind icated on the IEC webs ite under webstore.iec.ch in the data related  to  the 
spec if ic document. At  this date,  the document wil l  be  

• reconf irmed,  

• withd rawn,  

• rep laced by a rev ised ed ition,  o r 

• amended .  
 
The reader's  at tention is d rawn to the fact that  Annex G l ists al l of  the " in-some-country"  clauses 
on d if fering p rac tices of  a less  permanent nature relat ing to the sub jec t of  this  document . 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publ ication indicates 
that i t contains colours which are considered to be useful for the correct understanding 
of i ts contents.  Users should therefore print this document using a colour printer.  

 

  

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


IEC 61936-1:2021 CMV © IEC 2021 – 11 –  

INTRODUCTION 

This  part  o f  IEC 61936 contains the minimum requirements  f o r the des ign, erec t ion,  and  
verif ication o f  high voltage power ins tal lations g reater than 1 kV AC. The rules  are intended  to 
p rov ide f or the safety of  persons, l ivestock and  p roperty against  dangers and  damage which 
may arise in the reasonable use o f  such elec trical ins tal lat ions and  to  p rovide for the p roper 
f unct ioning o f  those ins tal lat ions. 

There are many p rovincial, nat ional and regional laws, s tandards and internal rules dealing with 
the mat ter coming within the scope of  this  document regarding high voltage power ins tal lations. 
These p rac t ices have been taken as a bas is  for this wo rk . 

This  part  o f  IEC 61936 contains the minimum requirements valid f or IEC countries and  some 
add it ional inf ormation which ensures an accep table rel iab il ity  o f  an ins tal lat ion and  its  safe 
operat ion.  

The pub licat ion of  this s tandard is believed to be a dec isive s tep towards the gradual al ignment 
al l  over the wo rld  o f  the p rac tices concerning the des ign and  erec t ion of  high vo ltage power 
ins tal lations. 

This  third  ed it ion of  IEC 61936-1,  f irst  published in 2001, fol lows wo rldwide feedback to improve 
c larity . It  continues the ef fort to towards the al ignment al l  over the wo rld of  p ractices concerning 
the des ign and  erec t ion of  high voltage power ins tal lations. 

Part icular requirements f or t ransmission and  d is t ribution ins tallations,  as  well as  part icular 
requirements f or power generation and  industrial installations,  are inc luded in this  document. 

The relevant  laws o r regulat ions o f  an autho rity hav ing jurisdic tion takes p recedence.  

While nat ional s tandards and  regulat ions take p recedence, jurisdictions may elec t to adopt the 
requirements o f  this document. 
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POWER INSTALLATIONS EXCEEDING  
1 kV AC AND 1,5 kV DC –  

 
Part 1: Common rules AC 

 
 
 

1 Scope 

This  part  o f  IEC 61936 p rov ides common rules  requirements f or the des ign and  the erection of  
elec t rical power ins tallations in systems with nominal voltages above exceeding 1 kV AC and  
nominal f requency up  to and inc luding 60 Hz,  so  as  to p rovide safety and  p roper functioning for 
the use intended. 

Fo r the purpose o f  interpreting this document , an elec t rical power ins tal lation is  considered to  
be one o f  the f ol lowing: 

a) substation, inc luding substation f or rai lway power supply ; 
b ) elec t rical power ins tal lations on mast ,  po le and  tower,  switchgear and /or t ransformers 

located outside a c losed elec trical operating area;  
c ) one (o r mo re) power s tat ion(s) located on a s ing le s ite,  the elec t rical power ins tallation 

inc ludes generato rs and  t ransformers with al l  associated switchgear and  all  elec t rical 
aux il iary  systems.  Connections between generating s tations located on d if ferent s ites are 
exc luded; 

d ) the elec t rical sys tem of  a factory,  industrial plant or other industrial, agricultural, commercial 
o r pub lic p remises; 

e) elec t rical power ins tallations  erec ted on o f fshore p latforms f aci li ties  f or the purpose of  
generat ion,  t ransmission,  d is tribution and /or s torage of  elec t ricity e.g . of fshore wind  power 
f arms;  1 

f ) t rans it ion towers/poles (between overhead l ines and  underground l ines).  2 

The elec t rical power ins tal lation inc ludes, among o thers , the f ollowing equipment : 

– ro tat ing elec trical machines ; 
– switchgear; 
– t ransf ormers and  reactors; 
– converters ; 
– cab les ; 
– wiring  sys tems; 
– bat teries; 
– capac itors; 
– earthing  systems;  
– build ings and  f ences which are part  o f  a c losed elec t rical operating area;  
– assoc iated p rotec tion,  control and  aux il iary  systems;  
– large air co re reacto r. 

NOTE 1 In  g eneral, a s tandard for an i tem o f equipment standards take precedence over the requirements of this 
d o cument. 

This  document does no t apply to the des ign and  erec t ion of  any o f  the f ollowing: 

– overhead  and  underground l ines between separate elec trical power ins tal lat ions; 
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– elec t ric  elect rified rai lway t racks and  ro l ling s tock;  3 
– mining  equipment and  ins tal lations; 
– f luo rescent lamp ins tal lat ions;  
– ins tal lations on ships  according to  IEC 60092 (al l  parts ) and  o f fshore units  acco rding to  

IEC 61892 (al l  parts ), which are used  in the o f fshore petro leum industry f o r d ri l ling, 
p rocessing and  s torage purposes; 

– elec t rostatic equipment (e.g . elec trostat ic p rec ipitators, sp ray-paint ing units); 
– tes t  s ites; 
– med ical equipment, e.g . med ical X-ray  equipment. 

This  document does no t app ly  to  the des ign of  p refabricated, type-tes ted switchgear and  high 
vo ltage/low vo ltage p refabricated substat ion, f or which separate IEC s tandards ex ist. 

NOTE 2 Th e scope o f this document does not apply to i nclude the requirements for carrying out live working on 
el ec trical power installations.  4 

NOTE 3 Th e scope of this document considers safety requirements for HV i nstallations and the i nfluences of HV 
i n stallat ions on LV installations. If not otherwise required in this standard, For low-voltage electrical installations up 
to  1 kV, IEC 60364 (all par ts) applies. 

2 Normative references 

The f o l lowing documents are referred to in the text  in such a way that some or al l  of their content 
const itutes  requirements of  this document. Fo r dated references, only the ed it ion c ited applies. 
Fo r undated  ref erences, the lates t  ed it ion o f  the ref erenced document (inc lud ing any 
amendments) app lies . 

IEC 60034-1,  Rotat ing elec t rical machines – Part  1:  Rat ing and performance 

IEC 60034-3,  Rotat ing elec t rical machines – Part  3:  Spec if ic requirements  for synchronous 
generators  driven by  s team turbines or combust ion gas turbines  

IEC 60060-1,  High-voltage tes t techniques – Part  1:  General def init ions  and tes t  requirements 

IEC 60071-1:2019,  Insulation co-ordinat ion – Part  1:  Def init ions, princ iples and rules   

IEC 60071-2:1996,  Insulation co-ordinat ion – Part  2:  Application guidelines  

IEC 60076 (al l  parts ),  Power t ransformers 

IEC 60076-2:1993,  Power t ransformers – Part  2:  Temperature rise 

IEC 60076-11,  Power t ransformers – Part  11:  Dry-type t ransformers 

IEC 60079-0,  Explos ive atmospheres – Part  0:  Equipment  – General requirements  

IEC 60079-10-1,  Explos ive atmospheres – Part  10-1:  Class if ication of  areas – Explos ive gas 
atmospheres  

IEC 60079-10-2,  Explos ive atmospheres – Part  10-2:  Class if icat ion of  areas – Combust ible 
Explos ive dust atmospheres  

IEC 60255 (al l  parts ),  Measuring relays and protec t ion equipment   
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Wording updated. Old wording obsolete.

The scope states that an electrical power installation shall provide electrical safety and proper functioning for the use intended. To make subsequent activities, such as maintenance, repair, etc., safe working procedures for the intended activity has to be applied according to such standards. See also Clause 8 and Annex F.
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IEC 60331-1,  Tests  for elec t ric cables  under f ire condit ions – Circuit  integrity – Part  1:  Test  
method for f ire with shock at  a temperature of  at  least  830 °C for cables  of  rated voltage up to 
and inc luding 0,6/1,0 kV and with an overall  diameter exceeding 20 mm  

IEC 60331-21,  Tests  for elec t ric cables  under f ire condit ions – Circuit  integrity – Part  21:  
Procedures and requirements  – Cables  of  rated voltage up to and inc luding 0,6/1,0 kV  

IEC 60332 (al l  parts ),  Tests on elec t ric and opt ical f ibre cables  under f ire condit ions 

IEC 60364 (al l  parts ),  Low-voltage elec trical ins tal lations 

IEC/TS 60479-1:20052018,  Effects of  current on human beings and l ives tock – Part  1:  General 
aspects  

IEC 60529,  Degrees of  protec t ion prov ided by  enc losures (IP Code) 

IEC 60617,  Graphical symbols for diagrams  

IEC 60721-2-6,  Class if icat ion of  env ironmental conditions – Part  2-6:  Env ironmental conditions 
appearing in nature – Earthquake v ibration and shock  

IEC 60721-2-7,  Class if icat ion of  env ironmental conditions – Part  2-7:  Env ironmental conditions 
appearing in nature.  Fauna and f lora  

IEC 60754 (al l  parts ),  Test on gases evolved during combust ion of  materials  f rom cables  

IEC 60754-1,  Test  on gases evolved during combust ion of  materials  f rom cables  – Part  1:  
Determinat ion of  the amount  of  halogen ac id gas  

IEC 60754-2,  Test  on gases evolved during combust ion of  elec t ric cables  – Part  2:  
Determinat ion of  degree of  ac idity of  gases evolved during the combust ion of  materials taken 
f rom elec tric  cables  by  measuring pH and conduct ivity 

IEC TS 60815-1,  Select ion and dimens ioning of  high-voltage insulators  intended for use in 
polluted condit ions – Part  1:  Def init ions,  information and general princ iples 

IEC TS 60815-2,  Select ion and dimens ioning of  high-voltage insulators  intended for use in 
polluted condit ions – Part  2:  Ceramic  and glass  insulators  for a.c . sys tems 

IEC TS 60815-3,  Select ion and dimens ioning of  high-voltage insulators  intended for use in 
polluted condit ions – Part  3:  Polymer insulators  for a.c . systems 

IEC 60826,  Design criteria of  overhead t ransmission l ines 

IEC 60865-1,  Short -c ircuit currents – Calculat ion of  ef fec ts – Part  1:  Def initions and calculation 
methods 

IEC 60909 (al l  parts ),  Short -circuit currents in three-phase a.c.  sys tems  

IEC 60949,  Calculat ion of  thermally permissible short -circuit currents, tak ing into account non-
adiabat ic  heat ing ef fects 

IEC TR 61000-5-2,  Electromagnet ic compat ibil ity (EMC) – Part  5:  Ins tal lation and mit igation 
guidelines – Sect ion 2:  Earthing and cabling 
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IEC 61034-1,  Measurement  of  smoke dens ity  of  cables  burning under def ined condit ions – 
Part  1:  Test  apparatus  

IEC 61082-1,  Preparat ion of  documents  used in elec t rotechnology – Part  1:  Rules  

IEC 61100,  Class if ication of  insulating l iquids  according of  f ire-point and net  calori f ic value 

IEC 61140,  Protec t ion against elec tric shock – Common aspects for ins tal lat ion and equipment 

IEC 61219,  Live work ing – Earthing or earthing and short -c ircuiting equipment  us ing lances as  
a short -c ircuiting dev ice – Lance earthing  

IEC 61230,  Live work ing – Portable equipment  for earthing or earthing and short -c ircuiting  

IEC 61243 (al l  parts ),  Live work ing – Voltage detec tors 

IEC TS 61463,  Bushings – Seismic  qualification 

IEC 62271-1:20072017,  High-voltage switchgear and controlgear – Part  1:  Common 
spec if ications  for alternat ing current  switchgear and controlgear 
Amendment  1:2011   

IEC 62271-200,  High-voltage switchgear and controlgear – Part  200:  AC metal-enc losed 
switchgear and controlgear for rated voltages above 1 kV and up to and inc luding 52 kV  

IEC 62271-201,  High-voltage switchgear and controlgear – Part  201:  AC solid-insulation 
enc losed switchgear and controlgear for rated voltages above 1 kV and up to and inc luding 
52 kV  

IEC 62271-202,  High-voltage switchgear and controlgear – Part  202:  High-voltage/ low-voltage 
prefabricated substation 

IEC 62271-203,  High-voltage switchgear and controlgear – Part  203:  Gas-insulated metal-
enc losed switchgear for rated voltages above 52 kV  

IEC 62271-206,  High-voltage switchgear and controlgear – Part  206:  Voltage presence 
indicat ing sys tems for rated voltages above 1 kV and up to and inc luding 52 kV 

IEC 62271-207,  High-voltage switchgear and controlgear – Part  207:  Seismic  qualif icat ion for 
gas-insulated switchgear assemblies for rated voltages above 52 kV  

IEC TR 62271-300,  High-voltage switchgear and controlgear – Part  300:  Seismic qualification 
of  alternat ing current  c ircuit-breakers 

IEC/TR 62271-303,  High-voltage switchgear and controlgear – Part  303:  Use and handling of  
sulphur hexaf luoride (SF6) 

IEC 62305 (al l  parts ),  Protection agains t l ightning 

IEC 62305-4,  Protec t ion agains t  l ightning – Part  4:  Elec trical and elec t ronic sys tems within 
s t ruc tures 

IEC 82079-1,  Preparat ion of  ins t ruc tions for use – Struc turing, content and presentat ion – 
Part  1:  General princ iples and detailed requirements 
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IEC/IEEE 82079-1,  Preparat ion of  informat ion for use (inst ruc tions for use) of products – Part  1:  
Princ iples and general requirements  

IEC Guide 107,  Electromagnetic compat ibil ity – Guide to the draf t ing of  elec t romagnetic 
compat ibi li ty publications 

ISO/IEC Guide 51,  Safety  aspects – Guidelines for their inc lusion in s tandards 

ISO 1996-1,  Acoust ics – Descript ion, measurement and assessment of  env ironmental noise – 
Part  1:  Bas ic  quant it ies and assessment-procedures 

IEEE 80,  Guide for safety  in AC substation grounding  

IEEE 980,  Guide for containment  and control of  oi l  spi l ls in substations  

Of f icial Journal o f  the European Communit ies,  No .  C 62/23 dated  28.2.1994:  Interpretative 
document,  Essential requirements No.  2,  “safety in case of  f ire” 

3 Terms and definitions 

For the purposes o f  this document, the f ol lowing terms and  def init ions apply. 

ISO and  IEC maintain termino logical databases f or use in s tandardization at  the f o l lowing 
add resses:   

• IEC Elec tropedia: available at  ht tp://www.elec tropedia.org/  

• ISO Online b rowsing p latform: available at  ht tp:/ /www. iso.org/obp 

3.1 General  definitions  

3.1.1  
electrical  equipment 
i tem used  f or such purposes as  generat ion,  conversion, t ransmission, d istribut ion o r ut i l ization 
o f  elec t ric energy,  such as  elec t ric  machines,  t ransf ormers,  switchgear and  contro lgear, 
measuring  ins truments, p rotective devices, wiring  systems,  current-using equipment 

[SOURCE: IEC 60050-826:2004,  826-16-01,  mod if ied – In the term, "elec t ric" has been 
rep laced by "electrical" .] 

3.1.2  
nominal  value 
value o f  a quant ity used  to designate and  identify a component, dev ice,  equipment o r system 

[SOURCE: IEC 60050-151:2001,  151-16-09,  mod if ied – The no te has been removed .] 

3.1.3  
nominal  voltage of a system 
suitab le approximate value of  voltage used to  designate o r ident ify  a sys tem 

[ IEC 60050-601:1985,  601-01-21]  

3.1.3  
rated value 
value o f  a quant ity used  for specification purposes, es tablished for a spec if ied set  of  operating 
cond itions o f  a component, dev ice,  equipment, o r system 
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[SOURCE: IEC 60050-151:2001,  151-16-08]  

3.1.4  
highest voltage for instal lation 
Um 
highest  RMS value of  phase-to-phase voltage for which the instal lat ion is designed in respect 
o f  i ts insulation 

No te 1 to entry: Fo r the purpose of this document, "highest voltage for  installation Um" i s equal to "highest voltage 
fo r  equipment Um" according to IEC 60071-1. 

3.1.5  
tested connection zone 
zone in the v ic inity o f  equipment  terminals  which has passed a d ielec tric type tes t  with the 
app ropriate withstand value(s), the applicable conductors being connected to the terminals in 
a manner spec if ied by  the manufacturer o f  the equipment 

3.1.6  
isolating distance  
<o f  a po le o f  a mechanical switching dev ice> c learance between open contacts  meet ing the 
saf ety requirements specif ied for d isconnectors 

[SOURCE: IEC 60050-441:19842000,  441-17-35]  

3.1.7  
isolation 
switching of f o r d isconnection of  an elec t rical power ins tallation,  a part  of  an elec t rical power 
ins tal lation o r an equipment f rom all  non-earthed conductors by  creat ing isolating gaps or 
d is tances 

3.1.8  
l ive part 
conductor o r conduct ive part  intended to be energ ized in no rmal operation, inc luding a neutral 
conductor,  but  by  convention no t  a PEN cond uctor o r PEM conductor o r PEL conductor the 
iso lated neutral point 

No te 1 to entry: Th is concept does not necessarily imply a r isk of electric shock. 

NOTE 2 Fo r  definit ions of PEM and PEL see IEC 60050-195:1998, 195-02-13 and IEC 60050-195:1998, 195-02-14. 

[SOURCE: IEC 60050-195:19982021,  195-02-19,  modif ied – "conductor o r "  has been added at  
the s tart  o f  the def init ion. "neutral conductor and  mid -point conductor"  has been rep laced with 
" iso lated neutral point".  LV terms and  relation no t inc luded. ] 

3.1.9  
feeder 
elec tric  l ine o riginat ing at  a main substation and  supplying one o r mo re secondary substations, 
o r one o r mo re b ranch l ines,  o r any combination o f  these two  types of  ins tal lations 

[SOURCE: IEC 60050-601:1985,  601-02-08,  mod if ied – Branch l ines inc luded and  the 
comb ination of  those ins tallations ] 

3.1.10  
ferro-resonance 
resonance o f  due to  osc il lat ions between the capac itance o f  an apparatus with and  the 
inductance of  the saturable magnet ic c ircuit of  an ad jacent  apparatus 

[SOURCE: IEC 60050-604:1987,  604-01-14 IEC 60050-614:2016,  614-01-19]  
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3.1.11  
transient overvoltage 
sho rt  durat ion overvoltage with a durat ion o f  a f ew mil l iseconds o r less ,  osc il latory o r non-
osc illatory, usually highly damped 

[SOURCE: IEC 60050-604,  Amendment 1:1998,  604-03-1 IEC 60050-614:2016,  614-03-14,  
mod if ied – The no tes  to  entry have been deleted. ] 

3.1.12  
temporary overvoltage 
TOV 
power-f requency overvoltage o f  a relat ively long duration 

No te 1 to entry: Th e o vervoltage may be undamped or  weakly d amped. In some cases, i ts frequency may be several 
t i mes smaller or higher than power frequency. 

[SOURCE: IEC 60071-1:2019,  3.17.1]  

3.1.13  
high voltage 
HV 
vo ltage exceeding 1 000 V AC 

[SOURCE: IEC 60050-601:1985,  601-01-27,  mod if ied – Fixed  l imit HV > 1 000 V and  synonym 
to  p ref erred term moved to  new l ine. ]  

3.1.14  
low voltage 
LV 
vo ltage no t exceeding 1 000 V AC 

[SOURCE: IEC 60050-601:1985,  601-01-26,  mod if ied – Fixed  l imit  LV ≤ 1 000 V  and  synonym 
to  p ref erred term moved to  new l ine. ]  

3.1.15  
operation 
all ac t iv it ies,  including both electrical and non-elec trical wo rk ac tivit ies,  necessary to permit the 
elec t ric  power ins tallation to  funct ion 

No te 1 to entry: Th ese activities include switching, controlling, monitoring and maintenance. 

[SOURCE: IEC 60050-151:2001,  151-11-28,  mod if ied – Enlarged  extent  related  to  elec tric 
power ins tal lations.] 

3.1.16  
normal conditions of operation 
all operat ing condit ions f requent ly encountered 

No te 1 to entry: Th ese i nclude rated operating conditions, maximum and minimum operating conditions, partial 
l o ad, normal transients (start-up, shut-down, load changes) and s tandby situations. 

3.1.17  
abnormal conditions of operation 
operat ing conditions o f  low occurrence (typical ly only a f ew t imes during equipment  l ifetime) 

No te 1 to en try: Th ese i nclude h uman er rors, l oss o f power supply, o vervoltages, earthquake, etc . After such a 
co ndit ion has occurred, equipment inspection may be required.  
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3.1.18  
electrical  work 
work on,  with o r near an elec t rical power ins tal lation such as  tes t ing and  measurement,  
repairing , rep lacing, modifying,  ex tending, erec tion and  inspection 

3.2 Definitions concerning electrical  power installations 

3.2.1  
closed electrical  operating area 
room o r locat ion f or operation o f  elec t rical power ins tal lations and  equipment to  which access 
is  intended to be res tricted to sk il led o r ins tructed persons o r to  lay personnel ordinary persons 
under the superv ision of  sk i lled o r ins t ructed persons, e.g . by  opening o f  a doo r o r removal of  
p ro tect ive barrier only  by  the use of  a key o r tool,  and which is c learly  marked by appropriate 
warning  s igns  5 

3.2.2  
operating area subject to fi re hazard 
room, area o r locat ion, indoor o r outdoor, where there is  a danger,  due to local o r operating 
cond itions,  that hazardous quantit ies of  eas ily  f lammable materials may come so c lose to the 
elec t rical equipment as  to  cause a f ire hazard  result ing f rom the high temperature o f  the 
equipment o r due to  arc ing 

3.2.3  
sump 
recep tacle which is  intended to receive the insulat ing l iquid of  a t ransformer or o ther equipment 
in case o f  leakage 

[ IEC 60050-605:1983,  605-02-30,  mod if ied] 

3.2.4  
catchment tank 
co llect ing tank for the leakage l iquids, rain water,  etc .  f or one o r mo re t ransformers o r o ther 
equipment 

3.2.5  
busbar 
conductor with associated connect ions,  jo ints and  insulated supports  f o rming a common 
elec trical connect ion between a number o f  c ircuits o r ind ividual p ieces o f  apparatus  

3.3 Definitions concerning types of electrical  power instal lations 

3.3.1  
substation 
<o f  a power sys tem)> part  o f  a power sys tem, concentrated in a g iven p lace,  inc luding mainly 
the terminat ions o f  t ransmission o r d is tribut ion l ines,  switchgear and  housing and  which may 
also  inc lude t ransformers 

No te 1 to  en try: It  g enerally i ncludes fac ilities n ecessary fo r system security and control (e.g. th e protective 
d ev ices). 

No te 2 to entry: According to the nature of the system within which the substation i s included, a prefix may qualify 
i t .   

EXAMPLE Transmission substation (of a transmission system) , d istribution substation, 400 kV substation, 20 kV 
subs tation.  

[SOURCE: IEC 60050-605:1983,  605-01-01,  mod if ied – Supp lementary information has been 
moved  f rom the def init ion to  No te 1 to  entry . ] 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

The requirements for closed electrical operating areas has not been changed. As requirements are not permitted within definitions, the requirement has been transferred to Subclause 7.1.

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


 – 20 – IEC 61936-1:2021 CMV © IEC 2021 

3.3.2  
power station 
ins tal lation whose purpose is  to generate elec tric ity and  which includes c ivi l eng ineering works, 
energy convers ion equipment and  all  the necessary anc illary equipment  

[SOURCE: IEC 60050-602:1983,  602-01-01]  

3.3.3  
instal lations of open design 
ins tal lations where the equipment  does no t have p ro tection against  d irec t contac t 

3.3.4  
instal lations of enclosed design 
ins tal lations where the equipment  has p rotect ion against d irect contact 

NOTE For degrees of enclosure protection see IEC 60529. 

3.3.4 
switchgear 'bay' or 'cubicle' 
each b ranch o f  a busbar in an elec t rical power ins tallat ion 

3.4 Definitions concerning safety measures against electric shock 

3.4.1  
protection against direct contact 
measures which p revent  persons coming into hazardous p roximity to  l ive parts o r those parts 
which could carry a hazardous voltage, with parts of  their bodies o r objects (reaching the danger 
zone) 

3.4.2  
protection in case of indirect contact 
p ro tect ion o f  persons f rom hazards which could  arise,  in event  o f  f ault,  f rom contact with 
exposed-conduct ive-parts  of  elec trical equipment  o r ex traneous-conduct ive-parts  

3.4.3  
enclosure 
part  p roviding p rotect ion of  equipment against certain ex ternal inf luences and , in any d irection, 
p ro tect ion agains t d irect contact 

3.4.4  
protective barrier 
<elec trically> part prov iding p rotection against d irect  contac t by a human being or l ivestock with 
hazardous-l ive-parts  f rom any usual d irec tion o f  access  

[SOURCE: IEC 60050-195:19982021,  195-06-15,  mod if ied – In the def inition,  "contact" has 
been rep laced with "d irec t contac t".]  

3.4.5  
protective obstacle 
part  p revent ing unintent ional d irec t contact , but  no t  p revent ing d irec t contact  by  deliberate 
ac t ion 

[SOURCE: IEC 60050-195:1998,  195-06-16 IEC 60050-826:2004,  826-12-24]  
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3.5 Definitions concerning clearances 

3.5.1  
clearance 
d is tance between two conductive parts  along a s tring s tretched the shortest way between these 
conductive parts   

[SOURCE: IEC 60050-441:1984,  441-17-31]  

3.5.2  
minimum clearance 
smalles t permissible c learance in air between l ive parts o r between l ive parts and  earth 

3.5.3  
protective barrier clearance 
smalles t permiss ible c learance between a p ro tective barrier and  l ive parts  o r those parts which 
may become subjec t to a hazardous voltage 

3.5.4  
protective obstacle clearance 
smalles t permissible c learance between a p ro tective obstacle and  l ive parts  o r those parts  
which may become subject to a hazardous voltage 

3.5.5  
danger zone 
in the case o f  high voltage, area l imited by the minimum c learance (DL) around hazardous-live-
parts  without  complete p rotection against d irect contact (see Figure 3) 

No te 1 to entry: In fringing Entering the danger zone is considered the same as touching hazardous-live-par ts. 

[SOURCE: IEC 61140:2016,  3.35]  

3.5.6  
vicinity zone 
zone surround ing a danger zone, the outer boundary  of which is l imited by the d istance DV (see 
Figure 3) 

NOTE 1 Th e outer boundary of the vicinity zone depends upon the voltage of the live part.  

NOTE 2 W o rk in the vicinity zone i s considered to be all work where a worker i s either inside the zone or reaches 
i n to the zone with parts o f the body or tools, equipment and devices being h andled but does not reach into the danger 
zo n e. 

3.5.7  
working clearance 
minimum saf e d is tance (Dw) to  be observed between no rmally exposed l ive parts  and  any 
person wo rk ing in a substation o r any conductive tool d irectly  hand led (see Figure 3) 

[ IEC 60050-605:1983,  605-02-25,  mod if ied] 

NOTE 1 Val ues fo r electrically skilled o r instructed p ersons are g iven in F igure 3. This refers only to non-live 
wo rking. Specific definit ions related to live working practices are found in IEC 60050-651. 

NOTE 2 In  Europe the term “minimum working distance” is used instead of “working clearance” .  6 

3.5.6  
minimum clearance of danger zone  
N  
c learance which describes the area o f  danger zone around  hazardous-l ive-parts  without  
comp lete p ro tection against  d irect  contact  
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No te 1 to entry: Th e values for minimum clearance of danger zone in Table 2, Table 3 and Annex A are designated 
as  "N" .  

Note 2 to entry: The safety clearances as given in Clause 7 are based on the minimum clearance of danger zone.  7 

3.5.7  
boundary clearance 
smalles t permissible c learance between an ex ternal fence and  l ive parts o r those parts which 
may become subjec t to a hazardous voltage 

3.5.8  
minimum height 
smalles t permissible vert ical c learance between accessible surfaces and  l ive parts  without 
p ro tect ion agains t d irec t contact  o r those parts  which may become sub ject  to  a hazardous 
vo ltage (see Figure 3) 

3.5.9  
standard short-duration power-frequency voltage 
s inuso idal voltage with f requency between 48 Hz and  62 Hz,  and  durat ion o f  60 s  

[SOURCE: IEC 60071-1:2019,  3.18.1]  

3.5.10  
standard rated short-duration power-frequency withstand voltage 
RMS value s tandard ized as  withs tand vo ltage f or levels o f  specif ied s tandard short -duration 
power-f requency vo ltages  

No te 1 to entry: See IEC 60071-1:2019, 5.6 for specified voltage levels. 

3.5.11   
standard l ightning impulse voltage 
impulse voltage hav ing a f ront t ime of  1,2 μs  and  a t ime to  half -value of  50 μs  

[SOURCE: IEC 60071-1:2019,  3.18.3,  modified – "vo ltage" added to  term.] 

3.5.12   
standard rated l ightning impulse withstand voltage 
peak value,  s tandardized as  withs tand voltage of  s tandard l ightning impulse vo ltage 

No te 1 to entry: See 60071-1 2019, 5.7 for specif ied values. 

3.5.13  
standard switching impulse voltage 
impulse voltage hav ing a t ime to  p eak of  250 μs and  a t ime to  half -value of  2 500 μs  

[SOURCE: IEC 60071-1:2019,  3.18.2,  modified – "vo ltage" added to  term.] 

3.5.14  
standard rated switching impulse withstand voltage 
peak value,  s tandardized as  withs tand voltage of  s tandard switching impulse voltage  

No te 1 to entry: See 60071-1 2019, 5.7 for specif ied values. 
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3.6 Definitions concerning control and protection 

3.6.1  
interlocking device 
dev ice which makes the operat ion o f  a switching dev ice dependent upon the pos ition or 
operat ion o f  one o r mo re o ther p ieces o f  equipment 

[SOURCE: IEC 60050-441:1984,  441-16-49]  

3.6.2  
local  control  
control of  an operat ion f rom at  a po int  on o r ad jacent to the control led switching device 

[SOURCE IEC 60050-441:1984,  441-16-06]  

3.6.3  
remote control  
control of  operation at  a po int d istant  f rom the controlled switching dev ice 

[SOURCE: IEC 60050-441:1984,  441-16-07]  

3.6.4  
automatic reclosing 
automat ic  rec los ing o f  a c ircuit-breaker associated with a f aulted section o f  a netwo rk  by  
automat ic  means af ter a t ime interval which permits  that  section to  recover f rom a t rans ient  
f ault  

[SOURCE: IEC 60050-604:1987,  604-02-32 IEC 60050-614:2016,  614-02-29]  

3.7 Definitions concerning earthing 

3.7.1  
local  earth 
local  ground (US) 
part  o f  the Earth that  is  in elec t ric contact with an earth elec t rode and  that  has an elec tric 
po tential no t  necessari ly equal to zero  

No te 1 to entry: Th e conductive mass of the Earth, whose electric potential at any point is conventionally taken as 
eq ual to zero. 

[SOURCE: IEC 60050-195:19982021,  195-01-03,  mod ified – No te 1 to  entry  has been added.] 

3.7.2  
reference earth 
reference ground (remo te earth/ground US) 
part  o f  the Earth cons idered as  conductive, the elec t ric po tent ial o f  which is  convent ionally 
taken as  zero ,  being  outside the zone o f  inf luence o f  the relevant earthing arrangement  

No te 1 to entry: Th e concept "Earth" means the planet and all i ts physical matter. 

[SOURCE: IEC 60050-195:19982021,  195-01-01,  mod if ied –"any earthing  arrangement"  has 
been rep laced with " the relevant earthing arrangement".] 

3.7.3  
earth electrode 
ground electrode (US) 
<elec trical power ins tal lations> conductive part ,  which may be embedded in a specif ic 
conductive med ium, e.g . in concrete o r coke, in elec t ric  contact  with the Earth 
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[SOURCE: IEC 60050-195:1998,  195-02-01,  mod if ied – "<elec trical power ins tal lation>” has 
been added .]  

3.7.4  
earthing conductor 
grounding conductor (US) 
conductor which p rov ides a conductive path, o r part o f  the conductive path, between a g iven 
po int  in a sys tem o r in an ins tal lation o r in equipment and  an earth elec t rode 

No te 1 to en try: W h ere the connection between p art o f th e i nstallation and th e ear th el ectrode i s made via a 
d i sconnecting l ink, disconnecting switch, surge arrester counter, surge ar rester control gap, etc., then only that part 
o f the connection permanently attached to the earth electrode i s an earthing conductor. 

[SOURCE: IEC 60050-195:19982021,  195-02-03,  mod if ied – In the def init ion, " f orming a 
conductive path between a conductive part "  has been rep laced with "which p rov ides a 
conductive path, o r part  o f  the conductive path, between a g iven po int in a sys tem o r in an 
ins tal lation o r in equipment". No te 1 to  entry  has been added. ] 

3.7.5  
protective bonding conductor 
p ro tect ive conductor for ensuring equipotential bonding 

3.7.6  
earthing system 
grounding system  (US) 
arrangement o f  elec tric connections and  devices involved necessary  to earth equipment  or a 
sys tem separately  o r jointly 

[SOURCE: IEC 60050-604:1987,  604-04-02 IEC 60050-826:2004,  826-13-04,  mod ified – In the 
terms,  "system" has been rep laced by "arrangement" . The def inition clarif ies that involved parts 
can be separately o r jo intly  earthed.]  

3.7.7  
earth rod 
g round  rod 
earth elec t rode cons isting of  a metal rod  d riven into the g round 

[ IEC 60050-604:1987,  604-04-09]  

3.7.7  
structural  earth electrode 
metal part ,  which is  in conductive contact with the earth o r with water d irec t ly o r v ia concrete, 
whose o rig inal purpose is  no t  earthing,  but which f ulf ils al l  requirements o f  an earth elec trode 
without  impairment  of  the o riginal purpose 

No te 1 to entry: Examples of structural earth electrodes are pipelines, sheet piling, concrete reinforcement bars in 
fo undations and the steel structure of buildings, etc.  

3.7.8  
electric resistivity of soi l   
ρE 
res is t ivity of  a typ ical sample of  soil 

[SOURCE: IEC 60050-195:1998,  195-01-19]  

3.7.9  
resistance to earth 
RE 
real part  o f  the impedance to earth 
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[SOURCE: IEC 60050-195:1998,  195-01-18]  

3.7.10  
impedance to earth 
ZE 
impedance at  a g iven f requency between a specif ied point in a sys tem o r in an ins tal lation or in 
equipment and  ref erence earth 

No te 1 to entry: Th e i mpedance to earth i s d etermined by  the d irectly connected ear th electrodes and also by 
co nnected overhead earth wires and wires buried in earth of overhead l ines, by connected cables with earth electrode 
effec t and by other earthing systems which are conductively connected to the relevant earthing system by conductive 
cabl e sheaths, shields, PEN conductors or  in another way. Impedance to earth i s composed o f the resistance to earth 
o f the substation and connected parallel impedances such as overhead ground wires and cable sheaths. 

[SOURCE: IEC 60050-195:2021,  195-01-17, modif ied – The symbol ZE and  Note 1 to entry  have 
been added .] 

3.7.11  
earth potential  rise 
EPR 
UE 
vo ltage between an earthing  system and  reference earth 

3.7.13  
potential  
vo ltage between an observation po int and  ref erence earth 

3.7.12  
(effective) touch voltage 
UT 
<ef fective> vo ltage between conductive parts when touched s imultaneously 

No te 1 to entry: Th e value of the effective touch voltage may be appreciably i nfluenced by th e i mpedance of the 
p erson in electric contact with these conductive parts.  

[SOURCE: IEC 60050-195:19982021,  195-05-11,  modified – The symbol UT has been added. 
In the def inition, "by a human being  o r l ives tock" has been deleted . In No te 1 to  entry ,  "of  the 
human being  o r l ivestock"  has been rep laced by "of  the person".] 

3.7.13  
permissible touch voltage  
UTp  
l imit  value o f  touch vo ltage UT  

3.7.14  
prospective touch voltage  
UvT  
vo ltage between s imultaneously access ible conductive parts  when those conduct ive parts are 
no t  being  touched 

[ IEC 60050-195:1998,  195-05-09,  mod if ied] 

3.7.15  
prospective permissible touch voltage  
UvTp  
l imit  value o f  p rospective touch vo ltage UvT  
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3.7.16  
step voltage 
US 
vo ltage between two  points on the Earth's surface that  are 1 m d is tant f rom each o ther 

No te 1 to entry: 1 m i s  considered to be the s tride length of a person. 

[SOURCE: IEC 60050-195:19982021,  195-05-12,  mod if ied – In the def inition,  " that  are 1 m 
d is tant f rom each o ther" has been added.  No te 1 to  entry  has been rep laced. ] 

3.7.17  
transferred potential  
po tential rise o f  an earthing  sys tem caused by a current  to  earth t ransferred by  means of  a 
connected conductor (for example a metall ic cab le sheath, PEN conductor, p ipeline,  rai l) into 
areas with low o r no  po tential rise relat ive to  reference earth,  result ing in a po tential d if ference 
occurring between the conductor and  its surroundings 

No te 1 to entry: Th e d efinit ion also applies where a conductor, which i s connected to reference earth, leads into 
th e area of the potential r ise. 

3.7.18  
stress voltage 
vo ltage appearing during  earth f ault  cond itions between an earthed  part  o r enc losure of  
equipment o r device and  any o ther of  i ts parts  and which could af fect  i ts  no rmal operation or 
saf ety 

3.7.19  
global  earthing system 
equivalent earthing  sys tem created  by  the interconnection o f  local earthing  sys tems that  
ensures,  by  the p rox imity  of  the earthing systems, that  there are no  dangerous touch vo ltages 

No te 1 to entry: Such systems p ermit the division of the earth fault current i n a way that results i n a reduction of 
th e earth potential r ise at the l ocal earthing system. Such a system could be said to form a quasi-equipotential 
sur face. 

No te 2 to  en try: Th e ex istence o f a g l obal ear thing system may  be d etermined by  sample measurements or  
cal culation for typical s ystems. Typical examples o f g lobal earthing systems are in c ity centres; urban or industrial 
areas with distributed low- and high-voltage earthing. 

3.7.20  
multi -earthed (multi-grounded) HV neutral  conductor 
multi-grounded HV neutral  conductor (US) 
neutral conductor o f  a d is t ribut ion l ine connected to  the earthing  sys tem o f  the source 
t ransf ormer and  regularly earthed  

3.7.21  
exposed-conductive-part 
conductive part  of  equipment  that can be touched and  that  is  no t no rmally l ive under no rmal 
cond itions,  but that  can become l ive when bas ic  insulation fails 

[SOURCE: IEC 60050-826:2004,  826-12-10 IEC 60050-195:2021,  195-06-10]  

3.7.22  
extraneous-conductive-part 
conductive part no t f orming part  of  the elec trical power installation and  l iable l ikely to introduce 
an elec t ric  potential, generally  the elec tric  potential o f  a local earth 

[SOURCE: IEC 60050-826:2004,  826-12-11,  mod if ied IEC 60050-195:2021,  195-06-11,  
mod if ied – In the def inition,  "elect rical ins tal lat ion" has been rep laced with "elec t rical power 
ins tal lation" ] 
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3.7.23  
PEN conductor 
conductor comb ining the f unctions o f  bo th a p ro tec tive earthing  conductor and  a neutral 
conductor 

[SOURCE: IEC 60050-826:2004,  826-13-25 IEC 60050-195:2021,  195-02-12]  

3.7.24  
earth/  fault 
ground fault (US) 
f ault  caused by a conductor being connected to earth o r by the insulation res istance to earth 
becoming less than a spec if ied value 

No te 1 to entry: Ear th faults o f two o r several p hase conductors o f the same system at d ifferent locations are 
d es ignated as double or mult iple earth faults. 

[ IEC 60050-151:1978 1,  151-03-40]   

3.7.25  
earth fault current 
IF 
current  which f lows f rom the main c ircuit to earth o r earthed  parts  at  the f ault lo cation (earth 
f ault  lo cation)  

No te 1 to entry: Fo r s ingle earth faults, this i s in systems with: 
– i solated neutral, the capacitive earth fault cur rent; 

– h i gh resistive earthing, the RC composed earth fault current; 

– resonant earthing, the earth fault residual current; 

– so lid or low impedance neutral earthing, the line-to-earth short-circuit current. 

No te 2 to entry: Fur ther earth fault cur rent may result from double earth fault and line to l ine to ear th 

3.7.26  
circulating transformer neutral  current 
po rt ion of  fault current which f lows back to the t ransformer neutral point v ia the metallic parts 
and /o r the earthing system without ever d ischarging into soil  

4 Fundamental requirements 

4.1 General  

4.1.1 General  requirements  

Electrical power ins tal lations and  equipment shall be capab le o f  withs tanding elec t rical, 
mechanical, c l imatic and  env ironmental inf luences ant icipated on s ite. 

Site selec tion should take into account  mat ters inc luding, but no t  l imited to : 

– access to al low f or construction,  maintenance and  operat ions ac t ivities; 
– community impact inc luding p roximity to  sensitive s ites, v isual, no ise, amenity  and  t raf f ic;  
– env ironmental impact inc luding consideration of  pollution, vent ilation, f auna and  f lora; 
– impact o f  topography, earthquake zones, f ault l ines , f lood paths,  swamps,  avalanches or 

lands lides ; 
– so il  conditions, inc luding thermal and  elec trical res is tiv ity and  so il  contamination; 

 
1  IEC 60050-151:1978 h as been replaced i n 2001, but fo r th is d efinition (151-03-40) the 1978 p ublication is  

ap plicable. 
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– s ite d imensions; 
– l ine co rridors; 
– s ite security.  

The des ign shall take into account: 

– the purpose o f  the ins tal lation; 
– the user requirements  such as  power quality , rel iab ili ty, availab il ity, and  ab il i ty o f  the 

elec t rical network to  withstand the ef fects o f  t ransient  conditions such as  s tarting of  large 
mo to rs, sho rt power outages and  re-energ ization of  the elec t rical power ins tal lation; 

– load  conditions, des ign short  c ircuit currents, etc .; 
– the saf ety o f  the operators and  the pub lic; 
– the env ironmental inf luence; 
– the poss ibi li ty f or ex tension (i f  required) and  maintenance. 

The user shall def ine p ref erences f o r specif ic maintenance f eatures and  ident ify the safety 
requirements to  be met  for levels  of  segregation of  the switchgear and  controlgear to ensure 
minimal p lant  shutdown. Where necessary, the levels of  segregation of switchgear shall be such 
as  to  minimize the sp read  o f  a f ault , inc lud ing a f ire,  occurring in any def ined module into  
ad jacent  modules. 

There are operat ing conditions of  low occurrence o r low cumulative durat ion which can occur 
and  f o r which specific design criteria may be ag reed between the user and  the manuf acturer 
and  measures required to maintain safety conditions and  to avoid damage to elec trical o r p lant 
equipment are sub ject to ag reement between the supplier and  user. In such cases,  measures 
required  to prevent  unsafe condit ions and  to avoid damage to electrical o r plant equipment shall 
be taken.  

The generato rs  shall be capab le o f  meet ing the requirements  f or connection to  the power 
sys tem g rid o r local g rid, e.g . for vo ltage regulation, f requency response, etc . 

4.1.2 Agreements between supplier (manufacturer) and user 

The wo rk ing  p rocedures of  the user shall be taken into account in the des ign of  the elec trical 
power ins tal lation. 

Fo r des ign and  erect ion o f  elec t ric  power ins tal lat ions, add itional ag reements between 
supp lier/manufacturer/contractor/planner and  user/o rderer/owner (hereinaf ter deno ted as  
supp lier and  user) shall be f o llowed, which also  may have ef fec ts to  necessary operational 
requirements. Ref erences can be f ound in the subc lauses as  l is ted in Tab le 1 below.   
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Table 1 – References to subclauses where agreement between 
supplier and user is required 

Subclause Item 

4.1.1 Gen eral requirements (specific design c riteria) 

4.2.2 Vo l tage classif ication (Nominal values, rated values) 

4.3.1 Mechanical requirements, local conditions 

4.3.9 Sp ecial condit ions and requirements for seismic environment 

4.4.2.1 Cl i matic and environmental condit ions ( for auxiliary equipment: indoor ) 

4.4.2.2 Cl i matic and environmental condit ions ( for auxiliary equipment: outdoor) 

4.4.3.1 Co nditions different from the normal environmental conditions 

4.4.3.5 Sp ecial condit ions and requirements for v ibrations 

6.1.1 Co mpliance with operational and safety procedures 

6.2.1 Method of indication (contact posit ion of interrupting or i solating equipment) 

6.2.1 In terlocks and/or locking facilit ies 

6.2.1 Swi tching devices (reduced rating) 

6.2.1 Rati ng of switchgear (specific requirements) 

6.2.8 Level of pollution 

6.2.8 Outdoor insulators in polluted or heavy Insulators, l evel of pollution and wett ing condit ions 

6.2.9.2 In sulated cables (temperature rise temperatures at special operating conditions) 

7.1.1 Hi gher values for distances, clearances and dimensions 

7.1.1 In s tallations Common requirements (operating procedures) 

7.1.3 Do cumentation (extent of the documentation)  

7.1.4 Transport routes (load capacity, height and width) 

7.1.6 Li ghting (presence and extent of the l ighting) 

7.5.4 Mai ntenance and operating areas (distances of the escape route) 

8.4.1 Mean s to protect persons working on electrical power installations (working procedures) 

8.4.4 Dev ices for determining the de-energized state (extent of provisions) 

8.4.5 Dev ices for earthing and short-circuiting (Extent of provision or supply) 

8.4.6.2 Eq uipment acting as protective barriers against adjacent live parts (extent of Insertable insulated 
p ar tit ions) 

8.4.6.3 Eq uipment acting as protective barriers against adjacent live parts (extent of Insertable partit ion 
wal ls) 

8.5 Pro tection from danger resulting from arc fault (degree of importance of measures) 

8.6 Pro tections against direct lightning strokes (method of analysis) 

8.7.1 Req uirements for f ire extinguishing equipment 

8.7.2.2 Red uction of distances G1 and G2 

8.9 Th e language of the identif ication and marking 

9.1 Mo nitoring and control s ystems (agreement of fault level and protection grading s tudies) 
Pro tection systems, protection coordination, settings, backup, etc. 

9.3.1.3 Aux i liary systems and battery s izing 

9.3.2 Co mpressed air system (sectionalization for maintenance) 

9.3.3 SF6 g as handling plants (design and capacity of the plant) 

10.2.1 Fundamental requirements for design of the earthing system 

11.1 In spection and testing (extent of the inspection and testing / specif ication / documentation) 

11.2 Ver i f ication of specified performances 

11.3 Tes ts during installat ion and commissioning ( requirements / test equipment / schedule of tests) 
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Subclause Item 

11.4 Tr i al running (performance) 

 

4.2 Electrical  requirements 

4.2.1 Methods of neutral  earthing 

The method  of  neutral earthing s trongly inf luences the fault current level and  the fault current 
durat ion.  Furthermore, the neutral earthing method is  important with regard to the f ol lowing: 

– selec t ion o f  insulation level; 
– characteristics o f  overvoltage – l imit ing devices – such as  spark  gaps o r surge arres ters; 
– selec t ion o f  p rotect ive relays;  
– des ign of  earthing sys tem. 

The f o l lowing are examp les o f  neutral earthing methods:  

– iso lated neutral; 
– resonant  earthing; 
– high res is t ive earthing; 
– so lid (low impedance) earthing. 

The cho ice of  the type of  neutral earthing is  no rmally based on the f ollowing criteria: 

– local regulations (i f  any);  
– cont inuity  of  supply required for the netwo rk; 
– l imitat ion of  damage to equipment caused by earth faults;  
– selec t ive el imination of  faulty sections of  the netwo rk;  
– detec t ion of  f ault lo cat ion; 
– touch and  s tep voltages; 
– induct ive interference; 
– operat ion and  maintenance aspects. 

One galvanically connected sys tem has only  one method  o f  neutral earthing .  D if ferent 
galvanically independent sys tems may have d if ferent methods o f  neutral earthing. If  d if ferent 
neutral earthing  conf igurations can occur during  no rmal o r abno rmal operating conditions, 
equipment and  p rotective system shall be designed to  operate under these condit ions.  

4.2.2 Voltage classification 

The user shall def ine the nominal vo ltage and  the max imum operat ing vo ltage o f  their system. 
Based  on the max imum operat ing vo ltage, the highest vo ltage f o r ins tallat ion (Um) shall be 
selec ted either f rom Tab le 2,  Tab le 3 o r Annex A.  

4.2.3 Current in normal operation 

Every  part  o f  an elec t rical power ins tal lation shall be des igned and  constructed to withstand 
currents  under def ined operating conditions.  

4.2.4 Short-circuit current 

Electrical power instal lat ions shall be designed,  constructed and erected to safely  withstand the 
mechanical and  thermal ef fects  result ing f rom short -circuit currents. 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


IEC 61936-1:2021 CMV © IEC 2021 – 31 –  

NOTE 1 W h ere an installat ion has on-site generation, motors or p arallel operation with a network (co-generation), 
faul t levels can increase. 

Fo r the purpose o f  this  document,  al l  types o f  sho rt-circuit shall be cons idered. Examples 
inc lude: 

– three-phase; 
– phase-to-phase; 
– phase-to-earth; 
– doub le phase-to-earth. 

Elec trical power ins tal lat ions shall be p ro tec ted with automat ic dev ices to  d isconnect three-
phase and  phase-to-phase short-circuits. 

Elec trical power ins tal lations shall be p ro tected either with automat ic dev ices to  d isconnect 
earth f aults o r with devices to indicate the earth fault condition.  The selec tion of  the device is 
dependent upon the method o f  neutral earthing. 

The s tandard value of  rated  duration o f  the short -circuit is  1,0 s .  

NOTE 2 If  a value o ther than 1 s  is  app ropriate in the des ign p rocess, recommended values 
would  be 0,5 s ,  2,0 s  and  3,0 s .  

NOTE 2 Th e rated duration should be d etermined taking into consideration includes the fault switching clearance 
t i me. 

Methods for the calculat ion of  short -c ircuit currents in three-phase AC systems are g iven in the 
IEC 60909 (al l  parts ).  

Methods for the calculation of  the ef fec ts of  sho rt-circuit  current are g iven in IEC 60865-1 and,  
f o r power cab les,  in IEC 60949.  

4.2.5 Rated frequency 

Electrical power ins tallations shall be des igned f or the rated  f requency of  the sys tem in which 
they shall operate. 

4.2.6 Corona 

The des ign o f  elec t rical power ins tal lations shall be such that  rad io  interf erence due to  
elec t romagnetic f ields, e.g.  caused by co rona ef fec ts, wil l  no t exceed a spec ified level. 

NOTE 1 Recommendations fo r  mi nimizing th e radio i n terference o f h i gh-voltage i nstallat ions are reported in  
CISPR 18‑1, CISPR 18-2 and CISPR 18-3. 

NOTE 2 Max i mum permissible levels of radio interference may can be given by provincial, national or local regional 
authorit ies. 

NOTE 3 Guidance on acceptable l evels of radio interference voltage for switchgear and controlgear can be found 
i n  IEC 62271-1:2007. 

When the accep table value is  exceeded, the co rona level may be controlled, for example, by 
the ins tal lation o f  co rona rings o r the recess ing o f  f asteners on bus f i t tings f or high-voltage 
suspension insulator assemblies, bus support assemblies, bus connections and  equipment 
terminals . 

4.2.7 Electric and magnetic fields 

The des ign of  an elec t rical power ins tal lation shall be such as  to  l imit the elec tric and  magnetic 
f ields generated by  energ ized equipment to an accep table level for exposed people. 
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NOTE  National and/or international Provincial, national or regional regulations may can specify acceptable levels. 
Fur ther i nformation i s available from International Co mmission o n Non-Ionizing Radiation Protection ( ICNIRP) or 
IEEE. 

4.2.8 Overvoltages 

Equipment  shall be p ro tected agains t  overvoltages result ing f rom switching operat ions or 
l ightning that  could exceed the withs tand values according to IEC 60071-1 and  IEC 60071-2.  

4.2.9 Harmonics 

Consideration should be g iven to the ef fect o f  harmonic currents and  harmonic  voltages on the 
elec t rical power ins tallation, e.g. in industrial installat ions.  Harmonic analyses may be required 
to  determine what  co rrec tive measures are needed  to  meet  local regulations and /or to  ensure 
co rrec t  operation o f  the who le elec trical system. 

4.2.10 Electromagnetic compatibility  8 

Electrical power ins tallations should be des igned so  that they funct ion p roperly in their given 
EMC env ironment . 

NOTE Gui dance o n  en suring el ec tromagnetic co mpatibility an d to  en suring th at el ectromagnetic f i elds meet 
p rovincial, national o r regional authority permissible l imits can be found i n Clause 9 and Clause 10. As  well,  guidance 
can  be fo und i n  IEC 61000 (al l p arts), wi th p articular reference to  IEC 61000‐5 (al l p arts), IEC 61000-6-5, 
IEC 62271-1, IEC 62271-208 and CIGRE Technical Brochure 535. 

4.3 Mechanical  requirements 

4.3.1 Equipment and supporting structures General  

Equipment  and  support ing s t ruc tures , inc lud ing their f oundations,  shall withs tand all  the 
ant ic ipated mechanical s t resses load combinations.  

Due cons iderat ion should  be g iven to  the ult imate and  serv iceabili ty l imit  s tates  o f  the 
s t ruc tures. 

The load  assump tions related  to  the local cond itions shall be determined in an ag reement  
between the supp lier and  user. 

Two  load  cases shall be considered,  no rmal and  exceptional.  

In each o f  these load cases,  several combinations shall be investigated. The most unfavourable 
comb ination shall be used to determine the mechanical s trength of  the s tructures.  In the no rmal 
load  case, the f ollowing loads shall be considered: 

– dead  load;  
– tens ion load;  
– erec t ion load;  
– ice load ; 
– wind  load . 

Cons ideration shall  should be g iven to temporary s tresses and loads that may be applied during 
construc tion o r maintenance p rocedures. Sp ec ific equipment  can be af fected by  cyclic loads 
(ref er to  specif ic equipment s tandards).  

In the excep t ional load case,  dead load and  tension load ac ting s imultaneous ly with the largest 
o f  the f ol lowing occasional loads shall be considered: 

– switching forces;  
– sho rt -c ircuit forces ; 
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– loss  of  conductor tens ion; 
– seismic loads; 
– buoyant f orce to the f oundation at  f looding. 

4.3.2 Tension load 

The tens ion load  shall be calculated f rom the max imum conductor tens ion under the most  
unf avourable local conditions.  

NOTE Po ssible combinations include, for example: −20 °C without ice and without wind; −5 °C with ice and without 
wi nd; +5 °C with wind. 

4.3.3 Erection load 

The erect ion load is  a load of  at  least 1,0 kN applied at  the most c rit ical position of  a supporting 
s t ruc ture, tens ioning portal, etc . 

4.3.4 Ice load 

In reg ions where ic ing can occur, the resulting load on f lexible conductors and  on rigid busbars 
and  conductors  shall be taken into account.  

If  nat ional s tandards and  regulat ions,  local experience o r s tat istics are no t  availab le, ice 
coat ings o f  1 mm, 10 mm o r 20 mm based  on criteria g iven in IEC 62271-1:2007 may be 
assumed . The dens ity o f  the ice is  assumed to be 900 kg /m3 in acco rdance with IEC 60826.  

4.3.5 Wind load 

Wind  loads,  which can be very  d if ferent depending on the local topographic inf luences and  the 
height  o f  the s tructures  above the surrounding g round, shall be taken into account.  The most 
unf avourable wind d irection shall be considered. 

IEC 62271-1:2007 contains requirements  for wind  loading on switchgear and  controlgear.  

4.3.6 Switching forces 

Switching forces shall be considered when des igning supports. The f o rces shall be determined 
by  the des igner o f  the equipment.  

4.3.7 Short-circuit forces 

The mechanical ef fec ts o f  a sho rt -circuit can be es t imated by  the methods detailed in 
IEC 60865-1.   

NOTE CIGRE Technical Brochure 214, "The mechanical effects o f short-circuit currents i n open ai r substations" 
g i ves addit ional advice.  

4.3.8 Loss of conductor tension 

A s truc ture with tension insulator s trings shall be designed to withstand the loss  of  conductor 
tens ion resulting f rom breakage of  the insulator o r conductor which gives the most unfavourable 
load  case. 

NOTE 1 Gen eral practice i s to base the calculation on 0 °C, no i ce and no wind load. 

NOTE 2 Fo r  bundle conductors, only one subconductor i s assumed to fail. 

4.3.9 Seismic loads 

Spec ial conditions and  requirements shall be ag reed  between the supp lier and  user (see also  
4.4.3.5 and  IEC 60721-2-6) and  have regard  to  local requirements if  any.  
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Elec trical power ins tal lat ions s ituated in a seismic env ironment shall be designed to take this 
into  account.  

Where load  specif icat ions apply to the ins tallation o f  c iv il  wo rk o r equipment to  meet  seismic 
cond itions,  then these specif icat ions shall be observed.  

Seismic loads shall be dealt with in accordance with appropriate s tandards f or elec tric power 
ins tal lations: e.g .  IEC 62271-207 f o r GIS,  IEC 62271-210 f o r metal enc losed and  so lid-
insulat ion enc losed switchgear and  contro lgear assemblies , IEC TR 62271-300 f o r c ircuit-
b reakers  and  IEC TS 61463 f o r bushings.  

The f o l lowing measures shall be taken into account. 

a) Any ind iv idual equipment  shall be des igned to  withs tand the dynamic f orces resulting f rom 
the vert ical and  ho rizontal mo t ions o f  the so il . These ef fects  may be mod if ied by  the 
response o f  the f oundation and /o r the support ing f rame and /o r the f loor in which this  
equipment is  ins tal led. The response spectrum o f  the earthquake shall be considered for 
the des ign of  the equipment. 

b ) The layout  shall be chosen in o rder to  l imit  the loads due to  interconnections between 
ad jo ining dev ices need ing to accommodate large relat ively ax ial, lateral, to rsional o r o ther 
movements to  acceptable values. At tention should be paid  to  o ther s t resses which may 
develop during an earthquake.  

4.3.10 Dimensioning of supporting structures 

The d imens ioning o f  support ing s t ructures  shall be in acco rdance with app licable codes and  
s tandards.  Security f actors are g iven in nat ional rules . 

Nat ional s tandards and  regulat ions ex ist  regarding the d imensioning of  s t ructures. 

4.4 Cl imatic and environmental conditions 

4.4.1 General   

Electrical power ins tal lat ions,  inc luding al l  dev ices and  aux il iary  equipment which f o rm an 
integ ral part  o f  them, shall be des igned f o r operation under the c l imat ic and  env ironmental 
cond itions l is ted below.  

Spec if ic at tent ion shall be g iven to  hazardous areas.  The p resence o f  condensation, 
p rec ip itation, partic les,  dust , corrosive elements  and hazardous atmospheres shall be specif ied 
in such a manner that  app ropriate elect rical equipment can be selected. Zone c lassification for 
hazardous areas  exp losive atmospheres shall be performed in accordance with IEC 60079-10-
1 and  IEC 60079-10-2.  Equipment  Classif icat ion of  env ironmental conditions  can be selected 
acco rding to IEC 60721 (al l  parts ).  

4.4.2 Normal conditions 

4.4.2.1 Indoor 

For indoor elec trical power ins tallations,  no rmal conditions shall be as  f ollows. 

a) The amb ient  air temperature does no t  exceed 40 °C and  its  average value,  measured over 
a period o f  24 h,  does no t exceed 35 °C.  
The minimum amb ient air temperatures are:   
– −5 °C f o r c lass "−5 °C indoor"; 
– −15 °C f o r c lass "−15 °C indoor"; 
– −25 °C f o r c lass "−25 °C indoor". 
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On aux il iary  equipment, such as  relays and control switches, intended to be used in ambient 
air temperature below −5 °C,  an ag reement  between the supplier and  user is  necessary.  

b ) The inf luence of  so lar rad iation may be neg lected shall no t be taken into account . 
c ) The alt i tude does no t  exceed 1 000 m above sea level.  
d ) The amb ient  air is  no t  s ignif icantly po lluted by  dust,  smoke, co rrosive and /or f lammable 

gases,  vapours o r salt. 
e) The average value of  the relative humidity, measured over a period of  24 h, does not exceed 

95 %. 
Fo r these conditions, condensat ion may occasionally occur. 

NOTE 1 Co ndensation can be expected where sudden temperature changes occur in periods of high humidity. 

NOTE 2 To  avo id breakdown o f i n sulation an d /or co rrosion o f metal lic p ar ts d ue to  h i gh h umidity and 
co ndensation, equipment designed for such conditions and tested accordingly should be is normally used. 

NOTE 3 Co ndensation may  can be p revented by  sp ecial d esign o f th e bui lding o r  h o using, by  suitable 
ven tilation and heating of the s tation or by the use of dehumidifying equipment. 

f ) Vib rat ion due to  causes ex ternal to the equipment o r to earth t remors is  neg ligible. 
g ) Elec tromagnetic  d is turbances should be considered as  described in IEC Guide 107.  

4.4.2.2 Outdoor 

For outdoor elec trical power ins tal lat ions, no rmal condit ions shall be as  f ollows. 

a) The amb ient  air temperature does no t  exceed 40 °C and  its  average value,  measured over 
a period o f  24 h,  does no t exceed 35 °C.  
The minimum amb ient air temperatures are:  
– −10 °C f o r c lass "−10 °C outdoor" ; 
– −25 °C f o r c lass"−25 °C outdoor";  
– −30 °C f o r c lass "−30 °C outdoor" ; 
– −40 °C f o r c lass "−40 °C outdoor" . 
Rap id  temperature changes should shall  be taken into  account,  see 4.4.2.2, i tem g ) and  
4.4.3.4.  
Aux il iary equipment,  such as  relays and  control switches, intended to be used in amb ient 
air temperatures  below –5 °C,  shall  are to be a subjec t of an ag reement between the supplier 
and  user.  

b ) So lar rad iat ion up  to  a level o f  1 000 W/m2 (on a c lear day at  noon) should shall  be 
cons idered. 

NOTE 1 Un der  cer tain co ndit ions o f so lar rad iation, ap propriate measures, fo r  example roofing, forced 
ven tilation, etc ., may can be n ecessary, o r d erating may can be used i n order not to  exceed the specified 
temp erature r ises. 

NOTE 2 Detai ls of global solar radiation are given in IEC 60721-2-4.  

NOTE 3 UV rad iation can damage some synthetic materials. For more information, IEC 60068 (all parts)  can 
be consulted.  

c ) The alt i tude does no t  exceed 1 000 m above sea level.  
d ) The amb ient  air is  no t  s ignif icantly polluted by  dust, smoke, co rrosive gases, vapours  or 

salt .  Po llution does no t  exceed  s ite po llution severity c lass  c  – Med ium, according to  
IEC TS 60815-1.  

e) The ice coat ing does no t exceed 1 mm f or c lass  1,  10 mm f or c lass 10 and  20 mm f o r class 
20.  Add itional information is  g iven in 4.3.4.  

f ) The wind  speed does no t exceed 34 m/s  (co rresponding to 700 Pa on cy l indrical surfaces). 

NOTE 4 Ch aracteristics of wind are described in IEC 60721-2-2.  
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g ) Account should be taken o f  the p resence o f  condensation o r p rec ip itation.  Presence of  
condensation and p rec ipitation in the form of  dew, condensat ion, fog, rain, snow, ice or hoar 
f rost  shall be taken into account. 

NOTE 5 Prec ipitation characteristics for i nsulation are d escribed in IEC 60060-1 and IEC 60071-1. For other 
p roperties, precipitation characteristics are described in IEC 60721-2-2.  

h) Vib rat ion due to  causes ex ternal to the equipment o r to earth t remors is  neg ligible. 
i) Elec t romagnetic  d is turbances should be considered as  described in IEC Guide 107.  

4.4.3 Special  conditions 

4.4.3.1 General  

When high-voltage equipment  is used under conditions dif ferent f rom the no rmal environmental 
cond itions g iven in 4.4.2, the user's  requirements should refer, for example, to the s tandardized 
s teps g iven in the f o llowing subclauses 4.4.3.2 to  4.4.3.5 shall be complied with.  

4.4.3.2 Alti tude 

For elec t rical power installations s ituated at  an alt i tude higher than 1 000 m above sea level, 
the insulat ion level o f  ex ternal insulat ion under the s tandardized ref erence atmospheric 
cond itions shall be determined by  mult iplying the insulat ion withs tand vo ltages required at  the 
serv ice location by  a f ac tor Ka in accordance with IEC 62271-1:2007.  

Linear interpolat ion o f  c learances, as  s tated in Tab le 2 and  Tab le 3,  is  accep table.  

Fo r low-vo ltage aux il iary and  control equipment, spec ial p recaut ions shall  be taken if  the 
alt i tude is  higher than 2 000 m above sea level. See IEC 60664-1.   9 

NOTE 1 Fo r  internal pressurized insulation, the dielectric characterist ics are identical at any altitude and no special 
p recautions need be taken. 

NOTE 2 Fo r  l ow-voltage aux iliary and control eq uipment, n o special p recautions n eed be taken i f th e altitude is 
l o wer than 2 000 m above sea level. For higher altitudes, see IEC 60664-1. 

NOTE 2 Th e p ressure variation d ue to alt itude i s given in IEC 60721-2-3. Regarding this phenomenon, particular 
attention should be devoted to the following points Issues that will arise, include the following: 

– th ermal exchanges by convection, conduction or radiation; 

– eff i ciency of heating or  air -conditioning; 
– o p erating l evel of pressure devices; 

– eff i ciency of diesel generating set or  compressed air s tation; 

– i n crease of corona effect. 

NOTE 3 Th e correction factor Ka of IEC 62271-1:2007 reflects the fact that modification is not required for altitudes 
bel ow 1 000 m. 

NOTE 4 Fo r  correction of c reepage distance for  DC installations, IEC TS 60815-4 can be consulted. 

4.4.3.3 Pol lution 

For equipment  in po lluted amb ient  air,  a s ite po llution severity c lass shall be spec ified, e.g. 
acco rding to  IEC TS 60815-1 c lass  d  (heavy) o r c lass  e (very  heavy),  as  def ined in 
IEC/TS 60815-1,  should be specif ied. 

4.4.3.4 Temperature and humidity 

For equipment in a p lace where the ambient temperature can be s ignificantly outs ide the normal 
serv ice cond ition range s tated  in 4.4.2,  the p ref erred ranges o f  minimum and  max imum 
temperature to be specif ied should be as  f ollows: 

• −50 °C and  +40 °C f o r very co ld c l imates; 
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• −5 °C and  +50 °C f o r very ho t  c l imates. 

In certain reg ions with f requent occurrence o f  warm, humid  winds,  sudden changes of  
temperature may occur,  result ing in condensation, even indoors. 

In t rop ical indoor conditions, the average value of  relat ive humidity measured during a period 
o f  24 h can be 98 %. 

In some underg round elec t rical power ins tallations,  equipment might occasionally  be located 
under water.  Such equipment shall be designed accordingly  and p roper operating p rocedures 
def ined.  

4.4.3.5 Vibration 

Spec ial conditions and  requirements shall be ag reed  between the supp lier and  user (see also  
4.3.9).  

Vib rat ion caused by wind ,  elec t romagnetic s t resses, t raf fic (e.g . temporary road and  rai lway 
t raf f ic),  operation (e.g. opening/reclosing of  c ircuit-breakers), industrial processes (e.g. b lasting 
and  p il ing ) and  o ther f oreseeable sources shall be considered.  Transmitted v ibrations through 
a common monolithic f oundat ion o r f loor shall also be taken into account . 10 

The withs tand capabili ty o f  equipment agains t v ibrations shall be g iven by the manuf acturer.  

The serv ice s t resses o f  equipment, which may be t ransmitted through a common monolithic 
f oundation o r f loor (f o r examp le opening/reclosing o f  c ircuit-breakers) shall be taken into  
account.  

4.5 Special  Particular requirements 

4.5.1 Effects of small  animals and micro-organisms 

If  b io logical ac t iv ity (through b irds, o ther small animals  o r micro -o rganisms) is  a hazard,  
measures agains t  such damage shall be taken.  These may inc lude app ropriate cho ice of  
materials , measures  to  p revent access and  adequate heat ing and  vent i lating (f or mo re details 
see IEC 60721-2-7).   

4.5.2 Noise level  

If  no ise level l imits  are g iven (usually by  administ rative autho rities),  they shall be achieved by 
app ropriate measures such as :  

– us ing  sound insulation techniques agains t sound t ransmitted through air o r so lids; 
– us ing  low no ise equipment . 

Criteria f o r no ise evaluat ion f or d if ferent  p laces and  d if ferent periods o f  day are g iven in 
ISO 1996-1.  

4.5.3 Transport 

The t ransport to  s ite,  e.g. large t ransformers and  s torage constraints  may have consequences 
on the des ign of  the high-voltage elec trical power ins tallation.  

NOTE Th e transportation and s torage p arameters associated to  th eir d uration are d efined i n accordance with 
IEC 60721-3-1 and IEC 60721-3-2. 
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5 Insulation 

5.1 General  

As convent ional (air insulated) elec trical power ins tallations are no rmally no t  impulse tested, 
the ins tal lation requires  minimum c learances between l ive parts and  earth and  between l ive 
parts  of  phases in o rder to avoid f lashover below the impulse withstand level selected for the 
elec t rical power ins tal lation. 

Insulat ion coordination shall be in accordance with IEC 60071-1.   

The p rocedure for insulat ion co-ordination consis ts of  the selec tion of  the highest vo ltage f or 
the equipment together with a co rresponding set  of  s tandard rated  withstand vo ltages which 
characterize the insulation o f  the equipment  needed f or the application. 

NOTE Tabl e 2, Table 3 and Annex A are based on the requirements of IEC 60071-1. 

5.2 Selection of insulation level 

5.2.1 General  

The insulat ion level shall be chosen according to the es tablished highest  voltage for installation 
Um and /o r impulse withstand vo ltage.  

5.2.2 Consideration of methods of neutral  earthing 

The cho ice should be made p rimari ly to  ensure rel iab il ity  in serv ice, tak ing into account the 
method  of neutral earthing in the sys tem and  the characteristics and the locations of overvoltage 
l imit ing devices to be ins talled. 

NOTE In sulation co ordination d i stinguishes between d i fferent types o f o vervoltages, e.g . p o wer  frequency 
o vervoltage, transient overvoltages and very fast transient overvoltages. 

In elec t rical power ins tallations  where 

– the conf iguration of  the system, o r 
– the adop ted method o f  neutral earthing, o r  
– the p ro tec tion by  surge arres ters ,  

and  a high level o f  safety is  required,  wil l  make it  inappropriate to  lower the level o f  insulation; 
one o f  the higher alternat ive values o f  Tab le 2,  Tab le 3 and  Annex A shall be chosen.  In 
ins tal lations in which the conf iguration of  the sys tem, the adopted method of  neutral earthing 
o r the p ro tection by surge arres ters  makes it  appropriate to  lower the level o f  insulation,  the 
lower alternat ive values o f  Tab le 1,  Tab le 2 and  Annex A are suf f icient.  Where the ment ioned 
f ac tors above make it  app ropriate, the lower values o f  Tab le 2,  Tab le 3 and  Annex A are 
suf f icient. 

5.2.3 Consideration of rated withstand voltages 

In the vo ltage range I (1 kV < Um ≤ 245 kV),  the cho ice shall be based on the s tandard rated 
l ightning impulse withs tand vo ltages and  the s tandard rated  sho rt -duration power-f requency 
withs tand vo ltages o f  Tab le 2;  in the vo ltage range II (Um > 245 kV),  the cho ice shall be based 
on the s tandard rated  switching impulse withs tand voltages and  the s tandard rated  l ightning 
impulse withstand voltages g iven in Tab le 3.  Values o f  rated insulation levels no t s tandardized 
by  IEC but  based  on current  p rac t ice in some countries are l is ted in Annex A (Tab le A.1,  
Tab le A.2 and  Tab le A.3).  

NOTE 1 Stan dard rated short-duration power-frequency withstand voltage i s applied i n accordance with standard 
sh ort-duration power -frequency voltage. 
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NOTE 2 Stan dard rated lightning i mpulse withstand voltage is applied i n accordance with s tandard lightning impulse 
vo ltage. 

NOTE 3 Stan dard rated switching i mpulse wi thstand voltage i s applied i n accordance wi th standard switching 
i mp ulse voltage. 

5.3 Veri fication of withstand values 

If  the minimum c learances in air g iven in Tab le 2,  Tab le 3 and  Annex A are maintained , i t  is not 
necessary  to apply d ielectric tes ts. 

If  the minimum c learances in air are no t  maintained, the ab il ity to withstand the tes t voltages of  
the chosen insulat ion level shall be es tablished by  applying the appropriate d ielectric tests  in 
acco rdance with IEC 60060-1 f o r the withs tand vo ltage values g iven in Tab le 2,  Tab le 3 and  
Annex A.  

If  the minimum c learances in air are no t  maintained  in parts  o r areas o f  an elec t rical power 
ins tal lation,  d ielectric tes ts res t ricted to  these parts o r areas wil l  be suf ficient . 

NOTE In  accordance with IEC 60071-2:1996, Annex A IEC 60071-1:2019, Annex A, minimum c learances may can 
be l o wer if  this has been proven by tests or by operating experience of lower overvoltages. 

5.4 Minimum clearances of l ive parts 

5.4.1 General  

The minimum c learances in air g iven in Tab le 2,  Tab le 3 and  Annex A app ly  for alt i tudes up  to   
1 000 m above sea level. Fo r higher alt i tudes, see 4.4.3.2.  

NOTE So me values of minimum c learances are designated as “N”. This is a symbol for those minimum clearances 
o n  which safety distances as given in 7 are based. 

If  parts  of  an ins tallation can be separated f rom each o ther by a d isconnector, these parts shall 
be tes ted at  the rated  impulse withs tand vo ltage f or the iso lating d istance (see Tab les  1a and  
1b  as  well as  Tab les  2a and  2b  o f  IEC 62271-1:2007,  Amendment 1:2011).  If  between such 
parts  of  an ins tal lation the minimum c learances of  Tab le 1 for range I,  respect ively the minimum 
phase-to-phase c learances o f  Tab le 2 f o r range II are increased  by 25 % o r mo re,  i t  is  not  
necessary  to apply d ielectric tes ts. 

The values for the minimal c learance of  danger zone are g iven in Tab le 2,  Tab le 3 and  Annex A,  
des ignated with the let ter N .  These values def ine the bas is f or the saf ety d istances g iven in 
Clause 7.  11 

If  parts  o f  an elec t rical power ins tal lat ion can be separated f rom each o ther by a d isconnector, 
these parts  shall be tes ted  at  the s tandard  rated impulse withs tand vo ltage f or the iso lating 
d is tance (see Tab les 2 and  3 o f  IEC 62271-1:2017).  If  between such parts of  an ins tal lation the 
minimum phase-to-phase c learances o f  Tab le 2 f o r vo ltage range I,  and  Tab le 3 f o r voltage 
range II o f  this document, are increased by 25 % o r mo re,  i t  is  no t necessary to  apply d ielectric 
tes ts . 

5.4.2 Minimum clearances in voltage range I  

In the vo ltage range I (see Tab le 2) the minimum c learances in air are based  on unf avourable 
elec t rode conf igurations with small rad ii  o f  curvature (i .e.  rod -plate). As the s tandard  rated  
l ightning impulse withstand voltage (LIWV) in these voltage ranges is the same as for the phase-
phase insulation and  phase-earth insulation, the c learances apply  for both insulation d is tances 
(in acco rdance with IEC 60071-1:2019,  Tab le A.1).  
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5.4.3 Minimum clearances in voltage range I I  

In vo ltage range II (see Tab le 3) the c learances in air are determined by  the s tandard rated  
switching impulse withs tand vo ltage (SIWV).  They substantially depend  on the elec trode 
conf igurations. In cases of d iff iculty in classifying the electrode conf iguration, i t is  recommended 
to  make a cho ice based  on the phase-to-earth c learances o f  the most  unf avourable 
conf iguration such as ,  f o r examp le,  the arm o f  an iso lator a d isconnector against  the tower 
construc tion (rod-s tructure) (in accordance with IEC 60071-1:2019,  Tab les  A.2 and  A.3). 

NOTE Oth er electrode configurations (gap factors) lead to different clearances, see IEC 60071-2:2018, Annex F. 
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Table 2 – Minimum clearances in air – Voltage range I  
(1 kV < Um ≤ 245 kV) 

Voltage 
range 

Highest voltage 
for installation 

Standard rated 
short-duration 

power-
f requency 
withstand 

voltage 

Standard rated 
lightning 
impulse 

w ithstand 
voltage a 

Minimum phase-to-earth 
and phase-to-phase clearance 

N  

Um  Ud Up Indoor 
installations 

Outdoor 
installations 

RMS RMS 1,2 µs/50 µs 
(peak value) 

kV kV kV mm mm 

I 

3,6 10 
20 60 120 

40 60 120 

7,2 20 
40 60 120 

60 90 120 

12 28 

60 90 150 

75 120 150 

95 160 160 

17,5 38 
75 120 160 

95 160 160 

24 50 

95 160 

125 220 

145 270 

36 70 
145 270 

170 320 

52 95 250 480 

72,5 140 325 630 

123 
185 b 450 b 900 

230 550 1 100 

145 

185 b 450 b 900 

230 550 1 100 

275 650 1 300 

170 

230 b 550 b 1 100 

275 650 1 300 

325 750 1 500 

245 

275 b 650 b 1 300 

325 b 750 b 1 500 

360 850 1 700 

395 950 1 900 

460 1 050 2 100 

a Th e standard rated lightning impulse withstand voltage is applicable to phase-to-phase and phase-to-earth. 
b If  val ues are considered i nsuff icient to p rove th at th e required p hase- to-phase wi thstand voltages are met, 

ad dit ional phase-to-phase withstand tests are needed. 
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Table 3 – Minimum clearances in air – Voltage range I I  
(Um  >  245 kV) 

Voltage 
range 

Highest 
voltage for 
installation 

Standard 
rated 

lightning 
impulse 

w ithstand 
voltage a 

Standard rated 
switching 
impulse 

w ithstand 
voltage 

Minimum 
phase‑ to‑earth 

clearance 

Standard  
rated 

switching 
impulse 

w ithstand 
voltage 

Minimum 
phase‑ to‑phase 

clearance 

Um Up Us Conductor 
– 

st ructure 

Rod 
 – 

st ructure 

Us Conductor 
– 

conductor 
parallel 

Rod 
 – 

conductor RMS 1,2 μs/ 
50 µs 
(peak 
value) 

Phase-to- 
earth 

250 µs/2 500 µs 
(peak value) 

Phase-to-
phase 
250 μs/ 
2 500 µs 

(peak value) 
    N    

kV kV kV mm kV mm 

II 

300 

850/950 750 
1 600 

1 900 1 125 2 300 2 600 
1 700 b 

950/1 050 850 
1 800 

2 400 1 275 2 600 3 100 
1 900 b 

362 
950/1 050 850 

1 800 
2 400 1 275 2 600 3 100 

1 900 b 

1 050/1 175 950 2 200 2 900 1 425 3 100 3 600 

420 

1 050/1 175 850 
1 900 

2 400 1 360 2 900 3 400 
2 200 b 

1 175/1 300 950 
2 200 

2 900 1 425 3 100 3 600 
2 400 b 

1 300/1 425 1 050 2 600 3 400 1 575 3 600 4 200 

550 

1 175/1 300 950 
2 200 

2 900 1 615 3 700 4 300 
2 400 b 

1 300/1 425 1 050 2 600 3 400 1 680 3 900 4 600 

1 425/1 550 1 175 3 100 4 100 1 763 4 200 5 000 

800 

1 675/1 800 1 300 3 600 4 800 2 210 6 100 7 400 

1 800/1 950 1 425 4 200 5 600 2 423 7 200 9 000 

1 950/2 100 1 550 4 900 6 400 2 480 7 600 9 400 

1 100 

1 950/2 100 1 425 c 4 200 5 600 -  -  -  

2 100/2 250 1 550 4 900 6 400 2 635 8 400 d 10 000 d 

2 250/2 400 1 675 5 600 d 7 400 d 2 764 9 100 d 10 900 d 

2 400/2 550 1 800 6 300 d 8 300 d 2 880 9 800 d 11 600 d 

1 200 

2 100/2 250 1 675 5 600 d 7 400 d 2 848 9 600 d 11 400 d 

2 250/2 400 1 800 6 300 d 8 300 d 2 970 10 300 d 12 300 d 

2 550/2 700 1 950 7 200 d 9 500 d 3 120 11 200 d 13 300 d 
a Th e standard rated lightning impulse withstand voltage is applicable phase-to-phase and phase-to-earth. 
b Mi n imum clearance required for upper  value of standard rated l ightning impulse withstand voltage. 
c Th is value is only applicable to the phase-to-earth insulation of single phase equipment not exposed to air.  
d Ten tative values s till under consideration. 
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5.5 Minimum clearances between parts under special  conditions 12 

The minimum c learances between parts  o f  an ins tal lation which may be sub ject  to  phase 
opposition shall be 20 % higher than the values g iven in Tab le 1,  Tab le 2 and  Annex  A.  

Minimum c learances between parts of  an ins tallation, which are ass igned to  dif ferent insulation 
levels ,  shall be at  least  125 % o f  the c learances o f  the higher insulation level. 

If  conductors swing under the inf luence of  short-circuit forces, 50 % o f  the minimum c learances 
o f  Tab le 1,   Tab le 2 and  Annex A shall be maintained as  a minimum. 

If  conductors swing under the inf luence of  wind , 75 % o f  the minimum c learances of  Table 1,  
Tab le 2 and  Annex A shall be maintained as  a minimum. 

In case o f  rup ture o f  one sub -chain in a mult ip le insulator chain,  75 % o f  the minimum 
c learances of  Tab le 1,  Tab le 2 and  Annex A shall be maintained as  a minimum.  

If  neither the neutral po int no r a phase conductor is  ef fectively earthed in an ins tal lation that is  
f ed  v ia auto t ransformers , the insulation of  the lower voltage s ide shall be rated according to 
the highest voltage for equipment on the higher voltage s ide. Attention should be paid to neutral 
po int  insulation according to  the method o f  neutral earthing. 

Under s teady s tate condit ions minimum c learances are increased  such that , exp ressed as a 
percentage o f  minimum c learance values g iven in Tab le 2,  Tab le 3 and  Annex A,  the f o l lowing 
c learances are p resent:  

a) between parts  of  an elec t rical power ins tallation if  phase opposit ion might  occur: 120 %; 
b ) between parts of  an elec t rical power instal lat ion in case of  d if ferent insulation levels: 125 % 

o f  the higher insulat ion level.  

Under dynamic  condit ions, the minimum temporary  c learances expressed as a percentage of  
the minimum c learances under s teady s tate condit ions g iven in Tab le 2,  Tab le 3 and  Annex A 
[ i f  necessary co rrected in acco rdance with a) o r b )]  are to  be cons idered independently  and  
shall  be g reater than:  

1) in the case o f  conductor swing due to  the inf luence of  wind : 75 %, o r  
2) in the case o f  rup ture of  one sub -chain in a mult iple insulator chain: 75 %, o r 
3) in the case o f  conductor swing due to  the inf luence of  sho rt-circuit:  50 %. 

5.6 Tested connection zones 13 

Inf o rmation on mount ing and  serv ice cond itions o f  type tes ted equipment supplied by  the 
manuf acturer shall be observed on s ite. 

Where no  inf ormation is  available, special considerations shall be g iven to the des ign of  the 
t rans it ion f rom the type tested equipment to the equipment which is in accordance with Table 2,  
Tab le 3 and  Annex A.  This  t rans it ion shall be as  short  as  poss ible. 14 

NOTE In tes ted connect ion zones,  the minimum c learances according to Tab le 2,  Tab le 3 and  
Annex A need  no t  be maintained because the ab ili ty to withs tand the test voltage is es tablished 
by  a d ielec tric  type tes t. 

NOTE Typ ical transitions zones are l ess than three t imes phase-to-phase c learance. 

6 Electrical equipment 

6.1 General  requirements 

6.1.1 Selection 

Equipment  shall be selected and  ins tal led to  satisfy  the fol lowing requirements:  
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This clause has been added to clarify consideration of issues in the transition between clearances used for type test equipment to the installation clearances in accordance with this Standard. The former note has become a normative requirement as requirements cannot be defined in notes. The new note gives a typical value of transition length as three times phase to phase clearance.
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a) saf e construct ion when p roperly assembled,  ins talled and  connected to  supply; 
b ) saf e and  p roper perf ormance tak ing into  account the ex ternal inf luences that  can be 

expected at  the intended location;   
c ) saf e and  p roper perf ormance during  no rmal operat ion and  in the event  o f  reasonably 

expected conditions of  overload, abnormal operat ion and  f ault, without  result ing in damage 
that  would  render the equipment unsafe;   

d ) p ro tect ion of  personnel during use and  maintenance o f  the equipment . 

6.1.2 Compliance 

Equipment  shall comply with the relevant  IEC s tandards with part icular at tent ion to  IEC Guide 
107 and  ISO/IEC Guide 51.  

If  compliance with operat ional and  saf ety p rocedures spec if ic to  a certain ins tal lation is  
required , add itional requirements  shall be spec ified by the user.   

6.1.1 Electrical  equipment safety 15 

Electrical equipment shall have a safe construction when assembled, instal led and  connected 
to  supply in accordance with this  document. 

Elec trical equipment  shall no t  cause a danger f rom elec tric shock, f ire, thermal ef fects or 
phys ical injury  in the event of  reasonably expected conditions of  o verload,  abnormal operation, 
f ault  o r ex ternal inf luences. 

Elec trical equipment shall be ins tal led according to  the manufacturer's ins t ructions. 

Where spec if ic addit ional operat ional and  safety p rocedures are needed  f or a certain electric 
power ins tal lation, such p rocedures shall be specif ied by the user.  

Elec trical equipment shall comply with the applicable IEC p roduct s tandards. In absence of such 
s tandards,  applicable p rov incial, nat ional o r reg ional s tandards may be considered.  

6.1.2 Personnel  User safety 

Part icular at tention shall be g iven at  the des ign s tage to  the saf ety o f  persons during the 
ins tal lation,  operation and  maintenance of  elec trical equipment.  

This  may inc lude: 

a) manuals  and  ins t ruc tions f or t ransport,  s torage, ins tal lat ion, operat ion and  maintenance; 
b ) spec ial tools required for operation, maintenance and  test ing; 
c ) saf e wo rk ing hand ling p rocedures developed f or specif ic  locat ions; 
d ) saf e earthing measures. 

NOTE Training and authorization for operating persons can be subject to provincial, national or regional regulation. 

6.2 Specific requirements 

6.2.1 Switching devices 16 

Switching devices include, for example, c ircuit b reakers and d isconnectors. These devices shall 
be selec ted according to requirements in Clause 4.  

A f ac i li ty shall be p rov ided to  ind icate the contact pos ition o f  the interrup t ing o r iso lating 
equipment (including earthing switches). The method of  indication shall be specif ied by the user 
and  should  be in accordance with the equipment s tandards.  
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This subclause has been rewritten and revised to clarify and define the necessary requirements for electrical equipment. The safety of the system, the electrical power installation, is formed by a system of electric equipment and the coordination of those by the system requirements. Therefore, the requirements to ensure correct electric equipment is a fundamental for achieving a correct and safe installation. The basic way to do this is to comply with IEC product standards.
The structure, requirements and wording are similar to other system IEC Standards for electrical installations.

Improved description of requirements for switching devices by referencing to Clause 4 and to clarify that for situations where prospective fault currents exceed the characteristics, an interlocking or operation procedures are required.
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The pos it ion ind icator shall p rov ide an unamb iguous ind ication o f  the ac tual pos ition o f  the 
equipment p rimary  contacts. 

The dev ice indicating the open/close position shall be eas ily  v is ible to the operator. 

D isconnectors and  earthing  switches shall be ins tal led in such a way that  they cannot  be 
inadvertently  operated by tens ion o r p ressure exerted manually on operating l inkages.  

Where spec if ied by the user,  interlocking dev ices and/or locking faci li ties shall be ins talled to 
p rov ide a saf eguard against inappropriate operation. 

If  an interlocking system is p rov ided which p revents the earthing switch f rom carrying the full 
sho rt -c ircuit current, i t  is permiss ible,  by agreement with the user, to specify a reduced rating 
f o r the switch which ref lects  i ts possible sho rt-circuit-current  s tress . 

Switching devices that  are no t  capable o f  mak ing p rospective f ault  current may be used  where 
sat isfactory interlock ing o r switching p rocedures are p rov ided. 

Equipment  shall be ins talled in such a way that  ionized gas released during switching does not 
result  in damage to  the equipment o r in danger f or operating persons.  

NOTE Th e word "damage" is considered to signify any failure of the equipment which impairs its function. 

Pro tec tion f rom danger resulting f rom internal arc  f ault  shall be considered as  specif ied in 8.5.   

Rat ings o f  switchgear shall be based  on the app ropriate IEC high-voltage s tandards. The 
switching o f  certain c ircuits  may however require the use o f  mo re severe constraints than 
def ined in those s tandards. Examples of  such c ircuits are f i l ter banks and  loads hav ing very  
high reactance/resistance (X/R) rat ios such as  large t ransformers and  generators. The specif ic 
requirements o f  switchgear f or such c ircuits shall be ag reed  upon between the supp lier and  
user.   

6.2.2 Power transformers and reactors 

Unless o therwise s tated, 6.2.2 app lies to  bo th t ransformers  and  reacto rs  even when only  
t ransf ormers are ref erred  to in the tex t . 

The main selec t ion criteria f or t ransformers are g iven in Clause 4 and  Clause 8.  

The t ransf ormers are c lass ified tak ing into account the d ielec tric  in contact with the winding and 
the type o f  internal o r ex ternal cooling, as  described in Clause 3 o f  IEC 60076-2:1993.  

IEC 60076 (al l  parts ) and  IEC 61378 (al l  parts ) def ine the specif ic  details associated with the 
construc tion and  performance of  various types o f  t ransformers. The c lass if ication (used  in this  
document) of  these various types of  t ransformers depends on a wide range o f  factors, such as  
wind ing  materials, d ielec trics and  cooling systems. 

When des igning the t ransformer ins tal lation, the possibi li ty risk  o f  f ire p ropagation (see 8.7) 
shall be cons idered. Similarly, means shall be imp lemented to l imit,  i f  necessary, the acoustic 
no ise level (see 4.5.2). 

For t ransformers ins tal led indoors, suitable venti lation shall be p rov ided (see 7.5.7). 

Fo r t ransformers, care should  be taken to  mit igate the risk  assoc iated with excessive 
temperature rise. Suitable measures for cooling and venti lation shall be prov ided [see 7.5.7 and 
ref er to  IEC 60076 (al l  parts )] . 
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Water (g round  water,  surf ace water and  waste water) shall no t  be po lluted by  t ransformer 
ins tal lations. This  shall be achieved by the cho ice of  the des ign o f  t ransformer type and/or site 
p rov isions.  Fo r measures see 8.8.  

If  i t  is  necessary to  take samples (o i l samp ling) o r to  read  monitoring dev ices (such as  f luid 
level,  temperature, o r p ressure),  which are important  for the operation of  the t ransformer whilst 
the t ransformer is  energ ized, i t  shall be possible to  perform this saf ely and  without damage to  
the equipment.   

Air-co re reactors shall be ins tal led in such a way that  the magnet ic f ield o f  the sho rt -c ircuit 
current  wil l  no t  be capab le o f  d rawing  ob jects into  the co il . Ad jacent  equipment shall be 
des igned to  withs tand the result ing elec t romagnetic f o rces. Ad jacent metal parts  such as  
f oundation reinf orcements,  f ences and  earthing  g rids shall no t  be sub jec t to  excessive 
temperature rise under no rmal load condit ions. 

The risk  o f  damage to  t ransformers f rom overs tresses result ing f rom f erro -resonance, 
harmonics,  voltage surges, temporary overvoltages and o ther causes should be minimized by 
app ropriate sys tem s tud ies and  measures  (e.g .  surge arres ters  o r app ropriate cho ice of  
t ransf ormers' insulation).  

Transf o rmer p ressure-relief  dev ices,  i f  used , shall be arranged  to  d irec t the o i l  d ischarge 
downwards and  away f rom the operational controls where operat ing persons are l ikely  to  be 
s tand ing. 

6.2.3 Prefabricated type-tested switchgear 

The requirements  f o r gas insulated metal-enc losed switchgear (GIS),  metal-enclosed 
switchgear, insulat ion-enclosed switchgear and  o ther p ref abricated type-tested switchgear 
assemb lies are g iven in 7.4.  Fo r safety o f  persons and  gas hand ling,  refer to 8.8.3 and  9.3.3. 

6.2.4 Instrument transformers 

6.2.4.1 General  

The secondary  c ircuits o f  inductive ins t rument t ransformers shall be bonded to  earth,  o r the 
secondary c ircuits shall be segregated by earthed  metall ic screening, in acco rdance with the 
recommendations of  Clause 10.  

The earthab le point  of  the secondary  c ircuit shall be determined in such a way that  elec t rical 
interf erence is  avoided.  

Ins t rument  t ransformers shall be ins tal led in such a way that  their secondary terminals are 
eas ily  accessible when the switchgear assembly has been de-energized.  The recommendations 
o f  IEC 61869 (al l  parts ) shall be considered.  

6.2.4.2 Current transformers 

The rated  overcurrent f actor and  the rated  burden shall be selec ted so  as  to  ensure co rrect 
f unct ioning o f  the p ro tec tive equipment  and  p revent damage to  measuring equipment  in the 
event  o f  a sho rt-c ircuit. 

In high-voltage networks where the primary  time constant  is long and where automatic reclosing 
is  p rac t iced, i t  is  recommended that  the t rans ient  s t ress due to  the aperiodic po rtion o f  the 
sho rt -c ircuit current be taken into account.  The recommendations of  IEC 60044-6 IEC 61869-2 
should  be considered.  

If  measuring devices are also connected to p rotect ive current t ransformer cores, the measuring 
dev ices shall, i f  necessary, be p rotected against  the damage resulting f rom large short -circuit 
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currents  by  means of  suitable aux il iary t ransformers.  Overcurrent p rotective devices shall not 
be used  in secondary c ircuits o f  inductive current t ransformers . 17 

If  necessary, an ef fective screen between the p rimary c ircuit  and  the secondary c ircuit shall be 
p rov ided for the reduction of  the t ransient overvoltages on secondary c ircuits arising f rom the 
switching operation.  

To  p ro tec t against  dangerous overvoltages, p rovisions shall be made to f acil itate short ing the 
secondary wind ings of  current  t ransformers. 

6.2.4.3 Voltage transformers 

Vo ltage t ransformers shall be selec ted in such a way that  the nominal output and  accuracy are 
adequate f o r the connected equipment and  wiring .  The ef fec ts o f  f erro -resonance shall be 
cons idered. 

The secondary s ide o f  vo ltage t ransformers shall be p ro tected agains t the ef fec ts o f  short-
c ircuits, and  it  is  recommended that  p rotec tive dev ices be monitored. 

6.2.5 Surge arresters 

Surge arres ters  shall be des igned o r pos itioned in such a way as  to  p rov ide personnel safety 
during  operat ion in case o f  b reaking o f  the housing o r operating of  any p ressure-relief  device. 

The vo lt -time characterist ics o f  surge arres ters ins talled in the same c ircuit  as  current -l imiting 
f uses shall take into account the overvoltages p roduced by the f uses.  

If  monitors are p rov ided in the earth conductor of  non-l inear res istor type arres ters, then the 
conductor between an arres ter and  the monitor, and  the monitor i tself , shall be p ro tected in 
such a way as  to  p revent  i t  being touched. It  shall be poss ible to  read  the monitors and  any 
counters with the equipment energ ized.  

6.2.6 Capacitors 

The risk  o f  resonance and overvoltages due to harmonics shall be taken into consideration,  and 
app ropriate means f or l imitat ion of  this risk  shall be p rovided. 

Fo r the selec t ion o f  the rated  vo ltage and  the current  capac ity  o f  capac itors,  the vo ltage 
increase caused  by inductive reactances connected in series  such as  damp ing reactors  and  
sound  f requency o r f i lter c ircuits shall be considered. 

Capac itors f o r coup ling, vo ltage measuring  and  overvoltage p ro tection shall be selected 
acco rding to the rated  voltage of  the switchgear, even if  the operating vo ltage is  lower. 

Saf e d ischarge of  power capacitors shall be guaranteed. D ischarge units  shall be thermally  and 
mechanically  capable o f  carrying out their task . 

The sho rt -circuit ing and  earthing faci li ties  p rovided f or a capacitor bank shall take into account 
the interconnection of  units within the bank, the d ischarge res istors  and  the type of  f us ing. 

6.2.7 Line traps 

The bandwidth shall be determined in accordance with the netwo rk  f requency allocation. 
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6.2.8 Insulators 

Unless o therwise spec ified, the minimum specif ic  c reepage d is tance of  insulators shall comply 
with the recommendations o f  IEC TS 60815-1,  IEC TS 60815-2 and  IEC TS 60815-3 f o r the 
level o f  pollution specif ied by the user.  

The requirements  o f  the wet  tes t  p rocedure o f  IEC 62271-1:2007 shall app ly  f or al l  ex ternal 
insulat ion. 

Insulato r prof iles  and/or requirements for performance of outdoor insulators  in polluted or heavy 
wet t ing  conditions may be specif ied by the user.  

6.2.9 Insulated cables 

6.2.9.1 General  18 

Subc lause 6.2.9 is  app licable to  insulated cab les except  when used  as  overhead  l ines.  If  
insulated cables are ins talled as  overhead l ines, they shall comply  with the requirements of  the 
app ropriate IEC s tandards for overhead l ines. 

NOTE An  example of a standard for overhead lines is IEC 60826.  

6.2.9.2 Temperature  

Insulated  cab les  shall be selec ted and  laid  in such a way that  the max imum permitted 
temperature is  no t  exceeded f o r conductors , their insulat ion,  the connect ions,  the elec t rical 
equipment terminals o r the surroundings under the fol lowing conditions: 

a) no rmal operation;  
b ) spec ial operating conditions, subject to p revious agreement between the supplier and  user; 
c ) sho rt -c ircuit. 

NOTE Fo r  d imensioning of cables related to current, IEC 60287, IEC 60853 (all p arts) and IEC TR 62095 can be 
co nsulted. 

The connection o f  a cable to elec trical equipment (for example mo tors, c ircuit-breakers) shall 
no t  result  in the cab le being  subjected to  temperatures higher than those admiss ible f or the 
cab le in the f o reseeable operat ing conditions. 

6.2.9.3 Stress due to temperature changes 

The s t ress  on elec t rical equipment due to  temperature-dependent  changes in the length of  
conductors  shall be taken into account. If  necessary, the s t ress shall be rel ieved by suitable 
measures (f o r examp le f lex ible connect ions,  expans ion terminat ions o r snak ing).  If  these 
measures are no t  taken,  the additional forces due to temperature changes shall be taken into 
account during verif ication o f  the mechanical s t rength of  the equipment. 

6.2.9.4 Flexible reel ing and trai l ing cables 

Flex ib le reeling and  t rail ing cables  shall be selected in accordance with the fol lowing require-
ments  and  conditions. 

a) Trail ing  cab les,  o r cab les hav ing at  least  equivalent mechanical and  elec t rical character-
is t ics as  t rai ling cables, shall be used for supplying power to  hoisting mobile o r moveable 
equipment. 

b ) In the case o f  more severe mechanical s tress, for example where the cab les are sub ject  to 
ab ras ion,  tension, def lection o r wind ing during operat ion, double-sheathed t rai l ing cables 
o r cab les with at leas t equivalent  mechanical and elec trical characteristics as  trai ling cables 
shall be used .  
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c ) Insulated  cab les f or the power supp ly o f  ho isting mob ile o r moveable equipment shall 
contain a p ro tect ive earth conductor.  

d ) The des ign o f  any connection, be it  a jo int , termination o r o ther connect ion arrangement, 
shall be such that  in the event  o f  a s t rain being  p laced upon the cab le,  the p ro tective 
conductor shall be the las t to  part o r separate. 

e) Insulated  cab les which are to  be wound  on a d rum shall be d imens ioned so that  when the 
conductor is  f ul ly  wound and  subjec t to the no rmal serv ice loading,  the max imum permitted 
temperature is  no t exceeded.  

The terminal ends of  f lex ible and  t rai ling cables  shall be f ree f rom tension and  compression; 
cab le s leeves shall be p ro tected agains t  s t ripping and  cab le ends agains t  twis t ing. The 
terminals  shall also be des igned so that  the cab les wil l  no t  k ink . 

6.2.9.5 Crossings and proximities 

Where insulated cables cross o r are near to  gas,  water or o ther pipes, an appropriate c learance 
shall be maintained between cab les  and  the p ipelines.  Where this  c learance canno t  be 
maintained , contact between the cab les and  the p ipelines shall be p revented, f or example, by  
the insert ion o f  insulating shells o r p lates . These measures shall be coo rdinated with the 
operator o f  the p ipeline.  In the case o f  a long  parallel routing, a calculat ion o f  the overvoltage 
induced on the pipeline during a short-circuit  shall be ef fected. It  may be necessary to determine 
app ropriate measures (f o r examp le,  an alternat ive rout ing f o r the cab les  o r p ipelines, o r a 
g reater c learance between cab les and  p ipelines). 

Where insulated cab les cross o r are near to  telecommunication ins tal lations, an app ropriate 
c learance shall be maintained between cab les and  telecommunicat ion ins tal lations. 

In the case o f  a long  parallel rout ing, the overvoltage induced on the telecommunication 
ins tal lation during  a sho rt -circuit  shall be calculated (f o r guidance ref er to  ITU d irec tives 
recommendations). It  may be necessary to  take app ropriate measures to  reduce this  
overvoltage (alternative routing for the cab les o r the telecommunication ins tallations,  g reater 
c learance between cables and  telecommunication ins tallations). 

Where insulated  cables cross o r are near to  o ther insulated cab les , the mutual thermal ef fects 
shall be calculated in order to determine the minimum c learance between cables or to determine 
o ther app ropriate measures (e.g . derating rerouting).  Cab les shall be ins talled at  a suf f icient 
d is tance f rom heat  sources o r shall be separated f rom such heat  sources by means o f  thermal 
insulat ing shields. 

NOTE Cross ing and  p rox imity  o f  insulated cab les , gas and  water p ipes o r o ther p ipes and  
app ropriate c learance should be in compliance with nat ional regulations and  s tandards.  

6.2.9.6 Instal lation of cables 

Prov ision o f  suitab le access shall be made f o r the maintenance and  tes t ing o f  cables  
(see Clause 11).   

Care shoud  be taken to p rotect The cab le shall be p rotected f rom mechanical damage during 
and  af ter ins tallat ion as  f ollows.  

a) To  avo id any damage to  the cable, the lay ing operations shall  be performed at  the amb ient 
temperature specif ied by  the equipment  s tandards o r by  the manufacturer.  

b ) Sing le-core insulated cables shall be laid  and  fas tened in such a way as  to  ensure that  the 
f o rces result ing f rom short -circuit currents do no t cause damage. 

c ) The method  o f  lay ing  shall be chosen to  ensure that  the ex ternal ef fects  are l imited  to  
accep table safe values.  In add it ion, when buried  in t roughs, the cab les shall be ins talled at  
a spec if ic depth and covered by s labs o r a warning g rid to prevent any damage being caused 
by third parties. Underground and submarine cables should shall be mechanically p rotected 
where they emerge f rom the water o r the so il . 
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d ) Lay ing  o f  cables in earth shall be carried out on the bottom of  a cab le t rench f ree of  s tones. 
The bedd ing shall be in sand  o r so il , f ree o f  s tones. Spec ial construct ions o f  cables  can be 
chosen, i f  necessary,  to p rotect  against  chemical ef fec ts. 

e) Measures shall be taken to  p revent  cab les in t roughs f rom being  damaged by vehicles 
running  over them. 

f ) Ground  movements  and  v ibrations shall be taken into account. 
g ) Fo r vert ical ins tal lations, the cab le suitable f o r that  ins tal lation shall be supported by  

suitab le c leats,  at  intervals determined by the cab le construct ion, and  information p rovided 
by  the manuf acturer. 

h) If  s ing le-core cables are laid through reinforced ceil ings and  walls, the possibil ity of  heating 
the s teel reinf orcing bars  shall be considered.  If  necessary, suitable s tructural measures to 
l imit  the heat ing shall be determined.  

Cab les  ins tal led in metall ic p ipes shall be g rouped in such a way that  the conductors o f  all  
phases (and  the neutral,  i f  any) o f  the same c ircuit are laid  in the same p ipe to  minimize eddy 
currents .  Cons ideration should be given to The location of  the earthing conductor shall be taken 
into  account.  

Insulated  cab les shall be ins tal led so  that  touch vo ltages are within the permissible values,  or 
so  that  accessible parts  with impermissible touch vo ltages are p ro tected agains t contact by  
adequate measures. 

When earthing  metallic screens and  sheaths,  cons ideration should be g iven to  issues such as  
induced vo ltages, fault currents, t ransfer voltages and  current t ransformer locations.  

NOTE W h en earthing metallic screens and sheaths, there may can be a risk of high circulating currents in screens 
o f sheathed single-core cables, especially when laid f lat. 

Metall ic sheaths shall be earthed in accordance with Clause 10.  

The leng th o f  cable connect ing t ransformers  and reactors to a c ircuit shall be selected so  as  to 
minimize the occurrence of  f erro-resonance. 

Care shall be taken to l imit the mechanical st ress on equipment  When connecting power cables, 
the mechanical s t ress on elec t rical equipment  shall be l imited so as  no t  to  impair the p roperty 
o f  the equipment. 

6.2.9.7 Bending radius  

The minimum values o f  bend  rad ius during and  af ter ins tal lation are dependent on the type of  
cab le.  These are g iven in the relevant  s tandards o r shall be spec ified by the manufacturer. 

6.2.9.8 Tensi le stress  

The max imum permiss ible tens ile s t ress  during lay ing depends on the nature o f  the conductor 
and  on the type o f  cable.  These are g iven in the relevant  s tandards o r shall be spec ified by the 
manuf acturer. 

The cont inuous s tatic and  peak tens ile s t ress applied to  the conductors o f  f lexible and  t rai ling 
cab les  shall be as small as  poss ible, and shall not exceed the values g iven by the manufacturer. 

6.2.10 Conductors and accessories 

Subc lause 6.2.10 deals with conductors (rig id o r f lexible) and  accessories, which are part  of  
outgoing f eeders o r busbars  in ins tal lations. 

Covered  conductors shall be t reated as  bare conductors.  
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Prov ision shall be made to  al low for the expans ion and  contract ion o f  conductors caused by 
temperature variat ions.  This  shall no t apply where the s t ress caused by temperature variations 
has been allowed  f or in the conductor system des ign. 

NOTE Fo r  bare f lexible conductors outside closed electrical operation areas, see IEC 60826. 19 

Jo ints between conductors and  connections between conductors and  electrical equipment shall 
be without  def ects and  shall no t  deteriorate while in serv ice. They shall be chemically and  
mechanically  s table. The jo int  f aces shall be suitably p repared and  connected as  specif ied for 
the type o f  connect ion. The temperature rise o f  a co nnection between conductors and  
switchgear in serv ice shall no t  exceed the values specif ied in IEC 62271-1:2007.  

NOTE The open ends o f  tubular busbars should be p lugged to  p revent  co rros ion and  b irds 
nest ing . 

Prov ision shall be made to  avo id possible resonant oscillation o f  tubular busbars caused by 
wind .  

6.2.11 Rotating electrical  machines 

The risk  o f  personal injury f rom faults within the terminal boxes of  machines shall be minimized. 
The terminal boxes o f  mo tors shall withstand the local sho rt-circuit  conditions.  Current -l imiting 
dev ices may be necessary. 

The deg ree o f  p rotect ion o f  the equipment against the ing ress o f  objects, dust and  water shall 
be chosen in acco rdance with the c l imat ic and  env ironmental conditions at  the s ite o f  the 
elec t rical power ins tal lation.  Hazardous parts  o f  the machine shall be p ro tec ted against  
acc idental contact  by persons. The deg ree o f  p ro tection shall be def ined in acco rdance with 
IEC 60529.  

The insulat ion level of  the machine shall be selec ted in accordance with IEC 60034-1.  

Suf f ic ient cooling shall be p rovided. 

NOTE Machines should can 20 be p ro tected agains t  exceed ing the max imum permitted 
temperature rise by  use o f  suitable elec tric p ro tective dev ices. Part icularly f or large machines 
o r those crit ical for a p roduction p rocess, p rotection dev ices should be ins talled which indicate 
an internal f ault o f  the machine o r,  i f  necessary, automatically shut  i t  down. 

The overall  design of the ins tallation shall identify requirements for the type of  motor enclosure, 
part icularly i f  the motor is to be ins tal led in a hazardous area.  In add ition, safety issues such 
as  no ise levels,  max imum temperature o f  surfaces accessible to  operating persons , control of  
sp il lage and  guarding, shall meet  the particular requirements of  the ins tallation.  

Start ing large mo to rs results  in vo ltage d rops in the elec t rical d is t ribution system. D if ferent 
techniques are available for reducing the impact on the elec trical network when s tart ing large 
mo to rs. The p rotection equipment shall be designed to p rovide adequate p rotection of the motor 
during  the complete s tarting sequence. 

The contribution o f  large mo tors to  the sho rt-circuit current  shall be considered. 

6.2.12 Generating units 

The type o f  power rat ing  f or the generat ing unit  shall be s tated (e.g .  cont inuous, p rime,  or 
s tandby power). Operation of  the generator in parallel with the ut i l i ty o r in parallel with other 
generato rs should be s tated. The switching dev ices to  be used  f o r synchronizing shall be 
def ined.  
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The overall  des ign of  the ins tallation shall identify the general safety requirements specific to 
the equipment generat ing units ,  part icularly  f o r f ire p ro tection and  use o f  hyd rogen. See 
IEC 60034-3 .  

6.2.13 Generating unit main connections 

For small generating units, selec tion and  specif icat ion of  generator main connect ions (busbars) 
may be based  upon ap propriate c lauses p rovision o f  IEC 62271-200.  

However,  part icular care shall  should be taken in the selec t ion o f  rated peak mak ing currents. 
It  may also  be necessary to  specify addit ional tes ting o r calculations for connections that are 
no t  f ac tory-built and  type-tested.  

Where necessary , f ault  s tudies  shall be conducted to  es tablish peak mak ing  and  sho rt-time 
withs tand currents ,  part icularly f o r b ranch connect ions o f  reduced  cross-section (e.g.  to  
aux il iary  t ransformers). 

Fo r larger generat ing units, and  where higher system security is  required, i t is  recommended to 
use phase iso lated o r phase seg regated busbar sys tems. 

The impact  of  the magnet ic f ield due to  the use o f  generat ing unit  main connections without 
metall ic enc losures shall be cons idered in the des ign of  the ins tallation. 

The des ign shall take into account the fac t that when a generat ing  unit  is o f f l ine but ro tating at  
low speed  to p revent deformation o f  the generator shaf t, 

a) there is  a poss ibi li ty o f  induced vo ltages p resenting a saf ety  hazard , and  
b ) means shall be p rov ided to  change the o f f-circuit  tap position on t ransformers connected 

d irec t ly  to generator terminals. 

NOTE When connections between the generator and the t ransformer are short , provision should 
be made to  add  capacitors in the connection gear to  l imit overvoltages which can occur during 
switching. 

6.2.14 Static converters 

Accessible parts  of  converter units that  can carry dangerous vo ltage during no rmal operation 
o r under f ault conditions shall be adequately marked and  shall b e adequately p rotected against 
acc idental contact by  persons. This  may be achieved by  p roviding suitable p rotec tive barriers. 

The coo ling and  heat  t ransf er med iums shall no t  contain mechanical po llution o r chemically 
agg ressive components which might  cause malfunction o f  the equipment . 

When water is  used  as  coolant, the possibil ity of corrosion caused by leakage currents (currents 
due to  the conductivity of  water) shall be considered.  

When o il  is  used  as  coo lant, s imilar p ro tec tion against  f ire and  po llution o f  g round water shall 
be p rov ided as  for o i l-f il led t ransformers  and  reactors.  

When p lanning  the layout of  converter units, the possibil ity of  magnetic interference, caused by 
high AC currents ,  on o ther elec t rical equipment o r parts  o f  the ins tal lation, especially s teel 
components, shall be considered. 
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6.2.15 Fuses 21 

6.2.15.1 Clearances  

Fuses shall be instal led in such a way that  their replacement can be carried out  safely according 
to  manuf acturer's ins tructions. 

All  necessary information should be available to persons during operating and  maintenance for 
the p roper selection of  rep lacement fuses. 

There are two  types of  f use in use:  

– current-l imit ing fuses according to IEC 60282-1;  
– expuls ion f uses according to IEC 60282-2.  

NOTE 1 Mo re information concerning operational aspects can be found in IEC TR 62655. 

Fo r p roper function, the f use-l ink shall be securely locked in the serv ice position. 

NOTE 2 IEC TR 62655 s tates that i t  i s advisable to replace al l three fuse-links when th e fuse-link on one or two 
p h ases of a three-phase c ircuit has operated, unless i t  i s definitely known that no overcurrent has passed through 
th e non-operated fuse-links. 

Current  l imit ing f uses according to  IEC 60282-1 need  no  f urther observations due to  their 
behav iour o f  current l imiting and  high b reaking capacity during fault. 

Ins tal l ing expulsion f uses acco rding to  IEC 60282-2 minimum elec trical c learances f o r fuse 
assemb ly  ins tallations shall take into considerat ion al l possible positions of the l ive parts  before, 
during  and  af ter operat ion. Vented fuses They shall be p rovided with adequate c learances or 
app ropriate p rotective barriers in the d irec t ion o r d irections in which they are vented . 

D ischarges f rom vented fuses may contain ho t  gases, arc  p lasma and  mo lten metal. They may 
also  be conductive. 

Fac il i t ies shall be p rov ided to  ensure that  persons are no t  exposed to  d ischarges o f  vented 
expuls ion f uses according to  IEC 60282-2,  either during  rep lacement o r when o ther wo rking 
ac t iv ities in the area. When this is not  possible, the circuit feeding the fuse shal l be de-energized 
p rio r to  possible exposures, o r i f  no t  the persons shall use p rotec tive shielding and  c lothing. 

6.2.15.2 Fuse replacement 

Fuses shall be instal led in such a way that  their replacement can be carried out  safely according 
to  manuf acturer’s ins truct ions. 

NOTE Al l  n ecessary i nformation should be available to  th e o perating and maintenance p ersonnel for the proper 
sel ection of replacement fuses.  

6.2.16 Electrical  and mechanical interlocking 

Interlocking may be necessary  to  ensure the co rrec t sequence o f  operat ion o f  elec t rical 
equipment, to  p revent danger for operating persons and  to  p revent  damage to  the elec t rical 
equipment.  

Interlocking may be achieved  by  elec t rical o r mechanical methods.  Interlocking shall be 
des igned and  constructed to  operate rel iab ly. In the event  o f  the loss  o f  power supplies, 
elec t rical interlock ing schemes shall be designed to fai l safely  p reserve safety in the case of  
f ai lure. 
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7 Electrical power installations 

7.1 General  

7.1.1 General  Common requirements 

Electrical power ins tal lations comprise ins tal lations within s ites and  can inc lude one o r more 
c losed elec trical operating areas. 

The access to c losed elec trical operating areas shall be res tric ted and  only be possible by  the 
opening o r removal of  a door, gate o r p rotec tive barrier us ing a key o r tool. Closed elec trical 
operat ing areas shall be c learly marked by appropriate warning s igns.  22 

Clause 7 spec if ies only  general requirements f or the elec t rical power ins tal lations regarding 
cho ice o f  c ircuit arrangement, c ircuit  documentation,  t ransport routes , l ighting, operational 
saf ety and  labelling. 

D is tances,  c learances and  d imens ions specif ied are the minimum values permit ted f or safe 
operat ion.  They are generally  based  on the minimum values g iven in the f o rmer nat ional 
s tandards o f  the IEC members . A user may spec ify  higher values if  necessary.  

Clear and adequate space, as agreed between the user and supplier, shall be provided in f ront  
of  all switchgear and fuses for safe operation, isolation and earthing. See, for example, 7.5.4 23 

NOTE  24 Fo r minimum c learances (N ) o f  to  l ive parts, ref er to  minimum c learance o f  danger 
zone (N ) in 5.4 and  to  Tab le 2,  Tab le 3 and  Annex A.  

Nat ional s tandards and  regulat ions may can require the use o f  higher c learance values. 

Where an ex is t ing elec trical power ins tallation is  to be ex tended, the requirements applicable 
at  the t ime o f  i ts design and  erec tion may be specif ied as  an alternat ive. 

NOTE W h en ex tending an  ex i sting i n stallation, th e requirements ap plicable to  n ew p ar ts can  be subject to  
p rovincial, national or regional regulations. 

The relevant  s tandards for operation o f  wo rking and  maintaining elec trical (power) ins tal lations 
shall add itionally be taken into account.  Operating Safe wo rking procedures shall be def ined by 
the user (see 7.1.1 also  Annex F).  

7.1.2 Circuit arrangement 

The c ircuit  arrangement shall be chosen to  meet  operat ing requirements  and  to  enable 
imp lementat ion o f  the saf ety requirements in acco rdance with 8.3.  The cont inuity o f  service 
under f ault and  maintenance condit ions,  tak ing into  account the netwo rk  conf igurat ion, shall 
also  be cons idered. The c ircuits shall be arranged  so  that  switching operations can be carried  
out  saf ely and  quick ly ef f ic iently. 

Each elec t rically separated system shall be p rovided with an earth f ault ind icating device which 
permits detection o r d isconnection of  an earth f ault . 

It  shall be ensured  that  iso lated sect ions o f  an elec t rical power ins tal lat ion canno t  be 
inadvertently  energ ized by  vo ltage f rom parallel connected secondary sources (f o r example 
ins t rument  t ransformers). 

Iso lat ing equipment accessible to the general public shall be capable o f  being locked.  

Elec trical power instal lations shall be capable of withstanding the thermal and dynamic st resses 
result ing f rom sho rt-circuit current  in accordance with Clause 4.  
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The requirements for closed electrical operating areas have been moved from the definitions as requirements are not accepted within definitions.

General requirements for user safety with respect to electrical equipment are given in Subclause 6.1. More specific requirements for the electric power installation have been implemented in this subclause.

The adjustment to move the note to normative text is based on the fact that instructions and recommendations are not accepted within notes.
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The c ircuit arrangement may,  however,  be conf igured in such a way that  sect ions o f  the 
ins tal lation which are no rmally operated separately  are interconnected for sho rt periods during 
switching operations, even when,  as  a result  o f  such connection, the sho rt -circuit  current  
exceeds the design rat ing for the electrical power installation. In such cases, suitable p rotective 
measures shall be taken to prevent danger for operat ing persons. Def ined operating procedures 
may be required  f or this purpose. 

NOTE 1 Th i s situation may be unavoidable occurs for example in operation if  feeders are switched from one busbar 
to  another. 

In c ircuits that  have current -l imiting p ro tec tive dev ices,  elec t rical equipment and  short  
connections may have rat ings that  correspond to the cut-off (let  through) current of  the current-
l imit ing device. 

NOTE 2 El ec trical eq uipment l ocated between th e busbar and th e current-limit ing d evices wi ll h ave sufficient 
th rough-fault current duty only in case of faults on the load side of the current-limit ing devices. 

7.1.3 Documentation 

Where app licable,  the documentat ion shall be p rovided with each elect rical power installation 
to  al low erect ion,  commissioning, operat ion, maintenance and  env ironmental p rotect ion. 25 

The ex tent  and  the language o f  the d ocumentation shall be ag reed  upon between the supplier 
and  user.  

D iag rams,  charts and  tab les , i f  any,  shall be p repared  in acco rdance with IEC 60617 and  
IEC 61082-1.  

Rules  f o r the p reparation o f  documentation are g iven in IEC 61082-1.  

7.1.4 Transport routes 

Transpo rt  routes, their load  capac ity, height  and  wid th shall be adequate f or movements of  
ant ic ipated t ransport units and  shall be ag reed upon between the supplier and  user. 

Within c losed elec t rical operating areas,  the passage o f  vehic les o r o ther mob ile equipment 
beneath o r in p rox imity to  l ive parts (without p ro tective measures) is  permitted,  p rovided the 
f o l lowing conditions are met  (see Figure 1):  

– the vehic le, with open doo rs,  and  its  load  does no t  inf ringe the danger zone:  minimum 
p ro tect ive c learance f or vehicles  for a vehic le, with open doors and  its  loads, a minimum 
app roach d istance to  l ive parts is  T =  N  +  100 mm (minimum 500 mm);  

– the minimum height , H,  o f  l ive parts above accessible areas is  maintained (see 7.2.4).  

Under these c ircumstances,  persons may remain in vehic les o r mob ile equipment only i f  there 
are adequate p rotec tive measures on the vehic le o r mob ile equipment, f or examp le the cab  
roo f , to  ensure that  the danger zone def ined above canno t be inf ringed. 

Fo r the lateral c learances between t ransport units  and  l ive parts , s imilar p rinciples apply. 

NOTE Hei ght restrictions for  vehicles can be indicated by the use of height restrict ion bars. 
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Improved requirements regarding the documentation stated here have been introduced in Clause 12.
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T = N + 100 (500 min.)
N   Minimum clearance

T

TT

Indoor installation
Barrier

Vehicle

T

H

Outdoor installation Transport route

T

H

Vehicle

Accessible surface

TT
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Di mensions in millimetres 

 

Indoor installation 

 

Outdoor installation 

Key 

H  mi n imum height of l ive parts 

N  mi n imum clearance of danger zone 

T = N + 100 (minimum 500) 

 

Figure 1 – Minimum approach distance for transport 
within closed electrical operating areas 

7.1.5 Aisles and access areas 

The wid th o f  ais les  and  access areas shall be adequate f o r wo rk ,  operat ional access, 
emergency access, emergency evacuat ion and  f or t ransport o f  equipment. 
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NOTE Mai n tenance and operating areas in buildings are described in 7.5.4. 

7.1.6 Lighting 

Accessible indoor and  outdoor elec t rical power ins tal lations shall be p rov ided with suitable 
l ight ing for routine operations. 

Emergency/aux il iary l ighting shall be p rovided if  necessary;  this may be a f ixed ins tallation or 
po rtable elec t rical equipment. 

In some cases, in small d is tribution substations, a l ight ing ins tal lat ion may no t  be required . In 
such cases, the p resence and  ex tent of  the l ighting shall be ag reed upon between the supplier 
and  user.  

Any part  o f  The l ight ing ins tallation which needs maintenance o r rep lacement , f o r example 
lamps, shall be installed so that  when the wo rk is  carried out correctly, the wo rking c learance 
to  l ive parts can be maintained.  

The l ight ing system shall be instal led in such a way that  i ts  operat ion can be carried out safely. 

NOTE Fo r  correct l ighting l evels should be in accordance with current ( luminosity) , applicable international and/or 
n ational standards and regulations can be consulted. 

7.1.7 Operational  safety 

Operat ional safety o f  elec trical power ins tal lations shall be des igned so that  the escape and  
rescue paths  and  the emergency ex it  can be saf ely used  in the event  o f  a f ire,  and  that  
p ro tect ion and  env ironmental compatibil ity  are ensured . 

Where necessary , elec t rical power ins tal lations themselves shall be p ro tected agains t f ire 
hazard ,  f looding and  contamination. If  required,  additional measures shall be taken to protect 
impo rtant ins tal lat ions against the ef fects of  road t raf fic (salt sp ray , vehicle acc ident). 

7.1.8 Label l ing 

Ident if ication and  labelling are required  to avo id operat ing erro rs and  acc idents . 

All  impo rtant parts  of  the elec trical power ins tallation,  for example switchgear 'bay' o r ' cubicle', 
switchgear, busbars sys tems, conductors, shall be c learly, leg ibly and  durably labelled.  

Saf ety warnings,  f or example warning  no t ices , safety ins t ruction no t ices , operat ion o f  key-
interlocking schemes and  inf ormative no t ices,  shall be p rov ided at  suitab le po ints in the 
elec t rical power ins tal lation (see 8.9).  

NOTE 1  Lo cal and national regulations should be taken into account. 

NOTE 2  In formative notices should be provided for  the operation of key-interlocking schemes. 

NOTE 3 Saf ety warnings may be p rovided wherever mult iple sources o f  high-voltage elec trical 
power are required  to be disconnected for the complete de-energization of  elec trical equipment 
o r where equipment  may be inadvertently  back-fed. 

7.2 Outdoor electrical  power installations of open design 

7.2.1 General  

The layout  o f  open type outdoor ins tallations shall take into  account the minimum phase-to-
phase and  phase-to-earth c learances g iven in Clause 5.  
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The des ign o f  the elec t rical power ins tal lation shall be such as  to  res t ric t  access to  danger 
zones,  tak ing into  account the need  f o r operational and  maintenance access. See Annex F.  
External f ences shall therefore be p rovided and , where safety d istances cannot be maintained, 
permanent  p rotect ive faci li ties  shall be instal led. Fo r electrical power instal lations on mast, pole 
and  tower,  ex ternal f ences may no t be required if  the ins tallation is inaccess ible f rom g round 
level to  the general public  and  meets the safety d istances g iven in 7.7.  

A separat ion shall be p rovided between bays o r sections by appropriate d istances, p rotective 
barriers  o r p ro tective obstacles.  

7.2.2 Protective barrier clearances 

Within an elec t rical power ins tal lat ion, the f o l lowing minimum p rotective c learances shall be 
maintained  between l ive parts and  the internal surface o f  any p rotec tive b arrier (see Figure 2): 

– f o r so lid walls ,  without  openings, with a minimum height  o f  1 800 mm, the minimum 
p ro tect ive barrier c learance is  B1 = N ;  

– f o r wire meshes,  screens o r so lid walls  with openings, with a minimum height  of  1 800 mm 
and  a deg ree o f  p ro tection o f  IPXXB (see IEC 60529),  the minimum p ro tective barrier 
c learance is  B2 = N  +  80 mm. 

NOTE Th e degree IPXXB ensures protection against access to hazardous par ts with fingers. 

Fo r non-rig id p rotect ive barriers and  wire meshes, the c learance values shall be increased to 
take into  account any possible d isplacement of  the p ro tect ive barrier o r mesh. 

7.2.3 Protective obstacle clearances 

Within elec t rical power ins tal lations, the f ollowing minimum c learance shall be maintained f rom 
l ive parts  to the internal surface of  any p rotective obstacle (see Figure 2):  

– f o r so lid walls  o r screens less  than 1 800 mm high,  and  f o r rai ls ,  chains  o r ropes, the 
minimum p ro tect ive obstacle c learance is  O2 = N  +  300 mm (minimum 600 mm);  

– f o r chains o r ropes, the values shall be increased to take into account the sag . 

Where app ropriate,  p rotective obstac les shall be f it ted at  a minimum height of  1 200 mm and  a 
max imum height o f  1 400 mm. 

NOTE Rai l s, chains and ropes are not acceptable in certain countries. 
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Non-accessible surface 
inside a barrier or obstacle

Indoor:    O1 = N + 200 (500 min.)
Outdoor :   O2 = N + 300 (600 min.)
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Di mensions in millimetres 

 

Key 

H  mi n imum clearance of live parts above accessible surface at the external fence 

B 1 bar r ier  clearance to solid walls without openings 

B 2 bar r ier  clearance to wire mesh/screen IPXXB 

N mi n imum clearance of danger zone 

O1 o bs tacle clearance, indoor 

O2 o bs tacle clearance, outdoor  

 

Figure 2 – Protection against direct contact by protective 
barriers or protective obstacles within closed electrical  operating areas 

7.2.4 Boundary clearances 

The external f ence o f  outdoor elec t rical power ins tallat ions o f  open des ign shall have the 
f o l lowing minimum boundary c learances in accordance with Figure 3:  

– so lid walls  (for height, see 7.2.7): C  =  N + 1 000 mm; 
– wire mesh/screens (f or height,  see 7.2.7): E =  N  +  1 500 mm. 
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Dimensions in millimetres 

Key 

N   Mi n imum clearance 

H ' Mi n imum clearance of live parts above accessible surface at the external fence 

a  I f  th is distance to l ive parts is less than H , protection by barriers or obstacles shall be provided 

b   I f  th is distance is smaller than 2 250 mm, protection by barriers or obstacles shall be provided 
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Di mensions in millimetres 

 

Key 

C mi n imum distance from boundary to solid wall 
E  mi n imum distance from boundary to wire mesh or screens 
H' mi n imum clearance of live parts above accessible surface at the external fence 
N  mi n imum clearance of danger zone 
a  If  th is distance to l ive parts is less than H  (see 7.2.5), protection by barriers or obstacles shall be provided. 
b  I f  th is distance is smaller than 2 250 mm, protection by barriers or obstacles shall be provided. 
 

Figure 3 – Boundary distances and minimum height at the external  fence/wal l  

7.2.5 Minimum height over access area 

The minimum height  of  l ive parts  above surfaces o r p latforms where only  pedestrian access is  
permit ted shall be as  f ollows. 

– Fo r l ive parts  without  p rotect ive f aci li ties , a minimum height  H =  N  +  2 250 mm (minimum 
2 500 mm) shall be maintained (see Figure 2,  Figure 3 and  Figure 4).  The height  H refers  
to  the max imum conductor sag (see Clause 4).  

– The lowest  part of  any insulat ion, f or example the upper edge of  metall ic  insulator bases, 
shall be no t  less than 2 250 mm above accessible surfaces unless o ther suitable measures 
to  p revent  access are p rovided.  
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Where the reduct ion of  safety d istances due to the ef fec t of  snow on accessible surfaces needs 
to  be cons idered, the values g iven above shall be increased. 
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1008575
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Dimensions in millimetres 

Key 

DL   N 

DV   N + 1 000 fo r Un ≤  110 kV 

DV   N + 2 000 fo r Un >  110 kV 

DW    W o rking clearance according to national standards or regulations 

N     Mi n imum clearance 

H      Mi n imum height 
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Di mensions in millimetres 

 

Key 

H  mi n imum clearance of live parts above accessible surface 

N mi n imum clearance of danger zone 

 

Figure 4 – Minimum heights and working clearances within closed electrical  operating 
areas 26 

7.2.6 Clearances to bui ldings 

Where bare conductors c ross buildings which are located within c losed elec t rical operating 
areas,  the f o llowing c learances to the roof  shall be maintained at  max imum sag (see Figure 5): 

– the c learances specified in 7.2.5 f or l ive parts above access ible surfaces,  where the roof  is 
access ible when the conductors are l ive;  

– N  +  500 mm where the roo f  cannot be accessed when the conductors  are l ive; 
– O2 in lateral d irec tion f rom the end  o f  the roof  i f  the roof  is  accessible when the conductors 

are l ive.  

Where bare conductors approach buildings which are located within c losed electrical operating 
areas,  the f ol lowing c learances shall be maintained, al lowing for the max imum sag/swing in the 
case o f  s tranded conductors:  

– outer wall with unscreened  windows: minimum c learance g iven by DV W ;  

– outer wall with screened  windows (screened in acco rdance with 7.2.2):  p rotec tive barrier 
c learances B2 in accordance with 7.2.2; 

– outer wall without  windows: N .  
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This figure has been reduced. The part, describing working distances, is transferred to Annex F.
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Figure 4b – Outer wall with screened windows

B2 B2

N   Minimum clearanceB2  ≥ N + 100

Figure 4a – Outer wall with unscreened windows

Dv Dv

N   Minimum clearance
a) The roof cannot be accessed when the conductors are live
b) The roof can be accessed when the conductors are live

N + 500 a)

H b)

H   Minimum height

DV =  N + 1 000    for  Un     110 kV
DV =  N + 2 000    for  Un   > 110 kV

Figure 4c – Outer wall without windows

N N

N   Minimum clearance

O2

c)

c)   N if the roof is non-accessible when the conductors are live
d)  O2 ≥ N + 300 (600 min.)  if the roof is accessible when the conductors are live

d)

 

Dimensions in millimetres 
NOTE When work i s performed on the roof when the conductors are live, clearances from F igure 3 should be used. 

 

IEC    1864/10 

IEC    1865/10 

IEC    1866/10 
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Di mensions in millimetres 

 

a)  Outer wall with unscreened windows 

 

b)  Outer wall with screened windows 

 

c)  Outer wall without w indows 

Key 

a)  Th e roof cannot be accessed when the conductors are live. 

b)  Th e roof can be accessed when the conductors are l ive. 

c )  N i f  th e roof is non accessible when the conductors are live. 

d )  O2 ≥  N + 300 mm (minimum 600 mm) if  the roof is accessible when the conductors are live. 

B 2 ≥  N + 80 mm 

W = N + 1 000 for  Um ≤ 123 kV 

W = N + 2 000 for  Um > 123 kV 

H  mi n imum height 

N mi n imum clearance of danger zone 

Figure 5 – Approaches with bui ldings (within closed electrical operating areas) 
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7.2.7 External  fences or wal ls and access doors 

Measures shall be taken to minimize the risk of  unauthorized access to outdoor electrical power 
ins tal lations  shall be p revented.  

Where this  is  by means of ex ternal fences or walls, the height and  construction of  the fence/wall 
shall be adequate des igned to  deter p revent c l imbing. Additional p recautions may be required  
in some ins tallat ions to  p revent access by  excavat ion beneath the f ence. 

Precaut ions may also be required in some ins tallations to  p revent ad joining c l imbing s t ructures 
f rom reducing the p ro tect ion of  ex ternal f ences o r walls . 27 

NOTE 1 Examples of such adjacent c limbing s tructures are trees, external fences, other buildings, etc. 

The ex ternal fence/wall shall be at  least 1 800 mm high.  The lower edge o f  a f ence shall not be 
more than 50 mm f rom the g round (for c learances,  see Figure 3).  

Access doors to  outdoor elec trical power ins tallations shall be equipped with security locks. 

External f ences/walls and  access doo rs shall be marked  with saf ety s igns in acco rdance  
with 8.9.  

In some cases, f or public security reasons, additional measures may be necessary. 

The deg ree o f  p rotec tion o f  IP1X (see IEC 60529) shall be used .  

NOTE The use o f  metal mat  fences with a mesh s ize o f  50 mm × 200 mm (wid th × height) 28 is  
app licable if  the des ign o f  f encing p revents unautho rized  entrance f ulf ils the requirement  of  
IP1X. 

7.3 Indoor electrical power instal lations of open design 

The layout  of open-type indoor installations shall take into account the minimum phase-to-phase 
and  phase-to-earth c learances specif ied in Clause 5.  

The des ign o f  the elec t rical power ins tallat ion shall be such as  to  p revent  access to  danger 
zones tak ing  into  account the need  o f  access f or operational and  maintenance purposes. 
Theref o re,  safety d is tances o r permanent  p ro tect ive f ac il it ies within the ins tal lation shall be 
p rov ided.  

Fo r p ro tective barrier c learances, safety d istances and  minimum height, see 7.2.  

Fo r build ings,  corridors,  escape routes , doors and  windows,  see 7.5.  

Fo r so lid walls o r screens less than 1 800 mm high,  and  for rai ls,  chains o r ropes,  the p rotective 
obstac le c learances are at  least :  

– O1 =  N  +  200 mm (minimum 500 mm, see Figure 2).  

Fo r chains  o r ropes,  the values shall be increased taking into account the sag. They shall be 
f i t ted at  a minimum height  of  1 200 mm to  a max imum o f  1 400 mm, where app ropriate. 
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7.4 Instal lation of prefabricated type-tested switchgear 

7.4.1 General  

Subc lause 7.4 specif ies additional requirements  for electrical equipment which apply  to ex ternal 
connections, erec tion and operation at  the p lace of  elect rical power ins tallation.  The ins tallation 
shall be d imensioned and  des igned to avoid danger to persons and  damage to p roperty, taking 
into  account the type o f  ins tallation and  local conditions.  

Facto ry-built,  type-tested high vo ltage switchgear shall be manuf actured and  tes ted  in 
acco rdance with relevant  IEC s tandards such as  IEC 62271-1:2007,  IEC 62271-200,  
IEC 62271-201 and  IEC 62271-203.  

NOTE In  so me countries, switchgear complying with IEC 62271-201 may be i s considered to be an open type indoor 
el ec trical power installation. 

The switchgear shall be well adap ted to  i ts  purpose,  c learly arranged and  so  des igned that  
essent ial parts  are access ible f or erec t ion, operation and  maintenance. Arrangements and  
access shall be p rov ided to  permit  assembly at  s ite.  Future possible ex tens ions should be 
cons idered. 

App ropriate arrangements shall be made for ex ternal connections. Conductors and  cables shall 
be selec ted and  arranged in such a way as  to  ensure saf e insulation level between conductors 
and  between each conductor and  surrounding earthed metallic s truc tures. 

Saf ety dev ices that  are intended to  reduce the internal switchgear p ressure result ing f rom a 
f ault  shall be designed and  arranged with consideration for their potential hazard  to  persons. 
Fo r arc  f aults, see also  8.5 and  8.8.3.  Fo r SF6 leakage see 8.8.2.  The accumulation of  
dangerous concentrat ions o f  gas decomposition p roducts in switch rooms shall be p revented. 

7.4.2 Additional  requirements for gas-insulated metal-enclosed switchgear 

7.4.2.1 Design 

If  p lat forms and  ladders are necessary  f or operation and  maintenance, they shall be designed 
and  arranged  to p rovide safe access  for personnel.  These elements may be f ixed or removable. 

Where necessary , arrangements shall be made to  p ro tec t the switchgear f rom dangerous 
v ib rat ions f rom t ransformers/reactors with gas-insulated connections. Bellows shall be 
p rov ided,  where necessary,  to al low f or heat  expansion, erec t ion to lerances and  set tlement of  
f oundations. 

Fo r elec t rical power ins tal lat ions with gas-insulated equipment,  hav ing  several p ressure 
chambers , c lear labels shall be p rovided ind icat ing the construction o f  the ins tal lation and  the 
pos ition o f  part it ions. Monitoring devices shall be c learly marked  and  located to  permit easy 
superv ision.  

Gas p ipelines and  f i ttings in areas where mechanical damage is  expected shall be p rotected. 

SF6 gas p ipelines shall be marked where there is  a possibi li ty of  confus ion with other pipelines. 

7.4.2.2 Erection on site 

Erect ion o f  GIS shall be carried out in a c lean env ironment.  

Fo r outdoor elec trical power ins tal lations, i t  may be necessary to  p rovide a suitable temporary 
enc losure hous ing  over the wo rk  area to  p ro tect the equipment f rom the env ironmental 
cond itions whils t ins tal lation and /or maintenance is  taking p lace.  
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Fo r SF6 gas hand ling, see 9.3.3. 

Fo r SF6 leakage, see 8.8.2 and  8.8.3.  

7.4.2.3 Protection against overvoltages 

Pro tec tion o f  the GIS agains t  overvoltages should no rmally be p rov ided by the surge arres ters 
ins tal led on the f eeders. In some cases,  the p ro tection g iven by  this  equipment may be 
inadequate.  This  s ituation arises mainly in the f ol lowing conf igurations: 

– large d is tance between the GIS and  t ransformers; 
– t ransf ormers connected to the GIS by means o f  cab les;  
– long  busbars open at  their ends;  
– connection to overhead l ines by means o f  insulated cables; 
– locat ions with high p robabili ty of  l ightning s t rikes s trokes. 

Fo r these conf igurations, the ins tallat ion of  add itional surge arres ters may be required. Their 
locat ion should be based on experience with s imilar s ituations o r on calculations. 

7.4.2.4 Earthing 

The enc losure of a GIS should shall be connected to the earthing system at least at  the following 
po ints: 

a) ins ide the bays: 
– c lose to the c ircuit-breaker;  
– c lose to the cab le sealing end ; 
– c lose to the SF6/air bushing; 

– c lose to the ins t rument t ransformer; 
b ) on the busbars: 

– at  bo th ends and  at  intermediate po ints,  depending on the leng th o f  the busbars . 

The three enc losures o f  a s ing le-phase type GIS shall be bonded together with short  
connections and  earthed  at  least  at  the end  o f  the enc losure o f  the outgoing and  incoming 
f eeders. The bond ing conductor shall either be rated  to  carry  the nominal current  o f  the 
switchgear 'bay ' o r ' cubicle' and  busbars, o r i f  a lower rated  bonding conductor is  used, then it  
shall be p roved by  tes ts that  such a conductor is  suf ficient f or safe operation. 29 

Add itional bonding s t raps are no t  required  at  f lange jo ints i f  i t  can be ensured  that  the contact 
p ressure o f  the f lange p rovides adequate contac t connect ion for high f requencies. 

Earthing  conductors  o f  surge arres ters  f or the p ro tec tion o f  gas-insulated elec t rical power 
ins tal lations shall be connected to the enclosure with a connection which is as short as possible. 

Metall ic sheaths (for example metal enc losures, armoured coverings, screens) of  cables with 
nominal vo ltages above 1 kV should be connected d irect ly to  the GIS enc losure. 

In some special cases, e.g . cathodic p ro tection of  cab les,  i t  may be necessary to  separate the 
earth connection of  the cables f rom the GIS enc losure. In this  case, the ins tal lation of  a voltage 
surge p ro tec tion dev ice is  recommended between the sealing end  and  enc losure. 
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7.5 Requirements for bui ldings 

7.5.1 Introduction General  

Build ings shall comply with nat ional building codes and  f ire regulations. Where such nat ional 
s tandards do  no t ex ist, the f ol lowing may be used as  a guide.  

Subc lause 7.5 ind icates  the requirements that  have to  be sat isf ied in areas o r locat ions where 
elec t rical equipment  for high-voltage instal lat ions is ins talled. For the purpose of  this document, 
p ref abricated substations covered by IEC 62271-202 are no t  cons idered as  buildings.  

7.5.2 Structural  provisions 

7.5.2.1 General  

Load -carrying s t ructural members, part ition walls, c laddings, enc losures, etc . shall be selected 
to  withs tand the expected combustible load. 

Elec trical operat ing areas shall be des igned to  p revent  ing ress o f  water and  to  minimize 
condensation. 

Materials  used  f o r walls ,  ceil ings  and  f loors on the g round  shall,  where possible, no t  be 
damaged by water penetrat ion o r leakage. If  this requirement cannot be met ,  p recautions shall 
be taken to  p revent  the consequences o f  a leak o r o f  condensation af fect ing the operating 
saf ety. 

The build ing des ign shall take into account the expected mechanical loading and  also internal 
p ressure caused by an arc  f ault . 

Pipelines and  Other equipment such as  p ipelines,  if  al lowed in substat ions, shall be designed 
so  that  the elec t rical power ins tallation is  no t  af fected, even in the event  o f  damage. 

7.5.2.2 Specifications for wal ls 

The external walls of the building shall have suf f icient mechanical strength for the environmental 
cond itions.  

The mechanical s t rength of  the buildings shall be suf ficient to withs tand all  s tatic and  dynamic 
loads due to no rmal operat ion of  the elec t rical power ins tal lat ion. 

The passage of  p ipes o r wiring  sys tems shall no t af fect the s t ruc tural integrity of  the wal ls .  

Metal parts  that pass through walls  shall meet  the requirements of  Clause 10.   

Panels  o f  the ex terior surface of  buildings that are accessible to the general public shall not be 
removab le f rom the outs ide. The constituent materials o f  the ex ternal enc losures shall be 
capab le o f  withstanding the at tacks of  atmospheric  elements (rain,  sun, aggress ive wind , etc.). 

7.5.2.3 Windows 

Windows shall be designed so that  ent ry is  d if ficult. This  requirement is considered fulf illed if  
one o r mo re o f  the f ol lowing measures are app lied: 

– the window is  made o f  unb reakable material; 
– the window is  screened;  
– the lower edge o f  the window is  at  least 1 800 mm above the access level; 
– the build ing is  surrounded by an ex ternal f ence at  least 1 800 mm high.  
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7.5.2.4 Roofs 

The roo f  of  the building shall have suf fic ient mechanical s trength to withstand the environmental 
cond itions.  

If  the ceil ing  o f  the switchgear room is  also  the roo f  o f  the build ing f o r p ressure rel ief ,  the 
ancho ring o f  the roof  to the walls  shall be adequate. 

7.5.2.5 Floors 

The f loors  shall be f lat and  s table and  shall be ab le to support  the s tatic and  dynamic loads. 

7.5.3 Rooms for switchgear 

The d imens ions of  the room for switchgear and of  the required pressure-rel ief  openings depend 
on the type of  switchgear and  the short -circuit current . 

If  p ressure-relief  openings are necessary , they shall be arranged and  s ituated in such a way 
that  when they operate (b low out  due to  an arc  f ault ) the danger to  persons and  damage to  
p roperty is  minimized. 

7.5.4 Maintenance and operating areas 

Maintenance and  operat ing areas comprise ais les , access areas,  hand ling passages and  
escape routes. 

Ais les  and  access areas shall be adequately d imens ioned f o r carry ing out  wo rk ,  operating 
switchgear and  t ransporting equipment . 

Ais les  shall be at  least  800 mm wide.  

The wid th o f  the ais les shall no t  be reduced even where equipment p rojects  into the aisles,  for 
examp le permanently installed operating mechanisms or switchgear trucks in isolated positions. 

Space f or evacuat ion shall always be at  least  500 mm, even when removab le parts o r open 
doo rs, which are b locked in the d irec tion o f  escape,  intrude into the escape routes. If  relevant, 
the doo rs o f  switchgear 'bay ' o r ' cubicle'  should c lose in the d irec tion of  escape. 

Fo r erec t ion o r serv ice access ways behind c losed ins tallations (solid walls ), a minimum width 
o f  500 mm is  required . 

Clear and  saf e access f or operating persons  shall be p rov ided at  al l  t imes. 

NOTE Th e doors of switchgear cubicles or bays should c lose in the direction of escape. 

Below ceil ings , covers o r enc losures, except cable accesses, a minimum height of  2 000 mm is  
required . 

Ex its  shall be arranged so that  the leng th of  the escape route within the room does no t  exceed 
40 m f o r ins tallat ion o f  rated vo ltages Um g reater than 52 kV,  and  20 m f o r ins tallat ion o f  rated 
vo ltages up  to Um = 52 kV.  This  does no t apply  to access ible bus ducts o r cable ducts. If  the 
above d is tances of  the escape route cannot be met , an ag reement shall be made with the user. 

Permanent ly  ins talled ladders o r s imilar are permissible as  emergency ex its  in escape routes. 

7.5.5 Doors 

Access doors shall be equipped with security locks to  p revent unauthorized entry.  
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Access doors shall open outwards and  be p rovided with safety  s igns in accordance with 8.9.  

Doo rs which lead to the outside shall be of  low f lammabil ity  material, except where the building 
is  surrounded by an ex ternal f ence at  least 1 800 mm high.  

Doo rs between various rooms within a c losed elec trical operating area are no t  required to have 
locks. 

It  shall be possible to  open emergency doors f rom the ins ide without  a key by  us ing  a latch or 
o ther s imp le means, even when they are locked f rom the outs ide. This  requirement need  not 
be comp lied with for small ins tallations where the door has to  be kept open during operating or 
serv ic ing.  

The minimum height  of  an emergency door shall be 2 000 mm and  the minimum c lear opening 
750 mm. 

7.5.6 Draining of insulating l iquids  

Pro tec tive measures shall be taken when insulat ing l iquids are used  (see also 8.8).  

7.5.7 Air conditioning and venti lation Heating, venti lation and air conditioning 
(HVAC) 

7.5.7.1 General  30 

Indoo r c limate conditions shall be es tablished e.g. by adequate cooling, heating, dehumidifying, 
vent i lat ion o r by adequate design o f  the building. 

It  is  p ref erable to use natural vent i lation for t ransformer rooms.  

Fo rced  vent ilation systems (permanent o r mob ile) shall be des igned to take into consideration 
smoke removal f rom the building.  

Suitab le indoo r conditions shall be p rov ided to  ensure co rrec t operat ion o f  the elec t rical 
equipment (e.g . by  adequate cooling, heat ing , dehumidifying, vent ilation o r by  at tent ion to  the 
des ign of  the building). 

NOTE Fo r  p recautions red ucing p ollution, co ndensation, temp erature var iation an d  h umidity o ccurring in  
h i gh-voltage substations, see Annex C of IEC TS 62271-304:2019. 

Adequate vent ilation shall be p rovided to d issipate heat  generated by the elec t rical equipment.  

Where natural vent ilation is inadequate, additional measures shall be implemented.  Mechanical 
vent i lat ion systems (permanent o r temporary) shall be des igned to  take smoke management 
into  cons ideration. They shall be so  arranged  that  inspect ion and  maintenance can be carried  
out  even when the elec t rical equipment is  energized with considerat ion to location of equipment 
p ressure-rel ief  vents. 

Monitoring of  the operat ion o f  a permanent  fan is  recommended. 

Vent i lat ion openings shall be designed so as  to p revent any dangerous p roximity to l ive parts 
and  any dangerous ing ress o f  foreign bodies. 

Coo lants and  heat  t ransfer med ia shall no t  contain mechanical impurit ies o r chemically 
agg ressive substances in quantities  or qualities which may b e hazardous to the correct function 
o f  the elec t rical equipment in the elec t rical power ins tallation.  

Fi l ters  o r heat  exchangers shall be p rovided, i f  necessary.  
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Mechanical vent i lat ion sys tems shall be so  arranged  and  p laced that  inspection and  
maintenance can be carried out  even when the switchgear is  in operation.  

Rooms containing high-voltage t ransformers and switchgear, located within public  or res idential 
build ings shall be p rovided with dedicated inlet and  out let venti lat ion ducts terminat ing outside 
the build ing. 

Wherever possible, air intakes should be pos itioned remo te f rom any po tent ial source of  
atmospheric  contamination. 

Fac il i t ies f o r air cond itioning and  vent i lation shall no t  support f ire p ropagat ion to  o ther 
switchgear, t ransformers o r fac il ities. 

7.5.7.2 Venti lation of battery rooms 

Rooms containing batteries shall take into account the vent ilation requirements,  if  necessary, 
depend ing on bat tery types,  to prevent  the explosive build-up of  combustible gas during battery 
charg ing.  

7.5.7.3 Rooms for emergency generating units 

Consideration should be g iven to ins tal ling emergency generating units  in separate rooms.  

Vent i lat ion equipment  shall be p rovided.  Containment  shall be p rovided to  capture and  control 
f uel o r lub ricating o il  spi lls. 

Eng ine exhaust sys tems shall be ins tal led and  located such that exhaust fumes shall no t return 
to  the vent i lating air intake o f  the switchgear and  control rooms, no r enter the air intake for the 
emergency generating unit .  

7.5.8 Bui ldings which require special  consideration 

For high-voltage elec trical power ins tallations located in pub lic o r res idential buildings, special 
cond itions shall be imposed, in accordance with ex isting s tandards o r nat ional regulat ions may 
ex is t  f or special conditions . 

7.6 High voltage/ low voltage prefabricated substations 

For the rules  governing manuf acture manufacturing and  tes ting o f  p refabricated substations, 
see IEC 62271-202.  

Compact substations shall be s ituated so that they are unlikely to be damaged by road vehicles. 
Adequate space for operat ing and  maintenance purposes shall also be p rov ided. 

7.7 Electrical  power installations on mast,  pole and tower 

The minimum height H'  o f  l ive parts above surfaces accessible to  the general public shall be:  

– H'  =  4 300 mm f o r rated vo ltages Um up  to  52 kV;  

– H'  =  N  +  4 500 mm (minimum 6 000 mm) f o r rated vo ltages Um above 52 kV;  

where N  is  the minimum c learance of  danger zone (see Figure 3).  

Where the reduct ion of  safety d istances due to the ef fec t of  snow on accessible surfaces needs 
to  be cons idered, the values g iven above shall be increased. 
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Iso lat ing equipment and  f uses shall be arranged  so  that  they can be operated without  danger. 
Iso lat ing equipment accessible to  the general pub lic shall be capab le o f  being  locked. The 
operat ing rods shall be compliant with the relevant  s tandard. 

NOTE Fo r  portable operating rods or sticks, see the relevant s tandard, e.g. IEC 60832 (all parts) and IEC 60855‑1. 

Saf e phase-to-phase connect ion and  earthing of  the overhead l ine shall be possible. 

8 Safety measures 31 

8.1 General  

Electrical power ins tallations shall be constructed in such a way as  to  enab le operat ing and  
maintenance persons 32 to  c irculate and  intervene within the f ramework o f  their dut ies  the 
ins t ruc tions and  autho rizations , according to  c ircumstances for the ins tal lation,  at  any po int of  
the elec t rical power ins tallation.  

Spec if ic maintenance wo rk , p reparation and  repair wo rk, which involve wo rk ing in the v icinity 
o f  l ive parts  o r ac tual wo rk  on l ive parts ,  are should be carried  out  observing the rules,  
p rocedures and  wo rk  d is tances as  def ined in p rov incial, nat ional s tandards and  o r reg ional 
regulat ions. 

8.2 Protection against direct contact 

8.2.1 General  

Electrical power ins tal lat ions shall be constructed so that  unintent ional touching o f  l ive parts or 
unintent ional reaching into a dangerous zone near l ive parts  is  p revented. 

Pro tec tion shall be p rovided for l ive parts,  parts with f unctional insulation only and  parts which 
can be cons idered to  carry a dangerous potential. 

Examp les of  such parts are as  f o l lows: 

– exposed l ive parts; 
– parts  o f  ins tallat ions where earthed  metall ic  sheaths  o r conducting screens of  cab les have 

been removed ; 
– cab les  and  accessories without earthed metall ic sheaths  o r earthed conducting elas tomeric 

screens,  as  well as  f lexible cables without conducting elas tomeric  screens; 
– terminat ions and  conducting sheathing o f  cables , i f  they can carry  a dangerous voltage; 
– insulat ing bodies o f  insulators  and  o ther such parts ,  f or examp le elec t rical equipment 

insulated by  cast res in, i f  a dangerous touch vo ltage can occur; 
– f rames o r cases o f  capac itors,  converters and  converter t ransformers,  which can carry  a 

dangerous voltage during no rmal operation; 
– wind ings o f  elect rical machines,  t ransformers and  air-cored reactors . 

Pro tec tion may be achieved  by  d if ferent means,  depending on whether the elec t rical power 
ins tal lation is  located in a c losed elec trical operat ing area o r no t .  

Inf o rmation on p rotect ion agains t elec tric  shock is  g iven in IEC 61140.  

When ref erred  to in this  document, the use of  IP c lass ification and test ing methods according 
to  IEC 60529 is  ex tended to be used also f or voltages above 72,5 kV.  

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV
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8.2.2 Measures for protection against direct contact 

8.2.2.1 Recognized protection measures 

The f o l lowing types o f  p rotect ion are recognized: 

– p ro tect ion by enc losure; 
– p ro tect ion by barrier; 
– p ro tect ion by obstacle; 
– p ro tect ion by p lacing out of  reach.  

8.2.2.2 Design of protective measures 

Pro tec tive barriers can be solid walls,  doors o r screens (wire mesh) with a minimum height of  
1 800 mm to  ensure that  no  part of  the body of  a person can reach the dangerous zone near 
l ive parts . 

Pro tec tive obstac les can, for example, be covers, rai ls, chains  and ropes as well as walls,  doors 
and  screens which are less  than 1 800 mm high and  theref ore canno t  be cons idered as  
p ro tect ive barriers. 

Pro tec tion by  p lac ing out o f  reach is  achieved by p lacing l ive parts outside a zone extending 
f rom any surface where persons can usually s tand o r move about,  to the l imits which a person 
can reach with a hand  in any d irec t ion (see Clause 7).  

Pro tec tive faci li ties used  as  a p ro tective measure against d irect contact, such as  wal ls, covers, 
p ro tect ive obstacles , etc. , shall be mechanically robust  and  securely mounted. 

Doo rs o f  switchgear rooms o r bays 'bay'  o r ' cubicle' used as  a part  o f  an enc losure shall be 
des igned so  that  they can be opened  only by  us ing a too l o r a key.  In areas outs ide closed 
elec t rical operating areas, these doors shall be p rovided with safety locks . 

Movab le, conductive p rotective f aci li ties  shall be secured  so  that  when co rrec tly used  the 
relevant  p ro tec tive barrier o r p ro tec tive obstac le c learance is  maintained; o therwise they shall 
be made o f  insulating material o r d ry  wood. It  is  permit ted that  A rai l  may be removed without 
the use o f  a too l. Pro tective rai ls shall be rig id. 

In areas o r rooms accessible to  the public , p rotec tive f aci li ties  shall no t  be eas ily  removable 
f rom outside with no rmal tools. 

8.2.3 Protection requirements 

8.2.3.1 Protection outside of closed electrical  operating areas 

Outs ide the c losed elec t rical operating areas,  only  p ro tec tion by  enc losure o r p ro tection by  
p lac ing out o f  reach is  al lowed. 

When p ro tect ion by  enc losure is  used , the minimum degree o f  p rotect ion shall be IP2XC.  

NOTE As an excep t ion, vent i lation openings may be such that  a s t raight wire canno t  intrude 
into  the elec t rical equipment in such a way that  i t  causes danger by approaching parts needing 
to  be p ro tected f rom d irect contact. 

When p ro tec tion by  p lacing out  of  reach is  used ,  the vert ical c learances between accessible 
surf aces and the parts to be p rotected f rom direct contac t shall be in accordance with 7.2.7 and  
7.7.  
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8.2.3.2 Protection inside closed electrical operating areas 

Ins ide c losed elec t rical operat ing areas,  p ro tection by  enc losure, p ro tective barrier, p rotective 
obstac le o r p lacing out  of  reach is  al lowed. 

When p ro tec tion by  enc losure is  used, the deg ree o f  p rotection shall meet  the requirements  of  
IP2X in minimum. However,  spec ial p ro tection measures to  meet  danger result ing  f rom arc  
f aults may be necessary. 

When p ro tect ion by  p rotective barrier is  used , see 7.2.2. 

When p ro tect ion by  p rotective obstac le is  used,  see 7.2.3 and  7.3.  

When p ro tect ion by  p lacing out o f  reach is  used, see 7.2.5 and  7.2.6.  

NOTE Fo r  more detailed requirements on external fences, transport routes, crossings and access to buildings, etc., 
see Clause 7.  

8.2.3.3 Protection during normal operation 

NOTE The relevant  s tandards f or operat ion o f  elec t rical ins tal lat ions should be taken into  
account.  

Pro tec tion measures in an elec t rical power ins tal lat ion shall take into  account the need  for 
access for purposes of  operation and  control and  maintenance,  e.g.: 

– control of  a c ircuit-breaker o r a d isconnector; 
– chang ing a f use o r a lamp ;  
– ad jus t ing a set t ing value o f  a dev ice; 
– reset t ing a relay  o r an ind icator; 
– earthing  f or wo rk;  
– erec t ion of  a temporary insulating shut ter; 
– read ing  the temperature o r o i l level o f  a t ransformer.  

In ins tal lations with Um ≤ 52 kV,  where doo rs o r covers have to be opened in o rder to carry  out 
no rmal operation o r maintenance, i t  may be necessary to  p rovide f ixed non-conductive rails  as  
a warning .  

8.3 Means to protect persons in case of indirect contact 

Measures to  be taken for p rotect ion in case of  indirect contac t in o rder to protec t persons are 
g iven in Clause 10.   

Inf o rmation on p rotect ion agains t elec tric  shock is  g iven in IEC 61140.  

8.4 Means to protect persons working on or near electrical  power instal lations 

8.4.1 General  

Electrical power ins tallations shall be constructed and  ins tal led to  ensure that  the measures 
necessary  for the p rotec tion o f  persons wo rking in o r on elec t rical power ins tallations can be 
emp loyed. The relevant  s tandards f o r operat ion and  maintenance o f  elec t rical power 
ins tal lations shall also  be taken into account.  The wo rk ing p rocedures shall be ag reed  upon 
between the manuf acturer supplier and  user.  

NOTE Whils t  ind ividual functions are cons idered in separate subclauses, these f unctions may 
can be comb ined in a s ing le item o f  equipment. 
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8.4.2 Electrical  equipment for isolating installations or apparatus 

Electrical equipment shall be p rov ided by  means o f  which the comp lete elec t rical power 
ins tal lation o r sections thereof  can be isolated, depending on operat ing requirements.  

This  may be achieved by disconnectors or switch d isconnectors (see 6.2.1) o r by d isconnecting 
part  o f  the ins tal lation, f or example by removing l inks o r cab le loops. In the lat ter case,  see 
5.4.1.   

Elec t rical power ins tallations o r parts o f  ins tallations which can be energ ized  f rom several 
sources shall be arranged so  that al l  sources can be isolated f rom points o f  supply f rom which 
each sect ion o r part  thereof can be made l ive. 

If  the neutral points of several pieces of  elec trical equipment are connected to a common neutral 
bus,  i t  shall be possible to isolate each neutral point individually.  This also applies to associated 
earth f ault  coils and  resistors . The Any required overvoltage p rotection shall be maintained in 
operat ional condition.  

Where elec t rical equipment may be charged  at  some vo ltage f ol lowing d isconnection f rom the 
elec t rical power ins tallation,  for example capacitors, devices shall be p rovided to d ischarge the 
sys tem/equipment. 

Iso lat ing gaps may only  be b ridged by insulators i f  leakage currents f rom the terminal on one 
s ide to  the terminal on the o ther s ide are p revented. 

8.4.3 Devices to prevent reclosing of isolating devices 

Suitab le dev ices shall be p rovided to render inoperative the ac tuating force (i .e. spring force, 
air p ressure, elec trical energy) o r the control of  power mechanisms used  for the operation of  
switchgear emp loyed f or isolating purposes. 

NOTE 1 It may  be s tatutory i s mandatory in certain countries that these devices shall be are rendered inoperative 
by  suitable locking facilit ies. 

Where removab le parts  such as  f uses o r screw-in c ircuit  b reakers are used  f o r complete 
d isconnection and are rep laced by screw caps o r blank inserts, these caps o r inserts  shall be 
such that  they can only  be removed us ing a suitable tool. 

Manually  operated switches shall permit  the use o f  mechanical locking dev ices in o rder to  
p revent  reconnection to  the system fol lowing isolation.  

NOTE 2 W h ere locking o f th e manually operated switch i s  not p ractical, o perating p rocedures can be applied to 
p revent reconnection to the system following isolation. 

8.4.4 Devices for determining the de-energized state 

Devices f or determining that  the elec t rical equipment is  no  longer energ ized  shall be p rovided, 
where required , cons idering operational requirements. The ex tent  of  such prov isions, wherever 
p rac t icable,  shall be ag reed between the supplier and  user.  

All  dev ices supp lied shall permit  the de-energ ized s tate to  be checked  at  al l  po ints where  
ac t iv ity is  to be done that have p rev iously been l ive, without danger for operat ional persons. 

Either f ixed equipment  (see IEC 62271-206) o r po rtable dev ices [see IEC 61243 (al l  parts)] can 
be used  to  meet  this  requirement. 

8.4.5 Devices for earthing and short-circuiting 

Each part  o f  an elec t rical power ins tal lation that  can be iso lated f rom the sys tem shall be 
arranged  to  enab le it  to be earthed and  sho rt-circuited.  
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Equipment  (for example t ransformers o r capacitors) shall be p rovided with a means o f  earthing 
and  sho rt -c ircuiting ad jacent to  the equipment . This  requirement shall no t  apply to  parts of  a 
sys tem where this  is  no t  p rac t icable o r is  unsuitab le (f or example t ransformers o r elec t rical 
machines with f lange-mounted cable sealing ends o r with cab le connection boxes). In these 
cases,  earthing and  short-circuit ing shall be ef fected by  the application of  c ircuit main earths at  
the associated switchgear 'bay' o r ' cubicle'  on the p rimary and  secondary  s ides. No rmally, it  
should  be possible to  earth and  short -c ircuit al l  s ides o f  a t ransformer, inc luding neutrals.  

The f o l lowing shall be provided for or supplied as  earthing and  short -circuiting dev ices,  with the 
scope being ag reed between the supplier and  user: 

– earthing  switches (p referably fault-making and /or interlocked); 
– earthing  switch t rucks; 
– earthing  equipment integrated with o ther switching devices, e.g . c ircuit-breakers; 
– f ree non-guided earthing rods and  short-circuiting equipment in accordance with IEC 61230; 
– guided earthing rods and  sho rt-circuit ing equipment in accordance with IEC 61219.  

Fo r each part  o f  an elec t rical power ins tallation,  suitably d imensioned and  eas ily  accessible 
connection points  shall be p rov ided on the earthing system and  on the l ive parts for connection 
o f  earthing and  sho rt-circuiting equipment . Switchgear 'bay' o r ' cubicle' shall be des igned so  
that  connect ion o f  the earthing  and  sho rt -circuit ing equipment by  hand  to  the earth terminal 
po int  can be carried out in acco rdance with the rules  f or carrying o ut  wo rk in the v ic inity of  live 
parts .  

When earthing  and  sho rt -circuiting is  achieved by  remo tely controlled earthing switches, the 
switch pos ition shall be rel iably t ransmitted to  the remo te control point . 

When earthing  is  achieved through a load -breaking dev ice hav ing control c ircuits, al l  control 
c ircuits of  the load-break ing device shall be made inoperative fol lowing the application of  the 
c ircuit  main earth. Inadvertent re-energ ization o f  the control c ircuits shall be p revented.  

8.4.6 Equipment acting as protective barriers against adjacent l ive parts 

8.4.6.1 General  

All boundary  elements such as  walls , f loors, etc . shall be construc ted according to 7.2 o r 7.3.   

If  walls  o r p ro tective f ac il ities do  no t  ex is t,  the separat ion to  neighbouring bays o r sections  
switchgear 'bay ' o r ' cubicle' shall respect the app ropriate d istances. 

If  wo rk ing c learances cannot  be maintained, l ive parts in the v icinity of  the wo rking area shall 
be capab le o f  being  covered by  insertab le insulated part i tions o r walls  in such a way that  
acc idental p roximity to these parts by  body parts,  tools, equipment and  materials  is p revented. 

Measures shall be p rovided to p revent entering into the danger zone if  c learances cannot be 
maintained  for the operation intended. If  c learances cannot be maintained, the elec trical power 
ins tal lation shall have the capab ili ty f or insertable insulated obstacles  o r barriers  to  p revent 
reaching  the danger zone with body parts , o r equipment needed for operation intended shall be 
ut i l ized . 33 

8.4.6.2 Insertable insulated parti tions 

Movable screens and Insertab le insulated partit ions shall meet  the fol lowing requirements:  

a) the edges o f  insulating shutters shall no t be located within the danger zone;  
b ) any gaps are permissible outs ide the danger zone shall be: 

– up  to  no  more than 10 mm wide without  l imitation; 
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– up  to  no  more than 40 mm wide p rovided the d istance f rom the edge o f  the shutter to  
the danger zone is  at  least  100 mm; 

– up  to  no  more than 100 mm wide in the v ic inity  of  d isconnector bases. 

Insertab le insulated part it ions used as  p ro tect ive barriers against l ive parts shall be part of  the 
equipment o r p rovided separately in accordance with operational requirements by ag reement 
between the supp lier and  user. 

Insertab le insulated parti tions shall be capable of  being secured so that  their pos ition cannot 
be acc identally altered where this  would lead  to a hazardous condit ion. 

Insertab le insulated parti tions  used as  p rotective barriers against l ive parts  shall no t touch or 
be in contact  with l ive parts . 

It  shall be possible to ins tall  and remove insertable insulated partit ions without persons being 
required  to  enter the danger zone.  

NOTE Th i s can be achieved by the type of insulating shutters (for example angled plate, associated insulating rods, 
sui table operating rods) or by the installat ion ( for example guide rails). 

8.4.6.3 Insertable parti tion wal ls 

For elec t rical power ins tal lations without  permanent ly ins tal led part i tion walls ,  suitable 
insertab le parti tion walls should be p rovided to isolate adjacent l ive switchgear 'bay' o r ' cubicle' 
in acco rdance with the operat ional req uirements.  When required , the ex tent  shall be ag reed  
upon between the supplier and  user.  

Insertab le partit ion walls which enter the danger zone during ins tal lation or removal,  or which 
l ie within the danger zone when f i t ted, shall meet  the requirement for mobile insulating p lates. 

Insertab le insulated parti tion walls  used as p rotec tive barriers agains t l ive parts shall not  touch 
o r be in contac t with l ive parts. 

8.4.7 Storage of personal  protection equipment 

If  personal protec tion equipment is  to be s tored in the elec trical power instal lat ion, a p lace shall 
be p rov ided for this  purpose where the equipment is  p ro tected f rom humid ity, d irt and  damage 
whils t  remaining read ily accessible to  operational persons.  

8.5 Protection from danger resulting from arc fault 

Electrical power ins tallations shall be des igned and  ins talled so  that  persons are p ro tected as  
f ar as  p rac t ical f rom arc  f aults during operation. 

The f o llowing l is t of  measures to  p rotect against dangers resulting f rom arc  fault shall serve as  
a guide in the des ign and  construc tion o f  elec t rical power ins tal lations. The deg ree of  
impo rtance o f  these measures shall be ag reed upon between the supplier and  user.  

a) Pro tec tion against operat ing erro r, es tablished, f or example, by  means of  the f ollowing:  
– load  b reak switches ins tead o f  d isconnectors; 
– sho rt -c ircuit rated f ault-making switches; 
– interlocks; 
– non-interchangeable key locks . 

b ) Operat ing ais les as  sho rt, high and  wide as  poss ible (see 7.5).  
c ) So lid covers as  an enc losure o r protect ive barrier instead of  perforated covers o r wire mesh. 
d ) Elec trical equipment  tested to withstand internal arc  fault instead of  open-type equipment 

(e.g .  IEC 62271-200,  IEC 62271-203).  
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e) Arc  p roducts to  be d irected away f rom operating persons, and  vented outside the building, 
i f  necessary . The des ign shall neither impair no r impede this  funct ion. 

f ) Use o f  current-l imit ing devices. 
g ) Very  sho rt  t ripp ing t ime;  achievab le by  ins tantaneous relays  o r by  dev ices sens itive to  

p ressure, l ight o r heat .  
h) Operat ion o f  the p lant f rom a saf e d istance, e.g . remo te control. 
i) Prevent ion o f  re-energ izat ion by  use o f  non-reset table dev ices which detec t internal 

elec t rical equipment f aults , enab le p ressure rel ief  and  p rov ide an ex ternal ind icat ion. 
j) Minimizat ion of  impact  to c ritical equipment. 

8.6 Protection against direct l ightning strokes 

Dif ferent methods o f  analys is are availab le. The method  to  be used  shall be ag reed  upon 
between the supp lier and  user. 

The user shall selec t the level of  p rotect ion to be achieved, depending on the rel iabil ity level 
required , and  the p ro tect ion method to be used . 

NOTE 1 Fo r  calculation methods, see for example either Annex E or IEEE Guide 998. 

Lightning rods and  shield wires  shall be earthed.  

It  is  no t  necessary  to  equip a s teel s t ruc ture with a separate earthing  conductor where it  
p rov ides a suitable path for the l ightning current  i tself . 

Shield  wires  shall be connected to  the s teel s t ructure o r earthing  conductor to  ensure that  the 
l ightning current  f lows to  earth.  Fo r build ings and  s imilar s t ructures , IEC 62305 (al l  parts) 
app lies. 

Fo r associated s tandards, IEC 62305-4 should  be referred to.  

NOTE 2 Fo r  technical and economic reasons, damage resulting from l ightning s trokes cannot be fully prevented. 

8.7 Protection against fi re 

8.7.1 General  

Relevant  nat ional, p rov incial and  local f ire p rotection regulations shall be taken into account in 
the des ign of  the ins tallation.  

Prov incial, nat ional o r reg ional regulat ions no rmally ex ist regarding f ire p rotection. 

NOTE  Fire hazard  and  f ire risk  o f  elec t rical equipment is  separated into two  categories:  f ire 
v ic t im and  f ire o rig in. Precaut ions f or each catego ry should be taken into  account  in the 
ins tal lation requirements. 

a) Precaut ions to  f ire v ictim: 
i) space separat ion f rom o rigin o f  f ire; 
i i) f lame p ropagation p revention: 

– phys ical layout o f  the substation, 
– l iquid containment, 
– f ire barriers (e.g . f ire walls with f ire res is tance of  minimum 60 minutes), 
– ex t inguishing sys tem. 

b ) Precaut ions to  f ire o rigin:  
i) elec t rical p rotect ion; 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


 – 82 – IEC 61936-1:2021 CMV © IEC 2021 

i i) thermal p ro tection;  
i i i ) p ressure p rotec tion;  
iv ) non-combustible materials. 

Care shall be taken that ,  in the event  o f  f ire,  the escape and  rescue paths and  the emergency 
ex its  can be used  (see 7.1.6). 

The user o f  the elect rical power ins tal lation shall spec ify  any requirements for f ire ext inguishing 
equipment. The p recaut ions to  personal safety depending on the f ire suppress ion system shall 
be observed.  

The escape and  rescue paths  and  the emergency ex its shall be usab le in the event  o f  f ire 
(see 7.1.7).  

The user o r owner o f  the elec t rical power ins tal lation shall spec ify any requirement  f or f ire 
ex t inguishing equipment. 

Automatic devices to p rotect agains t equipment burning due to severe overheating,  overloading 
and  f aults (internal/external) shall be p rovided,  depending on the s ize and  s ignif icance of  the 
elec t rical power ins tal lation. 

Equipment  in which there is  a po tential for sparks, arc ing, exp losion o r high temperature,  for 
examp le elec t rical machines, t ransformers, res is tors, switches and  f uses, shall no t  be used  in 
operat ing area sub jec t to  f ire hazard  unless  the construct ion o f  this  equipment is  such that  
f lammable materials canno t be ignited by  them. 

If  this  cannot be ensured, special p recautions, for example f ire walls,  f ire-resistant separations, 
vaults , enc losures and  containment, are necessary.  

Cons ideration should be g iven to  separating d if ferent sect ions o f  switchgear by  f ire walls. This  
can be achieved by  means of  bus ducts which penetrate the f ire wall and  which connect  the 
sect ions o f  the switchgear together. 

NOTE Fo r  prevention of f ire propagation in ventilat ion, see 7.5.7. For low voltage equipment, guidance can be found 
i n  IEC TR 63054. 

8.7.2 Transformers,  reactors 

8.7.2.1 General  

In 8.7.2.1 to  8.7.2.6 the wo rd  ' transformer' rep resents ' transformers and  reac tors'.  

Fo r the ident if ication of  coolant types, see 6.2.2. 

IEC 61100 IEC 61039 c lass if ies insulating l iquids according to fire point and  net caloric calorific 
value (heat  o f  combust ion). IEC 60076-11 c lass if ies  d ry-type t ransformers  in terms o f  their 
behav iour when exposed to f ire.  

The f ire hazard  associated with transformers of  outdoor and  indoor elect rical power instal lations 
is  dependent  on the rat ing of  the equipment,  the volume and  type of  insulating mediums, the 
type and  p roximity and  exposure of  nearby equipment  and  s t ructures.  The use o f  one o r more 
recognized  safeguard measures shall be used  in accordance with the evaluat ion of  the risk .  

NOTE Fo r  definit ion of r isk, see ISO/IEC Guide 51. 

Common sumps o r catchment tanks, i f  required,  for several t ransformers shall be arranged so  
that  a f ire in one t ransformer cannot spread to  ano ther. 
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The same app lies to  ind ividual sumps which are connected to  the catchment  tanks o f  o ther 
t ransf ormers;  c rushed s tone layers , f ire p ro tection g rat ings o r p ipes f i lled with f luid can,  for 
examp le, be used  for this purpose. Arrangements  which tend to minimize the f ire hazard  of  the 
escaped f luid are p referred. 

8.7.2.2 Outdoor electrical  power installations 

The layout  of  an outdoor elect rical power ins tallation shall be such that burning of  a t ransformer 
with a l iquid vo lume o f  equal to  o r mo re than 1 000 l wil l  no t  cause a f ire hazard  to  o ther 
t ransf ormers o r ob jec ts, with the excep tion of  those d irectly associated with the t ransformer. 
Fo r this  purpose, adequate c learances, G1 and  G2,  shall be necessary. Guide values are g iven 
in Tab le 4.  Where t ransformers with a l iquid vo lume below 1 000 l are ins tal led near walls  of  
combustible material, special f ire p recautions may be necessary , depending on the nature and  
the use o f  the building. 

If  automat ically ac t ivated f ire ex t inguishing equipment is  ins talled, the c learances  G1 and  G2 
can be reduced .   

The reduct ion of  d istances G1 and  G2 shall be ag reed  upon between the supplier and  user.  

If  i t  is  no t  possible to  al low f o r adequate c learance as  ind icated in Tab le 4,  f ire-res istant 
separat ing walls with the f ol lowing d imensions shall be p rovided: 

a) between t ransformers  (see Figure 6) separat ing walls . Fo r example EI 60:   
– height  H:  higher than o r equal to top o f  the expansion chamber (i f  any),  o therwise the 

top  o f  the t ransformer tank; 
– leng th wid th o r leng th L:  longer than o r equal to  longest part  of  the sump wid th/length 

(in the case o f  a d ry-type t ransformer,  the wid th o r length o f  the t ransformer, depending 
upon the d irec tion of  the t ransformer); 

b ) between t ransformers and  buildings separating walls. Fo r example EI 60;  i f  addit ional f ire 
separat ing wall is  no t  p rov ided, f ire rat ing  o f  the build ing wall should  be increased, for 
examp le REI 90 (see Figure 7).   

NOTE 1 REI represents the bearing system (wall) whereas EI represents the non-load bearing system (wall) where 
R i s  th e l oad bearing capacity, E i s  the f ire i ntegrity, I i s  the thermal insulation and 60/90 refers to  f ire resistance 
d uration in minutes. 

NOTE 2 Defi nitions of fire resistance are given in EN 13501-2 . 
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Table 4 – Guide values for outdoor transformer clearances 

Transformer type Liquid volume Clearance G1 to other 
t ransformers or building 

surface of non-
combustible material 

Clearance G2 to building 
surface of combustible 

material 

l m m 

Oi l  insulated transformers 
(O)  

1 000 <  .≤  . . .  < 2 000 3 7,5 

2 000 ≤  . . .  < 20 000 5 10 

20 000 ≤  . . .  < 45 000 10 20 

≥  45 000 15 30 

Less  f lammable l iquid 
i n sulated transformers (K) 
wi thout enhanced protection 

1 000 < . . .< 3 800 

1 000 ≤ . . .  ≤  38 000 
1,5 7,5 

≥  3 800 

> 38 000 34 
4,5 15 

Less  f lammable l iquid 
i n sulated transformers (K) 
wi th enhanced protection 

Clearance G1 to building surface or adjacent t ransformers 

Horizontal 
m 

Vert ical 
m 

0,9 1,5 

Dry -type transformers (A) Fire behaviour class Clearance G1 to building surface or 
adjacent  transformers 

Horizontal 
m 

Vert ical 
m 

F0 1,5 3,0 

F1 No ne No ne 

a)  En h anced protection means 
– tan k rupture s trength, 

– tan k pressure relief, 

– l o w-current fault protection, 

– h i gh-current fault protection. 

Fo r  examples of enhanced protection, see Factory Mutual Global s tandard 3990 [33], or equivalent FM Global 
Data Sheets 5-4, Property Loss Prevention and IEC 60076-13. 

b)  Suff i cient space should be allowed for p eriodic c leaning of resin-encapsulated transformer windings, in order  
to  p revent possible electrical faults and f ire hazard caused by deposited atmospheric pollution. 

c )  No n-combustible materials may be chosen in accordance with EN 13501-1. 

d )  Fo r  transformer type " less f lammable liquid insulated transformers (K) with enhanced protection" and "dry-type 
transformers (A) " , th e c l earance G1 i s  th e mi n imum d i rect d i stance to  bui lding sur faces o f ei ther non-
co mbustible or combustible materials. 
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H      H1    ( with H1 > H2 ) 
L      B2     ( with B2 > B1 )

H
 

H
 1

H
 2

Minimum fire resistance 60 min for the separating wall (EI 60)

B 
1

B 
2L

 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


 – 86 – IEC 61936-1:2021 CMV © IEC 2021 

 

Key 

B 1 Len gth of transformer sump 

B 2 W i dth of transformer sump 

H  Hei ght of fire-resistant separating wall 

H1 Hei ght of the transformer expansion chamber ( if any) or  transformer tank of the higher transformer 

H2 Hei ght of the transformer expansion chamber ( if any) or  transformer tank of the lower transformer 

L Len gth of f ire-resistant separating wall 

 

Figure 6 – Separating wal ls between transformers 
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b
b

a

G1

G2
c

c

IndoorOutdoor

< G1

G1

b
a

G1

G2
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a)  F ire protection between transformer and  
building surface of non-combust ible material 
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IndoorOutdoor

< G2

b

G1

G2

> G1

b
b

G1

G2

G1

G2

c
c
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b)  F ire protection between t ransformer and  
building surface of combustible material 

Key 
G1  Cl earance to other transformers or building surface of non-combustible material, see Table 4 

G2 Cl earance to building surface of combustible material, see Table 4 

Sec tor a Th e wall in this area is designed with a minimum fire resistance of 90 minutes (REI 90) 
Sec tor b Th e wall in this area is designed with non-combustible materials 
Sec tor c No  f i re protection requirements 

NOTE Due to  the risk of vert ical f ire spread, sector c exists only in the horizontal direction. 

Figure 7 – Fire protection between transformer and bui lding 
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8.7.2.3 Indoor electrical power instal lation in closed electrical  operating areas 

Minimum requirements for the elec trical power installat ion of  indoor t ransformers  are g iven in 
Tab le 5.  

Table 5 – Minimum requirements for the instal lation of indoor transformers 35 

Transformer type Class Safeguards 

Oi l  insulated transformers 
(O)  

Li q uid volume  

≤  < 1 000 l  EI 60 respectively/ REI 60  

>  1 000 l  

1 000 l  ≤  … < 5 000 l 

EI 90 respectively/ REI 90 or 

EI 60 respectively/ REI 60 and automatic sprinkler 
p rotection f ire extinguishing unit 

≥  5 000 l  
EI 120 / REI 120 or  

EI 90 / REI 90 and f ire extinguishing unit 

Less  f lammable l iquid 
i n sulated transformers (K) 

No minal power/max. 
vo ltage 

 

W i thout enhanced protection (n o restrict ion) EI 60 respectively/ REI 60 or automatic sprinkler 
p rotection 

W i th enhanced protection ≤  10 MVA and  
Um  ≤  38 kV 

EI 60 respectively/ REI 60 or separation distances  
1,5 m h orizontally and 3,0 m vertically 

Dry -type transformer  (A) F i re behaviour class  

F0 EI 60 respectively/ REI 60 or separation distances  
0,9 m h orizontally and 1,5 m vertically 

F1 No n-combustible walls  

a)  REI represents the bearing system (wall) whereas EI represents the non-load bearing system (wall) where R is 
th e l oad bearing capacity, E i s  the f i re i ntegrity, I i s  the thermal insulation and 60/90 refers to fire resistance 
d uration in minutes. 

b)  Defi nit ions of f ire resistance are given in EN 13501-2. 

c )  En h anced protection means 
– tan k rupture s trength, 

– tan k pressure relief, 

– l o w-current fault protection, 

– h i gh-current fault protection. 
Fo r  an example of enhanced p rotection, see Factory Mutual G lobal s tandard 3990  o r equivalent and IEC 60076-
13. 

d )  Suff i cient space should be allowed for p eriodic c leaning of resin-encapsulated transformer windings, in order 
to  p revent possible electrical faults and f ire hazard caused by deposited atmospheric pollution. 

 

Doo rs shall have a f ire res is tance o f  at  least  60 minutes .  Doors which open to the outs ide are 
adequate if  they are o f  low f lammabili ty material.  Vent i lation openings necessary f o r the 
operat ion of  the t ransformers  are permitted in the doors  or in ad jacent walls.  When designing 
the openings, the possible escape o f  ho t gases shall be cons idered. 

8.7.2.4 Indoor electrical power instal lations in industrial bui ldings 

For al l  t ransformers in industrial build ings, f as t-act ing p ro tect ive dev ices which p rovide 
immed iate automat ic interruption in the event  o f  fai lure are necessary. 

Transf o rmers with coolant type O require the same p rov isions as  in 8.7.2.3.  

Fo r al l  o ther l iquid-immersed t ransformers, no  spec ial arrangements in respect of f ire protection 
are required ,  except  for the p rovisions for l iquid retent ion in case o f  leakage and  the p rovision 
o f  portable f ire ex tinguishing apparatus suitable for elec trical equipment . 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

The classification of the volumes for oil-insulated transformers has been improved.
The safeguard requirements for transformers with 5 000 l or more of oil has been increased. Classification is aligned with FM Global data sheet 5-4.

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


 – 92 – IEC 61936-1:2021 CMV © IEC 2021 

Dry-type t ransformers (A) require the selection of  the correc t f ire behaviour c lass depending on 
the ac t iv ity of  the industry and on the material present  in the surroundings.  Fire ex t inguishing 
p rov isions are adv isable, part icularly f or c lass F0.  

NOTE Fo r  all transformers in industrial buildings, additional f ire precautions may can be necessary, depending on 
th e nature and use of the building. 

8.7.2.5 Indoor electrical power instal lations in bui ldings which are permanently 
occupied by persons 

In high-vo ltage ins tal lations, located in public o r res idential buildings, special conditions shall 
be observed in acco rdance with ex isting s tandards o r nat ional regulations. 

Prov incial, nat ional o r reg ional f ire p ro tection regulations may ex is t f or spec ial conditions in 
pub lic o r res idential buildings. 

8.7.2.6 Fire in the vicinity of transformers 

If  there is  an excep t ional risk of  the t ransformer being exposed to ex ternal f ire, consideration 
evaluat ion shall be g iven to : 

– f ire-res istant separating walls;  
– gas-t ight vessels capable o f  withstanding the internal p ressure generated; 
– control led release of  the ho t  l iquid; 
– f ire ex t inguishing sys tems. 

8.7.3 Cables  

The danger o f  the sp read of  f ire and  its  consequences shall be reduced,  as  f ar as  possible,  by 
selec t ing suitable cables and  by the method of  ins tal lation. 

The cab les  may shall  be assessed by ref erence to the f ol lowing categories : 

– cab les  without particular f ire performance characteris tics; 
– cab les  (s ingle) with res istance to  f lame p ropagat ion [ IEC 60332 (al l  parts )];  
– cab les  (bunched) with res istance to  f lame p ropagation [ IEC 60332 (al l  parts )]; 
– cab les  with low emission of  smoke (IEC 61034-1);  
– cab les  with low emiss ion of  ac idic and  co rros ive gases [ IEC 60754-1 and  IEC 60754-2) (all  

parts )] ; 
– cab les  with f ire-resis ting characteris tics  (IEC 60331-21 o r IEC 60331-1).  

Cab les  in t renches and  buildings shall be laid  in such a way that  the regulat ions regard ing f ire 
saf ety of  the building are no t  adversely af fected. Fo r examp le, to  avo id f ire p ropagation, holes 
through which the cab les go  f rom one room to  ano ther shall be sealed with suitable material. 

A phys ical separat ion o r d if ferent rout ing o f  power c ircuits f rom the control c ircuits f or high-
vo ltage equipment is  recommended if  i t  is  necessary  to p reserve the integrity of  the lat ter as  
long  as  possible f ollowing damage to the power c ircuits. 

Where necessary,  a f ire alarm and  f ire ex tinguishing systems shall be ins talled in cable tunnels 
and  in cab le racks in the basement o f  control buildings.  

8.7.4 Other equipment with flammable l iquid 

For al l  elec t rical equipment, such as  switchgear which contains  more than 100 l o f  f lammable 
l iquid in each separate compartment, special f ire precaut ions as  specif ied for t ransformers  may 
be necessary , depending on the nature and  use o f  the elec t rical power ins tal lation and  its  
locat ion. 
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8.8 Protection against leakage of insulating l iquid and SF6 

8.8.1 Insulating l iquid leakage and subsoil water protection 

8.8.1.1 General  

Measures shall be taken to  contain any leakage f rom l iquid-immersed equipment so  as  to  
p revent  env ironmental damage. Nat ional and/or local Prov incial,  national or regional regulations 
may spec ify the minimum quantity o f  l iquid contained in an equipment  for which containment is  
required . As a guideline,  where no  p rovincial,  nat ional and/or local reg ional regulations exist, 
containment  should be p rov ided around  l iquid-immersed equipment containing more than 
1 000 l (acco rding to IEEE 980,  2 500 l).  

NOTE In al l  cases,  local regulations should be taken into account and  approvals obtained when 
required . 

8.8.1.2 Containment for indoor equipment 

In indoo r elect rical power ins tallations, spills of  insulating l iquid may be contained by p roviding 
impermeab le f loors  with thresholds around the area where the equipment is  located or by  
co llect ing the sp il led l iquid in a des ignated ho lding area in the build ing (see Figure 8).  

The vo lume o f  the insulat ing l iquid in the equipment as  well as  any volume of  water d ischarging 
f rom a f ire p rotect ion system shall be considered when selec t ing height of  threshold o r volume 
o f  the ho lding area.  

Threshold

 

 

IEC    1874/10 
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NOTE Th e dotted area denotes the volume of the entire quantity of insulating fluid of the transformer spilled on the 
f l oor. 

Figure 8 – Example for small  transformers without gravel  layer and catchment tank 

8.8.1.3 Containment for outdoor equipment 

The quant ity  o f  insulating l iquid in elec t rical equipment,  such as  t ransf ormer,  the vo lume of  
water f rom rain and  f ire p ro tection systems, the p roximity to  water courses and  so il conditions 
shall be cons idered in the selec tion of  a containment system. 

NOTE 1 Co ntainments (sumps) around l iquid i mmersed equipment and/or holding tanks (catchment tanks) are 
ex tensively used to prevent escape into the environment of insulating liquid from equipment. 

Containments and  ho lding tanks, where p rovided, may be des igned and  arranged as f ollows: 

– tanks;  
– sump  with integ rated catchment tank for the ent ire quant ity of  f luid (Figure 9);  
– sump  with separate catchment tank.  Where there are several sumps,  the d rain p ipes may 

lead  to  a common catchment  tank;  this common catchment tank shall then be capable of  
ho ld ing the f luids of  the largest  t ransformer (Figure 10);  

– sump  with integ rated common catchment tank f or several t ransformers, capable o f  holding 
the f luids of  the largest  t ransformer (Figure 11).  

The walls  and  the associated p ipings of  sumps and catchment  tanks shall be impermeable to 
l iquid.  

The capac ity of  the sumps/catchment  tanks for insulating and  cooling f luids shall not  be unduly 
reduced  by water f lowing in.  It  shall be possible to d rain o r to  d raw of f  the water.  

A s imp le dev ice ind icating the level o f  l iquid is  recommended.  

At tent ion shall  should be paid to  the danger o f  f rost.  

The f o l lowing add itional measures shall be taken f o r p rotec tion o f  waterways and  o f  g round 
water:  

– the eg ress o f  insulating and  coo ling f luid f rom the sump /tank/floor arrangement shall be 
p revented (f or exceptions, see 8.8.1.1); 

– d rained  water should shall  pass through devices f or separat ing the f luids;  for this  purpose, 
their spec if ic  weights shall be taken into account.  

Fo r outdoor elec trical power ins tal lations, i t  is  recommended that the leng th and  wid th of  the 
sump  be equal to the length and  width of  the l iquid-f i lled part  of  the t ransformer p lus 20 % of  
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the d is tance between the highest point  of  the t ransformer (inc luding the conservator) and  the 
upper level o f  the containment  on each s ide. 

NOTE 2 IEEE 980 recommends that the spill containment ex tends a mi nimum 1 500 mm beyond any liquid-filled 
p ar t of the equipment. 

NOTE 3 Examples o f oil/water separator can be fo und i n CIGRE Technical Brochure 537, Guide for Transformer 
F i re Safety Practices. 

State and  reg ional laws and  regulat ions shall be taken into  account. Prov inc ial,  nat ional or 
reg ional legislation may ex ist . 

b

a

 

 
Key 
a Co ntainment: the entire quantity of f luid of the transformer  plus water from rain and f ire protection systems 
b Fo r information concerning f ire protection gratings or f ire blocking outlets, see 8.7.2  

NOTE In addition, the water from the f ire-extinguishing installation (if  any) should be considered. 

Figure 9 – Sump with integrated catchment tank 
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To catchment tank

a

b

 

 

Key 

a Co ntainment: minimum 20 % of the f luid from the transformer 

b Fo r  information concerning f ire protection gratings or f ire blocking outlets, see 8.7.2 

Figure 10 – Sump with separate catchment tank 

IEC    1872/10 
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a

b

 

 

Key 

a Co ntainment outdoor: the entire quantity of fluid of the largest transformer plus water from rain and fire protection 
sys tems 
Co ntainment indoor: the entire quantity of f luid of the l argest transformer  

b Fo r  information concerning f ire protection gratings or f ire blocking outlets, see 8.7.2 

NOTE In addition, the water from the f ire-extinguishing installation (if  any) should be considered. 

Figure 11 – Sump with integrated common catchment tank 

8.8.2 SF6 leakage  

Recommendat ions for use and hand ling of  SF6 gas are g iven in IEC /TR 62271-303 IEC 62271-
4 and  IEC 60376.  
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To  cover the unlikely  event  o f  an abno rmal leakage, vent i lation shall be p rov ided in the 
switchgear room and  in o ther accessible locations where the accumulation of  gas may p resent 
a hazard .  In case o f  outdoor elec trical power ins tallation, no  special p recaut ions are needed . 

In rooms with SF6 instal lat ions, equipment which are above g round, natural venting is suf ficient 
i f  the gas volume of  the largest compartment  at  atmospheric p ressure does no t exceed 10 % of  
the vo lume o f  the accessible switchgear room. If  this demand cannot be f ulfi lled, mechanical 
vent i lat ion shall be ins talled.  

In rooms with SF6 ins tal lations equipment which are below g round  on all  s ides, mechanical 
vent i lat ion shall be p rovided if  gas quantities  which pose an into lerable risk to  the health and  
saf ety of  persons are capable o f  collect ing in terms of  gas quantity versus s ize of  the room. 

Chambers ,  ducts, p its, shaf ts, etc . , s ituated below SF6 ins tal lation rooms and  connected to  
them, shall have the poss ibi li ty of  being vent ilated. 

To  guarantee that  no  thermal decomposition of  SF6 p resent in the atmosphere can occur, the 
f o l lowing p rovisions shall be made: 

– no  parts  of any equipment instal led in the switchgear room which are in contact with air shall 
exceed  a temperature o f  200 °C;  

– when f i l ling o f  equipment is  carried  out  during  erec t ion on s ite (no t  sealed  sys tems), 
measures should be taken to  p revent smoking, open f ire and  weld ing in the wo rk ing areas. 

NOTE Fo r max imum SF6 concentrat ion, nat ional regulations should be considered. 

NOTE Th e use of other insulating gases i s under consideration. 

8.8.3 Fai lure with loss of SF6 and i ts decomposition products 

Recommendat ions f or use and  hand ling of  SF6 gas are g iven in IEC/TR 62771-303.  

Recommendat ions f or f ai lures with loss  o f  SF6 and  its  decomposition p roducts are g iven in 
IEC 62271-4 and  IEC 60480.  

NOTE Gui dance has been issued by CIGRE 23-04 [29] Report 23-03.  

8.9 Identi fication and marking 

8.9.1 General  

Clear ident if ication and  unamb iguous mark ing  are required  in languages necessary f o r the 
operat ion o f  the elec t rical power ins tal lation shall be app lied. This  is  to  avo id  inco rrect 
operat ion,  human erro r, accidents,  etc. while operation and maintenance are carried out (see 
also  7.1.8). 

The language o f  the identif icat ion and  mark ing shall be ag reed upon between the supplier and  
user.  

Fo r c lear ident if ication,  ins talled elec t rical equipment may require more than one marking  
depend ing on its access,  such as  equipment with rear access.  

Signs, boards and no tices shall be made of  durable and  non-corrosive material and p rinted with 
indelible characters .  
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A s ing le l ine d iag ram shall be eas ily  access ible within the elec t rical power ins tal lation. In 
ins tal lations where a mimic diagram is visible from one s ingle v iewpoint and gives the equivalent 
inf o rmation, a s ing le l ine d iagram is  no t necessary. 36 

The operat ional s tate of  switchgear and controlgear shall be c learly shown by indicators except 
when the main contacts can c learly be v iewed by the operator. 

Cab le terminat ions and  components  shall be identif ied. Relevant details mak ing identif ication 
possible in accordance with a wiring  l is t  o r d iagram shall be p rovided. 

8.9.2 Information plates and warning plates 

In c losed elec trical operating areas and  in industrial buildings, al l  elec trical equipment rooms 
shall be p rov ided,  on the outs ide o f  the room and  on each access doo r, with necessary  
inf o rmation ident ify ing the room and  pointing out any hazards. 

The co lours  and  contras ting co lours shall comply  with IEC s tandards o r nat ional regulations. 
Prov incial, nat ional o r reg ional legislation may ex ist . 

8.9.3 Electrical  hazard warning 

All access doors to c losed elec trical operating areas,  al l  s ides of  outer perimeter f ences and  
masts , poles  and towers with a t ransformer or switching device shall be p rovided with a warning 
s ign.  

The s igns shall comply with IEC s tandards o r nat ional regulat ions . Prov incial,  nat ional or 
reg ional legislation may ex ist . 

8.9.4 Electrical  power installations with incorporated capacitors 

The capac itors shall be p rovided with a warning  label ind icat ing the d ischarge t ime. 

8.9.5 Emergency signs for emergency exits 

Emergency ex its  shall be ind icated by  the app ropriate saf ety warning  s ign.  The s igns shall 
comp ly with IEC s tandards o r nat ional regulations. Provinc ial, nat ional o r reg ional legislation 
may ex is t . 

8.9.6 Cable identi fication marks 

The pos ition where cables enter buildings should be identif ied. Ident ification marks shall not be 
p laced  on removable covers o r doors that  could be interchanged.  

9 Protection, control automation and auxiliary systems 37 

9.1 Monitoring and control  Protection systems 

Monitoring, p rotection,  regulating and  control dev ices shall be p rovided, as  necessary, f or the 
co rrec t  and  safe f unctioning of  the equipment. 

Automatic dev ices, designed to o f fer select ivity and  quick operat ion, shall p rovide p rotection 
agains t  the ef fects of  unacceptable overload and  internal and  ex ternal faults appropriate to the 
s ize and  s ignif icance o f  ins tallation.  

The des ign o f  the elec t rical power ins tal lat ion shall inc lude the selec t ion and  p rovision of  
p ro tect ion systems for the correct  and safe f unctioning of  the system and  to prevent  damage, 
injury  o r loss o f  l ife, and  d isrupt ion to elec tricity supply. 
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Cons ideration shall  should be g iven f or p rotection agains t the f ollowing ef fects:   

– overcurrent,  short-circuit  and  earth f ault; 
– overload and  thermal ef fect; 
– overvoltage; 
– undervo ltage; 
– underf requency. 

Pro tec tion coordination s tudies shall be conducted as  ag reed  between the supplier and  user in 
o rder to  determine the set ting of  p rotective devices. Back-up p rotect ion shall be cons idered for 
sho rt -c ircuit p ro tec tion and  also  f o r earth f ault  p ro tection when c learing  o f  earth f aults is  
required . 

Low-f requency conditions generally indicate power sys tem p roblems. Fo r ins tal lat ions supplied 
by  a power system, low-f requency d isconnection dev ices may be required in accordance with 
local regulat ions o r power system requirements . For ins tal lations hav ing their own independent 
power supp ly,  consideration should be g iven to  imp lementing load shedding to  p revent total 
loss  of  power during d isturbances.  

Invest igations shall be perf ormed to  determine poss ible overvoltages during  operating 
cond itions.  Protec tion shall be ins talled where overvoltages may exceed tolerance l imits of  the 
ins tal led elec trical equipment.  

The ef f ects o f  undervo ltages on the operat ion o f  elec t rical equipment shall be cons idered. 
Dev ices to detect undervoltages shall be provided where necessary in order to init iate automatic 
t ransf ers  to an alternative supply, o r to disconnect  the equipment to p revent incorrec t operation 
o r damage f rom occurring. 

Integ rated control and p rotection apparatus/equipment may be used p rovided that  the protection 
f unct ions are f unctionally independent of  the control f unctions, i .e. fai lure o r mal-operation of  
the contro l f eatures wil l  no t impair operation of  the p ro tection system. 

9.2 Automation systems 

Monitoring, p rotection,  regulating and  control dev ices shall be p rovided, as  necessary, f or the 
co rrec t  and  safe f unctioning of  the elec t ric system.  

Automatic dev ices, designed to o f fer select ivity and  quick operat ion, shall p rovide p rotection 
agains t  the ef fects of  unacceptable overload and  internal and  ex ternal faults appropriate to the 
s ize and  s ignif icance o f  elec trical power ins tal lation. 

Elec trical equipment  of  the automation system shall comply  with the severity c lass def ined in 
IEC 60255 (al l  parts )] co rresponding to the part  of  the elec trical power ins tal lat ion in which it  is  
located. 

Fac il i t ies shall be p rovided f or isolating the control c ircuit of  each p rimary switching equipment 
o r each switchgear 'bay' o r ' cubicle' in o rder to  al low maintenance of  high-voltage equipment to 
be perf ormed safely. 

Prov ision shall be made to  al low f or repair, maintenance,  and /or tes ting to be carried out  on 
p ro tect ion and  control devices without any danger to persons  o r the equipment . 

Contro l c ircuits and  s ignall ing c ircuits  shall, p referably,  be f unctionally separated. Tripping 
s ignals shall be d isplayed on the p ro tection panel i f  i t  ex ists. 

Alarm and  f ault -indicating equipment  shall c learly  indicate danger and  f ault conditions; several 
s ignals can be combined as a common s ignal to be t ransmitted to  a remo te control point . 
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The control equipment and  system, including cables and  cords, shall be designed and ins talled 
to  minimize the possibi li ty o f  damage to  the connected elec t rical equipment due to  elec t ro-
magnet ic interference.  Bas ic rules  are g iven in 9.4.  

The control equipment and  system, including cables and  cords, shall be designed and ins talled 
in such a way that  they minimize the danger f rom operating f ai lure, inadvertent  operation or 
inco rrec t information. In meet ing  this  requirement , inf luences such as  vo ltage d ips, supply 
f ai lure, insulation f aults  and  elec tromagnetic interference ef fects shall be taken into account. 

The ac tuat ing elements f or the control o f  a switchgear shall be des igned and  ins tal led in such 
a way that  acc idental ac tuat ion is  avoided. 

Where a remo te control is available,  local/ remote control selection shall be prov ided at  the local 
operat ing posit ion (i .e. at  o r in the c lose v icinity o f  the switches). 

The control c ircuit o f  switching devices operated remo tely  o r automatically shall be p rovided 
with suitab le means near the dev ice to  p revent acc idental operation during p lanned outages 
maintenance o r repair. 

When required , the monitoring and control system shall implement load shedding,  emergency 
shut  down,  automat ic t ransfer and  netwo rk  reconf igurat ion, mo to r re-acceleration and  re-
s tart ing, etc .  in o rder to  maintain saf e operat ing cond itions during  elec t rical system 
d is turbances. 

Fo r saf ety reasons,  i t is  recommended that hard -wired interfaces to industrial p rocess control 
equipment be des igned such that  maintenance of  the p rocess control c ircuits can be carried  
out  without accessing high-voltage equipment, for example by us ing interposing relays installed 
in a separate cubicle. 

9.3 Auxi l iary systems 

9.3.1 AC and DC supply circuits 

9.3.1.1 General  

Auxil iary power supply  sys tems shall be des igned f or the permit ted voltage f luctuat ion range 
and  suitab le power capac ity which is  required  by  the equipment  f or control and  aux il iary  
sys tems.  

Low-vo ltage AC and  DC systems shall be designed in acco rdance with IEC 60364 (al l  parts ).  

Aux il iary switchboards d istribut ion boards shall be p rovided to separate and p rotect  the various 
aux il iary  c ircuits. 

A vo ltage loss  o r fai lure in the supply c ircuit should initiate a s ignal to  a control location.  

Power supp ly sys tems Aux iliary power supplies may be categorized into  essent ial and  non-
essent ial g roups. Essent ial supplies should be continuously available without  any interruption, 
whereas non-essent ial ones may be allowed to  be subject to  interrupt ions. 

9.3.1.2 AC supply 

For AC aux il iary power supplies belonging to  the essent ial g roup, such as  the supp lies  to a 
computerized control sys tem, o r the supp lies to  any  elec t rical equipment whose interruption 
might  cause a hazardous condition af ter a t rans ient loss of  power, the p rov ision of  a suitable 
UPS (uninterrup t ible power supply) is  recommended.  
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Some equipment (e.g . SF6-breaker heaters) may require the p rov ision o f  changeover power 
supp lies. 

9.3.1.3 DC supply 

DC supp ly units shall be capable of supplying power to al l permanent  DC loads and to the loads 
assoc iated with essent ial operations. This  may be achieved by  choosing an appropriate number 
o f  independent units of  suf ficient capacit ies.  

It  is  recommended that  DC supp ly units  such as  bat teries  and  chargers  be p rov ided with 
ins t ruments for monitoring voltage and  current . 

DC bat teries shall be s ized to  p rovide power f or operation of  an elec t rical power ins tallation 
during  total loss  of  AC s tation services . The most p robable duration of  a.c.  s tation serv ices loss 
shall be evaluated to  al low p roper s izing and  selec tion o f  d .c.  batteries.  

Sizing  o f  batteries shall be based on either the most  probable duration of  AC s tat ion services 
o r the wo rs t -case scenarios that  might  cause a to tal loss o f  AC s tat ion serv ices (i .e.  total 
b lackout, fault on a majo r bus in the ins tal lation, etc.).  This  is  subject to  an ag reement between 
the user and  supp lier. As a minimum, the DC bat teries shall have enough capac ity to  t rip  
b reakers  and  switches at  the beg inning o f  the d ischarge period,  to  supp ly power to  the 
cont inuous DC load and  to  c lose the elements  of  the ins tallat ion that  wil l  res tore AC serv ices.   

Bat tery  banks with exposed l ive parts  shall be kep t  in a room o r cub ic le accessible only  to  
autho rized  persons.  

Bat tery  rooms or cubicles shall be dry and adequately ventilated to limit hydrogen accumulation. 
Allowable hyd rogen levels  and  recommended number o f  air changes  shall conform may be 
sub jec t to p rovincial,  nat ional regulat ions o r reg ional leg is lation. 

An easy means o f  escape f rom bat tery rooms shall be p rov ided. Eyewash s tations o r personal 
p ro tect ive equipment shall be p rovided,  p referably located outside the bat tery room and  close 
to  the bat tery room door. 

Bat tery  banks shall p referably be isolated f rom control rooms to p revent the sp read of  fumes 
and  to  p revent  accidental contact.  

Where the risk  o f  explos ion cannot be avoided,  explosion-protected equipment shall be used in 
acco rdance with IEC 60079-0.  

The risk  o f  explos ion due to combustion of  gas mix tures in the p resence of  an open f lame or 
g lowing parts  shall be ind icated by  means of  co rrosion-resistant,  legible s igns o f  suitable s ize. 

No twithstanding the vent i lation p rovided,  rooms containing open type lead  bat teries shall be 
cons idered as  locations with co rrosive env ironments. Walls , ceil ings and  f loors shall meet  the 
requirements f or p ro tection against co rrosion and  gaseous p roducts. Means shall be p rovided 
to  p revent  corrosive substances f rom entering any d rainage systems.  

9.3.2 Compressed air systems 

Compressed air sys tems shall be des igned to  comp ly with the app ropriate leg is lative rules  
regard ing p ressure vessels and  p ressurized systems. 

Ins t ruments  and  alarms shall be p rov ided to  ensure saf e and  rel iab le operat ion o f  the 
compressed air sys tem. 
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The compressed air system shall be capable of  p roviding air o f  relat ive humidity appropriate to 
the type and  operat ing p ressure o f  the elec t rical equipment to  be supp lied under all  
env ironmental conditions.  Where necessary , d rying equipment shall be p rovided. 

Compressed air systems shall be designed so that water can be d rained f rom all receivers or 
o ther po ints where it  may co llect during operation.  

The compressed air sys tem shall be des igned to operate at  i ts maximum and  minimum capacity 
over the f ul l  range o f  env ironmental conditions to  be expected for the associated switchgear 
and /o r system. Adequate compressor cooling shall be p rovided as  well as  suitable p rotection 
to  al low intermit tent operation under f reezing conditions.  

Pressure vessels and  p ipelines shall be p ro tected against corros ion internally and  ex ternally . 

The f unction of  various components of  the compressed air system shall be c learly indicated on 
this  equipment. D if ferent p ressures shall be id entif ied on p ipework, vessels and  d iagrams by a 
method  acceptable to the purchaser user.  

The compressed air system shall be p rov ided with suf ficient points of  isolation and  d rainage to 
al low sect ionalizat ion for maintenance in accordance with the operating and  safety  rules of  the 
user.  

Pipes which are permanent ly under p ressure shall be protected against  damage due to d irect 
arc ing .  

All  controls  o f  the compressed air sys tem which have to  be used  during  operation shall be 
arranged  so  that  they are saf ely  access ible. 

9.3.3 SF6 gas handling plants 

Where SF6 gas has to  be hand led  and  ret rieved, a SF6 gas serv ice unit shall be p rovided to 
t ransf er SF6 gas to  and  f rom gas-f il led elec trical equipment in o rder to  permit maintenance on 
the p rimary  equipment. This  SF6 gas serv ice unit  shall be capable o f  evacuating and  s toring 
the largest quant ity o f  gas spec if ied and  o f  evacuat ing the largest  vo lume spec ified to  the 
vacuum level and  ref i l l ing to  the highest  f i ll ing p ressure spec if ied by  the manuf acturer. The 
des ign and capac ity  of  the SF6 gas serv ice unit  shall be determined by ag reement between the 
supp lier and  user.  

The SF6 gas serv ice unit shall also be capable of  ex tracting air at  atmospheric p ressure f rom 
the largest volume specif ied to the vacuum level spec ified by the manufacturer. The gas service 
unit  shall be capable of  returning gas to the electrical equipment and recycling used gas through 
f i l ters . 

NOTE Gui dance on handling of plants containing SF6 i s given in IEC 60480 and IEC 62271-303 IEC 62271-4. 

9.3.4 Hydrogen handling plants 

The hyd rogen-cooled generator,  synchronous condenser o r any o ther high-voltage equipment 
and  its  hyd rogen cooling system shall be ins talled in the f ol lowing way. 

– The s t ruc ture o f  the generator o r synchronous condenser and  its  hyd rogen cooling system 
shall be leak-t ight and  capable of  p revent ing the mix ture o f  hydrogen and  air.  

– The generato r, synchronous condenser, hyd rogen p ipes, valves and  o ther f i t tings in the 
hyd rogen system shall be capable of  withstanding the explos ion of  hydrogen at  atmospheric 
p ressure. 

– The generato r p lant shall be p rov ided with a dev ice through which hyd rogen gas can be 
purged  to the open air safely  when hyd rogen leaks out f rom the generator shaf t seal. 
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– A dev ice capab le o f  int roducing hyd rogen saf ely into  the generato r o r synchronous 
condenser and  also a dev ice capable of  expell ing hydrogen safely out of  the generator or 
synchronous condenser shall be ins tal led.  

– An ins t rument  shall be p rov ided which detec ts abno rmal cond itions o f  the elec t rical 
equipment and  g ives a warning .  

9.4 Basic rules for electromagnetic compatibil ity of control  systems 

9.4.1 General  

Subc lause 9.4 deals with the p rotection of  control c ircuits against elec tromagnet ic interference. 
See also  4.2.10. 

9.4.2 Electrical  noise sources in high voltage electrical power instal lations 

Interf erences may be t ransmitted into HV elec trical power instal lations by means of  conduction, 
capac itive coupling, induction o r rad iat ion. 

a) High f requency interferences are p roduced by 
– switching in p rimary c ircuits; 
– l ightning s trokes on overhead l ines or on g rounded components of high voltage electrical 

power ins tal lations; 
– operat ion o f  surge arres ters, in part icular those with air gaps; 
– switching in secondary c ircuits; 
– high f requency rad io t ransmitters; 
– elec t rostatic d ischarges. 

b ) Low f requency interferences are p roduced by  
– sho rt -c ircuits; 
– earth f aults;  
– elec t romagnetic f ields generated by  equipment  (busbars, power cab les , reactances, 

t ransf ormers,  etc.).  

Pro tec tion against interference is  based on two general p rinciples: 

– reduct ion of  the penetration o f  elec tromagnetic f ields into the elec trical equipment ; 
– es tab lishment of  equal potential between every  piece of  equipment  and the earthing system. 

9.4.3 Measures to be taken to reduce the effects of high frequency interference 

The recommendat ions l is ted below are the most  important ones f or reducing (non-exhaustive) 
wil l  reduce the ef fects  of  high f requency elec tromagnetic  interference: 

a) suitab le construct ion o f  ins t rument  t ransformers (vo ltage t ransformers, current  
t ransf ormers), ef fective shielding between p rimary and  secondary wind ing, tes ting of  high 
f requency t ransmission behaviour; 

b ) p ro tect ion agains t l ightning s trokes; 
c ) imp rovement of  the earthing  system and  earthing connect ions (see 10.3.3); 
d ) shield ing o f  secondary c ircuit cab les:  

– shields should be continuous; 
– shields should have a low res is tance (a f ew ohms per k i lometre); 
– shields should have a low coup ling impedance within the interference f requency range; 
– earthing  o f  the shields should be as  short  as  poss ible;  
– the shields  should be earthed  at  both ends and  intermediate points where possible; 
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– the shields should be earthed at  their entry to the control cabinets  so that  the currents 
c irculat ing in the shields do  no t  af fect  the unshielded c ircuits. Connect ions should 
p ref erably  be c ircular by  us ing suitable cable g lands o r a weld ing p rocedure; 

e) g roup ing of  c ircuits: in o rder to reduce the d ifferent ial mode overvoltages, the incoming and  
outgoing wires  associated to  a same f unction should be g rouped within the same cable.  
As f ar as  possible, control cables should be segregated f rom o ther cables. 

9.4.4 Measures to be taken to reduce the effects of low frequency interference 

The recommendations l isted below are the most  important ones f or reduc ing the ef fects of  low-
f requency elec tromagnetic interference. 

a) Measures concerning cable lay ing: 
– separat ion of  control cables f rom power cab les by  us ing spacing o r d if ferent routes;  
– power cab les in t refoi l f ormat ion should be p referred to a f lat  formation;  
– as  f ar as  poss ible,  cable routes should no t be parallel to bus bars o r power cab les;  
– control cables should be laid away f rom inductances and  s ingle-phase t ransformers . 

b ) Measures concerning the c ircuit arrangement: 
– loops should be avo ided; 
– f o r DC auxil iary  supply  circuits , a radial conf iguration is preferable to a ring conf iguration; 
– the p ro tection of  two d ifferent  DC c ircuits by the same miniature c ircuit -breaker should 

be avo ided; 
– parallel connection o f  two co ils located in separate cubicles should be avoided;  
– al l  wires  o f  the same c ircuit should be located in the same cab le. When d if ferent cables 

have to  be used ,  they should be laid in the same route. 
c ) Twis ted  pairs  cables  are recommended for low level s ignals. 

9.4.5 Measures related to the selection of electrical equipment 

The elec trical power ins tal lat ion shall be d iv ided into  d if ferent zones,  each o f  them 
co rresponding to  a spec ific c lass o f  env ironment (see 4.4).   

In each zone,  elec t rical equipment shall be selected in accordance with the associated class of  
env ironment.  

Where necessary  the following measures shall be taken in the internal c ircuitry of  the control 
sys tem: 

a) metall ic isolation o f  the I/O s ignal c ircuits; 
b ) ins tal lation o f  f i lters on aux iliary power supply c ircuits; 
c ) ins tal lation o f  voltage-limiting devices such as :  

– capac itor o r RC c ircuits ; 
– low vo ltage surge arres ters ; 
– zener d iodes o r varistors;  
– t ranszo rb t rans ient-voltage-suppression (TVS) d iodes. 

These dev ices shall be ins talled ins ide the p rotec tion and  control equipment . 

The f o l lowing additional measures concern gas-insulated switchgear: 

d ) connection o f  concrete reinf o rcement g rids  to  the earthing  sys tem at  various po ints, 
espec ially in the f loor (see Clause 10);  
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e) adequate earthing f or power f requency and  t rans ient  ef fects at  the GIS/air-bushings and  
GIS-tubes. This  is achieved by multiple connections between the enc losure and  the building 
wall (to  the reinf orcement  g rid o r metallic c ladding) and  multiple connections between the 
wall and  earthing  sys tem; 

f ) adequate des ign and  tes t ing o f  secondary equipment concerning their immunity  against 
elec t rical t rans ients.  

9.4.6 Other possible measures to reduce the effects of interference 

The f o l lowing recommendations supplement, when app licable,  the prev ious recommendations  
measures l is ted in 9.4.5:  

– ins tal lation o f  control cab les  in metall ic cab le ducts  is  recommended. Cont inuity and  
earthing  o f  ducts  should be ensured  along their who le leng th; 

– where poss ible,  ins tallation o f  cables should be ins talled along metallic surfaces; 
– use o f  op tical f ibre cables should be used with appropriate equipment. 

10 Earthing systems 

10.1 General  

This  Clause 10 p rov ides the criteria f o r des ign, ins tal lation, tes t ing and  maintenance o f  an 
earthing  system such that i t  operates under al l  conditions and  ensures the safety of  human life 
in any p lace to which persons have legitimate access. It  also p rovides the criteria to ensure that 
the integ rity o f  elec t rical equipment connected and  in p rox imity to  the earthing  sys tem is  
maintained . 

10.2 Fundamental  requirements 

10.2.1 Safety cri teria 

The hazard  to  human beings is  that  a current  wil l  f low through the reg ion of  the heart  which is  
suf f icient to  cause ventricular f ibri llat ion. The current  l imit , f o r power-f requency purposes is  
derived f rom the app ropriate curve in IEC /TS 60479-1:2005.  This  body current  l imit  is  
t rans lated into voltage l imits  for comparison with the calculated s tep and  touch voltages taking 
into  account the f ol lowing factors : 

– p roportion o f  current f lowing through the reg ion of  the heart ;  
– body impedance along the current  path; 
– res is tance between the body contac t po ints and ,  f or examp le, metal s t ruc ture to  hand  

inc lud ing g love, f eet to  remote g round inc luding shoes o r g ravel; 
– f ault  duration. 

It  must  shall  also be recognized  that f ault  occurrence, f ault  current magnitude, f ault duration 
and  p resence o f  human beings are p robabilistic in nature.  

The earthing  des ign parameters (relevant  f undamental requirements, e.g . f ault current , f ault 
durat ion) shall be ag reed between the supplier and  user.  

Fo r elec t rical power ins tallation des ign, the curve shown in Figure 12 is  calculated according to 
the method  def ined in Annex B.   

NOTE Th e curve is based on data extracted from IEC /TS 60479-1:20052018:  
– bo dy i mpedance from Table 1 of IEC /TS 60479-1:20052018 (not exceeded by 50 % of the population); 

– p ermissible body current corresponding to the c2 curve in F igure 20 and Table 11 of IEC /TS 60479-1:20052018 
(p robability of ventricular f ibrillat ion is less than 5 %); 

– h eart-cur rent factor according to Table 12 of IEC /TS 60479-1:20052018. 
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The curve in Figure 12,  which g ives the permissible touch voltage, should be used . Annex C 
shows the IEEE 80 curve which can be used  as an alternat ive to  the curve in Figure 12.  

As a general rule,  meet ing  the touch vo ltage requirements sat is f ies the s tep  vo ltage 
requirements, because the to lerable s tep vo ltage l imits are much higher than touch voltage 
l imits  due to the d if ferent  current path through the body.  

Fo r elec t rical power ins tallations where high-voltage elec t rical equipment is  no t  located in 
c losed elec trical operating areas,  e.g . in an industrial env ironment, a g lobal earthing system 
should  be used applied to p revent intolerable touch voltages resulting f rom HV faults exceeding 
the low vo ltage l imit  g iven in IEC 60364-4-41 (e.g .  50 V) [17].  

10.2.2 Functional  requirements 

The earthing  sys tem, its components and  bonding conductors shall be capable of  d istributing 
and  d ischarging the fault  current without exceeding thermal and mechanical design l imits  based 
on backup p rotection operating t ime. 

The earthing  sys tem shall maintain i ts  integrity f or the expected elec t rical power ins tallation 
l i f etime with due allowance f or co rrosion and  mechanical constraints. 

Earthing  system performance shall avoid damage to equipment due to excessive potential rise, 
po tential d if ferences within the earthing  sys tem and  due to  excess ive currents  f lowing in 
aux il iary  paths no t  intended f or carrying parts o f  the f ault current . 

The earthing  sys tem, in combination with app ropriate measures  (e.g . po tential control, local 
iso lation) shall maintain s tep, touch and  t ransferred potent ials within the vo ltage l imits based 
on no rmal operating t ime o f  p rotect ion relays and  b reakers.  

The earthing  sys tem perf ormance shall contribute to  ensuring  elec t romagnet ic compatibility 
(EMC) among  elec trical and elec tronic apparatus of  the high-voltage system in accordance with 
IEC TR 61000-5-2.  

10.2.3 High and low voltage earthing systems 

10.2.3.1 General  

Where high- and  low-vo ltage earthing systems ex ist in p roximity to  each o ther and  do  not form 
a g lobal earthing system, part of  the EPR f rom the HV system can be applied on the LV system. 
Two  p ract ices are p resent ly  used: 

a) interconnection o f  al l  HV with LV earthing  systems; 
b ) separat ion of  HV f rom LV earthing systems. 

In either case,  the relevant  requirements concerning s tep , touch and  t ransfer po tentials 
spec if ied below shall be complied with within a substation and  at  an LV ins tal lation supplied 
f rom that substation. 

NOTE Interconnection is  p referred when p ract icable. 

10.2.3.2 LV supply only within HV substations an electrical power instal lation 

Where the LV sys tem is  to tal ly conf ined within the area covered by the HV earthing  system, 
bo th earthing sys tems shall be interconnected even if  there is  no  g lobal earthing sys tem. 
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10.2.3.3 LV supply leaving or coming to HV substations incoming to or outgoing from 
an electrical  power instal lation 

Full comp liance is  ensured if  the earthing  system of  the HV elec trical power ins tallation is  part  
o f  a g lobal earthing sys tem or connected to a mult i-earthed HV neutral conductor in a balanced 
sys tem. If  there is  no  g lobal earthing sys tem, the minimum requirements o f  Tab le 6 shall be 
used  to  ident ify those s ituat ions where interconnection o f  earthing  systems with low-voltage 
supp ly outside the high-voltage ins tallat ion is  f eas ible.  

If  high-voltage and  low-voltage earthing systems are separate, the method o f  separating earth 
elec t rodes shall be chosen such that  no danger to persons o r elec trical equipment can occur in 
the low-voltage ins tal lat ion. This  means that  s tep , touch and  t ransf er po tentials and  s t ress  
vo ltage in the LV ins tal lat ion caused by a high-voltage f ault  are within the app ropriate l imits. 

10.2.3.4 LV in the proximity of HV substations an electrical  power instal lation  

Spec ial cons ideration should shall  be g iven to  LV sys tems which are located in the zone of  
inf luence o f  the HV substation earthing system of  the elec t rical power ins tallation. 

Fo r industrial and  commercial ins tallations , a common earthing sys tem can be used. Due to the 
c lose p roximity o f  equipment, i t  is  no t  possible to separate earthing systems.  

Table 6 – Minimum requirements for interconnection of low-voltage and  
high-voltage earthing systems based on EPR l imits 

Type of LV system a, b  

EPR requirements 

Touch voltage 

Stress voltage c 

Fault duration Fault duration 

t f  ≤  5 s t f  > 5 s 

TT No t applicable EPR ≤  1 200 V EPR ≤  250 V 

TN EPR ≤  F  × UTp d, e EPR ≤  1 200 V EPR ≤  250 V 

IT  

Di s tributed protective ear th 
co nductor As  p er TN system EPR ≤  1 200 V EPR ≤  250 V 

Pro tective earth conductor not 
d i stributed No t applicable EPR ≤  1 200 V EPR ≤  250 V 

a Fo r  definitions of the type of LV systems, see IEC 60364-1. 
b Fo r  telecommunication equipment, the ITU recommendations should be used. 
c Li mi t may be increased i f appropriate LV equipment i s installed or EPR may be replaced by local p o tential 

d i fferences based on measurements or calculations. 
d If  th e PEN or neutral conductor  of the low-voltage system is connected to earth only at the HV earthing system, 

th e value of F shall be 1. The typical value for F is 2, indicating the touch voltage is 50 % of EPR. Higher values 
o f F  (up  to 5)  may  be ap plied where th ere are addit ional connections o f th e PEN conductor to  earth which 
th erefore may reduce the touch voltage as a percentage of EPR. For certain soil structures, caution is necessary 
i n  soils with high contrast of top layer resistivity and underlying lower resistivity. In this case F  is closer to 1 as 
th e to uch voltage can exceed 50 % o f the EPR. If th e PEN or  neutral conductor of the low-voltage system is 
co nnected to earth only at the HV ear thing system, the value of F  shall be 1. 38 

e UTp i s  derived from F igure 12. 

NOTE Th e typical value for F  i s 2. Higher values of F  may be applied where there are additional connections of 
th e PEN conductor to earth. For certain soil s tructures, the value of F  may be up to 5. Caution is necessary when 
th i s rule i s  applied i n soils wi th h igh resistivity contrast wh ere th e top l ayer h as a h i gher resistivity. The touch 
vo ltage in this case can exceed 50 % of the EPR. 
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10.3 Design of earthing systems 

10.3.1 General  

Design of  an earthing  system can be accomplished as  f ol lows: 

a) data co llec tion,  e.g. earth f ault  current, f ault durat ion and  layout;  
b ) init ial design of  the earthing system based on the f unct ional requirements; 
c ) determine if  i t  is  part o f  a g lobal earthing sys tem; 
d ) i f  no t ,  determine so il  characteristics e.g .  o f  layers  with d if ferent spec if ic so il  elec tric 

res is t ivity of  layers so il ; 
e) determine the current  f lowing into  earth f rom the earthing  sys tem, based on earth f ault  

current ;  
f ) determine the overall  impedance to  earth,  based on the layout , so il  characteristics, and  

parallel earthing systems; 
g ) determine earth po tential rise; 
h) determine permissible touch vo ltage; 
i) i f  the earth po tent ial rise is  below the permiss ible touch vo ltage and  the requirements of  

Tab le 6 are met ,  the des ign is  complete;  
j) i f  no t , determine if  touch voltages ins ide and  in the v icinity of  the earthing system are below 

the to lerab le l imits; 
k ) determine if  t ransferred potentials p resent a hazard  outs ide o r ins ide the elec trical power 

ins tal lation;  i f  yes, p roceed with mitigation at  exposed location; 
l) determine if  low-voltage equipment is  exposed to  excess ive s t ress vo ltage;  i f  yes , p roceed 

with mit igation measures which can inc lude separat ion o f  HV and  LV earthing  sys tems; 

Once the above criteria have been met,  the des ign can be ref ined, i f  necessary , by repeating 
the above s teps. Detailed des ign is  necessary to  ensure that al l  exposed-conductive-parts, are 
earthed .  Extraneous-conduct ive-parts  shall be earthed,  i f  appropriate. 

A f lowchart of  this des ign p rocess is  g iven in Annex D.  

A s t ruc tural earth elect rode, i f  any, shall be bonded and  form part  of  the earthing system. If  not 
bonded, verif ication is  necessary to  ensure that al l  safety  requirements are met .  

Metall ic s t ruc tures  with cathodic p ro tection may be separated f rom the earthing  sys tem. 
Precaut ions,  such as  labell ing, shall be taken to ensure that  when such measures are taken,  
maintenance wo rk  o r modifications wil l  no t inadvertently null ify them. 

10.3.2 Power system faults 

The ob jective is  to  determine the wo rs t  case f ault  scenario f or every  relevant  aspect o f  the 
f unct ional requirements, as  these may d if fer. The f o llowing types o f  f ault  shall be examined at  
each vo ltage level p resent in the elec t rical power ins tal lat ion: 

a) three phases to  earth;  
b ) two  phases to earth;  
c ) s ing le phase to  earth; 
d ) i f  app licable:  phase to phase v ia earth (c ross-country earth f ault).  

Faults  within and  outside the elec trical power ins tallation s ite shall be examined to determine 
the wo rs t  f ault lo cation. 
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10.3.3 Lightning and transient overvoltages 

Lightning and  switching operat ions are sources o f  high- and  low-f requency currents  and  
vo ltages. Surges typ ically occur when switching long  cab le sect ions, operat ing GIS 
d isconnectors o r carrying out back-to-back capacitor switching. Successful attenuation requires 
suf f icient electrode dens ity  at injection points to the earthing system to deal with high-f requency 
currents ,  together with an earthing  sys tem o f  suf f icient  ex tent  to  deal with low-f requency 
currents .  The HV earthing  sys tem shall f o rm part  o f  the l ightning p ro tect ion sys tem and  
add it ional earthing  conductors may be required  at  injec t ion connection points between the 
l ightning p ro tection sys tem and  the earthing  system. 

Relevant  elec t romagnet ic compat ibi li ty and  l ightning s tandards shall be used  to  add ress 
spec if ic aspects  related to the t rans ient performance of  the earthing sys tem and its  components.  

When an industrial o r commerc ial elec trical power ins tallation inc ludes more than one building 
o r location, the earthing  sys tem o f  each shall be interconnected. Since during surges such as  
l ightning s t rokes, there wil l  be a large d if ference in potential between the earthing systems of  
each build ing and  locat ion in spite of  the interconnection, measures shall be taken to p revent 
damage to  sens itive elec trical equipment connected between d if ferent buildings o r locations. 
Where possible, non-metallic media, such as  f ibre optic  cable, should be used for the exchange 
o f  low-level s ignals  between such locat ions.  

10.4 Construction of work on earthing systems 

Where construct ion wo rk  involves an ex is t ing earthing system, p ro tect ive measures shall be 
taken to  ensure the saf ety o f  persons during fault conditions . 

10.5 Measurements 

Measurements  shall be carried out af ter construction, where necessary, to verify  the adequacy 
o f  the des ign. Measurements may inc lude the earthing system impedance, p rospective touch 
and  s tep  vo ltages at  relevant  locat ions and  t ransferred po tent ial, i f  app ropriate. When 
measuring  touch and  s tep voltages under test  conditions, e.g current injection test, two choices 
are poss ible. Either measure the p rospective touch and  s tep voltages us ing a high impedance 
vo ltmeter o r measure the ef fective touch and  s tep voltages appearing across an app ropriate 
res is tance which rep resents the human body. 

10.6 Maintainabili ty 

10.6.1 Inspections 

The construction of  the earthing system shall be carried out in a way that  the condition of  the 
earthing  sys tem can be examined  periodically by  inspection.  Excavating at  selec tive locations 
and  v isual inspect ion are app ropriate means which shall be considered. 

10.6.2 Measurements 

Design and  ins tal lation o f  the earthing  sys tem shall al low measurements  to  be carried  out  
periodically o r f o llowing majo r changes af fec ting f undamental requirements,  o r even for 
cont inuity  tests. 
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Figure 12 – Permissible touch voltage UTp 

11 Inspection and testing 

11.1 General  

Inspect ions and  tes ts  shall be are carried  out  to  verify  compliance o f  the elec t rical power 
ins tal lation with this document  and compliance of  the elec trical equipment with the applicable 
technical specif icat ions. 

The f o l lowing shall be subject to  ag reement  between the supplier and  user: 

– the ex tent  o f  the inspection and  tes ting; 
– which spec if ications are app licable;  
– the ex tent  and  type of  documentation p rovided.  

NOTE Sp ec ific tes ts o n s i te fo r  fac tory-built an d typ e-tested eq uipment and fo r  fac tory-built assemblies are 
i n dicated and are based on IEC provided in the relevant IEC product s tandards. 

Verif ication may be achieved by the f ollowing methods:  

a) v isual inspect ions; 
b ) f unct ional tes ts ; 
c ) measuring . 

Inspect ions and  tes ts  on parts  o f  the elec t ric  power ins tallations may be carried  out  af ter 
delivery as  well as  when the ins tal lation has been completed. 

Typ ical ac t ivities that are usually  carried out are,  f or example: 

– verif ication o f  characteristics o f  the elec t rical equipment (inc luding rated  values) f o r the 
g iven operating conditions; 
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– verif ication o f  minimum c learances between l ive parts and  between l ive parts  and  earth; 
– power f requency voltage test f or switchgear; 
– vo ltage test  for cables; 
– verif ication o f  minimum heights  and  of  p rotective barrier c learances; 
– v isual inspect ions and /or f unctional tes ts o f  elect rical equipment and  parts of  ins tal lat ion; 
– f unct ional tes ts  and /o r measuring  o f  p ro tective, mo nitoring, measuring  and  controlling 

dev ices; 
– inspection o f  mark ings,  safety s igns and  safety devices; 
– verif ication o f  correct f ire rat ings f or buildings/enclosures;  
– verif ication that  emergency ex its are operat ional;  
– verif ication o f  the earthing sys tem. 

11.2 Veri fication of specified performances 

Tests  wil l ,  in general, be carried out  on the various items of  elec trical equipment comprising an 
elec t rical power ins tal lation at  app ropriate s tages o f  the contrac t to  ult imately verify 
perf ormance o f  the ins tallation. The tes ts  required, their condit ions and  o rganization are to  be 
def ined.  The cond it ions and  o rganization o f  the required  tes ts shall be def ined and  ag reed  
between the supp lier and the user.  This  may inc lude def inition o f  the p rovision o f  s ite services, 
personnel,  etc.  

11.3 Tests during instal lation and commissioning 

The user and  supp lier shall agree on The requirements (methods and  acceptance criteria) for 
tes ts  during installation and  commissioning together with a l is ting of  the test ing s tandards to be 
app lied are the subjec t of agreement between the supplier and  user. This  may include functional 
tes ts  to  demonstrate the ab il i ty o f  the elec t rical equipment to  sat is fy the operat ional 
requirements, such as  automat ic s tart-up and  shutdown. 

The tes t  equipment for demonstrat ion of  achievement of  design requirements  should be agreed 
between supplier and  user.  

The user and  supp lier shall ag ree on A schedule of  tes ts shall be p repared f or components and  
sys tems to be tes ted during the ins tallation and  commissioning period. Details o f  the schedule 
are the sub ject  of  agreement between the supplier and user. The necessary services to allow 
the tes ts  to  be carried out should be ag reed between the part ies . 

NOTE The contrac tual consequences o f  the outcome o f  the tes ts  during  ins tal lat ion and  
commissioning should be s tated in the enquiry , where app ropriate. 

11.4 Trial  running 

When ag reed  between the user and  supplier,  a t rial run shall be performed. The scope o f  work 
ag reed  between the supplier and  user may inc lude a t rial run.  The purpose o f  the t rial run is  to  
p rove the f unctional capabil ity o f  the high-voltage elec trical power ins tallation. During  the run,  
theref ore, al l  s ignif icant components should be in operation. 

The ag reement should def ine under what  c ircumstances a b reakdown o f  a s ignif icant 
component const itutes  an interrupt ion of  the t rial. The user may also  g ive exception criteria for 
b reakdowns of  a very  short period, for example s imply ex tending the period of  the t rial by the 
outage t ime. 

The cond itions that  have to  be met  f o r the successful completion o f  the t rial run should be 
def ined in the enquiry .  
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NOTE The contractual consequences o f  the outcome of  the t rial run should be s tated in the 
enquiry ,  where app ropriate. 

12 Operation and maintenance manual 

Each elec trical power ins tallation should have an operat ion manual describing the no rmal,  
emergency, and  maintenance p rocedures as  well as  safety ins truc tions f or the operation of  the 
high-voltage elec trical ins tal lat ion. 

Fo r the p reparat ion of  manuals and  ins t ructions, IEC/IEEE 82079-1 app lies. 

Each ins tal lation should have a set  o f  up -to -date d rawings and  operat ing d iag rams on the 
p remises.  These d rawings and  d iagrams should al low operation and  maintenance personnel to 
p rov ide safe and  ef f ic ient interventions in the ins tal lation. 

Manuf acturers o f  majo r components o f  an ins tal lation should  p rov ide operat ion and  
maintenance manuals  and  tes t  and  in-serv ice reports. These documents should be readily 
availab le f or use when necessary.  

Inf o rmation in f o rm o f  ins t ruct ions, d iag rams, and  data,  shall be availab le to  persons for 
operat ion,  maintenance, in charge o f  wo rk  o r wo rk ing in elec t rical areas to  ensure p roper and  
saf e contro l o f  elec t rical equipment and  iso lation f o r wo rk ing.  The inf o rmat ion inc ludes 
necessary  manufacturer ins tructions for the elec t rical equipment in the ins tal lat ion. 39 

Operat ing ins t ruc tions should be s ite spec if ic and  narrat ive describing switching operation 
sequences,  p rotection schemes inc luding inter-tripping, and  interlock ing arrangements. 

Emergency inf ormation, e.g .  routes to  the nearest  hosp ital and  emergency phone numbers  
should  be d isplayed in a v is ib le location in the elec t rical power ins tal lation. 
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The clause has an improved documentation requirement emanated from needs requested in Subclause 7.1.3 and the general provisions that electrical power installations shall provide electrical safety for the use intended. Also to make subsequent activities, such as maintenance, repair, etc. on the installation possible and in a safe way, the documentation provides information about the safe working procedures that the design of the installation has taken into account.
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Annex A 
(normative informative) 

 
Values of rated insulation levels and minimum clearances 

based on current practice in some countries  

Table A.1 – Values of rated insulation levels and minimum clearances in air for 
1 kV  < Um ≤ 245 kV  for highest voltage for instal lation Um not standardized by the IEC  

based on current practice in some countries 

Voltage 
range 

Highest 
voltage for 
installation 

Rated short-
duration power-

f requency 
withstand voltage 

Rated lightning 
impulse withstand 

voltage a 

Minimum phase-to-earth 
and phase-to-phase clearance 

 
N  

Um Ud Up Indoor 
installations 

Outdoor 
installations 

RMS RMS 1,2 µs/50 µs 
(peak value) 

kV kV kV mm mm 

I 

2,75 15 30 60 120 

45 70 120 

60 90 120 

4,76 19 60 90 120 

5,5 19 45 70 120 

60 90 120 

75 120 120 

8,25 27 60 90 120 

75 120 150 

95 160 160 

8,25 26 75 120 150 

35 95 160 160 

15 35 95 160 160 

50 110 180 180 

15,5 35 75 120 150 

85 150 160 

110 180 180 

17,5 38 110 180 

125 220 

24 50 150 280 

25 50 95 190 290 

125 210  

150  

25,8 50 125 220 

70 150 280 

27 50 95 160 

125 220 

150 280 

a  Th e rated l ightning impulse withstand voltage is applicable to phase- to-phase and phase- to-earth. 
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Table A.2 – Values of rated insulation levels and minimum clearances in air  
for 1 kV  <  Um ≤ 245 kV for highest voltage for instal lation Um not standardized by the 

IEC based on current practice in some countries 

Voltage 
range 

Highest 
voltage for 
installation 

Rated short-
duration power-

f requency 
withstand voltage 

Rated lightning 
impulse withstand 

voltage a 

Minimum phase-to-earth 
and phase-to-phase clearance 

 
N  

Um Ud Up Indoor 
installations 

Outdoor 
installations 

RMS RMS 1,2 µs/50 µs 
(peak value) 

kV kV kV mm mm 

I 

30 70 160 290 

36 70 200 380 

38 70 125 220 

150 280 

200 360 

38 70 150 280 

95 200 360 

38,5 75 155 270 400 

180 320  

195  

40,5 80 190 350 

41,5 80 170 320 

200 360 

48,3 105 150 280 

200 360 

250 480 

48,3 120 250 480 

72,5 160 350 690 

82,5 150 380 750 

100 150 380 750 

185 450 900 

204 275 650 1 300 

325 750 1 500 
a Th e rated l ightning impulse withstand voltage is applicable to phase- to-phase and phase- to-earth. 
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Table A.3 – Values of rated insulation levels and minimum clearances in air  
for Um > 245 kV for highest voltages for instal lation Um not standardized by the IEC  

based on current practice in some countries 

V
o

lt
ag

e 
ra

ng
e 

H ighest 
voltage for 
installation 

Rated 
short- 

duration 
power- 

f re-
quency 

with-
stand 

voltage 

Rated 
lightning 
impulse 

w ithstand 
voltagea 

Rated 
switching 
impulse 

w ithstand 
voltage 

Minimum phase- 
to-earth clearance 

Rated 
switching 
impulse 

w ithstand 
voltage 

Minimum phase- 
to-phase clearance 

Um 

RMS 

Ud 

RMS 

Up 

1,2 µs/ 
50 µs 
(peak 
value) 

Up 

Phase-to-
earth 

250 µs/ 
2 500 µs  

(peak 
value) 

Conductor 
– 

st ructure 

Rod 
–  

st ructure 
 

N  

Up 

Phase-to-
phase 

250 µs/ 
2 500 µs 

(peak 
value) 

Conductor 
– 

conductor 
parallel 

Rod 

 – 

conductor 

I I  

kV kV kV kV mm kV mm 

362 520 1 300 950 2 400 2 900 1 425 3 100 3 600 

550 680 1 800 1 175  4 000   6 500 

550 710 1 800 1 175 3 300 4 100 2 210 6 100 7 400 

550 775 1 800 1 175 3 350 3 650  4 600 5 200 

550 635 1 300 

1 425 

1 550 

1 800 

  5 800   5 800 

a Th e rated l ightning impulse withstand voltage is applicable phase-to-phase and phase-to-earth. 
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Annex B 
(normative) 

 
Method of calculating permissible touch voltages 

The equat ion to  calculate the permissible touch voltage is  as  f ollows. 

Fo rmula:  

( ) ( )Tp B f T T
1U I t Z U BF

HF
= × × ×  

where 

UT is  touch vo ltage  

UTp  is  permissible touch voltage  

t f is  f ault  duration  

IB(t f) is  body current l imit c2 in Figure 20 and Table 11 of  IEC TS 60479-1:2005 
2018,  where p robabili ty of  ventricular f ibril lation is  
less  than 5 %. IB depends on f ault  duration 

HF is  heart  current  f ac tor Tab le 12 o f  IEC TS 60479-1:20052018,  i .e.  1,0 for 
lef t  hand  to f eet, 0,8 f or right hand  to f eet, 0,4 for 
hand  to  hand  

ZT(UT) is  body impedance Tab le 1 and  Figure 3 o f  IEC TS 60479-1:20052018,  
ZT no t  exceeded by 50 % o f  the population, ZT 
depends on touch vo ltage. Theref o re,  f irst 
calculation has to  s tart  with assumed level 

BF is  body fac tor Figure 3 o f  IEC TS 60479-1:20052018,  i .e.  0,75 for 
hand  to  bo th feet, 0,5 f or both hand s to f eet 

 

NOTE 1 Di fferent touch voltage condit ions, e.g. l eft h and to feet, h and to h and, l ead to  different to lerable touch 
vo ltages. F igure 12 o f th is d ocument i s  based o n a wei ghted average taken from fo ur d ifferent to uch voltage 
co nfigurations. Touch voltage left hand to feet (weighted 1,0), touch voltage r ight hand to feet (weighted 1,0), touch 
vo ltage both hands to feet (weighted 1,0) and touch voltage hand to hand (weighted 0,7). 

NOTE 2 Di fferent parameter values are applicable for some countries (as indicated in Annex G). 

Fo r spec if ic cons iderat ion o f  add itional res is tances,  the f o rmula to  determine p rospective 
permissible touch voltage becomes: 

 ( ) ( )( )vTp B f T T H F
1U I t Z U BF R R

HF
= × × × + +   

where 

UvTp  is  p rospective permiss ible touch vo ltage  

RH is  add it ional hand  res is tance  

RF is  add it ional f oot res istance  
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Annex C 
(normative) 

 
Permissible touch voltage according to IEEE 80 

 

NOTE 1 Th e touch voltage curve is based on a specific soil electric resistivity of soil of 100 Ωm and a surface layer 
o f 0,1 m with a specif ic an electric resistivity of soil of 1 000 Ωm. 

NOTE 2 F i g ure C.1 assumes a person weighing 50 kg and a gravel sur face. 

Figure C.1 – Permissible touch voltage UTp according to IEEE 80 
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Annex D 
(normative) 

 
Earthing system design flow chart 

 

 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


 – 120 – IEC 61936-1:2021 CMV © IEC 2021 

Annex E 40 
(in formative) 

 
Protection measures against direct lightning strokes 

E.1 General 

Model tes ts, measurements, observation and  experience over many years  have shown that  
d irec t  l ightning s trokes can be avoided with a high deg ree of  certainty  by us ing the f ollowing 
arrangements  o f  l ightning conductors o r rods. The p ro tect ion zones shown in Figures E.1 
through E.4 are valid for ins tal lations up  to a height  H o f  25 m. Fo r heights exceeding 25 m the 
p ro tect ion zone is  reduced.  

NOTE Th e height of 25 m corresponds to a 420 kV network structure. 

The f o l lowing method supplies a suf f icient  p ro tection level but  without  detai led s tudies  of  
insulat ion coordinat ion. 

Model tes ts, measurements, observation and  experience over many years  have shown that  
d irec t  l ightning s t rokes can be avo ided with a high deg ree o f  certainty by  us ing  the 
arrangements  of  l ightning shield wires  o r rods.  Protec tion zones can be def ined by us ing the 
ro l l ing sphere method o r ob tained based on local operating experience shown in Figure E.1 
through Figure E.4. 

In general,  the l ightning p rotec tion zone can be determined through the s t rik ing d is tance R  in 
metres  app lying the ro l l ing sphere method.  A number o f  f o rmulas  have been p roposed for 
determining the s t riking d is tance. The most  common are:  

R =  10 × I0,65   [ (IEC 62305-1:2010,  Fo rmula A.1, Annex A)]  

R =  8 × k  ×  I0,65   [ (IEEE 998,  Fo rmula 2-1D)]  

where I is  the l ightning s t roke return current  in kA and  k  is  a coef f icient to  account f or d if ferent 
s t rik ing d istances to a rod  o r a shield  wire (k =  1 f o r shield wires  and  k =  1,2 f or rod). 

,

c

2 2 LIWVI
Z

×
=  

where Zc  (Ω) is  the conductor surge impedance and  LIWV (kV) is  the rated  l ightning impulse 
withs tand vo ltage. 

Fo r substat ions with arres ters, I can be ob tained f rom the arres ter d ischarge current . 

Operat ional experience for elec trical power instal lat ions up  to 420 kV have shown that  proper 
l ightning p ro tect ion can be achieved  us ing the geometric  method shown in Figure E.1 through 
Figure E.4 with heights  H up  to  25 m. Fo r heights  exceeding 25 m the p ro tect ion zone is  
reduced . 

This  method  has p roven to achieve a suf f icient p rotection level but without the need  of  detailed 
insulat ion coordinat ion s tudies. 

E.2 Shield wires 

A s ing le shield wire p rovides a tent -shaped protec tion zone, the l imits  of  which are f ormed by 
arcs  with a rad ius  of  R =  2 H beg inning at  the shield wire peak (see Figure E.1) and  following 
the leng th o f  the wire.  
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The Annex E has been improved with new figures and a more informative general description of the rolling sphere method and calculation methods for figures given.
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Two  shield  wires  at  a d is tance of  less than o r equal to 2 H apart  p rovide an ex tens ion of  the 
p ro tect ion zone which is  l imited by the two conductors, an arc  o f  rad ius R  and  centre MR at  a 
height  2 H (see Figure E.2).  

This  zone is  cont inuous all  along the span o f  conductors.  

E.3 Lightning rods 

Upward  s t reamer d ischarges develop earl ier f rom l ightning rods than f rom shield wires . 

The p ro tection zone o f  a l ightning rod is  generally  larger than that  o f  a shield  wire at  the same 
height .  

A s ing le l ightning rod p rovides a cone-shaped p rotection zone with l imits of  an arc  o f  radius 3 H 
pass ing through the t ip o f  the l ightning rod (refer to  Figure E.3). 

Two  l ightning rods at  a spac ing o f  less than o r equal to  3 H p rov ide an ex tens ion o f  the 
p ro tect ion zone which is  l imited  by an arc  o f  rad ius R  with the centre MR at  a height  o f  3 H 
pass ing through the t ips o f  the l ightning rods (see Figure E.4). 

 

Figure E.1 – Single shield wire 
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Figure E.2 – Two shield wires 

 

Figure E.3 – Single l ightning rod IECNORM.C
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Figure E.4 – Two l ightning rods 
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Annex F 41 
(in formative) 

 
Considerations of design for safe working 

The des ign o f  elec trical power ins tallations should comply  with any p rov incial, nat ional or 
reg ional regulations, s tandards and  codes o f  p rac tices pertaining to safe wo rking in elec trical 
power ins tal lations. 

If  no  such regulat ions o r s tandards are availab le, this  inf o rmat ive annex out l ines basic  
cons iderations relat ing to the key aspects and  application o f  safe wo rk ing d is tances in design. 
In part icular, i t  is  essential to  highlight the importance o f  interaction and  coordination between 
supp liers and  users  to  ensure maintainabili ty in add ition to  constructabili ty and  operability of  
elec t rical power ins tal lations. 

Work  ac t iv ities may be undertaken in an elec t rical power ins tal lat ion under a variety  o f  s ite or 
netwo rk  conditions. Due to common operation p ract ices,  these wo rk ac t ivities may be carried 
out  acco rding to the f ol lowing p rocedures: 

– dead  wo rk ing (wo rk on de-energized parts o f  an ins tal lation); 
– wo rk ing  in the v ic inity o f  l ive parts (see IEV 651-21-02) (wo rk  near energ ized  parts of  an 

ins tal lation);  and  
– l ive wo rk ing (see IEV 651-21-01).  

Each o f  these three p rocedures involves adequate safety measures that  mitigate the risks  of  
elec t ric  shocks,  short-circuit and  arc  f aults . 

Work ing  dis tances may be determined based upon minimal c learance of  danger zone (N ), taking 
into  cons ideration overvoltage cond itions and  ergonomic f ac tors  (e.g .  cons iderations of  
inadvertent movements (f ul l  o r expected reach) o f  persons, too ls,  equipment,  vehic les  and  
conductors).  

NOTE 1 Th e ergonomic factors, especially the reach distances, can be d erived from EN 547 o r ISO 7149 and 
ISO 26800, in the absence of workforce or national information. 

An i l lus t rat ion o f  wo rking d istances is  g iven in Figure F.1. These are described as  f ollows: 

– Dv :  D is tance (Dv ) def ining the outer l imit  o f  the v ic inity zone,  which is  the l imited space 
outs ide the minimal c learance of  danger zone (N ).  

– Dw: Work ing  d is tance (Dw) to  be observed between exposed l ive parts  and  any person 
wo rk ing  in a c losed elec trical operating area inc luding any conductive tool d irectly handled. 

Work  in the v ic inity zone is  cons idered to  be al l  wo rk  where a person is  either ins ide the zone 
o r reaches into  the zone with parts  o f  the body o r tools , equipment and  dev ices being handled 
but  does no t  reach into the danger zone.  

Des ign should cons ider the wo rk ing  d is tance Dw and  v ic inity d is tance Dv  where wo rks  are 
intended to  be carried  out  when some o r al l  o f  the equipment are intended to  be energ ized  
based  on user requirements . It  shall be ensured  that  the minimum separation between the de-
energ ized  part  being wo rked on and  the energ ized  part  does no t  result in a person wo rking on 
the de-energ ized  part entering the v icinity zone o f  any l ive part  with any part  of  the body, tools 
o r equipment.  Other than in def ined c ircumstances, Dw should be g reater than o r equal to Dv .  

NOTE 2 Fur ther i n formation regarding safe wo rk methods can be fo und i n  CIGRE Technical Brochure 805, 
Gui delines for safe work methods in substations. 
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This annex provides general guidelines in case there are no provincial national, regional or international regulations available to make subsequent activities on an electrical power installation such as maintenance, repair, etc. on the installation possible and in a safe way. The design should allow the use of safe working procedures the user intends to use.
See also Clause 8.
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Key 

N Mi n imum clearance of danger zone 

Dv Vi c inity distance according to provincial, national or regional standards and regulations 

Dw W o rking distance according to provincial, national or regional standards and regulations 

 

Figure F.1 – Working clearances within closed electrical operating areas 

Designated wo rk  areas f or rout ine maintenance should be considered during the des ign stage 
such that  there are no  energ ized  parts within the wo rk area and  that  danger zones are out  of  
reach f rom the work  areas.  Des ign considerat ions should be g iven to safe access to these work 
areas.  
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Annex G 
(in formative) 

 
List of notes concerning particular conditions in certain countries 

Country Clause Country note 

AU 4.1.1 Ri sk Management 

Asset owners, designers and others carry common l aw and l egislative 
o bl igations to manage risks to health and safety of personnel. The 
fo l lowing hierarchy of risk controls provide guidance on meeting these 
o bl igations: 

– El i mination of the hazard. 

– Mi n imization of the r isk by the following means: 

a)  Subs titution ( to get a lower hazard). 

b)  Iso lation (from persons). 

c )  En gineering controls. 

– Ad ministrative controls. 

– Personal protective equipment (PPE). 

El i mination of the hazard is rarely an option given the utility/amenity 
i n volved. Minimizing the r isk i s non- trivial with fundamentally 
h azardous substances such as electricity. Duty of care i s demonstrated 
wh en all reasonably practicable precautions have been taken. What i s 
reasonably practicable includes a measure of the significance of the 
r i s k versus the effort required to reduce it.  The r isk that is assessed in 
th i s process includes the r isk i mposed on any individual (commonly 
d etermined for the maximally exposed, reasonably behaved individual) 
an d for the risk i mposed on society (commonly determined for mult iple 
fatal ity r isk for a single event). For further guidance on risk 
man agement, see ISO 31000. 

Acceptable r isk targets for hazards in HV installat ions, even those 
wi thin l evels recognized by the international safety industry as being 
'safe' may not be suff icient to meet a duty of care obligation. It  is, 
h o wever, reasonable that all known and commonly applied precautions 
h ave been assessed, and applied so far as is reasonably practicable 
(SFAIRP) or as low as reasonably practicable (ALARP) where the 
co st/risk reduction is not grossly disproportionate. A r isk target below 
th e assessed mean risk for all other hazards across all asset c lasses 
o f the enterprise could also be used to help decide when seeking 
fur ther  precautions for a part icular hazard will no longer be required.  

Hi gh voltage installations require a detailed quantitative risk 
assessment, based on industry or enterprise data including previous 
assessments. Realistic estimates of the associated cost increments 
are required to ensure the decision to not use a r isk treatment, where 
th e cost is disproportionate to the risk reduction, is soundly based. 

AT 4.2.4 Val ues of rated duration of the short-circuit l ess than 1 s does not 
ap ply for electrical power installations design, construction and 
erec tion. 

F I 4.4.2.2 a): Even c lass –50 °C could be needed. 

IE 4.4.2.2 g) No r th Atlantic Maritime climatic condit ions as per I.S. EN 50341 apply. 

AU 5.4.1 Th e smaller clearances available in Table 2 and Table 3 are not 
ap plicable. 
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Country Clause Country note 

BE 5.4.1 Ad d : 

Th e minimal clearance distances between bare live parts, between 
th ese parts and the exposed conductive part, or  between bare live 
p ar ts of the same phase when they are separated in the opening 
p o sition is at least equal to: 

d  = 50 + 6.75 (UN – 1) 

wh ere: 

d  i s  the above-mentioned clearance in mm; 

UN i s  the nominal voltage between phases of the apparatus expressed 
i n  kV and rounded up to the next unit.  

IE Tabl e 2 W h ere the Grid & Distribution codes apply then  

– Fo r  Um  123 kV Ud = 230 kV 

– Fo r  Um  245 kV Ud = 460 kV 

IE Tabl e 2 W h ere the Grid codes apply then the following applies: 

– Fo r  Um  123 kV, min N =1 100 mm 

– Fo r  Um  245 kV, min N (Ph-Ph) 2 700 mm and min N (Ph-Earth) 
2 400 mm 

IE Tabl e 3 Sp ecif ic Grid Code requirements at 400 kV apply.  

Li ghtning Impulse (1,2/50 µs) i s 1 550 kV, switching i mpulse 
(0,25/2,5 ms) is 1 175 kV.  

A val ue of 4750 mm phase–phase and 4 100 mm phase–earth applies. 

IE 6.2.1 Th e Distribution Code & Grid Code mandate specif ic requirements for 
swi tch gear locking and interlocking. 

IE 6.2.4.1 Th e Grid Code mandate the instrument transformer should be of 
co mposite (silicone rubber)  insulator material. The composite insulator 
sh ould not fragment and project parts on failure. 

IE 6.2.4.2 Ad d  the following: 

In  IE The Grid and Distribution Codes mandate the following: require 
th e short c ircuit withstand rating of current transformers to be 
co nsistent with that of the associated equipment and the system 
d es ign fault levels. 

IE 6.2.5 At transmission level, designs using porcelain are prohibited by the 
Transmission System Operator. 

SE 7.1 A n ew extension of an existing installat ion shall comply with, at the 
t i me for the erection, valid standard 

AU 7.1.1 In sert before last paragraph: 

Co nsideration shall be given to the spatial separation between live 
p ar ts and work sections determined in accordance with national / local 
rel ations in order to restrict access to danger zone, taking into account 
th e need for operational and maintenance access. 

AU 7.2.1 Rep lace f irst sentence of second paragraph with: 

Th e design of the electrical power installation shall give consideration 
to  the spatial separation between l ive parts and the limits of work 
sec tions determined in accordance with national / local regulations and 
p ractices be such as to restrict access to danger  zones, taking into 
account the need for operational and maintenance access. In 
d es igning l ayouts, the limits of work sections may be from ground or 
f l oor l evel from a platform from which a person works. For persons free 
to  be in proximity of live parts i t is necessary to provide enough spatial 
sep aration between the person's s tanding point and danger zone 
measured along a taut s tring s tretched the shortest way between those 
p ar ts. See Annex F. 

AU 7.2.2 Co nsideration of taut string c learance distances, 
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BE 7.2.2 Th e minimal protective barrier and protective obstacle clearances shall 
be at l east equal to the prescriptions of clause 4.2.2 of Book 2 of the 
GREI. 

BE 7.2.2 Th e bar riers for installat ions shall comply with the prescriptions of 
Bo ok 2 of the GREI. The minimum height for outdoor installations shall 
al so have a minimum height of 2,0 m. 

AU 7.2.2 In  the second dash: 

Th e degree of protection is IP1XB or IP2X (see AS 60529) and the 
mi n imum protection barrier clearance i s B2 =N + 300 mm (to reflect a 
to ol being inserted). 

F I 7.2.2 Bar r iers for outdoor installations shall have a minimum height of 2,0 m. 
Th ey shall fulf il the same requirements as the external fence. The 
mi n imum height of l ive parts behind a barrier  shall be N + 300 mm with 
a mi n imum of 800 mm. 

BE 7.2.3 Th e minimal protective barrier and protective obstacle clearances shall 
be at l east equal to the prescriptions of clause 4.2.2 of Book 2 of the 
GREI. 

F I 7.2.3 Th e use of protective method obstacles is not allowed in electrical 
i n stallat ions outside of buildings. 

SE 7.2.3 Rai ls, chains and ropes are not allowed as protective obstacle 

IE 7.2.4 C = 4 500 mm 
E  = 4 500 mm 

AU 7.2.5 Reg arding the minimum height over access areas, replace 2 250 with 
2 440 fo r both dash points. 

F I 7.2.5 Th e height H  for outdoor installat ions shall be at least H  = N + 
2 600 mm, with a minimum of 2 800 mm. 

IE 7.2.5 Rep lace "2 250" with "2 300" in subclause 

SE 7.2.5 Th e height H  for outdoor installat ions shall be at least H  = N + 2 500 
mm, wi th a minimum of 3 000 mm. 

AU F i gure 4 Rep lace 2 250 with 2 440 for both dimensions in f igure. 

AU 7.2.7 Th e external fence/wall shall be at least 2 500 mm high. 

7.2.7 50 mm × 50 mm mesh is the maximum mesh s ize accepted. 

F I 7.2.7 Th e height of the external fence shall be at l east 2 000 mm. The local 
co ndit ions of snow shall be taken into account. 

AU 7.3 Rep lace f irst sentence of second paragraph with: 

Th e design of the electrical power installation shall give consideration 
to  the spatial separation between l ive parts and the limits of work 
sec tions determined in accordance with national/ local regulations and 
p ractices be such as to prevent access to danger  zones taking into 
account the need of access for operational and maintenance purposes. 
Th erefore, safety distances or permanent protective facilities within the 
i n stallat ion shall be provided. 

In  d esigning layouts, the l imits or work sections may be from ground or 
f l oor l evel from a platform from which a person works. For persons free 
to  be in proximity of live parts i t is necessary to provide enough spatial 
sep aration between the person's s tanding point and danger zone 
measured along a taut s tring s tretched the shortest way between those 
p ar ts. See Annex F. 

F I 7.3 Th e use of indoor installat ions of open design i s not allowed 

SE 7.3 Rai ls, chains and ropes are not allowed as protective obstacle 

SE 7.4.1 Outs ide closed electrical operation areas electrical equipment and 
cabl es shall either  be constructed with an earthed intermediate shield 
o r  be protected against unintentional contact by placing out of reach. 
W i th an earthed intermediate shield, a metal enclosure for equipment 
o r  a screen for cables are understood. 

SE 7.5.4 Gangways longer than 10 m shall be accessible from both ends. Indoor 
c l osed restricted access areas with l ength exceeding 20 m shall be 
accessible by doors from both ends (See also IEC 60364-7-729). 
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AU 7.7 Th e minimum height H '  of live parts above surfaces accessible to the 
g eneral public shall be in accordance with national standards and 
reg ulations. 

F I 7.7 Th e minimum height H '  of live parts above surfaces accessible to the 
g eneral public shall be H '  = 5 500 mm for rated voltages Um up to 
24 kV and H ' = N + 5 300 mm for rated voltages Um above 24 kV. 

SE 8.2.1 Exposed-conductive-parts shall be earthed. Also extraneous-
co nductive-parts which by faults, induction, or inf luence could become 
l i ve and be a hazard to persons or  damage to property shall be 
ear thed. 

BE 8.2.2.2 Rai ls, chains and ropes are not allowed as protective obstacle 

SE 8.2.2.2 Rai ls, chains and ropes are not allowed as protective obstacle 

SE 8.2.3.1 Outs ide closed electrical operation areas, equipment and cables shall 
ei ther be constructed with an earthed intermediate shield or be 
p rotected against unintentional contact by placing out of reach. With an 
ear thed intermediate shield, a metal enclosure for equipment or a 
sc reen for cables are understood. 

F I 8.2.3.2 Th e use of protective method obstacles is not allowed in electrical 
i n stallat ions of buildings. The use of protective method placing out of 
reach i s restricted only to situations where the use of insulation or 
en c losures or bar riers is not practicable. 

SE 8.2.3.2 Rai ls, chains and ropes are not allowed as protective obstacles. 

F I 8.2.3.3 In  i nstallations with Um ≤ 52 kV, where doors or covers have to be 
o p ened in order to carry out normal operation or maintenance, a r igid 
n on-conductive rail shall be used as an addit ional protective measure. 

AU 8.7.1. Fo r  each installat ion a f ire r isk assessment (FRA) should be 
un dertaken as described in Section 4.1. 

F i re rating of barriers must be a minimum fire rating of 120 minutes. 

AU 8.7.2.2 Th e dimensions G1 and G2 are to be measured from the inside edge 
wal l  of any bund wall rather than the measured point shown in Figure 
7a)  and 7b) from the transformer where the bund wall is wider than the 
transformer.  

Fo r  this purpose, adequate c learances from the f ire source, which shall 
i n clude a fire in the bunded area shall be provided.  

AU 8.7.2.2 In dent a), replace "For example EI 60" with "Shall be REI 120". 
i n dent b), delete second sentence and add "shall be REI 120" at the 
en d to the f irst sentence. 

AU 8.7.2.2 In sert new paragraph after Indent b) as follows: 

– An  al ternative performance-based analysis can be carried out by 
cal culation of radiated head f lux which Is dependent on the oil pool 
area and depth of bund for f ire duration to determine separation 
d i stance to accurately model the f ire condit ions and the i mpacts to 
th e adjacent equipment and buildings. Refer to CIGRE Technical 
Bro chure 537 and IEEE s tandard 979. Further guidance can be 
o btained from the International F ire Engineering Guidelines. 

AU F i gure 6 Rep lace f igure text "Minimum fire resistance 00 min for the separating 
wal l  (EI 60)" with "Minimum fire resistance 120 min for the separating 
wal l  (RE120)". 

AU F i gure 7 Drawing a) 
F i gure shall be changed to indicate a bund and the dimensions G1 and 
G2 are to be measured from the inside edge of the bund wall. 

Drawing b) 
F i gure shall be changed to indicate a bund and the dimensions G1 and 
G2 are to be measured from the inside edge of the bund wall. 

AU F i gure 7 Key , Sector a: Replace 90 min (REI 90) with 120 min (REI 120)) 
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AU Tabl e 4 After  indent d) insert: 

An  al ternative performance-based analysis can be carried out by 
cal culation of radiated head f lux which Is dependent on the oil pool 
area and depth of bund for f ire duration to determine separation 
d i stance to accurately model the f ire condit ions and the i mpacts to the 
ad j acent equipment and buildings. Refer to CIGRE Technical Brochure 
537 and IEEE Standard 979. Further guidance can be obtained from 
th e International Fire Engineering Guidelines. 

AU Tabl e 5 After  indent c) insert:  

An  al ternative performance-based analysis can be carried out by 
cal culation of radiated head f lux which Is dependent on the oil pool 
area and depth of bund for f ire duration to determine separation 
d i stance to accurately model the f ire condit ions and the i mpacts to the 
ad j acent equipment and buildings. Refer to CIGRE Technical Brochure 
537 and IEEE Standard 979. Further guidance can be obtained from 
th e International Fire Engineering Guidelines. 

AU 8.8.1.3 Th e internal dimensions of the bund shall extend a minimum of 600 
mm o r  50 % of the height of the highest liquid level, whichever is the 
g reater . 

AU 10 Th e requirements regarding earthing refer to AS 2067, Substations and 
h i gh voltage installations exceeding 1 kV a.c. 

SE 10 Fo r  requirements according to clause 10, the s tandard SS-EN 50522 is 
ap plicable 

AT 10.2.1 Th e curve in F igure 12, which gives the permissible touch voltage, 
sh all be used. The IEEE 80 curve shown in Annex C shall not be used 
as  an  alternative to the curve in Figure 12. 

EI 10.2.2 Th e Grid and Distribution Code identify requirements. Where the 
cus tomer plant i s adjacent to a TSO/DSO substation, the two earthing 
sys tems should be interconnected, however each s tation earth grid 
sh ould have the capability to perform independently. The point of 
i n terconnection should be provided with i solation links 

AT 10.3.1 In  Austria, the design is also complete if UE is l ess than 2 UTp and the 
req uirements of Table 6 are met. Furthermore, the design is also 
co mplete if UE is l ess than 4 UTp with specif ied measures M applied 
an d the requirements of Table 6 are met. 

Th erefore the f lowchar t of the design process in Annex D is not 
ap plicable. 

BE F i gure 12 Th e values of UTp for t imes longer than 10 s is equal to 75 V. 

DE An n ex F Safe working procedures are regulated in the national standard DIN 
VDE 0105-100. The term "danger zone N" as used in f igure F .1 is 
d efined in Germany by "live working zone DL". The values for the 
d i stances DL are determined in Table 101, values for the vicinity zone 
an d the according distances DV in Tables 102 and 103 of DIN VDE 
0105-100. 
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Country Clause Country note 

AT An n ex E According to the Electrical Engineering Act 1992 (BGBl. Nr. 106/1993, 
i n  the relevant version) and the associated electrical engineering 
reg ulation 2020 (BGBl. II Nr. 308/2020), the following provisions on 
l i ghtning protection in high-voltage systems shall apply as s tated in 
OVE-Richtlinie R 1000-3: 

Hi gh-voltage switchgear must be equipped with a lightning protection 
sys tem (external and internal l ightning protection). A distinction can be 
mad e between buildings and outdoor switchgear. 

State-of-the-art documentation must be available for planning and 
tes ting the lightning protection system. In this documentation, the 
bo undaries of the danger zone to live parts (high voltage) must be 
d rawn. 

W h en installing l ightning protection systems in high-voltage 
swi tchgear, the minimum l ightning protection class II according to 
OVE-Richtlinie R 1000-2 to be used. 

Bui ldings: 

Bui ldings are structural s ystems and must be equipped with a state-of-
th e-art lightning protection system. 

Outdoor switchgear: 

Outdoor switchgear must be equipped with state-of-the-art lightning 
p rotection systems. The air -termination systems are to be positioned in 
such a way that the lightning channel penetration of the danger zone is 
p revented. In outdoor switchgear , deviations from the requirements of 
mi n imum lightning protection class II with regard to the rolling sphere 
rad ius = 30 ·  (1 + 0.15) m are permitted if this can be j ustified from the 
l o cation of the high-voltage system par ts. 

Do wn-conductor systems are to be designed, erected and connected to 
th e earthing system in such a way that safe conduction of the l ightning 
cur rents into the earth is ensured. 

Th e use of lightning protection rods is recommended in outdoor 
swi tchgear. Conductive structural parts with an earth effect (e.g. 
framework, portals) can also be used as natural air-termination 
sys tems. 

Th e separation distance to the danger  zone of high-voltage parts shall 
be o bserved. 

W h en locating the air- termination systems of the lightning protection 
sys tem, maintenance and operation shall also be taken into account. 

 

NOTE Th e nature of the list of notes is permanent or less permanent according to IEC Directives. 
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List of  comments 

1 The extent  o f  this  app licat ion area has been g iven an imp roved descript ion. Inc luded 
o f fshore ins tal lations are related  to  t ransmission, s to rage and  generat ion. This  also  
imp lies that  f o r spec if ic app lications, e.g .  o f fshore p latform/units f o r exp lo ration of  
petro leum resources, p latforms for gas and  o il , are exc luded. 

2 A c larif ication o f  former wo rd ing, see indent  ”b )” above. A t rans it ion po le today no rmally 
inc ludes ins tal lations, e.g . surge arres ters etc . 

3 Word ing updated. Old wo rd ing obsolete. 

4 The scope s tates that an elec t rical power ins tal lation shall p rovide elec trical safety and  
p roper f unct ioning f o r the use intended . To  make subsequent ac t iv ities, such as  
maintenance, repair,  etc . , saf e wo rk ing p rocedures f or the intended  act ivity has to  be 
app lied according to such s tandards. See also  Clause 8 and  Annex F.  

5 The requirements f o r c losed elec t rical operat ing areas has no t  been changed. As 
requirements are no t  permitted within def initions, the requirement has been t ransferred 
to  Subc lause 7.1. 

6 "Vic inity zone" and  "wo rking c learance" def initions have been deleted. These concepts 
are t reated  in Clause 7 and  Annex F.  

7 The def inition f or "Minimum safety c learance N" has been added . The def inition is  in 
al ignment  with IEC 61140 and  s tates  the c learance o f  danger zone in elec t rical power 
ins tal lations. The minimum c learances permitted for safe operation hav ing regard to the 
minimum c learance o f  danger zone are g iven in Clause 7 during  the use intended for 
elec t rical power ins tal lations. 

8 As the f ormer ed ition of  the document only covered the subjec t in the specif ic areas, such 
as  contro l sys tems Clause 9 and  in Clause 10 regard ing earthing  cons iderations, a 
general EMC subc lause has been added. 

9 The ad jus tment to  move the no te to  no rmat ive tex t is  based on the f ac t  that  ins tructions 
and  recommendat ions are no t  accepted within no tes.  

10 Text  has been updated to  include the needs for requirements  regarding v ibrations f rom 
sources with higher f requencies, e.g . b lasting.  

11 The f o rmer no te describing the relat ion between the values f o r minimum c learance of  
danger zone (see Subc lause 3.5.6) and  the relat ion to  the p ro tec tive d is tances of  
Clause 7,  are described as  no rmative text as  this  relation is  fundamental for an elec t rical 
power ins tallation and its ab ili ty to  fulf il  the necessary  p rotection and  p rovide safety for 
the use intended. 

12 No  change in requirements but  the tex t is  res t ructured to  make it  eas ier to  understand 
and  f o r the unders tanding that  Tab le 2 and  Tab le 3 are "100% values"  and  that  these 
c learances are in relat ion to this.  

13 Recommendat ions o f  how to  connect equipment with c learance less  than minimum 
c learances according to Tab le 1 and  Tab le 2 has been imp roved together with indicative 
experienced based p ractical values in a no te.  

14 This  c lause has been added to c larify consideration o f  issues in the t rans ition between 
c learances used for type tes t equipment to the ins tal lation c learances in accordance with 
this  Standard.  The f o rmer no te has become a no rmat ive requirement as  requirements 
canno t  be def ined in no tes .  The new no te g ives a typ ical value o f  t rans it ion length as  
three t imes phase to  phase c learance. 

15 This  subc lause has been rewrit ten and  rev ised  to  c larif y and  def ine the necessary 
requirements f o r elec t rical equipment . The saf ety o f  the sys tem, the elec t rical power 
ins tal lation,  is  formed by a sys tem o f  elect ric equipment  and  the coordination o f  those by 
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the sys tem requirements. Theref o re,  the requirements to  ensure co rrec t elec tric 
equipment is  a fundamental for achieving a correct  and safe instal lation. The bas ic way 
to  do  this is  to  comply  with IEC p roduct s tandards. 

 The s t ruc ture, requirements and  wo rd ing are s imilar to o ther system IEC Standards for 
elec t rical ins tal lations. 

16 Imp roved descript ion o f  requirements  for switching dev ices by  ref erencing to  Clause 4 
and  to  c larify that  f o r s ituat ions where p rospective f ault  currents  exceed  the 
characteristics, an interlocking o r operation p rocedures are required.  

17 It  has been cons idered as  a superf luous requirement in earl ier ed it ions of  the document, 
but  countries have no ted p roblems why this  has been c larif ied.  

18 See also  Subclause 6.2.10 for overhead l ines with bare conductors. 

19 Fo r overhead l ines within an elec t rical power ins tal lation, but  outside c losed elec t rical 
operat ing areas,  the IEC Standard  for overhead l ines is  applicable. No te as  well that  for 
overhead  and  underg ro und l ines between separate elec t rical power ins tal lations is  
outs ide the scope of  this document.  See also Subclause 6.2.9.1 for cab les.  

20 The ad jus tment to  move the no te to  no rmat ive tex t is  based on the f ac t  that  ins tructions 
and  recommendat ions are no t  accepted within no tes.  

21 Requirements f or current l imited fuses have been added and  the Subclause 6.2.15 has 
been res truc tured for improved c larity. 

22 The requirements f o r c losed elec t rical operat ing areas have been moved  f rom the 
def initions as  requirements are no t  accepted within def initions . 

23 General requirements f or user saf ety with respect to  elec t rical equipment are g iven in 
Subc lause 6.1. Mo re specif ic requirements for the elec tric power ins tallation have been 
imp lemented in this  subc lause. 

24 The ad jus tment to  move the no te to  no rmat ive tex t is  based on the f ac t  that  ins tructions 
and  recommendat ions are no t  accepted within no tes.  

25 Imp roved requirements regarding the documentation s tated here have been introduced in 
Clause 12.  

26 This  f igure has been reduced. The part ,  describing wo rk ing d istances, is  t ransferred to 
Annex F.  

27 A more detai led specif ication of  the requirements in the p rev ious paragraph to c larify the 
requirements needed to minimize the risk  of  unauthorized access by  c larifying that also 
ex traneous s t ructures in the v ic inity o f  the ins tallation has to be considered.  

28 The no te has been converted to no rmat ive text and  it is  based on the fac t that instructions 
and  recommendat ions are no t  accepted within no tes.  

29 The o rig inal tex t  res to red as  the miss ing wo rd ing was caused  by an ed ito rial erro r in 
p rev ious ed it ion of  the document. 

30 The tex t  has been rev ised and  ex tended  to  consider a b roader v iew regard ing indoor 
c l imate aspects f or the elec t ric  equipment as  well as  f ire p ropagation issues. It  is  also  
more c learly  s tated that  the method of  vent i lation is  a part  o f  the des ign p rocess. This  is  
ind icated by  the removal o f  the f o rmer exp ress ion o f  p ref erable methods and  the 
int roduction o f  the cons ideration that  i f  natural vent i lat ion is  inadequate,  add itional 
measures has to  be imp lemented. 

31 Acco rding to the scope, an elec t rical power installation shall p rovide elect rical safety and  
p roper f unctioning f o r the use intended . E.g . d is tances,  c learances and  d imensions 
spec if ied by  the Standard  are the minimum values f o r saf e operat ion (see e.g.  
Subc lause 7.1) in accordance with the intended use.  To  make subsequent ac tivities, such 
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as maintenance, repair, etc .  on the ins tal lat ion possible and  in a saf e way,  the design 
should  al low the use o f  safe wo rking p rocedures the user intends to  use. In absence of  
p rov incial nat ional, reg ional or international regulations available,  the Annex F p rovides 
general guidelines. 

32 Throughout  the document the f o rmer wo rd ing "personnel"  has been rep laced  with 
"person". This  document f o r elec t rical power ins tal lations shall p rovide safety f or all  
persons during the intended use o f  the ins tal lation. 

33 As an elec t rical power ins tal lat ion shall p rovide elec trical safety and  p roper functioning 
f o r the use intended,  this paragraph has been g iven a rev ised wo rding to fulf i l this. See 
e.g .  Subclauses 6.1.2. and  7.1.1.  

 To  make subsequent ac t ivities , such as  maintenance, repair,  etc . on the ins tallation 
possible and  in a saf e way,  the design should al low the use o f  safe wo rking p rocedures 
the user intends to  use. See e.g .  Clause 8 and  Annex F.  

34 The change f rom 3 800 to  38 000 is  due to  ed ito rial erro r in p rev ious ed it ion.  The FM 
Global data sheet  5-4 s tates 10 000 gallons o r 38 m3,  which is  38 000 l i t re.   

35 The c lass if icat ion of  the vo lumes f or o il-insulated t ransformers  has been improved.  

 The saf eguard requirements f o r t ransformers with 5 000 l o r mo re o f  o i l  has been 
increased . Classif ication is  al igned with FM Global data sheet  5-4.  

36 The need  f o r s ing le l ine d iag rams is  emanated  f rom the f ac t that  i t  g ives important 
inf o rmation both for safety during operation according to  the use intended as well as  for 
subsequent ac tivities , such as  maintenance, repair, etc . on the ins tal lation possible and 
in a saf e way.  

37 This  c lause has been restructured and rewo rded to clarify  the requirements of  the dif ferent 
sub jec ts. The c lause has therefore been g iven subclauses for each subject,  i.e. protection 
sys tems, automat ion sys tems and  aux il iary  sys tems to  po int out  and  s t ruc ture the 
requirements related to the relevant  area.  

38 The ad jus tment to  move the no te to  no rmat ive tex t is  based on the f ac t  that  ins tructions 
and  recommendat ions are no t  accepted within no tes.  

 The conversion o f  the f o rmer no te causes a rewo rd ing  and  the tex t  was imp roved to  
f ac i li tate the unders tanding and  selec t ion o f  f actor F in so il  env ironments with high 
contrast  layers. 

39 The c lause has an imp roved documentation requirement emanated from needs requested 
in Subc lause 7.1.3 and  the general p rov isions that  elec t rical power ins tal lations shall 
p rov ide elec t rical safety  for the use intended.  Also to make subsequent ac tivities, such 
as  maintenance,  repair,  etc .  on the ins tal lation possible and  in a saf e way,  the 
documentation p rovides information about the safe work ing p rocedures that the design of  
the ins tal lation has taken into account.  

40 The Annex E has been imp roved with new f igures and  a more inf o rmative general 
description o f  the ro l ling sphere method and  calculation methods f or f igures g iven. 

41 This  annex p rov ides general guidelines in case there are no  p rov inc ial nat ional, reg ional 
o r internat ional regulations available to make subsequent ac tiv ities on an elect rical power 
ins tal lation such as  maintenance, repair, etc . on the ins tal lat ion possible and  in a safe 
way.  The des ign should al low the use of  safe wo rking p rocedures the user intends to use. 

 See also  Clause 8.  

___________ 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
POWER INSTALLATIONS EXCEEDING  

1 kV AC AND 1,5 kV DC –  
 

Part 1: AC 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees. 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications. 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61936-1 has been prepared by IEC technical committee 99: 
Insulation co-ordination and system engineering of high voltage electrical power installations 
above 1,0 kV AC and 1,5 kV DC. 

This third edition cancels and replaces the second edition published in 2010 and 
Amendment 1:2014. This edition constitutes a technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) introduction has been rewritten to reflect the status when this document is produced; 
b) the scope has been improved to clarify the application of this document; 
c) missing and obsolete terms and definitions have been updated including improvement of 

existing terms;  
d) Table 1 has been updated where agreements between supplier and user are needed; 
e) requirements of electromagnetic compatibility have been clarified; 
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f) insulation coordination clause (Clause 5) has improved wording for better clarity and the 
technical content has an updated coordination to the latest versions of the insulation 
coordination standards; 

g) wording regarding electrical equipment has been improved and made clearer; 
h) subclause for fuses has been improved and reworded; 
i) requirements have been added for labelling when multiple sources are required to be 

disconnected; 
j) missing requirements for GIS have been reintroduced; 
k) subclause regarding ventilation (HVAC) has been improved; 
l) figures in Clause 7 have been updated and moved to the corresponding subclause; 
m) requirements for transformer installations have been improved including adjustment of 

editorial typing-errors; 
n) clause on protection, automation and auxiliary systems has been restructured and 

improved; 
o) protection against lightning strokes has been extended; 
p) clarification of content due to the distinction between erection (and providing electrical 

safety for the intended use of the electrical power installation) and subsequent activities 
such as maintenance and repair with safe working procedures; 

q) where no provincial, national or regional regulations are available for safe working 
procedures, an informative guideline is provided in Annex F. This replaces the former parts 
of Figure 3 in Clause 7. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

99/311/FDIS 99/316/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/standardsdev/publications. 

A list of all parts in the IEC 61936 series, published under the general title Power installations 
exceeding 1 kV AC and 1,5 kV DC, can be found on the IEC website. 

A document on principles to be observed in the preparation of safety publications regarding 
high voltage installations is currently under development (IEC TS 61936-0). 
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The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
 
The reader's attention is drawn to the fact that Annex G lists all of the "in-some-country" clauses 
on differing practices of a less permanent nature relating to the subject of this document. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 
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INTRODUCTION 

This part of IEC 61936 contains the minimum requirements for the design, erection, and 
verification of high voltage power installations greater than 1 kV AC. The rules are intended to 
provide for the safety of persons, livestock and property against dangers and damage which 
may arise in the reasonable use of such electrical installations and to provide for the proper 
functioning of those installations. 

There are many provincial, national and regional laws, standards and internal rules dealing with 
the matter coming within the scope of this document regarding high voltage power installations. 
These practices have been taken as a basis for this work. 

This third edition of IEC 61936-1, first published in 2001, follows worldwide feedback to improve 
clarity. It continues the effort to towards the alignment all over the world of practices concerning 
the design and erection of high voltage power installations. 

Particular requirements for transmission and distribution installations, as well as particular 
requirements for power generation and industrial installations, are included in this document. 

While national standards and regulations take precedence, jurisdictions may elect to adopt the 
requirements of this document. 
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POWER INSTALLATIONS EXCEEDING  
1 kV AC AND 1,5 kV DC –  

 
Part 1: AC 

 
 
 

1 Scope 

This part of IEC 61936 provides requirements for the design and the erection of electrical power 
installations in systems with nominal voltages exceeding 1 kV AC and nominal frequency up to 
and including 60 Hz, so as to provide safety and proper functioning for the use intended. 

For the purpose of interpreting this document, an electrical power installation is considered to 
be one of the following: 

a) substation, including substation for railway power supply; 
b) electrical power installations on mast, pole and tower, switchgear and/or transformers 

located outside a closed electrical operating area; 
c) one (or more) power station(s) located on a single site, the electrical power installation 

includes generators and transformers with all associated switchgear and all electrical 
auxiliary systems. Connections between generating stations located on different sites are 
excluded; 

d) the electrical system of a factory, industrial plant or other industrial, agricultural, commercial 
or public premises; 

e) electrical power installations on offshore facilities for the purpose of generation, 
transmission, distribution and/or storage of electricity; 

f) transition towers/poles (between overhead lines and underground lines). 

The electrical power installation includes, among others, the following equipment: 

– rotating electrical machines; 
– switchgear; 
– transformers and reactors; 
– converters; 
– cables; 
– wiring systems; 
– batteries; 
– capacitors; 
– earthing systems; 
– buildings and fences which are part of a closed electrical operating area; 
– associated protection, control and auxiliary systems; 
– large air core reactor. 

NOTE 1 In general, equipment standards take precedence over the requirements of this document. 

This document does not apply to the design and erection of any of the following: 

– overhead and underground lines between separate electrical power installations; 
– electrified railway tracks and rolling stock; 
– mining equipment and installations; 
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– fluorescent lamp installations; 
– installations on ships according to IEC 60092 (all parts) and offshore units according to 

IEC 61892 (all parts), which are used in the offshore petroleum industry for drilling, 
processing and storage purposes; 

– electrostatic equipment (e.g. electrostatic precipitators, spray-painting units); 
– test sites; 
– medical equipment, e.g. medical X-ray equipment. 

This document does not apply to the design of prefabricated, type-tested switchgear and high 
voltage/low voltage prefabricated substation, for which separate IEC standards exist. 

NOTE 2 The scope of this document does not include the requirements for carrying out live working on electrical 
power installations. 

NOTE 3 The scope of this document considers safety requirements for HV installations and the influences of HV 
installations on LV installations. For electrical installations up to 1 kV, IEC 60364 (all parts) applies. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60034-1, Rotating electrical machines – Part 1: Rating and performance 

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

IEC 60071-1:2019, Insulation co-ordination – Part 1: Definitions, principles and rules  

IEC 60071-2, Insulation co-ordination – Part 2: Application guidelines 

IEC 60076 (all parts), Power transformers 

IEC 60079-0, Explosive atmospheres – Part 0: Equipment – General requirements 

IEC 60079-10-1, Explosive atmospheres – Part 10-1: Classification of areas – Explosive gas 
atmospheres 

IEC 60079-10-2, Explosive atmospheres – Part 10-2: Classification of areas – Explosive dust 
atmospheres 

IEC 60255 (all parts), Measuring relays and protection equipment  

IEC 60331-1, Tests for electric cables under fire conditions – Circuit integrity – Part 1: Test 
method for fire with shock at a temperature of at least 830 °C for cables of rated voltage up to 
and including 0,6/1,0 kV and with an overall diameter exceeding 20 mm 

IEC 60331-21, Tests for electric cables under fire conditions – Circuit integrity – Part 21: 
Procedures and requirements – Cables of rated voltage up to and including 0,6/1,0 kV 

IEC 60332 (all parts), Tests on electric and optical fibre cables under fire conditions 

IEC 60364 (all parts), Low-voltage electrical installations 

IEC 60479-1:2018, Effects of current on human beings and livestock – Part 1: General aspects 
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IEC 60529, Degrees of protection provided by enclosures (IP Code) 

IEC 60754 (all parts), Test on gases evolved during combustion of materials from cables 

IEC TS 60815-1, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 1: Definitions, information and general principles 

IEC TS 60815-2, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 2: Ceramic and glass insulators for a.c. systems 

IEC TS 60815-3, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 3: Polymer insulators for a.c. systems 

IEC TR 61000-5-2, Electromagnetic compatibility (EMC) – Part 5: Installation and mitigation 
guidelines – Section 2: Earthing and cabling 

IEC 61034-1, Measurement of smoke density of cables burning under defined conditions – 
Part 1: Test apparatus 

IEC 61219, Live working – Earthing or earthing and short-circuiting equipment using lances as 
a short-circuiting device – Lance earthing  

IEC 61230, Live working – Portable equipment for earthing or earthing and short-circuiting  

IEC TS 61463, Bushings – Seismic qualification 

IEC 62271-1:2017, High-voltage switchgear and controlgear – Part 1: Common specifications 
for alternating current switchgear and controlgear 

IEC 62271-200, High-voltage switchgear and controlgear – Part 200: AC metal-enclosed 
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV 

IEC 62271-201, High-voltage switchgear and controlgear – Part 201: AC solid-insulation 
enclosed switchgear and controlgear for rated voltages above 1 kV and up to and including 
52 kV 

IEC 62271-202, High-voltage switchgear and controlgear – Part 202: High-voltage/low-voltage 
prefabricated substation 

IEC 62271-203, High-voltage switchgear and controlgear – Part 203: Gas-insulated metal-
enclosed switchgear for rated voltages above 52 kV 

IEC 62271-207, High-voltage switchgear and controlgear – Part 207: Seismic qualification for 
gas-insulated switchgear assemblies for rated voltages above 52 kV 

IEC TR 62271-300, High-voltage switchgear and controlgear – Part 300: Seismic qualification 
of alternating current circuit-breakers 

IEC 62305 (all parts), Protection against lightning 

IEC/IEEE 82079-1, Preparation of information for use (instructions for use) of products – Part 1: 
Principles and general requirements 
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3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1 General definitions  

3.1.1  
electrical equipment 
item used for such purposes as generation, conversion, transmission, distribution or utilization 
of electric energy, such as electric machines, transformers, switchgear and controlgear, 
measuring instruments, protective devices, wiring systems, current-using equipment 

[SOURCE: IEC 60050-826:2004, 826-16-01, modified – In the term, "electric" has been 
replaced by "electrical".] 

3.1.2  
nominal value 
value of a quantity used to designate and identify a component, device, equipment or system 

[SOURCE: IEC 60050-151:2001, 151-16-09, modified – The note has been removed.] 

3.1.3  
rated value 
value of a quantity used for specification purposes, established for a specified set of operating 
conditions of a component, device, equipment, or system 

[SOURCE: IEC 60050-151:2001, 151-16-08] 

3.1.4  
highest voltage for installation 
Um 
highest RMS value of phase-to-phase voltage for which the installation is designed in respect 
of its insulation 

Note 1 to entry: For the purpose of this document, "highest voltage for installation Um" is equal to "highest voltage 
for equipment Um" according to IEC 60071-1. 

3.1.5  
tested connection zone 
zone in the vicinity of equipment terminals which has passed a dielectric type test with the 
appropriate withstand value(s), the applicable conductors being connected to the terminals in 
a manner specified by the manufacturer of the equipment 

3.1.6  
isolating distance  
<of a pole of a mechanical switching device> clearance between open contacts meeting the 
safety requirements specified for disconnectors 

[SOURCE: IEC 60050-441:2000, 441-17-35] 
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3.1.7  
isolation 
switching off or disconnection of an electrical power installation, a part of an electrical power 
installation or an equipment from all non-earthed conductors by creating isolating gaps or 
distances 

3.1.8  
live part 
conductor or conductive part intended to be energized in normal operation, including the 
isolated neutral point 

Note 1 to entry: This concept does not necessarily imply a risk of electric shock. 

[SOURCE: IEC 60050-195:2021, 195-02-19, modified – "conductor or " has been added at the 
start of the definition. "neutral conductor and mid-point conductor" has been replaced with 
"isolated neutral point". LV terms and relation not included.] 

3.1.9  
feeder 
electric line originating at a main substation and supplying one or more secondary substations, 
or one or more branch lines, or any combination of these two types of installations 

[SOURCE: IEC 60050-601:1985, 601-02-08, modified – Branch lines included and the 
combination of those installations] 

3.1.10  
ferro-resonance 
resonance due to oscillations between the capacitance of an apparatus and the inductance of 
the saturable magnetic circuit of an adjacent apparatus 

[SOURCE: IEC 60050-614:2016, 614-01-19] 

3.1.11  
transient overvoltage 
overvoltage with a duration of a few milliseconds or less, oscillatory or non-oscillatory, usually 
highly damped 

[SOURCE: IEC 60050-614:2016, 614-03-14, modified – The notes to entry have been deleted.] 

3.1.12  
temporary overvoltage 
TOV 
power-frequency overvoltage of a relatively long duration 

Note 1 to entry: The overvoltage may be undamped or weakly damped. In some cases, its frequency may be several 
times smaller or higher than power frequency. 

[SOURCE: IEC 60071-1:2019, 3.17.1] 

3.1.13  
high voltage 
HV 
voltage exceeding 1 000 V AC 

[SOURCE: IEC 60050-601:1985, 601-01-27, modified – Fixed limit HV > 1 000 V and synonym 
to preferred term moved to new line.] 
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3.1.14  
low voltage 
LV 
voltage not exceeding 1 000 V AC 

[SOURCE: IEC 60050-601:1985, 601-01-26, modified – Fixed limit LV ≤ 1 000 V and synonym 
to preferred term moved to new line.] 

3.1.15  
operation 
all activities, including both electrical and non-electrical work activities, necessary to permit the 
electric power installation to function 

Note 1 to entry: These activities include switching, controlling, monitoring and maintenance. 

[SOURCE: IEC 60050-151:2001, 151-11-28, modified – Enlarged extent related to electric 
power installations.] 

3.1.16  
normal conditions of operation 
all operating conditions frequently encountered 

Note 1 to entry: These include rated operating conditions, maximum and minimum operating conditions, partial 
load, normal transients (start-up, shut-down, load changes) and standby situations. 

3.1.17  
abnormal conditions of operation 
operating conditions of low occurrence (typically only a few times during equipment lifetime) 

Note 1 to entry: These include human errors, loss of power supply, overvoltages, earthquake, etc. After such a 
condition has occurred, equipment inspection may be required.  

3.1.18  
electrical work 
work on, with or near an electrical power installation such as testing and measurement, 
repairing, replacing, modifying, extending, erection and inspection 

3.2 Definitions concerning electrical power installations 

3.2.1  
closed electrical operating area 
room or location for operation of electrical power installations and equipment to which access 
is intended to be restricted to skilled or instructed persons or to lay ordinary persons under the 
supervision of skilled or instructed persons 

3.2.2  
operating area subject to fire hazard 
room, area or location, indoor or outdoor, where there is a danger, due to local or operating 
conditions, that hazardous quantities of easily flammable materials may come so close to the 
electrical equipment as to cause a fire hazard resulting from the high temperature of the 
equipment or due to arcing 

3.2.3  
sump 
receptacle which is intended to receive the insulating liquid of a transformer or other equipment 
in case of leakage 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


 – 18 – IEC 61936-1:2021 © IEC 2021 

3.2.4  
catchment tank 
collecting tank for the leakage liquids, rain water, etc. for one or more transformers or other 
equipment 

3.2.5  
busbar 
conductor with associated connections, joints and insulated supports forming a common 
electrical connection between a number of circuits or individual pieces of apparatus  

3.3 Definitions concerning types of electrical power installations 

3.3.1  
substation 
<of a power system)> part of a power system, concentrated in a given place, including mainly 
the terminations of transmission or distribution lines, switchgear and housing and which may 
also include transformers 

Note 1 to entry: It generally includes facilities necessary for system security and control (e.g. the protective 
devices). 

Note 2 to entry: According to the nature of the system within which the substation is included, a prefix may qualify 
it.  

EXAMPLE Transmission substation (of a transmission system), distribution substation, 400 kV substation, 20 kV 
substation.  

[SOURCE: IEC 60050-605:1983, 605-01-01, modified – Supplementary information has been 
moved from the definition to Note 1 to entry.] 

3.3.2  
power station 
installation whose purpose is to generate electricity and which includes civil engineering works, 
energy conversion equipment and all the necessary ancillary equipment  

[SOURCE: IEC 60050-602:1983, 602-01-01] 

3.3.3  
installations of open design 
installations where the equipment does not have protection against direct contact 

3.3.4  
switchgear 'bay' or 'cubicle' 
each branch of a busbar in an electrical power installation 

3.4 Definitions concerning safety measures against electric shock 

3.4.1  
protection against direct contact 
measures which prevent persons coming into hazardous proximity to live parts or those parts 
which could carry a hazardous voltage, with parts of their bodies or objects (reaching the danger 
zone) 

3.4.2  
protection in case of indirect contact 
protection of persons from hazards which could arise, in event of fault, from contact with 
exposed-conductive-parts of electrical equipment or extraneous-conductive-parts 
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3.4.3  
enclosure 
part providing protection of equipment against certain external influences and, in any direction, 
protection against direct contact 

3.4.4  
protective barrier 
<electrically> part providing protection against direct contact by a human being or livestock with 
hazardous-live-parts from any usual direction of access 

[SOURCE: IEC 60050-195:2021, 195-06-15, modified – In the definition, "contact" has been 
replaced with "direct contact".] 

3.4.5  
protective obstacle 
part preventing unintentional direct contact, but not preventing direct contact by deliberate 
action 

[SOURCE: IEC 60050-826:2004, 826-12-24] 

3.5 Definitions concerning clearances 

3.5.1  
clearance 
distance between two conductive parts along a string stretched the shortest way between these 
conductive parts  

[SOURCE: IEC 60050-441:1984, 441-17-31] 

3.5.2  
minimum clearance 
smallest permissible clearance in air between live parts or between live parts and earth 

3.5.3  
protective barrier clearance 
smallest permissible clearance between a protective barrier and live parts or those parts which 
may become subject to a hazardous voltage 

3.5.4  
protective obstacle clearance 
smallest permissible clearance between a protective obstacle and live parts or those parts 
which may become subject to a hazardous voltage 

3.5.5  
danger zone 
in the case of high voltage, area limited by the minimum clearance around hazardous-live-parts 
without complete protection 

Note 1 to entry: Entering the danger zone is considered the same as touching hazardous-live-parts. 

[SOURCE: IEC 61140:2016, 3.35] 

3.5.6  
minimum clearance of danger zone  
N 
clearance which describes the area of danger zone around hazardous-live-parts without 
complete protection against direct contact 
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Note 1 to entry: The values for minimum clearance of danger zone in Table 2, Table 3 and Annex A are designated 
as "N".  

Note 2 to entry: The safety clearances as given in Clause 7 are based on the minimum clearance of danger zone. 

3.5.7  
boundary clearance 
smallest permissible clearance between an external fence and live parts or those parts which 
may become subject to a hazardous voltage 

3.5.8  
minimum height 
smallest permissible vertical clearance between accessible surfaces and live parts without 
protection against direct contact or those parts which may become subject to a hazardous 
voltage 

3.5.9  
standard short-duration power-frequency voltage 
sinusoidal voltage with frequency between 48 Hz and 62 Hz, and duration of 60 s 

[SOURCE: IEC 60071-1:2019, 3.18.1] 

3.5.10  
standard rated short-duration power-frequency withstand voltage 
RMS value standardized as withstand voltage for levels of specified standard short-duration 
power-frequency voltages 

Note 1 to entry: See IEC 60071-1:2019, 5.6 for specified voltage levels. 

3.5.11   
standard lightning impulse voltage 
impulse voltage having a front time of 1,2 μs and a time to half-value of 50 μs 

[SOURCE: IEC 60071-1:2019, 3.18.3, modified – "voltage" added to term.] 

3.5.12   
standard rated lightning impulse withstand voltage 
peak value, standardized as withstand voltage of standard lightning impulse voltage 

Note 1 to entry: See 60071-1 2019, 5.7 for specified values. 

3.5.13  
standard switching impulse voltage 
impulse voltage having a time to peak of 250 μs and a time to half-value of 2 500 μs  

[SOURCE: IEC 60071-1:2019, 3.18.2, modified – "voltage" added to term.] 

3.5.14  
standard rated switching impulse withstand voltage 
peak value, standardized as withstand voltage of standard switching impulse voltage  

Note 1 to entry: See 60071-1 2019, 5.7 for specified values. 
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3.6 Definitions concerning control and protection 

3.6.1  
interlocking device 
device which makes the operation of a switching device dependent upon the position or 
operation of one or more other pieces of equipment 

[SOURCE: IEC 60050-441:1984, 441-16-49] 

3.6.2  
local control 
control of an operation at a point on or adjacent to the controlled switching device 

[SOURCE IEC 60050-441:1984, 441-16-06] 

3.6.3  
remote control 
control of operation at a point distant from the controlled switching device 

[SOURCE: IEC 60050-441:1984, 441-16-07] 

3.6.4  
automatic reclosing 
reclosing of a circuit-breaker associated with a faulted section of a network by automatic means 
after a time interval which permits that section to recover from a transient fault 

[SOURCE: IEC 60050-614:2016, 614-02-29] 

3.7 Definitions concerning earthing 

3.7.1  
local earth 
local ground (US) 
part of the Earth that is in electric contact with an earth electrode and that has an electric 
potential not necessarily equal to zero 

Note 1 to entry: The conductive mass of the Earth, whose electric potential at any point is conventionally taken as 
equal to zero. 

[SOURCE: IEC 60050-195:2021, 195-01-03, modified – Note 1 to entry has been added.] 

3.7.2  
reference earth 
reference ground (US) 
part of the Earth considered as conductive, the electric potential of which is conventionally 
taken as zero, being outside the zone of influence of the relevant earthing arrangement 

Note 1 to entry: The concept "Earth" means the planet and all its physical matter. 

[SOURCE: IEC 60050-195:2021, 195-01-01, modified –"any earthing arrangement" has been 
replaced with "the relevant earthing arrangement".] 

3.7.3  
earth electrode 
ground electrode (US) 
<electrical power installations> conductive part, which may be embedded in a specific 
conductive medium, e.g. in concrete or coke, in electric contact with the Earth 

[SOURCE: IEC 60050-195:1998, 195-02-01, modified – "<electrical power installation>” has 
been added.]  
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3.7.4  
earthing conductor 
grounding conductor (US) 
conductor which provides a conductive path, or part of the conductive path, between a given 
point in a system or in an installation or in equipment and an earth electrode 

Note 1 to entry: Where the connection between part of the installation and the earth electrode is made via a 
disconnecting link, disconnecting switch, surge arrester counter, surge arrester control gap, etc., then only that part 
of the connection permanently attached to the earth electrode is an earthing conductor. 

[SOURCE: IEC 60050-195:2021, 195-02-03, modified – In the definition, "forming a conductive 
path between a conductive part" has been replaced with "which provides a conductive path, or 
part of the conductive path, between a given point in a system or in an installation or in 
equipment". Note 1 to entry has been added.] 

3.7.5  
bonding conductor 
protective conductor for ensuring equipotential bonding 

3.7.6  
earthing system 
grounding system (US) 
arrangement of electric connections and devices involved necessary to earth equipment or a 
system separately or jointly 

[SOURCE: IEC 60050-826:2004, 826-13-04, modified – In the terms, "system" has been 
replaced by "arrangement". The definition clarifies that involved parts can be separately or 
jointly earthed.]  

3.7.7  
structural earth electrode 
metal part, which is in conductive contact with the earth or with water directly or via concrete, 
whose original purpose is not earthing, but which fulfils all requirements of an earth electrode 
without impairment of the original purpose 

Note 1 to entry: Examples of structural earth electrodes are pipelines, sheet piling, concrete reinforcement bars in 
foundations and the steel structure of buildings, etc.  

3.7.8  
electric resistivity of soil  
ρE 
resistivity of a typical sample of soil 

[SOURCE: IEC 60050-195:1998, 195-01-19] 

3.7.9  
resistance to earth 
RE 
real part of the impedance to earth 

[SOURCE: IEC 60050-195:1998, 195-01-18] 
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3.7.10  
impedance to earth 
ZE 
impedance at a given frequency between a specified point in a system or in an installation or in 
equipment and reference earth 

Note 1 to entry: The impedance to earth is determined by the directly connected earth electrodes and also by 
connected overhead earth wires and wires buried in earth of overhead lines, by connected cables with earth electrode 
effect and by other earthing systems which are conductively connected to the relevant earthing system by conductive 
cable sheaths, shields, PEN conductors or in another way. Impedance to earth is composed of the resistance to earth 
of the substation and connected parallel impedances such as overhead ground wires and cable sheaths. 

[SOURCE: IEC 60050-195:2021, 195-01-17, modified – The symbol ZE and Note 1 to entry have 
been added.] 

3.7.11  
earth potential rise 
EPR 
UE 
voltage between an earthing system and reference earth 

3.7.12  
touch voltage 
UT 
<effective> voltage between conductive parts when touched simultaneously 

Note 1 to entry: The value of the effective touch voltage may be appreciably influenced by the impedance of the 
person in electric contact with these conductive parts.  

[SOURCE: IEC 60050-195:2021, 195-05-11, modified – The symbol UT has been added. In the 
definition, "by a human being or livestock" has been deleted. In Note 1 to entry, "of the human 
being or livestock" has been replaced by "of the person".] 

3.7.13  
permissible touch voltage  
UTp 
limit value of touch voltage UT  

3.7.14  
prospective touch voltage  
UvT 
voltage between simultaneously accessible conductive parts when those conductive parts are 
not being touched 

3.7.15  
prospective permissible touch voltage  
UvTp 
limit value of prospective touch voltage UvT  

3.7.16  
step voltage 
voltage between two points on the Earth's surface that are 1 m distant from each other 

Note 1 to entry: 1 m is considered to be the stride length of a person. 

[SOURCE: IEC 60050-195:2021, 195-05-12, modified – In the definition, "that are 1 m distant 
from each other" has been added. Note 1 to entry has been replaced.] 
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3.7.17  
transferred potential 
potential rise of an earthing system caused by a current to earth transferred by means of a 
connected conductor (for example a metallic cable sheath, PEN conductor, pipeline, rail) into 
areas with low or no potential rise relative to reference earth, resulting in a potential difference 
occurring between the conductor and its surroundings 

Note 1 to entry: The definition also applies where a conductor, which is connected to reference earth, leads into 
the area of the potential rise. 

3.7.18  
stress voltage 
voltage appearing during earth fault conditions between an earthed part or enclosure of 
equipment or device and any other of its parts and which could affect its normal operation or 
safety 

3.7.19  
global earthing system 
equivalent earthing system created by the interconnection of local earthing systems that 
ensures, by the proximity of the earthing systems, that there are no dangerous touch voltages 

Note 1 to entry: Such systems permit the division of the earth fault current in a way that results in a reduction of 
the earth potential rise at the local earthing system. Such a system could be said to form a quasi-equipotential 
surface. 

Note 2 to entry: The existence of a global earthing system may be determined by sample measurements or 
calculation for typical systems. Typical examples of global earthing systems are in city centres; urban or industrial 
areas with distributed low- and high-voltage earthing. 

3.7.20  
multi-earthed HV neutral conductor 
multi-grounded HV neutral conductor (US) 
neutral conductor of a distribution line connected to the earthing system of the source 
transformer and regularly earthed 

3.7.21  
exposed-conductive-part 
conductive part of equipment that can be touched and that is not live under normal conditions, 
but that can become live when basic insulation fails 

[SOURCE: IEC 60050-195:2021, 195-06-10] 

3.7.22  
extraneous-conductive-part 
conductive part not forming part of the electrical power installation and likely to introduce an 
electric potential, generally the electric potential of a local earth 

[SOURCE: IEC 60050-195:2021, 195-06-11, modified – In the definition, "electrical installation" 
has been replaced with "electrical power installation".] 

3.7.23  
PEN conductor 
conductor combining the functions of both a protective earthing conductor and a neutral 
conductor 

[SOURCE: IEC 60050-195:2021, 195-02-12] 
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3.7.24  
earth fault 
ground fault (US) 
fault caused by a conductor being connected to earth or by the insulation resistance to earth 
becoming less than a specified value 

Note 1 to entry: Earth faults of two or several phase conductors of the same system at different locations are 
designated as double or multiple earth faults. 

3.7.25  
earth fault current 
IF 
current which flows from the main circuit to earth or earthed parts at the fault location 

Note 1 to entry: For single earth faults, this is in systems with: 

– isolated neutral, the capacitive earth fault current; 

– high resistive earthing, the RC composed earth fault current; 

– resonant earthing, the earth fault residual current; 

– solid or low impedance neutral earthing, the line-to-earth short-circuit current. 

Note 2 to entry: Further earth fault current may result from double earth fault and line to line to earth 

4 Fundamental requirements 

4.1 General 

4.1.1 General requirements  

Electrical power installations and equipment shall be capable of withstanding electrical, 
mechanical, climatic and environmental influences anticipated on site. 

Site selection should take into account matters including, but not limited to: 

– access to allow for construction, maintenance and operations activities; 
– community impact including proximity to sensitive sites, visual, noise, amenity and traffic; 
– environmental impact including consideration of pollution, ventilation, fauna and flora; 
– impact of topography, earthquake zones, fault lines, flood paths, swamps, avalanches or 

landslides; 
– soil conditions, including thermal and electrical resistivity and soil contamination; 
– site dimensions; 
– line corridors; 
– site security. 

The design shall take into account: 

– the purpose of the installation; 
– the user requirements such as power quality, reliability, availability, and ability of the 

electrical network to withstand the effects of transient conditions such as starting of large 
motors, short power outages and re-energization of the electrical power installation; 

– load conditions, design short circuit currents, etc.; 
– the safety of the operators and the public; 
– the environmental influence; 
– the possibility for extension (if required) and maintenance. 
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The user shall define preferences for specific maintenance features and identify the safety 
requirements to be met for levels of segregation of the switchgear and controlgear to ensure 
minimal plant shutdown. Where necessary, the levels of segregation of switchgear shall be such 
as to minimize the spread of a fault, including a fire, occurring in any defined module into 
adjacent modules. 

There are operating conditions of low occurrence or low cumulative duration which can occur 
and for which specific design criteria and measures required to maintain safety conditions and 
to avoid damage to electrical or plant equipment are subject to agreement between the supplier 
and user. 

The generators shall be capable of meeting the requirements for connection to the power 
system grid or local grid, e.g. for voltage regulation, frequency response, etc. 

4.1.2 Agreements between supplier and user 

The working procedures of the user shall be taken into account in the design of the electrical 
power installation. 

For design and erection of electric power installations, additional agreements between 
supplier/manufacturer/contractor/planner and user/orderer/owner (hereinafter denoted as 
supplier and user) shall be followed, which also may have effects to necessary operational 
requirements. References can be found in the subclauses as listed in Table 1 below.  
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Table 1 – References to subclauses where agreement between 
supplier and user is required 

Subclause Item 

4.1.1 General requirements (specific design criteria) 

4.2.2 Voltage classification (Nominal values, rated values) 

4.3.1 Mechanical requirements, local conditions 

4.3.9 Special conditions and requirements for seismic environment 

4.4.2.1 Climatic and environmental conditions (for auxiliary equipment: indoor) 

4.4.2.2 Climatic and environmental conditions (for auxiliary equipment: outdoor) 

4.4.3.1 Conditions different from the normal environmental conditions 

4.4.3.5 Special conditions and requirements for vibrations 

6.1.1 Compliance with operational and safety procedures 

6.2.1 Method of indication (contact position of interrupting or isolating equipment) 

6.2.1 Interlocks and/or locking facilities 

6.2.1 Switching devices (reduced rating) 

6.2.1 Rating of switchgear (specific requirements) 

6.2.8 Insulators, level of pollution and wetting conditions 

6.2.9.2 Insulated cables (temperatures at special operating conditions) 

7.1.1 Higher values for distances, clearances and dimensions 

7.1.1 Common requirements (operating procedures) 

7.1.3 Documentation (extent of the documentation) 

7.1.4 Transport routes (load capacity, height and width) 

7.1.6 Lighting (presence and extent of the lighting) 

7.5.4 Maintenance and operating areas (distances of the escape route) 

8.4.1 Means to protect persons working on electrical power installations (working procedures) 

8.4.4 Devices for determining the de-energized state (extent of provisions) 

8.4.5 Devices for earthing and short-circuiting (Extent of provision or supply) 

8.4.6.2 Insertable insulated partitions 

8.4.6.3 Insertable partition walls 

8.5 Protection from danger resulting from arc fault (degree of importance of measures) 

8.6 Protections against direct lightning strokes (method of analysis) 

8.7.1 Requirements for fire extinguishing equipment 

8.7.2.2 Reduction of distances G1 and G2 

8.9 The language of the identification and marking 

9.1 Protection systems, protection coordination, settings, backup, etc. 

9.3.1.3 Auxiliary systems and battery sizing 

9.3.2 Compressed air system (sectionalization for maintenance) 

9.3.3 SF6 gas handling plants (design and capacity of the plant) 

10.2.1 Fundamental requirements for design of the earthing system 

11.1 Inspection and testing (extent of the inspection and testing / specification / documentation) 

11.2 Verification of specified performances 

11.3 Tests during installation and commissioning (requirements / test equipment / schedule of tests) 

11.4 Trial running (performance) 
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4.2 Electrical requirements 

4.2.1 Methods of neutral earthing 

The method of neutral earthing strongly influences the fault current level and the fault current 
duration. Furthermore, the neutral earthing method is important with regard to the following: 

– selection of insulation level; 
– characteristics of overvoltage – limiting devices – such as spark gaps or surge arresters; 
– selection of protective relays; 
– design of earthing system. 

The following are examples of neutral earthing methods: 

– isolated neutral; 
– resonant earthing; 
– high resistive earthing; 
– solid (low impedance) earthing. 

The choice of the type of neutral earthing is normally based on the following criteria: 

– local regulations (if any); 
– continuity of supply required for the network; 
– limitation of damage to equipment caused by earth faults; 
– selective elimination of faulty sections of the network; 
– detection of fault location; 
– touch and step voltages; 
– inductive interference; 
– operation and maintenance aspects. 

One galvanically connected system has only one method of neutral earthing. Different 
galvanically independent systems may have different methods of neutral earthing. If different 
neutral earthing configurations can occur during normal or abnormal operating conditions, 
equipment and protective system shall be designed to operate under these conditions. 

4.2.2 Voltage classification 

The user shall define the nominal voltage and the maximum operating voltage of their system. 
Based on the maximum operating voltage, the highest voltage for installation (Um) shall be 
selected either from Table 2, Table 3 or Annex A. 

4.2.3 Current in normal operation 

Every part of an electrical power installation shall be designed and constructed to withstand 
currents under defined operating conditions.  

4.2.4 Short-circuit current 

Electrical power installations shall be designed, constructed and erected to safely withstand the 
mechanical and thermal effects resulting from short-circuit currents. 

NOTE 1 Where an installation has on-site generation, motors or parallel operation with a network (co-generation), 
fault levels can increase. 
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For the purpose of this document, all types of short-circuit shall be considered. Examples 
include: 

– three-phase; 
– phase-to-phase; 
– phase-to-earth; 
– double phase-to-earth. 

Electrical power installations shall be protected with automatic devices to disconnect three-
phase and phase-to-phase short-circuits. 

Electrical power installations shall be protected either with automatic devices to disconnect 
earth faults or with devices to indicate the earth fault condition. The selection of the device is 
dependent upon the method of neutral earthing. 

The standard value of rated duration of the short-circuit is 1,0 s. 

If a value other than 1 s is appropriate in the design process, recommended values would be 
0,5 s, 2,0 s and 3,0 s. 

NOTE 2 The rated duration includes the fault clearance time. 

Methods for the calculation of short-circuit currents in three-phase AC systems are given in the 
IEC 60909 (all parts). 

Methods for the calculation of the effects of short-circuit current are given in IEC 60865-1 and, 
for power cables, in IEC 60949. 

4.2.5 Rated frequency 

Electrical power installations shall be designed for the rated frequency of the system in which 
they shall operate. 

4.2.6 Corona 

The design of electrical power installations shall be such that radio interference due to 
electromagnetic fields, e.g. caused by corona effects, will not exceed a specified level. 

NOTE 1 Recommendations for minimizing the radio interference of high-voltage installations are reported in 
CISPR 18‑1, CISPR 18-2 and CISPR 18-3. 

NOTE 2 Maximum permissible levels of radio interference can be given by provincial, national or regional 
authorities. 

NOTE 3 Guidance on acceptable levels of radio interference voltage for switchgear and controlgear can be found 
in IEC 62271-1. 

When the acceptable value is exceeded, the corona level may be controlled, for example, by 
the installation of corona rings or the recessing of fasteners on bus fittings for high-voltage 
suspension insulator assemblies, bus support assemblies, bus connections and equipment 
terminals. 

4.2.7 Electric and magnetic fields 

The design of an electrical power installation shall be such as to limit the electric and magnetic 
fields generated by energized equipment to an acceptable level for exposed people. 

NOTE Provincial, national or regional regulations can specify acceptable levels. Further information is available 
from International Commission on Non-Ionizing Radiation Protection (ICNIRP) or IEEE. 
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4.2.8 Overvoltages 

Equipment shall be protected against overvoltages resulting from switching operations or 
lightning that could exceed the withstand values according to IEC 60071-1 and IEC 60071-2. 

4.2.9 Harmonics 

Consideration should be given to the effect of harmonic currents and harmonic voltages on the 
electrical power installation, e.g. in industrial installations. Harmonic analyses may be required 
to determine what corrective measures are needed to meet local regulations and/or to ensure 
correct operation of the whole electrical system. 

4.2.10 Electromagnetic compatibility 

Electrical power installations should be designed so that they function properly in their given 
EMC environment. 

NOTE Guidance on ensuring electromagnetic compatibility and to ensuring that electromagnetic fields meet 
provincial, national or regional authority permissible limits can be found in Clause 9 and Clause 10. As well, guidance 
can be found in IEC 61000 (all parts), with particular reference to IEC 61000‐5 (all parts), IEC 61000-6-5, 
IEC 62271-1, IEC 62271-208 and CIGRE Technical Brochure 535. 

4.3 Mechanical requirements 

4.3.1 General 

Equipment and structures, including their foundations, shall withstand all the anticipated load 
combinations. 

Due consideration should be given to the ultimate and serviceability limit states of the 
structures. 

The load assumptions related to the local conditions shall be determined in an agreement 
between the supplier and user. 

Two load cases shall be considered, normal and exceptional.  

In each of these load cases, several combinations shall be investigated. The most unfavourable 
combination shall be used to determine the mechanical strength of the structures. In the normal 
load case, the following loads shall be considered: 

– dead load; 
– tension load; 
– erection load; 
– ice load; 
– wind load. 

Consideration should be given to temporary stresses and loads that may be applied during 
construction or maintenance procedures. Specific equipment can be affected by cyclic loads 
(refer to specific equipment standards). 

In the exceptional load case, dead load and tension load acting simultaneously with the largest 
of the following occasional loads shall be considered: 

– switching forces; 
– short-circuit forces; 
– loss of conductor tension; 
– seismic loads; 
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– buoyant force to the foundation at flooding. 

4.3.2 Tension load 

The tension load shall be calculated from the maximum conductor tension under the most 
unfavourable local conditions.  

NOTE Possible combinations include, for example: −20 °C without ice and without wind; −5 °C with ice and without 
wind; +5 °C with wind. 

4.3.3 Erection load 

The erection load is a load of at least 1,0 kN applied at the most critical position of a supporting 
structure, tensioning portal, etc. 

4.3.4 Ice load 

In regions where icing can occur, the resulting load on flexible conductors and on rigid busbars 
and conductors shall be taken into account. 

If national standards and regulations, local experience or statistics are not available, ice 
coatings of 1 mm, 10 mm or 20 mm based on criteria given in IEC 62271-1 may be assumed. 

4.3.5 Wind load 

Wind loads, which can be very different depending on the local topographic influences and the 
height of the structures above the surrounding ground, shall be taken into account. The most 
unfavourable wind direction shall be considered. 

IEC 62271-1 contains requirements for wind loading on switchgear and controlgear.  

4.3.6 Switching forces 

Switching forces shall be considered when designing supports. The forces shall be determined 
by the designer of the equipment. 

4.3.7 Short-circuit forces 

The mechanical effects of a short-circuit can be estimated by the methods detailed in 
IEC 60865-1.  

NOTE CIGRE Technical Brochure 214, "The mechanical effects of short-circuit currents in open air substations" 
gives additional advice.  

4.3.8 Loss of conductor tension 

A structure with tension insulator strings shall be designed to withstand the loss of conductor 
tension resulting from breakage of the insulator or conductor which gives the most unfavourable 
load case. 

NOTE 1 General practice is to base the calculation on 0 °C, no ice and no wind load. 

NOTE 2 For bundle conductors, only one subconductor is assumed to fail. 

4.3.9 Seismic loads 

Special conditions and requirements shall be agreed between the supplier and user (see also 
4.4.3.5 and IEC 60721-2-6) and have regard to local requirements if any. 

Electrical power installations situated in a seismic environment shall be designed to take this 
into account. 
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Where load specifications apply to the installation of civil work or equipment to meet seismic 
conditions, then these specifications shall be observed.  

Seismic loads shall be dealt with in accordance with appropriate standards for electric power 
installations: e.g. IEC 62271-207 for GIS, IEC 62271-210 for metal enclosed and solid-
insulation enclosed switchgear and controlgear assemblies, IEC TR 62271-300 for circuit-
breakers and IEC TS 61463 for bushings.  

The following measures shall be taken into account. 

a) Any individual equipment shall be designed to withstand the dynamic forces resulting from 
the vertical and horizontal motions of the soil. These effects may be modified by the 
response of the foundation and/or the supporting frame and/or the floor in which this 
equipment is installed. The response spectrum of the earthquake shall be considered for 
the design of the equipment. 

b) The layout shall be chosen in order to limit the loads due to interconnections between 
adjoining devices needing to accommodate large relatively axial, lateral, torsional or other 
movements to acceptable values. Attention should be paid to other stresses which may 
develop during an earthquake. 

4.3.10 Dimensioning of structures 

National standards and regulations exist regarding the dimensioning of structures. 

4.4 Climatic and environmental conditions 

4.4.1 General  

Electrical power installations, including all devices and auxiliary equipment which form an 
integral part of them, shall be designed for operation under the climatic and environmental 
conditions listed below.  

Specific attention shall be given to hazardous areas. The presence of condensation, 
precipitation, particles, dust, corrosive elements and hazardous atmospheres shall be specified 
in such a manner that appropriate electrical equipment can be selected. Zone classification for 
explosive atmospheres shall be performed in accordance with IEC 60079-10-1 and 
IEC 60079-10-2. Classification of environmental conditions can be according to IEC 60721 
(all parts).  

4.4.2 Normal conditions 

4.4.2.1 Indoor 

For indoor electrical power installations, normal conditions shall be as follows. 

a) The ambient air temperature does not exceed 40 °C and its average value, measured over 
a period of 24 h, does not exceed 35 °C. 
The minimum ambient air temperatures are:  
– −5 °C for class "−5 °C indoor"; 
– −15 °C for class "−15 °C indoor"; 
– −25 °C for class "−25 °C indoor". 
On auxiliary equipment, such as relays and control switches, intended to be used in ambient 
air temperature below −5 °C, an agreement between the supplier and user is necessary. 

b) The influence of solar radiation shall not be taken into account. 
c) The altitude does not exceed 1 000 m above sea level. 
d) The ambient air is not significantly polluted by dust, smoke, corrosive and/or flammable 

gases, vapours or salt. 
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e) The average value of the relative humidity, measured over a period of 24 h, does not exceed 
95 %. 
For these conditions, condensation may occasionally occur. 

NOTE 1 Condensation can be expected where sudden temperature changes occur in periods of high humidity. 

NOTE 2 To avoid breakdown of insulation and/or corrosion of metallic parts due to high humidity and 
condensation, equipment designed for such conditions and tested accordingly is normally used. 

NOTE 3 Condensation can be prevented by special design of the building or housing, by suitable ventilation 
and heating of the station or by the use of dehumidifying equipment. 

f) Vibration due to causes external to the equipment or to earth tremors is negligible. 

4.4.2.2 Outdoor 

For outdoor electrical power installations, normal conditions shall be as follows. 

a) The ambient air temperature does not exceed 40 °C and its average value, measured over 
a period of 24 h, does not exceed 35 °C. 
The minimum ambient air temperatures are: 
– −10 °C for class "−10 °C outdoor"; 
– −25 °C for class"−25 °C outdoor"; 
– −30 °C for class "−30 °C outdoor"; 
– −40 °C for class "−40 °C outdoor". 
Rapid temperature changes shall be taken into account, see 4.4.2.2, item g) and 4.4.3.4. 
Auxiliary equipment, such as relays and control switches, intended to be used in ambient 
air temperatures below –5 °C, are to be a subject of an agreement between the supplier and 
user. 

b) Solar radiation up to a level of 1 000 W/m2 (on a clear day at noon) shall be considered. 

NOTE 1 Under certain conditions of solar radiation, appropriate measures, for example roofing, forced 
ventilation, etc., can be necessary, or derating can be used in order not to exceed the specified temperature 
rises. 

NOTE 2 Details of global solar radiation are given in IEC 60721-2-4.  

NOTE 3 UV radiation can damage some synthetic materials. For more information, IEC 60068 (all parts) can 
be consulted.  

c) The altitude does not exceed 1 000 m above sea level. 
d) The ambient air is not significantly polluted by dust, smoke, corrosive gases, vapours or 

salt. Pollution does not exceed site pollution severity class c – Medium, according to 
IEC TS 60815-1. 

e) The ice coating does not exceed 1 mm for class 1, 10 mm for class 10 and 20 mm for class 
20. Additional information is given in 4.3.4. 

f) The wind speed does not exceed 34 m/s. 

NOTE 4 Characteristics of wind are described in IEC 60721-2-2.  

g) Presence of condensation and precipitation in the form of dew, condensation, fog, rain, 
snow, ice or hoar frost shall be taken into account. 

NOTE 5 Precipitation characteristics for insulation are described in IEC 60060-1 and IEC 60071-1. For other 
properties, precipitation characteristics are described in IEC 60721-2-2.  

h) Vibration due to causes external to the equipment or to earth tremors is negligible. 
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4.4.3 Special conditions 

4.4.3.1 General 

When high-voltage equipment is used under conditions different from the normal environmental 
conditions given in 4.4.2, the following subclauses 4.4.3.2 to 4.4.3.5 shall be complied with.  

4.4.3.2 Altitude 

For electrical power installations situated at an altitude higher than 1 000 m above sea level, 
the insulation level of external insulation under the standardized reference atmospheric 
conditions shall be determined by multiplying the insulation withstand voltages required at the 
service location by a factor Ka in accordance with IEC 62271-1. 

Linear interpolation of clearances, as stated in Table 2 and Table 3, is acceptable.  

For low-voltage auxiliary and control equipment, special precautions shall be taken if the 
altitude is higher than 2 000 m above sea level. See IEC 60664-1. 

NOTE 1 For internal pressurized insulation, the dielectric characteristics are identical at any altitude and no special 
precautions need be taken. 

NOTE 2 The pressure variation due to altitude is given in IEC 60721-2-3. Issues that will arise, include the following: 

– thermal exchanges by convection, conduction or radiation; 

– efficiency of heating or air-conditioning; 

– operating level of pressure devices; 

– efficiency of diesel generating set or compressed air station; 

– increase of corona effect. 

NOTE 3 The correction factor Ka of IEC 62271-1 reflects the fact that modification is not required for altitudes below 
1 000 m. 

NOTE 4 For correction of creepage distance for DC installations, IEC TS 60815-4 can be consulted. 

4.4.3.3 Pollution 

For equipment in polluted ambient air, a site pollution severity class shall be specified, e.g. 
according to IEC TS 60815-1 class d (heavy) or class e (very heavy). 

4.4.3.4 Temperature and humidity 

For equipment in a place where the ambient temperature can be significantly outside the normal 
service condition range stated in 4.4.2, the preferred ranges of minimum and maximum 
temperature to be specified should be as follows: 

• −50 °C and +40 °C for very cold climates; 

• −5 °C and +50 °C for very hot climates. 

In certain regions with frequent occurrence of warm, humid winds, sudden changes of 
temperature may occur, resulting in condensation, even indoors. 

In tropical indoor conditions, the average value of relative humidity measured during a period 
of 24 h can be 98 %. 

In some underground electrical power installations, equipment might occasionally be located 
under water. Such equipment shall be designed accordingly. 
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4.4.3.5 Vibration 

Special conditions and requirements shall be agreed between the supplier and user (see also 
4.3.9). 

Vibration caused by wind, electromagnetic stresses, traffic (e.g. temporary road and railway 
traffic), operation (e.g. opening/reclosing of circuit-breakers), industrial processes (e.g. blasting 
and piling) and other foreseeable sources shall be considered. Transmitted vibrations through 
a common monolithic foundation or floor shall also be taken into account. 

The withstand capability of equipment against vibrations shall be given by the manufacturer.  

4.5 Particular requirements 

4.5.1 Effects of small animals and micro-organisms 

If biological activity (through birds, other small animals or micro-organisms) is a hazard, 
measures against such damage shall be taken. These may include appropriate choice of 
materials, measures to prevent access and adequate heating and ventilating (for more details 
see IEC 60721-2-7).  

4.5.2 Noise level 

If noise level limits are given (usually by administrative authorities), they shall be achieved by 
appropriate measures such as: 

– using sound insulation techniques against sound transmitted through air or solids; 
– using low noise equipment. 

Criteria for noise evaluation for different places and different periods of day are given in 
ISO 1996-1. 

4.5.3 Transport 

The transport to site, e.g. large transformers and storage constraints may have consequences 
on the design of the high-voltage electrical power installation. 

NOTE The transportation and storage parameters associated to their duration are defined in accordance with 
IEC 60721-3-1 and IEC 60721-3-2. 

5 Insulation 

5.1 General 

As conventional (air insulated) electrical power installations are normally not impulse tested, 
the installation requires minimum clearances between live parts and earth and between live 
parts of phases in order to avoid flashover below the impulse withstand level selected for the 
electrical power installation. 

Insulation coordination shall be in accordance with IEC 60071-1.  

The procedure for insulation co-ordination consists of the selection of the highest voltage for 
the equipment together with a corresponding set of standard rated withstand voltages which 
characterize the insulation of the equipment needed for the application. 

NOTE Table 2, Table 3 and Annex A are based on the requirements of IEC 60071-1. 
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5.2 Selection of insulation level 

5.2.1 General 

The insulation level shall be chosen according to the established highest voltage for installation 
Um and/or impulse withstand voltage.  

5.2.2 Consideration of methods of neutral earthing 

The choice should be made primarily to ensure reliability in service, taking into account the 
method of neutral earthing in the system and the characteristics and the locations of overvoltage 
limiting devices to be installed. 

NOTE Insulation coordination distinguishes between different types of overvoltages, e.g. power frequency 
overvoltage, transient overvoltages and very fast transient overvoltages. 

In electrical power installations where 

– the configuration of the system, or 
– the adopted method of neutral earthing, or  
– the protection by surge arresters,  

and a high level of safety is required, will make it inappropriate to lower the level of insulation; 
one of the higher alternative values of Table 2, Table 3 and Annex A shall be chosen. Where 
the mentioned factors above make it appropriate, the lower values of Table 2, Table 3 and 
Annex A are sufficient. 

5.2.3 Consideration of rated withstand voltages 

In the voltage range I (1 kV < Um ≤ 245 kV), the choice shall be based on the standard rated 
lightning impulse withstand voltages and the standard rated short-duration power-frequency 
withstand voltages of Table 2; in the voltage range II (Um > 245 kV), the choice shall be based 
on the standard rated switching impulse withstand voltages and the standard rated lightning 
impulse withstand voltages given in Table 3. Values of rated insulation levels not standardized 
by IEC but based on current practice in some countries are listed in Annex A (Table A.1, 
Table A.2 and Table A.3). 

NOTE 1 Standard rated short-duration power-frequency withstand voltage is applied in accordance with standard 
short-duration power-frequency voltage. 

NOTE 2 Standard rated lightning impulse withstand voltage is applied in accordance with standard lightning impulse 
voltage. 

NOTE 3 Standard rated switching impulse withstand voltage is applied in accordance with standard switching 
impulse voltage. 

5.3 Verification of withstand values 

If the minimum clearances in air given in Table 2, Table 3 and Annex A are maintained, it is not 
necessary to apply dielectric tests. 

If the minimum clearances in air are not maintained, the ability to withstand the test voltages of 
the chosen insulation level shall be established by applying the appropriate dielectric tests in 
accordance with IEC 60060-1 for the withstand voltage values given in Table 2, Table 3 and 
Annex A. 

If the minimum clearances in air are not maintained in parts or areas of an electrical power 
installation, dielectric tests restricted to these parts or areas will be sufficient. 

NOTE In accordance with IEC 60071-1:2019, Annex A, minimum clearances can be lower if this has been proven 
by tests or by operating experience of lower overvoltages. 
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5.4 Minimum clearances of live parts 

5.4.1 General 

The minimum clearances in air given in Table 2, Table 3 and Annex A apply for altitudes up to  
1 000 m above sea level. For higher altitudes, see 4.4.3.2.  

The values for the minimal clearance of danger zone are given in Table 2, Table 3 and Annex A, 
designated with the letter N. These values define the basis for the safety distances given in 
Clause 7. 

If parts of an electrical power installation can be separated from each other by a disconnector, 
these parts shall be tested at the standard rated impulse withstand voltage for the isolating 
distance (see Tables 2 and 3 of IEC 62271-1:2017). If between such parts of an installation the 
minimum phase-to-phase clearances of Table 2 for voltage range I, and Table 3 for voltage 
range II of this document, are increased by 25 % or more, it is not necessary to apply dielectric 
tests. 

5.4.2 Minimum clearances in voltage range I 

In the voltage range I (see Table 2) the minimum clearances in air are based on unfavourable 
electrode configurations with small radii of curvature (i.e. rod-plate). As the standard rated 
lightning impulse withstand voltage (LIWV) in these voltage ranges is the same as for the phase-
phase insulation and phase-earth insulation, the clearances apply for both insulation distances 
(in accordance with IEC 60071-1:2019, Table A.1). 

5.4.3 Minimum clearances in voltage range II 

In voltage range II (see Table 3) the clearances in air are determined by the standard rated 
switching impulse withstand voltage (SIWV). They substantially depend on the electrode 
configurations. In cases of difficulty in classifying the electrode configuration, it is recommended 
to make a choice based on the phase-to-earth clearances of the most unfavourable 
configuration such as, for example, the arm of a disconnector against the tower construction 
(rod-structure) (in accordance with IEC 60071-1:2019, Tables A.2 and A.3). 

NOTE Other electrode configurations (gap factors) lead to different clearances, see IEC 60071-2:2018, Annex F. 
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Table 2 – Minimum clearances in air – Voltage range I 
(1 kV < Um ≤ 245 kV) 

Voltage 
range 

Highest voltage 
for installation 

Standard rated 
short-duration 

power-
frequency 
withstand 

voltage 

Standard rated 
lightning 
impulse 

withstand 
voltage a 

Minimum phase-to-earth 
and phase-to-phase clearance 

N 

Um Ud Up Indoor 
installations 

Outdoor 
installations 

RMS RMS 1,2 µs/50 µs 
(peak value) 

kV kV kV mm mm 

I 

3,6 10 
20 60 120 

40 60 120 

7,2 20 
40 60 120 

60 90 120 

12 28 

60 90 150 

75 120 150 

95 160 160 

17,5 38 
75 120 160 

95 160 160 

24 50 

95 160 

125 220 

145 270 

36 70 
145 270 

170 320 

52 95 250 480 

72,5 140 325 630 

123 
185 b 450 b 900 

230 550 1 100 

145 

185 b 450 b 900 

230 550 1 100 

275 650 1 300 

170 

230 b 550 b 1 100 

275 650 1 300 

325 750 1 500 

245 

275 b 650 b 1 300 

325 b 750 b 1 500 

360 850 1 700 

395 950 1 900 

460 1 050 2 100 

a The standard rated lightning impulse withstand voltage is applicable to phase-to-phase and phase-to-earth. 
b If values are considered insufficient to prove that the required phase-to-phase withstand voltages are met, 

additional phase-to-phase withstand tests are needed. 
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Table 3 – Minimum clearances in air – Voltage range II 
(Um > 245 kV) 

Voltage 
range 

Highest 
voltage for 
installation 

Standard 
rated 

lightning 
impulse 

withstand 
voltage a 

Standard rated 
switching 
impulse 

withstand 
voltage 

Minimum 
phase‑to‑earth 

clearance 

Standard 
rated 

switching 
impulse 

withstand 
voltage 

Minimum 
phase‑to‑phase 

clearance 

Um Up Us Conductor 
– 

structure 

Rod 
 – 

structure 

Us Conductor 
– 

conductor 
parallel 

Rod 
 – 

conductor RMS 1,2 μs/ 
50 µs 
(peak 
value) 

Phase-to- 
earth 

250 µs/2 500 µs 
(peak value) 

Phase-to-
phase 

250 μs/ 
2 500 µs 

(peak value) 
    N    

kV kV kV mm kV mm 

II 

300 

850/950 750 
1 600 

1 900 1 125 2 300 2 600 
1 700 b 

950/1 050 850 
1 800 

2 400 1 275 2 600 3 100 
1 900 b 

362 
950/1 050 850 

1 800 
2 400 1 275 2 600 3 100 

1 900 b 

1 050/1 175 950 2 200 2 900 1 425 3 100 3 600 

420 

1 050/1 175 850 
1 900 

2 400 1 360 2 900 3 400 
2 200 b 

1 175/1 300 950 
2 200 

2 900 1 425 3 100 3 600 
2 400 b 

1 300/1 425 1 050 2 600 3 400 1 575 3 600 4 200 

550 

1 175/1 300 950 
2 200 

2 900 1 615 3 700 4 300 
2 400 b 

1 300/1 425 1 050 2 600 3 400 1 680 3 900 4 600 

1 425/1 550 1 175 3 100 4 100 1 763 4 200 5 000 

800 

1 675/1 800 1 300 3 600 4 800 2 210 6 100 7 400 

1 800/1 950 1 425 4 200 5 600 2 423 7 200 9 000 

1 950/2 100 1 550 4 900 6 400 2 480 7 600 9 400 

1 100 

1 950/2 100 1 425 c 4 200 5 600 - - - 

2 100/2 250 1 550 4 900 6 400 2 635 8 400 d 10 000 d 

2 250/2 400 1 675 5 600 d 7 400 d 2 764 9 100 d 10 900 d 

2 400/2 550 1 800 6 300 d 8 300 d 2 880 9 800 d 11 600 d 

1 200 

2 100/2 250 1 675 5 600 d 7 400 d 2 848 9 600 d 11 400 d 

2 250/2 400 1 800 6 300 d 8 300 d 2 970 10 300 d 12 300 d 

2 550/2 700 1 950 7 200 d 9 500 d 3 120 11 200 d 13 300 d 

a The standard rated lightning impulse withstand voltage is applicable phase-to-phase and phase-to-earth. 
b Minimum clearance required for upper value of standard rated lightning impulse withstand voltage. 
c This value is only applicable to the phase-to-earth insulation of single phase equipment not exposed to air. 
d Tentative values still under consideration. 
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5.5 Minimum clearances between parts under special conditions 

Under steady state conditions minimum clearances are increased such that, expressed as a 
percentage of minimum clearance values given in Table 2, Table 3 and Annex A, the following 
clearances are present: 

a) between parts of an electrical power installation if phase opposition might occur: 120 %; 
b) between parts of an electrical power installation in case of different insulation levels: 125 % 

of the higher insulation level. 

Under dynamic conditions, the minimum temporary clearances expressed as a percentage of 
the minimum clearances under steady state conditions given in Table 2, Table 3 and Annex A 
[if necessary corrected in accordance with a) or b)] are to be considered independently and 
shall be greater than: 

1) in the case of conductor swing due to the influence of wind: 75 %, or  
2) in the case of rupture of one sub-chain in a multiple insulator chain: 75 %, or 
3) in the case of conductor swing due to the influence of short-circuit: 50 %. 

5.6 Tested connection zones 

Information on mounting and service conditions of type tested equipment supplied by the 
manufacturer shall be observed on site. 

Where no information is available, special considerations shall be given to the design of the 
transition from the type tested equipment to the equipment which is in accordance with Table 2, 
Table 3 and Annex A. This transition shall be as short as possible. 

In tested connection zones, the minimum clearances according to Table 2, Table 3 and Annex A 
need not be maintained because the ability to withstand the test voltage is established by a 
dielectric type test. 

NOTE Typical transitions zones are less than three times phase-to-phase clearance. 

6 Electrical equipment 

6.1 General requirements 

6.1.1 Electrical equipment safety 

Electrical equipment shall have a safe construction when assembled, installed and connected 
to supply in accordance with this document. 

Electrical equipment shall not cause a danger from electric shock, fire, thermal effects or 
physical injury in the event of reasonably expected conditions of overload, abnormal operation, 
fault or external influences. 

Electrical equipment shall be installed according to the manufacturer's instructions. 

Where specific additional operational and safety procedures are needed for a certain electric 
power installation, such procedures shall be specified by the user. 

Electrical equipment shall comply with the applicable IEC product standards. In absence of such 
standards, applicable provincial, national or regional standards may be considered. 

6.1.2 User safety 

Particular attention shall be given at the design stage to the safety of persons during the 
installation, operation and maintenance of electrical equipment.  

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


IEC 61936-1:2021 © IEC 2021 – 41 –  

This may include: 

a) manuals and instructions for transport, storage, installation, operation and maintenance; 
b) special tools required for operation, maintenance and testing; 
c) safe handling procedures developed for specific locations; 
d) safe earthing measures. 

NOTE Training and authorization for operating persons can be subject to provincial, national or regional regulation. 

6.2 Specific requirements 

6.2.1 Switching devices 

Switching devices include, for example, circuit breakers and disconnectors. These devices shall 
be selected according to requirements in Clause 4. 

A facility shall be provided to indicate the contact position of the interrupting or isolating 
equipment (including earthing switches). The method of indication shall be specified by the user 
and should be in accordance with the equipment standards. 

The position indicator shall provide an unambiguous indication of the actual position of the 
equipment primary contacts. 

The device indicating the open/close position shall be easily visible to the operator. 

Disconnectors and earthing switches shall be installed in such a way that they cannot be 
inadvertently operated by tension or pressure exerted manually on operating linkages. 

Where specified by the user, interlocking devices and/or locking facilities shall be installed to 
provide a safeguard against inappropriate operation. 

If an interlocking system is provided which prevents the earthing switch from carrying the full 
short-circuit current, it is permissible, by agreement with the user, to specify a reduced rating 
for the switch which reflects its possible short-circuit-current stress. 

Switching devices that are not capable of making prospective fault current may be used where 
satisfactory interlocking or switching procedures are provided. 

Equipment shall be installed in such a way that ionized gas released during switching does not 
result in damage to the equipment or in danger for operating persons.  

NOTE The word "damage" is considered to signify any failure of the equipment which impairs its function. 

Protection from danger resulting from internal arc fault shall be considered as specified in 8.5.  

Ratings of switchgear shall be based on the appropriate IEC high-voltage standards. The 
switching of certain circuits may however require the use of more severe constraints than 
defined in those standards. Examples of such circuits are filter banks and loads having very 
high reactance/resistance (X/R) ratios such as large transformers and generators. The specific 
requirements of switchgear for such circuits shall be agreed upon between the supplier and 
user.  

6.2.2 Power transformers and reactors 

Unless otherwise stated, 6.2.2 applies to both transformers and reactors even when only 
transformers are referred to in the text. 

The main selection criteria for transformers are given in Clause 4 and Clause 8. 
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IEC 60076 (all parts) and IEC 61378 (all parts) define the specific details associated with the 
construction and performance of various types of transformers. The classification (used in this 
document) of these various types of transformers depends on a wide range of factors, such as 
winding materials, dielectrics and cooling systems. 

When designing the transformer installation, the risk of fire propagation (see 8.7) shall be 
considered. Similarly, means shall be implemented to limit, if necessary, the acoustic noise 
level (see 4.5.2). 

For transformers, care should be taken to mitigate the risk associated with excessive 
temperature rise. Suitable measures for cooling and ventilation shall be provided [see 7.5.7 and 
refer to IEC 60076 (all parts)]. 

Water (ground water, surface water and waste water) shall not be polluted by transformer 
installations. This shall be achieved by the choice of the design of transformer type and/or site 
provisions. For measures see 8.8. 

If it is necessary to take samples (oil sampling) or to read monitoring devices (such as fluid 
level, temperature, or pressure), which are important for the operation of the transformer whilst 
the transformer is energized, it shall be possible to perform this safely and without damage to 
the equipment.  

Air-core reactors shall be installed in such a way that the magnetic field of the short-circuit 
current will not be capable of drawing objects into the coil. Adjacent equipment shall be 
designed to withstand the resulting electromagnetic forces. Adjacent metal parts such as 
foundation reinforcements, fences and earthing grids shall not be subject to excessive 
temperature rise under normal load conditions. 

The risk of damage to transformers resulting from ferro-resonance, harmonics, voltage surges, 
temporary overvoltages and other causes should be minimized by appropriate system studies 
and measures (e.g. surge arresters or appropriate choice of transformers' insulation). 

Transformer pressure-relief devices, if used, shall be arranged to direct the oil discharge away 
from the operational controls where operating persons are likely to be standing. 

6.2.3 Prefabricated type-tested switchgear 

The requirements for gas insulated metal-enclosed switchgear (GIS), metal-enclosed 
switchgear, insulation-enclosed switchgear and other prefabricated type-tested switchgear 
assemblies are given in 7.4. For safety of persons and gas handling, refer to 8.8.3 and 9.3.3. 

6.2.4 Instrument transformers 

6.2.4.1 General 

The secondary circuits of inductive instrument transformers shall be bonded to earth, or the 
secondary circuits shall be segregated by earthed metallic screening, in accordance with the 
recommendations of Clause 10. 

The earthable point of the secondary circuit shall be determined in such a way that electrical 
interference is avoided. 

Instrument transformers shall be installed in such a way that their secondary terminals are 
easily accessible when the switchgear assembly has been de-energized. The recommendations 
of IEC 61869 (all parts) shall be considered. 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


IEC 61936-1:2021 © IEC 2021 – 43 –  

6.2.4.2 Current transformers 

The rated overcurrent factor and the rated burden shall be selected so as to ensure correct 
functioning of the protective equipment and prevent damage to measuring equipment in the 
event of a short-circuit. 

In high-voltage networks where the primary time constant is long and where automatic reclosing 
is practiced, it is recommended that the transient stress due to the aperiodic portion of the 
short-circuit current be taken into account. The recommendations of IEC 61869-2 should be 
considered. 

If measuring devices are also connected to protective current transformer cores, the measuring 
devices shall, if necessary, be protected against the damage resulting from large short-circuit 
currents by means of suitable auxiliary transformers. Overcurrent protective devices shall not 
be used in secondary circuits of inductive current transformers. 

If necessary, an effective screen between the primary circuit and the secondary circuit shall be 
provided for the reduction of the transient overvoltages on secondary circuits arising from the 
switching operation. 

To protect against dangerous overvoltages, provisions shall be made to facilitate shorting the 
secondary windings of current transformers. 

6.2.4.3 Voltage transformers 

Voltage transformers shall be selected in such a way that the nominal output and accuracy are 
adequate for the connected equipment and wiring. The effects of ferro-resonance shall be 
considered. 

The secondary side of voltage transformers shall be protected against the effects of short-
circuits, and it is recommended that protective devices be monitored. 

6.2.5 Surge arresters 

Surge arresters shall be designed or positioned in such a way as to provide safety during 
operation in case of breaking of the housing or operating of any pressure-relief device. 

The volt-time characteristics of surge arresters installed in the same circuit as current-limiting 
fuses shall take into account the overvoltages produced by the fuses. 

If monitors are provided in the earth conductor of non-linear resistor type arresters, then the 
conductor between an arrester and the monitor, and the monitor itself, shall be protected in 
such a way as to prevent it being touched. It shall be possible to read the monitors and any 
counters with the equipment energized.  

6.2.6 Capacitors 

The risk of resonance and overvoltages due to harmonics shall be taken into consideration, and 
appropriate means for limitation of this risk shall be provided. 

For the selection of the rated voltage and the current capacity of capacitors, the voltage 
increase caused by inductive reactances connected in series such as damping reactors and 
sound frequency or filter circuits shall be considered. 

Capacitors for coupling, voltage measuring and overvoltage protection shall be selected 
according to the rated voltage of the switchgear, even if the operating voltage is lower. 
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Safe discharge of power capacitors shall be guaranteed. Discharge units shall be thermally and 
mechanically capable of carrying out their task. 

The short-circuiting and earthing facilities provided for a capacitor bank shall take into account 
the interconnection of units within the bank, the discharge resistors and the type of fusing. 

6.2.7 Line traps 

The bandwidth shall be determined in accordance with the network frequency allocation. 

6.2.8 Insulators 

Unless otherwise specified, the minimum specific creepage distance of insulators shall comply 
with IEC TS 60815-1, IEC TS 60815-2 and IEC TS 60815-3 for the level of pollution specified 
by the user. 

The requirements of the wet test procedure of IEC 62271-1 shall apply for all external insulation. 

Insulator profiles and/or requirements for performance of outdoor insulators in polluted or heavy 
wetting conditions may be specified by the user. 

6.2.9 Insulated cables 

6.2.9.1 General 

Subclause 6.2.9 is applicable to insulated cables except when used as overhead lines. If 
insulated cables are installed as overhead lines, they shall comply with the requirements of the 
appropriate IEC standards for overhead lines. 

NOTE An example of a standard for overhead lines is IEC 60826.  

6.2.9.2 Temperature  

Insulated cables shall be selected and laid in such a way that the maximum permitted 
temperature is not exceeded for conductors, their insulation, the connections, the electrical 
equipment terminals or the surroundings under the following conditions: 

a) normal operation;  
b) special operating conditions, subject to previous agreement between the supplier and user; 
c) short-circuit. 

NOTE For dimensioning of cables related to current, IEC 60287, IEC 60853 (all parts) and IEC TR 62095 can be 
consulted. 

The connection of a cable to electrical equipment (for example motors, circuit-breakers) shall 
not result in the cable being subjected to temperatures higher than those admissible for the 
cable in the foreseeable operating conditions. 

6.2.9.3 Stress due to temperature changes 

The stress on electrical equipment due to temperature-dependent changes in the length of 
conductors shall be taken into account. If necessary, the stress shall be relieved by suitable 
measures (for example flexible connections, expansion terminations or snaking). If these 
measures are not taken, the additional forces due to temperature changes shall be taken into 
account during verification of the mechanical strength of the equipment. 
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6.2.9.4 Flexible reeling and trailing cables 

Flexible reeling and trailing cables shall be selected in accordance with the following require-
ments and conditions. 

a) Trailing cables, or cables having at least equivalent mechanical and electrical character-
istics as trailing cables, shall be used for supplying power to hoisting mobile or moveable 
equipment. 

b) In the case of more severe mechanical stress, for example where the cables are subject to 
abrasion, tension, deflection or winding during operation, double-sheathed trailing cables 
or cables with at least equivalent mechanical and electrical characteristics as trailing cables 
shall be used. 

c) Insulated cables for the power supply of hoisting mobile or moveable equipment shall 
contain a protective earth conductor. 

d) The design of any connection, be it a joint, termination or other connection arrangement, 
shall be such that in the event of a strain being placed upon the cable, the protective 
conductor shall be the last to part or separate. 

e) Insulated cables which are to be wound on a drum shall be dimensioned so that when the 
conductor is fully wound and subject to the normal service loading, the maximum permitted 
temperature is not exceeded. 

The terminal ends of flexible and trailing cables shall be free from tension and compression; 
cable sleeves shall be protected against stripping and cable ends against twisting. The 
terminals shall also be designed so that the cables will not kink. 

6.2.9.5 Crossings and proximities 

Where insulated cables cross or are near to gas, water or other pipes, an appropriate clearance 
shall be maintained between cables and the pipelines. Where this clearance cannot be 
maintained, contact between the cables and the pipelines shall be prevented, for example, by 
the insertion of insulating shells or plates. These measures shall be coordinated with the 
operator of the pipeline. In the case of a long parallel routing, a calculation of the overvoltage 
induced on the pipeline during a short-circuit shall be effected. It may be necessary to determine 
appropriate measures (for example, an alternative routing for the cables or pipelines, or a 
greater clearance between cables and pipelines). 

Where insulated cables cross or are near to telecommunication installations, an appropriate 
clearance shall be maintained between cables and telecommunication installations. 

In the case of a long parallel routing, the overvoltage induced on the telecommunication 
installation during a short-circuit shall be calculated (for guidance refer to ITU 
recommendations). It may be necessary to take appropriate measures to reduce this 
overvoltage (alternative routing for the cables or the telecommunication installations, greater 
clearance between cables and telecommunication installations). 

Where insulated cables cross or are near to other insulated cables, the mutual thermal effects 
shall be calculated in order to determine the minimum clearance between cables or to determine 
other appropriate measures (e.g. rerouting). Cables shall be installed at a sufficient distance 
from heat sources or shall be separated from such heat sources by means of thermal insulating 
shields. 

Crossing and proximity of insulated cables, gas and water pipes or other pipes and appropriate 
clearance should be in compliance with national regulations and standards. 

6.2.9.6 Installation of cables 

Provision of suitable access shall be made for the maintenance and testing of cables 
(see Clause 11).  
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The cable shall be protected from mechanical damage during and after installation as follows. 

a) To avoid any damage to the cable, the laying operations shall be performed at the ambient 
temperature specified by the equipment standards or by the manufacturer. 

b) Single-core insulated cables shall be laid and fastened in such a way as to ensure that the 
forces resulting from short-circuit currents do not cause damage. 

c) The method of laying shall be chosen to ensure that the external effects are limited to 
acceptable safe values. In addition, when buried in troughs, the cables shall be installed at 
a specific depth and covered by slabs or a warning grid to prevent any damage being caused 
by third parties. Underground and submarine cables shall be mechanically protected where 
they emerge from the water or the soil. 

d) Laying of cables in earth shall be carried out on the bottom of a cable trench free of stones. 
The bedding shall be in sand or soil, free of stones. Special constructions of cables can be 
chosen, if necessary, to protect against chemical effects. 

e) Measures shall be taken to prevent cables in troughs from being damaged by vehicles 
running over them. 

f) Ground movements and vibrations shall be taken into account. 
g) For vertical installations, the cable suitable for that installation shall be supported by 

suitable cleats, at intervals determined by the cable construction, and information provided 
by the manufacturer. 

h) If single-core cables are laid through reinforced ceilings and walls, the possibility of heating 
the steel reinforcing bars shall be considered. If necessary, suitable structural measures to 
limit the heating shall be determined. 

Cables installed in metallic pipes shall be grouped in such a way that the conductors of all 
phases (and the neutral, if any) of the same circuit are laid in the same pipe to minimize eddy 
currents. The location of the earthing conductor shall be taken into account. 

Insulated cables shall be installed so that touch voltages are within the permissible values, or 
so that accessible parts with impermissible touch voltages are protected against contact by 
adequate measures. 

When earthing metallic screens and sheaths, consideration should be given to issues such as 
induced voltages, fault currents, transfer voltages and current transformer locations. 

NOTE When earthing metallic screens and sheaths, there can be a risk of high circulating currents in screens of 
sheathed single-core cables, especially when laid flat. 

Metallic sheaths shall be earthed in accordance with Clause 10. 

The length of cable connecting transformers and reactors to a circuit shall be selected so as to 
minimize the occurrence of ferro-resonance. 

When connecting power cables, the mechanical stress on electrical equipment shall be limited 
so as not to impair the property of the equipment. 

6.2.9.7 Bending radius  

The minimum values of bend radius during and after installation are dependent on the type of 
cable. These are given in the relevant standards or shall be specified by the manufacturer. 

6.2.9.8 Tensile stress  

The maximum permissible tensile stress during laying depends on the nature of the conductor 
and on the type of cable. These are given in the relevant standards or shall be specified by the 
manufacturer. 
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The continuous static and peak tensile stress applied to the conductors of flexible and trailing 
cables shall be as small as possible, and shall not exceed the values given by the manufacturer. 

6.2.10 Conductors and accessories 

Subclause 6.2.10 deals with conductors (rigid or flexible) and accessories, which are part of 
outgoing feeders or busbars in installations. 

Covered conductors shall be treated as bare conductors. 

Provision shall be made to allow for the expansion and contraction of conductors caused by 
temperature variations. This shall not apply where the stress caused by temperature variations 
has been allowed for in the conductor system design. 

NOTE For bare flexible conductors outside closed electrical operation areas, see IEC 60826. 

Joints between conductors and connections between conductors and electrical equipment shall 
be without defects and shall not deteriorate while in service. They shall be chemically and 
mechanically stable. The joint faces shall be suitably prepared and connected as specified for 
the type of connection. The temperature rise of a connection between conductors and 
switchgear in service shall not exceed the values specified in IEC 62271-1. 

The open ends of tubular busbars should be plugged to prevent corrosion and birds nesting. 

Provision shall be made to avoid possible resonant oscillation of tubular busbars caused by 
wind. 

6.2.11 Rotating electrical machines 

The risk of personal injury from faults within the terminal boxes of machines shall be minimized. 
The terminal boxes of motors shall withstand the local short-circuit conditions. Current-limiting 
devices may be necessary. 

The degree of protection of the equipment against the ingress of objects, dust and water shall 
be chosen in accordance with the climatic and environmental conditions at the site of the 
electrical power installation. Hazardous parts of the machine shall be protected against 
accidental contact by persons. The degree of protection shall be defined in accordance with 
IEC 60529. 

The insulation level of the machine shall be selected in accordance with IEC 60034-1. 

Sufficient cooling shall be provided. 

Machines can be protected against exceeding the maximum permitted temperature rise by use 
of suitable electric protective devices. Particularly for large machines or those critical for a 
production process, protection devices should be installed which indicate an internal fault of the 
machine or, if necessary, automatically shut it down. 

The overall design of the installation shall identify requirements for the type of motor enclosure, 
particularly if the motor is to be installed in a hazardous area. In addition, safety issues such 
as noise levels, maximum temperature of surfaces accessible to operating persons, control of 
spillage and guarding, shall meet the particular requirements of the installation. 

Starting large motors results in voltage drops in the electrical distribution system. Different 
techniques are available for reducing the impact on the electrical network when starting large 
motors. The protection equipment shall be designed to provide adequate protection of the motor 
during the complete starting sequence. 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


 – 48 – IEC 61936-1:2021 © IEC 2021 

The contribution of large motors to the short-circuit current shall be considered. 

6.2.12 Generating units 

The type of power rating for the generating unit shall be stated (e.g. continuous, prime, or 
standby power). Operation of the generator in parallel with the utility or in parallel with other 
generators should be stated. The switching devices to be used for synchronizing shall be 
defined. 

The overall design shall identify the general safety requirements specific to the generating units, 
particularly for fire protection and use of hydrogen. See IEC 60034-3 . 

6.2.13 Generating unit main connections 

For small generating units, selection and specification of generator main connections (busbars) 
may be based upon appropriate provision of IEC 62271-200. 

However, particular care should be taken in the selection of rated peak making currents. It may 
also be necessary to specify additional testing or calculations for connections that are not 
factory-built and type-tested. 

Where necessary, fault studies shall be conducted to establish peak making and short-time 
withstand currents, particularly for branch connections of reduced cross-section (e.g. to 
auxiliary transformers). 

For larger generating units, and where higher system security is required, it is recommended to 
use phase isolated or phase segregated busbar systems. 

The impact of the magnetic field due to the use of generating unit main connections without 
metallic enclosures shall be considered in the design of the installation. 

The design shall take into account the fact that when a generating unit is off line but rotating at 
low speed to prevent deformation of the generator shaft, 

a) there is a possibility of induced voltages presenting a safety hazard, and 
b) means shall be provided to change the off-circuit tap position on transformers connected 

directly to generator terminals. 

When connections between the generator and the transformer are short, provision should be 
made to add capacitors in the connection gear to limit overvoltages which can occur during 
switching. 

6.2.14 Static converters 

Accessible parts of converter units that can carry dangerous voltage during normal operation 
or under fault conditions shall be adequately marked and shall be adequately protected against 
accidental contact by persons. This may be achieved by providing suitable protective barriers. 

The cooling and heat transfer mediums shall not contain mechanical pollution or chemically 
aggressive components which might cause malfunction of the equipment. 

When water is used as coolant, the possibility of corrosion caused by leakage currents (currents 
due to the conductivity of water) shall be considered. 

When oil is used as coolant, similar protection against fire and pollution of ground water shall 
be provided as for oil-filled transformers and reactors. 
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When planning the layout of converter units, the possibility of magnetic interference, caused by 
high AC currents, on other electrical equipment or parts of the installation, especially steel 
components, shall be considered. 

6.2.15 Fuses 

Fuses shall be installed in such a way that their replacement can be carried out safely according 
to manufacturer's instructions. 

All necessary information should be available to persons during operating and maintenance for 
the proper selection of replacement fuses. 

There are two types of fuse in use: 

– current-limiting fuses according to IEC 60282-1; 
– expulsion fuses according to IEC 60282-2. 

NOTE 1 More information concerning operational aspects can be found in IEC TR 62655. 

For proper function, the fuse-link shall be securely locked in the service position. 

NOTE 2 IEC TR 62655 states that it is advisable to replace all three fuse-links when the fuse-link on one or two 
phases of a three-phase circuit has operated, unless it is definitely known that no overcurrent has passed through 
the non-operated fuse-links. 

Current limiting fuses according to IEC 60282-1 need no further observations due to their 
behaviour of current limiting and high breaking capacity during fault. 

Installing expulsion fuses according to IEC 60282-2 minimum electrical clearances for fuse 
assembly installations shall take into consideration all possible positions of the live parts before, 
during and after operation. They shall be provided with adequate clearances or appropriate 
protective barriers in the direction or directions in which they are vented. 

Discharges from vented fuses may contain hot gases, arc plasma and molten metal. They may 
also be conductive. 

Facilities shall be provided to ensure that persons are not exposed to discharges of expulsion 
fuses according to IEC 60282-2, either during replacement or other working activities in the 
area. When this is not possible, the circuit feeding the fuse shall be de-energized prior to 
possible exposures, if not the persons shall use protective shielding and clothing. 

6.2.16 Electrical and mechanical interlocking 

Interlocking may be necessary to ensure the correct sequence of operation of electrical 
equipment, to prevent danger for operating persons and to prevent damage to the electrical 
equipment.  

Interlocking may be achieved by electrical or mechanical methods. Interlocking shall be 
designed and constructed to operate reliably. In the event of the loss of power supplies, 
electrical interlocking schemes shall be designed to preserve safety in the case of failure. 

7 Electrical power installations 

7.1 General 

7.1.1 Common requirements 

Electrical power installations comprise installations within sites and can include one or more 
closed electrical operating areas. 
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The access to closed electrical operating areas shall be restricted and only be possible by the 
opening or removal of a door, gate or protective barrier using a key or tool. Closed electrical 
operating areas shall be clearly marked by appropriate warning signs. 

Clause 7 specifies only general requirements for the electrical power installations regarding 
choice of circuit arrangement, circuit documentation, transport routes, lighting, operational 
safety and labelling. 

Distances, clearances and dimensions specified are the minimum values permitted for safe 
operation. They are generally based on the minimum values given in the former national 
standards of the IEC members. A user may specify higher values if necessary.  

Clear and adequate space, as agreed between the user and supplier, shall be provided in front 
of all switchgear and fuses for safe operation, isolation and earthing. See, for example, 7.5.4. 

For minimum clearances to live parts, refer to minimum clearance of danger zone (N) in 5.4 and 
to Table 2, Table 3 and Annex A. 

National standards and regulations can require the use of higher clearance values. 

Where an existing electrical power installation is to be extended, the requirements applicable 
at the time of its design and erection may be specified as an alternative. 

NOTE When extending an existing installation, the requirements applicable to new parts can be subject to 
provincial, national or regional regulations. 

The relevant standards for working and maintaining electrical power installations shall 
additionally be taken into account. Safe working procedures shall be defined by the user (see 
also Annex F). 

7.1.2 Circuit arrangement 

The circuit arrangement shall be chosen to meet operating requirements and to enable 
implementation of the safety requirements in accordance with 8.3. The continuity of service 
under fault and maintenance conditions, taking into account the network configuration, shall 
also be considered. The circuits shall be arranged so that switching operations can be carried 
out safely and efficiently. 

Each electrically separated system shall be provided with an earth fault indicating device which 
permits detection or disconnection of an earth fault. 

It shall be ensured that isolated sections of an electrical power installation cannot be 
inadvertently energized by voltage from parallel connected secondary sources (for example 
instrument transformers). 

Isolating equipment accessible to the general public shall be capable of being locked. 

Electrical power installations shall be capable of withstanding the thermal and dynamic stresses 
resulting from short-circuit current in accordance with Clause 4. 

The circuit arrangement may, however, be configured in such a way that sections of the 
installation which are normally operated separately are interconnected for short periods during 
switching operations, even when, as a result of such connection, the short-circuit current 
exceeds the design rating for the electrical power installation. In such cases, suitable protective 
measures shall be taken to prevent danger for operating persons. Defined operating procedures 
may be required for this purpose. 

NOTE 1 This situation occurs for example in operation if feeders are switched from one busbar to another. 
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In circuits that have current-limiting protective devices, electrical equipment and short 
connections may have ratings that correspond to the cut-off (let through) current of the current-
limiting device. 

NOTE 2 Electrical equipment located between the busbar and the current-limiting devices will have sufficient 
through-fault current duty only in case of faults on the load side of the current-limiting devices. 

7.1.3 Documentation 

Where applicable, the documentation shall be provided with each electrical power installation 
to allow erection, commissioning, operation, maintenance and environmental protection. 

The extent and the language of the documentation shall be agreed upon between the supplier 
and user. 

Rules for the preparation of documentation are given in IEC 61082-1. 

7.1.4 Transport routes 

Transport routes, their load capacity, height and width shall be adequate for movements of 
anticipated transport units and shall be agreed upon between the supplier and user. 

Within closed electrical operating areas, the passage of vehicles or other mobile equipment 
beneath or in proximity to live parts (without protective measures) is permitted, provided the 
following conditions are met (see Figure 1): 

– for a vehicle, with open doors and its loads, a minimum approach distance to live parts is 
T = N + 100 mm (minimum 500 mm); 

– the minimum height, H, of live parts above accessible areas is maintained (see 7.2.4). 

Under these circumstances, persons may remain in vehicles or mobile equipment only if there 
are adequate protective measures on the vehicle or mobile equipment, for example the cab 
roof, to ensure that the danger zone defined above cannot be infringed. 

For the lateral clearances between transport units and live parts, similar principles apply. 

NOTE Height restrictions for vehicles can be indicated by the use of height restriction bars. 
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Dimensions in millimetres 

 

Indoor installation 

 

Outdoor installation 

Key 

H minimum height of live parts 

N  minimum clearance of danger zone 

T = N + 100 (minimum 500) 

 

Figure 1 – Minimum approach distance for transport 
within closed electrical operating areas 

7.1.5 Aisles and access areas 

The width of aisles and access areas shall be adequate for work, operational access, 
emergency access, emergency evacuation and for transport of equipment. 
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NOTE Maintenance and operating areas in buildings are described in 7.5.4. 

7.1.6 Lighting 

Accessible indoor and outdoor electrical power installations shall be provided with suitable 
lighting for routine operations. 

Emergency/auxiliary lighting shall be provided if necessary; this may be a fixed installation or 
portable electrical equipment. 

In some cases, in small distribution substations, a lighting installation may not be required. In 
such cases, the presence and extent of the lighting shall be agreed upon between the supplier 
and user. 

The lighting system shall be installed in such a way that its operation can be carried out safely. 

NOTE For correct lighting levels (luminosity), applicable international and/or national standards and regulations can 
be consulted. 

7.1.7 Operational safety 

Operational safety of electrical power installations shall be designed so that the escape and 
rescue paths and the emergency exit can be safely used in the event of a fire, and that 
protection and environmental compatibility are ensured. 

Where necessary, electrical power installations themselves shall be protected against fire 
hazard, flooding and contamination. If required, additional measures shall be taken to protect 
important installations against the effects of road traffic (salt spray, vehicle accident). 

7.1.8 Labelling 

Identification and labelling are required to avoid operating errors and accidents. 

All important parts of the electrical power installation, for example switchgear 'bay' or 'cubicle', 
switchgear, busbars, conductors, shall be clearly, legibly and durably labelled. 

Safety warnings, for example warning notices, safety instruction notices, operation of key-
interlocking schemes and informative notices, shall be provided at suitable points in the 
electrical power installation (see 8.9). 

Safety warnings may be provided wherever multiple sources of electrical power are required to 
be disconnected for the complete de-energization of electrical equipment or where equipment 
may be inadvertently back-fed. 

7.2 Outdoor electrical power installations of open design 

7.2.1 General 

The layout of open type outdoor installations shall take into account the minimum phase-to-
phase and phase-to-earth clearances given in Clause 5. 

The design of the electrical power installation shall be such as to restrict access to danger 
zones, taking into account the need for operational and maintenance access. See Annex F. 
External fences shall therefore be provided and, where safety distances cannot be maintained, 
permanent protective facilities shall be installed. For electrical power installations on mast, pole 
and tower, external fences may not be required if the installation is inaccessible from ground 
level to the general public and meets the safety distances given in 7.7. 
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A separation shall be provided between bays or sections by appropriate distances, protective 
barriers or protective obstacles. 

7.2.2 Protective barrier clearances 

Within an electrical power installation, the following minimum protective clearances shall be 
maintained between live parts and the internal surface of any protective barrier (see Figure 2): 

– for solid walls, without openings, with a minimum height of 1 800 mm, the minimum 
protective barrier clearance is B1 = N; 

– for wire meshes, screens or solid walls with openings, with a minimum height of 1 800 mm 
and a degree of protection of IPXXB (see IEC 60529), the minimum protective barrier 
clearance is B2 = N + 80 mm. 

NOTE The degree IPXXB ensures protection against access to hazardous parts with fingers. 

For non-rigid protective barriers and wire meshes, the clearance values shall be increased to 
take into account any possible displacement of the protective barrier or mesh. 

7.2.3 Protective obstacle clearances 

Within electrical power installations, the following minimum clearance shall be maintained from 
live parts to the internal surface of any protective obstacle (see Figure 2): 

– for solid walls or screens less than 1 800 mm high, and for rails, chains or ropes, the 
minimum protective obstacle clearance is O2 = N + 300 mm (minimum 600 mm); 

– for chains or ropes, the values shall be increased to take into account the sag. 

Where appropriate, protective obstacles shall be fitted at a minimum height of 1 200 mm and a 
maximum height of 1 400 mm. 

NOTE Rails, chains and ropes are not acceptable in certain countries. 
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Dimensions in millimetres 

 

Key 

H minimum clearance of live parts above accessible surface at the external fence 

B1 barrier clearance to solid walls without openings 

B2 barrier clearance to wire mesh/screen IPXXB 

N minimum clearance of danger zone 

O1 obstacle clearance, indoor 

O2 obstacle clearance, outdoor 

 

Figure 2 – Protection against direct contact by protective 
barriers or protective obstacles within closed electrical operating areas 

7.2.4 Boundary clearances 

The external fence of outdoor electrical power installations of open design shall have the 
following minimum boundary clearances in accordance with Figure 3: 

– solid walls (for height, see 7.2.7): C = N + 1 000 mm; 
– wire mesh/screens (for height, see 7.2.7): E = N + 1 500 mm. 
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Dimensions in millimetres 

 

Key 

C minimum distance from boundary to solid wall 
E minimum distance from boundary to wire mesh or screens 
H' minimum clearance of live parts above accessible surface at the external fence 
N  minimum clearance of danger zone 
a  If this distance to live parts is less than H (see 7.2.5), protection by barriers or obstacles shall be provided. 
b  If this distance is smaller than 2 250 mm, protection by barriers or obstacles shall be provided. 
 

Figure 3 – Boundary distances and minimum height at the external fence/wall 

7.2.5 Minimum height over access area 

The minimum height of live parts above surfaces or platforms where only pedestrian access is 
permitted shall be as follows. 

– For live parts without protective facilities, a minimum height H = N + 2 250 mm (minimum 
2 500 mm) shall be maintained (see Figure 2, Figure 3 and Figure 4). The height H refers 
to the maximum conductor sag (see Clause 4). 

– The lowest part of any insulation, for example the upper edge of metallic insulator bases, 
shall be not less than 2 250 mm above accessible surfaces unless other suitable measures 
to prevent access are provided. 
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Where the reduction of safety distances due to the effect of snow on accessible surfaces needs 
to be considered, the values given above shall be increased. 

Dimensions in millimetres 

 

Key 

H minimum clearance of live parts above accessible surface 

N minimum clearance of danger zone 

 

Figure 4 – Minimum heights within closed electrical operating areas 

7.2.6 Clearances to buildings 

Where bare conductors cross buildings which are located within closed electrical operating 
areas, the following clearances to the roof shall be maintained at maximum sag (see Figure 5): 

– the clearances specified in 7.2.5 for live parts above accessible surfaces, where the roof is 
accessible when the conductors are live; 

– N + 500 mm where the roof cannot be accessed when the conductors are live; 
– O2 in lateral direction from the end of the roof if the roof is accessible when the conductors 

are live. 

Where bare conductors approach buildings which are located within closed electrical operating 
areas, the following clearances shall be maintained, allowing for the maximum sag/swing in the 
case of stranded conductors:  

– outer wall with unscreened windows: minimum clearance given by W; 
– outer wall with screened windows (screened in accordance with 7.2.2): protective barrier 

clearances B2 in accordance with 7.2.2; 

– outer wall without windows: N. IECNORM.C
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Dimensions in millimetres 

 

a) Outer wall with unscreened windows 

 

b) Outer wall with screened windows 

 

c) Outer wall without windows 

Key 

a) The roof cannot be accessed when the conductors are live. 

b) The roof can be accessed when the conductors are live. 

c) N if the roof is non accessible when the conductors are live. 

d) O2 ≥ N + 300 mm (minimum 600 mm) if the roof is accessible when the conductors are live. 

B2 ≥ N + 80 mm 

W = N + 1 000 for Um ≤ 123 kV 

W = N + 2 000 for Um > 123 kV 

H minimum height 

N minimum clearance of danger zone 

Figure 5 – Approaches with buildings within closed electrical operating areas 
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7.2.7 External fences or walls and access doors 

Measures shall be taken to minimize the risk of unauthorized access to outdoor electrical power 
installations. 

Where this is by means of external fences or walls, the height and construction of the fence/wall 
shall be designed to prevent climbing. Additional precautions may be required in some 
installations to prevent access by excavation beneath the fence. 

Precautions may also be required in some installations to prevent adjoining climbing structures 
from reducing the protection of external fences or walls. 

NOTE 1 Examples of such adjacent climbing structures are trees, external fences, other buildings, etc. 

The external fence/wall shall be at least 1 800 mm high. The lower edge of a fence shall not be 
more than 50 mm from the ground (for clearances, see Figure 3). 

Access doors to outdoor electrical power installations shall be equipped with security locks. 

External fences/walls and access doors shall be marked with safety signs in accordance with 
8.9. 

In some cases, for public security reasons, additional measures may be necessary. 

The degree of protection of IP1X (see IEC 60529) shall be used. 

The use of metal mat fences with a mesh size of 50 mm × 200 mm (width × height) fulfils the 
requirement of IP1X. 

7.3 Indoor electrical power installations of open design 

The layout of open-type indoor installations shall take into account the minimum phase-to-phase 
and phase-to-earth clearances specified in Clause 5. 

The design of the electrical power installation shall be such as to prevent access to danger 
zones taking into account the need of access for operational and maintenance purposes. 
Therefore, safety distances or permanent protective facilities within the installation shall be 
provided. 

For protective clearances, safety distances and minimum height, see 7.2. 

For buildings, corridors, escape routes, doors and windows, see 7.5. 

For solid walls or screens less than 1 800 mm high, and for rails, chains or ropes, the protective 
obstacle clearances are at least: 

– O1 = N + 200 mm (minimum 500 mm, see Figure 2). 

For chains or ropes, the values shall be increased taking into account the sag. They shall be 
fitted at a minimum height of 1 200 mm to a maximum of 1 400 mm, where appropriate. 
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7.4 Installation of prefabricated type-tested switchgear 

7.4.1 General 

Subclause 7.4 specifies additional requirements for electrical equipment which apply to external 
connections, erection and operation at the place of electrical power installation. The installation 
shall be dimensioned and designed to avoid danger to persons and damage to property, taking 
into account the type of installation and local conditions. 

Factory-built, type-tested high voltage switchgear shall be manufactured and tested in 
accordance with relevant IEC standards such as IEC 62271-1, IEC 62271-200, IEC 62271-201 
and IEC 62271-203. 

NOTE In some countries, switchgear complying with IEC 62271-201 is considered to be an open type indoor 
electrical power installation. 

The switchgear shall be well adapted to its purpose, clearly arranged and so designed that 
essential parts are accessible for erection, operation and maintenance. Arrangements and 
access shall be provided to permit assembly at site. Future possible extensions should be 
considered. 

Appropriate arrangements shall be made for external connections. Conductors and cables shall 
be selected and arranged in such a way as to ensure safe insulation level between conductors 
and between each conductor and surrounding earthed metallic structures. 

Safety devices that are intended to reduce the internal switchgear pressure resulting from a 
fault shall be designed and arranged with consideration for their potential hazard to persons. 
For arc faults, see also 8.5 and 8.8.3. For SF6 leakage see 8.8.2. 

7.4.2 Additional requirements for gas-insulated metal-enclosed switchgear 

7.4.2.1 Design 

If platforms and ladders are necessary for operation and maintenance, they shall be designed 
and arranged to provide safe access. These elements may be fixed or removable. 

Where necessary, arrangements shall be made to protect the switchgear from dangerous 
vibrations from transformers/reactors with gas-insulated connections. Bellows shall be 
provided, where necessary, to allow for heat expansion, erection tolerances and settlement of 
foundations. 

For electrical power installations with gas-insulated equipment, having several pressure 
chambers, clear labels shall be provided indicating the construction of the installation and the 
position of partitions. Monitoring devices shall be clearly marked and located to permit easy 
supervision. 

Gas pipelines and fittings in areas where mechanical damage is expected shall be protected. 

SF6 gas pipelines shall be marked where there is a possibility of confusion with other pipelines. 

7.4.2.2 Erection on site 

Erection of GIS shall be carried out in a clean environment. 

For outdoor electrical power installations, it may be necessary to provide a suitable temporary 
housing over the work area to protect the equipment from the environmental conditions whilst 
installation and/or maintenance is taking place. 
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For SF6 gas handling, see 9.3.3. 

For SF6 leakage, see 8.8.2 and 8.8.3.  

7.4.2.3 Protection against overvoltages 

Protection of the GIS against overvoltages should normally be provided by the surge arresters 
installed on the feeders. In some cases, the protection given by this equipment may be 
inadequate. This situation arises mainly in the following configurations: 

– large distance between the GIS and transformers; 
– transformers connected to the GIS by means of cables; 
– long busbars open at their ends; 
– connection to overhead lines by means of insulated cables; 
– locations with high probability of lightning strokes. 

For these configurations, the installation of additional surge arresters may be required. Their 
location should be based on experience with similar situations or on calculations. 

7.4.2.4 Earthing 

The enclosure of a GIS shall be connected to the earthing system at least at the following 
points: 

a) inside the bays: 
– close to the circuit-breaker; 
– close to the cable sealing end; 
– close to the SF6/air bushing; 

– close to the instrument transformer; 
b) on the busbars: 

– at both ends and at intermediate points, depending on the length of the busbars. 

The three enclosures of a single-phase type GIS shall be bonded together with short 
connections and earthed at least at the end of the enclosure of the outgoing and incoming 
feeders. The bonding conductor shall either be rated to carry the nominal current of the 
switchgear 'bay' or 'cubicle' and busbars, or if a lower rated bonding conductor is used, then it 
shall be proved by tests that such a conductor is sufficient for safe operation. 

Additional bonding straps are not required at flange joints if it can be ensured that the contact 
pressure of the flange provides adequate contact connection for high frequencies. 

Earthing conductors of surge arresters for the protection of gas-insulated electrical power 
installations shall be connected to the enclosure with a connection which is as short as possible. 

Metallic sheaths (for example metal enclosures, armoured coverings, screens) of cables with 
nominal voltages above 1 kV should be connected directly to the GIS enclosure. 

In some special cases, e.g. cathodic protection of cables, it may be necessary to separate the 
earth connection of the cables from the GIS enclosure. In this case, the installation of a voltage 
surge protection device is recommended between the sealing end and enclosure. 
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7.5 Requirements for buildings 

7.5.1 General 

Buildings comply with national building codes and fire regulations. Where such national 
standards do not exist, the following may be used as a guide. 

Subclause 7.5 indicates the requirements that have to be satisfied in areas or locations where 
electrical equipment for high-voltage installations is installed. For the purpose of this document, 
prefabricated substations covered by IEC 62271-202 are not considered as buildings.  

7.5.2 Structural provisions 

7.5.2.1 General 

Load-carrying structural members, partition walls, claddings, enclosures, etc. shall be selected 
to withstand the expected combustible load. 

Electrical operating areas shall be designed to prevent ingress of water and to minimize 
condensation. 

Materials used for walls, ceilings and floors on the ground shall, where possible, not be 
damaged by water penetration or leakage. If this requirement cannot be met, precautions shall 
be taken to prevent the consequences of a leak or of condensation affecting the operating 
safety. 

The building design shall take into account the expected mechanical loading and also internal 
pressure caused by an arc fault. 

Other equipment such as pipelines, if allowed in substations, shall be designed so that the 
electrical power installation is not affected, even in the event of damage. 

7.5.2.2 Specifications for walls 

The external walls of the building shall have sufficient mechanical strength for the environmental 
conditions. 

The mechanical strength of the buildings shall be sufficient to withstand all static and dynamic 
loads due to normal operation of the electrical power installation. 

The passage of pipes or wiring systems shall not affect the structural integrity of the walls. 

Metal parts that pass through walls shall meet the requirements of Clause 10.  

Panels of the exterior surface of buildings that are accessible to the general public shall not be 
removable from the outside. The constituent materials of the external enclosures shall be 
capable of withstanding the attacks of atmospheric elements (rain, sun, aggressive wind, etc.). 

7.5.2.3 Windows 

Windows shall be designed so that entry is difficult. This requirement is considered fulfilled if 
one or more of the following measures are applied: 

– the window is made of unbreakable material; 
– the window is screened; 
– the lower edge of the window is at least 1 800 mm above the access level; 
– the building is surrounded by an external fence at least 1 800 mm high. 
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7.5.2.4 Roofs 

The roof of the building shall have sufficient mechanical strength to withstand the environmental 
conditions. 

If the ceiling of the switchgear room is also the roof of the building for pressure relief, the 
anchoring of the roof to the walls shall be adequate. 

7.5.2.5 Floors 

The floors shall be flat and stable and shall be able to support the static and dynamic loads. 

7.5.3 Rooms for switchgear 

The dimensions of the room for switchgear and of the required pressure-relief openings depend 
on the type of switchgear and the short-circuit current. 

If pressure-relief openings are necessary, they shall be arranged and situated in such a way 
that when they operate (blow out due to an arc fault) the danger to persons and damage to 
property is minimized. 

7.5.4 Maintenance and operating areas 

Maintenance and operating areas comprise aisles, access areas, handling passages and 
escape routes. 

Aisles and access areas shall be adequately dimensioned for carrying out work, operating 
switchgear and transporting equipment. 

Aisles shall be at least 800 mm wide. 

The width of the aisles shall not be reduced even where equipment projects into the aisles, for 
example permanently installed operating mechanisms or switchgear trucks in isolated positions. 

Space for evacuation shall always be at least 500 mm, even when removable parts or open 
doors, which are blocked in the direction of escape, intrude into the escape routes. If relevant, 
the doors of switchgear 'bay' or 'cubicle' should close in the direction of escape. 

For erection or service access ways behind closed installations (solid walls), a minimum width 
of 500 mm is required. 

Clear and safe access for operating persons shall be provided at all times. 

Below ceilings, covers or enclosures, except cable accesses, a minimum height of 2 000 mm is 
required. 

Exits shall be arranged so that the length of the escape route within the room does not exceed 
40 m for installation of rated voltages Um greater than 52 kV, and 20 m for installation of rated 
voltages up to Um = 52 kV. This does not apply to accessible bus ducts or cable ducts. If the 
above distances of the escape route cannot be met, an agreement shall be made with the user. 

Permanently installed ladders or similar are permissible as emergency exits in escape routes. 

7.5.5 Doors 

Access doors shall be equipped with security locks to prevent unauthorized entry. 
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Access doors shall open outwards and be provided with safety signs in accordance with 8.9. 

Doors which lead to the outside shall be of low flammability material, except where the building 
is surrounded by an external fence at least 1 800 mm high. 

Doors between various rooms within a closed electrical operating area are not required to have 
locks. 

It shall be possible to open emergency doors from the inside without a key by using a latch or 
other simple means, even when they are locked from the outside. This requirement need not 
be complied with for small installations where the door has to be kept open during operating or 
servicing. 

The minimum height of an emergency door shall be 2 000 mm and the minimum clear opening 
750 mm. 

7.5.6 Draining of insulating liquids  

Protective measures shall be taken when insulating liquids are used (see also 8.8). 

7.5.7 Heating, ventilation and air conditioning (HVAC) 

7.5.7.1 General 

Suitable indoor conditions shall be provided to ensure correct operation of the electrical 
equipment (e.g. by adequate cooling, heating, dehumidifying, ventilation or by attention to the 
design of the building). 

NOTE For precautions reducing pollution, condensation, temperature variation and humidity occurring in 
high-voltage substations, see Annex C of IEC TS 62271-304:2019. 

Adequate ventilation shall be provided to dissipate heat generated by the electrical equipment.  

Where natural ventilation is inadequate, additional measures shall be implemented. Mechanical 
ventilation systems (permanent or temporary) shall be designed to take smoke management 
into consideration. They shall be so arranged that inspection and maintenance can be carried 
out even when the electrical equipment is energized with consideration to location of equipment 
pressure-relief vents. 

Monitoring of the operation of a permanent fan is recommended. 

Ventilation openings shall be designed so as to prevent any dangerous proximity to live parts 
and any dangerous ingress of foreign bodies. 

Coolants and heat transfer media shall not contain mechanical impurities or chemically 
aggressive substances in quantities or qualities which may be hazardous to the correct function 
of the electrical equipment in the electrical power installation. 

Filters or heat exchangers shall be provided, if necessary. 

Rooms containing high-voltage transformers and switchgear, located within public or residential 
buildings shall be provided with dedicated inlet and outlet ventilation ducts terminating outside 
the building. 

Wherever possible, air intakes should be positioned remote from any potential source of 
atmospheric contamination. 
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Facilities for air conditioning and ventilation shall not support fire propagation to other 
switchgear, transformers or facilities. 

7.5.7.2 Ventilation of battery rooms 

Rooms containing batteries shall take into account the ventilation requirements, if necessary, 
depending on battery types, to prevent the explosive build-up of combustible gas during battery 
charging. 

7.5.7.3 Rooms for emergency generating units 

Consideration should be given to installing emergency generating units in separate rooms.  

Ventilation equipment shall be provided. Containment shall be provided to capture and control 
fuel or lubricating oil spills. 

Engine exhaust systems shall be installed and located such that exhaust fumes shall not return 
to the ventilating air intake of the switchgear and control rooms, nor enter the air intake for the 
emergency generating unit. 

7.5.8 Buildings which require special consideration 

For electrical power installations located in public or residential buildings, existing standards or 
national regulations may exist for special conditions. 

7.6 High voltage/low voltage prefabricated substations 

For manufacturing and testing of prefabricated substations, see IEC 62271-202. 

Compact substations shall be situated so that they are unlikely to be damaged by road vehicles. 
Adequate space for operating and maintenance purposes shall also be provided. 

7.7 Electrical power installations on mast, pole and tower 

The minimum height H' of live parts above surfaces accessible to the general public shall be: 

– H' = 4 300 mm for rated voltages Um up to 52 kV; 

– H' = N + 4 500 mm (minimum 6 000 mm) for rated voltages Um above 52 kV; 

where N is the minimum clearance of danger zone (see Figure 3). 

Where the reduction of safety distances due to the effect of snow on accessible surfaces needs 
to be considered, the values given above shall be increased. 

Isolating equipment and fuses shall be arranged so that they can be operated without danger. 
Isolating equipment accessible to the general public shall be capable of being locked.  

NOTE For portable operating rods or sticks, see the relevant standard, e.g. IEC 60832 (all parts) and IEC 60855‑1. 

Safe phase-to-phase connection and earthing of the overhead line shall be possible. 

8 Safety measures 

8.1 General 

Electrical power installations shall be constructed in such a way as to enable operating and 
maintenance persons to circulate and intervene within the framework of the instructions and 
authorizations for the installation, at any point of the electrical power installation. 
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Specific maintenance work, preparation and repair work, which involve working in the vicinity 
of live parts or actual work on live parts, should be carried out observing the rules, procedures 
and work distances as defined in provincial, national or regional regulations. 

8.2 Protection against direct contact 

8.2.1 General 

Electrical power installations shall be constructed so that unintentional touching of live parts or 
unintentional reaching into a dangerous zone near live parts is prevented. 

Protection shall be provided for live parts, parts with functional insulation only and parts which 
can be considered to carry a dangerous potential. 

Examples of such parts are as follows: 

– exposed live parts; 
– parts of installations where earthed metallic sheaths or conducting screens of cables have 

been removed; 
– cables and accessories without earthed metallic sheaths or earthed conducting elastomeric 

screens, as well as flexible cables without conducting elastomeric screens; 
– terminations and conducting sheathing of cables, if they can carry a dangerous voltage; 
– insulating bodies of insulators and other such parts, for example electrical equipment 

insulated by cast resin, if a dangerous touch voltage can occur; 
– frames or cases of capacitors, converters and converter transformers, which can carry a 

dangerous voltage during normal operation; 
– windings of electrical machines, transformers and air-cored reactors. 

Protection may be achieved by different means, depending on whether the electrical power 
installation is located in a closed electrical operating area or not. 

When referred to in this document, the use of IP classification and testing methods according 
to IEC 60529 is extended to be used also for voltages above 72,5 kV. 

8.2.2 Measures for protection against direct contact 

8.2.2.1 Recognized protection measures 

The following types of protection are recognized: 

– protection by enclosure; 
– protection by barrier; 
– protection by obstacle; 
– protection by placing out of reach. 

8.2.2.2 Design of protective measures 

Protective barriers can be solid walls, doors or screens (wire mesh) with a minimum height of 
1 800 mm to ensure that no part of the body of a person can reach the dangerous zone near 
live parts. 

Protective obstacles can, for example, be covers, rails, chains and ropes as well as walls, doors 
and screens which are less than 1 800 mm high and therefore cannot be considered as 
protective barriers. 
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Protection by placing out of reach is achieved by placing live parts outside a zone extending 
from any surface where persons can usually stand or move about, to the limits which a person 
can reach with a hand in any direction (see Clause 7). 

Protective facilities used as a protective measure against direct contact, such as walls, covers, 
protective obstacles, etc., shall be mechanically robust and securely mounted. 

Doors of switchgear 'bay' or 'cubicle' used as a part of an enclosure shall be designed so that 
they can be opened only by using a tool or a key. In areas outside closed electrical operating 
areas, these doors shall be provided with safety locks. 

Movable, conductive protective facilities shall be secured so that when correctly used the 
relevant protective barrier or protective obstacle clearance is maintained; otherwise they shall 
be made of insulating material. A rail may be removed without the use of a tool. Protective rails 
shall be rigid. 

In areas or rooms accessible to the public, protective facilities shall not be easily removable 
from outside with normal tools. 

8.2.3 Protection requirements 

8.2.3.1 Protection outside of closed electrical operating areas 

Outside the closed electrical operating areas, only protection by enclosure or protection by 
placing out of reach is allowed. 

When protection by enclosure is used, the minimum degree of protection shall be IP2XC. 

As an exception, ventilation openings may be such that a straight wire cannot intrude into the 
electrical equipment in such a way that it causes danger by approaching parts needing to be 
protected from direct contact. 

When protection by placing out of reach is used, the vertical clearances between accessible 
surfaces and the parts to be protected from direct contact shall be in accordance with 7.2.7 and 
7.7. 

8.2.3.2 Protection inside closed electrical operating areas 

Inside closed electrical operating areas, protection by enclosure, protective barrier, protective 
obstacle or placing out of reach is allowed. 

When protection by enclosure is used, the degree of protection shall meet the requirements of 
IP2X in minimum. However, special protection measures to meet danger resulting from arc 
faults may be necessary. 

When protection by protective barrier is used, see 7.2.2. 

When protection by protective obstacle is used, see 7.2.3 and 7.3.  

When protection by placing out of reach is used, see 7.2.5 and 7.2.6.  

NOTE For more detailed requirements on external fences, transport routes, crossings and access to buildings, etc., 
see Clause 7.  

8.2.3.3 Protection during normal operation 

The relevant standards for operation of electrical installations should be taken into account. 
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Protection measures in an electrical power installation shall take into account the need for 
access for purposes of operation and control and maintenance, e.g.: 

– control of a circuit-breaker or a disconnector; 
– changing a fuse or a lamp; 
– adjusting a setting value of a device; 
– resetting a relay or an indicator; 
– earthing for work; 
– erection of a temporary insulating shutter; 
– reading the temperature or oil level of a transformer. 

In installations with Um ≤ 52 kV, where doors or covers have to be opened in order to carry out 
normal operation or maintenance, it may be necessary to provide fixed non-conductive rails as 
a warning. 

8.3 Means to protect persons in case of indirect contact 

Measures to be taken for protection in case of indirect contact in order to protect persons are 
given in Clause 10.  

8.4 Means to protect persons working on or near electrical power installations 

8.4.1 General 

Electrical power installations shall be constructed and installed to ensure that the measures 
necessary for the protection of persons working in or on electrical power installations can be 
employed. The relevant standards for operation and maintenance of electrical power 
installations shall also be taken into account. The working procedures shall be agreed upon 
between the supplier and user. 

Whilst individual functions are considered in separate subclauses, these functions can be 
combined in a single item of equipment. 

8.4.2 Electrical equipment for isolating installations or apparatus 

Electrical equipment shall be provided by means of which the complete electrical power 
installation or sections thereof can be isolated, depending on operating requirements. 

This may be achieved by disconnectors or switch disconnectors (see 6.2.1 ) or by disconnecting 
part of the installation, for example by removing links or cable loops. In the latter case, see 
5.4.1.  

Electrical power installations or parts of installations which can be energized from several 
sources shall be arranged so that all sources can be isolated from points of supply from which 
each section or part thereof can be made live. 

If the neutral points of several pieces of electrical equipment are connected to a common neutral 
bus, it shall be possible to isolate each neutral point individually. This also applies to associated 
earth fault coils and resistors. Any required overvoltage protection shall be maintained in 
operational condition. 

Where electrical equipment may be charged at some voltage following disconnection from the 
electrical power installation, for example capacitors, devices shall be provided to discharge the 
system/equipment. 

Isolating gaps may only be bridged by insulators if leakage currents from the terminal on one 
side to the terminal on the other side are prevented. 
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8.4.3 Devices to prevent reclosing of isolating devices 

Suitable devices shall be provided to render inoperative the actuating force (i.e. spring force, 
air pressure, electrical energy) or the control of power mechanisms used for the operation of 
switchgear employed for isolating purposes. 

NOTE 1 It is mandatory in certain countries that these devices are rendered inoperative by suitable locking facilities. 

Where removable parts such as fuses or screw-in circuit breakers are used for complete 
disconnection and are replaced by screw caps or blank inserts, these caps or inserts shall be 
such that they can only be removed using a suitable tool. 

Manually operated switches shall permit the use of mechanical locking devices in order to 
prevent reconnection to the system following isolation.  

NOTE 2 Where locking of the manually operated switch is not practical, operating procedures can be applied to 
prevent reconnection to the system following isolation. 

8.4.4 Devices for determining the de-energized state 

Devices for determining that the electrical equipment is no longer energized shall be provided, 
where required, considering operational requirements. The extent of such provisions, wherever 
practicable, shall be agreed between the supplier and user. 

All devices supplied shall permit the de-energized state to be checked at all points where activity 
is to be done that have previously been live, without danger for operational persons. 

Either fixed equipment (see IEC 62271-206) or portable devices [see IEC 61243 (all parts)] can 
be used to meet this requirement. 

8.4.5 Devices for earthing and short-circuiting 

Each part of an electrical power installation that can be isolated from the system shall be 
arranged to enable it to be earthed and short-circuited. 

Equipment (for example transformers or capacitors) shall be provided with a means of earthing 
and short-circuiting adjacent to the equipment. This requirement shall not apply to parts of a 
system where this is not practicable or is unsuitable (for example transformers or electrical 
machines with flange-mounted cable sealing ends or with cable connection boxes). In these 
cases, earthing and short-circuiting shall be effected by the application of circuit main earths at 
the associated switchgear 'bay' or 'cubicle' on the primary and secondary sides. Normally, it 
should be possible to earth and short-circuit all sides of a transformer, including neutrals.  

The following shall be provided for or supplied as earthing and short-circuiting devices, with the 
scope being agreed between the supplier and user: 

– earthing switches (preferably fault-making and/or interlocked); 
– earthing switch trucks; 
– earthing equipment integrated with other switching devices, e.g. circuit-breakers; 
– non-guided earthing rods and short-circuiting equipment in accordance with IEC 61230; 
– guided earthing rods and short-circuiting equipment in accordance with IEC 61219. 

For each part of an electrical power installation, suitably dimensioned and easily accessible 
connection points shall be provided on the earthing system and on the live parts for connection 
of earthing and short-circuiting equipment. Switchgear 'bay' or 'cubicle' shall be designed so 
that connection of the earthing and short-circuiting equipment by hand to the earth terminal 
point can be carried out in accordance with the rules for carrying out work in the vicinity of live 
parts. 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


 – 70 – IEC 61936-1:2021 © IEC 2021 

When earthing and short-circuiting is achieved by remotely controlled earthing switches, the 
switch position shall be reliably transmitted to the remote control point. 

When earthing is achieved through a load-breaking device having control circuits, all control 
circuits of the load-breaking device shall be made inoperative following the application of the 
circuit main earth. Inadvertent re-energization of the control circuits shall be prevented.  

8.4.6 Equipment acting as protective barriers against adjacent live parts 

8.4.6.1 General 

All boundary elements such as walls, floors, etc. shall be constructed according to 7.2 or 7.3.  

If walls or protective facilities do not exist, the separation to neighbouring switchgear 'bay' or 
'cubicle' shall respect the appropriate distances. 

Measures shall be provided to prevent entering into the danger zone if clearances cannot be 
maintained for the operation intended. If clearances cannot be maintained, the electrical power 
installation shall have the capability for insertable insulated obstacles or barriers to prevent 
reaching the danger zone with body parts, or equipment needed for operation intended shall be 
utilized. 

8.4.6.2 Insertable insulated partitions 

Insertable insulated partitions shall meet the following requirements: 

a) the edges of insulating shutters shall not be located within the danger zone; 
b) any gaps outside the danger zone shall be: 

– no more than 10 mm wide without limitation; 
– no more than 40 mm wide provided the distance from the edge of the shutter to the 

danger zone is at least 100 mm; 
– no more than 100 mm wide in the vicinity of disconnector bases. 

Insertable insulated partitions used as protective barriers against live parts shall be part of the 
equipment or provided separately in accordance with operational requirements by agreement 
between the supplier and user. 

Insertable insulated partitions shall be capable of being secured so that their position cannot 
be accidentally altered where this would lead to a hazardous condition. 

Insertable insulated partitions used as protective barriers against live parts shall not touch or 
be in contact with live parts. 

It shall be possible to install and remove insertable insulated partitions without persons being 
required to enter the danger zone. 

NOTE This can be achieved by the type of insulating shutters (for example angled plate, associated insulating rods, 
suitable operating rods) or by the installation (for example guide rails). 

8.4.6.3 Insertable partition walls 

For electrical power installations without permanently installed partition walls, suitable 
insertable partition walls should be provided to isolate adjacent live switchgear 'bay' or 'cubicle' 
in accordance with the operational requirements. When required, the extent shall be agreed 
upon between the supplier and user.  

Insertable partition walls which enter the danger zone during installation or removal, or which 
lie within the danger zone when fitted, shall meet the requirement for mobile insulating plates. 
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Insertable insulated partition walls used as protective barriers against live parts shall not touch 
or be in contact with live parts. 

8.4.7 Storage of personal protection equipment 

If personal protection equipment is to be stored in the electrical power installation, a place shall 
be provided for this purpose where the equipment is protected from humidity, dirt and damage 
whilst remaining readily accessible to operational persons. 

8.5 Protection from danger resulting from arc fault 

Electrical power installations shall be designed and installed so that persons are protected as 
far as practical from arc faults during operation. 

The following list of measures to protect against dangers resulting from arc fault shall serve as 
a guide in the design and construction of electrical power installations. The degree of 
importance of these measures shall be agreed upon between the supplier and user. 

a) Protection against operating error, established, for example, by means of the following: 
– load break switches instead of disconnectors; 
– short-circuit rated fault-making switches; 
– interlocks; 
– non-interchangeable key locks. 

b) Operating aisles as short, high and wide as possible (see 7.5). 
c) Solid covers as an enclosure or protective barrier instead of perforated covers or wire mesh. 
d) Electrical equipment tested to withstand internal arc fault instead of open-type equipment 

(e.g. IEC 62271-200, IEC 62271-203). 
e) Arc products to be directed away from operating persons, and vented outside the building, 

if necessary. The design shall neither impair nor impede this function. 
f) Use of current-limiting devices. 
g) Very short tripping time; achievable by instantaneous relays or by devices sensitive to 

pressure, light or heat. 
h) Operation from a safe distance, e.g. remote control. 
i) Prevention of re-energization by use of non-resettable devices which detect internal 

electrical equipment faults, enable pressure relief and provide an external indication. 
j) Minimization of impact to critical equipment. 

8.6 Protection against direct lightning strokes 

Different methods of analysis are available. The method to be used shall be agreed upon 
between the supplier and user. 

The user shall select the level of protection to be achieved, depending on the reliability level 
required, and the protection method to be used. 

NOTE 1 For calculation methods, see for example either Annex E or IEEE Guide 998. 

Lightning rods and shield wires shall be earthed. 

It is not necessary to equip a steel structure with a separate earthing conductor where it 
provides a suitable path for the lightning current itself. 

Shield wires shall be connected to the steel structure or earthing conductor to ensure that the 
lightning current flows to earth. For buildings and similar structures, IEC 62305 (all parts) 
applies. 
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For associated standards, IEC 62305-4 should be referred to. 

NOTE 2 For technical and economic reasons, damage resulting from lightning strokes cannot be fully prevented. 

8.7 Protection against fire 

8.7.1 General 

Provincial, national or regional regulations normally exist regarding fire protection. 

Fire hazard and fire risk of electrical equipment is separated into two categories: fire victim and 
fire origin. Precautions for each category should be taken into account in the installation 
requirements. 

a) Precautions to fire victim: 
i) space separation from origin of fire; 
ii) flame propagation prevention: 

– physical layout of the substation, 
– liquid containment, 
– fire barriers (e.g. fire walls with fire resistance of minimum 60 minutes), 
– extinguishing system. 

b) Precautions to fire origin:  
i) electrical protection; 
ii) thermal protection; 
iii) pressure protection; 
iv) non-combustible materials. 

The user of the electrical power installation shall specify any requirements for fire extinguishing 
equipment. The precautions to personal safety depending on the fire suppression system shall 
be observed. 

The escape and rescue paths and the emergency exits shall be usable in the event of fire 
(see 7.1.7). 

The user of the electrical power installation shall specify any requirement for fire extinguishing 
equipment. 

Automatic devices to protect against equipment burning due to severe overheating, overloading 
and faults (internal/external) shall be provided, depending on the size and significance of the 
electrical power installation. 

Equipment in which there is a potential for sparks, arcing, explosion or high temperature, for 
example electrical machines, transformers, resistors, switches and fuses, shall not be used in 
operating area subject to fire hazard unless the construction of this equipment is such that 
flammable materials cannot be ignited by them. 

If this cannot be ensured, special precautions, for example fire walls, fire-resistant separations, 
vaults, enclosures and containment, are necessary. 

Consideration should be given to separating different sections of switchgear by fire walls. This 
can be achieved by means of bus ducts which penetrate the fire wall and which connect the 
sections of the switchgear together. 

NOTE For prevention of fire propagation in ventilation, see 7.5.7. For low voltage equipment, guidance can be found 
in IEC TR 63054. 
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8.7.2 Transformers, reactors 

8.7.2.1 General 

In 8.7.2.1 to 8.7.2.6 the word 'transformer' represents 'transformers and reactors'. 

For the identification of coolant types, see 6.2.2. 

IEC 61039 classifies insulating liquids according to fire point and net calorific value (heat of 
combustion). IEC 60076-11 classifies dry-type transformers in terms of their behaviour when 
exposed to fire. 

The fire hazard associated with transformers of outdoor and indoor electrical power installations 
is dependent on the rating of the equipment, the volume and type of insulating mediums, the 
type and proximity and exposure of nearby equipment and structures. The use of one or more 
recognized safeguard measures shall be used in accordance with the evaluation of the risk.  

NOTE For definition of risk, see ISO/IEC Guide 51. 

Common sumps or catchment tanks, if required, for several transformers shall be arranged so 
that a fire in one transformer cannot spread to another. 

The same applies to individual sumps which are connected to the catchment tanks of other 
transformers; crushed stone layers, fire protection gratings or pipes filled with fluid can, for 
example, be used for this purpose. Arrangements which tend to minimize the fire hazard of the 
escaped fluid are preferred. 

8.7.2.2 Outdoor electrical power installations 

The layout of an outdoor electrical power installation shall be such that burning of a transformer 
with a liquid volume equal to or more than 1 000 l will not cause a fire hazard to other 
transformers or objects, with the exception of those directly associated with the transformer. 
For this purpose, adequate clearances, G1 and G2, shall be necessary. Guide values are given 
in Table 4. Where transformers with a liquid volume below 1 000 l are installed near walls of 
combustible material, special fire precautions may be necessary, depending on the nature and 
the use of the building. 

If automatically activated fire extinguishing equipment is installed, the clearances G1 and G2 
can be reduced.  

The reduction of distances G1 and G2 shall be agreed upon between the supplier and user.  

If it is not possible to allow for adequate clearance as indicated in Table 4, fire-resistant 
separating walls with the following dimensions shall be provided: 

a) between transformers (see Figure 6) separating walls. For example EI 60:  
– height H: higher than or equal to top of the expansion chamber (if any), otherwise the 

top of the transformer tank; 
– length L: longer than or equal to longest part of the sump width/length (in the case of a 

dry-type transformer, the width or length of the transformer, depending upon the 
direction of the transformer); 

b) between transformers and buildings separating walls. For example EI 60; if additional fire 
separating wall is not provided, fire rating of the building wall should be increased, for 
example REI 90 (see Figure 7).  

NOTE 1 REI represents the bearing system (wall) whereas EI represents the non-load bearing system (wall) where 
R is the load bearing capacity, E is the fire integrity, I is the thermal insulation and 60/90 refers to fire resistance 
duration in minutes. 
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NOTE 2 Definitions of fire resistance are given in EN 13501-2 . 

Table 4 – Guide values for outdoor transformer clearances 

Transformer type Liquid volume Clearance G1 to other 
transformers or building 

surface of non-
combustible material 

Clearance G2 to building 
surface of combustible 

material 

l m m 

Oil insulated transformers 
(O) 

1 000 ≤ ... < 2 000 3 7,5 

2 000 ≤ ... < 20 000 5 10 

20 000 ≤ ... < 45 000 10 20 

≥ 45 000 15 30 

Less flammable liquid 
insulated transformers (K) 
without enhanced protection 

1 000 ≤ ... ≤ 38 000 1,5 7,5 

> 38 000 4,5 15 

Less flammable liquid 
insulated transformers (K) 
with enhanced protection 

Clearance G1 to building surface or adjacent transformers 

Horizontal 
m 

Vertical 
m 

0,9 1,5 

Dry-type transformers (A) Fire behaviour class Clearance G1 to building surface or 
adjacent transformers 

Horizontal 
m 

Vertical 
m 

F0 1,5 3,0 

F1 None None 

a) Enhanced protection means 
– tank rupture strength, 

– tank pressure relief, 

– low-current fault protection, 

– high-current fault protection. 

For examples of enhanced protection, see FM Global Data Sheets 5-4, Property Loss Prevention and 
IEC 60076-13. 

b) Sufficient space should be allowed for periodic cleaning of resin-encapsulated transformer windings, in order 
to prevent possible electrical faults and fire hazard caused by deposited atmospheric pollution. 

c) Non-combustible materials may be chosen in accordance with EN 13501-1. 

d) For transformer type "less flammable liquid insulated transformers (K) with enhanced protection" and "dry-type 
transformers (A)", the clearance G1 is the minimum direct distance to building surfaces of either non-
combustible or combustible materials. 
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Key 

B1 Length of transformer sump 

B2 Width of transformer sump 

H Height of fire-resistant separating wall 

H1 Height of the transformer expansion chamber (if any) or transformer tank of the higher transformer 

H2 Height of the transformer expansion chamber (if any) or transformer tank of the lower transformer 

L Length of fire-resistant separating wall 

 

Figure 6 – Separating walls between transformers 
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a) Fire protection between transformer and  
building surface of non-combustible material 
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b) Fire protection between transformer and  
building surface of combustible material 

Key 
G1  Clearance to other transformers or building surface of non-combustible material, see Table 4 

G2 Clearance to building surface of combustible material, see Table 4 

Sector a The wall in this area is designed with a minimum fire resistance of 90 minutes (REI 90) 
Sector b The wall in this area is designed with non-combustible materials 
Sector c No fire protection requirements 

NOTE Due to the risk of vertical fire spread, sector c exists only in the horizontal direction. 

Figure 7 – Fire protection between transformer and building 
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8.7.2.3 Indoor electrical power installation in closed electrical operating areas 

Minimum requirements for the electrical power installation of indoor transformers are given in 
Table 5. 

Table 5 – Minimum requirements for the installation of indoor transformers 

Transformer type Class Safeguards 

Oil insulated transformers 
(O) 

Liquid volume  

< 1 000 l EI 60 / REI 60  

1 000 l ≤ … < 5 000 l 
EI 90 / REI 90 or 

EI 60 / REI 60 and fire extinguishing unit 

≥ 5 000 l 
EI 120 / REI 120 or  

EI 90 / REI 90 and fire extinguishing unit 

Less flammable liquid 
insulated transformers (K) 

Nominal power/max. 
voltage 

 

Without enhanced protection (no restriction) EI 60 / REI 60 or automatic sprinkler protection 

With enhanced protection ≤ 10 MVA and  
Um ≤ 38 kV 

EI 60 / REI 60 or separation distances  
1,5 m horizontally and 3,0 m vertically 

Dry-type transformer (A) Fire behaviour class  

F0 EI 60 / REI 60 or separation distances  
0,9 m horizontally and 1,5 m vertically 

F1 Non-combustible walls  

a) REI represents the bearing system (wall) whereas EI represents the non-load bearing system (wall) where R is 
the load bearing capacity, E is the fire integrity, I is the thermal insulation and 60/90 refers to fire resistance 
duration in minutes. 

b) Definitions of fire resistance are given in EN 13501-2. 

c) Enhanced protection means 
– tank rupture strength, 

– tank pressure relief, 

– low-current fault protection, 

– high-current fault protection. 

For an example of enhanced protection, see Factory Mutual Global standard 3990 and IEC 60076-13. 

d) Sufficient space should be allowed for periodic cleaning of resin-encapsulated transformer windings, in order 
to prevent possible electrical faults and fire hazard caused by deposited atmospheric pollution. 

 

Doors shall have a fire resistance of at least 60 minutes. Doors which open to the outside are 
adequate if they are of low flammability material. Ventilation openings necessary for the 
operation of the transformers are permitted in the doors or in adjacent walls. When designing 
the openings, the possible escape of hot gases shall be considered. 

8.7.2.4 Indoor electrical power installations in industrial buildings 

For all transformers in industrial buildings, fast-acting protective devices which provide 
immediate automatic interruption in the event of failure are necessary. 

Transformers with coolant type O require the same provisions as in 8.7.2.3.  

For all other liquid-immersed transformers, no special arrangements in respect of fire protection 
are required, except for the provisions for liquid retention in case of leakage and the provision 
of portable fire extinguishing apparatus suitable for electrical equipment. 
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Dry-type transformers (A) require the selection of the correct fire behaviour class depending on 
the activity of the industry and on the material present in the surroundings. Fire extinguishing 
provisions are advisable, particularly for class F0. 

NOTE For all transformers in industrial buildings, additional fire precautions can be necessary, depending on the 
nature and use of the building. 

8.7.2.5 Indoor electrical power installations in buildings which are permanently 
occupied by persons 

Provincial, national or regional fire protection regulations may exist for special conditions in 
public or residential buildings. 

8.7.2.6 Fire in the vicinity of transformers 

If there is an exceptional risk of the transformer being exposed to external fire, evaluation shall 
be given to: 

– fire-resistant separating walls; 
– gas-tight vessels capable of withstanding the internal pressure generated; 
– controlled release of the hot liquid; 
– fire extinguishing systems. 

8.7.3 Cables  

The danger of the spread of fire and its consequences shall be reduced, as far as possible, by 
selecting suitable cables and by the method of installation. 

The cables shall be assessed by reference to the following categories: 

– cables without particular fire performance characteristics; 
– cables (single) with resistance to flame propagation [IEC 60332 (all parts)]; 
– cables (bunched) with resistance to flame propagation [IEC 60332 (all parts)]; 
– cables with low emission of smoke (IEC 61034-1); 
– cables with low emission of acidic and corrosive gases [IEC 60754 (all parts)]; 
– cables with fire-resisting characteristics (IEC 60331-21 or IEC 60331-1). 

Cables in trenches and buildings shall be laid in such a way that the regulations regarding fire 
safety of the building are not adversely affected. For example, to avoid fire propagation, holes 
through which the cables go from one room to another shall be sealed with suitable material. 

A physical separation or different routing of power circuits from the control circuits for high-
voltage equipment is recommended if it is necessary to preserve the integrity of the latter as 
long as possible following damage to the power circuits. 

Where necessary, a fire alarm and fire extinguishing systems shall be installed in cable tunnels 
and in cable racks in the basement of control buildings. 

8.7.4 Other equipment with flammable liquid 

For all electrical equipment, such as switchgear which contains more than 100 l of flammable 
liquid in each separate compartment, special fire precautions as specified for transformers may 
be necessary, depending on the nature and use of the electrical power installation and its 
location. 
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8.8 Protection against leakage of insulating liquid and SF6 

8.8.1 Insulating liquid leakage and subsoil water protection 

8.8.1.1 General 

Measures shall be taken to contain any leakage from liquid-immersed equipment so as to 
prevent environmental damage. Provincial, national or regional regulations may specify the 
minimum quantity of liquid contained in an equipment for which containment is required. As a 
guideline, where no provincial, national or regional regulations exist, containment should be 
provided around liquid-immersed equipment containing more than 1 000 l (according to 
IEEE 980, 2 500 l). 

In all cases, local regulations should be taken into account and approvals obtained when 
required. 

8.8.1.2 Containment for indoor equipment 

In indoor electrical power installations, spills of insulating liquid may be contained by providing 
impermeable floors with thresholds around the area where the equipment is located or by 
collecting the spilled liquid in a designated holding area in the building (see Figure 8). 

The volume of the insulating liquid in the equipment as well as any volume of water discharging 
from a fire protection system shall be considered when selecting height of threshold or volume 
of the holding area. 

 

NOTE The dotted area denotes the volume of the entire quantity of insulating fluid of the transformer spilled on the 
floor. 

Figure 8 – Example for small transformers without gravel layer and catchment tank 

8.8.1.3 Containment for outdoor equipment 

The quantity of insulating liquid in electrical equipment, such as transformer, the volume of 
water from rain and fire protection systems, the proximity to water courses and soil conditions 
shall be considered in the selection of a containment system. 

NOTE 1 Containments (sumps) around liquid immersed equipment and/or holding tanks (catchment tanks) are 
extensively used to prevent escape into the environment of insulating liquid from equipment. 

Containments and holding tanks, where provided, may be designed and arranged as follows: 

– tanks; 
– sump with integrated catchment tank for the entire quantity of fluid (Figure 9); 
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– sump with separate catchment tank. Where there are several sumps, the drain pipes may 
lead to a common catchment tank; this common catchment tank shall then be capable of 
holding the fluids of the largest transformer (Figure 10); 

– sump with integrated common catchment tank for several transformers, capable of holding 
the fluids of the largest transformer (Figure 11). 

The walls and the associated pipings of sumps and catchment tanks shall be impermeable to 
liquid. 

The capacity of the sumps/catchment tanks for insulating and cooling fluids shall not be unduly 
reduced by water flowing in. It shall be possible to drain or to draw off the water. 

A simple device indicating the level of liquid is recommended. 

Attention should be paid to the danger of frost. 

The following additional measures shall be taken for protection of waterways and of ground 
water: 

– the egress of insulating and cooling fluid from the sump/tank/floor arrangement shall be 
prevented (for exceptions, see 8.8.1.1); 

– drained water shall pass through devices for separating the fluids; for this purpose, their 
specific weights shall be taken into account. 

For outdoor electrical power installations, it is recommended that the length and width of the 
sump be equal to the length and width of the liquid-filled part of the transformer plus 20 % of 
the distance between the highest point of the transformer (including the conservator) and the 
upper level of the containment on each side. 

NOTE 2 IEEE 980 recommends that the spill containment extends a minimum 1 500 mm beyond any liquid-filled 
part of the equipment. 

NOTE 3 Examples of oil/water separator can be found in CIGRE Technical Brochure 537, Guide for Transformer 
Fire Safety Practices. 

Provincial, national or regional legislation may exist. 

 
Key 
a Containment: the entire quantity of fluid of the transformer plus water from rain and fire protection systems 
b For information concerning fire protection gratings or fire blocking outlets, see 8.7.2  

Figure 9 – Sump with integrated catchment tank 
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Key 

a Containment: minimum 20 % of the fluid from the transformer 

b For information concerning fire protection gratings or fire blocking outlets, see 8.7.2 

Figure 10 – Sump with separate catchment tank 

 

Key 

a Containment outdoor: the entire quantity of fluid of the largest transformer plus water from rain and fire protection 
systems 
Containment indoor: the entire quantity of fluid of the largest transformer 

b For information concerning fire protection gratings or fire blocking outlets, see 8.7.2 

Figure 11 – Sump with integrated common catchment tank 

8.8.2 SF6 leakage  

Recommendations for use and handling of SF6 gas are given in IEC 62271-4 and IEC 60376. 
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To cover the unlikely event of an abnormal leakage, ventilation shall be provided in the 
switchgear room and in other accessible locations where the accumulation of gas may present 
a hazard. In case of outdoor electrical power installation, no special precautions are needed. 

In rooms with SF6 equipment which are above ground, natural venting is sufficient if the gas 
volume of the largest compartment at atmospheric pressure does not exceed 10 % of the 
volume of the accessible switchgear room. If this demand cannot be fulfilled, mechanical 
ventilation shall be installed. 

In rooms with SF6 equipment which are below ground on all sides, mechanical ventilation shall 
be provided if gas quantities which pose an intolerable risk to the health and safety of persons 
are capable of collecting in terms of gas quantity versus size of the room. 

Chambers, ducts, pits, shafts, etc., situated below SF6 installation rooms and connected to 
them, shall have the possibility of being ventilated. 

To guarantee that no thermal decomposition of SF6 present in the atmosphere can occur, the 
following provisions shall be made: 

– no parts of any equipment installed in the switchgear room which are in contact with air shall 
exceed a temperature of 200 °C; 

– when filling of equipment is carried out during erection on site (not sealed systems), 
measures should be taken to prevent smoking, open fire and welding in the working areas. 

For maximum SF6 concentration, national regulations should be considered. 

NOTE The use of other insulating gases is under consideration. 

8.8.3 Failure with loss of SF6 and its decomposition products 

Recommendations for failures with loss of SF6 and its decomposition products are given in 
IEC 62271-4 and IEC 60480. 

NOTE Guidance has been issued by CIGRE Report 23-03.  

8.9 Identification and marking 

8.9.1 General 

Clear identification and unambiguous marking in languages necessary for the operation of the 
electrical power installation shall be applied. This is to avoid incorrect operation, human error, 
accidents, etc. while operation and maintenance are carried out (see also 7.1.8). 

The language of the identification and marking shall be agreed upon between the supplier and 
user. 

For clear identification, installed electrical equipment may require more than one marking 
depending on its access, such as equipment with rear access.  

Signs, boards and notices shall be made of durable and non-corrosive material and printed with 
indelible characters.  

A single line diagram shall be easily accessible within the electrical power installation. In 
installations where a mimic diagram is visible from one single viewpoint and gives the equivalent 
information, a single line diagram is not necessary. 

The operational state of switchgear and controlgear shall be clearly shown by indicators except 
when the main contacts can clearly be viewed by the operator. 
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Cable terminations and components shall be identified. Relevant details making identification 
possible in accordance with a wiring list or diagram shall be provided. 

8.9.2 Information plates and warning plates 

In closed electrical operating areas and in industrial buildings, all electrical equipment rooms 
shall be provided, on the outside of the room and on each access door, with necessary 
information identifying the room and pointing out any hazards. 

The colours and contrasting colours shall comply with IEC standards. Provincial, national or 
regional legislation may exist. 

8.9.3 Electrical hazard warning 

All access doors to closed electrical operating areas, all sides of outer perimeter fences and 
masts, poles and towers with a transformer or switching device shall be provided with a warning 
sign. 

The signs shall comply with IEC standards. Provincial, national or regional legislation may exist.  

8.9.4 Electrical power installations with incorporated capacitors 

The capacitors shall be provided with a warning label indicating the discharge time. 

8.9.5 Emergency signs for emergency exits 

Emergency exits shall be indicated by the appropriate safety warning sign. The signs shall 
comply with IEC standards. Provincial, national or regional legislation may exist. 

8.9.6 Cable identification marks 

The position where cables enter buildings should be identified. Identification marks shall not be 
placed on removable covers or doors that could be interchanged. 

9 Protection, automation and auxiliary systems 

9.1 Protection systems 

The design of the electrical power installation shall include the selection and provision of 
protection systems for the correct and safe functioning of the system and to prevent damage, 
injury or loss of life, and disruption to electricity supply. 

Consideration should be given for protection against the following effects:  

– overcurrent, short-circuit and earth fault; 
– overload and thermal effect; 
– overvoltage; 
– undervoltage; 
– underfrequency. 

Protection coordination studies shall be conducted as agreed between the supplier and user in 
order to determine the setting of protective devices. Back-up protection shall be considered for 
short-circuit protection and also for earth fault protection when clearing of earth faults is 
required. 
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Low-frequency conditions generally indicate power system problems. For installations supplied 
by a power system, low-frequency disconnection devices may be required in accordance with 
local regulations or power system requirements. For installations having their own independent 
power supply, consideration should be given to implementing load shedding to prevent total 
loss of power during disturbances. 

Investigations shall be performed to determine possible overvoltages during operating 
conditions. Protection shall be installed where overvoltages may exceed tolerance limits of the 
installed electrical equipment. 

The effects of undervoltages on the operation of electrical equipment shall be considered. 
Devices to detect undervoltages shall be provided where necessary in order to initiate automatic 
transfers to an alternative supply, or to disconnect the equipment to prevent incorrect operation 
or damage from occurring. 

Integrated control and protection apparatus/equipment may be used provided that the protection 
functions are functionally independent of the control functions, i.e. failure or mal-operation of 
the control features will not impair operation of the protection system. 

9.2 Automation systems 

Monitoring, protection, regulating and control devices shall be provided, as necessary, for the 
correct and safe functioning of the electric system.  

Automatic devices, designed to offer selectivity and quick operation, shall provide protection 
against the effects of unacceptable overload and internal and external faults appropriate to the 
size and significance of electrical power installation. 

Electrical equipment of the automation system shall comply with the severity class defined in 
IEC 60255 (all parts)] corresponding to the part of the electrical power installation in which it is 
located. 

Facilities shall be provided for isolating the control circuit of each primary switching equipment 
or each switchgear 'bay' or 'cubicle' in order to allow maintenance of high-voltage equipment to 
be performed safely. 

Provision shall be made to allow for repair, maintenance, and/or testing to be carried out on 
protection and control devices without any danger to persons or the equipment. 

Control circuits and signalling circuits shall, preferably, be functionally separated. Tripping 
signals shall be displayed on the protection panel if it exists. 

Alarm and fault-indicating equipment shall clearly indicate danger and fault conditions; several 
signals can be combined as a common signal to be transmitted to a remote control point. 

The control equipment and system, including cables and cords, shall be designed and installed 
to minimize the possibility of damage to the connected electrical equipment due to electro-
magnetic interference. Basic rules are given in 9.4. 

The control equipment and system, including cables and cords, shall be designed and installed 
in such a way that they minimize the danger from operating failure, inadvertent operation or 
incorrect information. In meeting this requirement, influences such as voltage dips, supply 
failure, insulation faults and electromagnetic interference effects shall be taken into account. 

The actuating elements for the control of a switchgear shall be designed and installed in such 
a way that accidental actuation is avoided. 
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Where a remote control is available, local/remote control selection shall be provided at the local 
operating position (i.e. at or in the close vicinity of the switches). 

The control circuit of switching devices operated remotely or automatically shall be provided 
with suitable means near the device to prevent accidental operation during maintenance or 
repair. 

When required, the monitoring and control system shall implement load shedding, emergency 
shut down, automatic transfer and network reconfiguration, motor re-acceleration and re-
starting, etc. in order to maintain safe operating conditions during electrical system 
disturbances. 

For safety reasons, it is recommended that hard-wired interfaces to process control equipment 
be designed such that maintenance of the process control circuits can be carried out without 
accessing high-voltage equipment, for example by using interposing relays installed in a 
separate cubicle. 

9.3 Auxiliary systems 

9.3.1 AC and DC supply circuits 

9.3.1.1 General 

Auxiliary power supply systems shall be designed for the permitted voltage fluctuation range 
and suitable power capacity which is required by the equipment for control and auxiliary 
systems.  

Low-voltage AC and DC systems shall be designed in accordance with IEC 60364 (all parts). 

Auxiliary distribution boards shall be provided to separate and protect the various auxiliary 
circuits. 

A voltage loss or failure in the supply circuit should initiate a signal to a control location. 

Auxiliary power supplies may be categorized into essential and non-essential groups. Essential 
supplies should be continuously available without any interruption, whereas non-essential ones 
may be subject to interruptions. 

9.3.1.2 AC supply 

For AC auxiliary power supplies belonging to the essential group, such as the supplies to a 
computerized control system, or the supplies to any electrical equipment whose interruption 
might cause a hazardous condition after a transient loss of power, the provision of a suitable 
UPS (uninterruptible power supply) is recommended. 

Some equipment (e.g. SF6-breaker heaters) may require the provision of changeover power 
supplies. 

9.3.1.3 DC supply 

DC supply units shall be capable of supplying power to all permanent DC loads and to the loads 
associated with essential operations. This may be achieved by choosing an appropriate number 
of independent units of sufficient capacities. 

It is recommended that DC supply units such as batteries and chargers be provided with 
instruments for monitoring voltage and current. 
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DC batteries shall be sized to provide power for operation of an electrical power installation 
during total loss of AC station services.  

Sizing of batteries shall be based on either the most probable duration of AC station services 
or the worst-case scenarios that might cause a total loss of AC station services (i.e. total 
blackout, fault on a major bus in the installation, etc.). This is subject to an agreement between 
the user and supplier. As a minimum, the DC batteries shall have enough capacity to trip 
breakers and switches at the beginning of the discharge period, to supply power to the 
continuous DC load and to close the elements of the installation that will restore AC services.  

Battery banks with exposed live parts shall be kept in a room or cubicle accessible only to 
authorized persons.  

Battery rooms or cubicles shall be dry and adequately ventilated to limit hydrogen accumulation. 
Allowable hydrogen levels and recommended number of air changes may be subject to 
provincial, national or regional legislation. 

An easy means of escape from battery rooms shall be provided. Eyewash stations or personal 
protective equipment shall be provided, preferably located outside the battery room and close 
to the battery room door. 

Battery banks shall preferably be isolated from control rooms to prevent the spread of fumes 
and to prevent accidental contact. 

Where the risk of explosion cannot be avoided, explosion-protected equipment shall be used in 
accordance with IEC 60079-0. 

The risk of explosion due to combustion of gas mixtures in the presence of an open flame or 
glowing parts shall be indicated by means of corrosion-resistant, legible signs of suitable size. 

Notwithstanding the ventilation provided, rooms containing open type lead batteries shall be 
considered as locations with corrosive environments. Walls, ceilings and floors shall meet the 
requirements for protection against corrosion and gaseous products. Means shall be provided 
to prevent corrosive substances from entering any drainage systems. 

9.3.2 Compressed air systems 

Compressed air systems shall be designed to comply with the appropriate legislative rules 
regarding pressure vessels and pressurized systems. 

Instruments and alarms shall be provided to ensure safe and reliable operation of the 
compressed air system. 

The compressed air system shall be capable of providing air of relative humidity appropriate to 
the type and operating pressure of the electrical equipment to be supplied under all 
environmental conditions. Where necessary, drying equipment shall be provided. 

Compressed air systems shall be designed so that water can be drained from all receivers or 
other points where it may collect during operation. 

The compressed air system shall be designed to operate at its maximum and minimum capacity 
over the full range of environmental conditions to be expected for the associated switchgear 
and/or system. Adequate compressor cooling shall be provided as well as suitable protection 
to allow intermittent operation under freezing conditions. 

Pressure vessels and pipelines shall be protected against corrosion internally and externally. 
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The function of various components of the compressed air system shall be clearly indicated on 
this equipment. Different pressures shall be identified on pipework, vessels and diagrams by a 
method acceptable to the user. 

The compressed air system shall be provided with sufficient points of isolation and drainage to 
allow sectionalization for maintenance in accordance with the operating and safety rules of the 
user. 

Pipes which are permanently under pressure shall be protected against damage due to direct 
arcing. 

All controls of the compressed air system which have to be used during operation shall be 
arranged so that they are safely accessible. 

9.3.3 SF6 gas handling plants 

Where SF6 gas has to be handled and retrieved, a SF6 gas service unit shall be provided to 
transfer SF6 gas to and from gas-filled electrical equipment in order to permit maintenance on 
the primary equipment. This SF6 gas service unit shall be capable of evacuating and storing 
the largest quantity of gas specified and of evacuating the largest volume specified to the 
vacuum level and refilling to the highest filling pressure specified by the manufacturer. The 
design and capacity of the SF6 gas service unit shall be determined by agreement between the 
supplier and user. 

The SF6 gas service unit shall also be capable of extracting air at atmospheric pressure from 
the largest volume specified to the vacuum level specified by the manufacturer. The gas service 
unit shall be capable of returning gas to the electrical equipment and recycling used gas through 
filters. 

NOTE Guidance on handling of plants containing SF6 is given in IEC 60480 and IEC 62271-4. 

9.3.4 Hydrogen handling plants 

The hydrogen-cooled generator, synchronous condenser or any other high-voltage equipment 
and its hydrogen cooling system shall be installed in the following way. 

– The structure of the generator or synchronous condenser and its hydrogen cooling system 
shall be leak-tight and capable of preventing the mixture of hydrogen and air. 

– The generator, synchronous condenser, hydrogen pipes, valves and other fittings in the 
hydrogen system shall be capable of withstanding the explosion of hydrogen at atmospheric 
pressure. 

– The generator plant shall be provided with a device through which hydrogen gas can be 
purged to the open air safely when hydrogen leaks out from the generator shaft seal. 

– A device capable of introducing hydrogen safely into the generator or synchronous 
condenser and also a device capable of expelling hydrogen safely out of the generator or 
synchronous condenser shall be installed. 

– An instrument shall be provided which detects abnormal conditions of the electrical 
equipment and gives a warning. 

9.4 Basic rules for electromagnetic compatibility of control systems 

9.4.1 General 

Subclause 9.4 deals with the protection of control circuits against electromagnetic interference. 
See also 4.2.10. 
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9.4.2 Electrical noise sources in electrical power installations 

Interferences may be transmitted into electrical power installations by means of conduction, 
capacitive coupling, induction or radiation. 

a) High frequency interferences are produced by 
– switching in primary circuits; 
– lightning strokes on overhead lines or on grounded components of electrical power 

installations; 
– operation of surge arresters, in particular those with air gaps; 
– switching in secondary circuits; 
– high frequency radio transmitters; 
– electrostatic discharges. 

b) Low frequency interferences are produced by 
– short-circuits; 
– earth faults; 
– electromagnetic fields generated by equipment (busbars, power cables, reactances, 

transformers, etc.). 

Protection against interference is based on two general principles: 

– reduction of the penetration of electromagnetic fields into the electrical equipment; 
– establishment of equal potential between every piece of equipment and the earthing system. 

9.4.3 Measures to be taken to reduce the effects of high frequency interference 

The recommendations listed below (non-exhaustive) will reduce the effects of high frequency 
electromagnetic interference: 

a) suitable construction of instrument transformers (voltage transformers, current 
transformers), effective shielding between primary and secondary winding, testing of high 
frequency transmission behaviour; 

b) protection against lightning strokes; 
c) improvement of the earthing system and earthing connections (see 10.3.3); 
d) shielding of secondary circuit cables: 

– shields should be continuous; 
– shields should have a low resistance (a few ohms per kilometre); 
– shields should have a low coupling impedance within the interference frequency range; 
– earthing of the shields should be as short as possible; 
– the shields should be earthed at both ends and intermediate points where possible; 
– the shields should be earthed at their entry to the control cabinets so that the currents 

circulating in the shields do not affect the unshielded circuits. Connections should 
preferably be circular by using suitable cable glands or a welding procedure; 

e) grouping of circuits: in order to reduce the differential mode overvoltages, the incoming and 
outgoing wires associated to a same function should be grouped within the same cable. 
As far as possible, control cables should be segregated from other cables. 

9.4.4 Measures to be taken to reduce the effects of low frequency interference 

The recommendations listed below are the most important ones for reducing the effects of low-
frequency electromagnetic interference. 
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a) Measures concerning cable laying: 
– separation of control cables from power cables by using spacing or different routes; 
– power cables in trefoil formation should be preferred to a flat formation; 
– as far as possible, cable routes should not be parallel to bus bars or power cables; 
– control cables should be laid away from inductances and single-phase transformers. 

b) Measures concerning the circuit arrangement: 
– loops should be avoided; 
– for DC auxiliary supply circuits, a radial configuration is preferable to a ring configuration; 
– the protection of two different DC circuits by the same miniature circuit-breaker should 

be avoided; 
– parallel connection of two coils located in separate cubicles should be avoided; 
– all wires of the same circuit should be located in the same cable. When different cables 

have to be used, they should be laid in the same route. 
c) Twisted pairs cables are recommended for low level signals. 

9.4.5 Measures related to the selection of electrical equipment 

The electrical power installation shall be divided into different zones, each of them 
corresponding to a specific class of environment.  

In each zone, electrical equipment shall be selected in accordance with the associated class of 
environment. 

Where necessary the following measures shall be taken in the internal circuitry of the control 
system: 

a) metallic isolation of the I/O signal circuits; 
b) installation of filters on auxiliary power supply circuits; 
c) installation of voltage-limiting devices such as: 

– capacitor or RC circuits; 
– low voltage surge arresters; 
– zener diodes or varistors; 
– transient-voltage-suppression (TVS) diodes. 

These devices shall be installed inside the protection and control equipment. 

The following additional measures concern gas-insulated switchgear: 

d) connection of concrete reinforcement grids to the earthing system at various points, 
especially in the floor (see Clause 10); 

e) adequate earthing for power frequency and transient effects at the GIS/air-bushings and 
GIS-tubes. This is achieved by multiple connections between the enclosure and the building 
wall (to the reinforcement grid or metallic cladding) and multiple connections between the 
wall and earthing system; 

f) adequate design and testing of secondary equipment concerning their immunity against 
electrical transients. 
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9.4.6 Other possible measures to reduce the effects of interference 

The following recommendations supplement, when applicable, the measures listed in 9.4.5: 

– installation of control cables in metallic cable ducts is recommended. Continuity and 
earthing of ducts should be ensured along their whole length; 

– where possible, cables should be installed along metallic surfaces; 
– optical fibre cables should be used with appropriate equipment. 

10 Earthing systems 

10.1 General 

This Clause 10 provides the criteria for design, installation, testing and maintenance of an 
earthing system such that it operates under all conditions and ensures the safety of human life 
in any place to which persons have legitimate access. It also provides the criteria to ensure that 
the integrity of electrical equipment connected and in proximity to the earthing system is 
maintained. 

10.2 Fundamental requirements 

10.2.1 Safety criteria 

The hazard to human beings is that a current will flow through the region of the heart which is 
sufficient to cause ventricular fibrillation. The current limit, for power-frequency purposes is 
derived from the appropriate curve in IEC 60479-1. This body current limit is translated into 
voltage limits for comparison with the calculated step and touch voltages taking into account 
the following factors: 

– proportion of current flowing through the region of the heart; 
– body impedance along the current path; 
– resistance between the body contact points and, for example, metal structure to hand 

including glove, feet to remote ground including shoes or gravel; 
– fault duration. 

It shall also be recognized that fault occurrence, fault current magnitude, fault duration and 
presence of human beings are probabilistic in nature. 

The earthing design parameters (relevant fundamental requirements, e.g. fault current, fault 
duration) shall be agreed between the supplier and user. 

For electrical power installation design, the curve shown in Figure 12 is calculated according to 
the method defined in Annex B.  

NOTE The curve is based on data extracted from IEC 60479-1:2018:  

– body impedance from Table 1 of IEC 60479-1:2018 (not exceeded by 50 % of the population); 

– permissible body current corresponding to the c2 curve in Figure 20 and Table 11 of IEC 60479-1:2018 (probability 
of ventricular fibrillation is less than 5 %); 

– heart-current factor according to Table 12 of IEC 60479-1:2018. 

The curve in Figure 12, which gives the permissible touch voltage, should be used. Annex C 
shows the IEEE 80 curve which can be used as an alternative to the curve in Figure 12. 

As a general rule, meeting the touch voltage requirements satisfies the step voltage 
requirements, because the tolerable step voltage limits are much higher than touch voltage 
limits due to the different current path through the body. 
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For electrical power installations where high-voltage electrical equipment is not located in 
closed electrical operating areas, e.g. in an industrial environment, a global earthing system 
should be applied to prevent intolerable touch voltages. 

10.2.2 Functional requirements 

The earthing system, its components and bonding conductors shall be capable of distributing 
and discharging the fault current without exceeding thermal and mechanical design limits based 
on backup protection operating time. 

The earthing system shall maintain its integrity for the expected electrical power installation 
lifetime with due allowance for corrosion and mechanical constraints. 

Earthing system performance shall avoid damage to equipment due to excessive potential rise, 
potential differences within the earthing system and due to excessive currents flowing in 
auxiliary paths not intended for carrying parts of the fault current. 

The earthing system, in combination with appropriate measures (e.g. potential control, local 
isolation) shall maintain step, touch and transferred potentials within the voltage limits based 
on normal operating time of protection relays and breakers. 

The earthing system performance shall contribute to ensuring electromagnetic compatibility 
(EMC) among electrical and electronic apparatus of the high-voltage system in accordance with 
IEC TR 61000-5-2. 

10.2.3 High and low voltage earthing systems 

10.2.3.1 General 

Where high- and low-voltage earthing systems exist in proximity to each other and do not form 
a global earthing system, part of the EPR from the HV system can be applied on the LV system. 
Two practices are presently used: 

a) interconnection of all HV with LV earthing systems; 
b) separation of HV from LV earthing systems. 

In either case, the relevant requirements concerning step, touch and transfer potentials 
specified below shall be complied with within a substation and at an LV installation supplied 
from that substation. 

Interconnection is preferred when practicable. 

10.2.3.2 LV supply only within an electrical power installation 

Where the LV system is totally confined within the area covered by the HV earthing system, 
both earthing systems shall be interconnected even if there is no global earthing system. 

10.2.3.3 LV supply incoming to or outgoing from an electrical power installation 

Full compliance is ensured if the earthing system of the electrical power installation is part of a 
global earthing system or connected to a multi-earthed HV neutral conductor in a balanced 
system. If there is no global earthing system, the minimum requirements of Table 6 shall be 
used to identify those situations where interconnection of earthing systems with low-voltage 
supply outside the high-voltage installation is feasible.  

If high-voltage and low-voltage earthing systems are separate, the method of separating earth 
electrodes shall be chosen such that no danger to persons or electrical equipment can occur in 
the low-voltage installation. This means that step, touch and transfer potentials and stress 
voltage in the LV installation caused by a high-voltage fault are within the appropriate limits. 
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10.2.3.4 LV in the proximity of an electrical power installation  

Special consideration shall be given to LV systems which are located in the zone of influence 
of the earthing system of the electrical power installation. 

For industrial and commercial installations, a common earthing system can be used. Due to the 
close proximity of equipment, it is not possible to separate earthing systems. 

Table 6 – Minimum requirements for interconnection of low-voltage and  
high-voltage earthing systems based on EPR limits 

Type of LV system a, b 

EPR requirements 

Touch voltage 

Stress voltage c 

Fault duration Fault duration 

tf ≤ 5 s tf > 5 s 

TT Not applicable EPR ≤ 1 200 V EPR ≤ 250 V 

TN EPR ≤ F × UTp d, e EPR ≤ 1 200 V EPR ≤ 250 V 

IT 

Distributed protective earth 
conductor As per TN system EPR ≤ 1 200 V EPR ≤ 250 V 

Protective earth conductor not 
distributed Not applicable EPR ≤ 1 200 V EPR ≤ 250 V 

a For definitions of the type of LV systems, see IEC 60364-1. 
b For telecommunication equipment, the ITU recommendations should be used. 
c Limit may be increased if appropriate LV equipment is installed or EPR may be replaced by local  potential 

differences based on measurements or calculations. 
d The typical value for F is 2, indicating the touch voltage is 50 % of EPR. Higher values of F (up to 5) may be 

applied where there are additional connections of the PEN conductor to earth which therefore may reduce the 
touch voltage as a percentage of EPR. For certain soil structures, caution is necessary in soils with high contrast 
of top layer resistivity and underlying lower resistivity. In this case F is closer to 1 as the touch voltage can 
exceed 50 % of the EPR. If the PEN or neutral conductor of the low-voltage system is connected to earth only 
at the HV earthing system, the value of F shall be 1. 

e UTp is derived from Figure 12. 

 

10.3 Design of earthing systems 

10.3.1 General 

Design of an earthing system can be accomplished as follows: 

a) data collection, e.g. earth fault current, fault duration and layout; 
b) initial design of the earthing system based on the functional requirements; 
c) determine if it is part of a global earthing system; 
d) if not, determine soil characteristics e.g. of layers with different specific electric resistivity 

of soil; 
e) determine the current flowing into earth from the earthing system, based on earth fault 

current; 
f) determine the overall impedance to earth, based on the layout, soil characteristics, and 

parallel earthing systems; 
g) determine earth potential rise; 
h) determine permissible touch voltage; 
i) if the earth potential rise is below the permissible touch voltage and the requirements of 

Table 6 are met, the design is complete; 
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j) if not, determine if touch voltages inside and in the vicinity of the earthing system are below 
the tolerable limits; 

k) determine if transferred potentials present a hazard outside or inside the electrical power 
installation; if yes, proceed with mitigation at exposed location; 

l) determine if low-voltage equipment is exposed to excessive stress voltage; if yes, proceed 
with mitigation measures which can include separation of HV and LV earthing systems; 

Once the above criteria have been met, the design can be refined, if necessary, by repeating 
the above steps. Detailed design is necessary to ensure that all exposed-conductive-parts, are 
earthed. Extraneous-conductive-parts shall be earthed, if appropriate. 

A flowchart of this design process is given in Annex D. 

A structural earth electrode, if any, shall be bonded and form part of the earthing system. If not 
bonded, verification is necessary to ensure that all safety requirements are met. 

Metallic structures with cathodic protection may be separated from the earthing system. 
Precautions, such as labelling, shall be taken to ensure that when such measures are taken, 
maintenance work or modifications will not inadvertently nullify them. 

10.3.2 Power system faults 

The objective is to determine the worst case fault scenario for every relevant aspect of the 
functional requirements, as these may differ. The following types of fault shall be examined at 
each voltage level present in the electrical power installation: 

a) three phases to earth; 
b) two phases to earth; 
c) single phase to earth; 
d) if applicable: phase to phase via earth (cross-country earth fault). 

Faults within and outside the electrical power installation site shall be examined to determine 
the worst fault location. 

10.3.3 Lightning and transient overvoltages 

Lightning and switching operations are sources of high- and low-frequency currents and 
voltages. Surges typically occur when switching long cable sections, operating GIS 
disconnectors or carrying out back-to-back capacitor switching. Successful attenuation requires 
sufficient electrode density at injection points to the earthing system to deal with high-frequency 
currents, together with an earthing system of sufficient extent to deal with low-frequency 
currents. The HV earthing system shall form part of the lightning protection system and 
additional earthing conductors may be required at connection points between the lightning 
protection system and the earthing system. 

Relevant electromagnetic compatibility and lightning standards shall be used to address 
specific aspects related to the transient performance of the earthing system and its components.  

When an industrial or commercial electrical power installation includes more than one building 
or location, the earthing system of each shall be interconnected. Since during surges such as 
lightning strokes, there will be a large difference in potential between the earthing systems of 
each building and location in spite of the interconnection, measures shall be taken to prevent 
damage to sensitive electrical equipment connected between different buildings or locations. 
Where possible, non-metallic media, such as fibre optic cable, should be used for the exchange 
of low-level signals between such locations. 
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10.4 Construction work on earthing systems 

Where construction work involves an existing earthing system, protective measures shall be 
taken to ensure the safety of persons during fault conditions. 

10.5 Measurements 

Measurements shall be carried out after construction, where necessary, to verify the adequacy 
of the design. Measurements may include the earthing system impedance, prospective touch 
and step voltages at relevant locations and transferred potential, if appropriate. When 
measuring touch and step voltages under test conditions, e.g current injection test, two choices 
are possible. Either measure the prospective touch and step voltages using a high impedance 
voltmeter or measure the effective touch and step voltages appearing across an appropriate 
resistance which represents the human body. 

10.6 Maintainability 

10.6.1 Inspections 

The construction of the earthing system shall be carried out in a way that the condition of the 
earthing system can be examined periodically by inspection. Excavating at selective locations 
and visual inspection are appropriate means which shall be considered. 

10.6.2 Measurements 

Design and installation of the earthing system shall allow measurements to be carried out 
periodically or following major changes affecting fundamental requirements, or even for 
continuity tests. 

 

Figure 12 – Permissible touch voltage UTp 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


 – 96 – IEC 61936-1:2021 © IEC 2021 

11 Inspection and testing 

11.1 General 

Inspections and tests are carried out to verify compliance of the electrical power installation 
with this document and compliance of the electrical equipment with the applicable technical 
specifications. 

The following shall be subject to agreement between the supplier and user: 

– the extent of the inspection and testing; 
– which specifications are applicable; 
– the extent and type of documentation provided. 

NOTE Specific tests on site for factory-built and type-tested equipment and for factory-built assemblies are provided 
in the relevant IEC product standards. 

Verification may be achieved by the following methods: 

a) visual inspections; 
b) functional tests; 
c) measuring. 

Inspections and tests on parts of the electric power installations may be carried out after 
delivery as well as when the installation has been completed. 

Typical activities that are usually carried out are, for example: 

– verification of characteristics of the electrical equipment (including rated values) for the 
given operating conditions; 

– verification of minimum clearances between live parts and between live parts and earth; 
– power frequency voltage test for switchgear; 
– voltage test for cables; 
– verification of minimum heights and of protective barrier clearances; 
– visual inspections and/or functional tests of electrical equipment and parts of installation; 
– functional tests and/or measuring of protective, monitoring, measuring and controlling 

devices; 
– inspection of markings, safety signs and safety devices; 
– verification of correct fire ratings for buildings/enclosures; 
– verification that emergency exits are operational; 
– verification of the earthing system. 

11.2 Verification of specified performances 

Tests will, in general, be carried out on the various items of electrical equipment comprising an 
electrical power installation at appropriate stages of the contract to ultimately verify 
performance of the installation. The conditions and organization of the required tests shall be 
defined and agreed between the supplier and the user. This may include definition of the 
provision of site services, personnel, etc. 
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11.3 Tests during installation and commissioning 

The requirements (methods and acceptance criteria) for tests during installation and 
commissioning together with a listing of the testing standards to be applied are the subject of 
agreement between the supplier and user. This may include functional tests to demonstrate the 
ability of the electrical equipment to satisfy the operational requirements, such as automatic 
start-up and shutdown. 

The test equipment for demonstration of achievement of design requirements should be agreed 
between supplier and user. 

A schedule of tests shall be prepared for components and systems to be tested during the 
installation and commissioning period. Details of the schedule are the subject of agreement 
between the supplier and user. The necessary services to allow the tests to be carried out 
should be agreed between the parties. 

The contractual consequences of the outcome of the tests during installation and 
commissioning should be stated in the enquiry, where appropriate. 

11.4 Trial running 

The scope of work agreed between the supplier and user may include a trial run. The purpose 
of the trial run is to prove the functional capability of the electrical power installation. During the 
run, therefore, all significant components should be in operation. 

The agreement should define under what circumstances a breakdown of a significant 
component constitutes an interruption of the trial. The user may also give exception criteria for 
breakdowns of a very short period, for example simply extending the period of the trial by the 
outage time. 

The conditions that have to be met for the successful completion of the trial run should be 
defined in the enquiry. 

The contractual consequences of the outcome of the trial run should be stated in the enquiry, 
where appropriate. 

12 Operation and maintenance manual 

Each electrical power installation should have an operation manual describing the normal, 
emergency, and maintenance procedures as well as safety instructions for the operation of the 
high-voltage electrical installation. 

For the preparation of manuals and instructions, IEC/IEEE 82079-1 applies. 

Information in form of instructions, diagrams, and data, shall be available to persons for 
operation, maintenance, in charge of work or working in electrical areas to ensure proper and 
safe control of electrical equipment and isolation for working. The information includes 
necessary manufacturer instructions for the electrical equipment in the installation. 

Operating instructions should be site specific and narrative describing switching operation 
sequences, protection schemes including inter-tripping, and interlocking arrangements. 

Emergency information, e.g. routes to the nearest hospital and emergency phone numbers 
should be displayed in a visible location in the electrical power installation. 
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Annex A 
(informative) 

 
Values of rated insulation levels and minimum clearances 

based on current practice in some countries  

Table A.1 – Values of rated insulation levels and minimum clearances in air for 
1 kV < Um ≤ 245 kV for highest voltage for installation Um not standardized by the IEC  

based on current practice in some countries 

Voltage 
range 

Highest 
voltage for 
installation 

Rated short-
duration power-

frequency 
withstand voltage 

Rated lightning 
impulse withstand 

voltage a 

Minimum phase-to-earth 
and phase-to-phase clearance 

 
N 

Um Ud Up Indoor 
installations 

Outdoor 
installations 

RMS RMS 1,2 µs/50 µs 
(peak value) 

kV kV kV mm mm 

I 

2,75 15 30 60 120 

45 70 120 

60 90 120 

4,76 19 60 90 120 

5,5 19 45 70 120 

60 90 120 

75 120 120 

8,25 27 60 90 120 

75 120 150 

95 160 160 

8,25 26 75 120 150 

35 95 160 160 

15 35 95 160 160 

50 110 180 180 

15,5 35 75 120 150 

85 150 160 

110 180 180 

17,5 38 110 180 

125 220 

24 50 150 280 

25 50 95 190 290 

125 210  

150  

25,8 50 125 220 

70 150 280 

27 50 95 160 

125 220 

150 280 

a  The rated lightning impulse withstand voltage is applicable to phase-to-phase and phase-to-earth. 
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Table A.2 – Values of rated insulation levels and minimum clearances in air  
for 1 kV < Um ≤ 245 kV for highest voltage for installation Um not standardized by the 

IEC based on current practice in some countries 

Voltage 
range 

Highest 
voltage for 
installation 

Rated short-
duration power-

frequency 
withstand voltage 

Rated lightning 
impulse withstand 

voltage a 

Minimum phase-to-earth 
and phase-to-phase clearance 

 
N 

Um Ud Up Indoor 
installations 

Outdoor 
installations 

RMS RMS 1,2 µs/50 µs 
(peak value) 

kV kV kV mm mm 

I 

30 70 160 290 

36 70 200 380 

38 70 125 220 

150 280 

200 360 

38 70 150 280 

95 200 360 

38,5 75 155 270 400 

180 320  

195  

40,5 80 190 350 

41,5 80 170 320 

200 360 

48,3 105 150 280 

200 360 

250 480 

48,3 120 250 480 

72,5 160 350 690 

82,5 150 380 750 

100 150 380 750 

185 450 900 

204 275 650 1 300 

325 750 1 500 
a The rated lightning impulse withstand voltage is applicable to phase-to-phase and phase-to-earth. 
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Table A.3 – Values of rated insulation levels and minimum clearances in air  
for Um > 245 kV for highest voltages for installation Um not standardized by the IEC  

based on current practice in some countries 

V
ol

ta
ge

 r
an

ge
 

Highest 
voltage for 
installation 

Rated 
short- 

duration 
power- 

fre-
quency 

with-
stand 

voltage 

Rated 
lightning 
impulse 

withstand 
voltagea 

Rated 
switching 
impulse 

withstand 
voltage 

Minimum phase- 
to-earth clearance 

Rated 
switching 
impulse 

withstand 
voltage 

Minimum phase- 
to-phase clearance 

Um 

RMS 

Ud 

RMS 

Up 

1,2 µs/ 
50 µs 
(peak 
value) 

Up 

Phase-to-
earth 

250 µs/ 
2 500 µs  

(peak 
value) 

Conductor 
– 

structure 

Rod 
–  

structure 
 

N 

Up 

Phase-to-
phase 

250 µs/ 
2 500 µs 

(peak 
value) 

Conductor 
– 

conductor 
parallel 

Rod 

 – 

conductor 

II 

kV kV kV kV mm kV mm 

362 520 1 300 950 2 400 2 900 1 425 3 100 3 600 

550 680 1 800 1 175  4 000   6 500 

550 710 1 800 1 175 3 300 4 100 2 210 6 100 7 400 

550 775 1 800 1 175 3 350 3 650  4 600 5 200 

550 635 1 300 

1 425 

1 550 

1 800 

  5 800   5 800 

a The rated lightning impulse withstand voltage is applicable phase-to-phase and phase-to-earth. 
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Annex B 
(normative) 

 
Method of calculating permissible touch voltages 

The equation to calculate the permissible touch voltage is as follows. 

Formula: 

 ( ) ( )Tp B f T T
1U I t Z U BF

HF
= × × ×   

where 

UT is touch voltage  

UTp is permissible touch voltage  

tf is fault duration  

IB(tf) is body current limit c2 in Figure 20 and Table 11 of IEC 60479-1:2018, 
where probability of ventricular fibrillation is less 
than 5 %. IB depends on fault duration 

HF is heart current factor Table 12 of IEC 60479-1:2018, i.e. 1,0 for left hand 
to feet, 0,8 for right hand to feet, 0,4 for hand to 
hand 

ZT(UT) is body impedance Table 1 and Figure 3 of IEC 60479-1:2018, ZT not 
exceeded by 50 % of the population, ZT depends on 
touch voltage. Therefore, first calculation has to 
start with assumed level 

BF is body factor Figure 3 of IEC 60479-1:2018, i.e. 0,75 for hand to 
both feet, 0,5 for both hands to feet 

 

NOTE 1 Different touch voltage conditions, e.g. left hand to feet, hand to hand, lead to different tolerable touch 
voltages. Figure 12 of this document is based on a weighted average taken from four different touch voltage 
configurations. Touch voltage left hand to feet (weighted 1,0), touch voltage right hand to feet (weighted 1,0), touch 
voltage both hands to feet (weighted 1,0) and touch voltage hand to hand (weighted 0,7). 

NOTE 2 Different parameter values are applicable for some countries (as indicated in Annex G). 

For specific consideration of additional resistances, the formula to determine prospective 
permissible touch voltage becomes: 

 ( ) ( )( )vTp B f T T H F
1U I t Z U BF R R

HF
= × × × + +   

where 

UvTp is prospective permissible touch voltage  

RH is additional hand resistance  

RF is additional foot resistance  
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Annex C 
(normative) 

 
Permissible touch voltage according to IEEE 80 

 

NOTE 1 The touch voltage curve is based on a specific electric resistivity of soil of 100 Ωm and a surface layer of 
0,1 m with an electric resistivity of soil of 1 000 Ωm. 

NOTE 2 Figure C.1 assumes a person weighing 50 kg and a gravel surface. 

Figure C.1 – Permissible touch voltage UTp according to IEEE 80 
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Annex D 
(normative) 

 
Earthing system design flow chart 
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Annex E 
(informative) 

 
Protection measures against direct lightning strokes 

E.1 General 

Model tests, measurements, observation and experience over many years have shown that 
direct lightning strokes can be avoided with a high degree of certainty by using the 
arrangements of lightning shield wires or rods. Protection zones can be defined by using the 
rolling sphere method or obtained based on local operating experience shown in Figure E.1 
through Figure E.4. 

In general, the lightning protection zone can be determined through the striking distance R in 
metres applying the rolling sphere method. A number of formulas have been proposed for 
determining the striking distance. The most common are: 

R = 10 × I0,65   [(IEC 62305-1:2010, Formula A.1, Annex A)] 

R = 8 × k × I0,65   [(IEEE 998, Formula 2-1D)] 

where I is the lightning stroke return current in kA and k is a coefficient to account for different 
striking distances to a rod or a shield wire (k = 1 for shield wires and k = 1,2 for rod). 

,

c

2 2 LIWVI
Z
×

=  

where Zc (Ω) is the conductor surge impedance and LIWV (kV) is the rated lightning impulse 
withstand voltage. 

For substations with arresters, I can be obtained from the arrester discharge current. 

Operational experience for electrical power installations up to 420 kV have shown that proper 
lightning protection can be achieved using the geometric method shown in Figure E.1 through 
Figure E.4 with heights H up to 25 m. For heights exceeding 25 m the protection zone is 
reduced. 

This method has proven to achieve a sufficient protection level but without the need of detailed 
insulation coordination studies. 

E.2 Shield wires 

A single shield wire provides a tent-shaped protection zone, the limits of which are formed by 
arcs with a radius of R = 2 H beginning at the shield wire peak (see Figure E.1) and following 
the length of the wire. 

Two shield wires at a distance of less than or equal to 2 H apart provide an extension of the 
protection zone which is limited by the two conductors, an arc of radius R and centre MR at a 
height 2 H (see Figure E.2). 

This zone is continuous all along the span of conductors. 

E.3 Lightning rods 

Upward streamer discharges develop earlier from lightning rods than from shield wires. 
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The protection zone of a lightning rod is generally larger than that of a shield wire at the same 
height. 

A single lightning rod provides a cone-shaped protection zone with limits of an arc of radius 3 H 
passing through the tip of the lightning rod (refer to Figure E.3). 

Two lightning rods at a spacing of less than or equal to 3 H provide an extension of the 
protection zone which is limited by an arc of radius R with the centre MR at a height of 3 H 
passing through the tips of the lightning rods (see Figure E.4). 

 

Figure E.1 – Single shield wire 

 

Figure E.2 – Two shield wires 
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Figure E.3 – Single lightning rod 

 

Figure E.4 – Two lightning rods 
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Annex F 
(informative) 

 
Considerations of design for safe working 

The design of electrical power installations should comply with any provincial, national or 
regional regulations, standards and codes of practices pertaining to safe working in electrical 
power installations. 

If no such regulations or standards are available, this informative annex outlines basic 
considerations relating to the key aspects and application of safe working distances in design. 
In particular, it is essential to highlight the importance of interaction and coordination between 
suppliers and users to ensure maintainability in addition to constructability and operability of 
electrical power installations. 

Work activities may be undertaken in an electrical power installation under a variety of site or 
network conditions. Due to common operation practices, these work activities may be carried 
out according to the following procedures: 

– dead working (work on de-energized parts of an installation); 
– working in the vicinity of live parts (see IEV 651-21-02) (work near energized parts of an 

installation); and 
– live working (see IEV 651-21-01). 

Each of these three procedures involves adequate safety measures that mitigate the risks of 
electric shocks, short-circuit and arc faults. 

Working distances may be determined based upon minimal clearance of danger zone (N), taking 
into consideration overvoltage conditions and ergonomic factors (e.g. considerations of 
inadvertent movements (full or expected reach) of persons, tools, equipment, vehicles and 
conductors).  

NOTE 1 The ergonomic factors, especially the reach distances, can be derived from EN 547 or ISO 7149 and 
ISO 26800, in the absence of workforce or national information. 

An illustration of working distances is given in Figure F.1. These are described as follows: 

– Dv: Distance (Dv) defining the outer limit of the vicinity zone, which is the limited space 
outside the minimal clearance of danger zone (N). 

– Dw: Working distance (Dw) to be observed between exposed live parts and any person 
working in a closed electrical operating area including any conductive tool directly handled. 

Work in the vicinity zone is considered to be all work where a person is either inside the zone 
or reaches into the zone with parts of the body or tools, equipment and devices being handled 
but does not reach into the danger zone. 

Design should consider the working distance Dw and vicinity distance Dv where works are 
intended to be carried out when some or all of the equipment are intended to be energized 
based on user requirements. It shall be ensured that the minimum separation between the de-
energized part being worked on and the energized part does not result in a person working on 
the de-energized part entering the vicinity zone of any live part with any part of the body, tools 
or equipment. Other than in defined circumstances, Dw should be greater than or equal to Dv. 

NOTE 2 Further information regarding safe work methods can be found in CIGRE Technical Brochure 805, 
Guidelines for safe work methods in substations. 

 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


 – 108 – IEC 61936-1:2021 © IEC 2021 

 

Key 

N Minimum clearance of danger zone 

Dv Vicinity distance according to provincial, national or regional standards and regulations 

Dw Working distance according to provincial, national or regional standards and regulations 

 

Figure F.1 – Working clearances within closed electrical operating areas 

Designated work areas for routine maintenance should be considered during the design stage 
such that there are no energized parts within the work area and that danger zones are out of 
reach from the work areas. Design considerations should be given to safe access to these work 
areas. 
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Annex G 
(informative) 

 
List of notes concerning particular conditions in certain countries 

Country Clause Country note 

AU 4.1.1 Risk Management 

Asset owners, designers and others carry common law and legislative 
obligations to manage risks to health and safety of personnel. The 
following hierarchy of risk controls provide guidance on meeting these 
obligations: 

– Elimination of the hazard. 

– Minimization of the risk by the following means: 

a) Substitution (to get a lower hazard). 

b) Isolation (from persons). 

c) Engineering controls. 

– Administrative controls. 

– Personal protective equipment (PPE). 

Elimination of the hazard is rarely an option given the utility/amenity 
involved. Minimizing the risk is non-trivial with fundamentally 
hazardous substances such as electricity. Duty of care is demonstrated 
when all reasonably practicable precautions have been taken. What is 
reasonably practicable includes a measure of the significance of the 
risk versus the effort required to reduce it. The risk that is assessed in 
this process includes the risk imposed on any individual (commonly 
determined for the maximally exposed, reasonably behaved individual) 
and for the risk imposed on society (commonly determined for multiple 
fatality risk for a single event). For further guidance on risk 
management, see ISO 31000. 

Acceptable risk targets for hazards in HV installations, even those 
within levels recognized by the international safety industry as being 
'safe' may not be sufficient to meet a duty of care obligation. It is, 
however, reasonable that all known and commonly applied precautions 
have been assessed, and applied so far as is reasonably practicable 
(SFAIRP) or as low as reasonably practicable (ALARP) where the 
cost/risk reduction is not grossly disproportionate. A risk target below 
the assessed mean risk for all other hazards across all asset classes 
of the enterprise could also be used to help decide when seeking 
further precautions for a particular hazard will no longer be required.  

High voltage installations require a detailed quantitative risk 
assessment, based on industry or enterprise data including previous 
assessments. Realistic estimates of the associated cost increments 
are required to ensure the decision to not use a risk treatment, where 
the cost is disproportionate to the risk reduction, is soundly based. 

AT 4.2.4 Values of rated duration of the short-circuit less than 1 s does not 
apply for electrical power installations design, construction and 
erection. 

FI 4.4.2.2 a): Even class –50 °C could be needed. 

IE 4.4.2.2 g) North Atlantic Maritime climatic conditions as per I.S. EN 50341 apply. 

AU 5.4.1 The smaller clearances available in Table 2 and Table 3 are not 
applicable. 
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BE 5.4.1 Add: 

The minimal clearance distances between bare live parts, between 
these parts and the exposed conductive part, or between bare live 
parts of the same phase when they are separated in the opening 
position is at least equal to: 

d = 50 + 6.75 (UN – 1) 

where: 

d is the above-mentioned clearance in mm; 

UN is the nominal voltage between phases of the apparatus expressed 
in kV and rounded up to the next unit. 

IE Table 2 Where the Grid & Distribution codes apply then  

– For Um 123 kV Ud = 230 kV 

– For Um 245 kV Ud = 460 kV 

IE Table 2 Where the Grid codes apply then the following applies: 

– For Um 123 kV, min N =1 100 mm 

– For Um 245 kV, min N (Ph-Ph) 2 700 mm and min N (Ph-Earth) 
2 400 mm 

IE Table 3 Specific Grid Code requirements at 400 kV apply.  

Lightning Impulse (1,2/50 µs) is 1 550 kV, switching impulse 
(0,25/2,5 ms) is 1 175 kV.  

A value of 4750 mm phase–phase and 4 100 mm phase–earth applies. 

IE 6.2.1 The Distribution Code & Grid Code mandate specific requirements for 
switch gear locking and interlocking. 

IE 6.2.4.1 The Grid Code mandate the instrument transformer should be of 
composite (silicone rubber) insulator material. The composite insulator 
should not fragment and project parts on failure. 

IE 6.2.4.2 Add the following: 

In IE The Grid and Distribution Codes mandate the following: require 
the short circuit withstand rating of current transformers to be 
consistent with that of the associated equipment and the system 
design fault levels. 

IE 6.2.5 At transmission level, designs using porcelain are prohibited by the 
Transmission System Operator. 

SE 7.1 A new extension of an existing installation shall comply with, at the 
time for the erection, valid standard 

AU 7.1.1 Insert before last paragraph: 

Consideration shall be given to the spatial separation between live 
parts and work sections determined in accordance with national /local 
relations in order to restrict access to danger zone, taking into account 
the need for operational and maintenance access. 

AU 7.2.1 Replace first sentence of second paragraph with: 

The design of the electrical power installation shall give consideration 
to the spatial separation between live parts and the limits of work 
sections determined in accordance with national / local regulations and 
practices be such as to restrict access to danger zones, taking into 
account the need for operational and maintenance access. In 
designing layouts, the limits of work sections may be from ground or 
floor level from a platform from which a person works. For persons free 
to be in proximity of live parts it is necessary to provide enough spatial 
separation between the person's standing point and danger zone 
measured along a taut string stretched the shortest way between those 
parts. See Annex F. 

AU 7.2.2 Consideration of taut string clearance distances, 
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BE 7.2.2 The minimal protective barrier and protective obstacle clearances shall 
be at least equal to the prescriptions of clause 4.2.2 of Book 2 of the 
GREI. 

BE 7.2.2 The barriers for installations shall comply with the prescriptions of 
Book 2 of the GREI. The minimum height for outdoor installations shall 
also have a minimum height of 2,0 m. 

AU 7.2.2 In the second dash: 

The degree of protection is IP1XB or IP2X (see AS 60529) and the 
minimum protection barrier clearance is B2 =N + 300 mm (to reflect a 
tool being inserted). 

FI 7.2.2 Barriers for outdoor installations shall have a minimum height of 2,0 m. 
They shall fulfil the same requirements as the external fence. The 
minimum height of live parts behind a barrier shall be N + 300 mm with 
a minimum of 800 mm. 

BE 7.2.3 The minimal protective barrier and protective obstacle clearances shall 
be at least equal to the prescriptions of clause 4.2.2 of Book 2 of the 
GREI. 

FI 7.2.3 The use of protective method obstacles is not allowed in electrical 
installations outside of buildings. 

SE 7.2.3 Rails, chains and ropes are not allowed as protective obstacle 

IE 7.2.4 C = 4 500 mm 
E = 4 500 mm 

AU 7.2.5 Regarding the minimum height over access areas, replace 2 250 with 
2 440 for both dash points. 

FI 7.2.5 The height H for outdoor installations shall be at least H = N + 
2 600 mm, with a minimum of 2 800 mm. 

IE 7.2.5 Replace "2 250" with "2 300" in subclause 

SE 7.2.5 The height H for outdoor installations shall be at least H = N + 2 500 
mm, with a minimum of 3 000 mm. 

AU Figure 4 Replace 2 250 with 2 440 for both dimensions in figure. 

AU 7.2.7 The external fence/wall shall be at least 2 500 mm high. 

7.2.7 50 mm × 50 mm mesh is the maximum mesh size accepted. 

FI 7.2.7 The height of the external fence shall be at least 2 000 mm. The local 
conditions of snow shall be taken into account. 

AU 7.3 Replace first sentence of second paragraph with: 

The design of the electrical power installation shall give consideration 
to the spatial separation between live parts and the limits of work 
sections determined in accordance with national/local regulations and 
practices be such as to prevent access to danger zones taking into 
account the need of access for operational and maintenance purposes. 
Therefore, safety distances or permanent protective facilities within the 
installation shall be provided. 

In designing layouts, the limits or work sections may be from ground or 
floor level from a platform from which a person works. For persons free 
to be in proximity of live parts it is necessary to provide enough spatial 
separation between the person's standing point and danger zone 
measured along a taut string stretched the shortest way between those 
parts. See Annex F. 

FI 7.3 The use of indoor installations of open design is not allowed 

SE 7.3 Rails, chains and ropes are not allowed as protective obstacle 

SE 7.4.1 Outside closed electrical operation areas electrical equipment and 
cables shall either be constructed with an earthed intermediate shield 
or be protected against unintentional contact by placing out of reach. 
With an earthed intermediate shield, a metal enclosure for equipment 
or a screen for cables are understood. 

SE 7.5.4 Gangways longer than 10 m shall be accessible from both ends. Indoor 
closed restricted access areas with length exceeding 20 m shall be 
accessible by doors from both ends (See also IEC 60364-7-729). 
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AU 7.7 The minimum height H' of live parts above surfaces accessible to the 
general public shall be in accordance with national standards and 
regulations. 

FI 7.7 The minimum height H' of live parts above surfaces accessible to the 
general public shall be H' = 5 500 mm for rated voltages Um up to 
24 kV and H' = N + 5 300 mm for rated voltages Um above 24 kV. 

SE 8.2.1 Exposed-conductive-parts shall be earthed. Also extraneous-
conductive-parts which by faults, induction, or influence could become 
live and be a hazard to persons or damage to property shall be 
earthed. 

BE 8.2.2.2 Rails, chains and ropes are not allowed as protective obstacle 

SE 8.2.2.2 Rails, chains and ropes are not allowed as protective obstacle 

SE 8.2.3.1 Outside closed electrical operation areas, equipment and cables shall 
either be constructed with an earthed intermediate shield or be 
protected against unintentional contact by placing out of reach. With an 
earthed intermediate shield, a metal enclosure for equipment or a 
screen for cables are understood. 

FI 8.2.3.2 The use of protective method obstacles is not allowed in electrical 
installations of buildings. The use of protective method placing out of 
reach is restricted only to situations where the use of insulation or 
enclosures or barriers is not practicable. 

SE 8.2.3.2 Rails, chains and ropes are not allowed as protective obstacles. 

FI 8.2.3.3 In installations with Um ≤ 52 kV, where doors or covers have to be 
opened in order to carry out normal operation or maintenance, a rigid 
non-conductive rail shall be used as an additional protective measure. 

AU 8.7.1. For each installation a fire risk assessment (FRA) should be 
undertaken as described in Section 4.1. 

Fire rating of barriers must be a minimum fire rating of 120 minutes. 

AU 8.7.2.2 The dimensions G1 and G2 are to be measured from the inside edge 
wall of any bund wall rather than the measured point shown in Figure 
7a) and 7b) from the transformer where the bund wall is wider than the 
transformer.  

For this purpose, adequate clearances from the fire source, which shall 
include a fire in the bunded area shall be provided.  

AU 8.7.2.2 Indent a), replace "For example EI 60" with "Shall be REI 120". 
indent b), delete second sentence and add "shall be REI 120" at the 
end to the first sentence. 

AU 8.7.2.2 Insert new paragraph after Indent b) as follows: 

– An alternative performance-based analysis can be carried out by 
calculation of radiated head flux which Is dependent on the oil pool 
area and depth of bund for fire duration to determine separation 
distance to accurately model the fire conditions and the impacts to 
the adjacent equipment and buildings. Refer to CIGRE Technical 
Brochure 537 and IEEE standard 979. Further guidance can be 
obtained from the International Fire Engineering Guidelines. 

AU Figure 6 Replace figure text "Minimum fire resistance 00 min for the separating 
wall (EI 60)" with "Minimum fire resistance 120 min for the separating 
wall (RE120)". 

AU Figure 7 Drawing a) 
Figure shall be changed to indicate a bund and the dimensions G1 and 
G2 are to be measured from the inside edge of the bund wall. 

Drawing b) 
Figure shall be changed to indicate a bund and the dimensions G1 and 
G2 are to be measured from the inside edge of the bund wall. 

AU Figure 7 Key, Sector a: Replace 90 min (REI 90) with 120 min (REI 120)) 
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AU Table 4 After indent d) insert: 

An alternative performance-based analysis can be carried out by 
calculation of radiated head flux which Is dependent on the oil pool 
area and depth of bund for fire duration to determine separation 
distance to accurately model the fire conditions and the impacts to the 
adjacent equipment and buildings. Refer to CIGRE Technical Brochure 
537 and IEEE Standard 979. Further guidance can be obtained from 
the International Fire Engineering Guidelines. 

AU Table 5 After indent c) insert:  

An alternative performance-based analysis can be carried out by 
calculation of radiated head flux which Is dependent on the oil pool 
area and depth of bund for fire duration to determine separation 
distance to accurately model the fire conditions and the impacts to the 
adjacent equipment and buildings. Refer to CIGRE Technical Brochure 
537 and IEEE Standard 979. Further guidance can be obtained from 
the International Fire Engineering Guidelines. 

AU 8.8.1.3 The internal dimensions of the bund shall extend a minimum of 600 
mm or 50 % of the height of the highest liquid level, whichever is the 
greater. 

AU 10 The requirements regarding earthing refer to AS 2067, Substations and 
high voltage installations exceeding 1 kV a.c. 

SE 10 For requirements according to clause 10, the standard SS-EN 50522 is 
applicable 

AT 10.2.1 The curve in Figure 12, which gives the permissible touch voltage, 
shall be used. The IEEE 80 curve shown in Annex C shall not be used 
as an alternative to the curve in Figure 12. 

EI 10.2.2 The Grid and Distribution Code identify requirements. Where the 
customer plant is adjacent to a TSO/DSO substation, the two earthing 
systems should be interconnected, however each station earth grid 
should have the capability to perform independently. The point of 
interconnection should be provided with isolation links 

AT 10.3.1 In Austria, the design is also complete if UE is less than 2 UTp and the 
requirements of Table 6 are met. Furthermore, the design is also 
complete if UE is less than 4 UTp with specified measures M applied 
and the requirements of Table 6 are met. 

Therefore the flowchart of the design process in Annex D is not 
applicable. 

BE Figure 12 The values of UTp for times longer than 10 s is equal to 75 V. 

DE Annex F Safe working procedures are regulated in the national standard DIN 
VDE 0105-100. The term "danger zone N" as used in figure F.1 is 
defined in Germany by "live working zone DL". The values for the 
distances DL are determined in Table 101, values for the vicinity zone 
and the according distances DV in Tables 102 and 103 of DIN VDE 
0105-100. 
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AT Annex E According to the Electrical Engineering Act 1992 (BGBl. Nr. 106/1993, 
in the relevant version) and the associated electrical engineering 
regulation 2020 (BGBl. II Nr. 308/2020), the following provisions on 
lightning protection in high-voltage systems shall apply as stated in 
OVE-Richtlinie R 1000-3: 

High-voltage switchgear must be equipped with a lightning protection 
system (external and internal lightning protection). A distinction can be 
made between buildings and outdoor switchgear. 

State-of-the-art documentation must be available for planning and 
testing the lightning protection system. In this documentation, the 
boundaries of the danger zone to live parts (high voltage) must be 
drawn. 

When installing lightning protection systems in high-voltage 
switchgear, the minimum lightning protection class II according to 
OVE-Richtlinie R 1000-2 to be used. 

Buildings: 

Buildings are structural systems and must be equipped with a state-of-
the-art lightning protection system. 

Outdoor switchgear: 

Outdoor switchgear must be equipped with state-of-the-art lightning 
protection systems. The air-termination systems are to be positioned in 
such a way that the lightning channel penetration of the danger zone is 
prevented. In outdoor switchgear, deviations from the requirements of 
minimum lightning protection class II with regard to the rolling sphere 
radius = 30 · (1 + 0.15) m are permitted if this can be justified from the 
location of the high-voltage system parts. 

Down-conductor systems are to be designed, erected and connected to 
the earthing system in such a way that safe conduction of the lightning 
currents into the earth is ensured. 

The use of lightning protection rods is recommended in outdoor 
switchgear. Conductive structural parts with an earth effect (e.g. 
framework, portals) can also be used as natural air-termination 
systems. 

The separation distance to the danger zone of high-voltage parts shall 
be observed. 

When locating the air-termination systems of the lightning protection 
system, maintenance and operation shall also be taken into account. 

 

NOTE The nature of the list of notes is permanent or less permanent according to IEC Directives. 
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COMMISSION ÉLECTROTECHNIQUE INTERNATIONALE 

____________ 

 
INSTALLATIONS ÉLECTRIQUES DE PUISSANCE  
DE TENSION SUPÉRIEURE À 1 kV EN COURANT  
ALTERNATIF ET 1,5 kV EN COURANT CONTINU –  

 
Partie 1: Courant alternatif 

 
AVANT-PROPOS 

1) La Commission Électrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée 
de l'ensemble des comités électrotechniques nationaux (Comités nationaux de l’IEC). L’IEC a pour objet de 
favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines de 
l'électricité et de l'électronique. À cet effet, l’IEC – entre autres activités – publie des Normes internationales, 
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et des 
Guides (ci-après dénommés "Publication(s) de l’IEC"). Leur élaboration est confiée à des comités d'études, aux 
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisations 
internationales, gouvernementales et non gouvernementales, en liaison avec l’IEC, participent également aux 
travaux. L’IEC collabore étroitement avec l'Organisation Internationale de Normalisation (ISO), selon des 
conditions fixées par accord entre les deux organisations. 

2) Les décisions ou accords officiels de l’IEC concernant les questions techniques représentent, dans la mesure du 
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de l’IEC intéressés 
sont représentés dans chaque comité d’études. 

3) Les Publications de l’IEC se présentent sous la forme de recommandations internationales et sont agréées 
comme telles par les Comités nationaux de l’IEC. Tous les efforts raisonnables sont entrepris afin que l’IEC 
s'assure de l'exactitude du contenu technique de ses publications; l’IEC ne peut pas être tenue responsable de 
l'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final. 

4) Dans le but d'encourager l'uniformité internationale, les Comités nationaux de l’IEC s'engagent, dans toute la 
mesure possible, à appliquer de façon transparente les Publications de l’IEC dans leurs publications nationales 
et régionales. Toutes divergences entre toutes Publications de l’IEC et toutes publications nationales ou 
régionales correspondantes doivent être indiquées en termes clairs dans ces dernières. 

5) L’IEC elle-même ne fournit aucune attestation de conformité. Des organismes de certification indépendants 
fournissent des services d'évaluation de conformité et, dans certains secteurs, accèdent aux marques de 
conformité de l’IEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification 
indépendants. 

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la dernière édition de cette publication. 

7) Aucune responsabilité ne doit être imputée à l’IEC, à ses administrateurs, employés, auxiliaires ou mandataires, 
y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de l’IEC, 
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quelque 
nature que ce soit, directe ou indirecte, ou pour supporter les coûts (y compris les frais de justice) et les dépenses 
découlant de la publication ou de l'utilisation de cette Publication de l’IEC ou de toute autre Publication de l’IEC, 
ou au crédit qui lui est accordé. 

8) L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications 
référencées est obligatoire pour une application correcte de la présente publication. 

9) L’attention est attirée sur le fait que certains des éléments du présent document de l'IEC peuvent faire l’objet de 
droits de brevet. L’IEC ne saurait être tenue pour responsable de ne pas avoir identifié de tels droits de brevets. 

La Norme internationale IEC 61936-1 a été établie par le sous-comité 99 de l’IEC: Installations 
électriques de tension supérieure à 1,0 kV en courant alternatif et 1,5 kV en courant continu: 
Coordination de l'isolement et conception. 

Cette troisième édition annule et remplace la deuxième édition parue en 2010 et 
l’Amendement 1:2014. Cette édition constitue une révision technique.  

Cette édition inclut les modifications techniques majeures suivantes par rapport à l'édition 
précédente: 

a) l’introduction a été remaniée pour refléter la réalité au moment de la rédaction du présent 
document; 

b) le domaine d’application a été amélioré pour clarifier l’application du présent document; 
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c) les termes et définitions manquants et obsolètes ont été mis à jour, et les termes existants 
ont été améliorés;  

d) le Tableau 1 a été mis à jour pour tenir compte des situations qui nécessitent des accords 
entre le fournisseur et l’utilisateur; 

e) les exigences en matière de compatibilité électromagnétique ont été clarifiées; 
f) la formulation de l’Article 5) relatif à la coordination de l’isolement a été améliorée et la 

coordination de son contenu technique avec les dernières versions des normes de 
coordination de l’isolement a été mise à jour; 

g) la formulation concernant les matériels électriques a été améliorée et clarifiée; 
h) le paragraphe relatif aux fusibles a été amélioré et reformulé; 
i) des exigences en matière d’étiquetage ont été introduites lorsque des sources multiples 

doivent être déconnectées; 
j) les exigences manquantes pour les postes sous enveloppe métallique (PSEM) ont été 

réintroduites; 
k) amélioration du paragraphe relatif à la ventilation (CVC, chauffage, ventilation et 

climatisation); 
l) mise à jour des chiffres dans l'Article 7 et leur déplacement vers le paragraphe 

correspondant; 
m) les exigences relatives aux installations de transformateurs ont été améliorées, et les fautes 

de frappe ont été corrigées; 
n) restructuration et amélioration de l’article relatif aux systèmes de protection, 

d’automatisation et auxiliaires; 
o) la protection contre les coups de foudre a été étendue; 
p) clarification du contenu en raison de la distinction entre les activités de montage (et 

l’assurance de la sécurité électrique pour l’utilisation prévue de l’installation électrique) et 
les activités consécutives (par exemple, la maintenance et la réparation) avec des 
procédures de travail sûres; 

q) présence d’une ligne directrice informative dans l’Annexe F en l’absence de réglementation 
locale, nationale ou régionale sur les procédures de travail sûres. Cette modification se 
substitue aux anciennes parties de la Figure 3 à l'Article 7. 

Le texte de cette Norme internationale est issu des documents suivants: 

FDIS Rapport de vote 

99/311/FDIS 99/316/RVD 

 
Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant 
abouti à son approbation. 

La version française de cette norme n’a pas été soumise au vote. 

La langue employée pour l'élaboration de cette Norme internationale est l'anglais. 

Le présent document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé 
selon les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles 
sous www.iec.ch/members_experts/refdocs. Les principaux types de documents développés 
par l'IEC sont décrits plus en détail sous www.iec.ch/standardsdev/publications. 

Une liste de toutes les parties de la série IEC 61936, publiées sous le titre général Installations 
électriques de puissance de tension supérieure à 1 kV en courant alternatif et 1,5 kv en courant 
continu, peut être consultée sur le site web de l'IEC. 
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Un document portant sur les principes à respecter dans l’élaboration des publications de 
sécurité concernant les installations à haute tension est actuellement en cours de rédaction 
(IEC TS 61936-0). 

Le comité a décidé que le contenu du présent document ne sera pas modifié avant la date de 
stabilité indiquée sur le site web de l'IEC sous webstore.iec.ch dans les données relatives au 
document recherché. À cette date, le document sera  

• reconduit, 

• supprimé, 

• remplacé par une édition révisée, ou 

• amendé. 
 
L’attention du lecteur est attirée sur le fait que l’Annexe G énumère tous les articles traitant des 
différences à caractère moins permanent inhérentes à certains pays, concernant le sujet du 
présent document. 

 

IMPORTANT – Le logo "colour inside" qui se trouve sur la page de couverture de cette 
publication indique qu'elle contient des couleurs qui sont considérées comme utiles à une 
bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent, imprimer 
cette publication en utilisant une imprimante couleur. 
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INTRODUCTION 

La présente partie de l’IEC 61936 contient les exigences minimales pour la conception, le 
montage et la vérification des installations électriques à haute tension supérieure à 1 kV en 
courant alternatif. Les règles visent à assurer la sécurité des personnes, du bétail et des biens 
contre les dangers et dommages qui peuvent survenir lors de l’utilisation raisonnable de ces 
installations électriques et à assurer le bon fonctionnement de ces installations. 

Il existe de nombreuses lois locales, nationales et régionales, normes et règles internes qui 
traitent du sujet relevant du domaine d’application du présent document et concernant les 
installations électriques à haute tension. Ces pratiques ont été prises en compte lors des 
travaux. 

Cette troisième édition de l'IEC 61936-1, parue pour la première fois en 2001, fait suite à des 
commentaires à l’échelon mondial qui visent à améliorer la clarté de la norme. Elle poursuit 
l’effort de mise en cohérence au niveau mondial des pratiques relatives à la conception et au 
montage des installations électriques à haute tension. 

Des exigences particulières pour les installations de transport et de distribution, ainsi que pour 
les centrales de production et les installations industrielles sont incluses dans le présent 
document. 

Les autorités compétentes peuvent choisir d’adopter les exigences de la présente norme bien 
que les normes et réglementations nationales prévalent. 
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INSTALLATIONS ÉLECTRIQUES DE PUISSANCE  
DE TENSION SUPÉRIEURE À 1 kV EN COURANT  
ALTERNATIF ET 1,5 kV EN COURANT CONTINU –  

 
Partie 1: Courant alternatif 

 
 
 

1 Domaine d'application 

La présente partie de l’IEC 61936 fournit des exigences relatives à la conception et au montage 
des installations électriques dans des systèmes dont les tensions nominales sont supérieures 
à 1 kV en courant alternatif et la fréquence nominale inférieure ou égale à 60 Hz, afin d'assurer 
la sécurité et le fonctionnement correct pour l'utilisation prévue. 

Pour les besoins d’interprétation du présent document, une installation électrique est 
considérée comme l'une des suivantes: 

a) poste, y compris poste pour alimentation de réseaux ferroviaires; 
b) installations électriques sur mât, pylône et tour, appareillage et/ou transformateurs situés à 

l'extérieur d'une installation électrique fermée; 
c) une ou plusieurs centrales électriques placées dans un site unique, l'installation électrique 

comprend les générateurs et les transformateurs avec tout l'appareillage et tous les 
auxiliaires électriques associés. Les liaisons entre les centrales situées sur des sites 
différents sont exclues; 

d) le réseau électrique d’une usine, installation industrielle ou autres locaux industriels, 
agricoles, commerciaux ou publics; 

e) les installations électriques mises en œuvre sur des plates-formes offshore, pour la 
production, le transport, la distribution et/ou le stockage de l’énergie électrique; et 

f) les tours/pôles de transition (entre les lignes aériennes et souterraines). 

L'installation électrique comprend notamment les matériels suivants: 

– machines électriques tournantes; 
– appareillage; 
– transformateurs et réactances; 
– convertisseurs; 
– câbles; 
– canalisations électriques; 
– batteries; 
– condensateurs; 
– installations de mise à la terre; 
– bâtiments et clôtures qui font partie d'une installation électrique fermée; 
– systèmes associés de protection, de commande et auxiliaires; 
– réactance élevée à noyau d’air. 

NOTE 1 En règle générale, les normes de matériels prévalent sur les exigences du présent document. 

Le présent document ne s'applique pas à la conception et au montage des éléments suivants: 

– lignes aériennes et souterraines entre différentes installations électriques; 
– lignes de chemin de fer électriques et matériel roulant; 
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– matériels et installations de mine; 
– installations d’éclairages fluorescents; 
– installations sur les bateaux conformément à l’IEC 60092 (toutes les parties) et les unités 

offshore conformément à l’IEC 61892 (toutes les parties) qui sont utilisées dans l’industrie 
pétrolière offshore à des fins de forage, de traitement et de stockage; 

– matériels électrostatiques (par exemple, précipitateurs électrostatiques, cabines de 
peinture); 

– sites d’essai; 
– matériel médical, par exemple, matériel à rayons X. 

Le présent document ne s'applique pas à la conception des appareillages préfabriqués soumis 
à un essai de type et des postes préfabriqués à haute tension/basse tension, pour lesquels des 
normes IEC spécifiques existent. 

NOTE 2 Les exigences relatives aux travaux effectués sous tension sur des installations électriques ne relèvent 
pas du domaine d’application du présent document. 

NOTE 3 Le domaine d’application du présent document inclut les exigences de sécurité relatives aux installations 
électriques HT, et leurs influences sur les installations BT. Pour les installations électriques jusqu’à 1 kV, l'IEC 60364 
(toutes les parties) s’applique. 

2 Références normatives 

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie 
de leur contenu, des exigences du présent document. Pour les références datées, seule 
l'édition citée s'applique. Pour les références non datées, la dernière édition du document de 
référence s'applique (y compris les éventuels amendements). 

IEC 60034-1, Machines électriques tournantes – Partie 1: Caractéristiques assignées et 
caractéristiques de fonctionnement 

IEC 60060-1, Techniques des essais à haute tension – Partie 1: Définitions et exigences 
générales 

IEC 60071-1:2019, Coordination de l’isolement – Partie 1: Définitions, principes et règles  

IEC 60071-2, Coordination de l’isolement – Partie 2: Lignes directrices en matière d'application 

IEC 60076 (toutes les parties), Transformateurs de puissance 

IEC 60079-0, Atmosphères explosives – Partie 0: Appareils – Exigences générales 

IEC 60079-10-1, Atmosphères explosives – Partie 10-1: Classement des emplacements – 
Atmosphères explosives gazeuses 

IEC 60079-10-2, Atmosphères explosives – Partie 10-2: Classement des emplacements – 
Atmosphères explosives poussiéreuses 

IEC 60255 (toutes les parties), Relais de mesure et dispositifs de protection  

IEC 60331-1, Essais pour câbles électriques soumis au feu – Intégrité des circuits – Partie 1: 
Méthode d’essai au feu avec chocs pour les câbles de tension assignée au plus égale à 
0,6/1,0 kV et de diamètre externe supérieur à 20 mm, à une température d’au moins 830 °C 

IEC 60331-21, Essais de câbles électriques soumis au feu – Intégrité des circuits – Partie 21: 
Procédures et prescriptions – Câbles de tension assignée jusque et y compris 0,6/1,0 kV 
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IEC 60332 (toutes les parties), Essais des câbles électriques et à fibres optiques soumis au feu 

IEC 60364 (toutes les parties), Installations électriques à basse tension 

IEC 60479-1:2018, Effects of current on human beings and livestock – Part 1: General aspects 
(disponible en anglais seulement) 

IEC 60529, Degrés de protection procurés par les enveloppes (Code IP) 

IEC 60754 (toutes les parties), Essai sur les gaz émis lors de la combustion des matériaux 
prélevés sur câbles 

IEC TS 60815-1, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 1: Definitions, information and general principles (disponible en 
anglais seulement) 

IEC TS 60815-2, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 2: Ceramic and glass insulators for a.c. systems (disponible en 
anglais seulement) 

IEC TS 60815-3, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 3: Polymer insulators for a.c. Systems (disponible en anglais 
seulement) 

IEC TR 61000-5-2, Compatibilité électromagnétique (CEM) – Partie 5: Guides d’installation et 
d’atténuation – Section 2: Mise à la terre et câblage 

IEC 61034-1, Mesure de la densité de fumées dégagées par des câbles brûlant dans des 
conditions définies – Partie 1: Appareillage d’essai 

IEC 61219, Travaux sous tension – Appareil de mise à la terre ou de mise à la terre et en court-
circuit utilisant des cannes comme dispositif de mise en court-circuit – Mise à la terre au moyen 
de cannes  

IEC 61230, Travaux sous tension – Équipements portables de mise à la terre ou de mise à la 
terre et en court-circuit  

IEC TS 61463, Bushings – Seismic qualification (disponible en anglais seulement) 

IEC 62271-1:2017, Appareillage à haute tension – Partie 1: Spécifications communes pour 
appareillage à courant alternatif 

IEC 62271-200, Appareillage à haute tension – Partie 200: Appareillage sous enveloppe 
métallique pour courant alternatif de tensions assignées supérieures à 1 kV et inférieures ou 
égales à 52 kV 

IEC 62271-201, Appareillage à haute tension – Partie 201: Appareillage sous enveloppe 
isolante solide pour courant alternatif de tensions assignées supérieures à 1 kV et inférieures 
ou égales à 52 kV 

IEC 62271-202, Appareillage à haute tension – Partie 202: Postes préfabriqués haute 
tension/basse tension 

IEC 62271-203, Appareillage à haute tension – Partie 203: Appareillage sous enveloppe 
métallique à isolation gazeuse de tensions assignées supérieures à 52 kV 
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IEC 62271-207, Appareillage à haute tension – Partie 207: Qualification sismique pour 
ensembles d’appareillages à isolation gazeuse pour des niveaux de tension assignée 
supérieurs à 52 kV 

IEC TR 62271-300, Appareillage à haute tension – Partie 300: Qualification sismique des 
disjoncteurs à courant alternatif 

IEC 62305 (toutes les parties), Protection contre la foudre 

IEC IEEE 82079-1, Élaboration des informations d'utilisation (Instructions d'utilisation) des 
produits – Partie 1: Principes et exigences générales 

3 Termes et définitions 

Pour les besoins du présent document, les termes et définitions suivants s'appliquent. 

L'ISO et l'IEC tiennent à jour des bases de données terminologiques destinées à être utilisées 
en normalisation, consultables aux adresses suivantes:  

• IEC Electropedia: disponible à l'adresse http://www.electropedia.org/ 

• ISO Online browsing platform: disponible à l'adresse http://www.iso.org/obp 

3.1 Définitions générales  

3.1.1  
matériel électrique 
matériel utilisé pour la production, la transformation, le transport, la distribution ou l'utilisation 
de l'énergie électrique, tel que machine, transformateur, appareillage, appareil de mesure, 
dispositif de protection, canalisation électrique, matériels d'utilisation 

[SOURCE: IEC 60050-826:2004, 826-16-01, modifiée – dans le terme anglais, "electric" a été 
remplacé par ʺelectricalʺ.] 

3.1.2  
valeur nominale 
valeur d'une grandeur, utilisée pour dénommer et identifier un composant, un dispositif, un 
matériel ou un système 

[SOURCE: IEC 60050-151:2001, 151-16-09, modifiée – La note a été supprimée.] 

3.1.3  
valeur assignée 
valeur d'une grandeur, utilisée à des fins de spécification, correspondant à un ensemble 
spécifié de conditions de fonctionnement d'un composant, dispositif, matériel ou système 

[SOURCE: IEC 60050-151:2001, 151-16-08] 

3.1.4  
tension la plus élevée pour l’installation 
Um 
plus grande valeur de la tension efficace entre phases pour laquelle l’installation est conçue 
dans le respect de son isolation 

Note 1 à l'article: Pour les besoins du présent document, "tension la plus élevée pour l’installation Um" est égale à 
"tension la plus élevée pour le matériel Um" conformément à l’IEC 60071-1. 
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3.1.5  
zone de connexion soumise à l’essai 
zone au voisinage des bornes du matériel qui a subi un essai de type diélectrique avec la ou 
les valeurs de tenue appropriées, les conducteurs concernés étant connectés aux bornes d'une 
manière spécifiée par le constructeur du matériel 

3.1.6  
distance de sectionnement d’un pôle  
<d’un appareil mécanique de connexion> distance d'isolement entre contacts ouverts 
satisfaisant aux exigences de sécurité concernant les sectionneurs 

[SOURCE: IEC 60050-441:2000, 441-17-35] 

3.1.7  
sectionnement 
coupure ou déconnexion d'une installation électrique, d'une partie d'installation électrique ou 
d'un matériel à partir de tous les conducteurs non mis à la terre par la création d'intervalles ou 
de distances d'isolement 

3.1.8  
partie active 
conducteur ou partie conductrice destiné à être sous tension en service normal, y compris le 
point neutre isolé 

Note 1 à l'article: La notion n’implique pas nécessairement un risque de choc électrique. 

[SOURCE: IEC 60050-195:2021, 195-02-19, modifiée – "conducteur ou" a été ajouté au début 
de la définition. "conducteur de neutre et conducteur de point milieu" a été remplacé par "point 
neutre isolé". Les termes “BT“ et “relation“ ne sont pas inclus.] 

3.1.9  
artère 
ligne électrique issue d’un poste principal, alimentant un ou plusieurs postes secondaires ou 
une ou plusieurs lignes secondaires ou encore une association des deux 

[SOURCE: IEC 60050-601:1985, 601-02-08, modifiée – ̋ ou une ou plusieurs lignes secondaires 
ou encore une association des deuxʺ inclus] 

3.1.10  
ferrorésonance 
résonance due à des oscillations entre la capacitance d’un appareil et l’inductance du circuit 
magnétique saturable d’un appareil voisin 

[SOURCE: IEC 60050-614:2016, 614-01-19] 

3.1.11  
surtension transitoire 
surtension d’une durée ne dépassant pas quelques millisecondes, oscillatoire ou non, 
généralement fortement amortie 

[SOURCE: IEC 60050-614:2016, 614-03-14, modifiée – Les notes à l’article ont été supprimées] 
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3.1.12  
surtension temporaire 
TOV 
surtension à fréquence industrielle de durée relativement longue 

Note 1 à l'article: La surtension peut être non amortie ou faiblement amortie. Dans certains cas, sa fréquence peut 
être inférieure ou supérieure à la fréquence industrielle dans un rapport de plusieurs unités 

Note 2 à l'article: L'abréviation "TOV" est dérivée du terme anglais développé correspondant "temporary 
overvoltage". 

[SOURCE: IEC 60071-1:2019, 3.17.1] 

3.1.13  
haute tension 
HT 
tension supérieure à 1 000 V en courant alternatif 

[SOURCE: IEC 60050-601:1985, 601-01-27, modifiée – Limite fixée, HT > 1 000 V et synonyme 
au terme préférentiel décalé vers une nouvelle ligne.] 

3.1.14  
basse tension 
BT 
tension inférieure à 1 000 V en courant alternatif 

[SOURCE: IEC 60050-601:1985, 601-01-26, modifiée – Limite fixée, HT ≤ 1 000 V et synonyme 
au terme préférentiel décalé vers une nouvelle ligne.] 

3.1.15  
exploitation 
ensemble des activités, incluant à la fois les travaux électriques et non électriques, nécessaires 
pour permettre le fonctionnement d’une installation électrique 

Note 1 à l'article: Ces activités comprennent les manœuvres, la commande, le contrôle et la maintenance. 

[SOURCE: IEC 60050-151:2001, 151-11-28, modifiée – Elargissement du domaine associé aux 
installations électriques] 

3.1.16  
conditions normales d’exploitation 
toutes conditions de fonctionnement fréquemment rencontrées 

Note 1 à l'article: Ces conditions incluent les conditions assignées d'exploitation, les conditions maximales et 
minimales d’exploitation, les charges partielles, les transitoires normales (démarrage, arrêt, variations de charge) et 
les situations d'attente. 

3.1.17  
conditions anormales d’exploitation 
conditions de fonctionnement rares (seulement quelques fois au cours de la durée de vie du 
matériel) 

Note 1 à l'article: Ces conditions incluent les erreurs humaines, pertes d’alimentation, surtensions, séismes, etc. 
Après de telles conditions d'exploitation, un contrôle de ces matériels peut être exigé.  

3.1.18  
travaux électriques 
travaux sur, avec ou à proximité d’une installation électrique tels que essais et mesurages, 
réparations, remplacements, modifications, extensions, montages et contrôles 
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3.2 Définitions concernant les installations électriques 

3.2.1  
installation électrique fermée 
salle ou lieu destiné à l'exploitation des installations électriques et des matériels électriques 
dont l'accès est réservé aux personnes qualifiées ou instruites ou aux autres personnes 
ordinaires sous la surveillance de personnes qualifiées ou instruites 

3.2.2  
installation présentant un danger d'incendie 
salle, zone ou emplacement intérieur ou extérieur, où existe un danger dû aux conditions 
locales ou de fonctionnement par lesquelles des quantités dangereuses de matériaux 
facilement inflammables peuvent se trouver suffisamment proches des matériels électriques 
pour créer un danger d'incendie dû à la température élevée du matériel ou à un arc 

3.2.3  
fosse de récupération 
réceptacle destiné à recueillir l'isolant liquide d'un transformateur ou de tout autre matériel en 
cas de fuite 

3.2.4  
réservoir de récupération 
réservoir destiné à recevoir les fuites de liquide, l'eau de pluie, etc. pour un ou plusieurs 
transformateurs ou tout autre matériel 

3.2.5  
jeu de barres 
conducteur associé à des connexions, jonctions et supports isolés formant une connexion 
électrique commune entre un certain nombre de circuits ou des éléments individuels des 
appareillages  

3.3 Définitions concernant les types d’installations électriques 

3.3.1  
poste 
<d’un réseau électrique> partie d'un réseau électrique, située en un même lieu, comprenant 
principalement les extrémités des lignes de transport ou de distribution, de l'appareillage 
électrique, des bâtiments et, éventuellement, des transformateurs. 

Note 1 à l'article: Un poste comprend généralement les dispositifs destinés à la sécurité et à la conduite du réseau 
(par exemple les protections) 

Note 2 à l'article: Selon le type de réseau auquel appartient le poste, il peut être qualifié par la désignation du 
réseau.  

EXEMPLE Poste de transport (d'un réseau de transport), poste de distribution, poste à 400 kV, poste à 20 kV.  

[SOURCE: IEC 60050-605:1983, 605-01-01, modifiée – Les informations supplémentaires ont 
été déplacées de la définition à la Note 1 à l’article.] 

3.3.2  
centrale électrique 
équipement destiné à la production d'énergie électrique et qui comprend les ouvrages de génie 
civil, de conversion énergétique ainsi que l'appareillage associé  

[SOURCE: IEC 60050-602:1983, 602-01-01] 

3.3.3  
installations ouvertes 
installations dans lesquelles le matériel n'est pas protégé contre les contacts directs 
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3.3.4  
ʺcelluleʺ ou ʺcompartimentʺ d'appareillage 
toute partie d'un jeu de barres dans une installation électrique 

3.4 Définitions concernant les mesures de protection contre les chocs électriques 

3.4.1  
protection contre les contacts directs 
mesures qui empêchent les personnes d'approcher des parties actives dangereuses ou des 
zones où il existe un risque de tension dangereuse avec des parties de leurs corps ou des 
objets (atteignant la zone dangereuse) 

3.4.2  
protection contre le contact indirect 
protection des personnes contre les dangers susceptibles de résulter, en cas de défaut, d'un 
contact avec des parties conductrices accessibles de matériel électrique ou des éléments 
conducteurs étrangers 

3.4.3  
enveloppe 
enceinte assurant la protection du matériel contre certaines influences externes et, dans toute 
direction, la protection contre les contacts directs 

3.4.4  
barrière de protection 
<électrique> partie assurant la protection contre les contacts directs d’un être humain ou du 
bétail avec les parties actives dangereuses dans toute direction habituelle d’accès  

[SOURCE: IEC 60050-195:2021, 195-06-15, modifiée – dans la définition, ʺcontactʺ a été 
remplacé par ʺcontact directʺ.] 

3.4.5  
obstacle de protection 
élément empêchant un contact direct fortuit, mais ne s'opposant pas à un contact direct par 
une action délibérée 

[SOURCE: IEC 60050-826:2004, 826-12-24] 

3.5 Définitions concernant les distances d’isolement 

3.5.1  
distance d'isolement 
distance entre deux parties conductrices le long d'un fil tendu suivant le plus court trajet 
possible entre ces deux parties conductrices  

[SOURCE: IEC 60050-441:1984, 441-17-31] 

3.5.2  
distance minimale d’isolement 
plus petite distance d'isolement admissible dans l'air entre des parties actives ou entre des 
parties actives et la terre 

3.5.3  
distance d'isolement d'une barrière de protection 
plus petite distance d'isolement admissible entre une barrière de protection et les parties 
actives ou des parties susceptibles d’être soumises à une tension dangereuse 
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3.5.4  
distance d'isolement d'un obstacle de protection 
plus petite distance d'isolement admissible entre un obstacle de protection et les parties actives 
ou les parties susceptibles d’être soumises à une tension dangereuse 

3.5.5  
zone dangereuse 
dans le cas de la haute tension, zone limitée par une distance minimale autour des parties 
actives dangereuses ne présentant pas une protection complète 

Note 1 à l'article: L’entrée dans une zone dangereuse est considérée comme équivalente au contact avec des 
parties actives dangereuses. 

[SOURCE: IEC 61140:2016, 3.35] 

3.5.6  
distance minimale d’isolement de la zone dangereuse  
N. 
distance d’isolement qui décrit l’espace de la zone dangereuse autour des parties actives 
dangereuses sans protection complète contre les contacts directs 

Note 1 à l'article: Les valeurs de distance d'isolement minimale de la zone dangereuse indiquées dans le Tableau 2, 
le Tableau 3 et l’Annexe A sont désignées par "N".  

Note 2 à l'article: Les distances de sécurité données à l’Article 7 sont fondées sur la distance minimale d’isolement 
de la zone dangereuse. 

3.5.7  
distance d'isolement d'une clôture 
plus petite distance d'isolement admissible entre une clôture extérieure et les parties actives 
ou les parties susceptibles d’être soumises à une tension dangereuse 

3.5.8  
hauteur minimale 
plus petite distance verticale admissible entre les surfaces accessibles et les parties actives 
sans protection contre les contacts directs ou des parties susceptibles d’être soumises à une 
tension dangereuse 

3.5.9  
tension normalisée de courte durée à fréquence industrielle 
tension sinusoïdale de fréquence comprise entre 48 Hz et 62 Hz et de durée égale à 60 s 

[SOURCE: IEC 60071-1:2019, 3.18.1] 

3.5.10  
tension assignée normalisée de tenue aux fréquences industrielles de courte durée 
valeur efficace normalisée comme tension de tenue pour les niveaux spécifiés de tension 
normalisée de courte durée à fréquence industrielle 

Note 1 à l'article: Voir l’IEC 60071-1:2019, 5.6 pour les niveaux de tension spécifiés. 

3.5.11   
tension normalisée de choc de foudre 
tension de choc ayant une durée de front de 1,2 µs et une durée jusqu'à la mi-valeur de 50 µs 

[SOURCE: IEC 60071-1:2019, 3.18.3, modifiée uniquement en anglais – le mot ʺvoltageʺ ajouté 
au terme anglais] 
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3.5.12  
tension assignée normalisée de tenue au choc de foudre 
valeur de crête normalisée comme tension de tenue de la tension normalisée de choc de foudre 

Note 1 à l'article: Voir l’IEC 60071-12019, 5.7 pour les valeurs spécifiées. 

3.5.13  
tension normalisée de choc de manœuvre 
tension de choc ayant une durée jusqu'à la crête de 250 µs et une durée jusqu'à la mi-valeur 
de 2 500 µs  

[SOURCE: IEC 60071-1:2019, 3.18.2, modifiée uniquement en anglais – le mot ʺvoltageʺ ajouté 
au terme anglais] 

3.5.14  
tension assignée normalisée de tenue au choc de manœuvre 
valeur de crête normalisée comme tension de tenue de la tension normalisée de choc de 
manœuvre  

Note 1 à l'article: Voir l’IEC 60071-12019, 5.7 pour les valeurs spécifiées. 

3.6 Définitions concernant la commande et la protection 

3.6.1  
dispositif de verrouillage 
dispositif qui subordonne la possibilité de fonctionnement d'un appareil de connexion à la 
position ou au fonctionnement d'un ou de plusieurs autres éléments de l'équipement 

[SOURCE: IEC 60050-441:1984, 441-16-49] 

3.6.2  
commande directe 
commande d'une manœuvre, effectuée à partir d'un point situé sur l'appareil de connexion 
commandé ou dans le voisinage immédiat de celui-ci 

[SOURCE IEC 60050-441:1984, 441-16-06] 

3.6.3  
commande à distance, télécommande 
commande d'une manœuvre, effectuée à partir d'un point éloigné de l'appareil de connexion 
commandé 

[SOURCE: IEC 60050-441:1984, 441-16-07] 

3.6.4  
réenclenchement automatique 
refermeture du disjoncteur associé à une fraction de réseau affectée d'un défaut, par un 
dispositif automatique après un intervalle de temps permettant la disparition d'un défaut fugitif 

[SOURCE: IEC 60050-614:2016, 614-02-29] 
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3.7 Définitions concernant la mise à la terre 

3.7.1  
terre locale 
local ground (US) 
partie de la Terre en contact électrique avec une prise de terre, et dont le potentiel électrique 
n'est pas nécessairement égal à zéro 

Note 1 à l'article: Le potentiel électrique de tout point de la masse conductrice de la Terre est pris, par convention, 
égal à zéro. 

[SOURCE: IEC 60050-195:2021, 195-01-03, modifiée – La Note 1 à l’article a été ajoutée] 

3.7.2  
terre de référence 
reference ground (US) 
partie de la Terre considérée comme conductrice, dont le potentiel électrique est pris, par 
convention, égal à zéro, étant hors de la zone d'influence de l’installation de mise à la terre 
concernée 

Note 1 à l'article: La notion de ʺTerreʺ se réfère à la planète et à toute la matière dont elle est composée. 

[SOURCE: IEC 60050-195:2021, 195-01-01, modifiée – ʺtoute installation de mise à la terreʺ a 
été remplacé par ʺl'installation de mise à la terre concernéeʺ.] 

3.7.3  
prise de terre 
électrode de terre 
<installations électriques> partie conductrice qui peut être incorporée dans un milieu 
conducteur particulier, par exemple béton ou coke, en contact électrique avec la Terre 

[SOURCE: IEC 60050-195:1998, 195-02-01, modifiée – "<installations électriques>” a été 
ajouté.]  

3.7.4  
conducteur de (mise à la) terre 
grounding conductor (US) 
conducteur assurant un chemin conducteur, ou une partie du chemin conducteur, entre un point 
donné d'un réseau, d'une installation, ou d'un matériel et une prise de terre 

Note 1 à l'article: Si la connexion entre une partie de l'installation et l'électrode de terre est assurée par une barrette 
de coupure, un sectionneur, un compteur ou un intervalle de décharge d'un parafoudre, etc., seule la partie de la 
connexion attachée de façon permanente à l’électrode de terre est un conducteur de mise à la terre. 

[SOURCE: IEC 60050-195:2021, 195-02-03, modifiée – Dans la définition, "formant un chemin 
conducteur entre une partie conductrice" a été remplacé par "assurant un chemin conducteur, 
ou une partie du chemin conducteur, entre un point donné d'un réseau, d'une installation, ou 
d'un matériel". La Note 1 à l’article a été ajoutée.] 

3.7.5  
conducteur d'équipotentialité de protection 
conducteur de protection assurant une liaison équipotentielle 

3.7.6  
installation de mise à la terre 
grounding system (US) 
ensemble des connexions électriques et dispositifs mis en œuvre qui sont nécessaires pour 
mettre à la terre séparément ou collectivement un appareil ou une installation 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


IEC 61936-1:2021 © IEC 2021 – 141 –  

[SOURCE: IEC 60050-826:2004, 826-13-04, modifiée – Dans la définition, ʺsystèmeʺ a été 
remplacé par ʺensembleʺ. La définition précise que les parties mises en œuvre peuvent mises 
à la terre séparément ou collectivement.]  

3.7.7  
prise de terre de fait 
partie métallique qui est en contact avec la terre ou avec l'eau, directement ou par 
l'intermédiaire du béton, et qui n'est pas destinée à la mise à la terre, mais qui satisfait à toutes 
les exigences d'une prise de terre sans modifier sa destination 

Note 1 à l'article: Des exemples de prises de terre de fait sont des conduites métalliques, des plaques de fondation, 
des armatures de poteaux en béton, des parties métalliques des bâtiments, etc.  

3.7.8  
résistivité électrique du sol  
ρE 
résistivité d’un échantillon typique du sol 

[SOURCE: IEC 60050-195:1998, 195-01-19] 

3.7.9  
résistance de terre 
RE 
partie réelle de l’impédance de mise à la terre 

[SOURCE: IEC 60050-195:1998, 195-01-18] 

3.7.10  
impédance de terre 
ZE 
impédance pour une fréquence donnée entre un point spécifié d’un réseau, d’une installation 
ou d’un matériel et la terre de référence 

Note 1 à l'article: L'impédance de terre est déterminée non seulement par les prises de terre directement 
connectées, mais également par les mises à la terre des lignes aériennes interconnectées, par des câbles de garde 
des lignes aériennes, par des câbles avec écran et par toutes autres installations de mise à la terre, reliées à 
l'installation de mise à la terre concernée, par des gaines conductrices, des blindages, des conducteurs PEN ou de 
toute autre manière. L’impédance de terre comprend la résistance de terre du poste et les impédances parallèles 
connectées telles que des câbles de garde et des gaines. 

[SOURCE: IEC 60050-195:2021, 195-01-17, modifiée – Le symbole ZE et la Note 1 à l’article 
ont été ajoutés] 

3.7.11  
élévation du potentiel de terre 
EPR 
UE 
tension entre une installation de mise à la terre et la terre de référence  

Note 1 à l'article: L’abréviation ʺEPRʺ est dérivée du terme anglais développé correspondant ʺearth potential riseʺ. 

3.7.12  
tension de contact, tension de toucher 
UT 
<effective> tension entre des parties conductrices touchées simultanément 

Note 1 à l'article: La valeur de la tension de contact effective peut être sensiblement influencée par l'impédance de 
la personne en contact électrique avec ces parties conductrices.  
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[SOURCE: IEC 60050-195:2021, 195-05-11, modifiée – Le symbole UT a été ajouté. Dans la 
définition, ʺpar un être humain ou par du bétail" a été supprimé. Dans la Note 1 à l’article, "de 
l’être humain ou du bétail" a été remplacé par "de la personne".] 

3.7.13  
tension de contact admissible  
UTp 
valeur limite de la tension de contact UT  

3.7.14  
tension de contact présumée  
UvT 
tension entre des parties conductrices simultanément accessibles en l’absence de tout contact  

3.7.15  
tension de contact admissible présumée  
UvTp 
valeur limite de la tension de contact présumée UvT  

3.7.16  
tension de pas 
tension entre deux points de la surface de la Terre distants de 1 m 

Note 1 à l'article: Une distance de 1 m est considérée comme la longueur de l’enjambée d'une personne. 

[SOURCE: IEC 60050-195:2021, 195-05-12, modifiée – Dans la définition, "distants de 1 m" a 
été ajouté. La Note 1 à l’article a été remplacée.] 

3.7.17  
transfert de potentiel 
élévation du potentiel de l'installation de mise à la terre provoquée par un courant à la terre 
transmis au moyen d'un conducteur connecté (par exemple, gaine métallique de câble, 
conducteur PEN, tuyau, rail) entre les zones avec faible élévation ou sans élévation de potentiel 
à la terre de référence, de sorte qu'une différence de potentiel apparaisse entre le conducteur 
et son environnement 

Note 1 à l'article: Cette définition s'applique également à un conducteur connecté à la terre de référence et 
conduisant à la zone de l'élévation du potentiel. 

3.7.18  
tension de contrainte 
tension qui apparait dans des conditions de défaut à la terre entre une partie mise à la terre ou 
une enveloppe du matériel ou de l'appareil et une quelconque de ses parties susceptible 
d’affecter l’exploitation normale ou la sécurité 

3.7.19  
installation de mise à la terre globale 
installation équivalente de mise à la terre créée par l'interconnexion d’installations de mise à la 
terre locales qui assure, par le voisinage des installations de mise à la terre, l'absence de 
tension de contact dangereuse 

Note 1 à l'article: De telles mises à la terre permettent la répartition du courant de défaut à la terre de telle sorte 
que l'élévation du potentiel dans l'installation locale de mise à la terre est réduite. Une telle mise à la terre peut 
former une surface quasi équipotentielle. 

Note 2 à l'article: L’existence d’une installation de mise à la terre globale peut être déterminée par des mesurages 
ou des calculs d’échantillons pour les systèmes typiques. Des exemples typiques d’installations de mise à la terre 
globales sont les centres-villes, les zones urbaines ou industrielles avec des installations réparties de mise à la terre 
à basse et à haute tension. 
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3.7.20  
conducteur de neutre HT mis à la terre en des points multiples 
multi-grounded HV neutral conductor (US) 
conducteur neutre d’une ligne de distribution connecté à l’installation de mise à la terre du 
transformateur source et mis à la terre régulièrement 

3.7.21  
partie conductrice accessible 
masse (dans une installation électrique) 
partie conductrice d'un matériel, susceptible d'être touchée, et qui n'est pas normalement sous 
tension, mais peut le devenir lorsque l'isolation principale est défaillante 

[SOURCE: IEC 60050-195:2021, 195-06-10] 

3.7.22  
élément conducteur étranger 
partie conductrice ne faisant pas partie de l'installation électrique et susceptible d'introduire un 
potentiel électrique, généralement celui d’une terre locale 

[SOURCE: IEC 60050-195:2021, 195-06-11, modifiée – dans la définition anglaise, ʺelectrical 
installationʺ a été remplacé par ʺelectrical power installationʺ.] 

3.7.23  
conducteur PEN 
conducteur assurant à la fois les fonctions de conducteur de mise à la terre de protection et de 
conducteur de neutre 

[SOURCE: IEC 60050-195:2021, 195-02-12] 

3.7.24  
défaut à la terre 
ground fault (US) 
défaut dû à un conducteur ayant un point à la terre ou à une résistance d’isolement devenue 
inférieure à une valeur spécifiée 

Note 1 à l'article: Des défauts à la terre de deux conducteurs de phase ou plus du même réseau en différents 
emplacements sont appelés doubles défauts à la terre ou défauts à la terre multiples. 

3.7.25  
courant de défaut à la terre 
IF 
courant qui circule du circuit principal à la terre ou aux parties mises à la terre à l'emplacement 
du défaut 

Note 1 à l'article: Pour des défauts simples à la terre, ce courant est: 

– dans les schémas à neutre isolé, le courant capacitif de défaut à la terre; 

– dans les schémas à mise à la terre d’impédance élevée, le courant composé résistif et capacitif de défaut à la 
terre; 

– dans les schémas à neutre compensé, le courant résiduel de défaut à la terre; 

– dans les schémas à neutre faiblement impédant, le courant de court-circuit phase-terre. 

Note 2 à l'article: Un autre courant de défaut à la terre peut résulter d’un double défaut à la terre et d'un défaut 
biphasé-terre. 
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4 Exigences fondamentales 

4.1 Généralités 

4.1.1 Exigences générales  

Les installations électriques et les matériels doivent pouvoir supporter les contraintes 
électriques, mécaniques, climatiques et les influences externes prévisibles sur le site. 

Il convient que le choix du site prenne en compte, entre autres:  

– l’accès pour permettre les activités de construction, de maintenance et d'exploitation; 
– l’impact sur la communauté, notamment la proximité des sites sensibles, les aspects 

visuels, le bruit, les commodités et la circulation; 
– l’impact environnemental, y compris la prise en compte de la pollution, de la ventilation, de 

la faune et de la flore; 
– l’impact de la topographie, des zones sismiques, des lignes de faille, des voies inondables, 

des marécages, des avalanches ou des glissements de terrain; 
– les conditions du sol: y compris la résistivité thermique et électrique et la contamination du 

sol; 
– les dimensions du site; 
– les couloirs des lignes électriques;  
– la sécurité du site. 

La conception doit prendre en compte: 

– le but de l’installation; 
– les exigences de l’utilisateur telles que la qualité de l’énergie, sa fiabilité, sa disponibilité, 

et la capacité du réseau électrique à résister aux effets transitoires tels que le démarrage 
de moteurs de puissance, les microcoupures et la réalimentation de l’installation électrique; 

– les conditions de charge, les courants de court-circuit de calcul, etc.; 
– la sécurité des opérateurs et du public; 
– les influences externes; 
– les possibilités d’extension (si elles sont exigées) et la maintenance. 

L’utilisateur doit définir les préférences des dispositions spécifiques de maintenance et 
identifier les exigences de sécurité à mettre en place pour les niveaux de sélectivité de 
l’appareillage afin d’assurer un arrêt minimal de l'installation. Lorsque cela est nécessaire, les 
niveaux de sélectivité de l’appareillage doivent être tels qu’ils réduisent le plus possible la 
diffusion d'un défaut, y compris un incendie, survenant dans un module défini quelconque dans 
les modules adjacents. 

Il peut apparaître des conditions de fonctionnement rares ou dont les durées cumulées sont 
faibles pour lesquelles des critères et mesures spécifiques de conception exigés pour maintenir 
les conditions de sécurité et éviter tout dommage au matériel électrique ou à l’installation font 
l’objet d’un accord entre le fournisseur et l’utilisateur. 

Les générateurs doivent être capables de satisfaire aux exigences de raccordement du réseau 
de distribution ou du réseau local, par exemple, pour la régulation de la tension, la réponse en 
fréquence, etc. 

4.1.2 Accords entre fournisseur et utilisateur 

Les processus d’exploitation de l’utilisateur doivent être pris en compte dans la conception de 
l’installation électrique. 
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Pour la conception et le montage d'installations électriques, des accords complémentaires entre 
le fournisseur/le constructeur/l’entrepreneur/le planificateur et l'utilisateur/le maître d’œuvre/le 
propriétaire (ci-après dénommé fournisseur et utilisateur) doivent être appliqués, et peuvent 
également influencer les exigences d’exploitation nécessaires. Les références peuvent être 
trouvées dans les paragraphes énumérés dans le Tableau 1 ci-dessous:  
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Tableau 1 – Références aux paragraphes pour lesquels un accord 
entre fournisseur et utilisateur est exigé 

Paragraphe Sujet  

4.1.1 Exigences générales (critères de conception spécifiques) 

4.2.2 Classification des tensions (Valeurs nominales, valeurs assignées) 

4.3.1 Exigences mécaniques, conditions locales 

4.3.9 Conditions particulières et exigences relatives aux régions à environnement sismique 

4.4.2.1 Conditions climatiques et environnementales (pour les matériels auxiliaires: intérieurs) 

4.4.2.2 Conditions climatiques et environnementales (pour les matériels auxiliaires: extérieurs) 

4.4.3.1 Conditions différentes des conditions environnementales normales 

4.4.3.5 Conditions particulières et exigences relatives aux vibrations 

6.1.1 Conformité aux procédures d’exploitation et de sécurité 

6.2.1 Méthode d’indication (position du contact de l’interrupteur ou du sectionneur) 

6.2.1 Dispositifs de verrouillage et/ou d’enclenchement 

6.2.1 Dispositifs de commutation (caractéristiques assignées réduites) 

6.2.1 Caractéristiques assignées de l’appareillage (exigences spécifiques) 

6.2.8 Isolateurs, niveau de pollution et conditions d'humidité 

6.2.9.2 Câbles isolés (températures dans des conditions spéciales de fonctionnement) 

7.1.1 Valeurs plus élevées pour les distances, distances d’isolement et dimensions 

7.1.1 Exigences communes (procédures de fonctionnement) 

7.1.3 Documentation (étendue de la documentation) 

7.1.4 Voies de circulation (capacité de portance, hauteur et largeur) 

7.1.6 Éclairage (présence et importance de l’éclairage) 

7.5.4 Zones d’exploitation et de maintenance (distances et issue de secours) 

8.4.1 Dispositions de protection des personnes travaillant sur des installations électriques (procédures de 
travail) 

8.4.4 Dispositifs de vérification de l'absence de tension (étendue des dispositions) 

8.4.5 Dispositifs de mise à la terre et en court-circuit (étendue des dispositions ou de la fourniture) 

8.4.6.2 Cloisons isolées et mobiles 

8.4.6.3 Cloisons mobiles 

8.5 Protection contre les dangers provenant d'un défaut d’arc (degré d’importance des mesures) 

8.6 Protection contre les coups de foudre directs (méthode d’analyse) 

8.7.1 Exigences relatives aux matériels d’extinction d’incendie 

8.7.2.2 Réduction des distances G1 et G2 

8.9 Langage de l’identification et du marquage 

9.1 Systèmes de protection, coordination des protections, réglages des protections, protections de secours, 
etc. 

9.3.1.3 Systèmes auxiliaires et dimensionnement des batteries 

9.3.2 Système d’air comprimé (coupure pour maintenance) 

9.3.3 Installations de manipulation du gaz SF6 (conception et capacité de l’installation) 

10.2.1 Exigences fondamentales relatives à la conception de l'installation de mise à la terre 

11.1 Contrôle et essais (étendue du contrôle et des essais / spécifications / documentation) 

11.2 Vérification des performances spécifiées 

11.3 Essais lors de l’installation et de la mise en service (exigences / matériel d’essai / programme d’essais) 

11.4 Essai de mise en exploitation (performances) 
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4.2 Exigences électriques 

4.2.1 Méthodes de mise à la terre du neutre 

La méthode de mise à la terre du neutre influence fortement le niveau et la durée du courant 
de défaut. Par ailleurs, la méthode de mise à la terre du neutre est importante pour ce qui 
concerne les caractéristiques suivantes: 

– le choix du niveau d’isolement; 
– les caractéristiques des appareils limitant les surtensions, comme des éclateurs ou des 

parafoudres; 
– le choix des relais de protection; 
– la conception de l’installation de mise à la terre. 

Exemples de méthodes de mise à la terre du neutre: 

– schéma à neutre isolé; 
– schéma à neutre compensé; 
– schéma à la terre d’impédance élevée; 
– schéma à neutre faiblement impédant. 

Le choix du type de mise à la terre du neutre repose normalement sur les critères suivants: 

– la réglementation locale (si elle existe); 
– la continuité de l’alimentation exigée pour le réseau; 
– la limitation des dommages subis par les matériels en cas de défaut à la terre; 
– l’élimination sélective des portions de réseau en défaut; 
– la localisation des défauts; 
– les tensions de contact et de pas; 
– les effets inductifs; 
– les aspects d’exploitation et de maintenance. 

Un réseau raccordé galvaniquement a uniquement une seule méthode de mise à la terre du 
neutre. Différents réseaux galvaniquement indépendants peuvent avoir des méthodes 
différentes de mise à la terre du neutre. Si différentes configurations de mise à la terre du 
neutre peuvent survenir dans des conditions normales ou anormales de fonctionnement, les 
matériels et systèmes de protection doivent être conçus de manière à pouvoir fonctionner dans 
de telles conditions. 

4.2.2 Classification des tensions 

L’utilisateur doit définir la tension nominale et la tension maximale de fonctionnement de son 
réseau. À partir de la tension maximale de fonctionnement, la plus grande tension pour 
l’installation (Um) doit être choisie dans le Tableau 2, le Tableau 3 ou l’Annexe A. 

4.2.3 Courant en exploitation normale 

Chaque partie d’une installation électrique doit être conçue et mise en œuvre afin de supporter 
les courants dans les conditions de fonctionnement définies.  

4.2.4 Courant de court-circuit 

Les installations électriques doivent être conçues, construites et montées pour pouvoir 
supporter sans dommage les contraintes mécaniques et thermiques provoquées par les 
courants de court-circuit. 
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NOTE 1 Lorsqu'une installation possède une production sur site, des moteurs ou une exploitation en parallèle avec 
un réseau (cogénération), les niveaux de défectuosité peuvent augmenter. 

Pour les besoins du présent document, tous les types de courts-circuits doivent être pris en 
considération. Exemples: 

– défaut triphasé; 
– défaut biphasé; 
– défaut phase-terre; 
– défaut biphasé-terre. 

Les installations électriques doivent être protégées par des dispositifs automatiques pour 
interrompre les courts-circuits triphasés et biphasés. 

Les installations électriques doivent être protégées soit par des dispositifs automatiques 
destinés à couper les courants de défaut à la terre, soit par des appareils signalant toute 
condition de défaut à la terre. Le choix du dispositif dépend de la méthode de mise à la terre 
du neutre. 

La valeur normalisée de la durée assignée de court-circuit est de 1,0 s. 

Si une valeur différente de 1 s est appropriée lors du processus de conception, les valeurs 
recommandées sont de 0,5 s, 2,0 s ou 3,0 s. 

NOTE 2 La durée assignée inclut la durée d'élimination d’un défaut. 

Les méthodes de calcul des courants de court-circuit dans les installations triphasées à courant 
alternatif sont décrites dans l'IEC 60909 (toutes les parties). 

Les méthodes de calcul des effets du courant de court-circuit sont décrites dans l’IEC 60865-1 
et, pour les câbles de puissance, dans l’IEC 60949. 

4.2.5 Fréquence assignée 

Les installations électriques doivent être conçues pour la fréquence assignée du réseau dans 
lequel elles doivent fonctionner. 

4.2.6 Effet couronne 

Les installations électriques doivent être conçues de manière à ce que les perturbations 
radioélectriques dues aux champs électromagnétiques (par exemple causées par des effets 
couronnes) ne dépassent pas un niveau spécifié. 

NOTE 1 Les documents CISPR 18-1, CISPR 18-2 et CISPR 18-3 contiennent des recommandations en vue de 
réduire le plus possible les perturbations radioélectriques des installations à haute tension. 

NOTE 2 Les niveaux maximaux admissibles des perturbations radioélectriques peuvent être fixés par les autorités 
locales, nationales ou régionales. 

NOTE 3 Des recommandations relatives aux niveaux de tension acceptables des perturbations radioélectriques 
pour l’appareillage sont données dans l’IEC 62271-1. 

Lorsque la valeur acceptable est dépassée, le niveau de l’effet couronne peut être contrôlé, par 
exemple, par l’installation d’anneaux couronnes ou le renforcement de connecteurs des jeux 
de barre à haute tension, de leurs supports, des raccords de barres et des bornes de matériel. 
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4.2.7 Champs électriques et magnétiques 

Une installation électrique doit être conçue de manière à limiter les champs électriques et 
magnétiques générés par le matériel sous tension à un niveau acceptable pour les personnes 
exposées. 

NOTE La réglementation locale, nationale ou régionale peut spécifier les niveaux acceptables. Des informations 
complémentaires sont disponibles auprès de la Commission internationale pour la protection contre les 
rayonnements non ionisants (ICNIRP – International Commission on Non-Ionizing Radiation Protection) ou de l'IEEE. 

4.2.8 Surtensions 

Les matériels doivent être protégés contre les surtensions issues des opérations de 
commutation ou des coups de foudre qui peuvent dépasser les valeurs de tenue au choc 
conformément à l’IEC 60071-1 et à l’IEC 60071-2. 

4.2.9 Harmoniques 

Il convient de considérer les effets des harmoniques de courant et de tension sur l’installation 
électrique, par exemple, dans les installations industrielles. Une analyse des harmoniques peut 
être exigée pour déterminer quelles sont les mesures de correction nécessaires pour satisfaire 
à la réglementation locale et/ou assurer l’exploitation correcte de l’ensemble du réseau 
électrique. 

4.2.10 Compatibilité électromagnétique (CEM) 

Il convient de concevoir les installations électriques de manière à ce qu’elles fonctionnent 
correctement dans leur environnement CEM donné. 

NOTE Des recommandations permettant d’assurer la compatibilité électromagnétique et la conformité des champs 
électromagnétiques aux limites admises par les autorités locales, nationales ou régionales sont disponibles à 
l’Article 9 et à l’Article 10. Des recommandations sont également fournies dans l’IEC 61000 (toutes les parties), 
surtout dans l’IEC 61000-5 (toutes les parties), l’IEC 61000-6-5, l’IEC 62271-1, l’IEC 62271-208 et dans la Brochure 
technique 535 du CIGRE. 

4.3 Exigences mécaniques 

4.3.1 Généralités 

Les matériels et les structures de support, y compris leurs fondations, doivent supporter toutes 
les combinaisons de charge prévisibles. 

Il convient d’accorder une attention toute particulière aux états limites ultimes et de service des 
structures. 

Les hypothèses de charge liées aux conditions locales doivent faire l’objet d’un accord entre le 
fournisseur et l’utilisateur. 

Deux cas de charges doivent être considérés, à savoir un cas de charge normale et un cas de 
charge exceptionnelle.  

Dans chacun de ces cas de charge, plusieurs combinaisons doivent être analysées. La 
combinaison la plus défavorable doit être utilisée pour déterminer la tenue mécanique des 
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structures. Pour le cas de charge normale, les charges suivantes doivent être prises en 
considération: 

– poids proper; 
– charge de tension mécanique; 
– charge de montage; 
– charge de glace; 
– charge due au vent. 

Il convient de prendre en considération les contraintes temporaires et les charges qui peuvent 
être appliquées lors de la construction ou des procédures de maintenance. Des matériels 
particuliers peuvent être affectés par des charges cycliques (se reporter aux normes concernant 
ces matériels particuliers). 

Pour le cas de charge exceptionnelle, le poids propre et la charge de tension mécanique 
agissant simultanément avec la plus grande des charges occasionnelles suivantes doivent être 
pris en considération: 

– efforts dus aux manœuvres; 
– forces de court-circuit; 
– perte de la tension mécanique d'un conducteur; 
– charges sismiques; 
– force de flottabilité sur la fondation pendant l’inondation. 

4.3.2 Charge de tension mécanique 

La charge de tension mécanique doit être calculée sur la base de la tension mécanique 
maximale d'un conducteur dans les conditions locales les plus défavorables.  

NOTE Exemple de combinaisons possibles: -20 °C sans glace et sans vent; -5 °C avec glace et sans vent; +5 °C 
avec vent. 

4.3.3 Charge de montage 

La charge de montage est une force d'au moins 1,0 kN appliquée à l'endroit le plus contraignant 
d'une structure de support, portique d'arrêt, etc. 

4.3.4 Charge de glace 

Dans les régions où peut se former de la glace, la charge qui en résulte sur les conducteurs 
souples comme sur les jeux de barres ou conducteurs rigides doit être prise en compte. 

En l’absence de normes et réglementations nationales, de relevés locaux ou de statistiques, 
des épaisseurs de glace de 1 mm, 10 mm ou 20 mm selon les critères donnés dans 
l’IEC 62271-1 peuvent être définies par hypothèse. 

4.3.5 Charge due au vent 

Les charges dues au vent, qui peuvent être très différentes selon les caractéristiques 
topographiques locales et la hauteur des structures au-dessus du sol environnant, doivent être 
prises en compte. La direction du vent la plus défavorable doit être prise en considération. 

L’IEC 62271-1 comporte les exigences relatives aux charges dues au vent auxquelles sont 
soumis les appareillages.  
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4.3.6 Efforts dus aux manœuvres 

Les efforts dus aux manœuvres doivent être pris en considération au moment de la conception 
des supports. Ces efforts doivent être déterminés par le concepteur du matériel. 

4.3.7 Forces de court-circuit 

Une estimation des effets mécaniques d’un court-circuit peut être faite selon les méthodes 
détaillées dans l’IEC 60865-1.  

NOTE La brochure technique 214 du CIGRE ʺMechanical effects of short-circuit currents in open air substationsʺ 
(Effets mécaniques des courants de court-circuit dans des postes ouverts) fournit des recommandations 
supplémentaires.  

4.3.8 Perte de la tension mécanique d'un conducteur 

Une structure sur laquelle viennent s'accrocher des chaînes d'isolateurs doit être conçue pour 
résister à la perte de la tension mécanique d'un conducteur, résultant de la rupture de l’isolateur 
ou du conducteur responsable du cas de charge le plus défavorable. 

NOTE 1 En général, il est de pratique courante de retenir pour la base de calcul 0 °C, sans charge de glace ni 
charge due au vent. 

NOTE 2 Dans le cas de conducteurs en faisceau, la rupture d’un seul sous-conducteur est prise comme hypothèse. 

4.3.9 Charges sismiques 

Les conditions et les exigences particulières doivent faire l’objet d’un accord entre le 
fournisseur et l’utilisateur (voir aussi 4.4.3.5 et l’IEC 60721-2-6) et doivent tenir compte des 
exigences locales, lorsqu’elles existent. 

Les installations électriques situées dans des régions à environnement sismique doivent être 
conçues afin de tenir compte de ces conditions. 

Lorsque des spécifications de charge s’appliquent à des travaux de génie civil ou à des 
matériels répondant à des conditions sismiques, ces spécifications doivent alors être 
respectées.  

Les charges sismiques doivent être traitées conformément aux normes appropriées relatives 
aux installations électriques: par exemple l’IEC 62271-207 pour les appareillages sous 
enveloppe métallique, l’IEC 62271-210 pour les ensembles d'appareillages sous enveloppe 
métallique, l’IEC TR 62271-300 pour les disjoncteurs et l’IEC TS 61463 pour les traversées.  

Les mesures suivantes doivent être prises en compte: 

a) tout matériel individuel doit être conçu pour résister aux forces dynamiques dues aux 
mouvements verticaux et horizontaux du sol. Ces effets peuvent être modifiés par la 
réponse de la fondation et/ou des supports et/ou du sol qui soutiennent ces matériels. Le 
spectre de réponse du séisme doit être pris en compte lors de la conception des matériels; 

b) la disposition doit être choisie afin de limiter les charges dues aux interconnexions entre 
des dispositifs adjacents pour lesquels il est nécessaire de supporter des mouvements, 
relativement importants, axiaux, latéraux, de torsion ou autres, à des valeurs acceptables. 
Il convient d’accorder une attention particulière aux autres contraintes qui peuvent se 
développer au cours d'un séisme. 

4.3.10 Dimensionnement des structures 

Il existe des normes et des réglementations nationales de dimensionnement des structures.  
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4.4 Conditions climatiques et environnementales 

4.4.1 Généralités  

Les installations électriques, y compris tous les appareils et matériels auxiliaires qui font partie 
intégrante de celles-ci, doivent être conçues pour fonctionner dans les conditions climatiques 
et environnementales présentées ci-après.  

Les emplacements dangereux doivent faire l'objet d’une attention spécifique. La présence de 
condensation, projection de liquide, particules, poussières, éléments corrosifs et atmosphères 
dangereuses doit être spécifiée afin de pouvoir choisir les matériels électriques appropriés. La 
classification en zones pour des atmosphères explosives doit être effectuée conformément à 
l’IEC 60079-10-1 et à l’IEC 60079-10-2. La classification des conditions environnementales 
peut être effectuée conformément à l'IEC 60721 (toutes les parties).  

4.4.2 Conditions normales 

4.4.2.1 Intérieur 

Pour les installations électriques intérieures, les conditions normales doivent être les suivantes: 

a) la température ambiante de l'air ne dépasse pas 40 °C, et sa valeur moyenne, mesurée 
pendant une durée de 24 h, ne dépasse pas 35 °C; 
Les températures ambiantes minimales de l’air sont les suivantes:  
– –5 °C pour la classe ʺ–5 °C à l’intérieurʺ; 
– –15 °C pour la classe ʺ–15 °C à l’intérieurʺ; 
– –25 °C pour la classe ʺ–25 °C à l’intérieurʺ; 
Pour les matériels auxiliaires, tels que relais et contacteurs destinés à être utilisés à une 
température ambiante inférieure à –5 °C, un accord entre le fournisseur et l’utilisateur est 
necessaire; 

b) l’influence du rayonnement solaire ne doit pas être prise en compte; 
c) l’altitude ne dépasse pas 1 000 m au-dessus du niveau de la mer; 
d) l’air ambiant n’est pas pollué de manière significative par la poussière, la fumée, des gaz 

corrosifs et/ou inflammables, des vapeurs ou du sel; 
e) la valeur moyenne de l’humidité relative, mesurée sur une durée de 24 h, ne dépasse pas 

95 %; 
Dans ces conditions, une condensation peut apparaître de manière occasionnelle. 

NOTE 1 Une condensation peut apparaître lors de variations subites de température au cours de périodes à 
fort taux d’humidité. 

NOTE 2 Pour éviter le claquage de l’isolation et/ou la corrosion de parties métalliques en raison d’une humidité 
élevée ainsi que de la condensation, les matériels conçus pour de telles conditions et soumis aux essais en 
conséquence sont normalement utilisés. 

NOTE 3 La condensation peut être évitée par une conception particulière de l’enveloppe ou du bâtiment, par 
une ventilation et un chauffage adéquats du poste ou par l’utilisation d’un déshumidificateur. 

f) Les vibrations dues à des causes externes pour les matériels ou à des tremblements de 
terre sont négligeables. 

4.4.2.2 Extérieur 

Pour les installations électriques extérieures, les conditions normales doivent être les 
suivantes: 

a) la température ambiante de l'air ne dépasse pas 40 °C, et sa valeur moyenne, mesurée 
pendant une durée de 24 h, ne dépasse pas 35 °C; 
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Les températures ambiantes minimales de l’air sont les suivantes: 
– –10 °C pour la classe ʺ–10°°C à l’extérieurʺ; 
– –25 °C pour la classe ʺ–25°°C à l’extérieurʺ; 
– –30 °C pour la classe ʺ–30°°C à l’extérieurʺ; 
– –40 °C pour la classe ʺ–40°°C à l’extérieurʺ. 
Des variations rapides de température doivent être prises en compte, voir 4.4.2.2, point g) 
et 4.4.3.4. 
Les matériels auxiliaires tels que relais et contacteurs, destinés à être utilisés à des 
températures ambiantes inférieures à –5 °C, doivent faire l'objet d’un accord entre le 
fournisseur et l’utilisateur. 

b) le rayonnement solaire jusqu’à 1 000 W/m2 (à midi par temps clair) doit être pris en 
consideration; 

NOTE 1 Dans certaines conditions de rayonnement solaire, des mesures appropriées, par exemple toiture, 
ventilation forcée, etc. peuvent être nécessaires, ou un déclassement peut être utilisé afin de ne pas dépasser 
les montées en température spécifiées. 

NOTE 2 Des informations détaillées sur le rayonnement solaire global sont données dans l’IEC 60721-2-4.  

NOTE 3 Le rayonnement UV peut endommager certains matériaux synthétiques. Pour plus d’informations, 
l'IEC 60068 (toutes les parties) peut être consultée.  

c) l’altitude ne dépasse pas 1 000 m au-dessus du niveau de la mer; 
d) l’air ambiant n’est pas pollué de manière significative par la poussière, la fumée, des gaz 

corrosifs, des vapeurs ou du sel. La pollution ne dépasse pas la classe c de gravité de 
pollution de site – Moyenne – conformément à l’IEC TS 60815-1; 

e) la couche de glace ne dépasse pas 1 mm pour la classe 1, 10 mm pour la classe 10 et 
20 mm pour la classe 20. Des informations complémentaires sont données en 4.3.4; 

f) la vitesse du vent ne dépasse pas 34 m/s; 

NOTE 4 Les caractéristiques du vent sont décrites dans l’IEC 60721-2-2.  

g) la présence de condensation et les précipitations sous forme de rosée, condensation, 
brouillard, pluie, neige, glace ou givre doivent être prises en compte; 

NOTE 5 Les caractéristiques de précipitation pour l’isolation sont décrites dans l’IEC 60060-1 et l’IEC 60071-1. 
Pour les autres propriétés, ces caractéristiques sont décrites dans l’IEC 60721-2-2.  

h) les vibrations dues à des causes externes aux matériels ou à des tremblements de terre 
sont négligeables. 

4.4.3 Conditions particulières 

4.4.3.1 Généralités 

Lorsque des matériels à haute tension sont utilisés dans des conditions différentes des 
conditions environnementales normales indiquées en 4.4.2, les paragraphes 4.4.3.2 à 4.4.3.5 
doivent être respectés.  

4.4.3.2 Altitude 

Pour des installations électriques situées à une altitude supérieure à 1 000 m au-dessus du 
niveau de la mer, le niveau d’isolement pour l’isolation extérieure dans des conditions 
atmosphériques de référence normalisées doit être déterminé en multipliant les tensions de 
tenue d'isolation exigées à l’emplacement de service par un facteur Ka conformément à 
l’IEC 62271-1. 

L’interpolation linéaire des distances d’isolement, comme indiqué dans le Tableau 2 et le 
Tableau 3 est acceptable.  
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Pour les matériels auxiliaires et de commande à basse tension, des précautions particulières 
doivent être prises pour une altitude de plus de 2 000 m au-dessus du niveau de la mer. Voir 
l’IEC 60664-1. 

NOTE 1 Pour une isolation interne sous pression, les caractéristiques diélectriques sont identiques, quelle que soit 
l’altitude, et aucune précaution particulière n’est nécessaire. 

NOTE 2 La variation de pression due à l’altitude est donnée dans l’IEC 60721-2-3. Les questions qui se posent 
concernent les points suivants: 

– échanges thermiques par convection, conduction ou rayonnement; 

– rendement du chauffage ou de la climatisation; 

– niveau de fonctionnement des appareils sous pression; 

– rendement du groupe électrogène diesel ou de l’unité d'air comprimé; 

– augmentation de l'effet couronne. 

NOTE 3 Le facteur de correction Ka de l’IEC 62271-1 reflète le fait qu’une modification n’est pas exigée pour les 
altitudes inférieures à 1 000 m. 

NOTE 4 Pour la correction de la ligne de fuite pour les installations à courant continu, l’IEC TS 60815-4 peut être 
consultée. 

4.4.3.3 Pollution 

Pour les matériels situés dans l’air ambiant pollué, une classe de gravité de pollution de site 
doit être spécifiée, par exemple, la classe d (élevée) ou la classe e (très élevée) conforme à 
l’IEC TS 60815-1. 

4.4.3.4 Température et humidité 

Pour les matériels situés en un emplacement où la température ambiante peut être très 
différente de la plage de températures de fonctionnement normal indiquée en 4.4.2, il convient 
que les plages préférentielles de températures minimales et maximales à spécifier soient 
définies comme suit: 

• –50 °C et +40 °C pour des climats très froids; 

• –5 °C et +50 °C pour des climats très chauds. 

Dans certaines régions avec apparitions fréquentes de vents humides et chauds, des variations 
brutales de température peuvent se produire, entraînant la formation de condensation, y 
compris à l’intérieur. 

Dans des conditions intérieures tropicales, la valeur moyenne mesurée de l’humidité relative 
pendant une durée de 24 h peut être de 98 %. 

Dans certaines installations électriques souterraines, le matériel peut se trouver immergé de 
manière occasionnelle. De tels matériels doivent être conçus en conséquence. 

4.4.3.5 Vibrations 

Les conditions et les exigences particulières doivent faire l’objet d’un accord entre le 
fournisseur et l’utilisateur (Voir aussi 4.3.9). 

Les vibrations dues au vent, aux contraintes électromagnétiques, au trafic (par exemple routier 
ou ferroviaire temporaire), à l’exploitation (par exemple ouverture/fermeture des disjoncteurs), 
aux procédés industriels (par exemple compression et précompression) et à d’autres sources 
prévisibles doivent être prises en considération. Les vibrations transmises par une fondation 
ou un plancher monolithique commun doivent être également prises en compte. 

La capacité d'un matériel à résister aux vibrations doit être donnée par le constructeur.  
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4.5 Exigences particulières 

4.5.1 Effets dus à la présence de petits animaux et micro-organismes 

Si une activité biologique (due à des oiseaux, à d'autres petits animaux ou à des 
microorganismes) constitue un danger, des mesures doivent être prises pour éviter de tels 
dommages. Ces mesures peuvent inclure le choix approprié de matériaux, des dispositions 
pour empêcher l'accès, ainsi qu’un chauffage et une ventilation adéquats (pour de plus amples 
informations, voir l’IEC 60721-2-7).  

4.5.2 Niveau de bruit 

Si des limites de niveau de bruit sont imposées (en général par des autorités administratives), 
elles doivent être respectées par la mise en œuvre de mesures appropriées telles que: 

– l’adoption de techniques d'isolement phonique contre toute forme de transmission du son 
par l'air ou des corps solides; 

– l’utilisation de matériel à faible niveau de bruit. 

L’ISO 1996-1 spécifie des critères pour l’évaluation du bruit, pour différents lieux et différentes 
périodes de la journée. 

4.5.3 Transport 

Le transport sur site, par exemple de volumineux transformateurs, et les contraintes de 
stockage peuvent avoir des conséquences sur la conception de l’installation électrique à haute 
tension. 

NOTE Les paramètres de transport et de stockage associés à leur durée sont définis conformément à l’IEC 60721-
3-1 et à l’IEC 60721-3-2. 

5 Isolement 

5.1 Généralités 

Étant donné que les installations électriques traditionnelles (isolées par l’air) ne font 
normalement pas l’objet d’essais de niveau de tenue au choc, l’installation exige des distances 
minimales d’isolement entre les parties actives et la terre et entre les parties actives des phases 
afin d'éviter un contournement au-dessous du niveau de tenue au choc spécifié pour 
l'installation électrique. 

La coordination de l'isolement doit être conforme à l’IEC 60071-1.  

La procédure de coordination de l’isolement comprend la sélection de la tension la plus élevée 
pour le matériel, ainsi que d’un ensemble correspondant de tensions de tenue assignées 
normalisées qui caractérisent l’isolement du matériel nécessaire pour l’application. 

NOTE Le Tableau 2, le Tableau 3 et l’Annexe A sont fondés sur les exigences de l’IEC 60071-1. 

5.2 Choix du niveau d'isolement 

5.2.1 Généralités 

Le niveau d'isolement doit être choisi selon la tension la plus élevée établie pour l’installation 
Um et/ou la tension de tenue au choc.  

5.2.2 Considération relative aux méthodes de mise à la terre du neutre 

Il convient que le choix soit effectué principalement pour assurer la fiabilité en service compte 
tenu de la méthode de mise à la terre du neutre dans le réseau, ainsi que des caractéristiques 
et emplacements des dispositifs de limitation des surtensions à installer. 
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NOTE La coordination de l’isolement distingue différents types de surtensions, par exemple la surtension à 
fréquence industrielle, les surtensions transitoires et les surtensions transitoires très rapides. 

Dans les installations électriques pour lesquelles 

– la configuration du réseau, ou 
– la méthode adoptée pour la mise à la terre du neutre, ou  
– la protection par des parafoudres,  

ainsi qu’un niveau élevé de sécurité sont exigés, et pour lesquelles il est inapproprié d'abaisser 
le niveau d'isolement, l'une des valeurs alternatives les plus élevées du Tableau 2, du 
Tableau 3 et de l’Annexe A doit être choisie. Lorsque les facteurs susmentionnés rendent 
l’abaissement approprié, les valeurs les plus basses du Tableau 2, du Tableau 3 et de 
l’Annexe A sont suffisantes. 

5.2.3 Considération relative aux tensions assignées de tenue au choc 

Dans la plage de tensions I (1 kV < Um ≤ 245 kV), le choix doit reposer sur les tensions 
assignées normalisées de tenue au choc de foudre et les tensions assignées normalisées de 
tenue aux fréquences industrielles de courte durée du Tableau 2; dans la plage de tensions II 
(Um > 245 kV), le choix doit reposer sur les tensions assignées normalisées de tenue au choc 
de manœuvre et les tensions assignées normalisées de tenue au choc de foudre indiquées 
dans le Tableau 3. Les valeurs des niveaux d'isolement assignés qui n'ont pas été normalisées 
par l’IEC, mais qui se fondent sur les méthodes courantes dans certains pays, sont énumérées 
dans l'Annexe A (Tableau A.1, Tableau A.2 et Tableau A.3). 

NOTE 1 La tension assignée normalisée de tenue aux fréquences industrielles de courte durée est appliquée 
conformément à la tension normalisée de courte durée à fréquence industrielle. 

NOTE 2 La tension assignée normalisée de tenue au choc de foudre est appliquée conformément à la tension 
normalisée de choc de foudre.  

NOTE 3 La tension assignée normalisée de tenue au choc de manœuvre est appliquée conformément à la tension 
normalisée de choc de manœuvre. 

5.3 Vérification des valeurs de tenue au choc 

Si les distances minimales d’isolement dans l'air indiquées dans le Tableau 2, le Tableau 3 et 
l’Annexe A sont maintenues, il n'est pas nécessaire de réaliser des essais diélectriques. 

Si les distances minimales d’isolement dans l'air ne sont pas maintenues, la capacité à tolérer 
des tensions d'essai du niveau d'isolement choisi doit être établie en appliquant les essais 
diélectriques appropriés conformément à l’IEC 60060-1 pour les valeurs de tension de tenue 
au choc indiquées dans le Tableau 2, le Tableau 3 et l’Annexe A. 

Si les distances minimales d’isolement dans l’air ne sont pas maintenues dans les parties ou 
les zones d'une installation électrique, des essais diélectriques limités à ces parties ou à ces 
zones sont suffisants. 

NOTE Conformément à l’Annexe A de l’IEC 60071-1:2019, les distances minimales d’isolement peuvent être 
abaissées si des essais ou des expérimentations de fonctionnement ont permis de démontrer de plus basses 
surtensions. 

5.4 Distances minimales d’isolement des parties actives 

5.4.1 Généralités 

Les distances minimales d’isolement dans l'air indiquées dans le Tableau 2, le Tableau 3 et 
l’Annexe A s'appliquent pour des altitudes jusqu'à 1 000 m au-dessus du niveau de la mer. Pour 
des altitudes plus élevées, voir 4.4.3.2.  
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Les valeurs relatives à la distance minimale d’isolement d’une zone dangereuse sont indiquées 
dans le Tableau 2, le Tableau 3 et l’Annexe A, désignées par la lettre N. Ces valeurs définissent 
la base des distances de sécurité indiquées à l’Article 7. 

Si des parties d'une installation électrique peuvent être séparées l'une de l'autre par un 
sectionneur, ces parties doivent être soumises à des essais à la tension assignée normalisée de 
tenue au choc pour la distance de sectionnement (voir les Tableaux 2 et 3 de l’IEC 62271-1:2017). 
Si entre de telles parties d'une installation, les distances minimales d’isolement entre phases du 
Tableau 2 pour la plage de tensions I et du Tableau 3 pour la plage de tensions II définies dans 
le présent document sont augmentées de 25 % ou plus, il n'est pas nécessaire de réaliser des 
essais diélectriques. 

5.4.2 Distances minimales d’isolement dans la plage de tensions I 

Dans la plage de tensions I (voir le Tableau 2), les distances minimales d’isolement dans l'air 
reposent sur des configurations défavorables des électrodes avec de petits rayons de courbure 
(c'est-à-dire plaque-tige). Étant donné que dans ces plages de tensions, la tension assignée 
normalisée de tenue au choc de foudre (LIWV – lightning impulse withstand voltage) est la même 
pour l’isolement entre phases et l'isolement phase-terre, les distances d’isolement s'appliquent 
aux deux distances d'isolement (conformément au Tableau A.1 de l’IEC 60071-1:2019). 

5.4.3 Distances minimales d’isolement dans la plage de tensions II 

Dans la plage de tensions II (voir le Tableau 3), les distances d’isolement dans l'air sont 
déterminées par la tension assignée normalisée de tenue au choc de manœuvre (SIWV – 
switching impulse withstand voltage). Elles dépendent en grande partie des configurations des 
électrodes. En cas de difficulté de classement de la configuration des électrodes, il est 
recommandé de faire un choix sur la base des distances d’isolement entre phase et terre de la 
configuration la plus défavorable, telle que, par exemple, le bras d'un sectionneur par rapport 
à la construction de la tour (structure-tige) (conformément aux Tableaux A.2 et A.3 de 
l’IEC 60071-1:2019). 

NOTE D’autres configurations des électrodes (facteurs d’intervalle) conduisent à des distances d’isolement 
différentes (voir l’Annexe F de l’IEC 60071-2:2018). 
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Tableau 2 – Distances minimales d’isolement dans l'air – Plage de tensions I 
(1 kV Um ≤ 245 kV) 

Plage de 
tensions 

Tension la plus 
élevée pour 
l’installation 

Tension assignée 
normalisée de 

tenue aux 
fréquences 

industrielles de 
courte durée 

Tension assignée 
normalisée de 

tenue au choc de 
foudre a 

Distance minimale d’isolement 
entre phase et terre et entre 

phases  

N 

Um Ud Up Installations 
intérieures 

Installations 
extérieures 

Valeur efficace Valeur efficace 1,2 µs/50 µs 
(valeur de crête) 

kV kV kV mm mm 

I 

3,6 10 
20 60 120 

40 60 120 

7,2 20 
40 60 120 

60 90 120 

12 28 

60 90 150 

75 120 150 

95 160 160 

17,5 38 
75 120 160 

95 160 160 

24 50 

95 160 

125 220 

145 270 

36 70 
145 270 

170 320 

52 95 250 480 

72,5 140 325 630 

123 
185 b 450 b 900 

230 550 1 100 

145 

185 b 450 b 900 

230 550 1 100 

275 650 1.300 

170 

230 b 550 b 1 100 

275 650 1 300 

325 750 1.500 

245 

275 b 650 b 1 300 

325 b 750 b 1 500 

360 850 1 700 

395 950 1 900 

460 1 050 2 100 

a La tension assignée normalisée de tenue au choc de foudre est applicable entre phases et entre phase et 
terre. 

b Si les valeurs sont considérées comme insuffisantes pour démontrer que les tensions exigées de tenue au 
choc entre phases sont obtenues, des essais supplémentaires de tenue au choc entre phases sont 
nécessaires. 
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Tableau 3 – Distances minimales d’isolement dans l'air – Plage de tensions II 
(Um > 245 kV) 

Plage 
de 

tensions 

Tension la 
plus élevée 

pour 
l’installation 

Tension 
assignée 

normalisée 
de tenue 

au choc de 
foudre a 

Tension 
assignée 

normalisée 
de tenue 

au choc de 
manœuvre 

Distance minimale 
d’isolement entre 

phase et terre 

Tension 
assignée 

normalisée de 
tenue au choc 
de manœuvre 

Distance minimale 
d’isolement entre 

phases 

Um Up Us Conducteur 
à  

structure  

Tige  
à 

structure 

Us Conducteur 
à 

conducteur 
en parallèle  

Tige  
à 

conducteur Valeur 
efficace 

1,2 µs/ 
50 µs 

(valeur de 
crête) 

Phase à 
terre  

250 µs/ 
2 500 µs  

(valeur de 
crête) 

Entre phases 
250 µs/2 500 µs 

(valeur de 
crête) 

    N    

kV kV kV mm kV mm 

II 

300 

850/950 750 
1 600 

1 900 1 125 2 300 2 600 
1 700b 

950/1 050 850 
1 800 

2 400 1 275 2 600 3 100 
1 900 b 

362 
950/1 050 850 

1 800 
2 400 1 275 2 600 3 100 

1 900 b 

1 050/1 175 950 2 200 2 900 1 425 3 100 3 600 

420 

1 050/1 175 850 
1 900 

2.400 1 360 2 900 3 400 
2 200 b 

1 175/1 300 950 
2 200 

2 900 1 425 3 100 3 600 
2 400 b 

1 300/1 425 1 050 2 600 3 400 1 575 3 600 4 200 

550 

1 175/1 300 950 
2 200 

2 900 1 615 3 700 4 300 
2 400 b 

1 300/1 425 1 050  2600 3 400 1 680 3 900 4 600 

1 425/1 550 1 175 3 100 4 100 1 763 4 200 5 000 

800 

1 675/1 800 1 300 3 600 4 800 2 210 6 100 7 400 

1 800/1 950 1 425 4 200 5 600 2 423 7 200 9 000 

1 950/2 100 1 550 4 900 6 400 2 480 7 600 9 400 

1 100 

1 950/2 100 1 425 c 4 200 5 600 - - - 

2 100/2 250 1 550 4 900 6 400 2 635 8 400 d 10 000 d 

2 250/2 400 1 675 5 600 d 7 400 d 2 764 9 100 d 10 900 d 

2 400/2 550 1 800 6 300 d 8 300 d 2 880 9 800 d 11 600 d 

1 200 

2 100/2 250 1 675 5 600 d 7 400 d 2 848 9 600 d 11 400 d 

2 250/2 400 1 800 6 300 d 8 300 d 2 970 10 300 d 12 300 d 

2 550/2 700 1 950 7 200 d 9 500 d 3 120 11 200 d 13 300 d 
a La tension assignée normalisée de tenue au choc de foudre est applicable entre phases et entre phase et terre. 
b Distance minimale d’isolement exigé pour la valeur supérieure de la tension assignée normalisée de tenue au choc de 

foudre. 
c Cette valeur est applicable uniquement à l'isolation entre phase et terre des matériels monophasés non exposés à 

l'air. 
d Les valeurs d'essai sont toujours à l'étude. 
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5.5 Distances minimales d’isolement entre les parties dans des conditions spéciales 

En régime permanent, les distances minimales d’isolement sont augmentées de telle sorte que, 
exprimées en pourcentage des valeurs des distances minimales d’isolement indiquées dans le 
Tableau 2, le Tableau 3 et l’Annexe A, les distances d’isolement suivantes sont présentes: 

a) entre les parties d’une installation électrique si une opposition de phases peut se produire: 
120 %; 

b) entre les parties d’une installation électrique en cas de niveaux d’isolement différents: 
125 % du niveau d’isolement supérieur. 

Dans des conditions dynamiques, les distances minimales d’isolement temporaires exprimées 
en pourcentage des distances minimales d’isolement en régime permanent indiquées dans le 
Tableau 2, le Tableau 3 et l’Annexe A [si une correction nécessaire est effectuée conformément 
à a) ou b)] doivent être prises en considération de manière indépendante et doivent être 
supérieures à: 

1) en cas d’oscillation des conducteurs sous l’influence du vent: 75 %; ou  
2) en cas de rupture d’une sous-chaîne dans une chaîne d’isolateurs multiples: 75 %; ou 
3) en cas d’oscillation des conducteurs sous l’influence d’un court-circuit: 50 %. 

5.6 Zones de connexion soumises à l’essai 

Les informations concernant les conditions de montage et de service des matériels soumis à 
un essai de type et fournis par le constructeur doivent être respectées sur le site. 

En l’absence d’informations, une attention toute particulière doit être accordée à la conception 
de la transition des matériels soumis à un essai de type aux matériels conformes au Tableau 2, 
au Tableau 3 et à l’Annexe A. Cette transition doit être aussi courte que possible. 

Dans les zones de connexion soumises à l’essai, il n’est pas nécessaire de maintenir les 
distances minimales d’isolement conformes au Tableau 2, au Tableau 3 et à l’Annexe A étant 
donné que la capacité de supporter la tension d'essai est établie par un essai de type 
diélectrique. 

NOTE Les zones de transition types sont inférieures à 3 fois la distance d’isolement entre phases. 

6 Matériel électrique 

6.1 Exigences générales 

6.1.1 Sécurité du matériel électrique 

Le matériel électrique doit être de construction sûre lorsqu’il est assemblé, installé et raccordé 
à l’alimentation conformément au présent document. 

Le matériel électrique ne doit pas présenter de danger de choc électrique, d’incendie, d’effets 
thermiques ou de lésions corporelles en cas de conditions de surcharge, d’exploitation 
anormale, de défaut raisonnablement prévisibles ou d’influences extérieures raisonnablement 
prévisibles. 

Le matériel électrique doit être installé selon les instructions du constructeur. 

Lorsqu’une installation électrique donnée nécessite d’autres procédures spécifiques 
d’exploitation et de sécurité, celles-ci doivent être spécifiées par l’utilisateur. 

Le matériel électrique doit être conforme aux normes de produits IEC applicables. En l’absence 
de ce type de normes, des normes locales, nationales ou régionales applicables peuvent être 
prises en considération. 
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6.1.2 Sécurité de l’utilisateur 

Une attention toute particulière doit être accordée, lors de la conception, à la sécurité des 
personnes au cours de l'installation, de l’exploitation et de la maintenance du matériel 
électrique.  

Cette démarche peut inclure: 

a) des manuels et des instructions concernant le transport, l'entreposage, l'installation, 
l’exploitation et la maintenance; 

b) des outils spéciaux exigés pour l’exploitation, la maintenance et les essais; 
c) des méthodes de manipulation en toute sécurité, établies pour des emplacements 

spécifiques; 
d) des moyens sûrs de mise à la terre. 

NOTE La formation et l’autorisation des personnes chargées de l’exploitation peuvent être soumises à la 
réglementation locale, nationale ou régionale. 

6.2 Exigences spécifiques 

6.2.1 Dispositifs de coupure 

Les dispositifs de coupure comprennent, par exemple, les disjoncteurs et les sectionneurs. Ces 
dispositifs doivent être choisis selon les exigences de l’Article 4. 

Un dispositif doit être prévu pour indiquer la position des contacts du matériel de sectionnement 
(y compris les sectionneurs de mise à la terre). La méthode d’indication doit être spécifiée par 
l’utilisateur et il convient qu’elle soit conforme aux normes de matériels. 

L'indicateur de position doit fournir une indication précise de la position réelle des contacts 
primaires des matériels. 

Le dispositif indicateur de position ouverte/fermée doit être facilement visible pour l'opérateur. 

Des appareils de sectionnement et des sectionneurs de mise à la terre doivent être installés de 
façon à ce qu'ils ne puissent pas être mis en fonctionnement par inadvertance, par tension ou 
par pression, exercée manuellement sur les enchaînements opérationnels. 

Lorsque l'utilisateur le spécifie, des dispositifs de verrouillage et/ou d'enclenchement doivent 
être installés pour fournir une protection contre une exploitation inappropriée. 

Si un système de verrouillage est prévu afin d'empêcher le sectionneur de mise à la terre de 
supporter la totalité du courant de court-circuit, il est admis, selon accord avec l'utilisateur, de 
spécifier une valeur assignée réduite pour cet appareil qui reflète sa contrainte éventuelle de 
courant de court-circuit. 

Les dispositifs de coupure non capables d’établir le courant de défaut présumé peuvent être 
utilisés lorsque des procédures de verrouillage ou de commutation satisfaisantes sont prévues. 

Les matériels doivent être installés d'une manière telle que le gaz ionisé libéré pendant la 
commutation n'entraîne pas de détériorations des matériels ou de dangers pour les personnes 
chargées de l’exploitation.  

NOTE Le mot ʺdétériorationʺ est considéré comme désignant toute défaillance du matériel qui nuit à son bon 
fonctionnement. 

La protection contre le danger provenant d’un défaut d’arc interne doit être prise en 
considération telle que spécifiée en 8.5.  
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Les caractéristiques assignées de l’appareillage doivent reposer sur les normes IEC haute 
tension appropriées. La commutation de certains circuits peut cependant exiger l’usage de 
contraintes plus sévères que celles définies dans ces normes. Des exemples de tels circuits 
sont les bancs de filtres et les charges dont les rapports réactance/résistance (X/R) sont très 
élevés, tels que les gros transformateurs et générateurs. Les exigences spécifiques relatives 
aux appareillages nécessaires à de tels circuits doivent faire l’objet d’un accord entre le 
fournisseur et l’utilisateur.  

6.2.2 Transformateurs de puissance et réactances 

Sauf indication contraire, le paragraphe 6.2.2 s'applique tant aux transformateurs qu'aux 
réactances, même si le texte ne fait référence qu’aux seuls transformateurs. 

Les principaux critères de choix pour les transformateurs sont indiqués à l’Article 4 et à l’Article 
8. 

L’IEC 60076 (toutes les parties) et l’IEC 61378 (toutes les parties) définissent les 
caractéristiques spécifiques détaillées qui sont associées à la construction et aux performances 
des différents types de transformateurs. La classification (utilisée dans le présent document) 
des différents types de transformateurs dépend d’un grand nombre de facteurs, dont les 
matériaux d’enroulement, les diélectriques et les systèmes de refroidissement. 

Lors de la conception de l'installation des transformateurs, le risque de propagation des 
incendies (voir 8.7) doit être pris en considération. De même, et si cela s’avère nécessaire, des 
moyens de limiter le niveau de bruit acoustique doivent être mis en place (voir 4.5.2). 

Pour les transformateurs, il convient de veiller à atténuer le risque associé à une montée en 
température excessive. Des mesures appropriées de refroidissement et de ventilation doivent 
être prévues [voir 7.5.7 et se reporter à l’IEC 60076 (toutes les parties)]. 

Les eaux (nappes phréatiques, eaux de ruissellement et eaux usées) ne doivent pas être 
contaminées par les installations de transformateurs. Cet objectif doit être atteint par le choix 
de la conception du type de transformateur et/ou des dispositions du site. Pour les mesures, 
voir 8.8. 

S'il est nécessaire de prélever des échantillons (échantillons d'huile) ou de lire les données des 
appareils de surveillance continue (comme les indicateurs de niveau des fluides, de 
température ou de pression) qui sont importants pour l’exploitation du transformateur, alors que 
le transformateur est sous tension, il doit être possible de réaliser ces opérations en toute 
sécurité et sans aucune détérioration des matériels.  

Des réactances à noyau d'air doivent être installées de telle façon que le champ magnétique 
du courant de court-circuit ne soit pas en mesure d'attirer des objets dans la bobine. Les 
matériels voisins doivent être conçus de manière à résister aux forces électromagnétiques 
résultantes. Les pièces métalliques voisines, telles que renforcements de fondations, clôtures 
et grilles de mise à la terre, ne doivent pas être soumises à une montée en température 
excessive dans des conditions normales de charge. 

Il convient de réduire le plus possible le risque de détérioration des transformateurs dû à la 
ferrorésonance, aux harmoniques, aux tensions de choc, aux surtensions temporaires et à 
d’autres causes, par des études et des mesures appropriées du réseau (par exemple, 
parafoudres ou choix approprié de l’isolation des transformateurs). 

Lorsque des limiteurs de pression sont utilisés pour les transformateurs, ils doivent être mis en 
œuvre de manière à diriger la surpression d’huile loin des emplacements de commande où les 
personnes chargées de l’exploitation sont susceptibles de se trouver. 
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6.2.3 Appareillage préfabriqué soumis à un essai de type 

Les exigences relatives aux postes sous enveloppe métallique (PSEM), aux appareillages à 
enveloppe métallique, aux appareillages à enveloppe d'isolement et aux autres ensembles 
d'appareillages préfabriqués soumis à un essai de type sont données en 7.4. Pour la sécurité 
des personnes et la manipulation du gaz, se reporter à 8.8.3 et 9.3.3. 

6.2.4 Transformateurs de mesure 

6.2.4.1 Généralités 

Les circuits secondaires des transformateurs de mesure inductive doivent être reliés à la terre 
ou les circuits secondaires doivent être séparés par des écrans métalliques mis à la terre 
conformément aux recommandations de l'Article 10. 

Le point du circuit secondaire qui peut être mis à la terre doit être déterminé de façon à éviter 
toute interférence électrique. 

Les transformateurs de mesure doivent être installés de façon à ce que leurs bornes du 
secondaire soient facilement accessibles lorsque l'ensemble de l'appareillage est mis hors 
tension. Les recommandations de l’IEC 61869 (toutes les parties) doivent être prises en 
considération. 

6.2.4.2 Transformateurs de courant 

Le facteur assigné de surintensité et la charge assignée doivent être choisis de manière à 
assurer un fonctionnement approprié de l’équipement de protection et à éviter la détérioration 
des matériels de mesure en cas de court-circuit. 

Dans les réseaux à haute tension dans lesquels la constante de temps primaire est longue et 
dans lesquels s'effectue un réenclenchement, il est recommandé de tenir compte de la 
contrainte transitoire due à la partie apériodique du courant de court-circuit. Il convient de 
prendre en considération les recommandations de l’IEC 61869-2. 

Si des instruments de mesure sont également connectés aux noyaux de protection des 
transformateurs de courant, ils doivent, si cela se révèle nécessaire, être protégés contre les 
détériorations résultant de forts courants de court-circuit au moyen de transformateurs 
auxiliaires appropriés. Les dispositifs de protection contre les surintensités ne doivent pas être 
utilisés dans les circuits secondaires des transformateurs de courant inductif. 

Si cela est nécessaire, un écran efficace doit être installé entre le circuit primaire et le circuit 
secondaire afin de réduire les surtensions transitoires sur les circuits secondaires découlant de 
l’opération de commutation. 

Pour assurer la protection contre les surtensions dangereuses, des dispositions doivent être 
prises afin de faciliter la mise en court-circuit des enroulements du secondaire des 
transformateurs de courant. 

6.2.4.3 Transformateurs de tension 

Les transformateurs de tension doivent être choisis de sorte que la sortie nominale et la 
précision soient appropriées aux matériels connectés et au câblage. Les effets de 
ferrorésonance doivent être pris en considération. 

Le côté secondaire des transformateurs de tension doit être protégé contre les effets des 
courts-circuits et il est recommandé que les dispositifs de protection soient surveillés. 
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6.2.5 Parafoudres 

Les parafoudres doivent être conçus ou positionnés de manière à assurer la sécurité pendant 
l’exploitation en cas de rupture du logement ou du fonctionnement de tout limiteur de pression. 

Les caractéristiques temps-tension des parafoudres installés dans le même circuit que les 
fusibles de protection doivent tenir compte des surtensions produites par les fusibles. 

Si des appareils de surveillance sont fournis dans le conducteur de terre des parafoudres de 
type non linéaire à résistance, le conducteur entre un parafoudre et l'appareil de surveillance, 
et l’appareil de surveillance lui-même, doit alors être protégé de façon à éviter qu’il ne soit 
touché. Il doit être possible de lire les données des appareils de surveillance et de comptage 
lorsque les matériels sont sous tension.  

6.2.6 Condensateurs 

Le risque de résonance et de surtensions dû aux harmoniques doit être pris en considération, 
et des moyens appropriés de le limiter doivent être adoptés. 

L'augmentation de la tension due aux réactances inductives branchées en série, telles que 
réactances d'amortissement et circuits de filtres ou de fréquences sonores, doit être prise en 
considération lors du choix de la tension assignée et de la capacité de courant des 
condensateurs. 

Des condensateurs de couplage, de mesure de la tension et de protection contre les 
surtensions, doivent être choisis selon la tension assignée de l’appareillage, même si la tension 
d'exploitation est plus faible. 

La décharge sans danger des condensateurs de puissance doit être garantie. Les appareils de 
décharge doivent être en mesure d'assurer le fonctionnement du point de vue thermique et 
mécanique. 

Les dispositifs de mise en court-circuit et de mise à la terre fournis pour une batterie de 
condensateurs doivent tenir compte de l'interconnexion des appareils au sein de la batterie, 
des résistances de décharge et du type de fusibles. 

6.2.7 Circuits-bouchons 

La largeur de bande doit être déterminée conformément à l'attribution de fréquences du réseau. 

6.2.8 Isolateurs 

Sauf spécification contraire, la ligne de fuite minimale spécifique des isolateurs doit être 
conforme à l’IEC TS 60815-1, l’IEC TS 60815-2 et l’IEC TS 60815-3 en ce qui concerne le 
niveau de pollution spécifié par l'utilisateur. 

Les exigences de la méthode d'essai humide de l’IEC 62271-1 doivent s'appliquer à toutes les 
isolations extérieures. 

Les profils et/ou les exigences de performance relatifs aux isolateurs extérieurs dans des 
conditions de pollution ou d'humidité importante peuvent être spécifiés par l'utilisateur. 

6.2.9 Câbles isolés 

6.2.9.1 Généralités 

Le paragraphe 6.2.9 s’applique aux câbles isolés sauf lorsqu’ils sont utilisés comme des lignes 
aériennes. Les câbles isolés qui sont installés comme des lignes aériennes doivent satisfaire 
aux exigences des normes IEC appropriées pour les lignes aériennes. 
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NOTE L’IEC 60826 est un exemple de norme applicable aux lignes aériennes.  

6.2.9.2 Température  

Les câbles isolés doivent être choisis et posés de sorte que la température maximale admise 
ne soit pas dépassée en ce qui concerne les conducteurs, leur isolation, les connexions, les 
bornes des matériels électriques ou les environnements dans les conditions suivantes: 

a) exploitation normale;  
b) conditions de fonctionnement particulières, soumises à un accord préalable entre le 

fournisseur et l’utilisateur; 
c) court-circuit. 

NOTE Pour le dimensionnement des câbles associés aux valeurs assignées du courant, se reporter aux normes 
IEC 60287, IEC 60853 (toutes les parties) et IEC TR 62095. 

Le branchement d'un câble aux matériels électriques (par exemple, moteurs, disjoncteurs) ne 
doit pas entraîner la soumission du câble à des températures plus élevées que celles admises 
pour le câble dans des conditions opérationnelles prévisibles. 

6.2.9.3 Contrainte due aux variations de température 

La contrainte subie par les matériels électriques en raison des variations de température sur la 
longueur des conducteurs doit être prise en compte. Si cela est nécessaire, la contrainte doit 
être éliminée au moyen de mesures appropriées (par exemple, connexions flexibles, embouts 
de dilatation ou serpentés). Si ces mesures ne sont pas adoptées, il doit être tenu compte des 
forces supplémentaires dues aux variations de température lors de la vérification de la 
résistance mécanique des matériels. 

6.2.9.4 Câbles rampants et à bobinage souples 

Les câbles rampants et à bobinage souples doivent être choisis conformément aux exigences 
et conditions suivantes: 

a) des câbles rampants, ou des câbles avec des caractéristiques électriques et mécaniques 
au moins équivalentes doivent être utilisés pour fournir l'énergie aux matériels de levage, 
mobiles ou amovibles; 

b) dans le cas de contraintes mécaniques plus importantes, par exemple, lorsque les câbles 
sont soumis à l'abrasion, la tension, la flexion ou l'enroulement en cours d’exploitation, des 
câbles rampants à double gaine ou des câbles avec des caractéristiques électriques ou 
mécaniques au moins équivalentes doivent être utilisés; 

c) les câbles isolés destinés à l'alimentation en énergie électrique de matériels de levage 
mobiles ou amovibles doivent être équipés d'un conducteur de mise à la terre de protection; 

d) la conception d'une quelconque connexion, qu'il s'agisse d'un raccord, d'une terminaison 
ou d’un autre agencement de la connexion, doit être telle qu’en cas d’application d’une 
contrainte sur le câble, le conducteur de protection doit être le dernier élément à s’en 
détacher ou à s’en séparer; 

e) les câbles isolés qui doivent être enroulés sur un tambour doivent être dimensionnés de 
façon telle que, lorsque le conducteur est totalement enroulé et soumis à la charge nominale 
normale, la température maximale admise n’est pas dépassée. 

Les embouts des câbles rampants souples ne doivent pas être soumis à des tensions ou des 
compressions; les gaines des câbles doivent être protégées contre le déchirement et les 
embouts contre les torsions. Les embouts doivent être également conçus de manière que les 
câbles ne se vrillent pas. 
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6.2.9.5 Traversées et proximités 

Lorsque des câbles isolés traversent ou se trouvent près de canalisations de gaz, d'eau ou 
autres canalisations, une distance d’isolement appropriée doit être maintenue entre les câbles 
et les canalisations. Lorsque cette distance d’isolement ne peut être maintenue, tout contact 
entre les câbles et les canalisations doit être empêché, par exemple, par l'insertion de coques 
ou de plaques d'isolement. Ces mesures doivent être coordonnées avec l'opérateur de la 
canalisation. Dans le cas d'un long trajet parallèle, la surtension induite sur la canalisation 
pendant un court-circuit doit être calculée. Il peut se révéler nécessaire de déterminer des 
mesures appropriées (par exemple, un trajet alternatif pour les câbles ou les canalisations ou 
un plus grand espace libre entre les câbles et les canalisations). 

Lorsque des câbles isolés traversent ou se trouvent à proximité d'installations de 
télécommunications, une distance d’isolement appropriée doit être maintenue entre les câbles 
et les installations de télécommunications. 

Dans le cas d'un long trajet parallèle, la surtension induite sur l'installation de 
télécommunications pendant un court-circuit doit être calculée (se référer aux directives de 
l'UIT pour des recommandations). Il peut se révéler nécessaire d'adopter des mesures 
appropriées afin de réduire cette surtension (un trajet alternatif pour les câbles ou les 
installations de télécommunications, un plus grand espace libre entre les câbles et les 
installations de télécommunications). 

Lorsque des câbles isolés traversent ou se trouvent à proximité d'autres câbles isolés, les effets 
thermiques réciproques doivent être calculés afin de déterminer la distance minimale 
d’isolement entre les câbles ou de déterminer d'autres mesures appropriées (par exemple, 
réacheminement). Les câbles doivent être installés à une distance suffisante de sources de 
chaleur ou doivent être séparés de telles sources de chaleur au moyen d'écrans d'isolement 
thermique. 

Il convient que la traversée et la proximité de câbles isolés, de canalisations de gaz, d'eau ou 
autres canalisations et leur distance d’isolement appropriée soient conformes aux 
réglementations et normes nationales. 

6.2.9.6 Installation des câbles 

Il doit être prévu suffisamment de points d’accès pour la maintenance et la vérification des 
câbles par essai (voir l'Article 11).  

Le câble doit être protégé contre toute détérioration mécanique pendant et après son 
installation comme suit. 

a) pour éviter toute détérioration du câble, les opérations de pose doivent être réalisées à la 
température ambiante spécifiée par les normes des matériels ou par le constructeur; 

b) les câbles isolés unipolaires doivent être posés et fixés de manière à assurer que les forces 
résultant de courants de court-circuit n'entraînent aucune détérioration; 

c) la méthode de pose doit être choisie afin d'assurer que les effets extérieurs sont limités à 
des valeurs de sécurité acceptables. En outre, lorsqu'ils sont enterrés dans des tranchées, 
les câbles doivent être installés à une profondeur spécifique et couverts par des dalles ou 
une grille avec avertissement afin d'empêcher tout dommage causé par des tiers. Les 
câbles souterrains et sous-marins doivent être protégés mécaniquement lorsqu'ils émergent 
de l'eau ou du sol; 

d) la pose de câbles dans la terre doit être réalisée dans le fond d'une tranchée à câbles 
exempte de pierres. L'assise doit consister en du sable ou de la terre sans pierres. Des 
constructions spéciales de câbles peuvent être choisies, s’il y a lieu, afin d'assurer une 
protection contre les incidences chimiques; 

e) des mesures doivent être prises pour éviter que les câbles dans les tranchées ne soient 
endommagés par les véhicules qui circulent au-dessus des tranchées; 
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f) les mouvements et les vibrations du sol doivent être pris en compte; 
g) pour les installations verticales, le câble approprié à l’installation doit être soutenu au 

moyen d'isolateurs à gorge appropriés, à des distances déterminées par la construction du 
câble et les informations fournies par le constructeur; 

h) si des câbles unipolaires sont installés dans des plafonds et des murs renforcés, la 
possibilité d'échauffement des barres de renforcement en acier doit être prise en 
considération. Si cela est nécessaire, des mesures structurelles appropriées pour limiter 
l'échauffement doivent être déterminées. 

Les câbles installés dans des conduits métalliques doivent être regroupés d'une manière telle 
que les conducteurs de toutes les phases (et le neutre, le cas échéant) du même circuit soient 
posés dans le même conduit afin de réduire le plus possible les courants de Foucault. 
L’emplacement du conducteur de terre doit être pris en compte. 

Les câbles isolés doivent être installés de façon que les tensions de contact se situent dans 
les limites des valeurs admissibles ou de manière que les parties accessibles avec tensions de 
contact inadmissibles soient protégées contre les contacts au moyen de mesures appropriées. 

Il convient de prendre en considération, lors de la mise à la terre des écrans et gaines 
métalliques, les questions telles que les tensions induites, les courants de défaut, les tensions 
de transfert et les emplacements des transformateurs de courant. 

NOTE Lors de la mise à la terre des écrans et gaines métalliques, un risque peut exister en ce qui concerne la 
présence de courants élevés circulant dans les écrans des câbles unipolaires gainés, en particulier lorsqu'ils sont 
posés à plat. 

Les gaines métalliques doivent être mises à la terre conformément à l'Article 10. 

La longueur des câbles qui raccordent les transformateurs et les réactances à un circuit doit 
être choisie de façon à réduire le plus possible la production de ferrorésonances. 

Les contraintes mécaniques exercées sur les matériels électriques lors de leur connexion aux 
câbles de puissance doivent être limitées afin de ne pas altérer leur propriété. 

6.2.9.7 Rayon de courbure  

Les valeurs minimales du rayon de courbure pendant et après l'installation dépendent du type 
de câble. Elles sont indiquées dans les normes correspondantes ou elles doivent être spécifiées 
par le constructeur. 

6.2.9.8 Contrainte de traction  

La contrainte maximale de traction admise pendant la pose dépend de la nature du conducteur 
et du type de câble. Elles sont indiquées dans les normes correspondantes ou elles doivent 
être spécifiées par le constructeur. 

La contrainte de traction statique continue et de crête appliquée aux conducteurs de câbles 
souples et rampants doit être aussi faible que possible et ne doit pas dépasser les valeurs 
fournies par le constructeur. 

6.2.10 Conducteurs et accessoires 

Le paragraphe 6.2.10 traite des conducteurs (rigides ou souples) et des accessoires qui font 
partie intégrante des artères sortantes ou des jeux de barres dans les installations. 

Les conducteurs couverts doivent être traités comme des conducteurs nus. 
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Des dispositions doivent être prises pour permettre la dilatation et la contraction des 
conducteurs dues aux variations de température. Ce principe ne doit pas s'appliquer lorsque la 
contrainte due aux variations de température a été prévue dans la conception du système de 
conducteurs. 

NOTE Se reporter à l’IEC 60826 pour les conducteurs nus souples placés hors des installations électriques 
fermées. 

Les raccords entre les conducteurs, et les connexions entre les conducteurs et les matériels 
électriques ne doivent pas présenter de défauts ni se détériorer en cours de service. Ils doivent 
être stables du point de vue mécanique et chimique. Les faces des raccords doivent être 
adéquatement préparées et connectées comme spécifié pour le type de connexion. La montée 
en température d'une connexion entre des conducteurs et l'appareillage en service ne doit pas 
dépasser les valeurs spécifiées dans l’IEC 62271-1. 

Il convient d’obturer les extrémités des jeux de barres tubulaires afin d’éviter la corrosion et les 
nichées d’oiseaux. 

Des dispositions doivent être prises pour éviter une oscillation résonante éventuelle des jeux 
de barres tubulaires provoquée par le vent. 

6.2.11 Machines électriques tournantes 

Le risque de lésions corporelles dues à des défauts dans les boîtes à bornes des machines doit 
être réduit le plus possible. Les boîtes à bornes des moteurs doivent tolérer les conditions 
locales de court-circuit. Des dispositifs de limitation de courant peuvent être nécessaires. 

Le degré de protection des matériels contre la pénétration d'objets, de poussière et d'eau doit 
être choisi conformément aux conditions climatiques et environnementales au site de 
l'installation électrique. Les pièces dangereuses des machines doivent être protégées contre 
des contacts accidentels avec les personnes. Le degré de protection doit être défini 
conformément à l’IEC 60529. 

Le niveau d'isolement de la machine doit être choisi conformément à l’IEC 60034-1. 

Un refroidissement suffisant doit être prévu. 

Les machines peuvent être protégées contre le dépassement de la montée en température 
maximale admise par l’utilisation de dispositifs de protection électrique appropriés. En 
particulier, en ce qui concerne les grosses machines ou celles qui ont un caractère critique 
pour un procédé de production, il convient d’installer des dispositifs de protection qui indiquent 
un défaut interne de la machine ou, s’il y a lieu, l'arrêtent automatiquement. 

La conception globale de l’installation doit identifier les exigences relatives au type d’enveloppe 
du moteur, particulièrement si le moteur doit être installé dans une zone dangereuse. En 
complément, des aspects de sécurité tels que les niveaux de bruit, la température maximale 
des surfaces accessibles aux personnes chargées de l’exploitation, le contrôle des fuites et la 
surveillance doivent satisfaire aux exigences particulières de l’installation. 

Le démarrage de moteurs de forte puissance engendre des chutes de tension dans le réseau 
électrique de distribution. Différentes techniques sont disponibles pour réduire l’impact sur le 
réseau électrique lors du démarrage de moteurs de forte puissance. L’équipement de protection 
doit être conçu pour assurer une protection appropriée du moteur lors de sa séquence complète 
de démarrage. 

La contribution au courant de court-circuit des moteurs de forte puissance doit être prise en 
considération. 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 61

93
6-1

:20
21

 C
MV

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956


IEC 61936-1:2021 © IEC 2021 – 169 –  

6.2.12 Générateurs 

Le type de caractéristique assignée de puissance du générateur doit être spécifié (par exemple, 
puissance continue, principale ou de secours). Il convient de spécifier l’exploitation du 
générateur en parallèle avec le réseau ou d’autres générateurs. Les dispositifs de commutation 
à employer pour la synchronisation doivent être définis. 

La conception globale doit identifier les exigences générales de sécurité spécifiques aux 
générateurs, particulièrement pour la protection contre l’incendie et l’utilisation de l’hydrogène. 
Voir l’IEC 60034-3. 

6.2.13 Connexions principales du générateur 

Pour des générateurs de faible puissance, le choix et la spécification des connexions 
principales du générateur (jeux de barres) peuvent se fonder sur les articles appropriés de 
l’IEC 62271-200. 

Toutefois, il convient d'accorder un soin particulier au choix des courants établis de crête 
assignés. Il peut également être nécessaire de spécifier des essais ou des calculs 
supplémentaires pour les connexions non préfabriquées et non soumises à des essais de type. 

Si cela est nécessaire, des études de défauts doivent être menées pour déterminer les courants 
établis de crête et de tenue au choc de courte durée, particulièrement pour les connexions de 
section réduite (par exemple, pour les transformateurs auxiliaires). 

Pour des générateurs de forte puissance, et lorsqu’un niveau de sécurité plus élevé est exigé, 
il est recommandé d’employer des jeux de barres à phases isolées ou à phases séparées. 

L’impact des champs magnétiques dus à l’utilisation de connexions principales des générateurs 
sans enveloppe métallique doit être pris en considération dans la conception de l’installation. 

La conception doit prendre en compte le fait que lorsqu’un générateur n’est pas connecté au 
réseau, mais tourne à faible vitesse afin d’éviter toute déformation de l’arbre d’entraînement du 
générateur: 

a) il existe une possibilité de tensions induites potentiellement dangereuses; et 
b) des moyens doivent être mis en œuvre pour modifier la position du commutateur sur les 

transformateurs directement reliés aux bornes du générateur. 

Lorsque les connexions entre le générateur et le transformateur sont courtes, il convient de 
prévoir l’ajout de condensateurs dans l’appareillage de connexion afin de limiter les surtensions 
qui peuvent apparaître lors de la commutation. 

6.2.14 Convertisseurs statiques 

Les pièces accessibles des appareils convertisseurs qui peuvent transporter une tension 
dangereuse au cours de leur exploitation normale ou dans des conditions de défaut doivent 
être marquées et protégées de manière appropriée contre tout contact accidentel avec les 
personnes. Cela peut se faire par la mise en place de barrières de protection appropriées. 

Les fluides de transfert de froid et de chaleur ne doivent pas contenir de polluants mécaniques 
ou de composants chimiquement agressifs susceptibles d’entraîner un dysfonctionnement du 
matériel. 

Lorsque l'eau est utilisée comme fluide de refroidissement, la possibilité de corrosion due à des 
courants de fuite (courants dus à la conductivité de l'eau) doit être prise en considération. 
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Lorsque l’huile est utilisée comme fluide de refroidissement, une protection analogue contre 
l'incendie et la pollution des nappes phréatiques doit être assurée; il en est de même pour les 
transformateurs et les réactances remplis d'huile. 

Au moment de la planification de la disposition des appareils convertisseurs, la possibilité 
d'interférence magnétique occasionnée par des courants alternatifs élevés sur d'autres 
matériels électriques ou parties de l'installation, en particulier les composants en acier, doit 
être prise en considération. 

6.2.15 Fusibles 

Les fusibles doivent être installés de façon que leur remplacement puisse être réalisé en toute 
sécurité conformément aux instructions du constructeur. 

Il convient que les personnes disposent de toutes les informations nécessaires pendant le 
fonctionnement et la maintenance afin de choisir de manière adéquate les fusibles de 
remplacement. 

Deux types de fusibles sont utilisés: 

– les fusibles limiteurs de courant conformes à l’IEC 60282-1; 
– les fusibles à expulsion conformes à l’IEC 60282-2. 

NOTE 1 Pour de plus amples informations concernant les aspects relatifs à l’exploitation, voir l’IEC TR 62655. 

Pour un bon fonctionnement, l’élément de remplacement doit être solidement fixé en position 
de service. 

NOTE 2 Selon l’IEC TR 62655, il est recommandé de remplacer tous les trois éléments de remplacement lorsque 
l’élément de remplacement d’une ou de deux phases d’un circuit triphasé a fonctionné, à moins d’être absolument 
certain qu’aucune surintensité n’a traversé les éléments de remplacement non actionnés. 

Les fusibles limiteurs de courant conformes à l’IEC 60282-1 ne nécessitent pas d’autres 
considérations en raison de leur comportement de limitation de courant et de leur pouvoir de 
coupure élevé en cas de défaut. 

La mise en place des fusibles à expulsion selon les distances électriques minimales d’isolement 
de l’IEC 60282-2 pour les installations d'ensembles de fusibles doit prendre en considération 
toutes les positions possibles des parties actives avant, pendant et après l’exploitation. Les 
fusibles à expulsion doivent être pourvus de distances d’isolement adéquates ou de barrières 
de protection appropriées dans la ou les directions d'orientation des ouvertures. 

Les décharges qui proviennent de fusibles à expulsion peuvent contenir des gaz chauds, du 
plasma d'arc et du métal fondu. Elles peuvent également être conductrices. 

Des dispositifs doivent être installés afin d'assurer que les personnes ne sont pas exposées 
aux décharges des fusibles à expulsion conformes à l’IEC 60282-2, soit pendant le 
remplacement de ces fusibles soit pendant d’autres travaux dans la zone concernée. Lorsque 
cela n'est pas possible, le circuit d’alimentation des fusibles doit être mis hors tension 
préalablement aux expositions possibles, autrement les personnes doivent utiliser des 
vêtements et des blindages de protection. 

6.2.16 Verrouillage électrique et mécanique 

Le verrouillage peut être nécessaire pour assurer la réalisation correcte d’une séquence 
d’exploitation sur le matériel électrique, afin de prévenir tout danger pour les personnes 
chargées de l’exploitation et tout dommage du matériel électrique.  
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