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European foreword 

This document (EN  60204-1 :201 8) consists of the text of IEC 60204-1 :201 6,  prepared  by IEC/TC 44 
"Safety of machinery - Electrotechnical  aspects",  together with  the common modifications prepared  by 
CLC/TC 44X "Safety of machinery:  electrotechnical  aspects".  

The fol lowing dates are fixed:  

• latest date by which  this document has to be
implemented  at national  level  by publ ication
of an  identical  national  standard or by
endorsement

(dop) 201 9-03-1 4 

• latest date by which  the national  standards
confl icting with  this document have to be
withdrawn

(dow) 2021 -09-1 4 

This document supersedes EN  60204-1 :2006.  

Attention  is drawn to the possibi l ity that some of the elements of this document may be the subject of 
patent rights.  CENELEC shall  not be held  responsible for identifying  any or al l  such patent rights.  

Clauses,  subclauses,  notes,  tables,  figures and  annexes which  are additional  to those in  
IEC 60204-1 :201 6 are prefixed  “Z”.  

This document has been prepared  under a mandate given to CENELEC by the European Commission  
and  the European Free Trade Association,  and  supports essential  requirements of EU  Directive(s).  

For the relationship with  EU  Directives,  see informative Annexes ZZA and ZZB,  which  are integral  
parts of this document.  

Endorsement notice  

The text of the International  Standard  IEC 60204-1 :201 6 was approved  by CENELEC as a European 
Standard  with  agreed common modifications.  
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Annex ZA 
(normative)  

Normative references to international  publications 
with their corresponding European publications 

The fol lowing documents are referred  to in  the text in  such a way that some or al l  of their content 
constitutes requirements of this document.  For dated  references,  only the edition  cited  appl ies.  For 
undated  references,  the latest edition  of the referenced document (including  any amendments) 
appl ies.   

NOTE 1    Where an  International  Publ ication  has been modified  by common modifications,  indicated by (mod),  the relevant 

EN/HD appl ies.   

NOTE 2   Up-to-date information on the latest versions of the European Standards l isted in  this annex is avai lable here:  

www.cenelec.eu.   

Publication  Year Title EN/HD Year 

IEC 60034-1  (mod) 201 0 Rotating  electrical  machines - 
Part 1 :  Rating  and  performance 

EN  60034-1  201 0 

- - +  corr.  October 201 0 

IEC 60072 series Dimensions and  output series for 
rotating  electrical  machines 

- - 

IEC 60309-1  1 999 Plugs,  socket-outlets and  couplers for 
industrial  purposes - 
Part 1 :  General  requirements 

EN  60309-1  1 999 

+ A1  (mod) 2005 + A1  2007 

+ A2 201 2 + A2 201 2 

IEC 60364-1  (mod) 2005 Low-voltage electrical  instal lations - 
Part 1 :  Fundamental  principles,  
assessment of general  characteristics,  
definitions 

HD 60364-1  2008 

IEC 60364-4-41  (mod) 2005 Low-voltage electrical  instal lations - 
Part 4-41 :  Protection  for safety - 
Protection  against electric shock 

HD 60364-4-41  2007 

- -   +  corr.  July 2007 

IEC 60364-4-43 (mod) 2008 Low voltage electrical  installations - 
Part 4-43:  Protection  for safety - 
Protection  against overcurrent 

HD 60364-4-43 201 0 

IEC 60364-5-52 (mod) 2009 Low-voltage electrical  instal lations - 
Part 5-52:   Selection  and  erection  of 
electrical  equipment - Wiring  systems 

HD 60364-5-52 201 1  

IEC 60364-5-53 2001  Electrical  instal lations of buildings - 
Part 5-53:  Selection  and  erection  of 
electrical  equipment - Isolation,  
switching  and  control  

- -  

+  A1  (mod) 2002 HD 60364-5-534 2008  1 )  

+  A2 (mod) 201 5 HD 60364-5-534 201 6 2)  

1 ) IEC 60364-5-53:2001 /A1 :2002,  Clause 534:  “Devices for protection against overvoltages” is harmonized  as
HD 60364-5-534:2008.  HD 60364-5-534:2008 wi l l  be superseded  by HD 60364-5-534:201 6 on  201 8-1 2-1 4.

2) IEC 60364-5-53:2001 /A2:201 5,  Clause 534:  “Devices for protection against overvoltages” is harmonized  as
HD 60364-5-534:201 6.
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Publication  Year Title EN/HD Year 

IEC 60364-5-54 201 1  Low-voltage electrical  instal lations - 
Part 5-54:  Selection  and  erection  of 
electrical  equipment - Earthing  
arrangements and  protective 
conductors 

HD 60364-5-54 201 1  

IEC 6041 7-DB 2002 Graphical  symbols for use on  
equipment 

- - 

IEC 60445 201 0 Basic and  safety principles for man-
machine interface,  marking and  
identification  - Identification  of 
equipment terminals,  conductor 
terminations and  conductors 

EN  60445 201 0 

IEC 60529 1 989 Degrees of protection  provided  by 
enclosures (IP Code) 

EN  60529 1 991  

- - +  corr.  May 1 993 

+ A1  1 999 + A1  2000 

+ A2 201 3 + A2 201 3 

IEC 60664-1  2007 Insulation  coordination  for equipment 
within  low-voltage systems - 
Part 1 :  Principles,  requirements and  
tests 

EN  60664-1  2007 

IEC 60947-2  201 6 Low voltage switchgear and  
controlgear - 
Part 2:  Circuit-breakers 

EN  60947-2 201 7 

IEC 60947-3 2008 Low-voltage switchgear and  
controlgear - 
Part 3:  Switches,  disconnectors,  
switch-disconnectors and  fuse-
combination  units 

EN  60947-3 2009 

+ A1  201 2 + A1  201 2 

+ A2 201 5 + A2 201 5 

IEC 60947-5-1  2003 Low-voltage switchgear and  
controlgear - 
Part 5-1 :  Control  circuit devices and  
switching  elements - Electromechanical  
control  circuit devices 

EN  60947-5-1  2004 

- - +  corr.  November 2004 

- - +  corr.  July 2005 

+ A1  2009 + A1  2009 

IEC 60947-5-5 1 997 Low-voltage switchgear and  
controlgear - 
Part 5-5:  Control  circuit devices and  
switching  elements - Electrical  
emergency stop device with  
mechanical  latching  function 

EN  60947-5-5 1 997 

+ A1  2005 + A1  2005 

- - +  A1 1  201 3 

+ A2 201 6 + A2 201 7 

IEC 60947-6-2  2002 Low-voltage switchgear and  
controlgear - 
Part 6-2:  Multiple function  equipment - 
Control  and  protective switching  
devices (or equipment) (CPS) 

EN  60947-6-2  2003 

+ A1  2007 + A1  2007 

IEC 61 1 40 201 6 Protection  against electric shock - 
Common aspects for instal lation  and  
equipment 

EN  61 1 40 201 6 

IEC 61 31 0 series Safety of machinery - Indication,  
marking  and  actuation  

EN  61 31 0 series 
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Publication  Year Title EN/HD Year 

IEC 61 439-1  201 1  Low-voltage switchgear and  
controlgear assemblies - 
Part 1 :  General  rules 

EN  61 439-1  201 1  

IEC 61 558-1  2005 Safety of power transformers,  power 
suppl ies,  reactors and  simi lar 
products - 
Part 1 :  General  requirements and  tests 

EN  61 558-1  2005 

- - +  corr.  August 2006 

+ A1  2009 + A1  2009 

IEC 61 558-2-6 2009 Safety of transformers,  reactors,  power 
supply units and  simi lar products for 
supply voltages up to 1  1 00 V - 
Part 2-6:  
Particular requirements and  tests for 
safety isolating  transformers and  power 
supply units incorporating  safety 
isolating  transformers 

EN  61 558-2-6 2009 

IEC 61 984 2008 Connectors - Safety requirements and  
tests 

EN  61 984 2009 

IEC 62023 201 1  Structuring  of technical  information  and  
documentation  

EN  62023 201 2 

IEC 62061  2005 Safety of machinery - Functional  safety 
of safety-related  electrical ,  electronic 
and  programmable electronic control  
systems 

EN  62061  2005 

- - +  corr.  February 201 0 

+ A1  201 2 + A1  201 3 

+ A2 201 5 + A2 201 5 

ISO 701 0 201 1  Graphical  symbols - Safety colours and  
safety signs - Registered  safety signs 

EN  ISO 701 0 201 2 

+ A1  201 2 + A1  201 4 

+ A2 201 2 + A2 201 4 

+ A3 201 2 + A3 201 4 

+ A4 201 3 + A4 201 4 

+ A5 201 4 + A5 201 5 

+ A6 201 4 + A6 201 6 

+ A7 201 6 + A7 201 7  

ISO 1 3849-1  201 5 Safety of machinery - Safety-related  
Parts of control  systems - 
Part 1 :  General  principles for design 

EN  ISO 1 3849-1  201 5 

ISO 1 3849-2  201 2 Safety of machinery - Safety-related  
Parts of control  systems - 
Part 2:  Val idation 

EN  ISO 1 3849-2  201 2 

ISO 1 3850 2006  3)  Safety of machinery - Emergency stop - 
Principles for design 

EN  ISO 1 3850 2006  4)  

3) Superseded  by ISO 1 3850:201 5,  Safety of machinery - Emergency stop function - Principles for design.

4) EN ISO 1 3850:2006 is superseded  by EN ISO 1 3850:201 5,  which  is based  on  ISO 1 3850:201 5.
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Annex ZZA 
(informative) 

Relationship between this European Standard and the essential  
requirements of Directive 2006/42/EC [2006 OJ  L 1 57]  aimed to be 

covered 

This European Standard has been prepared  under a Commission’s standardization  request M/396 EN  
to provide one voluntary means of conforming to essential  requirements of Directive 2006/42/EC of 
the European  Parliament and of the Council  of 1 7 May 2006 on  machinery,  and amending Directive 
95/1 6/EC (recast) [2006 OJ  L 1 57].  

Once this standard  is cited  in  the Official  Journal  of the European Union under that Directive,  
compliance with  the normative clauses of this standard  g iven in  Table ZZA.1  confers,  within  the l imits 
of the scope of this standard,  a presumption of conformity with  the corresponding  requirements of that 
Directive,  and  associated  EFTA regulations.  

Table ZZA.1  – Correspondence between this European Standard 
and Annex 1  of Directive 2006/42/EC [2006 OJ  L 1 57]  

Essential  Requirements of 
Directive 2006/42/EC 

Clause(s) / sub-clause(s)  
of this EN  

Remarks / Notes 

1 .2.1  Clause 4,  5.4,  7.4,  7.5,  7.6,  7.8,  
7.1 0,  8.4,  Clause 9,  1 0.6,  1 0.9,  
1 1 .2.3 

1 .2.2  4.4,  Clause 1 0,  Clause 1 1 ,  1 6.3 

1 .2.3 7.3.1 ,  7.5,  9.2.3.2,  9.3.1  

1 .2.4.1  9.2.2,  9.2.3.3 

1 .2.4.2  9.2.2,  9.2.3.3,  9.2.3.6,  9.4  

1 .2.4.3 9.2.3.4.2,  1 0.7 

1 .2.4.4 9.2.3.3,  9.2.3.4.2  

1 .2.5 9.2.3.5 

1 .2.6 5.4,  7.5 

1 .5.1  Al l  

1 .5.4 1 3.4.5(d),  Clause 1 7 

1 .5.5 7.4,  1 6.2.2  

1 .6.3 5.3,  1 0.8 

1 .6.4 Clause 1 1  

1 .7.1 .  Clause 1 6,  Clause 1 7 

1 .7.1 .1  Clause 1 6,  Clause 1 7 

1 .7.1 .2  1 0.1 . 1 ,  1 0.3,  1 0.4,  Clause 1 6 

1 .7.2  Clause 1 6,  Clause 1 7 

1 .7.4.2 (e,g,  i , j ,m,p,r,s, t) Clause 1 7 

1 .7.4.2 u ,  1 .5.8 These essential  requirements 
are specifical ly excluded as 
noise has not been considered 
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Essential  Requirements of 
Directive 2006/42/EC 

Clause(s)  / sub-clause(s)  
of this EN  

Remarks / Notes 

during the development of the 
standard  

1 .5.1 0,  1 .5.1 1  These essential  requirements 
have been excluded as the 
electromagnetic compliance 
information only gives methods 
that have proved useful  and  are 
suppl ied  as guidance.  

WARNING 1  —  Presumption  of conformity stays valid  only as long as a reference to th is European  
Standard  is maintained  in  the l ist published in  the Official  Journal  of the European Union.  Users of this 
standard  should  consult frequently the latest l ist published  in  the Official  Journal  of the European 
Union.  

WARNING 2 —  Other Union  legislation  may be applicable to the product(s) fal l ing  within  the scope of 
this standard.  

BS EN 60204‑1:2018
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Annex ZZB 
(informative) 

Relationship between this European Standard and the safety 
objectives of Directive 201 4/35/EU [201 4 OJ L96]  aimed to be 

covered 

This European standard  has been prepared  under a Commission’s standardization  request relating  to 
harmonised standards in  the field  of the Low Voltage Directive,  M/51 1 ,  to provide one voluntary means 
of conforming to safety objectives of Directive 201 4/35/EU of the European Parl iament and of the 
Counci l  of 26 February 201 4 on the harmonization  of the laws of the Member States relating to the 
making available on  the market of electrical  equipment designed  for use within  certain  voltage l imits 
[201 4 OJ  L96].  

Once this standard  is cited  in  the Official  Journal  of the European Union under that Directive,  
compliance with  the normative clauses of this standard g iven in  Table ZZB.1  confers,  within  the l imits 
of the scope of th is standard,  a  presumption  of conformity with  the corresponding safety objectives of 
that Directive,  and  associated  EFTA regulations.  

Table ZZB.1  – Correspondence between this European Standard 
and Annex I  of Directive 201 4/35/EU [201 4 OJ  L96]  

Safety objectives of 
Directive 201 4/35/EU  

Clause(s)  / sub-clause(s)  
of this EN  

Remarks/note 

1  a)  Clause 1 6,  5.1,  5.2,  5.3,  5.6,  6.2,  
8.2,  8.3,  10.2,  10.8,  11.1,  11.2,  
13.1,  13.2  

1  b)  4.2,  5.3,  5.5,  6.2,  6.2.4,  7.2,  
7.2.2,  8.2,  9.2,  ,  1 1 .2,  Clause 1 2,  
1 3,  1 3.4.4,  1 3.4.5,  1 4.4,  
Clause 1 5,  Clause 1 7,  Clause 1 8 

1  c) Introduction,  1 ,  3,  1 1 .1 ,  1 1 .2 Refer to 2a) to 2d) and  3a) to 3c)in  
this table 

2 a)  4.1 ,  4.2,  Clause 5,  Clause 6,  7. 1 ,  
7.2,  7.7,  7.8,  7.1 0,  Clause 8,  
Clause 9,  1 1 .3,  1 1 .4,  Clause 1 2,  
1 3.2,  Clause 1 5,  Clause 1 6,  
Clause 1 8,  Annex A 

2 b)  Clause 4,  4.4.3,  4.5,  7.2,  7.3,  
7.4,  7.9,   7.1 0,  1 1 .2.3,  1 1 .4,  
Clause 1 2,  1 3.1 .4,  1 4.4,  1 4.5,  
1 6.2.2  

For electromagnetic fields,  this 
standard  does not provide 
performance requirements for either 
immunity or emissions.  Only 
general  advice is given.  EMF is not 
covered.  Ionizing radiation  is not 
considered.  

2  c) 4.1 ,  4.4.8,  5.3,  5.4,  5.5,  5.6,  7.5,  
7.6,  Clause 9,  Clause 1 0,  1 3.1 ,  
Clause 1 4,  1 5.2  

Noise is not considered in  this 
standard.  Functional  safety is  not 
ful ly covered.  Explosion  of batteries 
has not been covered  by this 
standard.  Optical  radiation  is not 
covered.  

2  d)  6.2.3,  6.3,  6.4,  7.2.7,  9.4,  
Clause 1 2,  1 3.3,  1 3.4.3,  1 3.5,  

BS EN 60204‑1:2018



EN 60204-1 :201 8 (E) 

9

Safety objectives of 
Directive 201 4/35/EU  

Clause(s)  / sub-clause(s)  
of this EN  

Remarks/note 

1 4.4,  Clause 1 8 

3 a)  6.2.2,  6.2.3,  8.2.1 ,  8.2.2,  8.2.3,  
1 1 .4,  1 2.2,  1 2.3,  1 2.6.1 ,  1 2.6.2,  
1 3.3,  1 3.4,  1 3.5,  1 4.2 1 4.6 

The standard  only considers the 
mechanical  requirements for 
electrical  parts of a machine.  

3 b)  4.6,  6.2.3,  1 0.1 .3,  1 1 .3,  1 1 .4,  
1 2.7.6 

For EMC,  th is standard  does not 
provide performance requirements 
for either immunity or emissions.  
Only general  advice is g iven  

Hazard  associated with  EMC and  
functional  safety are not covered.  

Safety-related  security is not 
covered  

3 c) 3,  Clause 7,  Clause 8,  9.2,  1 1 .4,  
1 4.6,  1 5.1  

WARNING 1  —  Presumption  of conformity stays val id  only as long as a reference to th is European  
Standard is maintained  in  the l ist published  in  the Official  Journal  of the European Union.  Users of this 
standard  should  consult frequently the latest l ist published  in  the Official  Journal  of the European 
Union.  

WARNING 2 —  Other Union legislation may be applicable to the product(s) fal l ing  within  the scope of 
this standard.  
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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
SAFETY OF MACHINERY –  

ELECTRICAL EQUIPMENT OF MACHINES –  
 

Part 1 :  General  requirements  
 

FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  Nati onal  Commi ttees).  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern i ng  s tandard i zati on  i n  the  e l ectrical  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ica l  Speci fi cati ons ,  
Techn ica l  Reports,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  
Pub l i cati on (s)” ) .  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  N ati ona l  Commi ttee  i n terested  
i n  the  subj ect deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen tal  and  non -
governmen tal  organ izati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  co l l aborates  cl ose ly 
wi th  the  I n ternati onal  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement  between  the  two  organ izati ons.  

2 )  The  formal  d eci s ions  or ag reemen ts  of I EC  on  techn ica l  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  N ati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati onal  u se  and  are  accepted  by I EC  N ati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate ,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is i n terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  National  Commi ttees  undertake  to  app l y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  possi b l e  i n  the i r nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati ona l  or reg ional  publ i cati on  shal l  be  cl earl y i n d i cated  i n  
the  l a tter.  

5)  I EC  i tsel f does  not  provide  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t  services  and ,  i n  some  areas,  access  to  I EC  marks  of con form i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

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

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn i cal  commi ttees  and  I EC  N ati onal  Commi ttees  for any persona l  i n j u ry,  property d amage  or 
o ther damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cati on ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  N ormati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct  app l i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect  of 
paten t  ri gh ts .  I EC  shal l  not  be  he ld  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts.  

I n ternational  Standard  I EC  60204-1  has  been  prepared  by I EC  techn ical  commi ttee  44:  Safety 
of mach inery – E lectrotechn ical  aspects.  

Th is  s i xth  ed i tion  cancels  and  replaces  the  fi fth  ed i tion  publ ished  i n  2005.  I t  consti tu tes  a  
techn ical  revision .  

Th is  ed i tion  i ncludes  the  fol lowing  s ign i ficant techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  added  requ i rements  to  address  appl ications  i nvolving  power d rive  systems  (PDS);  

b)  revised  e lectromagnetic compatibi l i ty (EMC)  requ i rements;  

c)  clari fied  overcurrent protection  requ i rements;  

d )  requ i rements  for determination  of the  short ci rcu i t  current rati ng  of the  e lectrical  
equ ipment;  
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e)  revised  protective  bond ing  requ i rements  and  terminology;  

f)  reorgan ization  and  revision  to  Clause  9 ,  i nclud ing  requ i rements  pertain ing  to  safe  torque  
off of PDS,  emergency stop,  and  con trol  ci rcu i t  protection ;  

g )  revised  symbols  for actuators  of con trol  devices;  

h )  revised  techn ical  documentation  requ i rements;  

i )  general  updating  to  curren t specia l  national  cond i tions,   normative  standards,  and  
b ib l iograph ical  references.  

The  text of th is  standard  i s  based  on  the  fol l owing  documents:  

FDI S  Report  on  voti ng  

44/765/FDI S  44/771 /RVD  

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  standard  can  be  found  in  the  report on  
voting  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC  Di rectives,  Part 2 .  

A l i st of a l l  parts  i n  the  I EC  60204  series,  publ ished  under the  general  ti tl e  Safety of 
machinery – Electrical equipment of machines,  can  be  found  on  the  I EC  websi te.  

The  fol lowing  d i ffering  practices  of a  l ess  permanent nature  exist  i n  the  countries  i nd icated  
below.  

4 . 3. 1 :  The  vol tage  characteristics  of e lectrici ty suppl ied  by publ ic  d istribu tion  systems  in  
Europe  are  g iven  i n  EN  501 60:201 0.  

5. 1 :  Exception  i s  not a l l owed  (USA).  

5. 1 :  TN -C  systems  are  not permi tted  in  l ow-vol tage  instal lations  in  bu i l d ings  (Norway).  

5 . 2 :  Terminals  for the  connection  of the  protective  earth ing  conductors  may be  
i denti fied  by the  colour g reen ,  the  l etters  “G”  or “GR”  or “GRD”  or “GND”,  or the  
word  “ground ”  or “g round ing” ,  or wi th  the  g raph ical  symbol  I EC  6041 7-501 9:2006-
08  or any combination  (USA).  

6 . 3 .3  b) ,  1 3 . 4 . 5  b) ,  1 8 . 2 . 1 :  TT power systems  are  not a l lowed  (USA).  

6 . 3 .3 ,  1 8. 2 ,  Annex A:     TN  systems are  not used .  TT systems  are  the  national  standard  
(Japan).  

6 . 3 .3  b) :  The  use  of residual  curren t protective  devices  wi th  a  rated  residual  operating  
curren t not exceed ing  1  A i s  mandatory i n  TT systems  as  a  means  for fau l t 
protection  by au tomatic d isconnection  of supply ( I ta ly) .  

7 . 2 . 3:  D isconnection  of the  neu tral  conductor i s  mandatory i n  a  TN -S  system  (France  
and  Norway).  

7 . 2 . 3:  Th i rd  paragraph :  d istribu tion  of a  neu tral  conductor wi th  an  I T system  i s  not 
a l lowed  (USA and  Norway).  

7 . 1 0 :  For evaluation  of short ci rcu i t ratings  the  requ i rements  of UL  508A Supplement 
SB,  may be  used  (USA).  

8 . 2 . 2 :  See  I EC  60364-5-54:201 1 ,  Annex E  L ist of notes  concern ing  certain  countries.  

9 . 1 . 2 :  Maximum  nominal  AC  control  ci rcu i t  vol tage  i s  1 20  V (USA).  

1 2 . 2 :  On ly stranded  conductors  are  a l lowed  on  mach ines,  except for 0 , 2  mm2  so l i d  
conductors  wi th in  enclosures  (USA).  

1 2 . 2 :  The  smal lest power ci rcu i t  conductor a l lowed  on  mach ines  i s  0 , 82  mm2  (AWG  1 8)  
i n  mu l ticonductor cables  or i n  enclosures  (USA).  

Table  5 :  Cross-sectional  area  i s  speci fied  in  NFPA 79  using  American  Wire  Gauge  (AWG)  
(USA).  See  Annex G .  
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1 3.2 .2 :  For the  protective  conductor,  the  colour i den ti fication  GREEN  (wi th  or wi thou t 
YELLOW stripes)  i s  used  as  equ ivalen t to  the  bicolour combination  GREEN-AND-
YELLOW (USA and  Canada).  

1 3 . 2 .3 :   The  colour i den ti fication  WH ITE  or GREY is  used  for earthed  neu tral  conductors  
i nstead  of the  colour i den ti fication  BLUE  (USA and  Canada).  

1 5. 2 .2 :  F i rst paragraph :  Maximum  value  between  conductors  1 50  V (USA).  

1 5.2 .2 :  Second  paragraph ,  5 th  bu l l et:  The  fu l l  l oad  curren t rating  of l i gh ting  ci rcu i ts  does  
not exceed  1 5  A (USA).  

1 6 .4 :  Nameplate  marking  requ i rements  (USA).  

A. 2 .2 . 2 :  The  permissib le  maximum  value  of RA  i s  regu lated  (e. g .  when  U o≥ 300V,  RA  shal l  

be  l ess  than  1 0  Ω ,  when  Uo  < 300  V,  RA  shal l  be  l ess  than  1 00  Ω ,  Uo  i s  the  
nominal  AC  l i ne  to  earth  vol tage  in  vol ts  (V)  (Japan).  

A. 2 . 2 . 2 :  The  maximum  permissible  value  of RA i s  83  Ω  (Netherlands).  

The  commi ttee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC websi te  under "h ttp: //webstore. iec. ch"  i n  the  data  
related  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be  

•  reconfi rmed ,  

•  wi thdrawn,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

 

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

Th is  part of I EC  60204  provides  requ i rements  and  recommendations  relating  to  the  e lectrical  
equ ipment of mach ines  so  as  to  promote:  

– safety of persons  and  property;  

– consistency of control  response;  

– ease  of operation  and  main tenance.  

More  gu idance  on  the  use  of th is  part of I EC  60204  i s  g iven  i n  Annex F.  

F igure  1  has  been  provided  as  an  a id  to  the  understand ing  of the  i n ter-relationsh ip  of the  
various  e lements  of a  mach ine  and  i ts  associated  equ ipment.  F igure  1  i s  a  b lock d iagram  of a  
typical  mach ine  and  associated  equ ipment showing  the  various  e lements  of the  electrical  
equ ipment addressed  in  th is  part  of I EC  60204.  Numbers  in  paren theses  (  )  refer to  Clauses  
and  Subclauses  in  th is  part  of I EC  60204.  I t  i s  understood  in  F igure  1  that a l l  of the  e lements  
taken  together i nclud ing  the  safeguards,  tool ing /fi xturing ,  software,  and  the  documentation ,  
consti tu te  the  mach ine,  and  that one  or more  mach ines  working  together wi th  usual l y at  l east 
one  level  of supervisory con trol  consti tu te  a  manufacturing  cel l  or system.  
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Supply disconnecting device 
(5.3) 

Protection against electrical  shock 
(Clause 6) 

Protection of equipment 
(Clause 7) 

Earth  (PE) terminal  
(5.2) 

Protective bonding  circuit 
(8.2) 

Control  circuits and control  functions 
(Clause 9) 

Emergency operations 
(9.2.2.4) 

Controlgear 
(Clause 1 1 ) 

Accessories and l ighting  
(Clause 1 5) 

Motors  
(Clause 1 4) and 

transducers  
 

Motor 
control  equipment 

Programmable 
control ler  

Operator control  
station  

(Clause 1 0)  

Emergency 
stop device 

(1 0.7)  

(External  protective 
conductor connection) 

 

 

Conductors and  
cables 

(Clause 1 2) 

Wiring  
practices 

(Clause 1 3) 

Verification  
(Clause 1 8) 

Power supply 
(4.3) 

Physical  
environment 

(4.4) 

System/cel l  
control ler 

Data l ink  

PE  

Processing equipment 

Safeguards and  
warning devices 

Actuators and  
sensors 

Warning signs,  i tem  designation  
(Clause 1 6)  

Technical  documentation  
(Clause 1 7) 

Input/output 
interface 

IEC 

 

Figure  1  – Block d iagram  of a  typical  machine  
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SAFETY OF MACHINERY –  
ELECTRICAL EQUIPMENT OF MACHINES –  

 
Part 1 :  General  requirements  

 
 
 

1  Scope 

Th is  part of I EC  60204  appl ies  to  e lectrical ,  e lectron ic and  programmable  e lectron ic 
equ ipment and  systems  to  mach ines  not portable  by hand  wh i le  working ,  i nclud ing  a  g roup  of 
mach ines  working  together i n  a  co-ord inated  manner.  

NOTE  1  Th i s  part  of I EC  60204  i s  an  appl i cati on  standard  and  i s  not  i n tended  to  l im i t  or i nh i b i t  technolog ical  
advancement.  

NOTE  2  I n  th i s  part  of I EC  60204 ,  the  term  “e l ectri cal ”  i n cl udes  e l ectri cal ,  e l ectron i c  and  programmable  e l ectron ic 
matters  ( i . e .  “e l ectri ca l  equ i pmen t”  means  e l ectri cal ,  e l ectron i c and  prog rammable  e l ectron ic  equ i pmen t) .  

NOTE  3  I n  the  con text  of th i s  part  of I EC  60204 ,  the  term  “person ”  refers  to  any i nd i vi dual  and  i ncl udes  those  
persons  who  are  assi gned  and  i nstructed  by the  u ser or h i s  agen t(s)  i n  the  u se  and  care  of the  mach i ne  i n  
q uesti on .  

The  equ ipment covered  by th is  part of I EC  60204  commences  at  the  poin t of connection  of the  
supply to  the  e lectrical  equ ipment of the  mach ine  (see  5. 1 ) .  

NOTE  4  The  requ i remen ts  for the  e l ectri ca l  supply i n sta l l ation  are  g i ven  i n  the  I EC  60364  seri es.  

Th is  part of I EC  60204  i s  appl icable  to  the  e lectrical  equ ipment or parts  of the  e lectrical  
equ ipment that operate  wi th  nominal  supply vol tages  not exceed ing  1  000  V for a l ternating  
curren t (AC)  and  not exceed ing  1  500  V for d i rect curren t (DC),  and  wi th  nominal  supply 
frequencies  not exceed ing  200  Hz.  

NOTE  5  I n formation  on  e l ectri ca l  equ i pment or parts  of the  e l ectri ca l  equ ipmen t  that  operate  wi th  h i gher nom inal  
suppl y vo l tages  can  be  found  i n  I EC  60204-1 1 .  

Th is  part of I EC  60204  does  not cover a l l  the  requ i rements  (for example  guard ing ,  
i n terlocking ,  or con trol )  that are  needed  or requ i red  by other standards  or regu lations  i n  order 
to  protect persons  from  hazards  other than  e lectrical  hazards.  Each  type  of mach ine  has  
un ique  requ i rements  to  be  accommodated  to  provide  adequate  safety.  

Th is  part of I EC  60204  speci fical l y i ncludes,  bu t i s  not l im i ted  to,  the  e lectrical  equ ipment of 
mach ines  as  defined  i n  3 . 1 . 40.  

NOTE  6  Annex C  l i s ts  examples  of mach i nes  whose  e l ectri ca l  equ ipmen t can  be  covered  by th i s  part  of 
I EC  60204.  

Th is  part of I EC  60204  does  not speci fy add i tional  and  specia l  requ i rements  that can  apply to  
the  e lectrical  equ ipment of mach ines  that,  for example:  

– are  in tended  for use  i n  open  a i r ( i . e .  ou tside  bu i ld ings  or other protective  structures);  

– use,  process,  or produce  poten tia l l y explosive  materia l  (for example  pain t or sawdust) ;  

– are  i n tended  for use  in  potentia l l y explosive  and /or flammable  atmospheres;  

– have  special  ri sks  when  producing  or us ing  certain  materials ;  

– are  i n tended  for use  in  m ines;  

– are  sewing  mach ines,  un i ts ,  and  systems  (wh ich  are  covered  by I EC  60204-31 ) ;  

– are  hoisting  mach ines  (wh ich  are  covered  by I EC  60204-32);  

– are  semiconductor fabrication  equ ipment (wh ich  are  covered  by I EC  60204-33).  
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Power ci rcu i ts  where  e lectrical  energy i s  d i rectly used  as  a  working  tool  are  excluded  from  
th is  part of I EC  60204.  

2  Normative references  

The  fol lowing  documents,  i n  whole  or i n  part,  are  normatively referenced  in  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  latest ed i tion  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies.  

I EC  60034-1 ,  Rotating electrical machines – Part 1 :  Rating and performance 

I EC  60072  (a l l  parts),  Dimensions and output series for rotating electrical machines  

I EC  60309-1 ,  Plugs,  socket-outlets,  and couplers for industrial purposes – Part 1 :  General 
requirements 

I EC  60364-1 ,  Low-voltage electrical installations – Part 1 :  Fundamental principles,  
assessment of general characteristics,  definitions  

I EC  60364-4-41 :2005,  Low-voltage electrical installations – Part 4-41 : Protection for safety – 
Protection against electric shock 

I EC  60364-4-43:2008,  Low-voltage electrical installations – Part 4-43: Protection for safety – 
Protection against overcurrent 

I EC  60364-5-52:2009,  Low-voltage electrical installations – Part 5-52: Selection and erection 
of electrical equipment – Wiring systems 

I EC  60364-5-53:2001 ,  Electrical installations of buildings – Part 5-53: Selection and erection 
of electrical equipment – Isolation,  switching and control  
I EC  60364-5-53:2001 /AMD1 :2002  

I EC  60364-5-54:201 1 ,  Low-voltage electrical installations – Part 5-54: Selection and erection 
of electrical equipment – Earthing arrangements and protective conductors 

I EC  6041 7,  Graphical symbols for use on  equipment.  Avai lable  from:  h ttp: //www.graph ical -
symbols. in fo/equ ipment 

I EC  60445:201 0,  Basic and safety principles for man-machine interface,  marking and 
identification – Identification of equipment terminals,  conductor terminations and conductors 

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

I EC  60664-1 ,  Insulation coordination for equipment within low-voltage systems – Part 1 : 
Principles,  requirements and tests 

I EC  60947-2,  Low-voltage switchgear and controlgear – Part 2:  Circuit-breakers 

I EC  60947-3,  Low-voltage switchgear and controlgear – Part 3:  Switches,  disconnectors,  
switch-disconnectors,  and fuse-combination units 

I EC  60947-5-1 : 2003,  Low-voltage switchgear and controlgear – Part 5-1 :  Control circuit 
devices and switching elements – Electromechanical control circuit devices   
I EC  60947-5-1 : 2003/AMD1 :2009  

NOTE        I n  CENELEC,  Annex ZA appl ies instead  of Clause 2. 
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I EC  60947-5-5,  Low-voltage switchgear and controlgear – Part 5-5: Control circuit devices 
and switching elements – Electrical emergency stop device with mechanical latching function  

I EC  60947-6-2,  Low-voltage switchgear and controlgear – Part 6-2: Multiple function 
equipment – Control and protective switching devices(or equipment)  (CPS)  

I EC  61 1 40,  Protection against electric shock – Common aspects for installation  and 
equipment 

I EC  61 31 0  (a l l  parts) ,  Safety of machinery – Indication,  marking and actuation  

I EC  61 439-1 ,  Low-voltage switchgear and controlgear assemblies – Part 1 :  General rules 

I EC  61 558-1 : 2005,  Safety of power transformers,  power supplies,  reactors and similar 
products – Part 1 :  General requirements and tests   
I EC  61 558-1 : 2005/AMD1 : 2009  

IEC  61 558-2-6,  Safety of transformers,  reactors,  power supply units and similar products for 
supply voltages up to 1  100 V – Part 2-6: Particular requirements and tests for safety isolating 
transformers and power supply units incorporating safety isolating transformers  

I EC  61 984,  Connectors – Safety requirements and tests 

I EC  62023,  Structuring of technical information and documentation 

I EC  62061 ,  Safety of machinery – Functional safety of safety-related electrical,  electronic and 
programmable electronic control systems 

I SO  701 0: 201 1 ,  Graphical symbols – Safety colours and safety signs – Registered safety 
signs  

I SO  1 3849-1 ,  Safety of machinery – Safety-related parts of control systems – Part 1 :  General 
principles for design 

I SO  1 3849-2,  Safety of machinery – Safety-related parts of control systems – Part 2:  
Validation 

I SO  1 3850:2006,  Safety of machinery – Emergency stop function – Principles for design 

3  Terms,defin i tions  and  abbreviated  terms 

 Terms  and  defin i tions  3.1

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i tions  apply.  

3.1 .1   
actuator 
part of a  device  to  wh ich  an  external  action  i s  to  be  appl ied  

Note  1  to  en try:  The  actuator may take  the  form  of a  hand l e,  knob,  push -bu tton ,  ro l l er,  p l unger,  e tc.  

Note  2  to  en try:  There  are  some  actuati ng  means  that  do  not  requ i re  an  external  actuati ng  force,  bu t  on l y an  
acti on ,  e . g .  touchscreens.  

Note  3  to  en try:  See  a l so  3 . 1 . 39.  
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3.1 .2   
ambient temperature  
temperature  of the  a i r or other med ium  where  the  equ ipment i s  to  be  used  

3.1 .3   
barrier 
part provid ing  protection  against con tact wi th  l i ve  parts  from  any usual  d i rection  of access  

3.1 .4  
basic protection  
protection  against e lectric shock under fau l t-free  cond i tions  

Note  1  to  en try:  Previousl y referred  to  as  “protecti on  aga i nst  d i rect  con tact”  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-06-01 ,  mod i fied  – The  note  has  been  added . ]  

3.1 .5   
cable  tray 
cable  support consisting  of a  continuous  base  and  ra ised  edges  and  no  covering  

Note  1  to  en try:  A cab le  tray may be  perforated  or non -perforated .  

[SOURCE:  I EC  60050-826:2004,826-1 5-08]  

3.1 .6   
cable  trunking  system 
system  of closed  enclosures  compris ing  a  base  wi th  a  removable  cover i n tended  for the  
complete  surround ing  of i nsu lated  conductors  or cables  

3.1 .7   
concurrent 
occurring  or operating  at the  same time  (bu t not necessari l y synchronously)  

3.1 .8   
conductor wire  
conductor bar 
conductive  wi re  or bar of a  feeder system  wi th  a  s l i d ing  curren t col lector 

3.1 .9   
condu it 
part of a  closed  wi ring  system  of ci rcu lar or non-ci rcu lar cross-section  for i nsu lated  
conductors  and /or cables  in  e lectrical  i nsta l l ations  

Note  1  to  en try:  Condu i ts  shou l d  be  su ffi ci en tl y cl ose- jo i n ted  so  that  the  i nsu lated  conductors  and /or cabl es  can  
on l y be  d rawn  i n  and  not  i nserted  l a teral l y.  

[SOURCE:  I EC  60050-442: 1 998,  442-02-03,  mod i fied  – The  defin i tion  has  been  amended  and  
the  note  has  been  added . ]  

3.1 .1 0   

control  circu i t,  <of a  mach ine>  
ci rcu i t  used  for the  control ,  i nclud ing  mon i toring ,  of a  mach ine  and  the  e lectrical  equ ipment 

3.1 .1 1   
control  device 
device  connected  in to  the  con trol  ci rcu i t  and  used  for con trol l i ng  the  operation  of the  mach ine  

EXAMPLE  Pos i ti on  sensor,  manual  con trol  swi tch ,  re l ay,  con tactor,  magneti ca l l y operated  val ve.  
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3.1 .1 2   
control  station  
operator control  station  
assembly of one  or more  con trol  actuators  (see  3 . 1 . 1 )  fi xed  on  the  same panel  or l ocated  i n  
the  same  enclosure  

Note  1  to  en try:  A con trol  s tati on  may a l so  con ta i n  re l ated  equ ipment,  for example,  poten ti ometers ,  s i gna l  l amps,  
i nstrumen ts,  d i sp l ay devices,  e tc.  

[SOURCE:  I EC  60050-441 : 1 984,  441 -1 2-08,  mod i fied  – The  second  preferred  term  has  been  
added ,  the  word  "swi tches"  has  been  replaced  by "actuators"  i n  the  defin i tion  and  the  note  
has  been  added . ]  

3.1 .1 3   
controlgear 
swi tch ing  devices  and  thei r combination  wi th  associated  con trol ,  measuring ,  protective,  and  
regu lating  equ ipment,  a l so  assembl ies  of such  devices  and  equ ipment wi th  associated  
i n terconnections,  accessories,  enclosures,  and  supporting  structures,  i n tended  in  princip le  for 
the  control  of e lectrical  energy consuming  equ ipment 

[SOURCE:  I EC  60050-441 : 1 984,  441 -1 1 -03]  

3.1 .1 4  
control led  stop 
stopping  of mach ine  motion  wi th  power to  the  mach ine  actuators  main tained  during  the  
stopping  process  

3.1 .1 5  
d i rect contact 
contact of persons  or l i vestock wi th  l i ve  parts  

Note  1  to  en try:  See  3 . 1 . 4 .  

[SOURCE:  I EC  60050-826:2004,  826-1 2-03,  mod i fied  – The  note  has  been  added . ]  

3.1 .1 6   

d i rect opening  action ,  <of a  contact e lement>  
ach ievement of con tact separation  as  the  d i rect resu l t  of a  speci fied  movement of the  swi tch  
actuator through  non-resi l ien t members  (for example  not dependent upon  springs)  

[SOURCE:  I EC  60947-5-1 : 2003,  K. 2 .2 ]  

3.1 . 1 7   
duct 
enclosed  channel  designed  expressly for hold ing  and  protecting  e lectrical  conductors,  cables,  
and  busbars  

Note  1  to  en try:  Condu i ts  (see  3 . 1 . 9) ,  cab le  trunki ng  systems  (see  3 . 1 . 6)  and  u nderfl oor channel s  are  types  of 
d uct.  

3.1 .1 8   
earth  
local  earth  
ground  (US)  
l ocal  ground  (US)  
part of the  Earth  wh ich  i s  i n  e lectric con tact wi th  an  earth  e lectrode  and  the  e lectrical  poten tia l  
of wh ich  i s  not necessari l y equal  to  zero  

[SOURCE:  I EC  60050-1 95: 1 998, 1 95-01 -03]  
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3.1 .1 9   
e lectrical  operating  area 
room  or location  for e lectrical  equ ipment to  wh ich  access  i s  i n tended  to  be  restricted  to  ski l l ed  
or i nstructed  persons,  by the  open ing  of a  door or the  removal  of a  barrier wi thout the  use  of a  
key or tool ,  and  wh ich  i s  clearly marked  by appropriate  warn ing  s igns  

3.1 .20   
e lectron ic  equ ipment 
part of the  e lectrical  equ ipment contain ing  ci rcu i try dependent for i ts  operation  on  e lectron ic 
devices  and  components  

3.1 .21   
emergency stop device 
manual l y actuated  control  device  used  to  i n i tiate  an  emergency stop  function  

Note  1  to  en try:  See  9 . 2 . 3 . 4 . 2 .  

[SOURCE:  I SO  1 3850:2006,  3 . 2 ,  mod i fied  – The  note  has  been  added . ]  

3.1 .22   
emergency switch ing  off device 
manual l y actuated  control  device  used  to  swi tch  off or to  i n i tiate  the  swi tch ing  off of the  supply 
of e lectrical  energy to  a l l  or a  part  of an  i nsta l lation  where  a  risk of e lectric shock or another 
ri sk of e lectrical  orig in  i s  i nvolved  

Note  1  to  en try:  See  9 . 2 . 3 . 4 . 3 .  

3.1 .23   
enclosed  electrical  operating  area 
room  or location  for e lectrical  equ ipment to  wh ich  access  i s  i n tended  to  be  restricted  to  ski l l ed  
or i nstructed  persons  by the  use  of a  key or tool  to  open  a  door,  or remove  a  barrier,  and  
wh ich  i s  clearly marked  by appropriate  warn ing  signs  

3.1 .24  
enclosure 
part provid ing  protection  of equ ipment against certa in  external  i n fluences  and ,  i n  any 
d i rection ,  basic protection  as  protection  against d i rect con tact 

Note  1  to  en try:  The  exi sti ng  defi n i ti on  taken  from  the  I EV needs  the  fol l owing  exp l anati ons  wi th i n  the  scope  of 
th i s  part  of I EC  60204:  

a)  Encl osu res  provide  protecti on  of persons  or l i vestock agai nst access  to  hazardous  parts .  

b)  Barri ers ,  shaped  open i ngs,  or any other means  su i tabl e  to  preven t or l im i t  the  penetrati on  of the  speci fi ed  test  
probes,  whether attached  to  the  encl osu re  or formed  by the  enclosed  equ i pmen t,  are  considered  as  part  of the  
encl osu re,  except  where  they can  be  removed  wi thou t the  u se  of a  key or too l .  

c)  An  encl osu re  may be:  

–  a  cabi net  or box,  e i ther moun ted  on  the  mach i ne  or separate  from  the  mach ine;  

–  a  compartmen t  cons i sti ng  of an  encl osed  space  wi th i n  the  mach i ne  s tructu re .  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-02-35,  mod i fied  – The  defin i tion  has  been  amended . ]  

3.1 .25  
e lectrical  equ ipment 
i tems  used  i n  connection  wi th  the  u ti l i sation  of e lectrici ty by mach ines  or parts  of mach ines,  
for example  materia l ,  fi tti ngs,  devices,  components,  appl iances,  fi xtures,  apparatus,  and  
s im i lar 
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3.1 .26   
equ ipotential  bonding  
provision  of e lectric connections  between  conductive  parts,  i n tended  to  ach ieve  
equ ipoten tia l i ty 

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-01 -1 0]  

3.1 .27   
exposed  conductive  part 
conductive  part of e lectrical  equ ipment,  wh ich  can  be  touched  and  wh ich  i s  not l i ve  under 
normal  operating  cond i tions,  bu t wh ich  can  become l i ve  under fau l t  cond i ti ons  

[SOURCE:  I EC  60050-826:2004,  826-1 2-1 0,  mod i fied  – The  defin i tion  has  been  amended . ]  

3.1 .28   
extraneous-conductive-part 
conductive  part not forming  part of the  e lectrical  i nstal lation  and  l i able  to  i n troduce  an  e lectric  
poten tia l ,  general l y the  e lectric potentia l  of a  l ocal  earth  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-06-1 1 ]  

3.1 .29   
fai lure  
termination  of the  abi l i ty of an  i tem  to  perform  a  requ i red  function  

Note  1  to  en try:  After fa i l u re,  the  i tem  has  a  fau l t.  

Note  2  to  en try:  "Fa i l u re"  i s  an  even t,  as  d i sti ngu i shed  from  " fau l t" ,  wh ich  i s  a  state .  

Note  3  to  en try:  Th i s  concept  as  defi ned  does  not  appl y to  i tems  consi sti ng  of software  on l y.  

Note  4  to  en try:  I n  practi ce,  the  terms  fau l t  and  fa i l u re  are  often  u sed  synonymousl y.  

[SOURCE:  I EC  60050-1 91 : 1 990,  1 91 -04-01 ]  

3.1 .30   
fau l t  
state  of an  i tem  characterized  by i nabi l i ty to  perform  a  requ i red  function ,  exclud ing  the  
i nabi l i ty during  preventive  main tenance  or other p lanned  actions,  or due  to  l ack of external  
resources  

Note  1  to  en try:  A fau l t  i s  often  the  resu l t  of a  fa i l u re  of the  i tem  i tse l f,  bu t  may exi st  wi thou t  pri or fa i l u re.  

Note  2  to  en try:  I n  Eng l i sh ,  the  term  “fau l t”  and  i ts  defi n i ti on  are  i den tical  wi th  those  g i ven  i n  I EC  60050-1 91 : 1 990,  
1 91 -05-01 .  I n  the  fi e l d  of mach i nery,  the  French  term  “défau t”  and  the  German  term  “Feh ler”  are  used  rather than  
the  terms  “panne”  and  “Feh l zustand ”  that  appear wi th  th i s  defi n i ti on .  

3.1 .31   
fau l t  protection  
protection  against e lectric shock under s i ng le-fau l t  cond i tions  

Note  1  to  en try:  Previousl y referred  to  as  “protecti on  aga i nst  i nd i rect con tact”  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-06-02,  mod i fied  – the  Note  has  been  added ]  

3.1 .32   
functional  bonding  
equ ipoten tia l  bond ing  necessary for proper function ing  of e lectrical  equ ipment 
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3.1 .33   
hazard  
poten tia l  source  of physical  i n j u ry or damage  to  heal th  

Note  1  to  en try:  The  term  hazard  can  be  qua l i fi ed  i n  order to  defi ne  i ts  ori g i n  ( for example,  mechan ica l  hazard ,  
e l ectri ca l  hazard )  or the  natu re  of the  poten ti a l  harm  (for example,  e l ectri c  shock hazard ,  cu tti ng  hazard ,  toxi c  
hazard ,  fi re  hazard ).  

Note  2  to  en try:  The  hazard  envi saged  i n  th i s  d efi n i t i on :  

– e i ther i s  permanen tl y presen t  d u ri ng  the  i n tended  use  of the  mach i ne  ( for example  moti on  of hazardous  movi ng  
e l emen ts ,  e l ectri c  arc du ri ng  a  we l d i ng  phase,  u nheal thy postu re,  no ise  em iss i on ,  h i gh  temperatu re);  

–  or can  appear u nexpected l y (for example:  expl os i on ,  crush i ng  hazard  as  a  consequence  of an  
un i n tended /unexpected  s tart-up,  e j ecti on  as  a  consequence  of a  breakage,  fa l l  as  a  consequence  of 
accelerati on /decel erati on ) .  

[SOURCE:  I SO  1 21 00:201 0,  3 . 6,  mod i fied  – The  word  “harm"  has  been  replaced  by "  physical  
i n ju ry or damage  to  heal th "  i n  the  defin i tion  and  Note  3  has  been  removed ]  

3.1 .34  
i nd irect contact 
contact of persons  or l i vestock wi th  exposed  conductive  parts  wh ich  have  become l ive  under 
fau l t  cond i tions  

Note  1  to  en try:  See  3 . 1 . 31 .  

[SOURCE:  I EC  60050-826:2004,  826-1 2-04,  mod i fied  – The  defin i tion  has  been  amended . ]  

3.1 .35  
i nductive  power supply system  
system  of i nductive  power transfer,  consisting  of a  track converter and  a  track conductor,  
a long  wh ich  one  or more  p ick-up(s)  and  associated  p ick-up  converter(s)  can  move,  wi thou t 
any galvan ic or mechan ical  con tact,  i n  order to  transfer electrical  power for example  to  a  
mobi le  mach ine  

Note  1  to  en try:  The  track conductor and  the  p i ck-up  are  ana l ogous  to  the  primary and  secondary of a  transformer 
respecti ve l y.  

3.1 .36   

i nstructed  person ,  < i n  e lectrici ty>  
person  adequately advised  or supervised  by an  e lectrical l y ski l led  person  to  enable  h im  or her 
to  perceive  ri sks  and  to  avoid  hazards  wh ich  e lectrici ty can  create  

[SOURCE:  I EC  60050-826:2004,  826-1 8-02,  mod i fied  – “an  e lectrical l y ski l l ed  person”  has  
been  used  to  replace  “e lectrical l y ski l l ed  persons” ]  

3.1 .37   
i n terlock 
arrangement of devices  operating  together to:  

•  prevent hazardous  s i tuations,  or 

•  prevent damage  to  equ ipment or material ,  or 

•  prevent speci fied  operations,  or 

•  ensure  correct operations  

3.1 .38   
l i ve  part 
conductor or conductive  part i n tended  to  be  energ ized  i n  normal  use,  i nclud ing  a  neu tral  
conductor,  bu t,  by convention ,  not a  PEN  conductor 
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3.1 .39   
machine  actuator 
power mechan ism  of the  mach ine  used  to  effect motion  (for example,  motor,  solenoid ,  
pneumatic or hydrau l ic  cyl i nder)  

3.1 .40   
machinery 
machine  
assembly of l i nked  parts  or components,  at l east one  of wh ich  moves,  wi th  the  appropriate  
mach ine  actuators,  con trol  and  power ci rcu i ts,  j o ined  together for a  speci fic appl ication ,  i n  
particu lar for the  processing ,  treatment,  moving  or packag ing  of a  material  

Note  1  to  en try:  The  term  "mach i nery"  a l so  covers  an  assembly of mach i nes  wh ich ,  i n  order to  ach i eve  the  same  
end ,  are  arranged  and  con trol l ed  so  that  they functi on  as  an  i n teg ral  whole .  

Note  2  to  en try:  The  term  "component"  i s  used  here  i n  a  general  sense  and  i t  d oes  not  refer on l y to  e l ectri cal  
componen ts.  

[SOURCE:  I SO  1 21 00:201 0,  3 . 1 ,  mod i fied  – The  defin i ti on  has  been  amended  and  Note  2  
referring  to  an  Annex has  been  removed  and  replaced  by the  present Note  2  to  en try. ]  

3.1 .41   
marking  
signs  or i nscriptions  primari l y for the  purpose  of i denti fying  equ ipment,  components  and /or 
devices  

3.1 .42   
neutral  conductor 
N  
conductor electrical l y connected  to  the  neu tral  poin t and  capable  of con tribu ting  to  the  
d istribu tion  of e lectrical  energy 

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-02-06]  

3.1 .43   
obstacle  
part preventing  un in ten tional  d i rect con tact wi th  l i ve  parts,  bu t not preventing  d i rect con tact by 
del iberate  action  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-06-1 6,  mod i fied  – The  words  “(e lectrical l y)  protective”  
have  been  removed  from  the  term. ]  

3.1 .44  
overcurrent 
curren t exceed ing  the  rated  value  

Note  1  to  en try:  For conductors ,  the  rated  val ue  i s  cons idered  as  equal  to  the  cu rren t-carryi ng  capaci ty.  

[SOURCE:  I EC  60050-826:2004,  826-1 1 -1 4,  mod i fied  – The  defin i tion  has  been  amended . ]  

3.1 .45  
overload  of a  circu i t 
time/curren t relationsh ip  i n  a  ci rcu i t  wh ich  i s  i n  excess  of the  rated  fu l l  l oad  of the  ci rcu i t  when  
the  ci rcu i t i s  not under a  fau l t  cond i tion  

Note  1  to  en try:  Overl oad  shou l d  not  be  used  as  a  synonym  for overcu rren t.  
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3.1 .46  
plug/socket combination  
component and  a  su i table  mating  component,  appropriate  to  terminate  conductors,  i n tended  
for connection  or d isconnection  of two  or more  conductors  

Note  1  to  en try:  Examples  of p l ug /socket  combinati on  i nclude:  

– connectors  wh ich  fu l fi l  the  requ i remen ts  of I EC  61 984;  

– a  p l ug  and  socket-ou tl et,  a  cabl e  coupl er,  or an  appl i ance  coupl er i n  accordance  wi th  I EC  60309-1 ;  

–  a  p l ug  and  socket-ou tl et  i n  accordance  wi th  I EC  60884-1  or an  appl i ance  coupl er i n  accordance  wi th  
I EC  60320-1 .  

3.1 .47   
power ci rcui t 
ci rcu i t that suppl ies  power to  un i ts  of equ ipment used  for productive  operation  and  to  
transformers  supplying  con trol  ci rcu i ts  

3.1 .48   
prospective  short-circui t  current 
Icp 
r.m. s.  value  of the  curren t wh ich  wou ld  fl ow when  the  supply conductors  to  the  electrical  
equ ipment are  short-ci rcu i ted  by a  conductor of neg l i g ib le  impedance  l ocated  as  near as  
practicable  to  the  supply terminals  of the  e lectrical  equ ipment 

[SOURCE:  I EC  61 439-1 :  201 1 ,  3 . 8 .7,  mod i fied  – “assembly”  has  been  replaced  by “electrical  
equ ipment” ]  

3.1 .49   
protective  bonding  
equ ipotentia l  bond ing  for protection  against e lectric shock 

Note  1  to  en try:  Measu res  for protecti on  against  e l ectri c  shock can  a l so  reduce  the  ri sk of bu rns  or fi re .  

Note  2  to  en try:  Protecti ve  bond ing  can  be  ach i eved  wi th  protecti ve  conductors  and  protecti ve  bond i ng  conductors  
and  by conducti ve  j o i n i ng  of conducti ve  parts  of the  mach i ne  and  i ts  e l ectri ca l  equ ipment.  

3.1 .50   
protective  bonding  ci rcu i t  
protective  conductors  and  conductive  parts  connected  together to  provide  protection  against 
e lectric shock i n  the  even t of an  i nsu lation  fai lu re  

3.1 .51   
protective  conductor 
conductor provid ing  a  primary fau l t  curren t path  from  the  exposed  conductive  parts  of the  
e lectrical  equ ipment to  a  protective  earth ing  (PE)  terminal  

3.1 .52   
redundancy 
appl ication  of more  than  one  device  or system,  or part  of a  device  or system,  wi th  the  
objective  of ensuring  that i n  the  even t of one  fai l i ng  to  perform  i ts  function ,  another i s  
avai lable  to  perform  that function  

3.1 .53   
reference  designation  
d istinctive  code  wh ich  serves  to  i den ti fy an  object i n  the  documentation  and  on  the  equ ipment 

3.1 .54  
risk 
combination  of the  probabi l i ty of occurrence  of harm  ( i . e.  physical  i n ju ry or damage  to  heal th)  
and  the  severi ty of that harm  
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[SOURCE:  I SO  1 21 00:201 0,  3 . 1 2 ,  mod i fied  – The  text i n  paren theses  has  been  added ]  

3.1 .55  
safeguard  
guard  or protective  device  provided  as  a  means  to  protect persons  from  a  hazard  

[SOURCE:  I SO  1 21 00:201 0,  3 . 26,  mod i fied  – The  words  “provided  as  a  means  to  protect 
persons  from  a  hazard ”  have  been  added . ]  

3.1 .56  
safeguarding  
protective  measure  using  safeguards  to  protect persons  from  the  hazards  wh ich  cannot 
reasonably be  e l im inated  or from  the  ri sks  wh ich  cannot be  su fficien tly reduced  by inheren tly 
safe  design  measures  

[SOURCE:  I SO  1 21 00:201 0,  3 . 21 ]  

3.1 .57   
safety function  
function  of a  mach ine  whose  fai l u re  can  resu l t  i n  an  immed iate  increase  of the  risk(s)  

[SOURCE:  I SO  1 21 00:201 0,  3 . 30;  I EC  62061 : 2005,  3 . 2 . 1 5]  

3.1 .58   
servicing  level  
l evel  on  wh ich  persons  stand  when  operating  or main tain ing  the  e lectrical  equ ipment 

3.1 .59   
short-ci rcu i t  current 
overcurren t resu l ti ng  from  a  short-ci rcu i t  due  to  a  fau l t  or an  i ncorrect connection  i n  an  
e lectric ci rcu i t  

[SOURCE:  I EC  60050-441 : 1 984,  441 -1 1 -07]  

3.1 .60   
short-ci rcu i t  current rating  
value  of prospective  short-ci rcu i t  curren t that can  be  wi thstood  by the  e lectrical  equ ipment for 
the  total  operating  time  (clearing  time)  of the  short-ci rcu i t protective  device  (SCPD)  under 
speci fied  cond i tions  

[SOURCE:  I EC  61 439-1 :  201 1 ,  3 . 8 . 1 0 .4 ,  mod i fied  – The  word  “rated”  i s  removed  from  the  
term,  and  the  reference  to  “assembly”  removed  from  the  defin i ti on . ]  

3.1 .61   
ski l led  person  
electrical ly ski l led  person  
person  wi th  relevant train ing ,  education  and  experience  to  enable  h im  or her to  perceive  ri sks  
and  to  avoid  hazards  associated  wi th  e lectrici ty 

[SOURCE:  I EC  60050-826:2004,  826-1 8-01 ,  mod i fied  – The  parentheses  have  been  removed  
and  “ train ing”  has  been  added . ]  

3.1 .62   
suppl ier 
enti ty (for example  manufacturer,  con tractor,  i nstal ler,  i n tegrator)  who  provides  equ ipment or 
services  associated  wi th  the  mach ine  

BS EN 60204‑1:2018



 –  26  – I EC  60204-1 : 201 6  © I EC 201 6  

Note  1  to  en try:  The  u ser organ izati on  may a l so  act  i n  the  capaci ty of a  suppl i er to  i tsel f.  

3.1 .63   
switch ing  device  
device  designed  to  make  and /or break the  curren t i n  one  or more  e lectric ci rcu i ts  

Note  1  to  en try:  A swi tch i ng  devi ce  may perform  one  or both  of these  acti ons.  

[SOURCE:  I EC  60050-441 : 1 984,  441 -1 4-01 ]  

3.1 .64  
uncontrol led  stop 
stopping  of mach ine  motion  by removing  e lectrical  power to  the  mach ine  actuators  

Note  1  to  en try:  Th i s  d efi n i t i on  does  not  impl y any parti cu l ar state  of other s toppi ng  devices,  for example  
mechan ical  or hyd rau l i c  brakes.  

3.1 .65  
user 
enti ty who  u ti l i zes  the  mach ine  and  i ts  associated  e lectrical  equ ipment 

 Abbreviated  terms 3.2

AWG American  Wire  Gauge  

AC Al ternating  Curren t 

BDM  Basic Drive  Modu le  

CCS Cableless  Control  System   

DC D i rect Current 

EMC Electro-Magnetic Compatib i l i ty 

EM I  E lectro-Magnetic I n terference  

I FLS  I nsu lation  Fau l t  Location  System  

MMI  Man-Mach ine  i n terface  

PDS Power Drive  System  

PELV Protective  Extra-Low Vol tage  

RCD Residual  Curren t protective  Device  

SPD  Surge  Protective  Devices  

SCPD Short-Circu i t Protective  Device  

SELV Safe  Extra-Low Vol tage  

SLP Safely-Lim i ted  Posi tion  

STO Safe  Torque  Off 

4 General  requ irements  

 General  4.1

Th is  standard  speci fies  requ i rements  for the  e lectrical  equ ipment of mach ines.  

The  risks  associated  wi th  the  hazards  relevant to  the  e lectrical  equ ipment shal l  be  assessed  
as  part of the  overal l  requ i rements  for ri sk assessment of the  mach ine.  Th is  wi l l :  

– i denti fy the  need  for risk reduction ;  and  

– determine  adequate  risk reductions;  and   

– determine  the  necessary protective  measures  
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for persons  who  can  be  exposed  to  those  hazards,  wh i le  sti l l  main tain ing  an  appropriate  
performance  of the  mach ine  and  i ts  equ ipment.  

Hazardous  s i tuations  can  resu l t  from,  bu t are  not l im i ted  to,  the  fol lowing  causes:  

– fa i lu res  or fau l ts  i n  the  e lectrical  equ ipment resu l ting  i n  the  possib i l i ty of e lectric shock,  
arc,  or fi re;  

– fa i lu res  or fau l ts  i n  control  ci rcu i ts  (or components  and  devices  associated  wi th  those  
ci rcu i ts)  resu l ting  i n  the  mal function ing  of the  mach ine;  

– d istu rbances  or d i sruptions  i n  power sources  as  wel l  as  fa i l u res  or fau l ts  i n  the  power 
ci rcu i ts  resu l ti ng  i n  the  mal function ing  of the  mach ine;  

– l oss  of con tinu i ty of ci rcu i ts  that can  resu l t  i n  a  fa i lu re  of a  safety function ,  for example  
those  that depend  on  s l i d ing  or rol l i ng  con tacts;  

– e lectrical  d isturbances  for example,  e lectromagnetic,  e lectrostatic e i ther from  ou tside  the  
e lectrical  equ ipment or i n ternal l y generated ,  resu l ting  i n  the  mal function ing  of the  
mach ine;  

– release  of stored  energy (e i ther e lectrical  or mechan ical )  resu l ting  i n ,  for example,  e lectric 
shock,  unexpected  movement that can  cause  i n ju ry;  

– acoustic noise  and  mechan ical  vibration  at  l evels  that cause  heal th  problems  to  persons;  

– su rface  temperatures  that can  cause  in ju ry.  

Safety measures  are  a  combination  of the  measures  i ncorporated  at the  design  stage  and  
those  measures  requ i red  to  be  implemented  by the  user.  

The  design  and  development process  shal l  i denti fy hazards  and  the  ri sks  aris ing  from  them.  
Where  the  hazards  cannot be  removed  and /or the  risks  cannot be  suffi cien tly reduced  by 
i nheren tl y safe  design  measures,  protective  measures  (for example  safeguard ing)  shal l  be  
provided  to  reduce  the  ri sk.  Add i tional  means  (for example,  awareness  means)  shal l  be  
provided  where  fu rther ri sk reduction  i s  necessary.  I n  add i tion ,  working  procedures  that 
reduce  risk can  be  necessary.  

I t  i s  recommended  that,  where  the  user i s  known ,  Annex B  be  used  to  faci l i tate  an  exchange  
of i n formation  between  the  user and  the  suppl ier(s)  on  basic cond i tions  and  add i tional  user 
speci fications  re lated  to  the  e lectrical  equ ipment.  

NOTE  Those  add i ti onal  speci fi cati ons  can :  

– provi de  add i tiona l  featu res  that  are  dependen t  on  the  type  of mach ine  (or g roup  of mach i nes)  and  the  
app l i cati on ;  

– faci l i ta te  mai n tenance  and  repai r;  and  

– improve  the  re l i ab i l i ty and  ease  of operati on .  

 Selection  of equ ipment 4.2

4.2.1  General  

Electrical  components  and  devices  shal l :  

– be  su i table  for thei r i n tended  use;  and  

– conform  to  relevant I EC  standards  where  such  exist;  and  

– be  appl ied  in  accordance  wi th  the  suppl ier’s  i nstructions.  

4.2.2  Switchgear 

I n  add i tion  to  the  requ i rements  of I EC  60204-1 ,  depend ing  upon  the  mach ine,  i ts  i n tended  use  
and  i ts  e lectrical  equ ipment,  the  designer may select parts  of the  e lectrical  equ ipment of the  
mach ine  that are  i n  compl iance  wi th  re levant parts  of the  I EC  61 439  series  (see  a lso  
Annex F) .  
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 E lectrical  supply 4.3

4.3.1  General  

The  e lectrical  equ ipment shal l  be  designed  to  operate  correctl y wi th  the  cond i tions  of the  
supply:  

– as  speci fied  i n  4 . 3. 2  or 4 . 3 . 3 ,  or 

– as  otherwise  speci fied  by the  user,  or 

– as  speci fied  by the  suppl ier of a  specia l  source  of supply (see  4 . 3 .4)  

4.3.2  AC  suppl ies  

Vol tage  Steady state  vol tage:  0 , 9  to  1 , 1  of nominal  vol tage.  

Frequency 0 , 99  to  1 , 01  of nominal  frequency continuously;   
0 , 98  to  1 , 02  short time.  

Harmon ics  Harmon ic d istortion  not exceed ing  1 2  %  of the  total  r.m .s.  vol tage  
between  l i ve  conductors  for the  sum  of the  2nd  through  to  the  30th  
harmon ic.  

Vol tage  unbalance  Nei ther the  vol tage  of the  negative  sequence  component nor the  
vol tage  of the  zero  sequence  component i n  three-phase  suppl ies  
exceed ing  2  %  of the  posi tive  sequence  component.  

Vol tage  in terruption  Supply i n terrupted  or at zero  vol tage  for not more  than  3  ms  at any 
random  time  in  the  supply cycle  wi th  more  than  1  s  between  
successive  i n terruptions.  

Vol tage  d ips  Vol tage  d ips  not exceed ing  20  %  of the  rms  vol tage  of the  supply for 
more  than  one  cycle  wi th  more  than  1  s  between  successive  d ips.  

4.3.3  DC  suppl ies  

From  batteries:  

Vol tage  0 , 85  to  1 , 1 5  of nominal  vol tage;  

 0 , 7  to  1 , 2  of nominal  vol tage  i n  the  case  of battery-operated  
veh icles.  

Vol tage  i n terruption  Not exceed ing  5  ms.  

From  converti ng  equ ipment:  

Vol tage  0 , 9  to  1 , 1  of nominal  vol tage.  

Vol tage  i n terruption  Not exceed ing  20  ms  wi th  more  than  1  s  between  successive  
i n terruptions.  

NOTE  Th i s  i s  a  vari ati on  to  I EC  Gu i de  1 06  to  ensu re  proper operati on  of e l ectron ic  equ i pmen t.  

Ripple  (peak-to-peak)  Not exceed ing  0 , 1 5  of nominal  vol tage.  

4.3.4 Special  supply systems 

For special  supply systems  (e. g .  on -board  generators,  DC  bus,  etc. )  the  l im i ts  g iven  i n  4 . 3 . 2  
and  4 . 3 . 3  may be  exceeded  provided  that the  equ ipment i s  designed  to  operate  correctl y wi th  
those  cond i tions.  

 Physical  environment and  operating  conditions  4.4

4.4.1  General  

The  electrical  equ ipment shal l  be  su i table  for the  physical  envi ronment and  operating  
cond i tions  of i ts  i n tended  use.  The  requ i rements  of 4 . 4 . 2  to  4 . 4 .8  cover the  physical  
envi ronment and  operating  cond i tions  of the  majori ty of mach ines  covered  by th is  part  of 
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I EC  60204.  When  specia l  cond i tions  apply or the  l im i ts  speci fied  are  exceeded ,  an  exchange  
of i n formation  between  user and  suppl ier (see  4 . 1 )  can  be  necessary.  

4.4.2  Electromagnetic  compatibi l i ty (EMC)  

The  electrical  equ ipment shal l  not generate  e lectromagnetic d isturbances  above  l evels  that 
are  appropriate  for i ts  i n tended  operating  envi ronment.  I n  add i tion ,  the  e lectrical  equ ipment 
shal l  have  a  su fficien t l evel  of immun i ty to  e lectromagnetic d i sturbances  so  that i t  can  function  
i n  i ts  i n tended  envi ronment.  

Immun i ty and /or emission  tests  are  requ i red  on  the  e lectrical  equ ipment un less  the  fol lowing  
cond i tions  are  fu l fi l l ed :  

•  the  i ncorporated  devices  and  components  comply wi th  the  EMC requ i rements  for the  
i n tended  EMC envi ronment speci fied  i n  the  re levant product standard  (or generic standard  
where  no  product standard  exists) ,  and ;   

•  the  e lectrical  i nsta l lation  and  wi ri ng  are  consisten t wi th  the  instructions  provided  by the  
suppl ier of the  devices  and  components  wi th  regard  to  mu tual  i n fl uences,  (cabl i ng ,  
screen ing ,  earth ing  etc. )  or wi th  i n formative  Annex H  i f such  i nstructions  are  not avai lable  
from  the  suppl ier.  

NOTE  The  generi c  EMC  standards  I EC  61 000-6-1  or I EC  61 000-6-2  and  I EC  61 000-6-3  or I EC  61 000-6-4  g ive  
general  EMC  em issi on  and  immun i ty l im i ts .  

4.4.3  Ambient air temperature 

Electrical  equ ipment shal l  be  capable  of operating  correctl y i n  the  i n tended  ambien t a i r 
temperature.  The  m in imum  requ i rement for a l l  e l ectrical  equ ipment i s  correct operation  i n  

ambien t a i r temperatures  ou tside  of enclosures  (cabinet or box)  between  +5  °C  and  +40  °C.  

4.4.4 Humid i ty 

The  e lectrical  equ ipment shal l  be  capable  of operating  correctl y when  the  re lati ve  humid i ty 

does  not exceed  50  %  at  a  maximum  temperature  of +40  °C.  H igher relati ve  humid i ties  are  
permi tted  at l ower temperatures  (for example  90  %  at 20  °C).  

Harmfu l  effects  of occasional  condensation  shal l  be  avoided  by design  of the  equ ipment or,  
where  necessary,  by add i tional  measures  (for example  bu i l t- in  heaters,  a i r cond i tioners,  d rain  
holes).  

4.4.5 Al ti tude  

Electrical  equ ipment shal l  be  capable  of operating  correctl y at a l ti tudes  up  to  1  000  m  above  
mean  sea  l evel .  

– the  d ie lectric strength ,  and ;  

– the  swi tch ing  capabi l i ty of the  devices,  and ;  

– the  cool ing  effect of the  a i r.  

I t  i s  recommended  that the  manufacturer i s  consu l ted  regard ing  the  correction  factors  to  be  
used  where  the  factors  are  not speci fied  in  product data.  

4.4.6  Contaminants  

Electrical  equ ipment shal l  be  adequately protected  against the  i ngress  of sol i ds  and  l i qu ids  
(see  1 1 . 3) .  

For equipment to be used  at h igher alti tudes,  i t is  necessary to take into account changes in  parame-

ters for example,  the reduction  of:

Other parameters of d ifferent components can  also al ter with  al ti tude.  








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The  e lectrical  equ ipment shal l  be  adequately protected  against contaminan ts  (for example  
dust,  acids,  corrosive  gases,  sa l ts)  that can  be  present i n  the  physical  envi ronment i n  wh ich  
the  e lectrical  equ ipment i s  to  be  i nstal led .  

4.4.7  Ion izing  and  non-ion izing  rad iation  

When  equ ipment i s  subject to  rad iation  (for example  m icrowave,  u l traviolet,  l asers,  X-rays),  
add i tional  measures  shal l  be  taken  to  avoid  mal function ing  of the  equ ipment and  accelerated  
deterioration  of the  insu lation .  

4.4.8  Vibration ,  shock,  and  bump 

Undesi rable  effects  of vibration ,  shock and  bump ( includ ing  those  generated  by the  mach ine  
and  i ts  associated  equ ipment and  those  created  by the  physical  envi ronment)  shal l  be  
avoided  by the  selection  of su i table  equ ipment,  by mounting  i t  away from  the  mach ine,  or by 
provision  of an ti -vibration  mountings.  

 Transportation  and  storage 4.5

Electrical  equ ipment shal l  be  designed  to  wi thstand ,  or su i table  precautions  shal l  be  taken  to  
protect against,  the  effects  of transportation  and  storage  temperatures  wi th in  a  range  of 

–25  °C  to  +55  °C  and  for short periods  not exceed ing  24  h  at  up  to  +70  °C.  Su i table  means  
shal l  be  provided  to  prevent damage  from  humid i ty,  vibration ,  and  shock.  

NOTE  E l ectri ca l  equ ipmen t suscepti b l e  to  damage  at  l ow temperatu res  i ncl udes  PVC i nsu l ated  cabl es .  

 Provisions  for handl ing  4.6

Heavy and  bu lky e lectrical  equ ipment that has  to  be  removed  from  the  mach ine  for transport,  
or that i s  i ndependent of the  mach ine,  shal l  be  provided  wi th  su i table  means  for hand l ing ,  
i nclud ing  where  necessary means  for hand l ing  by cranes  or s im i lar equ ipment.  

5 Incoming  supply conductor terminations  and  devices  for d isconnecting  and  
switch ing  off 

 I ncoming  supply conductor terminations  5.1

I t  i s  recommended  that,  where  practicable,  the  e lectrical  equ ipment of a  mach ine  i s  connected  
to  a  s ing le  i ncoming  supply.  Where  another supply i s  necessary for certa in  parts  of the  
equ ipment (for example,  e lectron ic equ ipment that operates  at  a  d i fferent vol tage),  that supply 
shou ld  be  derived ,  as  far as  i s  practicable,  from  devices  (for example,  transformers,  
converters)  forming  part of the  e lectrical  equ ipment of the  mach ine.  For large  complex 
mach inery there  can  be  a  need  for more  than  one  i ncoming  supply depend ing  upon  the  s i te  
supply arrangements  (see  5.3 . 1 ) .  

Un less  a  p lug  i s  provided  wi th  the  mach ine  for the  connection  to  the  supply (see  5. 3. 2  e)) ,  i t  i s  
recommended  that the  supply conductors  are  terminated  at the  supply d isconnecting  device.  

Where  a  neu tral  conductor i s  used  i t  shal l  be  clearly i nd icated  in  the  techn ical  documentation  
of the  mach ine,  such  as  i n  the  i nstal lation  d iagram  and  in  the  ci rcu i t d iagram,  and  a  separate  
i nsu lated  terminal ,  l abel l ed  N  i n  accordance  wi th  1 6 . 1 ,  shal l  be  provided  for the  neu tral  
conductor.  The  neu tral  terminal  may be  provided  as  part of the  supply d isconnecting  device.  

There  shal l  be  no  connection  between  the  neu tral  conductor and  the  protective  bond ing  ci rcu i t  
i nside  the  e lectrical  equ ipment.  

Exception :  a  connection  may be  made  between  the  neu tral  terminal  and  the  PE  terminal  at  the  
poin t of the  connection  of the  e lectrical  equ ipment to  a  TN -C supply system.  
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For mach ines  suppl ied  from  paral le l  sources,  the  requ i rements  of I EC  60364-1  for mu l tiple  
source  systems  apply.  

Terminals  for the  i ncoming  supply connection  shal l  be  clearly i den ti fied  i n  accordance  wi th  
I EC  60445.  The  terminal  for the  external  protective  conductor shal l  be  i den ti fied  i n  
accordance  wi th  5 . 2 .  

 Terminal  for connection  of the  external  protective  conductor 5.2

For each  i ncoming  supply,  a  terminal  shal l  be  provided  in  the  same  compartment as  the  
associated  l i ne  conductor terminals  for connection  of the  mach ine  to  the  external  protective  
conductor.  

The  terminal  shal l  be  of such  a  s ize  as  to  enable  the  connection  of an  external  protective  
copper conductor wi th  a  cross-sectional  area  determined  i n  relation  to  the  s ize  of the  
associated  l i ne  conductors  in  accordance  wi th  Table  1 .  

Table  1  – M in imum  cross-sectional  area of copper protective  conductors  

Cross-sectional  area  of l i ne  
conductors  S  

 
mm 2

  

Min imum  cross-sectional  area  of the  
corresponding  protective  conductor 

(PE)  Sp   

mm 2
  

S ≤  1 6  S  

1 6  <  S ≤35  1 6  

S  >35   S/2  

 

Where  an  external  protective  conductor of a  material  other than  copper i s  used ,  the  terminal  
s ize  and  type  shal l  be  selected  accord ing ly.  

At each  i ncoming  supply poin t,  the  terminal  for connection  of external  protective  conductor 
shal l  be  marked  or l abel led  wi th  the  letters  PE  (see  IEC  60445).  

 Supply d isconnecting  (isolating)  device 5.3

5.3.1  General  

A supply d isconnecting  device  shal l  be  provided :  

– for each  i ncoming  supply to  (a)  mach ine(s);  

NOTE  The  i ncom ing  supply can  be  connected  d i rectl y to  the  suppl y d i sconnecti ng  device  of the  mach i ne  or to  
the  suppl y d i sconnecti ng  d evice  of a  feeder system  of the  mach i ne.  Feeder systems  of mach i nes  can  i ncl ude  
conductor wi res ,  conductor bars ,  s l i p-ri ng  assembl i es,  fl exi b l e  cabl e  systems  (reel ed ,  festooned )  or i n ducti ve  
power suppl y systems.  

– for each  on-board  power supply.  

The  supply d isconnecting  device  shal l  d isconnect ( i solate)  the  e lectrical  equ ipment of the  
mach ine  from  the  supply when  requ i red  (for example  for work on  the  mach ine,  i nclud ing  the  
e lectrical  equ ipment).  

Where  two  or more  supply d isconnecting  devices  are  provided ,  protective  in terlocks  for thei r 
correct operation  shal l  a l so  be  provided  in  order to  prevent a  hazardous  s i tuation ,  i nclud ing  
damage  to  the  mach ine  or to  the  work in  progress.  

5.3.2  Type 

The  supply d isconnecting  device  shal l  be  one  of the  fol l owing  types:  
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a)  swi tch-d isconnector,  wi th  or wi thout fuses,  i n  accordance  wi th  I EC  60947-3,  u ti l i zation  
category AC-23B  or DC-23B;  

b)  con trol  and  protective  swi tch ing  device  su i table  for i solation ,  i n  accordance  wi th  
I EC  60947-6-2;  

c)  a  ci rcu i t-breaker su i table  for i solation  in  accordance  wi th  I EC 60947-2 ;  

d )  any other swi tch ing  device  in  accordance  wi th  an  I EC  product standard  for that device  and  
wh ich  meets  the  i solation  requ i rements  and  the  appropriate  u ti l i zation  category and /or 
speci fied  endurance  requ i rements  defined  i n  the  product standard ;  

e)  a  pl ug /socket combination  for a  flexible  cable  supply.  

5.3.3  Requirements  

Where  the  supply d isconnecting  device  i s  one  of the  types  speci fied  i n  5. 3. 2  a)  to  d )  i t  shal l  
fu l fi l  a l l  of the  fol lowing  requ i rements:  

– i solate  the  e lectrical  equ ipment from  the  supply and  have  one  OFF  ( isolated)  and  one  
ON  posi ti on  marked  wi th  "O"  and  " I "  (symbols  I EC  6041 7-5008  (2002-1 0)  and  
I EC  6041 7-5007  (2002-1 0) ,  see  1 0 .2 . 2);  

– have  a  vis ib le  con tact gap  or a  posi tion  i nd icator wh ich  cannot i nd icate  OFF  ( isolated)  un ti l  
a l l  con tacts  are  actual ly open  and  the  requ i rements  for the  i solating  function  have  been  
satisfied ;  

– have  an  operating  means  (see  5.3 . 4);  

– be  provided  wi th  a  means  permi tting  i t  to  be  locked  in  the  OFF  ( i solated)  posi tion  (for 
example  by pad locks).  When  so  l ocked ,  remote  as  wel l  as  local  closing  shal l  be  
prevented ;  

– d isconnect a l l  l i ve  conductors  of i ts  power supply ci rcu i t.  However,  for TN  supply systems,  
the  neu tral  conductor may or may not be  d isconnected  except i n  coun tries  where  
d isconnection  of the  neu tral  conductor (when  used)  i s  compu lsory;  

– have  a  breaking  capaci ty su fficien t to  i n terrupt the  curren t of the  l argest motor when  
sta l led  together wi th  the  sum  of the  normal  runn ing  cu rren ts  of a l l  other motors  and  other 
l oads.  The  calcu lated  breaking  capaci ty may be  reduced  by the  use  of a  proven  d iversi ty 
factor.  Where  motor(s)  are  suppl ied  by converter(s)  or s im i lar devices,  the  calcu lation  
shou ld  take  in to  account the  possib le  effect on  the  requ i red  breaking  capaci ty.  

Where  the  supply d isconnecting  device  i s  a  p lug /socket combination ,  i t  shal l  comply wi th  the  
requ i rements  of 1 3 .4 .5  and  shal l  have  the  breaking  capaci ty,  or be  i n terlocked  wi th  a  
swi tch ing  device  that has  a  breaking  capaci ty,  su fficien t to  i n terrupt the  cu rren t of the  l argest 
motor when  sta l l ed  together wi th  the  sum  of the  normal  runn ing  curren ts  of a l l  other motors  
and  other loads.  The  calcu lated  breaking  capaci ty may be  reduced  by the  use  of a  proven  
d iversi ty factor.  Where  the  in terlocked  swi tch ing  device  i s  e lectrical l y operated  (for example  a  
con tactor)  i t  shal l  have  an  appropriate  u ti l i sation  category.  Where  motor(s)  are  suppl ied  by 
converter(s)  or s im i lar devices,  the  calcu lation  shou ld  take  in to  account the  possib le  effect on  
the  requ i red  breaking  capaci ty.  

NOTE  A su i tab l y rated  p l ug  and  socket-ou tl e t,  cabl e  coupl er,  or appl i ance  coupler,  i n  accordance  wi th  
I EC  60309-1  can  fu l fi l  these  requ i remen ts .  

Where  the  supply d isconnecting  device  i s  a  p lug /socket combination ,  a  swi tch ing  device  wi th  
an  appropriate  u ti l i sation  category shal l  be  provided  for swi tch ing  the  mach ine  on  and  off.  
Th is  can  be  ach ieved  by the  use  of the  i n terlocked  swi tch ing  device  described  above.  

5.3.4 Operating  means  of the  supply d isconnecting  device 

The  operating  means  (for example,  a  hand le)  of the  supply d isconnecting  device  shal l  be  
external  to  the  enclosure  of the  e lectrical  equ ipment.  
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Exception :  power-operated  swi tchgear need  not be  provided  wi th  a  hand le  ou tside  the  
enclosure  where  other means  (e. g .  pushbu ttons)  are  provided  to  open  the  supply 
d isconnecting  device  from  ou tside  the  enclosure.  

The  operating  means  of the  supply d isconnecting  device  shal l  be  easi l y accessib le  and  
l ocated  between  0 , 6  m  and  1 , 9  m  above  the  servicing  level .  An  upper l im i t  of 1 , 7  m  i s  
recommended .  

NOTE  The  d i recti on  of operati on  i s  g i ven  i n  I EC  61 31 0-3 .  

Where  the  external  operating  means  i s  i n tended  for emergency operation ,  see  1 0 .7 .3  or 
1 0 .8.3 .  

Where  the  external  operating  means  i s  not i n tended  for emergency operations:  

– i t  i s  recommended  that i t  be  coloured  BLACK or GREY (see  1 0 .2)  

– a  supplementary cover or door that can  be  read i ly opened  wi thou t the  use  of a  key or tool  
may be  provided ,  for example  for protection  against envi ronmental  cond i tions  or 
mechan ical  damage.  Such  a  cover/door shal l  clearly show that i t  provides  access  to  the  
operating  means.  Th is  can  be  ach ieved ,  for example,  by use  of the  relevant symbol  
I EC  6041 7-61 69-1  (201 2-08)  (F igure  2)  or I EC  6041 7-61 69-2  (201 2-08),  (F igure  3) .  

 

Figure  2  – Disconnector isolator 

 

Figure  3  – Disconnecting  ci rcu i t  breaker 

5.3.5  Excepted  circu i ts  

The  fol lowing  ci rcu i ts  need  not be  d isconnected  by the  supply d isconnecting  device:  

– l i gh ting  ci rcu i ts  for l i gh ting  needed  during  main tenance  or repai r;  

– socket ou tlets  for the  exclusive  connection  of repai r or main tenance  tools  and  equ ipment 
(for example  hand  d ri l l s ,  test equ ipment)  (see  1 5. 1 );  

– undervol tage  protection  ci rcu i ts  that are  on ly provided  for au tomatic tripping  i n  the  event 
of supply fa i lu re;  

– ci rcu i ts  supplying  equ ipment that shou ld  normal l y remain  energ ized  for correct operation  
(for example  temperature  con trol led  measuring  devices,  heaters,  program  storage  
devices).  

I t  i s  recommended ,  however,  that such  ci rcu i ts  be  provided  wi th  thei r own  d isconnecting  
device.  

Control  ci rcu i ts  suppl ied  via  another supply d isconnecting  device,  regard less  of whether that  
d isconnecting  device  i s  l ocated  in  the  e lectrical  equ ipment or i n  another mach ine  or other 
e lectrical  equ ipment,  need  not be  d i sconnected  by the  supply d isconnecting  device  of the  
e lectrical  equ ipment.  
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Where  excepted  ci rcu i ts  are  not d isconnected  by the  supply d isconnecting  device:  

– permanent warn ing  l abel (s)  shal l  be  appropriately p laced  in  proxim i ty to  the  operating  
means  of the  supply d isconnecting  device  to  d raw atten tion  to  the  hazard ;  

– a  correspond ing  statement shal l  be  i ncluded  i n  the  main tenance  manual ,  and  one  or more  
of the  fol lowing  shal l  apply:  

•  the  conductors  are  i den ti fied  by colour taking  i n to  account the  recommendation  of 
1 3 .2 .4 ;  

•  excepted  ci rcu i ts  are  separated  from  other ci rcu i ts;  

•  excepted  ci rcu i ts  are  i den ti fied  by permanent warn ing  l abel (s).  

 Devices  for removal  of power for prevention  of unexpected  start-up 5.4

Devices  for removal  of power for the  prevention  of unexpected  start-up  shal l  be  provided  
where  a  start-up  of the  mach ine  or part of the  mach ine  can  create  a  hazard  (for example  
during  main tenance).  Such  devices  shal l  be  appropriate  and  conven ien t for the  in tended  use,  
be  su i tably p laced ,  and  read i ly i den ti fiable  as  to  thei r function  and  purpose.  Where  thei r 
function  and  purpose  i s  not otherwise  obvious  (e. g .  by thei r l ocation)  these  devices  shal l  be  
marked  to  i nd icate  the  exten t of removal  of power.  

NOTE  1  Th i s  part  of I EC  60204  does  not  add ress  a l l  provi s i ons  for preven ti on  of u nexpected  s tart  up.  Fu rther 
i n formati on  i s  provi ded  i n  I SO  1 41 1 8.  

NOTE  2  Removal  of power means  removal  of the  connection  to  the  sou rce  of e l ectri cal  energy bu t  does  not  imply 
i so l ati on .  

The  supply d isconnecting  device  or other devices  in  accordance  wi th  5 . 3. 2  may be  used  for 
prevention  of unexpected  start-up.  

D isconnectors,  wi thdrawable  fuse  l i nks  and  wi thdrawable  l i nks  may be  used  for protection  of 
unexpected  start-up  on ly i f they are  l ocated  i n  an  enclosed  e lectrical  operating  area  (see  
3 . 1 . 23).  

Devices  that do  not fu l fi l  the  i solation  function  (for example  a  contactor swi tched  off by a  
control  ci rcu i t,  or Power Drive  System  (PDS)  wi th  a  Safe  Torque  Off (STO)  function  i n  
accordance  wi th  I EC  61 800-5-2)  may on ly be  used  for prevention  of unexpected  start-up  
during  tasks  such  as:  

– i nspections;  

– ad justments;  

– work on  the  e lectrical  equ ipment where:  

•  there  i s  no  hazard  aris ing  from  electric shock (see  Clause  6)  and  burn ;  

•  the  swi tch ing  off means  remains  effective  throughou t the  work;  

•  the  work i s  of a  m inor nature  (for example,  replacement of p lug-in  devices  wi thou t 
d istu rbing  existi ng  wi ring ).  

The  selection  of a  device  wi l l  be  dependent on  the  risk assessment,  taking  i n to  account the  
i n tended  use  of the  device,  and  the  persons  who  are  i n tended  to  operate  them.  

 Devices  for isolating  electrical  equipment 5.5

Devices  shal l  be  provided  for i solating  (d isconnecting)  the  e lectrical  equ ipment or part(s)  of 
the  e lectrical  equ ipment to  enable  work to  be  carried  ou t when  i t  i s  de-energ ised  and  i solated .  
Such  devices  shal l  be:  

– appropriate  and  conven ien t for the  i n tended  use;  

– su i tably p laced ;  
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– read i ly i den ti fi able  as  to  wh ich  part(s)  or ci rcu i t(s)  of the  equ ipment i s  served .  Where  thei r 
function  and  purpose  i s  not otherwise  obvious  (e. g .  by thei r l ocation)  these  devices  shal l  
be  marked  to  i nd icate  the  exten t of the  equ ipment that they i solate.  

The  supply d isconnecting  device  (see  5. 3)  may,  i n  some  cases,  fu l fi l  that function .  However,  
where  i t  i s  necessary to  work on  i nd ividual  parts  of the  e lectrical  equ ipment of a  mach ine,  or 
on  one  of the  mach ines  fed  by a  common  conductor bar,  conductor wi re  or i nductive  power 
supply system,  a  d isconnecting  device  shal l  be  provided  for each  part,  or for each  mach ine,  
requ i ring  separate  i solation .  

I n  add i tion  to  the  supply d isconnecting  device,  the  fol lowing  devices  that fu l fi l  the  i solation  
function  may be  provided  for th is  pu rpose:  

– devices  described  in  5 . 3. 2 ;  

– d isconnectors,  wi thdrawable  fuse  l i nks  and  wi thdrawable  l i nks  on ly i f l ocated  i n  an  
enclosed  e lectrical  operating  area  (see  3. 1 . 23)  and  relevant i n formation  i s  provided  wi th  
the  e lectrical  equ ipment (see  Clause  1 7).  

 Protection  against unauthorized ,  inadvertent and/or mistaken  connection  5.6

Where  the  devices  described  i n  5 . 4  and  5.5  are  l ocated  ou tside  an  enclosed  e lectrical  
operating  area  they shal l  be  equ ipped  wi th  means  to  secure  them  i n  the  OFF  posi tion  
(d isconnected  state),  ( for example  by provisions  for pad locking ,  trapped  key in terlocking).  
When  so  secured ,  remote  as  wel l  as  l ocal  reconnection  shal l  be  prevented .  

Where  the  devices  described  i n  5 . 4  and  5.5  are  located  i ns ide  an  enclosed  e lectrical  
operating  area  other means  of protection  against reconnection  (for example  warn ing  l abels)  
can  be  su fficien t.  

However,  when  a  p lug /socket combination  accord ing  to  5 . 3 . 2  e)  i s  so  posi tioned  that i t  can  be  
kept under the  immed iate  supervis ion  of the  person  carrying  ou t the  work,  means  for securing  
i n  the  d isconnected  state  need  not be  provided .  

6 Protection  against electric  shock 

 General  6.1

The  e lectrical  equ ipment shal l  provide  protection  of persons  against e lectric shock by:  

– basic protection  (see  6. 2  and  6 . 4) ,  and ;  

– fau l t  protection  (see  6 . 3  and  6 . 4) .  

The  measures  for protection  g iven  i n  6 . 2 ,  6 . 3 ,  and ,  for PELV,  i n  6 . 4 ,  are  a  selection  from  
IEC 60364-4-41 .  Where  those  measures  are  not practicable,  for example  due  to  the  physical  
or operational  cond i tions,  other measures  from  I EC 60364-4-41  may be  used  (e. g .  SELV).  

 Basic  protection  6.2

6.2.1  General  

For each  ci rcu i t  or part of the  e lectrical  equ ipment,  the  measures  of e i ther 6 . 2 . 2  or 6 . 2 . 3  and ,  
where  appl icable,  6 . 2 . 4  shal l  be  appl ied .  

Exception :  where  those  measures  are  not appropriate,  other measures  for basic protection  
(for example  by using  barriers,  by p lacing  ou t of reach ,  us ing  obstacles,  us ing  construction  or 
i nsta l lation  techn iques  that prevent access)  as  defined  i n  I EC  60364-4-41  may be  appl ied  
(see  a lso  6 . 2 . 5  and  6 . 2 .6).  
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Where  the  equ ipment i s  l ocated  in  p laces  open  to  a l l  persons,  wh ich  can  include  ch i l d ren ,  
measures  of e i ther 6 . 2 . 2  wi th  a  m in imum  degree  of protection  against con tact wi th  l i ve  parts  
correspond ing  to  I P4X or I PXXD  (see  I EC  60529),  or 6 . 2 . 3  shal l  be  appl ied .  

6.2.2  Protection  by enclosures  

Live  parts  shal l  be  located  ins ide  enclosures  that provide  protection  against con tact wi th  l i ve  
parts  of at  l east I P2X or I PXXB  (see  I EC  60529).  

Where  the  top  surfaces  of the  enclosure  are  read i ly accessib le,  the  m in imum  degree  of 
protection  against con tact wi th  l i ve  parts  provided  by the  top  su rfaces  shal l  be  I P4X or I PXXD.  

Open ing  an  enclosure  ( i . e .  open ing  doors,  l i ds,  covers,  and  the  l i ke)  shal l  be  possib le  on ly 
under one  of the  fol lowing  cond i tions:  

a)  The  use  of a  key or tool  i s  necessary for access.  

NOTE  1  The  u se  of a  key or too l  i s  i n tended  to  restri ct  access  to  ski l l ed  or i nstructed  persons  (see  1 7 . 2  f)) .  

Al l  l i ve  parts,  ( includ ing  those  on  the  ins ide  of doors)  that are  l i kely to  be  touched  when  
resetting  or ad justing  devices  i n tended  for such  operations  wh i le  the  equ ipment i s  sti l l  
connected ,  shal l  be  protected  against contact to  at l east I P2X or I PXXB.  Other l i ve  parts  
on  the  i ns ide  of doors  shal l  be  protected  against un in tentional  d i rect con tact to  at l east 
I P1 X or I PXXA.  

b)  The  d isconnection  of l i ve  parts  i ns ide  the  enclosure  before  the  enclosure  can  be  opened .  

Th is  may be  accompl ished  by in terlocking  the  door wi th  a  d i sconnecting  device  (for 
example,  the  supply d isconnecting  device)  so  that the  door can  on ly be  opened  when  the  
d isconnecting  device  i s  open  and  so  that the  d isconnecting  device  can  on ly be  closed  
when  the  door i s  closed .  

Exception :  a  key or tool  as  prescribed  by the  suppl ier can  be  used  to  defeat the  in terlock 
provided  that the  fol l owing  cond i tions  are  met:  

– i t  i s  possib le  at  a l l  times  wh i le  the  i n terlock i s  defeated  to  open  the  d isconnecting  
device  and  l ock the  d isconnecting  device  in  the  OFF  ( isolated)  posi tion  or otherwise  
prevent unau thorised  closure  of the  d isconnecting  device;  

– upon  closing  the  door,  the  in terlock i s  au tomatical ly restored ;  

– a l l  l i ve  parts,  ( i nclud ing  those  on  the  i ns ide  of doors)  that are  l i kely to  be  touched  when  
resetting  or ad justing  devices  i n tended  for such  operations  wh i le  the  equ ipment i s  sti l l  
connected ,  are  protected  against un in ten tional  con tact wi th  l i ve  parts  to  at  l east I P2X 
or I PXXB  and  other l i ve  parts  on  the  i ns ide  of doors  are  protected  against un in ten tional  
con tact to  at l east I P1 X or I PXXA;  

– relevant i n formation  abou t the  procedures  for the  defeat of the  in terlock i s  provided  
wi th  the  i nstructions  for use  of the  e lectrical  equ ipment (see  Clause  1 7).  

– means  are  provided  to  restrict access  to  l i ve  parts  beh ind  doors  that are  not d i rectly 
i n terlocked  wi th  the  d isconnecting  means  to  ski l led  or i nstructed  persons.  (See  
1 7.2  b)) .  

Al l  parts  that are  sti l l  l i ve  after swi tch ing  off the  d isconnecting  device(s)  (see  5.3 . 5)  shal l  
be  protected  against d i rect con tact to  at l east I P2X or I PXXB (see  I EC  60529).  Such  parts  
shal l  be  marked  wi th  a  warn ing  s ign  i n  accordance  wi th  1 6 .2 . 1  (see  a lso  1 3 . 2 .4  for 
i den ti fication  of conductors  by colour),  except for:  

– parts  that can  be  l i ve  on ly because  of connection  to  i n terlocking  ci rcu i ts  and  that are  
d istingu ished  by colour as  poten tial ly l i ve  i n  accordance  wi th  1 3 .2 . 4 ;  

– the  supply terminals  of the  supply d isconnecting  device  when  the  l atter i s  mounted  
a lone  i n  a  separate  enclosure.  

c)  Open ing  wi thou t the  use  of a  key or a  tool  and  wi thou t d isconnection  of l i ve  parts  shal l  be  
possible  on ly when  a l l  l i ve  parts  are  protected  against contact to  at  l east I P2X or I PXXB  
(see  IEC  60529).  Where  barriers  provide  th is  protection ,  e i ther they shal l  requ i re  a  tool  for 
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thei r removal  or a l l  l i ve  parts  protected  by them  shal l  be  au tomatical l y d isconnected  when  
the  barrier i s  removed .  Where  protection  against contact i s  ach ieved  i n  accordance  wi th  
6 . 2 . 2  c) ,  and  a  hazard  can  be  caused  by manual  actuation  of devices  (for example  manual  
closing  of contactors  or re lays),  such  actuation  shou ld  be  prevented  by barriers  or 
obstacles  that requ i re  a  tool  for thei r removal .  

6.2.3  Protection  by insu lation  of l ive  parts  

Live  parts  protected  by i nsu lation  shal l  be  completely covered  wi th  i nsu lation  that can  on ly be  
removed  by destruction .  Such  i nsu lation  shal l  be  capable  of wi thstand ing  the  mechan ical ,  
chemical ,  e lectrical ,  and  thermal  stresses  to  wh ich  i t  can  be  subjected  under normal  operating  
cond i tions.  

NOTE  Pai n ts ,  varn ishes,  l acquers ,  and  s im i l ar products  a l one  are  genera l l y consi dered  to  be  i nadequate  for 
protecti on  against  e l ectri c  shock u nder normal  operati ng  cond i ti ons.  

6.2.4 Protection  against residual  vol tages  

Live  parts  having  a  residual  vol tage  greater than  60  V when  the  supply i s  d i sconnected  shal l  
be  d ischarged  to  60  V or l ess  wi th in  a  time  period  of 5  s  provided  that th is  rate  of d i scharge  
does  not i n terfere  wi th  the  proper function ing  of the  equ ipment.  Exempted  from  th is  

requ i rement are  components  having  a  stored  charge  of 60  µC or l ess.  Where  th is  speci fied  
rate  of d ischarge  wou ld  i n terfere  wi th  the  proper function ing  of the  equ ipment,  a  durable  
warn ing  notice  d rawing  atten tion  to  the  hazard  and  stating  the  delay requ i red  before  the  
enclosure  may be  opened  shal l  be  d isplayed  at an  easi l y vis ib le  l ocation  on  or immed iately 
ad jacent to  the  enclosure  that con tains  the  l i ve  parts.  

I n  the  case  of p lugs  or s im i lar devices,  the  wi thdrawal  of wh ich  resu l ts  i n  the  exposure  of 
conductors  (for example  p ins) ,  the  d ischarge  time  to  60  V shal l  not exceed  1  s ,  otherwise  
such  conductors  shal l  be  protected  to  at l east I P2X or I PXXB.  I f nei ther a  d i scharge  time  of 
1  s  nor a  protection  of at l east I P2X or I PXXB  can  be  ach ieved  (for example  in  the  case  of 
removable  col lectors  on  conductor wi res,  conductor bars,  or s l ip-ring  assembl ies,  see  1 2 .7 .4),  
add i tional  swi tch ing  devices  or an  appropriate  warn ing ,  for example  a  warn ing  s ign  d rawing  
atten tion  to  the  hazard  and  stati ng  the  delay requ i red  shal l  be  provided .  When  the  equ ipment 
i s  l ocated  in  p laces  open  to  a l l  persons,  wh ich  can  i nclude  ch i ld ren ,  warn ings  are  not 
su fficien t and  therefore  a  m in imum  degree  of protection  against contact wi th  l i ve  parts  to  I P4X 
or I PXXD  is  requ i red .  

NOTE  Frequency converters  and  DC  bus  suppl i es  cou l d  have  typ ica l l y a  l onger d i scharge  time  than  5  s .  

6.2.5  Protection  by barriers  

For protection  by barriers,  the  requ i rements  of I EC  60364-4-41  shal l  apply.  

6.2.6  Protection  by placing  out of reach  or protection  by obstacles  

For protection  by p lacing  ou t of reach ,  the  requ i rements  of I EC  60364-4-41  shal l  apply.  For 
protection  by obstacles,  the  requ i rements  of I EC  60364-4-41  shal l  apply.  

For conductor wi re  systems or conductor bar systems wi th  a  degree  of protection  l ess  than  
I P2X or I PXXB,  see  1 2 .7 . 1 .  

 Fau l t  protection  6.3

6.3.1  General  

Fau l t protection  (3 .31 )  i s  i n tended  to  prevent hazardous  s i tuations  due  to  an  i nsu lation  fau l t  
between  l i ve  parts  and  exposed  conductive  parts.  

For each  ci rcu i t  or part of the  e lectrical  equ ipment,  at l east one  of the  measures  i n  
accordance  wi th  6 . 3. 2  to  6 . 3 .3  shal l  be  appl ied :  
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– measures  to  prevent the  occurrence  of a  touch  vol tage  (6 .3 .2);  or 

– au tomatic d isconnection  of the  supply before  the  time  of contact wi th  a  touch  vol tage  can  
become hazardous  (6 .3 .3).  

NOTE  2  I EC  61 1 40  provi des  i n formati on  abou t  cl asses  of equ i pmen t and  protecti ve  provi s i ons.  

6.3.2  Prevention  of the  occurrence  of a  touch  vol tage 

6.3.2. 1  General  

Measures  to  prevent the  occurrence  of a  touch  vol tage  include  the  fol lowing :  

– provision  of class  I I  equ ipment or by equ ivalen t i nsu lation ;   

– e lectrical  separation .  

6.3.2 .2  Protection  by provision  of class  I I  equ ipment or by equ ivalent insulation  

Th is  measure  i s  i n tended  to  prevent the  occurrence  of touch  vol tages  on  the  accessib le  parts  
th rough  a  fau l t  i n  the  basic i nsu lation .  

Th is  protection  i s  provided  by one  or more  of the  fol lowing :  

– class  I I  e lectrical  devices  or apparatus  (double  i nsu lation ,  re in forced  i nsu lation  or by 
equ ivalen t i nsu lation  i n  accordance  wi th  I EC  61 1 40);  

– swi tchgear and  controlgear assembl ies  having  total  i nsu lation  i n  accordance  
wi th  I EC  61 439-1 ;  

– supplementary or re in forced  insu lation  i n  accordance  wi th  I EC  60364-4-41 .  

6.3.2 .3  Protection  by electrical  separation  

Electrical  separation  of an  i nd ividual  ci rcu i t  i s  i n tended  to  prevent a  touch  vol tage  through  
con tact wi th  exposed  conductive  parts  that can  be  energ ized  by a  fau l t  i n  the  basic i nsu lation  
of the  l i ve  parts  of that ci rcu i t.  

For th is  type  of protection ,  the  requ i rements  of I EC  60364-4-41  apply.  

6.3.3  Protection  by automatic  d isconnection  of supply 

Automatic d isconnection  of the  supply of any ci rcu i t  affected  by an  i nsu lation  fau l t  i s  i n tended  
to  prevent a  hazardous  s i tuation  resu l ting  from  a  touch  vol tage.  

Th is  measure  consists  of the  i n terruption  of one  or more  of the  l i ne  conductors  by the  
au tomatic operation  of a  protective  device  in  case  of a  fau l t.  Th is  i n terruption  shal l  occur 
wi th in  a  su fficien tl y short time  to  l im i t the  duration  of a  touch  vol tage  to  a  time  wi th in  the  l im i ts  
speci fied  i n  Annex A for TN  and  TT systems.  

Th is  measure  necessi tates  co-ord ination  between :  

– the  type  of supply system,  the  supply source  impedance  and  the  earth ing  system;  

– the  impedance values  of the  d i fferen t e lements  of the  l i ne  and  of the  associated  fau l t  
cu rren t paths  through  the  protective  bond ing  ci rcu i t;  

– the  characteristics  of the  protective  devices  that detect i nsu lation  fau l t(s) .  

NOTE  1  Detai l s  of veri fi cati on  of cond i ti ons  for protecti on  by au tomati c  d i sconnection  of suppl y are  provi ded  i n  
1 8 . 2 .  

Th is  protective  measure  comprises  both :  

NOTE 1    The risk of harmfu l  physiolog ical  effects  from touch  vol tages depends upon  a  number of factors.  These 

include but are  not l imi ted  to;  value of touch  vol tage,  duration  of possible  exposure,  environmental  factors,  skin  cond i tion  
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– protective  bond ing  of exposed  conductive  parts  (see  8 . 2 . 3),  

– and  one  of the  fol lowing :  

a)  I n  TN  systems,  the  fol lowing  protective  devices  may be  used :  

•  overcurren t protective  devices;  

•  residual  curren t protective  devices  (RCDs)  and  associated  overcurren t protective  
device(s).  

N OTE  2  The  preventi ve  main tenance  can  be  enhanced  by u se  of a  res i dual  cu rren t  mon i tori ng  device,  
RCM ,  complyi ng  wi th  I EC  62020.  

b)  i n  TT systems,  e i ther:  

•  RCDs  and  associated  overcurren t protective  device(s)  to  i n i tiate  the  au tomatic 
d isconnection  of the  supply on  detection  of an  i nsu lation  fau l t  from  a  l i ve  part to  
exposed  conductive  parts  or to  earth ,  or  

•  overcurren t protective  devices  may be  used  for fau l t  protection  provided  a  su i tably 
l ow value  of the  fau l t  l oop  impedance  Zs  (see  A. 2 . 2 . 3)  i s  permanently and  re l i ably 
assured ;  

N OTE  3  The  preventi ve  main tenance  can  be  enhanced  by u se  of a  res i dual  cu rren t  mon i tori ng  device,  
RCM ,  complyi ng  wi th  I EC  62020 .  

c)  I n  I T  systems  the  relevant requ i rements  of I EC  60364-4-41  shal l  be  fu l fi l l ed .  During  an  
i nsu lation  fau l t,  an  acoustic and  optical  s ignal  shal l  be  sustained .  After annunciation ,  
the  acoustic s ignal  may then  be  manual l y mu ted .  Th is  can  requ i re  an  agreement 
between  the  suppl ier and  user regard ing  the  provision  of i nsu lation  mon i toring  devices  
and /or i nsu lation  fau l t  l ocation  system(s).  

N OTE  4  I n  l arge  mach i nes,  the  provi s i on  of an  i nsu l ati on  fau l t  l ocati on  system  ( I FLS)  i n  accordance  wi th  
I EC  61 557-9  can  faci l i tate  main tenance.  

Where  au tomatic d isconnection  i s  provided  in  accordance  wi th  a) ,  and  d isconnection  wi th in  
the  time  speci fied  i n  A. 1 . 1  cannot be  assured ,  supplementary protective  bond ing  shal l  be  
provided  as  necessary to  meet the  requ i rements  of A. 1 . 3.  

Where  a  power d rive  system  (PDS)  i s  provided ,  fau l t  protection  shal l  be  provided  for those  
ci rcu i ts  of the  power d rive  system  that are  suppl ied  by the  converter.  Where  th is  protection  i s  
not provided  wi th in  the  converter,  the  necessary protection  measures  shal l  be  i n  accordance  
wi th  the  converter manufacturer’s  i nstructions.  

 Protection  by the  use  of PELV 6.4

6.4.1  General  requ irements  

The  use  of PELV (Protective  Extra-Low Vol tage)  i s  to  protect persons  against e lectric shock 
from  ind i rect con tact and  l im i ted  area  d i rect con tact (see  8 . 2 . 1 ) .  

PELV ci rcu i ts  shal l  satisfy a l l  of the  fol lowing  cond i tions:  

a)  the  nominal  vol tage  shal l  not exceed :  

•  25  V AC r.m .s.  or 60  V ri pple-free  DC when  the  equ ipment i s  normal ly used  i n  d ry 
l ocations  and  when  l arge  area  contact of l i ve  parts  wi th  the  human  body i s  not 
expected ;  or 

•  6  V AC r.m .s.  or 1 5  V ripple-free  DC  in  a l l  other cases;  

NOTE  "Rippl e-free"  i s  conven ti ona l l y d efi ned  for a  s i n usoida l  ri pp l e  vo l tage  as  a  ri ppl e  con ten t  of n ot  more  
than  1 0  %  r. m . s .  

b)  one  s ide  of the  ci rcu i t or one  poin t of the  source  of the  supply of that ci rcu i t  shal l  be  
connected  to  the  protective  bond ing  ci rcu i t;  

c)  l i ve  parts  of PELV ci rcu i ts  shal l  be  e lectrical l y separated  from  other l i ve  ci rcu i ts.  E lectrical  
separation  shal l  be  not l ess  than  that requ i red  between  the  primary and  secondary ci rcu i ts  
of a  safety i solating  transformer (see  I EC  61 558-1  and  I EC  61 558-2-6  ) ;  
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d )  conductors  of each  PELV ci rcu i t shal l  be  physical l y separated  from  those  of any 
other ci rcu i t.  When  th is  requ i rement i s  impracticable,  the  i nsu lation  provisions  of 1 3 . 1 . 3  
shal l  apply;  

e)  p lugs  and  socket-ou tlets  for a  PELV ci rcu i t  shal l  conform  to  the  fol lowing :  

•  p lugs  shal l  not be  able  to  en ter socket-ou tlets  of other vol tage  systems;  

•  socket-ou tlets  shal l  not admi t p lugs  of other vol tage  systems.  

6.4.2  Sources  for PELV 

The  source  for PELV shal l  be  one  of the  fol l owing :  

– a  safety i solating  transformer i n  accordance  wi th  I EC  61 558-1  and  I EC  61 558-2-6;  

– a  source  of cu rren t provid ing  a  degree  of safety equ ivalen t to  that of the  safety i solating  
transformer (for example  a  motor generator wi th  wind ing  provid ing  equ ivalen t i solation);  

– an  e lectrochemical  source  (for example  a  battery)  or another source  i ndependent of a  
h igher vol tage  ci rcu i t  (for example  a  d iesel -driven  generator);  

– an  e lectron ic power supply conforming  to  appropriate  standards  speci fying  measures  to  be  
taken  to  ensure  that,  even  i n  the  case  of an  i n ternal  fau l t,  the  vol tage  at the  ou tgoing  
terminals  cannot exceed  the  values  speci fied  i n  6 . 4 . 1 .  

7  Protection  of equ ipment 

 General  7.1

Th is  Clause  7  detai l s  the  measures  to  be  taken  to  protect equ ipment against the  effects  of:  

– overcurrent aris ing  from  a  short-ci rcu i t;  

– overload  and /or l oss  of cool ing  of motors;  

– abnormal  temperature;  

– l oss  of or reduction  in  the  supply vol tage;  

– overspeed  of mach ines/mach ine  e lements;  

– earth  fau l t/residual  curren t;  

– i ncorrect phase  sequence;  

– overvol tage  due  to  l i gh tn ing  and  swi tch ing  surges.  

 Overcurrent protection  7.2

7.2.1  General  

Overcurren t protection  shal l  be  provided  where  the  curren t i n  any ci rcu i t  can  exceed  e i ther the  
rating  of any component or the  curren t carrying  capaci ty of the  conductors,  wh ichever i s  the  
l esser value.  The  ratings  or setti ngs  to  be  selected  are  detai led  i n  7 . 2 . 1 0 .  

7.2.2  Supply conductors  

Un less  otherwise  speci fied  by the  user,  the  suppl ier of the  e lectrical  equ ipment i s  not 
responsible  for provid ing  the  supply conductors  and  the  overcurren t protective  device  for the  
supply conductors  to  the  e lectrical  equ ipment.  

The  suppl ier of the  e lectrical  equ ipment shal l  state  i n  the  i nstal l ation  documents  the  data  
necessary for conductor d imension ing  ( i nclud ing  the  maximum  cross-sectional  area  of the  
supply conductor that can  be  connected  to  the  terminals  of the  e lectrical  equ ipment)  and  for 
selecting  the  overcurren t protective  device  (see  7. 2 . 1 0  and  1 7).  
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7.2.3  Power circui ts  

Devices  for detection  and  i n terruption  of overcurren t,  se lected  in  accordance  wi th  7 . 2 . 1 0 ,  shal l  
be  appl ied  to  each  l i ve  conductor i nclud ing  ci rcu i ts  supplying  control  ci rcu i t  transformers.  

The  fol lowing  conductors,  as  appl icable,  shal l  not be  d isconnected  wi thou t d isconnecting  a l l  
associated  l i ve  conductors:  

– the  neu tral  conductor of AC power ci rcu i ts;  

– the  earthed  conductor of DC  power ci rcu i ts;  

– DC  power conductors  bonded  to  exposed  conductive  parts  of mobi le  mach ines.  

Where  the  cross-sectional  area  of the  neu tral  conductor i s  at  l east equal  to  or equ ivalen t to  
that of the  l i ne  conductors,  i t  i s  not necessary to  provide  overcurrent detection  for the  neu tral  
conductor nor a  d isconnecting  device  for that conductor.  For a  neu tral  conductor wi th  a  cross-
sectional  area  smal ler than  that of the  associated  l i ne  conductors,  the  measures  detai led  i n  
524  of I EC  60364-5-52:2009  shal l  apply.  

I n  I T systems,  i t  i s  recommended  that the  neu tral  conductor i s  not used .  However,  where  a  
neu tral  conductor i s  used ,  the  measures  detai led  i n  431 .2 . 2  of I EC  60364-4-43:2008  shal l  
apply.  

7.2.4 Control  ci rcu i ts  

Conductors  of con trol  ci rcu i ts  d i rectly connected  to  the  supply vol tage  shal l  be  protected  
against overcurren t i n  accordance  wi th  7 . 2 .3 .  

Conductors  of control  ci rcu i ts  suppl ied  by a  transformer or DC supply shal l  be  protected  
against overcurrent (see  a lso  9 . 4 .3 . 1 . 1 ) :  

– i n  con trol  ci rcu i ts  connected  to  the  protective  bond ing  ci rcu i t,  by i nserti ng  an  overcurren t 
protective  device  in to  the  swi tched  conductor;  

– i n  con trol  ci rcu i ts  not connected  to  the  protective  bond ing  ci rcu i t;  

•  where  a l l  con trol  ci rcu i ts  of the  equ ipment have  the  same  curren t carrying  capaci ty,  by 
i nserti ng  an  overcurren t protective  device  in to  the  swi tched  conductor,  or;  

•  where  d i fferen t con trol  ci rcu i ts  of the  equ ipment have  d i fferen t cu rren t carrying  
capaci ty,  by i nserting  an  overcurrent protective  device  i n to  both  swi tched  and  common  
conductors  of each  con trol  ci rcu i t.  

Exception :  Where  the  supply un i t  provides  curren t l im i ti ng  below the  curren t carrying  capaci ty 
of the  conductors  in  a  ci rcu i t  and  below the  cu rrent rating  of connected  components,  no  
separate  overcurrent protective  device  i s  requ i red .  

7.2.5  Socket outlets  and  their associated  conductors  

Overcurren t protection  shal l  be  provided  for the  ci rcu i ts  feed ing  the  general  purpose  socket 
ou tlets  i n tended  primari l y for supplying  power to  main tenance  equ ipment.  Overcurrent 
protective  devices  shal l  be  provided  i n  the  unearthed  l i ve  conductors  of each  ci rcu i t  feed ing  
such  socket ou tlets.  See  a lso  1 5. 1 .  

7.2.6  Lighting  circu i ts  

Al l  unearthed  conductors  of ci rcu i ts  supplying  l i gh ting  shal l  be  protected  against the  effects  of 
short-ci rcu i ts  by the  provis ion  of overcurren t devices  separate  from  those  protecting  other 
ci rcu i ts.  
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7.2.7  Transformers  

Transformers  shal l  be  protected  by an  overcurrent protective  device  having  a  type  and  setting  
i n  accordance  wi th  the  transformer manufacturer’s  i nstructions.  Such  protection  shal l  (see  
a lso  7 . 2 . 1 0) :  

– avoid  nu isance  tripping  due  to  transformer magnetizing  in rush  cu rren ts;  

– avoid  a  wind ing  temperature  rise  i n  excess  of the  permi tted  value  for the  insu lation  class  
of transformer when  i t  i s  subjected  to  the  effects  of a  short-ci rcu i t  at i ts  secondary 
terminals.  

7.2.8  Location  of overcurrent protective  devices  

An  overcurren t protective  device  shal l  be  l ocated  at the  poin t where  a  reduction  in  the  cross-
sectional  area  of the  conductors  or another change  reduces  the  cu rren t-carrying  capaci ty of 
the  conductors,  except where  a l l  the  fol lowing  cond i tions  are  satisfied :  

– the  curren t carrying  capaci ty of the  conductors  i s  at  l east equal  to  that of the  l oad ;  

– the  part of the  conductor(s)  between  the  poin t of reduction  of curren t-carrying  capaci ty and  
the  posi tion  of the  overcurren t protective  device  i s  no  l onger than  3  m ;  

– the  conductors  are  i nstal led  i n  such  a  manner as  to  reduce  the  possib i l i ty of a  short-
ci rcu i t,  for example,  protected  by an  enclosure  or duct.  

7.2.9  Overcurrent protective  devices  

The  rated  short-ci rcu i t  breaking  capaci ty shal l  be  at  l east equal  to  the  prospective  fau l t 
cu rren t at the  poin t of i nsta l lation .  Where  the  short-ci rcu i t  cu rren t to  an  overcurren t protective  
device  can  include  add i tional  curren ts  other than  from  the  supply (for example  from  motors,  
from  power factor correction  capaci tors),  those  curren ts  shal l  be  taken  i n to  consideration .  

NOTE  I n formati on  on  co-ord i nati on  under short-ci rcu i t  cond i ti ons  between  a  ci rcu i t-breaker and  another short-
ci rcu i t  protecti ve  device  i s  provi ded  i n  Annex A of I EC  60947-2 : 2006,  I EC  60947-2 : 2006/AM D1 : 2009  and  
I EC  60947-2 : 2006/AMD2: 201 3.  

Where  fuses  are  provided  as  overcurren t protective  devices,  a  type  read i l y avai lable  i n  the  
coun try of use  shal l  be  selected ,  or arrangements  shal l  be  made  for the  supply of spare  parts.  

7.2.1 0  Rating  and  setting  of overcurrent protective  devices  

The  rated  cu rren t of fuses  or the  setting  curren t of other overcurren t protective  devices  shal l  
be  selected  as  low as  possible  bu t adequate  for the  an ticipated  overcurren ts  (for example  
during  starting  of motors  or energ izing  of transformers).  When  selecting  those  protective  
devices,  consideration  shal l  be  g iven  to  the  protection  of swi tch ing  devices  against damage  
due  to  overcurren ts.  

The  rated  cu rren t or setting  of an  overcurrent protective  device  for conductors  i s  determined  
by the  curren t carrying  capaci ty of the  conductors  to  be  protected  in  accordance  wi th  1 2 . 4,  
Clause  D .3  and  the  maximum  al lowable  i n terrupting  time  t  i n  accordance  wi th  Clause  D.4 ,  
taking  i n to  account the  needs  of co-ord ination  wi th  other e lectrical  devices  in  the  protected  
ci rcu i t.  

 Protection  of motors  against overheating  7.3

7.3.1  General  

Protection  of motors  against overheating  shal l  be  provided  for each  motor rated  at more  than  
0 , 5  kW.  

Exception :  I n  appl ications  where  an  au tomatic i n terruption  of the  motor operation  i s  
unacceptable  (for example  fi re  pumps),  the  means  of detection  shal l  g ive  a  warn ing  s ignal  to  
wh ich  the  operator can  respond .  

BS EN 60204‑1:2018



I EC  60204-1 : 201 6  © I EC 201 6  – 43  – 

Protection  of motors  against overheating  can  be  ach ieved  by:  

– overload  protection  (7 .3 .2),  

NOTE  1  Overload  protecti ve  devi ces  detect  the  t ime  and  cu rren t  re l ati onsh i ps  (I2 t)  i n  a  ci rcu i t  that  are  i n  
excess  of the  ra ted  fu l l  l oad  of the  ci rcu i t  and  i n i ti a te  appropri ate  con trol  responses.  

– over-temperature  protection  (7 .3 . 3) ,  or 

NOTE  2  Temperatu re  detecti on  devices  sense  over-temperatu re  and  i n i ti ate  appropri ate  con trol  responses.  

– current-l im i ting  protection .  

Au tomatic restarti ng  of any motor after the  operation  of protection  against overheating  shal l  
be  prevented  where  th is  can  cause  a  hazardous  s i tuation  or damage  to  the  mach ine  or to  the  
work i n  progress.  

7.3.2  Overload  protection  

Where  overload  protection  i s  provided ,  detection  of overload (s)  shal l  be  provided  i n  each  l i ve  
conductor except for the  neu tral  conductor.  

However,  where  the  motor overload  detection  i s  not used  for cable  overload  protection  (see  
a lso  Clause  D.2),  detection  of overload  may be  omi tted  i n  one  of the  l i ve  conductors.  For 
motors  having  s ing le-phase  or DC power suppl ies,  detection  i n  on ly one  unearthed  l i ve  
conductor i s  permi tted .  

Where  overload  protection  i s  ach ieved  by swi tch ing  off,  the  swi tch ing  device  shal l  swi tch  off 
a l l  l i ve  conductors.  The  swi tch ing  of the  neutral  conductor i s  not necessary for overload  
protection .  

Where  motors  wi th  specia l  du ty ratings  are  requ i red  to  start  or to  brake  frequently (for 
example,  motors  for rapid  traverse,  l ocking ,  rapid  reversal ,  sensi ti ve  d ri l l i ng )  i t  can  be  d i fficu l t  
to  provide  overload  protection  wi th  a  time  constan t comparable  wi th  that of the  wind ing  to  be  
protected .  Appropriate  protective  devices  designed  to  accommodate  specia l  du ty motors  or 
over-temperature  protection  (see  7 . 3 .3)  can  be  necessary.  

For motors  that cannot be  overloaded  (for example  torque  motors,  motion  d rives  that e i ther 
are  protected  by mechan ical  overload  protection  devices  or are  adequately d imensioned),  
overload  protection  i s  not requ i red .  

7.3.3  Over-temperature  protection  

The  provision  of motors  wi th  over-temperature  protection  in  accordance  wi th  I EC  60034-1 1  i s  
recommended  in  s i tuations  where  the  cool ing  can  be  impai red  (for example  dusty 
envi ronments).  Depend ing  upon  the  type  of motor,  protection  under sta l led  rotor or l oss  of 
phase  cond i tions  i s  not a lways  ensured  by over-temperature  protection ,  and  add i tional  
protection  shou ld  then  be  provided .  

Over-temperature  protection  i s  a lso  recommended  for motors  that cannot be  overloaded  (for 
example  torque  motors,  motion  d rives  that are  e i ther protected  by mechan ical  overload  
protection  devices  or are  adequately d imensioned),  where  the  possib i l i ty of over-temperature  
exists  (for example  due  to  reduced  cool ing).  

 Protection  against abnormal  temperature  7.4

Equ ipment shal l  be  protected  against abnormal  temperatures  that can  resu l t i n  a  hazardous  
s i tuation .  
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 Protection  against the  effects  of supply in terruption  or vol tage  reduction  and  7.5
subsequent restoration  

Where  a  supply i n terruption  or a  vol tage  reduction  can  cause  a  hazardous  s i tuation ,  damage  
to  the  mach ine,  or to  the  work i n  progress,  undervol tage  protection  shal l  be  provided  by,  for 
example,  swi tch ing  off the  mach ine  at  a  predetermined  vol tage  l evel .  

Where  the  operation  of the  mach ine  can  a l l ow for an  i n terruption  or a  reduction  of the  vol tage  
for a  short time  period ,  delayed  undervol tage  protection  may be  provided .  The  operation  of 
the  undervol tage  device  shal l  not impair the  operation  of any stopping  control  of the  mach ine.  

Upon  restoration  of the  vol tage  or upon  swi tch ing  on  the  i ncoming  supply,  au tomatic or 
unexpected  restarting  of the  mach ine  shal l  be  prevented  where  such  a  restart  can  cause  a  
hazardous  s i tuation .  

Where  on ly a  part of the  mach ine  or of the  g roup  of mach ines  working  together i n  a  co-
ord inated  manner i s  affected  by the  vol tage  reduction  or supply i n terruption ,  the  undervol tage  
protection  shal l  i n i ti ate  appropriate  con trol  commands  to  ensure  co-ord ination .  

 Motor overspeed  protection  7.6

Overspeed  protection  shal l  be  provided  where  overspeed ing  can  occur and  cou ld  possibly 
cause  a  hazardous  s i tuation  taking  i n to  account measures  i n  accordance  wi th  9 . 3 .2 .  
Overspeed  protection  shal l  i n i tiate  appropriate  con trol  responses  and  shal l  prevent au tomatic 
restarting .  

The  overspeed  protection  shou ld  operate  in  such  a  manner that the  mechan ical  speed  l im i t  of 
the  motor or i ts  l oad  i s  not exceeded .  

NOTE  Th i s  protecti on  can  consi st,  for example,  of a  cen tri fugal  swi tch  or speed  l im i t  mon i tor.  

 Add itional  earth  fau l t/residual  current protection  7.7

I n  add i tion  to  provid ing  overcurren t protection  for au tomatic d isconnection  as  described  i n  6 . 3 ,  
earth  fau l t/residual  curren t protection  can  be  provided  to  reduce  damage  to  equ ipment due  to  
earth  fau l t  cu rren ts  less  than  the  detection  l evel  of the  overcurrent protection .  

The  setting  of the  devices  shal l  be  as  low as  possib le  consisten t wi th  correct operation  of the  
equ ipment.  

I f fau l t  curren ts  wi th  DC components  are  possible,  an  RCD  of type  B  i n  accordance  wi th  
I EC TR 60755  can  be  requ i red .  

 Phase  sequence protection  7.8

Where  an  i ncorrect phase  sequence  of the  supply vol tage  can  cause  a  hazardous  s i tuation  or 
damage  to  the  mach ine,  protection  shal l  be  provided .  

NOTE  Cond i ti ons  of use  that can  l ead  to  an  i n correct  phase  sequence  i ncl ude:  

-  a  mach i ne  transferred  from  one  suppl y to  another;  

-  a  mobi l e  mach ine  wi th  a  faci l i ty for connecti on  to  an  external  power suppl y.  

 Protection  against overvol tages  due  to  l ightn ing  and  to  switch ing  surges  7.9

Surge  protective  devices  (SPDs)  can  be  provided  to  protect against the  effects  of 
overvol tages  due  to  l i gh tn ing  or to  swi tch ing  surges.  

Where  provided :  
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– SPDs for the  suppression  of overvol tages  due  to  l i gh tn ing  shal l  be  connected  to  the  
i ncoming  terminals  of the  supply d isconnecting  device.  

– SPDs for the  suppression  of overvol tages  due  to  swi tch ing  surges  shal l  be  connected  as  
necessary for equ ipment requ i ring  such  protection .  

NOTE  1  I n formation  abou t  the  correct  se l ecti on  and  i nstal l ati on  of SPDs  i s  g i ven  for example  i n  I EC  60364-4-44 ,  
I EC  60364-5-53,  I EC  61 643-1 2 ,  I EC  62305-1  and  I EC  62305-4 .  

NOTE  2  Equ ipoten ti a l  bond ing  of the  mach i ne,  i ts  e l ectri ca l  equ i pmen t and  extraneous-conducti ve-parts  to  a  
common  bond ing  network of the  bu i l d i ng /s i te  can  he lp  m i ti gate  e l ectromagneti c  i n terference,  i ncl u d i ng  the  effects  
of l i gh tn i ng ,  on  the  equ i pmen t.  

 Short-circu i t  current rating  7.1 0

The  short-ci rcu i t  curren t rating  of the  electrical  equ ipment shal l  be  determined .  Th is  can  be  
done  by the  appl ication  of design  ru les  or by calcu lation  or by test.  

NOTE  The  short-ci rcu i t  cu rren t  rati ng  may be  d eterm ined ,  for example,  i n  accordance  wi th  I EC  61 439-1 ,  
I EC  60909-0 ,  I EC/TR 60909-1 ,  or I EC/TR 61 91 2-1 .  

8  Equ ipotential  bonding  

 General  8.1

Th is  Clause  8  provides  requ i rements  for protective  bond ing  and  functional  bond ing .  F igure  4  
i l l ustrates  those  concepts.  

Protective  bond ing  i s  a  basic provis ion  for fau l t  protection  to  enable  protection  of persons  
against e lectric shock (see  6 . 3 .3  and  8 . 2).  

The  objective  of functional  bond ing  (see  8 . 4)  i s  to  reduce:  

– the  consequence  of an  i nsu lation  fa i l u re  wh ich  cou ld  affect the  operation  of the  mach ine;  

– e lectrical  d isturbances  to  sensi ti ve  e lectrical  equ ipment wh ich  cou ld  affect the  operation  of 
the  mach ine;  

– i nduced  curren ts  from  l i gh tn ing  wh ich  cou ld  damage  the  electric equ ipment.  

Functional  bond ing  i s  ach ieved  by connection  to  the  protective  bond ing  ci rcu i t,  bu t where  the  
l evel  of e lectrical  d isturbances  on  the  protective  bond ing  ci rcu i t  i s  not su fficien tl y l ow for 
proper function ing  of e lectrical  equ ipment,  i t  can  be  necessary to  use  separate  conductors  for 
protective  and  functional  bond ing .  
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Protective  bond ing  ci rcu i t:  

(1 )  I n terconnecti on  of protecti ve  conductor(s)  and  the  PE  term ina l  

(2 )  Connection  of exposed  conducti ve  parts  

(3)  Protecti ve  conductor connected  to  an  e l ectri ca l  equ ipment moun ti ng  p l ate  used  as  a  protecti ve  
conductor 

(4)  Connection  of conducti ve  s tructu ra l  parts  of the  e l ectri cal  equ i pmen t  

(5)  Conducti ve  structu ral  parts  of the  mach ine  

Parts  connected  to  the  protecti ve  bond ing  ci rcu i t  wh ich  are  not  to  be  used  as  protecti ve  conductor:  

(6)  Metal  d ucts  of fl exi b l e  or ri g i d  constructi on  

(7)  Metal l i c  cabl e  sheaths  or armouri ng  

(8)  Metal l i c  p i pes  con tai n i ng  fl ammable  materia l s  

(9)  Extraneous-conducti ve-parts ,  i f earthed  i ndependen tl y from  the  power suppl y of the  mach ine  and  
l i ab l e  to  i n troduce  a  poten ti a l ,  genera l l y the  earth  poten ti a l ,  (see  1 7 . 2  d )) ,  e . g . :  

metal l i c  p i pes,  

fences,  

l adders ,  

h and rai l s .  

( 1 0 )  F l exi b l e  or p l i ab l e  metal  condu i ts  

(1 1 )  Protecti ve  bond i ng  of support wi res ,  cabl es  tray and  cabl e  l adders  

Connections  to  the  protecti ve  bond ing  ci rcu i t  for functional  reasons:  

(1 2 )  Functi onal  bond i ng  

Legend  to  reference  designations:  

T1  Auxi l i ary transformer 

U 1  Moun ti ng  p l a te  of e l ectri cal  equ i pmen t 

Figure  4  – Example  of equ ipotential  bonding   
for electrical  equ ipment of a  machine  

Mach i ne  

Electri ca l  equ i pmen t  

IEC  
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 Protective  bonding  ci rcu i t 8.2

8.2 .1  General  

The  protective  bond ing  ci rcu i t  consists  of the  in terconnection  of:  

•  PE  terminal (s)  (see  5. 2) ;  

•  the  protective  conductors  (see  3 . 1 . 51 )  i n  the  equ ipment of the  mach ine  i nclud ing  s l i d ing  
con tacts  where  they are  part of the  ci rcu i t;  

•  the  conductive  structural  parts  and  exposed  conductive  parts  of the  e lectrical  equ ipment;  

Exception :  see  8 . 2 . 5.  

•  conductive  structural  parts  of the  mach ine.  

Al l  parts  of the  protective  bond ing  ci rcu i t shal l  be  so  designed  that they are  capable  of 
wi thstand ing  the  h ighest thermal  and  mechan ical  stresses  that can  be  caused  by earth-fau l t  
cu rren ts  that cou ld  flow i n  that part  of the  protective  bond ing  ci rcu i t.  

The  cross-sectional  area  of every protective  conductor wh ich  does  not form  part of a  cable  or 
wh ich  i s  not i n  a  common  enclosure  wi th  the  l i ne  conductor shal l  be  not l ess  than   

– 2 , 5  mm2  Cu  or 1 6  mm2  Al  i f protection  against mechan ical  damage  i s  provided ,  

– 4  mm2  Cu  or 1 6  mm2  Al  i f protection  against mechan ical  damage  i s  not provided .  

NOTE  The  u se  of s tee l  for a  protecti ve  conductor i s  not  excl uded .  

A protective  conductor not forming  part of a  cable  i s  considered  to  be  mechan ical l y protected  
i f i t  i s  i nstal led  i n  a  condu i t,  trunking  or protected  i n  a  s im i lar way.  Conductive  structural  parts  
of equ ipment i n  accordance  wi th  6 . 3. 2 .2  need  not be  connected  to  the  protective  bond ing  
ci rcu i t.  Conductive  structural  parts  of the  mach ine  need  not be  connected  to  the  protective  
bond ing  ci rcu i t  where  a l l  the  equ ipment provided  i s  i n  accordance  wi th  6 . 3 . 2 .2 .  

Exposed  conductive  parts  of equ ipment i n  accordance  wi th  6 . 3 .2 .3  shal l  not be  connected  to  
the  protective  bond ing  ci rcu i t.  

I t  i s  not necessary to  connect exposed  conductive  parts  to  the  protective  bond ing  ci rcu i t  
where  those  parts  are  mounted  so  that they do  not consti tu te  a  hazard  because:  

– they cannot be  touched  on  l arge  surfaces  or g rasped  wi th  the  hand  and  they are  smal l  i n  

s ize  ( less  than  approximately 50  mm  ×  50  mm);  or 

– they are  l ocated  so  that e i ther con tact wi th  l i ve  parts,  or an  i nsu lation  fa i l u re,  i s  un l ikely.  

Th is  appl ies  to  smal l  parts  such  as  screws,  ri vets,  and  nameplates  and  to  parts  i ns ide  an  
enclosure,  i rrespective  of thei r s ize  (for example  e lectromagnets  of contactors  or re lays  and  
mechan ical  parts  of devices).  

8.2.2  Protective  conductors  

Protective  conductors  shal l  be  i den ti fi ed  i n  accordance  wi th  1 3 .2 .2 .  

Copper conductors  are  preferred .  Where  a  conductor material  other than  copper i s  used ,  i ts  
e lectrical  resistance  per un i t  l ength  shal l  not exceed  that of the  a l lowable  copper conductor 
and  such  conductors  shal l  be  not l ess  than  1 6  mm2  i n  cross-sectional  area  for reasons  of 
mechan ical  durabi l i ty.  

Metal  enclosures  or frames  or mounting  p lates  of e lectrical  equ ipment,  connected  to  the  
protective  bond ing  ci rcu i t,  may be  used  as  protective  conductors  i f they satisfy the  fol lowing  
three  requ i rements:  
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•  thei r e lectrical  con tinu i ty shal l  be  assured  by construction  or by su i table  connection  so  as  
to  ensure  protection  against mechan ical ,  chemical  or e lectrochemical  deterioration ;  

•  they comply wi th  the  requ i rements  of 543. 1  of I EC  60364-5-54: 201 1 ;  

•  they shal l  permi t the  connection  of other protective  conductors  at  every predetermined  
tap-off poin t.  

The  cross-sectional  area  of protective  conductors  shal l  e i ther be  calcu lated  in  accordance  
wi th  543. 1 . 2  of I EC  60364-5-54:201 1 ,  or se lected  i n  accordance  wi th  Table  1  (see  5. 2).  See  
a lso  8 . 2 .6 .  and  1 7 . 2  (d )  of th is  document.  

Each  protective  conductor shal l :   

•  be  part of a  mu l ticore  cable,  or;  

•  be  i n  a  common  enclosure  wi th  the  l i ne  conductor,  or;   

•  have  a  cross-sectional  area  of at l east;   

•  2 , 5  mm2  Cu  or 1 6  mm2  Al  i f protection  against mechan ical  damage  i s  provided ;  

•  4  mm2  Cu  or 1 6  mm2  Al  i f protection  against mechan ical  damage  i s  not provided .  

NOTE  1  The  use  of s teel  for a  protecti ve  conductor i s  n ot excl uded .  

A protective  conductor not forming  part of a  cable  i s  considered  to  be  mechan ical l y protected  
i f i t  i s  i nsta l led  i n  a  condu i t,  trunking  or protected  i n  a  s im i lar way.   

The  fol lowing  parts  of the  mach ine  and  i ts  e lectrical  equ ipment shal l  be  connected  to  the  
protective  bond ing  ci rcu i t  bu t shal l  not be  used  as  protective  conductors:  

•  conductive  structural  parts  of the  mach ine;  

•  metal  ducts  of fl exible  or rig id  construction ;  

•  metal l ic  cable  sheaths  or armouring ;  

•  metal l ic  pipes  con tain ing  fl ammable  materia ls  such  as  gases,  l i qu ids,  powder.  

•  fl exib le  or p l i able  metal  condu i ts;  

•  constructional  parts  subject to  mechan ical  stress  i n  normal  service;  

•  fl exib le  metal  parts;  support wi res;  cable  trays  and  cable  ladders.  

NOTE  2  I n formation  on  cathod ic  protecti on  i s  provided  i n  542 . 2 . 5  and  542 . 2 . 6  of I EC  60364-5-54: 201 1 .  

8.2.3  Continu i ty of the  protective  bonding  ci rcu i t 

Where  a  part i s  removed  for any reason  (for example  rou tine  main tenance),  the  protective  
bond ing  ci rcu i t  for the  remain ing  parts  shal l  not be  i n terrupted .  

Connection  and  bond ing  poin ts  shal l  be  so  designed  that thei r curren t-carrying  capaci ty i s  not 
impaired  by mechan ical ,  chemical ,  or e lectrochemical  i n fluences.  Where  enclosures  and  
conductors  of a lumin ium  or a lumin ium  al loys  are  used ,  particu lar consideration  shou ld  be  
g iven  to  the  possibi l i ty of e lectrolytic corrosion .  

Where  the  e lectrical  equ ipment i s  mounted  on  l i ds,  doors,  or cover p lates,  con tinu i ty of the  
protective  bond ing  ci rcu i t  shal l  be  ensured  and  a  protective  conductor (see  8. 2 . 2)  i s  
recommended .  Where  a  protective  conductor i s  not provided ,  fasten ings,  h inges  or s l id ing  
contacts  designed  to  have  a  l ow resistance  shal l  be  used  (see  1 8.2 .2 ,  Test 1 ) .  

The  con tinu i ty of conductors  in  cables  that are  exposed  to  damage  (for example  fl exible  
trai l ing  cables)  shal l  be  ensured  by appropriate  measures  (for example  mon i toring).  
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For requ i rements  for the  con tinu i ty of conductors  using  conductor wi res,  conductor bars  and  
s l i p-ring  assembl ies,  see  1 2 .7 .2 .  

The  protective  bond ing  ci rcu i t shal l  not i ncorporate  a  swi tch ing  device,  an  overcurren t 
protective  device  (for example  swi tch ,  fuse),  or other means  of i n terruption .  

Exception :  l i nks  that cannot be  opened  wi thou t the  use  of a  tool  and  that are  l ocated  i n  an  
enclosed  electrical  operating  area  may be  provided  for test or measurement purposes.  

Where  the  con tinu i ty of the  protective  bond ing  ci rcu i t  can  be  i n terrupted  by means  of 
removable  cu rrent col lectors  or p lug /socket combinations,  the  protective  bond ing  ci rcu i t  shal l  
be  i n terrupted  by a  fi rst make  last break con tact.  Th is  a l so  appl ies  to  removable  or 
wi thdrawable  pl ug- in  un i ts  (see  a lso  1 3. 4. 5).  

8.2.4 Protective  conductor connecting  points  

Al l  protective  conductors  shal l  be  terminated  i n  accordance  wi th  1 3. 1 . 1 .  The  protective  
conductor connecting  poin ts  are  not i n tended ,  for example,  to  attach  appl iances  or parts.  

Each  protective  conductor connecting  poin t shal l  be  marked  or l abel led  as  such  using  the  
symbol  I EC  6041 7-501 9:2006-08  as  i l l ustrated  in  F igure  5:  

 

Figure  5  – Symbol  IEC  6041 7-501 9:  Protective  earth  

or wi th  the  l etters  PE,  the  graph ical  symbol  being  preferred ,  or by use  of the  b icolour 
combination  GREEN-AND-YELLOW,  or by any combination  of these.  

8.2.5  Mobi le  machines  

On  mobi le  mach ines  wi th  on-board  power suppl ies,  the  protective  conductors,  the  conductive  
structural  parts  of the  electrical  equ ipment,  and  those  extraneous-conductive-parts  wh ich  form  
the  structure  of the  mach ine  shal l  a l l  be  connected  to  a  protective  bond ing  terminal  to  provide  
protection  against e lectric shock.  Where  a  mobi le  mach ine  i s  a lso  capable  of being  connected  
to  an  external  i ncoming  power supply,  th is  protective  bond ing  terminal  shal l  be  the  connection  
poin t for the  external  protective  conductor.  

NOTE  When  the  suppl y of e l ectri ca l  energy i s  se l f-con ta i ned  wi th i n  s tati onary,  mobi l e ,  or movabl e  i tems  of 
equ i pmen t,  and  when  there  i s  n o  external  suppl y connected  (for example  when  an  on -board  battery charger i s  not 
connected ) ,  there  i s  n o  need  to  connect  such  equ i pment  to  an  external  protecti ve  conductor.  

8.2.6  Additional  requ irements  for electrical  equ ipment having  earth  leakage  currents  
h igher than  1 0  mA 

Where  e lectrical  equ ipment has  an  earth  l eakage  curren t that i s  g reater than  1 0  mA AC or DC  
i n  any protective  conductor,  one  or more  of the  fol lowing  cond i tions  for the  i n tegri ty of each  
section  of the  associated  protective  bond ing  ci rcu i t  that carries  the  earth  leakage  curren t shal l  
be  satisfied :  

a)  the  protective  conductor i s  completely enclosed  wi th in  e lectrical  equ ipment enclosures  or 
otherwise  protected  throughou t i ts  l eng th  against mechan ical  damage;  

b)  the  protective  conductor has  a  cross-sectional  area  of at  l east 1 0  mm2  Cu  or 1 6  mm2  Al ;  

c)  where  the  protective  conductor has  a  cross-sectional  area  of l ess  than  1 0  mm2  Cu  or 
1 6  mm2  Al ,  a  second  protective  conductor of at l east the  same cross-sectional  area  i s  
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provided  up  to  a  poin t where  the  protective  conductor has  a  cross-sectional  area  not l ess  
than  1 0  mm2  Cu  or 1 6  mm2  Al .  Th is  can  requ i re  that the  e lectrical  equ ipment has  a  
separate  terminal  for a  second  protective  conductor.  

d )  the  supply i s  au tomatical l y d isconnected  i n  case  of l oss  of con tinu i ty of the  protective  
conductor;  

e)  where  a  p lug -socket combination  i s  used ,   an  i ndustria l  connector i n  accordance  wi th  
I EC  60309  series,  wi th  adequate  strain  re l i ef and  a  m in imum  protective  earth ing  conductor 
cross-section  of 2 , 5  mm2  as  part of a  mu l ti -conductor power cable  i s  provided .  

A statement shal l  be  g iven  i n  the  instructions  for i nsta l lation  that the  equ ipment shal l  be  
i nsta l led  as  described  i n  th is  8 . 2 .6 .  

NOTE  A warn i ng  l abel  may a l so  be  provi ded  ad jacen t  to  the  PE  term ina l  to  s tate  that the  protecti ve  conductor 
cu rren t exceeds  1 0mA.  

 Measures  to  restrict  the  effects  of h igh  leakage current 8.3

The  effects  of h igh  l eakage  curren t can  be  restricted  to  the  equ ipment having  h igh  leakage  
curren t by connection  of that equ ipment to  a  ded icated  supply transformer having  separate  
wind ings.  The  protective  bond ing  ci rcu i t  shal l  be  connected  to  exposed  conductive  parts  of 
the  equ ipment and ,  i n  add i tion ,  to  the  secondary wind ing  of the  transformer.  The  protective  
conductor(s)  between  the  equ ipment and  the  secondary wind ing  of the  transformer shal l  
comply wi th  one  or more  of the  arrangements  described  i n  8 . 2 . 6.  

 Functional  bonding  8.4

Protection  against maloperation  as  a  resu l t  of i nsu lation  fai l u res  can  be  ach ieved  by 
connecting  to  a  common  conductor i n  accordance  wi th  9 . 4 .3 . 1 . 1 .  

For recommendations  regard ing  functional  bond ing  to  avoid  maloperation  due  to  
e lectromagnetic d istu rbances,  see  4 . 4 . 2  and  Annex H .  

Functional  bond ing  connecting  poin ts  shou ld  be  marked  or l abel led  as  such  using  the  symbol  
I EC  6041 7-5020:2002-1 0  (see  F igure  6).  

 

Figure  6  – Symbol  IEC  6041 7-5020:  Frame or chassis  

9  Control  ci rcu i ts  and  control  functions  

 Control  ci rcu i ts  9.1

9. 1 .1  Control  ci rcu i t  supply 

Where  con trol  ci rcu i ts  are  suppl ied  from  an  AC source,  transformers  having  separate  wind ings  
shal l  be  used  to  separate  the  power supply from  the  con trol  supply.  

Examples  i nclude:  

•  con trol  transformers  having  separate  wind ings  i n  accordance  wi th  I EC  61 558-2-2 ,  

•  swi tch  mode  power supply un i ts  i n  accordance  wi th  I EC  61 558-2-1 6  fi tted  wi th  
transformers  having  separate  wind ings,  
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•  l ow vol tage  power suppl ies  i n  accordance  wi th  I EC  61 204-7  fi tted  wi th  transformers  having  
separate  wind ings.  

Where  several  transformers  are  used ,  i t  i s  recommended  that the  wind ings  of those  
transformers  be  connected  i n  such  a  manner that the  secondary vol tages  are  i n  phase.  

Exception :  Transformers  or swi tch  mode  power supply un i ts  fi tted  wi th  transformers  are  not 
mandatory for mach ines  wi th  a  s ing le  motor starter and /or a  maximum  of two  con trol  devices  
(for example,  i n terlock device,  start/stop  con trol  station).  

Where  DC con trol  ci rcu i ts  derived  from  an  AC  supply are  connected  to  the  protective  bond ing  
ci rcu i t  (see  8 . 2 . 1 ) ,  they shal l  be  suppl ied  from  a  separate  wind ing  of the  AC con trol  ci rcu i t  
transformer or by another control  ci rcu i t  transformer.  

9.1 .2  Control  ci rcu i t  vol tages  

The  nominal  va lue  of the  con trol  vol tage  shal l  be  consisten t wi th  the  correct operation  of the  
con trol  ci rcu i t.  

The  nominal  vol tage  of AC con trol  ci rcu i ts  shou ld  preferably not exceed  

– 230  V for ci rcu i ts  wi th  50  Hz nominal  frequency,  

– 277  V for ci rcu i ts  wi th  60  Hz nominal  frequency.  

The  nominal  vol tage  of DC con trol  ci rcu i ts  shou ld  preferably not exceed  220  V.  

9.1 .3  Protection  

Control  ci rcu i ts  shal l  be  provided  wi th  overcurrent protection  i n  accordance  wi th  7 . 2 .4  
and  7 . 2 . 1 0 .  

 Control  functions  9.2

9.2 .1  General  

NOTE  Subcl ause  9 . 2  d oes  not  speci fy requ i remen ts  for the  devices  used  to  imp l emen t con trol  functi ons.  
Examples  of requ i remen ts  for devi ces  are  g i ven  i n  Cl ause  1 0 .  

9.2.2  Categories  of stop  functions  

There  are  three  categories  of stop  functions  as  fol l ows:  

– stop  category 0 :  stopping  by immed iate  removal  of power to  the  mach ine  actuators  ( i . e .  
an  uncontrol l ed  stop  – see  3 . 1 . 64);  

– stop  category 1 :  a  con trol l ed  stop  (see  3 . 1 . 1 4)  wi th  power avai l able  to  the  mach ine  
actuators  to  ach ieve  the  stop  and  then  removal  of power when  the  
stop  i s  ach ieved ;  

– stop  category 2 :  a  con trol l ed  stop  wi th  power remain ing  avai lable  to  the  mach ine  
actuators.  

NOTE  For removal  of power i t  can  be  su ffi ci en t  to  remove  the  power needed  to  generate  a  torque  or force.  Th i s  
can  be  ach i eved  by decl u tch i ng ,  d i sconnecti ng ,  swi tch i ng  off,  or by e l ectron ic means  (e . g .  a  PDS  i n  accordance  
wi th  I EC  61 800  series) ,  etc.  

9.2.3  Operation  

9 .2 .3.1  General  

Safety functions  and /or protective  measures  (for example  i n terlocks  (see  9. 3))  shal l  be  
provided  where  requ i red  to  reduce  the  possib i l i ty of hazardous  s i tuations.  
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Where  a  mach ine  has  more  than  one  con trol  station ,  measures  shal l  be  provided  to  ensure  
that i n i tiation  of commands  from  d i fferent con trol  stations  do  not l ead  to  a  hazardous  s i tuation .  

9.2.3.2  Start 

Start functions  shal l  operate  by energ izing  the  relevant ci rcu i t.  

The  start  of an  operation  shal l  be  possible  on ly when  a l l  re levant safety functions  and /or 
protective  measures  are  i n  p lace  and  are  operational ,  except for cond i tions  as  described  i n  
9 . 3. 6.  

For those  mach ines  (for example  mobi le  mach ines)  where  safety functions  and /or protective  
measures  cannot be  appl ied  for certa in  operations,  starting  of such  operations  shal l  be  by 
hold -to-run  con trols,  together wi th  enabl ing  devices,  as  appropriate.  

Su i table  i n terlocks  shal l  be  provided  where  necessary for correct sequentia l  starti ng .  

I n  the  case  of mach ines  requ i ring  the  use  of more  than  one  con trol  station  to  i n i ti ate  a  start,  
each  of these  control  stations  shal l  have  a  separate  manual l y actuated  start  con trol  device.  
The  cond i tions  to  i n i tiate  a  start shal l  be:  

•  a l l  requ i red  cond i tions  for mach ine  operation  shal l  be  met,  and  

•  a l l  s tart  control  devices  shal l  be  i n  the  re leased  (off)  posi tion ,  then  

•  a l l  s tart  con trol  devices  shal l  be  actuated  concurren tl y (see  3. 1 . 7) .  

9.2.3.3  Stop 

Stop category 0  and /or stop  category 1  and /or stop  category 2  stop  functions  shal l  be  
provided  as  i nd icated  by the  risk assessment and  the  functional  requ i rements  of the  mach ine  
(see  4 . 1 ) .  

NOTE  1  The  suppl y d i sconnecti ng  device  (see  5 . 3)  when  operated  ach i eves  a  stop  category 0 .  

Stop  functions  shal l  override  re lated  start functions.  

Where  more  than  one  con trol  station  i s  provided ,  stop  commands  from  any control  station  
shal l  be  effective  when  requ i red  by the  ri sk assessment of the  mach ine.  

NOTE  2  When  s top  functi ons  are  i n i ti ated ,  i t  can  be  necessary to  d i scon ti nue  mach i ne  functi ons  other than  
motion .  

9.2.3.4 Emergency operations  (emergency stop,  emergency switch ing  off)
 

9 .2 .3.4.1  General  

Emergency stop  and  emergency swi tch ing  off are  complementary protective  measures  that 
are  not primary means  of ri sk reduction  for hazards  (for example  trapping ,  en tang lement,  
e lectric shock or burn)  at a  mach ine  (see  ISO  1 21 00).  

Th is  part of I EC  60204  speci fies  the  requ i rements  for the  emergency stop  and  the  emergency 
swi tch ing  off functions  of the  emergency operations  l i sted  i n  Annex E,  both  of wh ich  are  
i n tended  to  be  i n i tiated  by a  s i ng le  human  action .  

Once  active  operation  of an  emergency stop  (see  1 0 .7)  or emergency swi tch ing  off (see  1 0 . 8)  
actuator has  ceased  fol lowing  a  stop  or swi tch ing  off command ,  the  effect of th is  command  
shal l  be  sustained  un ti l  i t  i s  reset.  Th is  reset shal l  be  possib le  on ly by a  manual  action  at  the  

The provision  of acoustic and/or visual  warning  signals before the starting  of hazardous machine 

operation  shal l  be considered  during  the risk assessment.  Where the risk assessment determines 

that either or both  are required  the emission  level  of noise/l ight shal l  be suitable for the intended  

environment.  




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device  where  the  command  has  been  in i tiated .  The  reset of the  command  shal l  not restart the  
mach inery bu t on ly permi t restarti ng .  

I t  shal l  not be  possib le  to  restart the  mach inery un ti l  a l l  emergency stop  commands  have  been  
reset.  I t  shal l  not be  possib le  to  reenerg ize  the  mach inery un ti l  a l l  emergency swi tch ing  off 
commands  have  been  reset.  

9.2.3.4.2  Emergency stop 

Requ irements  for functional  aspects  of emergency stop  equ ipment are  g iven  i n  I SO  1 3850.  

The  emergency stop  shal l  function  e i ther as  a  stop  category 0  or as  a  stop  category 1 .  The  
choice  of the  stop  category of the  emergency stop  depends  on  the  resu l ts  of a  ri sk 
assessment of the  mach ine.  

Exception :  I n  some  cases,  to  avoid  creating  add i tional  ri sks,  i t  can  be  necessary to  perform  a  
con trol led  stop  and  main tain  the  power to  mach ine  actuators  even  after stopping  i s  ach ieved .  
The  stopped  cond i tion  shal l  be  mon i tored  and  upon  detection  of fa i lu re  of the  stopped  
cond i tion ,  power shal l  be  removed  wi thou t creating  a  hazardous  s i tuation .  

I n  add i tion  to  the  requ i rements  for stop  g iven  in  9 . 2 .3 .3 ,  the  emergency stop  function  has  the  
fol lowing  requ i rements:  

•  i t  shal l  override  al l  other functions  and  operations  i n  a l l  modes;  

•  i t  shal l  stop  the  hazardous  motion  as  qu ickly as  practicable  wi thou t creating  other hazards;  

•  reset shal l  not i n i tiate  a  restart.  

9.2.3.4.3  Emergency switch ing  off 

The  functional  aspects  of emergency swi tch ing  off are  g iven  i n  536.4  of I EC  60364-5-53:2001 .  

Emergency swi tch ing  off shou ld  be  provided  where:  

•  basic protection  (for example  for conductor wi res,  conductor bars,  s l ip-ring  assembl ies,  
con trolgear i n  e lectrical  operating  areas)  i s  ach ieved  on ly by p lacing  ou t of reach  or by 
obstacles  (see  6 . 2 . 6) ;  or 

•  there  i s  the  possibi l i ty of other hazards  or damage  caused  by e lectrici ty.  

Emergency swi tch ing  off i s  accompl ished  by swi tch ing  off the  re levant supply by 
e lectromechan ical  swi tch ing  devices,  effecting  a  stop  category 0  of mach ine  actuators  
connected  to  th is  i ncoming  supply.  When  a  mach ine  cannot to lerate  th is  category 0  stop,  i t  
may be  necessary to  provide  other measures,  for example  basic protection ,  so  that 
emergency swi tch ing  off i s  not necessary.  

9.2.3.5  Operating  modes  

Each  mach ine  can  have  one  or more  operating  modes  (for example  manual  mode,  au tomatic 
mode,  setting  mode,  main tenance  mode)  determined  by the  type  of mach ine  and  i ts  
appl ication .   

Where  mach inery has  been  designed  and  constructed  to  a l l ow i ts  use  i n  several  con trol  or 
operating  modes  requ i ring  d i fferent protective  measures  and  having  a  d i fferen t impact on  
safety,  i t  shal l  be  fi tted  wi th  a  mode  selector wh ich  can  be  l ocked  i n  each  posi tion  (for 
example  key operated  swi tch).  Each  posi tion  of the  selector shal l  be  clearly i den ti fiable  and  
shal l  correspond  to  a  s ing le  operating  or con trol  mode.  

The  selector may be  replaced  by another selection  method  wh ich  restricts  the  use  of certain  
functions  of the  mach inery to  certa in  categories  of operator (for example  access  code).  
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Mode  selection  by i tsel f shal l  not i n i ti ate  mach ine  operation .  A separate  actuation  of the  start 
control  shal l  be  requ i red .  

For each  speci fic operating  mode,  the  re levant safety functions  and /or protective  measures  
shal l  be  implemented .  

I nd ication  of the  selected  operating  mode  shal l  be  provided  (for example  the  posi tion  of a  
mode  selector,  the  provis ion  of an  i nd icating  l i gh t,  a  visual  d isplay i nd ication).  

9.2.3.6  Moni toring  of command  actions  

Movement or action  of a  mach ine  or part of a  mach ine  that can  resu l t  i n  a  hazardous  s i tuation  
shal l  be  mon i tored  by provid ing ,  for example,  overtravel  l im i ters,  motor overspeed  detection ,  
mechan ical  overload  detection  or an ti -col l i s ion  devices.  

NOTE  On  some  manual l y con trol l ed  mach i nes  ( for example,  manual  d ri l l i ng  mach i ne) ,  operators  provi de  
mon i tori ng .  

9.2.3.7  Hold-to-run  controls  

Hold -to-run  controls  shal l  requ i re  continuous  actuation  of the  con trol  device(s)  to  ach ieve  
operation .  

9.2.3.8  Two-hand  control  

Three  types  of two-hand  con trol  are  defined  i n  I SO  1 3851 ,  the  selection  of wh ich  i s  
determined  by the  ri sk assessment.  These  shal l  have  the  fol lowing  features:  

Type  I :  th is  type  requ i res:  

•  the  provis ion  of two  control  devices  and  thei r concurrent actuation  by both  hands;  

•  con tinuous  concurren t actuation  during  the  hazardous  s i tuation ;  

•  mach ine  operation  shal l  cease  upon  the  re lease  of e i ther one  or both  of the  con trol  
devices  when  hazardous  s i tuations  are  sti l l  present.  

A Type  I  two-hand  con trol  device  i s  not considered  to  be  su i table  for the  i n i ti ation  of 
hazardous  operation .  

Type  I I :  a  Type  I  con trol  requ i ri ng  the  re lease  of both  con trol  devices  before  mach ine  
operation  can  be  rein i tiated .  

Type  I I I :  a  Type  I I  con trol  requ i ring  concurren t actuation  of the  con trol  devices  as  fol lows:  

•  i t  shal l  be  necessary to  actuate  the  con trol  devices  wi th in  a  certain  time  l im i t  of each  
other,  not exceed ing  0 , 5  s ;  

•  where  th is  time  l im i t i s  exceeded ,  both  con trol  devices  shal l  be  re leased  before  mach ine  
operation  can  be  in i ti ated .  

9.2.3.9  Enabl ing  control  

Enabl i ng  control  (see  a lso  1 0 .9)  i s  a  manual l y activated  con trol  function  i n terlock that:  

a)  when  activated  a l lows  a  mach ine  operation  to  be  i n i ti ated  by a  separate  start con trol ,  and  

b)  when  de-activated  

•  i n i ti ates  a  stop  function ,  and  

•  prevents  i n i tiation  of mach ine  operation .  
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Enabl i ng  con trol  shal l  be  so  arranged  as  to  m in im ize  the  possib i l i ty of defeating ,  for example  
by requ i ri ng  the  de-activation  of the  enabl ing  con trol  device  before  mach ine  operation  may be  
rein i tiated .  

9.2.3. 1 0  Combined  start  and  stop  controls  

Push-buttons  and  s im i lar con trol  devices  that,  when  operated ,  a l ternately i n i tiate  and  stop  
motion  shal l  on ly be  provided  for functions  wh ich  cannot resu l t  i n  a  hazardous  s i tuation .  

9.2.4 Cableless  control  system  (CCS)  

9.2 .4.1  General  requ irements  

Subclause  9. 2 .4  deals  wi th  the  functional  requ i rements  of con trol  systems  employing  
cableless  (for example  rad io,  i n fra-red)  techn iques  for transmi tting  con trol  s ignals  and  data  
between  operator con trol  station(s)  and  other parts  of the  con trol  system(s).  

NOTE  1  Reference  to  a  mach i ne  i n  9 . 2 . 4  i s  i n tended  to  be  read  as  “mach i ne  or part(s)  of a  mach i ne” .  

The  CCS  shal l  have  functional i ty and  a  response  time  su i table  for the  appl ication  based  on  
the  risk assessment.  

NOTE  2  I EC  61 784-3  descri bes  commun icati on  fa i l u res  of commun icati on  networks  and  requ i remen ts  for safety-
re lated  data  transm issi on .  

NOTE  3  Fu rther requ i remen ts  for cabl e l ess  con trol  systems  are  u nder devel opmen t by I EC  TC  44  i n  d raft  

I EC  62745 1 .  

9.2.4.2  Moni toring  the  abi l i ty of a  cableless  control  system  to  control  a  machine   

The  abi l i ty of a  cable less  con trol  system  (CCS)  to  control  a  mach ine  shal l  be  au tomatical l y 
mon i tored ,  e i ther continuously or at su i table  i n tervals .  The  status  of th is  abi l i ty shal l  be  clearly 
i nd icated  (for example,  by an  i nd icating  l i gh t,  a  visual  d isplay i nd ication ,  etc. )  

I f the  communication  s ignal  i s  degraded  i n  a  manner that m igh t l ead  to  the  l oss  of the  abi l i ty 
of a  CCS to  control  a  mach ine  (e. g . ,  reduced  signal  l evel ,  l ow battery power)  a  warn ing  to  the  
operator shal l  be  provided  before  the  abi l i ty of the  CCS  to  control  a  mach ine  i s  l ost.  

When  the  abi l i ty of a  CCS  to  con trol  a  mach ine  has  been  l ost for a  time  that i s  determined  
from  a  risk assessment of the  appl ication ,  an  au tomatic stop  of the  mach ine  shal l  be  i n i ti ated .  

NOTE  I n  some  cases,  for example,  i n  order to  avoi d  th i s  au tomati c  s top  generati ng  an  u nexpected  hazardous  
cond i ti on ,  i t  can  be  necessary for the  mach i ne  to  go  to  a  predeterm ined  state  before  stopping .  

Restoration  of the  abi l i ty of a  CCS  to  con trol  a  mach ine  shal l  not restart the  mach ine.  Restart 
shal l  requ i re  a  del i berate  action ,  for example  manual  actuation  of a  start  bu tton .  

9.2.4.3  Control  l imi tation  

Measures  shal l  be  taken  (e. g .  coded  transmission)  to  prevent the  mach ine  from  respond ing  to  
s ignals  other than  those  from  the  i n tended  cable less  operator con trol  station(s).  

Cableless  operator con trol  station(s)  shal l  on ly control  the  i n tended  mach ine(s)  and  shal l  
affect on ly the  i n tended  mach ine  functions.  

___________ 

1   U nder cons i derati on .  

Where a safety function  of a  CCS rel ies on  data transmission  the transmission  rel iabi l i ty shal l  be  

considered.  

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9.2.4.4 Use  of mu ltiple  cableless  operator control  stations  

When  more  than  one  cable less  operator control  station  i s  used  to  con trol  a  mach ine,  then :  

•  on l y one  cable less  operator con trol  station  shal l  be  enabled  at a  time  except as  necessary 
for the  operation  of the  mach ine;  

•  transfer of con trol  from  one  cable less  operator con trol  station  to  another shal l  requ i re  a  
del iberate  manual  action  at the  con trol  station  that has  con trol ;  

•  d uring  mach ine  operation ,  transfer of con trol  shal l  on ly be  possible  when  both  cableless  
operator control  stations  are  set to  the  same  mode  of mach ine  operation  and /or function(s)  
of the  mach ine;  

•  transfer of con trol  shal l  not change  the  selected  mode  of mach ine  operation  and /or 
function(s)  of the  mach ine;  

•  each  cable less  operator con trol  station  that has  control  of the  mach ine  shal l  be  provided  
wi th  an  i nd ication  that i t  has  con trol  (by for example,  the  provision  of an  i nd icating  l i gh t,  a  
vi sual  d isplay i nd ication).  

NOTE  I nd i cati ons  a t  other l ocati ons  can  be  necessary as  d eterm ined  by the  ri sk assessmen t.  

9.2.4.5  Portable  cableless  operator control  stations  

Portable  cable less  operator con trol  stations  shal l  be  provided  wi th  means  (for example  key 
operated  swi tch ,  access  code)  to  prevent unauthorized  use.  

Each  mach ine  under cable less  control  shou ld  have  an  i nd ication  when  i t  i s  under cableless  
con trol .  

When  a  portable  cable less  operator con trol  station  can  be  connected  to  one  or more  of 
several  mach ines,  means  shal l  be  provided  on  the  portable  cableless  operator control  station  
to  select wh ich  mach ine(s)  i s  to  be  connected .  Selecting  a  mach ine  to  be  connected  shal l  not 
i n i tiate  con trol  commands.  

9.2.4.6  Del iberate  d isabl ing  of cableless  operator control  stations  

Where  a  cable less  operator con trol  station  i s  d i sabled  when  under con trol ,  the  associated  
mach ine  shal l  meet the  requ i rements  for l oss  of abi l i ty of a  CCS  to  con trol  a  mach ine  i n  
9 . 2 . 4. 2 .  

Where  i t  i s  necessary to  d isable  a  cable less  operator con trol  station  wi thou t i n terrupting  
mach ine  operation ,  means  shal l  be  provided  (for example  on  the  cableless  operator con trol  
station)  to  transfer con trol  to  another fi xed  or portable  control  s tation .  

9.2.4.7  Emergency stop  devices  on  portable  cableless  operator control  stations  

Emergency stop  devices  on  portable  cable less  operator con trol  stations  shal l  not be  the  sole  
means  of i n i tiating  the  emergency stop  function  of a  mach ine.  

Confusion  between  active  and  i nactive  emergency stop  devices  shal l  be  avoided  by 
appropriate  design  and  in formation  for use.  See  a lso  I SO  1 3850.  

9.2.4.8  Emergency stop reset 

Restarting  of cable less  control  after power l oss,  d i sabl ing  and  re-enabl i ng ,  l oss  of 
commun ication ,  or fa i l u re  of parts  of the  CCS  shal l  not resu l t i n  a  reset of an  emergency stop  
cond i tion .  
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The  i nstructions  for use  shal l  state  that the  reset of an  emergency stop  cond i tion  i n i tiated  by a  
portable  cable less  operator con trol  station  shal l  on ly be  performed  when  i t  can  be  seen  that 
the  reason  for i n i tiation  has  been  cleared .  

 Protective  in terlocks  9.3

9.3.1  Reclosing  or resetting  of an  interlocking  safeguard  

The  reclosing  or resetti ng  of an  i n terlocking  safeguard  shal l  not i n i ti ate  hazardous  mach ine  
operation .  

NOTE  Requ i remen ts  for i n terl ocki ng  guards  wi th  a  s tart  functi on  (con tro l  g uards)  are  speci fi ed  i n  6 . 3 . 3 . 2 . 5  of  
I SO  1 21 00: 201 0 .  

9.3.2  Exceeding  operating  l imi ts  

Where  an  operating  l im i t  (for example  speed ,  pressure,  posi tion )  can  be  exceeded  lead ing  to  
a  hazardous  s i tuation ,  means  shal l  be  provided  to  detect when  a  predetermined  l im i t(s)  i s  
exceeded  and  i n i tiate  an  appropriate  con trol  action .  

9.3.3  Operation  of auxi l iary functions  

The  correct operation  of auxi l i ary functions  shal l  be  checked  by appropriate  devices  (for 
example  pressure  sensors).  

Where  the  non-operation  of a  motor or device  for an  auxi l i ary function  (for example  
l ubrication ,  supply of coolan t,  swarf removal )  can  cause  a  hazardous  s i tuation ,  or cause  
damage  to  the  mach ine  or to  the  work in  progress,  appropriate  i n terlocking  shal l  be  provided .  

9.3.4 In terlocks  between  d i fferent operations  and  for contrary motions  

Al l  con tactors,  re lays,  and  other con trol  devices  that con trol  e lements  of the  mach ine  and  that 
can  cause  a  hazardous  s i tuation  when  actuated  at  the  same  time  (for example  those  wh ich  
i n i ti ate  contrary motion),  shal l  be  i n terlocked  against i ncorrect operation .  

Reversing  contactors  (for example  those  con trol l i ng  the  d i rection  of rotation  of a  motor)  shal l  
be  i n terlocked  i n  such  a  way that i n  normal  service  no  short-ci rcu i t  can  occur when  swi tch ing .  

Where,  for safety or for continuous  operation ,  certa in  functions  on  the  mach ine  are  requ i red  to  
be  in terrelated ,  proper co-ord ination  shal l  be  ensured  by su i table  i n terlocks.  For a  g roup  of 
mach ines  working  together i n  a  co-ord inated  manner and  having  more  than  one  con trol l er,  
provision  shal l  be  made  to  co-ord inate  the  operations  of the  control lers  as  necessary.  

Where  a  fai lu re  of a  mechan ical  brake  actuator can  resu l t  i n  the  brake  being  appl ied  when  the  
associated  mach ine  actuator i s  energ ized  and  a  hazardous  s i tuation  can  resu l t,  i n terlocks  
shal l  be  provided  to  swi tch  off the  mach ine  actuator.  

9.3.5  Reverse  current braking  

Where  braking  of a  motor i s  accompl ished  by cu rren t reversal ,  measures  shal l  be  provided  to  
prevent the  motor starting  i n  the  opposi te  d i rection  at  the  end  of braking  where  that reversal  
can  cause  a  hazardous  s i tuation  or damage  to  the  mach ine  or to  the  work i n  progress.  For 
th is  purpose,  a  device  operating  exclusively as  a  function  of time  i s  not permi tted .  

Where the  risk assessment show that resetting  of an  emergency stop actuator on  the  portable 

cableless  operator control  station  i s  not adequate  then  one or more  supplementary fixed  resets 

shal l  be  provided .  




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Control  ci rcu i ts  shal l  be  so  arranged  that rotation  of a  motor shaft,  for example  by applying  a  
manual  force  or any other force  causing  the  shaft  to  rotate  after i t  has  stopped ,  shal l  not 
resu l t i n  a  hazardous  s i tuation .  

9.3.6  Suspension  of safety functions  and/or protective  measures  

Where  i t  i s  necessary to  suspend  safety functions  and /or protective  measures  (for example  for 
setting  or main tenance  purposes),  the  control  or operating  mode  selector shal l  
s imu l taneously:  

•  d i sable  a l l  other operating  (con trol )  modes;   

•  permi t operation  on ly by the  use  of a  hold -to-run  device  or by a  s imi lar con trol  device  
posi tioned  so  as  to  permi t  s i gh t of the  hazardous  e lements;  

•  permi t operation  of the  hazardous  elements  on ly i n  reduced  ri sk cond i tions  (e. g .  reduced  
speed ,  reduced  power /  force,  step-by-step  operation ,  e . g .  wi th  a  l im i ted  movement control  
device);  

•  prevent any operation  of hazardous  functions  by volun tary or i nvolun tary action  on  the  
mach ine's  sensors.  

I f these  four cond i tions  cannot be  fu l fi l l ed  s imu l taneously,  the  con trol  or operating  mode  
selector shal l  acti vate  other protective  measures  designed  and  constructed  to  ensure  a  safe  
i n tervention  zone.  I n  add i tion ,  the  operator shal l  be  able  to  con trol  operation  of the  parts  he  i s  
working  on  from  the  ad justment poin t.  

 Control  functions  in  the  event of fai lure  9.4

9.4.1  General  requ irements  

Where  fai lu res  or d i stu rbances  in  the  e lectrical  equ ipment can  cause  a  hazardous  s i tuation  or 
damage  to  the  mach ine  or to  the  work i n  progress,  appropriate  measures  shal l  be  taken  to  
m in imize  the  probabi l i ty of the  occurrence  of such  fai l u res  or d isturbances.  The  requ i red  
measures  and  the  extent to  wh ich  they are  implemented ,  e i ther i nd ividual ly or i n  combination ,  
depend  on  the  l evel  of ri sk associated  wi th  the  respective  appl ication  (see  4 . 1 ) .  

Examples  of such  measures  that can  be  appropriate  i nclude  bu t are  not l im i ted  to:  

•  protective  in terlocking  of the  e lectrical  ci rcu i t;  

•  u se  of proven  ci rcu i t  techn iques  and  components  (see  9. 4. 2 .2);  

•  provision  of partia l  or complete  redundancy (see  9 . 4 .2 .3)  or d i versi ty (see  9 . 4 .2 . 4);  

•  provision  for functional  tests  (see  9 . 4 . 2 . 5) .  

The  electrical  control  system(s)  shal l  have  an  appropriate  performance  that has  been  
determined  from  the  risk assessment of the  mach ine.  

The  requ i rements  for safety-related  control  functions  of I EC  62061  and /or I SO  1 3849-1 ,  
I SO  1 3849-2  shal l  apply.  

Where  functions  performed  by the  e lectrical  con trol  system(s)  have  safety impl ications  bu t 
appl ication  of I EC  62061  l eads  to  a  requ i red  safety i n tegri ty l ess  than  that requ i red  by SIL  1 ,  
compl iance  wi th  the  requ i rements  of th is  part  of I EC  60204  can  l ead  to  an  adequate  
performance of the  e lectrical  con trol  system(s).  

Where  memory reten tion  i s  ach ieved  for example,  by battery power,  measures  shal l  be  taken  
to  prevent hazardous  s i tuations  aris ing  from  fa i l u re,  undervol tage  or removal  of the  battery.  

Means  shal l  be  provided  to  prevent unau thorized  or i nadverten t memory a l teration  by,  for 
example,  requ i ri ng  the  use  of a  key,  access  code  or tool .  
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9.4.2  Measures  to  min imize  risk in  the  event of fai lure  

9 .4.2 .1  General  

Measures  to  m in imize  risk i n  the  even t of fa i l u re  i nclude  bu t are  not l im i ted  to:  

•  u se  of proven  ci rcu i t  techn iques  and  components;  

•  provisions  of partia l  or complete  redundancy;  

•  provision  of d i versi ty;  

•  provision  for functional  tests.  

9.4.2 .2  Use  of proven  ci rcu i t  techniques  and  components  

These measures  i nclude  bu t are  not l im i ted  to:  

•  bond ing  of control  ci rcu i ts  to  the  protective  bond ing  ci rcu i t  for functional  purposes  
(see  9 . 4. 3 . 1 . 1  and  F igure  4) ;  

•  connection  of con trol  devices  in  accordance  wi th  9 . 4 .3 . 1 . 1 ;  

•  s topping  by de-energ izing ;  

•  the  swi tch ing  of a l l  con trol  ci rcu i t  conductors  (for example  both  s ides  of a  coi l )  of the  
device  being  con trol led ;  

•  swi tch ing  devices  having  d i rect open ing  action  (see  IEC  60947-5-1 );  

•  mon i toring  by:  

– use  of mechan ical l y l i nked  con tacts  (see  I EC  60947-5-1 );  

– use  of m i rror con tacts  (see  IEC  60947-4-1 );  

•  ci rcu i t  design  to  reduce  the  possib i l i ty of fai lu res  causing  undesi rable  operations.  

9.4.2 .3  Provisions  of partial  or complete  redundancy  

By provid ing  partia l  or complete  redundancy,  i t  i s  possib le  to  m in imize  the  probabi l i ty that one  
s ing le  fa i l u re  i n  the  e lectrical  ci rcu i t  can  resu l t  i n  a  hazardous  s i tuation .  Redundancy can  be  
effective  i n  normal  operation  (on-l ine  redundancy)  or designed  as  specia l  ci rcu i ts  that take  
over the  protective  function  (off- l ine  redundancy)  on ly where  the  operating  function  fa i l s .  

Where  off- l i ne  redundancy wh ich  i s  not active  during  normal  operation  i s  provided ,  su i table  
measures  shal l  be  taken  to  ensure  that those  con trol  ci rcu i ts  are  avai lable  when  requ i red .  

9.4.2 .4 Provision  of d iversi ty 

The  use  of con trol  ci rcu i ts  having  d i fferen t principles  of operation ,  or us ing  d i fferen t types  of 
components  or devices  can  reduce  the  probabi l i ty of hazards  resu l ti ng  from  fau l ts  and /or 
fa i lu res.  Examples  i nclude:  

– the  use  of a  combination  of normal ly open  and  normal l y closed  con tacts;  

– the  use  of d i fferen t types  of con trol  devices  in  the  ci rcu i t(s);  

– the  combination  of e lectromechan ical  and  e lectron ic equ ipment i n  redundant 
configurations.  

The  combination  of e lectrical  and  non-electrical  systems  (for example  mechan ical ,  hydrau l ic,  
pneumatic)  may perform  the  redundant function  and  provide  the  d iversi ty.  

9.4.2 .5  Provision  for functional  tests  

Functional  tests  may be  carried  ou t au tomatical l y by the  con trol  system,  or manual l y by 
i nspection  or tests  at start-up  and  at predetermined  i n tervals,  or a  combination  as  appropriate  
(see  a lso  1 7. 2  and  1 8.6).  
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9.4.3  Protection  against malfunction  of control  ci rcu i ts   

9 .4.3.1  Insu lation  fau l ts  

9 .4.3.1 . 1  General  

Measures  shal l  be  provided  to  reduce  the  probabi l i ty that i nsu lation  fau l ts  on  any con trol  
ci rcu i t  can  cause  mal function  such  as  un in tentional  starting ,  poten tia l l y hazardous  motions,  or 
prevent stopping  of the  mach ine.  

The  measures  to  meet the  requ i rements  i nclude  bu t are  not l im i ted  to  the  fol lowing  methods:  

– method  a)  Earthed  control  ci rcu i ts  fed  by transformers;  

– method  b)  Non-earthed  con trol  ci rcu i ts  fed  by transformers;  

– method  c)  Con trol  ci rcu i ts  fed  by transformer wi th  an  earthed  cen tre-tap  wind ing ;  

– method  d )  Con trol  ci rcu i ts  not fed  by a  transformer.  

9.4.3.1 .2  Method  a)  – Earthed  control  circu i ts  fed  by transformers  

The  common  conductor shal l  be  connected  to  the  protective  bond ing  ci rcu i t  at  the  poin t of 
supply.  Al l  contacts,  sol id  state  e lements,  etc. ,  wh ich  are  i n tended  to  operate  an  
e lectromagnetic or other device  (for example,  a  relay,  i nd icator l i gh t)  are  to  be  i nserted  
between  the  swi tched  conductor of the  con trol  ci rcu i t  supply and  one  terminal  of the  coi l  or 
device.  The  other terminal  of the  coi l  or device  i s  connected  d i rectly to  the  common  conductor 
of the  con trol  ci rcu i t supply wi thout any swi tch ing  e lements  (see  F igure  7).  
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1  Swi tched  conductors  

2  Common  conductors  

3  Con trol  swi tches  

Figure  7  – Method  a)  Earthed  control  ci rcu i t  fed  by a  transformer 

NOTE  Method  a)  can  be  u sed  a l so  for DC  con trol  ci rcu i ts .  I n  th i s  case  the  transformer shown  i n  F i gu re  7  i s  
substi tu ted  by a  DC  power supp l y un i t.   

Exception :  Con tacts  of protective  devices  may be  connected  between  the  common  conductor 
and  the  coi l s ,  provided  that the  connection  i s  very short (for example  in  the  same  enclosure)  
so  that an  earth  fau l t  i s  un l ikely (for example  overload  re lays  d i rectl y fi tted  to  con tactors).  
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9.4.3.1 .3  Method  b)  – Non-earthed  control  circu i ts  fed  by transformers  

Control  ci rcu i ts  fed  from  a  con trol  transformer that i s  not connected  to  the  protective  bond ing  
ci rcu i t  shal l  e i ther:  

1 )  have  2-pole  con trol  swi tches  that operate  on  both  conductors,  see  F igure  8;  or 

2 )  be  provided  wi th  a  device,  for example  an  i nsu lation  mon i toring  device,  that i n terrupts  the  
ci rcu i t  au tomatical l y i n  the  even t of an  earth  fau l t,  see  F igure  9 ;  or  

3 )  where  an  in terruption  as  per i tem  2  above  wou ld  i ncrease  the  ri sk,  for example  when  
continued  operation  i s  requ i red  during  the  fi rst fau l t  to  earth ,  i t  can  be  su fficien t to  provide  
an  i nsu lation  mon i toring  device  (e. g .  i n  accordance  wi th  I EC  61 557-8)  that wi l l  i n i ti ate  an  
acoustic and  optical  s ignal  at the  mach ine,  see  Figure  1 0 .  Requ i rements  for the  procedure  
to  be  performed  by the  mach ine  user i n  response  to  th is  a larm  shal l  be  described  in  the  
i n formation  for use.  
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1  Swi tched  conductors  

2  Common  conductors  

3  Con trol  swi tches  

Figure  8  – Method  b1 )  Non-earthed  control  circu i t  fed  by transformer 

NOTE  1  M ethod  b1 )  can  be  u sed  a l so  for DC  con trol  ci rcu i ts .  I n  th i s  case  the  transformer shown  i n  F i gu re  8  i s  
substi tu ted  by a  DC  power supp l y.  
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1  Swi tched  conductors  

2  Common  conductors  

3  Con trol  swi tches  

Figure  9  – Method  b2)  Non-earthed  control  circu i t  fed  by transformer 

NOTE  2  M ethod  b2)  can  be  u sed  a l so  for DC  con trol  ci rcu i ts .  I n  th i s  case  the  transformer shown  i n  F i gu re  9  i s  
substi tu ted  by a  DC  power supp l y.  

NOTE  3  F i gu re  9  d oes  not  show the  overcurren t  protecti ve  devices  i n  the  measu remen t ci rcu i ts  for protecti on  of 
the  i nsu lati on  mon i tori ng  device.  
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1  Swi tched  conductors  

2  Common  conductors  

3  Con trol  swi tches  

Figure  1 0  – Method  b3)  Non-earthed  control  circu i t  fed  by transformer 

NOTE  4  M ethod  b3)  can  be  u sed  a l so  for DC  con trol  ci rcu i ts .  I n  th i s  case  the  transformer shown  i n  F i gu re  1 0  i s  
substi tu ted  by a  DC  power suppl y.  When  a  transformer and  recti fi er combinati on  i s  used ,  the  i nsu l ati on  mon i tori ng  
devi ce  i s  connected  to  the  protecti ve  bond ing  ci rcu i t  i n  the  DC  part  of the  con trol  ci rcu i t,  so  after the  recti fi er.  

BS EN 60204‑1:2018



I EC  60204-1 : 201 6  © I EC 201 6  – 63  – 

NOTE  5  F i gu re  1 0  does  not  show the  overcu rren t  protecti ve  devi ces  i n  the  measu remen t ci rcu i ts  for protecti on  of 
the  i nsu lati on  mon i tori ng  device.  

9.4.3.1 .4  Method  c)  – Control  ci rcu i ts  fed  by transformer with  an  earthed  centre-tap  
winding  

Control  ci rcu i ts  fed  from  a  con trol  transformer wi th  i ts  cen tre-tap  wind ing  connected  to  the  
protective  bond ing  ci rcu i t  shal l  have  overcurren t protective  devices  that break both  the  
conductors.  

The  control  swi tches  shal l  be  2-pole  types  that operate  on  both  conductors.  
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1  Swi tched  conductors  

2  Common  conductors  

3  Con trol  swi tches  

Figure  1 1  – Method  c)  Control  ci rcu i ts  fed  by transformer 
with  an  earthed  centre-tap  winding  

9 .4.3.1 .5  Method  d)  – Control  ci rcu i ts  not fed  by a  transformer 

Control  ci rcu i ts  that are  not fed  by a  control  transformer or swi tch  mode power supply un i ts  
fi tted  wi th  transformers  having  separate  wind ings  i n  accordance  wi th  I EC  61 558-2-1 6  are  on ly 
a l lowed  for mach ines  wi th  a  maximum  of one  motor starter and /or maximum  of two  control  
devices,  i n  accordance  wi th  9 . 1 . 1 .  

Depend ing  on  the  earth ing  of the  supply system  the  possib le  cases  are:  

1 )  d i rectl y connected  to  an  earthed  supply system  (TN-  or TT-system)  and :  

a)  being  powered  between  a  l i ne  conductor and  the  neu tral  conductor,  see  F igure  1 2 ;  or 

b)  being  powered  between  two  l i ne  conductors,  see  F igure  1 3 ;  or 

2)  d i rectly connected  to  a  supply system  that i s  not earthed  or i s  earthed  through  a  h igh  
impedance  ( I T-system)  and :  

a)  being  powered  between  a  l i ne  conductor and  the  neu tral  conductor,  see  F igure  1 4 ;  or 

b)  being  powered  between  two  l i ne  conductors,  see  F igure  1 5.  
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Method  d1 b)  requ i res  mu l ti -pole  con trol  swi tches  that swi tch  a l l  l i ve  conductors  in  order to  
avoid  an  un in ten tional  start i n  case  of an  earth  fau l t  i n  the  con trol  ci rcu i t.  

Method  d2)  requ i res  that a  device  shal l  be  provided  that i n terrupts  the  ci rcu i t  au tomatical l y i n  
the  even t of an  earth  fau l t.  
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Figure  1 2  – Method  d1 a)  Control  circu i t  wi thout transformer connected  between  a  phase  
and  the  neutral  of an  earthed  supply system  

NOTE  1  F i gu re  1 2  shows  the  case  where  the  supply system  i s  a  TN  system.  The  con trol  ci rcu i t  i s  the  same  i n  the  
case  of a  TT system.  

NOTE  2  F i gu re  1 2  does  not  show any protecti ve  devices  for the  power ci rcu i t  and  con trol  ci rcu i t,  provi s i ons  for 
wh i ch  are  stated  i n  6 . 3  and  7 . 2 .  
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Figure  1 3  – Method  d1 b)  Control  circu i t  wi thout transformer connected  between  two 
phases  of an  earthed  supply system  

NOTE  3  F i gu re  1 3  shows  the  case  where  the  suppl y system  i s  a  TN  system.  The  con trol  ci rcu i t  i s  the  same  i n  
case  of a  TT system.  

NOTE  4  F i gu re  1 3  does  not  show any necessary protecti ve  devi ces  for power ci rcu i t  and  con trol  ci rcu i t,  provi s ions  
for wh i ch  are  s tated  i n  6 . 3  and  7 . 2 .  

BS EN 60204‑1:2018



I EC  60204-1 : 201 6  © I EC 201 6  – 65  – 

L1

L2

L3

M

control  switch

N

I >

R

 

IEC 

Figure  1 4  – Method  d2a)  Control  circu i t  wi thout transformer connected  between  phase 
and  neutral  of a  non-earthed  supply system  

NOTE  5  F i gu re  1 4  does  not show any necessary protective  devices  for the  power ci rcu i t  and  con tro l  ci rcu i t,  
provi s i ons  for wh i ch  are  stated  i n  6 . 3  and  7 . 2 .  
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Figure  1 5  – Method  d2b)  control  circu i t  wi thout transformer connected  between  two 
phases  of a  non-earthed  supply system 

NOTE  6  F i gu re  1 5  does  not  show any necessary protecti ve  devi ces  for power ci rcu i t  and  con trol  ci rcu i t,  provi s ions  
for wh i ch  are  s tated  i n  6 . 3  and  7 . 2 .  

9.4.3.2  Vol tage  interruptions  

See  a lso  7 . 5.  

Where  the  con trol  system  uses  a  memory device(s) ,  proper function ing  in  the  even t of power 
fa i lu re  shal l  be  ensured  (for example  by using  a  non-volati le  memory)  to  prevent any l oss  of 
memory that can  resu l t  i n  a  hazardous  s i tuation .  

9.4.3.3  Loss  of circu i t  continu i ty 

Where  the  loss  of con tinu i ty of con trol  ci rcu i ts  depend ing  upon  s l i d ing  con tacts  can  resu l t  i n  a  
hazardous  si tuation ,  appropriate  measures  shal l  be  taken  (for example  by dupl ication  of the  
s l i d i ng  con tacts).  
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1 0  Operator in terface and  machine-mounted  control  devices  

 General  1 0.1

1 0.1 . 1  General  requ irements  

Control  devices  for operator i n terface  shal l ,  as  far as  i s  practicable,  be  selected ,  mounted ,  
and  i den ti fied  or coded  in  accordance  wi th  I EC  61 31 0  series.  

The  possib i l i ty of i nadverten t operation  shal l  be  m in im ized  by,  for example,  posi tion ing  of 
devices,  su i table  design ,  provision  of add i tional  protective  measures.  Parti cu lar consideration  
shal l  be  g iven  to  the  selection ,  arrangement,  programming  and  use  of operator i npu t devices  
such  as  touchscreens,  keypads  and  keyboards  for the  con trol  of hazardous  mach ine  
operations,  and  of sensors  (for example  posi tion  sensors)  that can  in i tiate  mach ine  operation .  
Further i n formation  can  be  found  in  I EC  60447.  

Ergonomic princip les  shal l  be  taken  in to  account i n  the  l ocation  of operator i n terface  devices.  

1 0.1 .2  Location  and  mounting  

As far as  i s  practicable,  mach ine-mounted  con trol  devices  shal l  be:  

•  read i l y accessible  for service  and  main tenance;  

•  moun ted  i n  such  a  manner as  to  m in imize  the  possibi l i ty of damage  from  activi ties  such  as  
materia l  hand l ing .  

The  actuators  of hand-operated  con trol  devices  shal l  be  selected  and  i nstal led  so  that:  

•  they are  not l ess  than  0, 6  m  above  the  servicing  l evel  and  are  wi th in  easy reach  of the  
normal  working  posi tion  of the  operator;  

•  the  operator i s  not p laced  in  a  hazardous  s i tuation  when  operating  them.  

The  actuators  of foot-operated  con trol  devices  shal l  be  selected  and  instal led  so  that:  

•  they are  wi th in  easy reach  of the  normal  working  posi tion  of the  operator;  

•  the  operator i s  not p laced  in  a  hazardous  s i tuation  when  operating  them.  

1 0.1 .3  Protection  

The  degree  of protection  ( I P  rating  i n  accordance  wi th  I EC  60529)  together wi th  other 
appropriate  measures  shal l  provide  protection  against:  

•  the  effects  of l i qu ids,  vapours,  or gases  found  i n  the  physical  envi ronment or used  on  the  
mach ine;  

•  the  i ngress  of con taminants  (for example  swarf,  dust,  particu late  matter).  

I n  add i tion ,  the  operator i n terface  con trol  devices  shal l  have  a  m in imum  degree  of protection  
against contact wi th  l i ve  parts  of I PXXD  in  accordance  wi th  I EC  60529.  

1 0.1 .4  Position  sensors  

Posi tion  sensors  (for example  posi tion  swi tches,  proxim i ty swi tches)  shal l  be  so  arranged  that 
they wi l l  not be  damaged  i n  the  even t of overtravel .  

Posi tion  sensors  in  ci rcu i ts  wi th  safety-related  con trol  functions  (for example,  to  main tain  the  
safe  cond i tion  of the  mach ine  or prevent hazardous  s i tuations  aris ing  at the  mach ine)  shal l  
have  d i rect open ing  action  (see  I EC  60947-5-1 )  or shal l  provide  s im i lar re l iabi l i ty (see  9. 4. 2) .  
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1 0.1 .5  Portable  and  pendant control  stations  

Portable  and  pendant operator con trol  stations  and  thei r con trol  devices  shal l  be  so  selected  
and  arranged  as  to  m in im ize  the  possib i l i ty of mach ine  operations  caused  by i nadverten t 
actuation ,  shocks  and  vibrations  (for example  i f the  operator con trol  station  i s  d ropped  or 
strikes  an  obstruction)  (see  a lso  4 . 4. 8).  

 Actuators  1 0.2

1 0.2.1  Colours  

Actuators  (see  3 . 1 . 1 )  shal l  be  colour-coded  as  fol l ows.  

The  colours  for START/ON  actuators  shou ld  be  WH ITE,  GREY,  BLACK or GREEN  wi th  a  
preference  for WH ITE.  RED  shal l  not be  used .  

The  colour RED  shal l  be  used  for emergency stop  and  emergency swi tch ing  off actuators  
( i nclud ing  supply d isconnecting  devices  where  i t  i s  foreseen  that they are  for use  i n  an  
emergency).  I f a  background  exists  immed iately around  the  actuator,  then  th is  background  
shal l  be  coloured  YELLOW.  The  combination  of a  RED  actuator wi th  a  YELLOW background  
shal l  on ly be  used  for emergency operation  devices.  

The  colours  for STOP/OFF actuators  shou ld  be  BLACK,  GREY,  or WH ITE  wi th  a  preference  
for BLACK.  GREEN  shal l  not be  used .  RED  is  permi tted ,  bu t i t  i s  recommended  that RED  is  
not used  near an  emergency operation  device.  

WH ITE,  GREY,  or BLACK are  the  preferred  colours  for actuators  that a l ternately act as  
START/ON  and  STOP/OFF  actuators.  The  colours  RED,  YELLOW,  or GREEN  shal l  not be  
used .  

WH ITE,  GREY,  or BLACK are  the  preferred  colours  for actuators  that cause  operation  wh i le  
they are  actuated  and  cease  the  operation  when  they are  re leased  (for example  hold -to-run).  
The  colours  RED,  YELLOW,  or GREEN  shal l  not be  used .  

Reset actuators  shal l  be  BLUE,  WH ITE,  GREY,  or BLACK.  Where  they a lso  act as  a  
STOP/OFF actuator,  the  colours  WH ITE,  GREY,  or BLACK are  preferred  wi th  the  main  
preference  being  for BLACK.  GREEN  shal l  not be  used .  

The  colour YELLOW is  reserved  for use  in  abnormal  cond i tions,  for example,  i n  the  even t of 
an  abnormal  cond i tion  of the  process,  or to  i n terrupt an  au tomatic cycle.  

Where  the  same  colour WH ITE,  GREY,  or BLACK i s  used  for various  functions  (for example  
WH ITE  for START/ON  and  for STOP/OFF  actuators)  a  supplementary means  of cod ing  (for 
example  shape,  posi tion ,  symbol )  shal l  be  used  for the  i den ti fi cation  of actuators.  

1 0.2 .2  Markings  

I n  add i tion  to  the  functional  i den ti fication  as  described  in  1 6 . 3 ,  recommended  symbols  to  be  
p laced  near to  or preferably d i rectl y on  certain  actuators  are  g iven  i n  Table  2  or 3 .  
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Table  2  – Symbols  for actuators  (Power)  

Power 

ON  OFF  ON /OFF  
(push  on -push  off)  

ON  
(hol d -to-run )  

I EC  6041 7-5007  

(2002-1 0)  

I EC  6041 7-5008  

(2002-1 0)  

I EC  6041 7-501 0  

(2002-1 0)  

I EC  6041 7-501 1  

(2002-1 0)  

    

 

Table  3  – Symbols  for actuators  (Machine  operation)  

Mach ine  operation  

START STOP  H OLD-TO-RU N  EMERGENCY STOP  

I EC  6041 7-51 04  

(2006-08)  

I EC  6041 7-51 1 0A 

(2004-06)  

I EC  6041 7-501 1  

(2002-1 0)  

I EC  6041 7-5638  

(2002-1 0)  

    

 

 I nd icator l ights  and  d isplays  1 0.3

1 0.3.1  General  

I nd icator l i gh ts  and  d isplays  serve  to  g ive  the  fol lowing  types  of i n formation :  

– i nd ication :  to  attract the  operator's  atten tion  or to  i nd icate  that a  certain  task shou ld  be  
performed .  The  colours  RED,  YELLOW,  BLUE,  and  GREEN  are  normal l y used  i n  th is  
mode;  for flash ing  i nd icator l i gh ts  and  d isplays,  see  1 0 .3 . 3.  

– confi rmation :  to  confi rm  a  command ,  or a  cond i tion ,  or to  confi rm  the  termination  of a  
change  or transi tion  period .  The  colours  BLUE  and  WH ITE  are  normal l y used  i n  th is  mode  
and  GREEN  may be  used  i n  some cases.  

I nd icator l i gh ts  and  d isplays  shal l  be  selected  and  i nstal led  i n  such  a  manner as  to  be  vis ible  
from  the  normal  posi tion  of the  operator (see  a lso  I EC  61 31 0-1 ).  

Ci rcu i ts  used  for visual  or aud ible  devices  used  to  warn  persons  of an  impend ing  hazardous  
even t shal l  be  fi tted  wi th  faci l i ties  to  check the  operabi l i ty of these  devices.  

1 0.3.2  Colours  

I nd icator l i gh ts  shou ld  be  colour-coded  wi th  respect to  the  cond i tion  (status)  of the  mach ine  i n  
accordance  wi th  Table  4.  
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Table  4  – Colours  for ind icator l ights  and  their meanings   
with  respect to  the  condi tion  of the  machine  

Colour Mean ing  Explanation  Action  by operator 

RED Emergency H azardous  cond i ti on  I mmed iate  acti on  to  dea l  wi th  hazardous  
cond i ti on  ( for example  swi tch ing  off the  
mach i ne  supply,  bei ng  a l ert  to  the  hazardous  
cond i ti on  and  stayi ng  cl ear of the  mach i ne)  

YELLOW Abnormal  Abnormal  cond i ti on  
I mpend i ng  cri ti cal  cond i ti on  

Mon i tori ng  and /or i n terven tion  ( for example  by 
re-establ i sh i ng  the  i n tended  functi on )  

BLUE  M andatory I nd i cati on  of a  cond i ti on  that  
requ i res  acti on  by the  operator 

Mandatory acti on  

GREEN  N ormal  N ormal  cond i ti on  Opti onal  

WH I TE  N eu tral  Other cond i ti ons ;  may be  u sed  
whenever doubt  exi sts  abou t  
the  appl i cati on  of RED,  
YELLOW,  GREEN ,  BLUE  

Mon i tori ng  

 

I nd icating  towers  on  mach ines  shou ld  have  the  appl icable  colours  i n  the  fol l owing  order from  
the  top  down;  RED,  YELLOW,  BLUE,  GREEN  and  WH ITE.  

1 0.3.3  F lash ing  l ights  and  d isplays  

For further d isti nction  or i n formation  and  especia l l y to  g i ve  add i tional  emphasis,  fl ash ing  l i gh ts  
and  d isplays  can  be  provided  for the  fol lowing  purposes:  

– to  attract atten tion ;  

– to  request immed iate  action ;  

– to  i nd icate  a  d iscrepancy between  the  command  and  actual  state;  

– to  i nd icate  a  change  i n  process  (flash ing  du ring  transi tion).  

I t  i s  recommended  that h igher flash ing  frequencies  are  used  for h igher priori ty i n formation  
(see  I EC  60073  for recommended  flash ing  rates  and  pu lse/pause  ratios).  

Where  flash ing  l i gh ts  or d isplays  are  used  to  provide  h igher priori ty i n formation ,  add i tional  
acoustic warn ings  shou ld  be  considered .   

 I l l uminated  push-buttons  1 0.4

I l l um inated  push-bu tton  actuators  shal l  be  colour-coded  in  accordance  wi th  1 0 .2 . 1 .  Where  
there  i s  d i fficu l ty i n  assign ing  an  appropriate  colour,  WH ITE  shal l  be  used .  

The  colour of acti ve  emergency stop  actuators  shal l  remain  RED  regard less  of the  state  of the  
i l l um ination .  

 Rotary control  devices  1 0.5

Devices  having  a  rotational  member,  such  as  potentiometers  and  selector swi tches,  shal l  
have  means  of prevention  of rotation  of the  stationary member.  Friction  a lone  shal l  not be  
considered  su fficien t.  

 Start devices  1 0.6

Actuators  used  to  i n i tiate  a  start function  or the  movement of mach ine  e lements  (for example  
s l i des,  spind les,  carriers)  shal l  be  constructed  and  mounted  so  as  to  m in imize  inadverten t 
operation .   
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 Emergency stop  devices  1 0.7

1 0.7.1  Location  of emergency stop  devices  

Devices  for emergency stop  shal l  be  read i ly accessib le.  

Emergency stop  devices  shal l  be  provided  at each  l ocation  where  the  i n i tiation  of an  
emergency stop  can  be  requ i red .  

There  can  be  ci rcumstances  where  confusion  can  occur between  active  and  i nactive  
emergency stop  devices  caused  by,  for example,  unplugg ing  or otherwise  d isabl ing  an  
operator con trol  station .  I n  such  cases,  means  (for example,  design  and  i n formation  for use)  
shal l  be  provided  to  m in im ise  confusion .  

1 0.7.2  Types  of emergency stop device 

The  types  of device  for emergency stop  i nclude,  bu t are  not l im i ted  to :  

•  a  push-bu tton  device  for actuation  by the  palm  or the  fi st (e . g .  mushroom  head  type);  

•  a  pu l l -cord  operated  swi tch ;  

•  a  pedal -operated  swi tch  wi thou t a  mechan ical  guard .  

The  devices  shal l  be  i n  accordance  wi th  I EC  60947-5-5.  

1 0.7.3  Operation  of the  supply d isconnecting  device  to  effect emergency stop 

Where  a  stop  category 0  i s  su i table,  the  supply d i sconnecting  device  may serve  the  function  
of emergency stop  where:  

•  i t  i s  read i l y accessible  to  the  operator;  and  

•  i t  i s  of the  type  described  i n  5 . 3 . 2  a) ,  b) ,  c) ,  or d ).  

Where  in tended  for emergency use,  the  supply d isconnecting  device  shal l  meet the  colour 
requ i rements  of 1 0 . 2 . 1 .  

 Emergency switch ing  off devices  1 0.8

1 0.8.1  Location  of emergency switch ing  off devices  

Emergency swi tch ing  off devices  shal l  be  located  as  necessary for the  g iven  appl ication .  
Normal ly,  those  devices  wi l l  be  located  separate  from  operator control  stations.  Where  
confusion  can  occur between  emergency stop  and  emergency swi tch ing  off devices,  means  
shal l  be  provided  to  m in im ise  confusion .  

NOTE  Th i s  can  be  ach i eved  by,  for example,  the  provi s i on  of a  break-g l ass  encl osu re  for the  emergency 
swi tch i ng  off devi ce.  

1 0.8.2  Types  of emergency switch ing  off device  

The  types  of device  for i n i tiation  of emergency swi tch ing  off  i nclude:  

•  a  push-bu tton  operated  swi tch  wi th  a  palm  or mushroom  head  type  of actuator;  

•  a  pu l l -cord  operated  swi tch .  

The  devices  shal l  have  d i rect open ing  action  (see  Annex K of I EC  60947-5-1 : 2003  and  
I EC  60947-5-1 : 2003/AMD1 : 2009).  
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1 0.8.3  Local  operation  of the  supply d isconnecting  device  to  effect emergency  

switch ing  off 

Where  the  supply d isconnecting  device  i s  to  be  l ocal l y operated  for emergency swi tch ing  off,  
i t  shal l  be  read i ly accessib le  and  shal l  meet the  colour requ i rements  of 1 0 . 2 . 1 .  

 Enabl ing  control  device  1 0.9

The  enabl ing  con trol  function  i s  described  in  9 . 2 . 3 . 9.  

Enabl i ng  con trol  devices  shal l  be  selected  and  arranged  so  as  to  m in im ize  the  possibi l i ty of 
defeating .  

Enabl i ng  control  devices  shal l  be  selected  that have  the  fol lowing  featu res:  

– designed  i n  accordance  wi th  ergonomic principles;  

– for a  two-posi tion  type:  

•  posi tion  1 :  off-function  of the  swi tch  (actuator i s  not operated);  

•  posi tion  2 :  enabl i ng  function  (actuator i s  operated).  

– for a  th ree-posi tion  type:  

•  posi tion  1 :  off-function  of the  swi tch  (actuator i s  not operated);  

•  posi tion  2 :  enabl i ng  function  (actuator i s  operated  i n  i ts  m id  posi tion );  

•  posi tion  3 :  off-function  (actuator i s  operated  past i ts  m id  posi tion) ;  

•  when  return ing  from  posi tion  3  to  posi tion  2 ,  the  enabl ing  function  i s  not acti vated .  

NOTE  I EC  60947-5-8  speci fi es  requ i remen ts  for th ree-posi ti on  enabl i ng  swi tches.  

1 1  Controlgear:  location ,  mounting,  and  enclosures  

 General  requ irements  1 1 .1

Al l  con trolgear shal l  be  located  and  mounted  so  as  to  faci l i tate:  

– i ts  accessibi l i ty and  main tenance;  

– i ts  protection  against the  external  i n fl uences  or cond i tions  under wh ich  i t  i s  i n tended  to  
operate;  

– operation  and  main tenance  of the  mach ine  and  i ts  associated  equ ipment.  

 Location  and  mounting  1 1 .2

1 1 .2.1  Accessibi l i ty and  maintenance 

Al l  i tems  of con trolgear shal l  be  placed  and  orien ted  so  that they can  be  i den ti fied  wi thou t 
moving  them  or the  wi ring .  For i tems  that requ i re  checking  for correct operation  or that are  
l i able  to  need  replacement,  those  actions  shou ld  be  possib le  wi thou t d ismantl i ng  other 
equ ipment or parts  of the  mach ine  (except open ing  doors  or removing  covers,  barriers  or 
obstacles).  Terminals  not part of controlgear components  or devices  shal l  a lso  conform  to  
these  requ i rements.  

Al l  con trolgear shal l  be  mounted  so  as  to  faci l i tate  i ts  operation  and  main tenance.  Where  a  
special  tool  i s  necessary to  ad just,  main tain ,  or remove  a  device,  such  a  tool  shal l  be  
suppl ied .  Where  access  i s  requ i red  for regu lar main tenance  or ad justment,  the  relevant 
devices  shal l  be  l ocated  between  0 , 4  m  and  2 , 0  m  above  the  servicing  l evel .  I t  i s  
recommended  that terminals  be  at l east 0 , 2  m  above  the  servicing  l evel  and  be  so  p laced  that 
conductors  and  cables  can  be  easi l y connected  to  them.  
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No  devices  except devices  for operating ,  i nd icating ,  measuring ,  and  cool i ng  shal l  be  mounted  
on  doors  or on  access  covers  of enclosures  that are  expected  to  be  removed .  

Where  con trol  devices  are  connected  through  p lug-in  arrangements,  thei r association  shal l  be  
made  clear by type  (shape),  marking  or reference  designation ,  s ing ly or i n  combination  
(see  1 3.4 .5).  

P l ug-in  devices  that are  hand led  during  normal  operation  shal l  be  provided  wi th  non-
in terchangeable  features  where  the  l ack of such  a  faci l i ty can  resu l t  i n  mal function ing .  

P lug /socket combinations  that are  hand led  during  normal  operation  shal l  be  l ocated  and  
mounted  so  as  to  provide  unobstructed  access.  

Test poin ts  for connection  of test equ ipment,  where  provided ,  shal l  be:  

– mounted  so  as  to  provide  unobstructed  access;  

– clearly i denti fied  to  correspond  wi th  the  documentation ;  

– adequately i nsu lated ;  

– su fficien tl y spaced .  

1 1 .2 .2  Physical  separation  or grouping  

Non-electrical  parts  and  devices,  not d i rectly associated  wi th  the  e lectrical  equ ipment,  shal l  
not be  located  wi th in  enclosures  con tain ing  controlgear.  Devices  such  as  solenoid  valves  
shou ld  be  separated  from  the  other e lectrical  equ ipment (for example  i n  a  separate  
compartment).  

Con trol  devices  mounted  i n  the  same  l ocation  and  connected  to  the  power ci rcu i ts,  or to  both  
power and  con trol  ci rcu i ts,  shou ld  be  g rouped  separately from  those  connected  on ly to  the  
con trol  ci rcu i ts.  

Terminals  shal l  be  separated  in to  g roups  for:  

– power ci rcu i ts;  

– con trol  ci rcu i ts  of the  mach ine;  

– other con trol  ci rcu i ts,  fed  from  external  sources  (for example  for i n terlocking).  

The  groups  may be  mounted  ad jacently,  provided  that each  group  can  be  read i l y i den ti fied  
(for example  by markings,  by use  of d i fferen t s izes,  by use  of barriers  or by colours).  

When  arrang ing  the  location  of devices  ( includ ing  i n terconnections),  the  clearances  and  
creepage  d istances  speci fied  for them  by the  suppl ier shal l  be  main tained ,  taking  i n to  account 
the  external  i n fluences  or cond i tions  of the  physical  envi ronment.  

1 1 .2.3  Heating  effects  

The  temperature  ri se  i ns ide  e lectrical  equ ipment enclosures  shal l  not exceed  the  ambien t 
temperature  speci fied  by the  component manufacturers.  

NOTE  1  I EC  TR 60890  can  be  used  for the  cal cu lati on  of temperatu re  ri se  i ns i de  encl osu res.  

Heat generating  components  (for example  heat s inks,  power resistors)  shal l  be  so  located  that 
the  temperature  of each  component i n  the  vicin i ty remains  wi th in  the  permi tted  l im i t.  

NOTE  2  I n formation  on  the  sel ecti on  of i n su l ati ng  materi a l s  to  res i st  thermal  s tresses  i s  g i ven  i n  I EC  6021 6  and  
I EC  60085.  
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 Degrees  of protection  1 1 .3

The  protection  of con trolgear against i ngress  of sol i d  foreign  objects  and  of l i qu ids  shal l  be  
adequate  taking  i n to  account the  external  i n fluences  under wh ich  the  mach ine  i s  i n tended  to  
operate  ( i . e.  the  location  and  the  physical  envi ronmental  cond i tions)  and  shal l  be  su fficien t 
against dust,  coolan ts,  l ubricants  and  swarf.  

NOTE  1  The  degrees  of protecti on  agai nst  i ng ress  of water are  covered  by I EC  60529.  Add i ti onal  protecti ve  
measures  can  be  necessary agai nst other l i q u i ds .  

Enclosures  of con trolgear shal l  provide  a  degree  of protection  of at l east I P22  (see  
I EC  60529).  

Exception :  an  enclosure  provid ing  a  m in imum  degree  of protection  IP22  i s  not requ i red  where:  

a)  an  e lectrical  operating  area  provides  an  appropriate  degree  of protection  against i ngress  
of sol ids  and  l i qu ids,  or:  

b)  removable  col lectors  on  conductor wi re  or conductor bar systems  are  used  and  the  
measures  of 1 2 .7 . 1  are  appl ied .  

NOTE  2  Some  examples  of appl i cations,  a l ong  wi th  the  d egree  of protecti on  typ ica l l y provi ded  by the i r 
encl osu res,  are  l i s ted  be low:  

– ven ti l a ted  enclosu re,  con ta in i ng  on l y motor starter res i stor and  other l arge  s i ze  equ i pmen t I P1 0  

– ven ti l a ted  enclosu re,  con tai n i ng  other equ i pmen t I P32  

–  enclosu re  used  i n  general  i ndustry I P32 ,  I P43   
and  I P54  

– encl osu re  used  i n  l ocati ons  that  are  cl eaned  wi th  l ow-pressure  water j e ts  (hosi ng )  I P55  

– encl osu re  provid i ng  protecti on  aga i nst fi ne  dust  I P65  

– encl osu re  con ta i n i ng  s l i p-ri ng  assembl i es  I P2X 

Depend ing  upon  the  cond i ti ons  where  i nstal l ed ,  another degree  of protecti on  can  be  appropri ate .  

 Enclosures,  doors  and  openings  1 1 .4

Enclosures  shal l  be  constructed  using  materia ls  capable  of wi thstand ing  the  mechan ical ,  
e lectrical  and  thermal  stresses  as  wel l  as  the  effects  of humid i ty and  other envi ronmental  
factors  that are  l i kely to  be  encountered  in  normal  service.  

Fasteners  used  to  secure  doors  and  covers  shou ld  be  of the  captive  type.  

Windows  of enclosures  shal l  be  of a  material  su i table  to  wi thstand  expected  mechan ical  
stress  and  chemical  attack.  

I t  i s  recommended  that enclosure  doors  having  vertical  h inges  be  not wider than  0 , 9  m ,  wi th  
an  ang le  of open ing  of at l east 95° .  

The  j oin ts  or gaskets  of doors,  l i ds,  covers  and  enclosures  shal l  wi thstand  the  chemical  
effects  of the  aggressive  l i qu ids,  vapours,  or gases  used  on  the  mach ine.  The  means  
provided  to  main tain  the  degree  of protection  of an  enclosure  on  doors,  l i ds  and  covers  that 
requ i re  open ing  or removal  for operation  or main tenance  shal l :  

•  be  securely attached  to  e i ther the  door/cover or the  enclosure;  

•  not deteriorate  due  to  removal  or replacement of the  door or the  cover,  and  so  impai r the  
degree  of protection .  

Where  open ings  i n  enclosures  are  provided  (for example,  for cable  access),  i nclud ing  those  
towards  the  floor or foundation  or to  other parts  of the  mach ine,  means  shal l  be  provided  to  
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ensure  the  degree  of protection  speci fied  for the  equ ipment.  Open ings  for cable  en tries  shal l  
be  easy to  re-open  on  s i te.  A su i table  open ing  may be  provided  in  the  base  of enclosures  
wi th in  the  mach ine  so  that moisture  due  to  condensation  can  d rain  away.  

There  shal l  be  no  open ing  between  enclosures  con tain ing  e lectrical  equ ipment and  
compartments  contain ing  coolan t,  l ubricating  or hydrau l ic  fl u ids,  or those  i n to  wh ich  oi l ,  other 
l i qu ids,  or dust can  penetrate.  Th is  requ i rement does  not apply to  e lectrical  devices  
speci fical l y designed  to  operate  i n  oi l  ( for example  e lectromagnetic clu tches)  nor to  e lectrical  
equ ipment i n  wh ich  coolants  are  used .  

Where  there  are  holes  i n  an  enclosure  for mounting  purposes,  means  may be  necessary to  
ensure  that after mounting ,  the  holes  do  not impair the  requ i red  protection .  

Equ ipment that,  i n  normal  or abnormal  operation ,  can  atta in  a  surface  temperature  su fficien t 
to  cause  a  ri sk of fi re  or  effect to  an  enclosure  materia l  shal l :  detrimental

– be  l ocated  wi th in  an  enclosure  that wi l l  wi thstand ,  wi thout ri sk of fi re  or harmfu l  effect,  
such  temperatures  as  can  be  generated ;  and  

– be  mounted  and  l ocated  at a  su fficien t d istance  from  ad jacent equ ipment so  as  to  a l l ow 
safe  d issipation  of heat (see  a lso  1 1 . 2 . 3);  or 

– be  otherwise  screened  by material  that can  wi thstand ,  wi thou t ri sk of fi re  or harmfu l  effect,  
the  heat emi tted  by the  equ ipment.  

NOTE  A warn i ng  l abel  i n  accordance  wi th  1 6 . 2 . 2  can  be  necessary.  

 Access  to  electrical  equ ipment 1 1 .5

Doors  i n  gangways  and  for access  to  e lectrical  operating  areas  shal l :  

– be  at l east 0 , 7  m  wide  and  2 , 0  m  h igh ;  

– open  ou twards;  

– have  a  means  (for example  pan ic bol ts)  to  a l l ow open ing  from  the  i ns ide  wi thou t the  use  of 
a  key or tool .  

NOTE  Fu rther i n formati on  i s  g i ven  i n  I EC  60364-7-729.  

1 2  Conductors  and  cables  

 General  requ irements  1 2.1

Conductors  and  cables  shal l  be  selected  so  as  to  be  su i table  for the  operating  cond i tions  (for 
example  vol tage,  cu rrent,  protection  against e lectric shock,  g rouping  of cables)  and  external  
i n fl uences  (for example  ambien t temperature,  presence  of water or corrosive  substances,  
mechan ical  stresses  ( includ ing  stresses  during  i nstal lation ) ,  fi re  hazards)  that can  exist.  

These  requ i rements  do  not apply to  the  in tegral  wi ri ng  of assembl ies,  subassembl ies,  and  
devices  that are  manufactured  and  tested  i n  accordance  wi th  thei r re levant I EC  standard  (for 
example  IEC  61 800  series).  

 Conductors  1 2.2

Conductors  shou ld  be  of copper.  Where  a lumin ium  conductors  are  used ,  the  cross-sectional  
area  shal l  be  at  l east 1 6  mm2 .  

To  ensure  adequate  mechan ical  strength ,  the  cross-sectional  area  of conductors  shou ld  not 
be  l ess  than  as  shown  i n  Table  5 .  However,  conductors  wi th  smal ler cross-sectional  areas  or 
other constructions  than  shown  in  Table  5  may be  used  i n  equ ipment provided  adequate  
mechan ical  strength  i s  ach ieved  by other means  and  proper function ing  i s  not impai red .  



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NOTE  Cl assi fi cati on  of conductors  i s  g i ven  i n  Table  D . 4 .  

Table  5  – M in imum  cross-sectional  areas  of copper conductors  

 Type  of conductor,  cable  

Location  Appl ication  

S ing le  core  Mu l ti core  

F lexible  
C lass  5  or 6  

Sol id  
(class  1 )  or 
stranded  
(class  2 )  

Two core,  
sh ielded  

Two core  
not  sh ie lded  

Three  or 
more  cores ,  
sh i elded  or 

not  

Wiri ng   
ou ts i de  
(protecti ng )  
encl osu res  

Power ci rcu i ts ,  
fi xed  

1 , 0  1 , 5  0 , 75  0 , 75  0 , 75  

Power ci rcu i ts ,  
subj ected  to  frequen t  
movements  

1 , 0  – 0 , 75  0 , 75  0 , 75  

Con trol  ci rcu i ts  1 , 0  1 , 0  0 , 2  0 , 5  0 , 2  

Data  commun icati on  –  – – – 0, 08  

Wi ri ng  i ns i de  
encl osu res  a)  

Power ci rcu i ts  
(connecti ons  not  
moved )  

0 , 75  0 , 75  0 , 75  0 , 75  0 , 75  

Con trol  ci rcu i ts  0 , 2  0 , 2  0 , 2  0 , 2  0 , 2  

Data  commun icati on  – – – – 0, 08  

NOTE  Al l  cross-secti ons  i n  mm 2 .  

a)   Except specia l  requ i remen ts  of i nd i vi dual  s tandards,  see  a l so  1 2 . 1 .  

 

C lass  1  and  class  2  conductors  are  primari l y i n tended  for use  between  ri g id ,  non-moving  parts  
where  vibration  i s  not considered  to  be  l i kely to  cause  damage.  

Al l  conductors  that are  subject to  frequent movement (for example  one  movement per hour of 
mach ine  operation)  shou ld  have  flexib le  strand ing  of class  5  or class  6 .  

 I nsu lation  1 2.3

Where  the  i nsu lation  of conductors  and  cables  can  consti tu te  hazards  due  for example  to  the  
propagation  of a  fi re  or the  emission  of toxic or corrosive  fumes,  gu idance  from  the  cable  
suppl ier sh  be  sought.  I t i s importan t to g i ve special atten tion to the i n tegri ty of a ci rcu i t 
having  a  safety-related  function .  

a l l

The  i nsu lation  of cables  and  conductors  used ,  shal l  be  su i table  for a  test vol tage:  

– not l ess  than  2  000  V AC for a  duration  of 5  m in  for operation  at vol tages  h igher than  
50  V AC or 1 20  V DC,  or 

– not l ess  than  500  V AC for a  duration  of 5  m in  for PELV ci rcu i ts  (see  I EC  60364-4-41 ,  
class  I I I  equ ipment).  

The  mechan ical  strength  and  th ickness  of the  i nsu lation  shal l  be  such  that the  i nsu lation  
cannot be  damaged  in  operation  or du ring  l aying ,  especia l l y for cables  pu l l ed  i n to  ducts.  

 Current-carrying  capaci ty in  normal  service 1 2.4

The  curren t-carrying  capaci ty depends  on  several  factors,  for example  i nsu lation  material ,  
number of conductors  i n  a  cable,  design  (sheath),  methods  of i nsta l lation ,  g rouping  and  
ambien t temperature.  

NOTE  1  Detai l ed  i n formati on  and  fu rther gu i dance  can  be  found  i n  I EC  60364-5-52 ,  i n  some  nati onal  s tandards  or 
g i ven  by the  manu factu rer.  

 
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One  typical  example  of the  current-carrying  capaci ties  for PVC insu lated  wi ring  between  
enclosures  and  ind ividual  i tems  of equ ipment under steady-state  cond i tions  i s  g i ven  in  
Table  6 .  

NOTE  2  For speci fi c  app l i cati ons  where  the  correct  cabl e  d imension i ng  can  depend  on  the  re l a ti onsh i p  between  
the  peri od  of the  du ty cycl e  and  the  thermal  t ime  constan t of the  cabl e  (for example  starti ng  agai nst  h i gh - i nerti a  
l oad ,  i n term i tten t  d u ty) ,  the  cab le  manu factu rer can  provide  i n formati on .  

Table  6  – Examples  of current-carrying  capaci ty (Iz)  of PVC  insu lated  copper 
conductors  or cables  under steady-state  conditions  in  an  ambient air temperature  

of +40  °C  for d i fferent methods  of instal lation  

 I nstal l ation  method  (see  D .2.2 )  

 B1  B2  C  E  

Cross-sectional  
area  

Current-carrying  capaci ty I
z
 for three  phase  ci rcu i ts  

mm 2  A  

0 , 75  8 , 6  8 , 5  9 , 8  1 0 , 4  

1 , 0  1 0 , 3  1 0 , 1  1 1 , 7  1 2 , 4  

1 , 5  1 3 , 5  1 3 , 1  1 5 , 2  1 6 , 1  

2 , 5  1 8 , 3  1 7 , 4  21  22  

4  24  23  28  30  

6  31  30  36  37  

1 0  44  40  50  52  

1 6  59  54  66  70  

25  77  70  84  88  

35  96  86  1 04  1 1 0  

50  1 1 7  1 03  1 25  1 33  

70  1 49  1 30  1 60  1 71  

95  1 80  1 56  1 94  207  

1 20  208  1 79  225  240  

 Control  ci rcu i t  pai rs  

0, 20  4 , 5  4 , 3  4 , 4  4 , 4  

0 , 5  7 , 9  7 , 5  7 , 5  7 , 8  

0 , 75  9 , 5  9 , 0  9 , 5  1 0  

NOTE  1  The  va l ues  of the  cu rren t-carryi ng  capaci ty of Table  6  are  based  on :  

– one  symmetri ca l  th ree-phase  ci rcu i t  for cross-sectional  areas  0 , 75  mm 2  and  g reater;  

–  one  con trol  ci rcu i t  pa i r for cross-secti onal  areas  between  0 , 2  mm2  and  0 , 75  mm 2 .  

Where  more  l oaded  cabl es/pa i rs  are  i n sta l l ed ,  derati ng  factors  for the  va l ues  of Tabl e  6  can  be  found  i n  
Tabl es  D . 2  or D . 3 .  

NOTE  2  For ambien t  temperatu res  other than  40  °C,  correcti on  factors  for cu rren t-carryi ng  capaci ti es  are  
provi ded  i n  Tabl e  D . 1 .  

NOTE  3  These  val ues  are  not  appl i cable  to  fl exi b l e  cab les  wound  on  d rums  (see  1 2 . 6 . 3) .  

NOTE  4  Cu rren t-carryi ng  capaci ti es  of o ther cabl es  are  provi ded  i n  I EC  60364-5-52 .  

 

 Conductor and  cable  vol tage  drop 1 2.5

The  vol tage  d rop  from  the  poin t of supply to  the  load  in  any power ci rcu i t  cable  shal l  not 
exceed  5  %  of the  nominal  vol tage  under normal  operating  cond i tions.  I n  order to  conform  to  
th is  requ i rement,  i t  can  be  necessary to  use  conductors  having  a  l arger cross-sectional  area  
than  that derived  from  Table  6 .  
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I n  con trol  ci rcu i ts,  the  vol tage  drop  shal l  not reduce  the  vol tage  at any device  below the  
manufacturer’s  speci fication  for that device,  taking  i n to  account i n rush  currents.  

See  a lso  4 . 3.  

The  vol tage  drop  i n  components,  for example  overcurren t protective  devices  and  swi tch ing  
devices,  shou ld  be  considered .  

 F lexible  cables  1 2.6

1 2.6.1  General  

Flexible  cables  shal l  have  Class  5  or Class  6  conductors.  

NOTE  1  C l ass  6  conductors  have  smal l er d i ameter s trands  and  are  more  fl exi b l e  than  Cl ass  5  conductors  (see  
Tabl e  D . 4 ).  

Cables  that are  subjected  to  severe  du ties  shal l  be  of adequate  construction  to  protect 
against:  

– abrasion  due  to  mechan ical  hand l ing  and  d ragg ing  across  rough  surfaces;  

– kinking  due  to  operation  wi thou t gu ides;  

– stress  resu l ti ng  from  gu ide  rol lers  and  forced  gu id ing ,  being  wound  and  re-wound  on  cable  
d rums.  

NOTE  2  Cables  for such  cond i ti ons  are  speci fi ed  i n  some  nati onal  s tandards.  

NOTE  3  The  operati onal  l i fe  of the  cabl e  wi l l  be  reduced  where  un favourabl e  operati ng  cond i ti ons  such  as  h i gh  
tensi l e  s tress,  smal l  rad i i ,  bend i ng  i n to  another p l ane  and /or where  frequen t  d u ty cycl es  coi nci de.  

1 2.6.2  Mechan ical  rating  

The  cable  hand l i ng  system  of the  mach ine  shal l  be  so  designed  to  keep  the  tensi le  stress  of 
the  conductors  as  low as  i s  practicable  during  mach ine  operations.  Where  copper conductors  
are  used ,  the  tensi l e  stress  appl ied  to  the  conductors  shal l  not exceed  1 5  N /mm2  of the  
copper cross-sectional  area.  Where  the  demands  of the  appl ication  exceed  the  tensi le  stress  
l im i t  of 1 5  N /mm2 ,  cables  wi th  specia l  construction  features  shou ld  be  used  and  the  a l lowed  
maximal  tensi le  stress  shou ld  be  agreed  wi th  the  cable  manufacturer.  

The  maximum  stress  appl ied  to  the  conductors  of flexib le  cables  wi th  materia l  other than  
copper shal l  be  wi th in  the  cable  manufacturer’s  speci fication .  

NOTE  The  fo l l owing  cond i ti ons  affect  the  tens i l e  stress  on  the  conductors:  

– accelerati on  forces;  

– speed  of moti on ;  

– dead  (hang ing )  wei gh t  of the  cabl es ;  

– method  of gu i d i ng ;  

– desi gn  of cabl e  d rum  system.  

1 2.6.3  Current-carrying  capaci ty of cables  wound  on  drums 

Cables  to  be  wound  on  d rums  shal l  be  selected  wi th  conductors  having  a  cross-sectional  area  
such  that,  when  fu l l y wound  on  the  d rum  and  carrying  the  normal  service  l oad ,  the  maximum  
a l lowable  conductor temperature  i s  not exceeded .  

For cables  of ci rcu lar cross-sectional  area  i nstal led  on  d rums,  the  maximum  current-carrying  
capaci ty i n  free  a i r shou ld  be  derated  i n  accordance  wi th  Table  7  

NOTE  The  curren t-carryi ng  capaci ty of cabl es  i n  free  a i r can  be  found  i n  manu factu rers ’  speci fi cati ons  or i n  
re l evan t nati onal  s tandards.  
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Table  7  – Derating  factors  for cables  wound  on  drums  

Drum  type  Number of l ayers  of cable  

Any number 1  2  3  4  

Cyl i nd ri cal  ven ti l a ted  – 0 , 85  0 , 65  0 , 45  0 , 35  

Rad ia l  ven ti l ated  0 , 85  – – – – 

Rad ia l  non -ven ti l ated  0 , 75  – –  – – 

I t  i s  recommended  that  the  u se  of derati ng  factors  be  d i scussed  wi th  the  cable  and  the  cable  d rum  
manu factu rers .  Th i s  may resu l t  i n  o ther factors  bei ng  used .  

NOTE  1  A rad i a l  type  d rum  i s  one  where  sp i ra l  l ayers  of cabl e  are  accommodated  between  cl osely spaced  
fl anges;  i f fi tted  wi th  sol i d  fl anges,  the  d rum  i s  described  as  non -ven ti l ated  and  i f the  fl anges  have  su i table  
apertu res,  as  ven ti l ated .  

NOTE  2  A ven ti l ated  cyl i nder d rum  i s  one  where  the  l ayers  of cabl e  are  accommodated  between  wi de l y spaced  
fl anges  and  the  d rum  and  end  fl anges  have  ven ti l ati ng  apertu res.  

 

 Conductor wires,  conductor bars  and  s l ip-ring  assembl ies  1 2.7

1 2.7.1  Basic  protection  

Conductor wi res,  conductor bars  and  s l i p-ring  assembl ies  shal l  be  i nsta l led  or enclosed  in  
such  a  way that,  during  normal  access  to  the  mach ine,  basic protection  i s  ach ieved  by the  
appl ication  of one  of the  fol lowing  protective  measures:  

– protection  by partia l  i nsu lation  of l i ve  parts,  or where  th is  i s  not practicable;  

– protection  by enclosures  or barriers  of at l east I P2X or I PXXB.  

Horizon tal  top  surfaces  of barriers  or enclosures  that are  read i l y accessible  shal l  provide  a  
degree  of protection  of at l east I P4X or I PXXD.  

Where  the  requ i red  degree  of protection  i s  not ach ieved ,  protection  by placing  l i ve  parts  ou t of 
reach  i n  combination  wi th  emergency swi tch ing  off i n  accordance  wi th  9 . 2 . 3 .4 .3  shal l  be  
appl ied .  

Conductor wi res  and  conductor bars  shal l  be  so  placed  and /or protected  as  to:  

– prevent contact,  especia l l y for unprotected  conductor wi res  and  conductor bars,  wi th  
conductive  i tems  such  as  the  cords  of pu l l -cord  swi tches,  strain -rel ief devices  and  d rive  
chains;  

– prevent damage  from  a  swing ing  l oad .  

See  a lso  6 . 2 . 6 .  

1 2.7.2  Protective  conductors  

Where  conductor wi res,  conductor bars  and  s l ip-ri ng  assembl ies  are  i nstal led  as  part of the  
protective  bond ing  ci rcu i t,  they shal l  not carry cu rren t i n  normal  operation .  Therefore,  the  
protective  conductor (PE)  and  the  neu tral  conductor (N )  shal l  each  use  a  separate  conductor 
wi re,  conductor bar or s l ip-ri ng .  

The  con tinu i ty of protective  conductors  using  s l i d ing  con tacts  shal l  be  ensured  by taking  
appropriate  measures  (for example,  dupl ication  of the  current col lector,  continu i ty mon i toring).  

1 2.7.3  Protective  conductor current col lectors  

Protective  conductor cu rren t col lectors  shal l  have  a  shape  or construction  so  that they are  not 
i n terchangeable  wi th  the  other curren t col l ectors.  Such  curren t col lectors  shal l  be  of the  
s l i d i ng  con tact type.  
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1 2.7.4 Removable  current col lectors  with  a  d isconnector function  

Removable  cu rren t col lectors  having  a  d isconnector function  shal l  be  so  designed  that the  
protective  conductor ci rcu i t  i s  i n terrupted  on ly after the  l i ve  conductors  have  been  
d isconnected ,  and  the  continu i ty of the  protective  conductor ci rcu i t  i s  re-establ ished  before  
any l i ve  conductor i s  reconnected  (see  a lso  8 . 2 . 3).  

1 2.7.5  Clearances  in  air 

Clearances  between  the  respective  conductors,  and  between  ad jacent systems,  of conductor 
wi res,  conductor bars,  s l ip-ri ng  assembl ies  and  thei r current col lectors  shal l  be  su i table  for at 
l east a  rated  impu lse  vol tage  of an  overvol tage  category I I I  i n  accordance  wi th  I EC  60664-1 .  

1 2.7.6  Creepage  d istances  

Creepage  d istances  between  the  respective  conductors,  between  ad jacent systems  of 
conductor wi res,  conductor bars  and  s l ip-ring  assembl ies,  and  thei r curren t col lectors  shal l  be  
su i table  for operation  i n  the  i n tended  envi ronment,  for example  open  a i r,  i ns ide  bu i l d ings,  
protected  by enclosures.  

I n  abnormal l y dusty,  moist or corrosive  envi ronments,  the  fol lowing  creepage  d istance  
requ i rements  apply:  

– unprotected  conductor wi res,  conductor bars,  and  s l ip-ring  assembl ies  shal l  be  equ ipped  
wi th  i nsu lators  wi th  a  m in imum  creepage  d istance  of 60  mm;  

– enclosed  conductor wi res,  i nsu lated  mu l tipole  conductor bars  and  insu lated  i nd ividual  
conductor bars  shal l  have  a  m in imum  creepage  d istance  of 30  mm.  

The  manufacturer's  recommendations  shal l  be  fol lowed  regard ing  special  measures  to  
prevent a  gradual  reduction  in  the  i nsu lation  values  due  to  un favourable  ambien t cond i tions  
(for example  deposi ts  of conductive  dust,  chemical  attack).  

1 2.7.7  Conductor system  section ing  

Where  conductor wi res  or conductor bars  are  arranged  so  that they can  be  d ivided  i n to  
i solated  sections,  su i table  design  measures  shal l  be  employed  to  prevent the  energ ization  of 
ad jacent sections  by the  cu rrent col lectors  themselves.  

1 2.7.8  Construction  and  instal lation  of conductor wire,  conductor bar systems  and  
s l ip-ring  assembl ies  

Conductor wi res,  conductor bars  and  s l ip-ring  assembl ies  i n  power ci rcu i ts  shal l  be  g rouped  
separately from  those  i n  con trol  ci rcu i ts.  

Conductor wi res,  conductor bars  and  s l ip-ring  assembl ies,  i nclud ing  thei r curren t col lectors,  
shal l  be  capable  of wi thstand ing ,  wi thou t damage,  the  mechan ical  forces  and  thermal  effects  
of short-ci rcu i t  curren ts.  

Removable  covers  for conductor wi re  and  conductor bar systems  la id  underground  or 
underfloor shal l  be  so  designed  that they cannot be  opened  by one  person  wi thou t the  a id  of a  
tool .  

Where  conductor bars  are  instal led  i n  a  common  metal  enclosure,  the  ind ividual  sections  of 
the  enclosure  shal l  be  bonded  together and  connected  to  the  protective  bond ing  ci rcu i t.  Metal  
covers  of conductor bars  la id  underground  or underfloor shal l  a lso  be  bonded  together and  
connected  to  the  protective  bond ing  ci rcu i t.  
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The  protective  bond ing  ci rcu i t  shal l  i nclude  the  covers  or cover plates  of metal  enclosures  or 
underfloor ducts.  Where  metal  h i nges  form  a  part of the  protective  bond ing  ci rcu i t,  thei r 
continu i ty shal l  be  veri fied  (see  Clause  1 8).  

Conductor bar ducts  that can  be  subject to  accumu lation  of l i qu id  such  as  o i l  or water shal l  
have  d rainage  faci l i ties.  

1 3  Wiring  practices  

 Connections  and  routing  1 3.1

1 3.1 .1  General  requ irements  

Al l  connections,  especia l l y those  of the  protective  bond ing  ci rcu i t,  shal l  be  secured  against 
acciden tal  l oosen ing .  

The  means  of connection  shal l  be  su i table  for the  cross-sectional  areas  and  nature  of the  
conductors  being  terminated .  

The  connection  of two  or more  conductors  to  one  terminal  i s  permi tted  on ly i n  those  cases  
where  the  terminal  i s  designed  for that pu rpose.  However,  on ly one  protective  conductor shal l  
be  connected  to  one  terminal  connecting  poin t.  

Soldered  connections  shal l  on ly be  permi tted  where  terminals  are  provided  that are  su i table  
for soldering .  

Terminals  on  terminal  b locks  shal l  be  p la in ly marked  or l abel l ed  to  correspond  wi th  the  
i denti fication  used  i n  the  d iagrams.  

NOTE  I EC  61 666  provi des  ru l es  that  can  be  u sed  for the  des ignati on  of term inal s  wi th i n  the  e l ectri cal  equ i pmen t.  

Where  an  i ncorrect e lectrical  connection  (for example,  aris ing  from  replacement of devices)  i s  
i den ti fied  as  a  source  of ri sk that needs  to  be  reduced  and  i t  i s  not practicable  to  reduce  the  
possibi l i ty of i ncorrect connection  by design  measures,  the  conductors  and /or terminations  
shal l  be  i denti fi ed .  

The  instal lation  of fl exib le  condu i ts  and  cables  shal l  be  such  that l i qu ids  shal l  d rain  away from  
the  fi ttings.  

Means  of retain ing  conductor strands  shal l  be  provided  when  terminating  conductors  at 
devices  or terminals  that are  not equ ipped  wi th  th is  faci l i ty.  Solder shal l  not be  used  for that 
purpose.  

Sh ielded  conductors  shal l  be  so  terminated  as  to  prevent fraying  of strands  and  to  permi t 
easy d isconnection .  

I den ti fication  tags  shal l  be  l eg ib le,  permanent,  and  appropriate  for the  physical  envi ronment.  

Terminal  b locks  shal l  be  mounted  and  wi red  so  that the  wi ri ng  does  not cross  over the  
terminals .  

1 3.1 .2  Conductor and  cable  runs  

Conductors  and  cables  shal l  be  run  from  terminal  to  terminal  wi thou t spl ices  or jo in ts.  
Connections  using  p lug /socket combinations  wi th  su i table  protection  against acciden tal  
d isconnection  are  not considered  to  be  spl ices  or j o in ts  for the  purpose  of 1 3 . 1 . 2 .  
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Exception :  Where  i t  i s  impracticable  to  provide  terminals  i n  a  j unction  box (for example  on  
mobi le  mach ines,  on  mach ines  having  l ong  flexib le  cables;  cable  connections  exceed ing  a  
l eng th  wh ich  i s  not practical  to  be  suppl ied  by the  cable  manufacturer on  one  cable  d rum),  
spl ices  or j o in ts  may be  used .  

Where  i t  i s  necessary to  connect and  d isconnect cables  and  cable  assembl ies,  su fficien t extra  
l eng th  shal l  be  provided  for that purpose.  

The  terminations  of cables  shal l  be  adequately supported  to  prevent mechan ical  stresses  at 
the  terminations  of the  conductors.  

Wherever practicable,  the  protective  conductor shal l  be  p laced  close  to  the  associated  l i ve  
conductors  in  order to  decrease  the  impedance  of the  l oop.  

1 3.1 .3  Conductors  of d i fferent ci rcu i ts  

Conductors  of d i fferen t ci rcu i ts  may be  la id  s ide  by s ide,  may occupy the  same duct (for 
example  condu i t,  cable  trunking  system),  or may be  i n  the  same  mu l ticonductor cable  or i n  the  
same  p lug /socket combination  provided  that the  arrangement does  not impai r the  proper 
function ing  of the  respective  ci rcu i ts  and :  

•  where  those  ci rcu i ts  operate  at d i fferen t vol tages,  the  conductors  are  separated  by 
su i table  barriers  or;  

•  the  conductors  are  insu lated  for the  h ighest vol tage  to  wh ich  any of the  conductors  can  be  
subjected ,  for example  l i ne  to  l i ne  vol tage  for unearthed  systems and  phase  to  earth  
vol tage  for earthed  systems.  

1 3.1 .4 AC  ci rcu i ts  – Electromagnetic  effects  (prevention  of eddy currents)  

Conductors  of AC ci rcu i ts  i nstal led  i n  ferromagnetic enclosures  shal l  be  arranged  so  that a l l  
conductors  of each  ci rcu i t,  i nclud ing  the  protective  conductor of each  ci rcu i t,  are  con tained  i n  
the  same  enclosure.  Where  such  conductors  en ter a  ferrous  enclosure,  they shal l  be  arranged  
such  that the  conductors  are  not i nd ividual ly surrounded  by ferromagnetic materia l .  

S ing le-core  cables  armoured  wi th  steel  wi re  or steel  tape  shou ld  not be  used  for AC  ci rcu i ts.  

NOTE  1  The  s teel  wi re  or s tee l  tape  armour of a  s i ng le-core  cabl e  i s  regarded  as  a  ferromagnetic  enclosu re .  For 
s i ng le-core  wi re  armoured  cabl es ,  the  use  of a l um in i um  armour i s  recommended .  

NOTE  2  Deri ved  from  I EC  60364-5-52 .  

1 3.1 .5  Connection  between  pick-up  and  pick-up  converter of an  inductive  power 
supply system 

The  cable  between  the  p ick-up  and  the  p ick-up  converter shal l  be:  

– as  short as  practicable;  

– adequately protected  against mechan ical  damage.  

NOTE  The  ou tpu t  of the  p i ck-up  can  be  a  cu rren t  sou rce,  therefore  damage  to  the  cab l e  can  resu l t  i n  a  h i gh  
vol tage  hazard .  

 I denti fication  of conductors  1 3.2

1 3.2.1  General  requ irements  

Each  conductor shal l  be  i denti fiable  at each  termination  in  accordance  wi th  the  techn ical  
documentation .  

I t  i s  recommended  (for example  to  faci l i tate  main tenance)  that conductors  be  i den ti fied  by 
number,  a lphanumeric,  colour (e i ther sol id  or wi th  one  or more  stripes),  or a  combination  of 
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colour and  numbers  or a lphanumeric.  When  numbers  are  used ,  they shal l  be  Arabic;  l etters  
shal l  be  Roman  (ei ther upper or l ower case).  

NOTE  1  Annex B  can  be  u sed  for ag reemen t between  suppl i er and  u ser regard ing  a  preferred  method  of 
i den ti fi cati on .  

NOTE  2  I EC  62491  provides  ru l es  and  gu i del i nes  for the  l abel l i ng  of cabl es  and  cores/conductors  u sed  i n  
i ndustri a l  i nsta l l ati ons ,  equ i pmen t and  products .  

1 3.2 .2  Identi fication  of the  protective  conductor /  protective  bonding  conductor 

The  protective  conductor /  protective  bond ing  conductor shal l  be  read i ly d i stingu ishable  from  
other conductors  by shape,  l ocation ,  marking ,  or colour.  When  i den ti fi cation  i s  by colour 
a lone,  the  b icolour combination  GREEN-AND-YELLOW shal l  be  used  throughou t the  l eng th  of 
the  conductor.  Th is  colour i den ti fication  i s  strictl y reserved  for protective  
conductors/protective  bond ing  conductors.  

For i nsu lated  conductors,  the  b icolour combination  GREEN-AND-YELLOW shal l  be  such  that 
on  any 1 5  mm  l eng th ,  one  of the  colours  covers  at l east 30  %  and  not more  than  70  %  of the  
su rface  of the  conductor,  the  other colour covering  the  remainder of the  surface.  

Where  the  protective  conductor(s)  can  be  easi l y i den ti fied  by i ts  shape,  posi tion ,  or 
construction  (for example  a  braided  conductor,  un insu lated  stranded  conductor),  or where  the  
i nsu lated  conductor i s  not read i l y accessib le  or i s  part  of a  mu l ticore  cable,  colour cod ing  
throughou t i ts  l eng th  i s  not necessary.  However,  where  the  conductor i s  not clearly vis ib le  
throughou t i ts  l ength ,  the  ends  or accessib le  l ocations  shal l  be  clearly i den ti fied  by the  
g raph ical  symbol  I EC  6041 7-501 9:2006-08  (see  F igure  1 6)  or wi th  the  letters  PE  or by the  
b icolour combination  GREEN-AND-YELLOW.  

 

Figure  1 6  – Symbol  IEC  6041 7-501 9  

Exception :  Protective  bond ing  conductors  may be  marked  wi th  the  letters  PB  and /or the  
symbol  I EC  6041 7-5021  (2002-1 0)  (see  F igure  1 7).  

  

Figure  1 7  – Symbol  IEC  6041 7-5021  

1 3.2 .3  Identi fication  of the  neutral  conductor 

Where  a  ci rcu i t  i ncludes  a  neu tral  conductor that i s  i den ti fied  by colour a lone,  the  colour used  
for th is  conductor shal l  be  BLUE.  I n  order to  avoid  confusion  wi th  other colours,  i t  i s  
recommended  that an  unsaturated  b lue  be  used ,  cal l ed  here  “ l i gh t b lue”  (see  6 . 2 .2  of 
I EC  60445:201 0).  Where  the  selected  colour i s  the  sole  i denti fication  of the  neu tral  conductor,  
that colour shal l  not be  used  for i den ti fying  any other conductor where  confusion  i s  possib le.  
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Where  iden ti fication  by colour i s  used ,  bare  conductors  used  as  neu tral  conductors  shal l  be  
e i ther coloured  by a  stripe,  1 5  mm  to  1 00  mm  wide  i n  each  compartment or un i t  and  at  each  
accessible  l ocation ,  or coloured  throughou t thei r l ength .  

1 3.2.4 Identi fication  by colour 

Where  colour-cod ing  i s  used  for i den ti fication  of conductors  (other than  the  protective  
conductor (see  1 3. 2 .2)  and  the  neu tral  conductor (see  1 3.2 .3)) ,  the  fol lowing  colours  may be  
used :  

BLACK,  BROWN,  RED,  ORANGE,  YELLOW,  GREEN ,  BLUE  ( includ ing  LIGHT BLUE),  
VIOLET,  GREY,  WH ITE,  PINK,  TURQUOISE.  

NOTE  Th i s  l i st  of col ou rs  i s  deri ved  from  I EC  60757.  

I t  i s  recommended  that,  where  colour i s  used  for i den ti fication ,  the  colour be  used  throughout 
the  l eng th  of the  conductor ei ther by the  colour of the  insu lation  or by colour markers  at  
regu lar i n tervals  and  at the  ends  or accessib le  location .  

For safety reasons,  the  colour GREEN  or the  colour YELLOW shou ld  not be  used  where  there  
i s  a  possibi l i ty of confusion  wi th  the  b icolour combination  GREEN-AND-YELLOW (see  1 3. 2 .2).  

Colour i den ti fication  using  combinations  of those  colours  l i sted  above  may be  used  provided  
there  can  be  no  confusion  and  that GREEN  or YELLOW is  not used  except i n  the  b icolour 
combination  GREEN-AND-YELLOW.  

Where  colour-cod ing  i s  used  for i den ti fication  of conductors,  i t  i s  recommended  that they be  
colour-coded  as  fol l ows:  

– BLACK:  AC and  DC  power ci rcu i ts;  

– RED:  AC control  ci rcu i ts;  

– BLUE:  DC con trol  ci rcu i ts;  

– ORANGE:  excepted  ci rcu i ts  i n  accordance  wi th  5 . 3. 5.  

Exceptions  to  the  above  are  permi tted  where  i nsu lation  i s  not avai lable  i n  the  colours  
recommended  (for example  in  mu l ticonductor cables).  

 Wiring  inside  enclosures  1 3.3

Conductors  i ns ide  enclosures  shal l  be  supported  where  necessary to  keep  them  in  p lace.  
Non-metal l i c ducts  shal l  be  permi tted  on ly when  they are  made  wi th  a  fl ame-retardant 
i nsu lating  materia l  (see  the  IEC  60332  series) .  

I t  i s  recommended  that e lectrical  equ ipment mounted  inside  enclosures  be  designed  and  
constructed  i n  such  a  way as  to  permi t mod i fication  of the  wi ring  from  the  front of the  
enclosure  (see  a lso  1 1 . 2 . 1 ) .  Where  that i s  not practicable  and  control  devices  are  connected  
from  the  rear of the  enclosure,  access  doors  or swingou t panels  shal l  be  provided .  

Connections  to  devices  mounted  on  doors  or to  other movable  parts  shal l  be  made  using  
fl exib le  conductors  in  accordance  wi th  1 2 . 2  and  1 2 .6  to  a l low for the  frequent movement of 
the  part.  The  conductors  shal l  be  anchored  to  the  fi xed  part and  to  the  movable  part 
i ndependently of the  e lectrical  connection  (see  also  8. 2 . 3  and  1 1 . 2 . 1 ) .  

Conductors  and  cables  that do  not run  i n  ducts  shal l  be  adequately supported .  

Terminal  b locks  or p lug/socket combinations  shal l  be  used  for con trol  wi ring  that extends  
beyond  the  enclosure.  For p lug /socket combinations,  see  also  1 3 .4 . 5  and  1 3.4 .6 .  
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Power cables  and  cables  of measuring  ci rcu i ts  may be  d i rectl y connected  to  the  terminals  of 
the  devices  for wh ich  the  connections  were  i n tended .  

 Wiring  outside  enclosures  1 3.4

1 3.4.1  General  requ irements  

The  means  of i n troduction  of cables  or ducts  wi th  thei r i nd ividual  g l ands,  bush ings,  etc. ,  i n to  
an  enclosure  shal l  ensure  that the  degree  of protection  i s  not reduced  (see  1 1 . 3).  

Conductors  of a  ci rcu i t  shal l  not be  d istribu ted  over d i fferen t mu l ti -core  cables,  condu i ts,  cable  
ducting  systems or cable  trunking  systems.  Th is  i s  not requ i red  where  a  number of mu l ti -core  
cables,  forming  one  ci rcu i t,  are  i nstal led  i n  paral le l .  Where  mu l ti -core  cables  are  instal led  i n  
paral le l ,  each  cable  shal l  con tain  one  conductor of each  phase  and  the  neu tral  i f any.  

1 3.4.2  External  ducts  

Conductors  and  thei r connections  external  to  the  e lectrical  equ ipment enclosure(s)  shal l  be  
enclosed  i n  su i table  ducts  ( i . e .  condu i t  or cable  trunking  systems)  as  described  i n  1 3 .5  except 
for su i tably protected  cables  that may be  instal led  wi thou t ducts  and  wi th  or wi thou t the  use  of 
cable  trays  or cable  support means.  Where  devices  such  as  posi tion  swi tches  or proxim i ty 
swi tches  are  suppl ied  wi th  a  ded icated  cable,  thei r cable  need  not be  enclosed  i n  a  duct when  
the  cable  i s  su i table  for the  purpose,  su fficien tly short,  and  so  located  or protected ,  that the  
ri sk of damage  i s  m in im ized .  

F i ttings  used  wi th  ducts  or cables  shal l  be  su i table  for the  physical  envi ronment.  

F lexible  condu i t  or fl exible  mu l ticonductor cable  shal l  be  used  where  i t  i s  necessary to  employ 
fl exib le  connections  to  pendant push-bu tton  stations.  The  weigh t of the  pendant stations  shal l  
be  supported  by means  other than  the  flexib le  condu i t  or the  flexib le  mu l ticonductor cable,  
except where  the  condu i t  or cable  i s  speci fical l y designed  for that purpose.  

1 3.4.3  Connection  to  moving  elements  of the  machine  

The  design  of connections  to  moving  parts  shal l  take  in to  account the  foreseeable  frequency 
of movement and  shal l  be  made  using  conductors  i n  accordance  wi th  1 2 .2  and  1 2 .6 .  F lexible  
cable  and  flexib le  condu i t  shal l  be  so  i nstal led  as  to  avoid  excessive  flexing  and  stra in ing ,  
particu larl y at the  fi tti ngs.  

Cables  subject to  movement shal l  be  supported  in  such  a  way that there  i s  no  mechan ical  
stra in  on  the  connection  poin ts  nor any sharp  flexing .  When  th is  i s  ach ieved  by the  provis ion  
of a  l oop,  i t  shal l  have  su fficien t l eng th  to  provide  for a  bend ing  rad ius  of the  cable  as  
speci fied  by the  cable  manufacturer or i f no  such  speci fication  i s  g i ven ,  at  l east 1 0  times  the  
d iameter of the  cable.  

Flexible  cables  of mach ines  shal l  be  so  i nstal led  or protected  as  to  m in imize  the  possib i l i ty of 
external  damage  due  to  factors  that i nclude  the  fol lowing  cable  use  or poten tial  abuse:  

– being  run  over by the  mach ine  i tsel f;  

– being  run  over by veh icles  or other mach ines;  

– coming  in to  con tact wi th  the  mach ine  structure  during  movements;  

– runn ing  i n  and  ou t of cable  baskets,  or on  or off cable  d rums;  

– acceleration  forces  and  wind  forces  on  festoon  systems  or suspended  cables;  

– excessive  rubbing  by cable  col lector;  

– exposure  to  excessive  rad iated  heat.  
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The  cable  sheath  shal l  be  resistan t to  the  normal  wear that can  be  expected  from  movement 
and  to  the  effects  of envi ronmental  contaminan ts  (for example  oi l ,  water,  coolants,  dust) .  

Where  cables  subject to  movement are  close  to  moving  parts,  precau tions  shal l  be  taken  to  
main tain  a  space  of at l east 25  mm  between  the  moving  parts  and  the  cables.  Where  that 
d istance  i s  not practicable,  fi xed  barriers  shal l  be  provided  between  the  cables  and  the  
moving  parts.  

The  cable  hand l ing  system  shal l  be  so  designed  that l ateral  cable  ang les  do  not exceed  5° ,  
avoid ing  torsion  in  the  cable  when :  

– being  wound  on  and  off cable  d rums;  and  

– approach ing  and  leaving  cable  gu idance  devices.  

Measures  shal l  be  taken  to  ensure  that at l east two  tu rns  of fl exib le  cables  a lways  remain  on  
a  d rum.  

Devices  serving  to  gu ide  and  carry a  flexib le  cable  shal l  be  so  designed  that the  i nner 
bend ing  rad ius  at a l l  poin ts  where  the  cable  i s  ben t i s  not l ess  than  the  values  g iven  i n  
Table  8 ,  un less  otherwise  agreed  wi th  the  cable  manufacturer,  taking  i n to  account the  
permissib le  tension  and  the  expected  fatigue  l i fe.  

Table  8  – M in imum permitted  bending  rad i i  for the  forced  gu id ing  
of flexible  cables  

Appl ication  

Cable  d iameter or th ickness  of fl at  cable  (d)  
mm  

d  ≤  8  8  <  d  ≤  20  d  >  20  

Cabl e  d rums  6  d  6  d  8  d  

Gu i de  rol l ers  6  d  8  d  8  d  

Festoon  systems  6  d  6  d  8  d  

Al l  o thers  6  d  6  d  8  d  

 

The  straigh t section  between  two  bends  shal l  be  at  l east 20  times  the  d iameter of the  cable.  

Where  flexible  condu i t  i s  ad jacent to  moving  parts,  the  construction  and  supporting  means  
shal l  prevent damage  to  the  flexible  condu i t  under a l l  cond i tions  of operation .   

F lexible  condu i t  shal l  not be  used  for connections  subject to  rapid  or frequent movements  
except when  speci fical l y designed  for that purpose.  

1 3.4.4 In terconnection  of devices  on  the  machine 

Where  several  mach ine-mounted  devices  (for example  posi tion  sensors,  push-bu ttons)  are  
connected  in  series  or i n  paral le l ,  i t  i s  recommended  that the  connections  between  those  
devices  be  made  through  terminals  forming  i n termed iate  test poin ts.  Such  terminals  shal l  be  
conven iently p laced ,  adequately protected ,  and  shown  on  the  re levant d iagrams.  

1 3.4.5  Plug/socket combinations  

Components  or devices  ins ide  an  enclosure,  terminated  by fi xed  p lug/socket combinations  (no  
fl exib le  cable),  or components  connected  to  a  bus  system  by a  p l ug/socket combination ,  are  
not considered  to  be  p lug /socket combinations  for the  purpose  of th is  1 3. 4 . 5.  

After i nstal lation  in  accordance  wi th  i tem  a)  below,  p lug /socket combinations  shal l  be  of such  
a  type  as  to  prevent un in ten tional  con tact wi th  l i ve  parts  at  any time,  i nclud ing  du ring  insertion  
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or removal  of the  connectors.  The  degree  of protection  shal l  be  at  l east I P2X or I PXXB.  PELV 
ci rcu i ts  are  excepted  from  th is  requ i rement.  

Where  the  pl ug/socket con tains  a  contact for the  protective  bond ing  ci rcu i t,  i t  shal l  have  a  fi rst 
make  l ast break con tact (see  a lso  8 . 2 . 4) .  

P l ug/socket combinations  i n tended  to  be  connected  or d isconnected  during  load  cond i tions  
shal l  have  su fficien t l oad -breaking  capaci ty.  Where  the  p lug /socket combination  i s  rated  at 
30  A,  or greater,  i t  shal l  be  i n terlocked  wi th  a  swi tch ing  device  so  that the  connection  and  
d isconnection  i s  possible  on ly when  the  swi tch ing  device  i s  i n  the  OFF  posi tion .  

P lug/socket combinations  that are  rated  at more  than  1 6  A shal l  have  a  retain ing  means  to  
prevent un in tended  or acciden tal  d i sconnection .  

Where  an  un in tended  or accidental  d i sconnection  of p lug /socket combinations  can  cause  a  
hazardous  s i tuation ,  they shal l  have  a  retain ing  means.  

The  i nstal lation  of p lug /socket combinations  shal l  fu l fi l  the  fol lowing  requ i rements  as  
appl icable:  

a)  The  component wh ich  remains  l i ve  after d isconnection  shal l  have  a  degree  of protection  of 
at l east I P2X or I PXXB,  taking  i n to  account the  requ i red  clearance  and  creepage  
d istances.  PELV ci rcu i ts  are  excepted  from  th is  requ i rement.  

b)  Metal l ic  housings  of p lug /socket combinations  shal l  be  connected  to  the  protective  
bond ing  ci rcu i t.  

c)  P l ug/socket combinations  in tended  to  carry power loads  bu t not to  be  d isconnected  du ring  
l oad  cond i tions  shal l  have  a  retain ing  means  to  prevent un in tended  or accidental  
d isconnection  and  shal l  be  clearly marked  that they are  not i n tended  to  be  d isconnected  
under l oad .  

d )  Where  more  than  one  p lug /socket combination  i s  provided  i n  the  same e lectrical  
equ ipment,  the  associated  combinations  shal l  be  clearly i den ti fiable.  I t  i s  recommended  
that mechan ical  cod ing  be  used  to  prevent i ncorrect i nsertion .  

e)  P lug /socket combinations  used  in  con trol  ci rcu i ts  shal l  fu l fi l  the  appl icable  requ i rements  of 
I EC  61 984.   

Exception :  I n  p lug /socket combinations  i n  accordance  wi th  I EC  60309-1 ,  on ly those  con tacts  
shal l  be  used  for con trol  ci rcu i ts  wh ich  are  i n tended  for those  purposes.  Th is  exception  does  
not apply to  control  ci rcu i ts  us ing  h igh  frequency s ignals  superimposed  on  the  power ci rcu i ts.  

1 3.4.6  Dismantl ing  for sh ipment 

Where  i t  i s  necessary that wi ring  be  d isconnected  for sh ipment,  terminals  or p lug /socket 
combinations  shal l  be  provided  at the  sectional  poin ts.  Such  terminals  shal l  be  su i tably 
enclosed  and  p lug /socket combinations  shal l  be  protected  from  the  physical  envi ronment 
during  transportation  and  storage.  

1 3.4.7  Additional  conductors  

Consideration  shou ld  be  g iven  to  provid ing  add i tional  conductors  for main tenance  or repai r.  
When  spare  conductors  are  provided ,  they shal l  be  connected  to  spare  terminals  or i solated  in  
such  a  manner as  to  prevent con tact wi th  l i ve  parts.  

 Ducts,  connection  boxes  and  other boxes  1 3.5

1 3.5.1  General  requ irements  

Ducts  shal l  provide  a  degree  of protection  (see  IEC  60529)  su i table  for the  appl ication .  
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Al l  sharp  edges,  flash ,  burrs,  rough  surfaces,  or th reads  wi th  wh ich  the  insu lation  of the  
conductors  can  come  i n  con tact shal l  be  removed  from  ducts  and  fi tti ngs.  Where  necessary,  
add i tional  protection  consisti ng  of a  fl ame-retardant,  o i l -resistan t i nsu lating  materia l  shal l  be  
provided  to  protect conductor i nsu lation .  

Drain  holes  of 6  mm  d iameter are  permi tted  in  cable  trunking  systems,  connection  boxes,  and  
other boxes  used  for wi ring  pu rposes  that can  be  subject to  accumu lations  of oi l  or moisture.  

I n  order to  prevent confusion  of condu i ts  wi th  o i l ,  a i r,  or water pip ing ,  i t  i s  recommended  that  
the  condu i ts  be  e i ther physical l y separated  or su i tably i den ti fied .  

Ducts  and  cable  trays  shal l  be  ri g id ly supported  and  posi tioned  at  a  su ffi cien t d i stance  from  
moving  parts  and  i n  such  a  manner so  as  to  m in imize  the  possibi l i ty of damage  or wear.  
I n  areas  where  human  passage  i s  requ i red ,  the  ducts  and  cable  trays  shal l  be  mounted  at 
l east 2  m  above  the  working  surface.  

Cable  trays  that are  partia l l y covered  shou ld  not be  considered  to  be  ducts  or cable  trunking  
systems  (see  1 3.5.6) ,  and  the  cables  used  shal l  be  of a  type  su i table  for i nsta l l ation  on  open  
cable  trays.  

I t  i s  recommended  that the  d imensions  and  arrangement of ducts  be  such  as  to  faci l i tate  the  
i nsertion  of the  conductors  and  cables.  

1 3.5.2  Rig id  metal  conduit  and  fi ttings  

Rig id  metal  condu i t  and  fi tti ngs  shal l  be  of galvan ized  steel  or of a  corrosion -resistant materia l  
su i table  for the  cond i tions.   

 

Condu i ts  shal l  be  securely held  i n  p lace  and  supported  at  each  end .  

F i tti ngs  shal l  be  compatible  wi th  the  condu i t  and  appropriate  for the  appl ication .  F i tti ngs  
shou ld  be  threaded  un less  structural  d i fficu l ties  prevent assembly.  Where  thread less  fi tti ngs  
are  used ,  the  condu i t  shal l  be  securely fastened  to  the  equ ipment.  

Condu i t  bends  shal l  be  made  in  such  a  manner that the  condu i t  shal l  not be  damaged  and  the  
i n ternal  d iameter of the  condu i t  shal l  not be  effectively reduced .  

1 3.5.3  F lexible  metal  condu it  and  fi ttings  

A flexib le  metal  condu i t  shal l  consist of a  fl exible  metal  tubing  or woven  wi re  armour.  I t  shal l  
be  su i table  for the  expected  physical  envi ronment.  

F i tti ngs  shal l  be  compatib le  wi th  the  condu i t  and  appropriate  for the  appl ication .  

1 3.5.4 Flexible  non-metal l ic  conduit  and  fi ttings  

Flexible  non-metal l i c  condu i t  shal l  be  resistan t to  kinking  and  shal l  have  physical  
characteristics  s im i lar to  those  of the  sheath  of mu l ticonductor cables.  

The  condu i t  shal l  be  su i table  for use  i n  the  expected  physical  envi ronment.  

F i ttings  shal l  be  compatib le  wi th  the  condu i t  and  appropriate  for the  appl ication .  

1 3.5.5  Cable  trunking  systems 

Cable  trunking  systems external  to  enclosures  shal l  be  rig id l y supported  and  clear of a l l  
moving  parts  of the  mach ine  and  of sources  of con tamination .  

 Where galvanic action  is  possible  between  d issimi lar metals metal  

these combinations shal l  not be used.  
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Covers  shal l  be  shaped  to  overlap  the  s ides;  gaskets  shal l  be  permi tted .  Covers  shal l  be  
attached  to  cable  trunking  systems  by su i table  means.  On  horizon tal  cable  trunking  systems,  
the  cover shal l  not be  on  the  bottom  un less  speci fi cal l y designed  for such  i nstal lation .  

NOTE  Requ i remen ts  for cable  trunking  and  ducti ng  systems  for e l ectri cal  i nsta l l ati ons  are  g i ven  i n  the  I EC  61 084  
seri es.  

Where  the  cable  trunking  system  i s  furn ished  in  sections,  the  j o in ts  between  sections  shal l  fi t  
ti gh tly bu t need  not be  gasketed .  

The  on ly open ings  permi tted  shal l  be  those  requ i red  for wi ring  or for d rainage.  Cable  trunking  
systems  shal l  not have  opened  bu t unused  knockou ts.  

1 3.5.6  Mach ine  compartments  and  cable  trunking  systems 

The  use  of compartments  or cable  trunking  systems  wi th in  the  column  or base  of a  mach ine  to  
enclose  conductors  i s  permi tted  provided  the  compartments  or cable  trunking  systems are  
i solated  from  coolan t or o i l  reservoi rs  and  are  en ti re ly enclosed .  Conductors  run  i n  enclosed  
compartments  and  cable  trunking  systems  shal l  be  so  secured  and  arranged  that they are  not 
subject to  damage.  

1 3.5.7  Connection  boxes  and  other boxes  

Connection  boxes  and  other boxes  used  for wi ring  pu rposes  shal l  be  accessib le  for 
main tenance.  Those  boxes  shal l  provide  protection  against the  i ngress  of sol i d  bod ies  and  
l i qu ids,  taking  i n to  account the  external  i n fl uences  under wh ich  the  mach ine  i s  i n tended  to  
operate  (see  1 1 . 3).  

Those  boxes  shal l  not have  opened  bu t unused  knockou ts  nor any other open ings  and  shal l  
be  so  constructed  as  to  exclude  materials  such  as  dust,  fl yings,  o i l ,  and  coolan t.  

1 3.5.8  Motor connection  boxes  

Motor connection  boxes  shal l  enclose  on ly connections  to  the  motor and  motor-mounted  
devices  (for example  brakes,  temperature  sensors,  p l ugg ing  swi tches,  tachometer 
generators).  

1 4 Electric motors  and  associated  equipment 

 General  requ irements  1 4.1

Electric motors  shou ld  conform  to  the  re levant parts  of I EC  60034  series.  

The  protection  requ i rements  for motors  and  associated  equ ipment are  g iven  in  7 . 2  for 
overcurrent protection ,  i n  7 . 3  for protection  of motors  against overheating ,  and  in  7 . 6  for 
overspeed  protection .  

As  many con trol lers  do  not swi tch  off the  supply to  a  motor when  i t  i s  at rest,  care  shal l  be  
taken  to  ensure  compl iance  wi th  the  requ i rements  of 5. 3 ,  5 . 4 ,  5 . 5,  7 . 5,  7 . 6  and  9 . 4 .  Motor 
con trol  equ ipment shal l  be  l ocated  and  mounted  i n  accordance  wi th  Clause  1 1 .  

 Motor enclosures  1 4.2

Enclosures  for motors  shou ld  be  i n  accordance  wi th  I EC  60034-5.  

The  degree  of protection  shal l  be  dependent on  the  appl ication  and  the  physical  envi ronment 
(see  4 . 4).  Al l  motors  shal l  be  adequately protected  from  mechan ical  damage.  

BS EN 60204‑1:2018



I EC  60204-1 : 201 6  © I EC 201 6  – 89  – 

 Motor d imensions  1 4.3

As far as  i s  practicable,  the  d imensions  of motors  shal l  conform  to  those  g iven  i n  the  
I EC  60072  series.  

 Motor mounting  and  compartments  1 4.4

Each  motor and  i ts  associated  coupl i ngs,  bel ts,  pu l leys,  or chains,  shal l  be  so  mounted  that 
they are  adequately protected  and  are  easi ly accessible  for i nspection ,  main tenance,  
ad justment and  a l i gnment,  l ubrication ,  and  replacement.  The  motor mounting  arrangement 
shal l  be  such  that a l l  motor mounting   means  can  be  removed  and  a l l  terminal  boxes  are  
accessible.  

Motors  shal l  be  so  mounted  that proper cool ing  i s  ensured  and  the  temperature  ri se  remains  
wi th in  the  l im i ts  of the  insu lation  class  (see  I EC  60034-1 ).  

Where  practicable,  motor compartments  shou ld  be  clean  and  d ry,  and  when  requ i red ,  shal l  be  
ven ti lated  d i rectl y to  the  exterior of the  mach ine.  The  ven ts  shal l  be  such  that i ngress  of 
swarf,  dust,  or water spray i s  at an  acceptable  level .  

There  shal l  be  no  open ing  between  the  motor compartment and  any other compartment that 
does  not meet the  motor compartment requ i rements.  Where  a  condu i t  or pipe  i s  run  i n to  the  
motor compartment from  another compartment not meeting  the  motor compartment 
requ i rements,  any clearance  around  the  condu i t  or p ipe  shal l  be  sealed .  

 Cri teria  for motor selection  1 4.5

The  characteristics  of motors  and  associated  equ ipment shal l  be  selected  in  accordance  wi th  
the  an ticipated  service  and  physical  envi ronmental  cond i tions  (see  4 . 4) .  I n  th is  respect,  the  
poin ts  that shal l  be  considered  i nclude:  

– type  of motor;  

– type  of du ty cycle  (see  IEC  60034-1 );  

– fi xed  speed  or variable  speed  operation ,  (and  the  consequent variable  i n fl uence  of the  
ven ti lation) ;  

– mechan ical  vibration ;  

– type  of motor con trol ;  

– temperature  ri se  and  other effects  of the  frequency spectrum  of the  vol tage  and /or curren t 
feed ing  the  motor (particu larl y when  i t  i s  suppl ied  from  a  converter);  

– method  of starting  and  the  possible  i n fluence  of the  in rush  curren t on  the  operation  of 
other users  of the  same  power supply,  taking  a lso  i n to  account possible  specia l  
considerations  stipu lated  by the  supply au thori ty;  

– variation  of coun ter-torque  l oad  wi th  time  and  speed ;  

– i n fl uence  of l oads  wi th  l arge  i nertia ;  

– i n fluence  of constan t torque  or constan t power operation ;  

– possible  need  of i nductive  reactors  between  motor and  converter.  

 Protective  devices  for mechanical  brakes  1 4.6

Operation  of the  overload  and  overcurren t protective  devices  for mechan ical  brake  actuators  
shal l  i n i tiate  the  s imu l taneous  de-energ ization  (release)  of the  associated  mach ine  actuators.  

NOTE  Associated  mach ine  actuators  are  those  associated  wi th  the  same  moti on ,  for example  cabl e  d rums  and  
l ong -travel  d ri ves.  
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1 5 Socket-outlets  and  l ighting  

 Socket-outlets  for accessories  1 5.1

Where  the  mach ine  or i ts  associated  equ ipment i s  provided  wi th  socket-ou tlets  that are  
i n tended  to  be  used  for accessory equ ipment (for example  hand-held  power tools,  test 
equ ipment) ,  the  fol l owing  apply:  

– the  socket-ou tlets  shou ld  conform  to  I EC  60309-1 .  Where  that i s  not practicable,  they 
shou ld  be  clearly marked  wi th  the  vol tage  and  curren t rati ngs;  

– the  con tinu i ty of the  protective  bond ing  ci rcu i t  to  the  socket-ou tlet shal l  be  ensured ;  

– a l l  unearthed  conductors  connected  to  the  socket-ou tlet shal l  be  protected  against 
overcurrent and ,  when  requ i red ,  against overload  in  accordance  wi th  7 . 2  and  7 . 3  
separately from  the  protection  of other ci rcu i ts;  

– where  the  power supply to  the  socket-ou tlet  i s  not d isconnected  by the  supply d iscon-
necting  device  for the  mach ine  or the  section  of the  mach ine,  the  requ i rements  of 5 . 3 . 5  
apply;  

– where  fau l t  protection  i s  provided  by au tomatic d isconnection  of supply,  the  d isconnection  
time  shal l  be  i n  accordance  wi th  Table  A. 1  for TN  systems  or Table  A. 2  for TT systems;  

– ci rcu i ts  supplying  socket-ou tlets  wi th  a  curren t rati ng  not exceed ing  20  A shal l  be  provided  
wi th  residual  curren t protection  (RCDs)  wi th  a  rated  operating  current not exceed ing  
30  mA.  

 Local  l ighting  of the  machine  and  of the  equ ipment 1 5.2

1 5.2.1  General  

The  ON/OFF  swi tch  shal l  not be  i ncorporated  i n  the  l ampholder or i n  the  flexib le  connecting  
cord .  

Stroboscopic effects  from  l igh ts  shal l  be  avoided  by the  selection  of appropriate  l um inai res.  

Where  fi xed  l i gh ting  i s  provided  i n  an  enclosure,  e lectromagnetic compatibi l i ty shou ld  be  
taken  in to  account us ing  the  principles  ou tl i ned  in  4 . 4 . 2 .  

1 5.2.2  Supply 

The  nominal  vol tage  of the  local  l i gh ti ng  ci rcu i t  shal l  not exceed  250  V between  conductors.  A 
vol tage  not exceed ing  50  V between  conductors  i s  recommended .  

L igh ting  ci rcu i ts  shal l  be  suppl ied  from  one  of the  fol lowing  sources  (see  al so  7 . 2 .6):  

– a  ded icated  i solati ng  transformer connected  to  the  load  s ide  of the  supply d isconnecting  
device.  Overcurren t protection  shal l  be  provided  i n  the  secondary ci rcu i t;  

– a  ded icated  i solating  transformer connected  to  the  l i ne  s i de  of the  supply d isconnecting  
device.  That source  shal l  be  permi tted  for main tenance  l i gh ti ng  ci rcu i ts  i n  con trol  
enclosures  on ly.  Overcurrent protection  shal l  be  provided  i n  the  secondary ci rcu i t  (see  
a lso  5 . 3 .5);  

– a  ci rcu i t  of the  e lectrical  equ ipment of the  mach ine  for l i gh ting ,  wi th  ded icated  overcurren t 
protection ;  

– an  i solating  transformer connected  to  the  l i ne  s ide  of the  supply d isconnecting  device,  
provided  wi th  a  ded icated  primary d isconnecting  means  (see  5.3 .5)  and  secondary 
overcurren t protection ,  and  mounted  wi th in  the  con trol  enclosure  ad jacent to  the  supply 
d isconnecting  device;  

– an  external ly suppl ied  l i gh ti ng  ci rcu i t  (for example  factory l i gh ting  supply).  Th is  shal l  be  
permi tted  in  con trol  enclosures  on ly,  and  for the  mach ine  work l i gh t(s)  where  thei r tota l  
power rati ng  i s  not more  than  3  kW;  
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– power supply un i ts,  for DC supply to  LED  l i gh t sources,  fi tted  wi th  i solating  transformers  
(for example,  i n  accordance  wi th  I EC 61 558-2-6).  

Exception :  where  fi xed  l i gh ting  i s  ou t of reach  of operators  during  normal  operations,  the  
provisions  of 1 5.2 .2  do  not apply.  

1 5.2.3  Protection  

Local  l i gh ting  ci rcu i ts  shal l  be  protected  i n  accordance  wi th  7. 2 . 6 .  

1 5.2.4 F i ttings  

Ad justable  l i gh ti ng  fi tti ngs  shal l  be  su i table  for the  physical  envi ronment.  

The  lampholders  shal l  be:  

– i n  accordance  wi th  the  re levant I EC  standard ;  

– constructed  wi th  an  i nsu lati ng  material  protecting  the  l amp  cap  so  as  to  prevent 
un in ten tional  con tact.  

Reflectors  shal l  be  supported  by a  bracket and  not by the  l ampholder.  

Exception :  where  fi xed  l i gh ting  i s  ou t of reach  of operators  during  normal  operation ,  the  
provisions  of 1 5.2 .4  do  not apply.  

1 6  Marking,  warn ing  signs  and  reference  designations  

 General  1 6.1

Warn ing  s igns,  nameplates,  markings,  l abels  and  i den ti fication  p lates  shal l  be  of su fficien t 
durabi l i ty to  wi thstand  the  physical  envi ronment i nvolved .  

 Warn ing  s igns  1 6.2

1 6.2.1  Electric shock hazard  

Enclosures  that do  not otherwise  clearly show that they con tain  e lectrical  equ ipment that can  
g ive  rise  to  a  ri sk of e lectric shock shal l  be  marked  wi th  the  g raph ical  symbol  I SO  701 0-W01 2  
(see  F igure  1 8) .  

 

Figure  1 8  – Symbol  ISO 701 0-W01 2  

The  warn ing  s ign  shal l  be  p la in ly vis ible  on  the  enclosure  door or cover.  

The  warn ing  s ign  may be  omi tted  (see  a lso  6 . 2 . 2  b))  for:  

– an  enclosure  equ ipped  wi th  a  supply d isconnecting  device;  

– an  operator-mach ine  i n terface  or con trol  station ;  

– a  s ing le  device  wi th  i ts  own  enclosure  (for example  posi tion  sensor) .  

 The markings shal l  be suffciently 

durable to remain  legible for the foreseen  l i fetime of the machine.
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1 6.2.2  Hot surfaces  hazard  

Where  the  ri sk assessment shows the  need  to  warn  against the  possib i l i ty of hazardous  
su rface  temperatures  of the  e lectrical  equ ipment,  the  g raph ical  symbol  I SO  701 0-W01 7  shal l  
be  used  (see  Figure  1 9).  

 

Figure  1 9  – Symbol  ISO 701 0-W01 7  

N OTE  I SO  1 3732-1  g i ves  gu i dance  for the  assessmen t of the  ri sks  of bu rns  when  humans  m i gh t touch  hot 
su rfaces  wi th  the i r unprotected  ski n .  

 Functional  identi fication  1 6.3

Control  devices  and  visual  i nd icators  shal l  be  clearly and  durably marked  wi th  regard  to  thei r 
functions  e i ther on  or ad jacent to  the  i tem.  I t  i s  recommended  that such  markings  are  made  i n  
accordance  wi th  I EC  6041 7  and  I SO 7000.  

 Marking  of enclosures  of electrical  equ ipment 1 6.4

The  fol lowing  i n formation  shal l  be  l eg ibly and  du rably marked  i n  a  way that i s  p lain ly vis ib le  
after the  equ ipment i s  i nstal led  on  enclosures  that receive  incoming  power suppl ies:  

•  name or trade  mark of suppl ier;  

•  type  designation  or model ,  where  appl icable;  

•  seria l  number where  appl icable;  

•  main  document number (see  I EC  62023)  where  appl icable;  

•  rated  vol tage,  number of phases  and  frequency ( i f AC),  and  fu l l - load  cu rrent for each  
i ncoming  supply.  

I t  i s  recommended  that th is  i n formation  i s  provided  ad jacent to  the  main  i ncoming  supply( ies) .  

 Reference  designations  1 6.5

Al l  enclosures,  assembl ies,  con trol  devices,  and  components  shal l  be  p la in ly i den ti fi ed  wi th  
the  same  reference  designation  as  shown  in  the  techn ical  documentation .  

1 7  Technical  documentation  

 General  1 7.1

The  i n formation  necessary for i den ti fication ,  transport,  i nsta l lation ,  use,  main tenance,  
decommission ing  and  d isposal  of the  electrical  equ ipment shal l  be  suppl ied .  

N OTE  1  Documen tati on  i s  sometimes  suppl i ed  i n  paper form ,  s i nce  i t  cannot  be  assumed  that  the  u ser has  
access  to  the  means  of read i ng  i nstructi ons  suppl i ed  i n  e l ectron ic  form  or made  avai l ab l e  on  an  I n ternet  s i te.  
H owever,  i t  i s  often  usefu l  for the  documen tati on  to  be  made  avai l ab le  i n  e l ectron ic  form  and  on  the  I n ternet  as  wel l  
as  i n  paper form ,  s i nce  th i s  enab l es  the  user to  down load  the  e l ectron ic  fi l e  i f h e  so  wi shes  and  to  recover the  
documen tati on  i f the  paper copy has  been  l ost.  Th i s  practi ce  a l so  faci l i tates  the  updati ng  of the  documen tati on  
when  th i s  i s  n ecessary.  

 Text deleted
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NOTE  2  I n  some  coun tri es,  the  requ i remen t to  use  speci fi c  l anguage(s)  i s  covered  by l ega l  requ i remen ts.  

Annex I  shou ld  be  considered  as  gu idance  for the  preparation  of i n formation  and  documents.  

 I n formation  related  to  the  electrical  equ ipment  1 7.2

The  fol lowing  shal l  be  suppl ied :  

a)  where  more  than  one  document i s  provided ,  a  main  document for the  e lectrical  equ ipment 
as  a  whole,  l i sting  the  complementary documents  associated  wi th  the  e lectrical  
equ ipment;  

b)  i denti fication  of the  e lectrical  equ ipment (see  1 6. 4);  

c)  i n formation  on  i nstal l ation  and  mounting  i nclud ing :  

•  a  description  of the  e lectrical  equ ipment’s  i nstal l ation  and  mounting ,  and  i ts  connection  
to  the  e lectrical  suppl ies  and  where  relevant other suppl ies;  

•  short-ci rcu i t  curren t rating  of the  e lectrical  equ ipment for each  incoming  power supply;  

•  rated  vol tage,  number of phases  and  frequency ( i f AC. ) ,  type  of d istribu tion  system  
(TT,  TN ,  I T)  and  fu l l - load  curren t for each  i ncoming  supply;  

•  any add i tional  e lectrical  supply( ies)  requ i rements  (for example  maximum  supply source  
impedance,  l eakage  curren t)  for each  i ncoming  supply;  

•  space  requ i red  for the  removal  or servicing  of the  e lectrical  equ ipment;  

•  i nsta l lation  requ i rements  where  needed  to  ensure  that the  arrangements  for cool ing  
are  not impai red ;  

•  envi ronmental  l im i tations  (for example  l i gh ti ng ,  vibration ,  EMC envi ronment,  
atmospheric con taminants)  where  appropriate;  

•  functional  l im i tations  (for example  peak starti ng  curren ts  and  permi tted  vol tage  
d rop(s))  as  appl icable;  

•  precau tions  to  be  taken  for the  i nstal l ation  of the  e lectrical  equ ipment relevant to  the  
e lectromagnetic compatib i l i ty;  

d )  an  i nstruction  for the  connection  of s imu l taneously accessib le  extraneous-conductive-
parts  i n  the  vicin i ty of the  mach ine  (for example,  wi th in  2 , 5  metres)  such  as  the  fol l owing  
to  the  protective  bond ing  ci rcu i t:  

•  metal l ic  pipes;  

•  fences;  

•  l adders;  

•  handrai ls .  

e)  i n formation  on  the  function ing  and  operation ,  i nclud ing  as  appl icable:  

•  an  overview of the  structure  of the  e lectrical  equ ipment (for example  by structure  
d iagram  or overview d iagram);  

•  procedures  for programming  or configuring ,  as  necessary for the  i n tended  use;  

•  procedures  for restarting  after an  unexpected  stop;  

•  a  sequence  of operation ;  

f)  i n formation  on  main tenance  of the  e lectrical  equ ipment,  as  appropriate,  i nclud ing :  

•  frequency and  method  of functional  testing ;  

•  i nstructions  on  the  procedures  for safe  main tenance  and  where  i t  i s  necessary to  
suspend  a  safety function  and /or protective  measure  (see  9. 3. 6);  

•  g u idance  on  the  ad justment,  repai r,  and  frequency and  method  of preventive  
main tenance;  
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•  deta i l s  of the  in terconnections  of the  e lectrical  components  subject to  replacement (for 
example  by ci rcu i t  d iagrams  and /or connection  tables);  

•  i n formation  on  requ i red  special  devices  or tools;  

•  i n formation  on  spare  parts;  

•  i n formation  on  possib le  residual  ri sks,  i nd ication  of whether any particu lar train ing  i s  
requ i red  and  speci fication  of any necessary personal  protective  equ ipment;  

•  where  appl icable,  i nstructions  to  restrict avai labi l i ty of key(s)  or tool (s)  to  ski l l ed  or 
i nstructed  persons  on ly;  

•  settings  (DIP-swi tches,  programmable  parameter values,  etc);  

•  i n formation  for val idation  of safety related  con trol  functions  after repai r or mod i fication ,  
and  for period ic testing  where  necessary;  

g )  i n formation  on  hand l ing ,  transportation  and  storage  as  appropriate  (for example  
d imensions,  weigh t,  envi ronmental  cond i tions,  possib le  ageing  constrain ts);  

h )  i n formation  for proper d isassembly and  hand l i ng  of components  (for example  for recycl ing  
or d i sposal ) .  

1 8  Veri fication  

 General  1 8.1

The  exten t of veri fication  wi l l  be  g iven  i n  the  ded icated  product standard  for a  particu lar 
mach ine.  Where  there  i s  no  ded icated  product standard  for the  mach ine,  the  veri fications  
shal l  a lways  i nclude  the  i tems  a),  b) ,  c)  and  h )  and  may include  one  or more  of the  i tems  d )  to  
g ):  

a)  veri fication  that the  electrical  equ ipment compl ies  wi th  i ts  techn ical  documentation ;  

b)  veri fication  of con tinu i ty of the  protective  bond ing  ci rcu i t  (Test 1  of 1 8. 2 .2);  

c)  i n  case  of fau l t  protection  by au tomatic d isconnection  of supply,  cond i tions  for protection  
by au tomatic d isconnection  shal l  be  veri fied  accord ing  to  1 8.2 ;  

d )  i nsu lation  resistance  test (see  1 8. 3) ;  

e)  vol tage  test (see  1 8.4);  

f)  protection  against residual  vol tage  (see  1 8. 5);  

g )  veri fication  that the  relevant requ i rements  of 8 . 2 . 6  are  met;  

h )  functional  tests  (see  1 8.6).  

When  these  tests  are  performed ,  i t  i s  recommended  that they fol low the  sequence  l i sted  
above.  

When  the  e lectrical  equ ipment i s  mod i fied ,  the  requ i rements  stated  i n  1 8 .7  shal l  apply.  

For veri fications  that i nclude  measurement,  measuring  equ ipment i n  accordance  wi th  the  
I EC  61 557  series  i s  recommended .  

The  resu l ts  of the  veri fication  shal l  be  documented .  

 Veri fication  of condi tions  for protection  by automatic  d isconnection  of supply 1 8.2

1 8.2.1  General  

The  cond i tions  for au tomatic d isconnection  of supply (see  6 . 3 . 3)  shal l  be  veri fied  by tests.   

Test 1  veri fies  the  con tinu i ty of the  protective  bond ing  ci rcu i t.   

Where the sequence cannot be fol lowed  verifcation  a)  and  b)  shal l  be conducted  frst. 
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Test 2  veri fies  the  cond i tions  for protection  by au tomatic d isconnection  of the  supply i n  TN  
systems.  

For TN-systems,  those  test methods  are  described  i n  1 8 .2 .2  and  1 8. 2 . 3 ;  thei r appl ication  for 
d i fferen t cond i tions  of supply are  speci fied  in  1 8 .2 . 4 .  

For TT systems,  see  Clause  A. 2 .  

For I T  systems,  see  I EC 60364-6.  

Where  RCDs  are  used  i n  the  e lectrical  equ ipment,  thei r function  shal l  be  veri fied  i n  
accordance  wi th  the  manufacturer’s  i nstructions.  The  test procedure  and  test i n terval  shal l  be  
speci fied  i n  the  main tenance  i nstructions.  

1 8.2 .2  Test 1  – Veri fication  of the  continu i ty of the  protective  bonding  ci rcu i t 

The  resistance  between  the  PE  terminal  (see  5. 2  and  F igure  4)  and  relevant poin ts  that are  
part of the  protective  bond ing  ci rcu i t shal l  be  measured  wi th  a  curren t between  at  l east 0 , 2  A 
and  approximately 1 0  A derived  from  an  e lectrical l y separated  supply source  (for example  
SELV,  see  41 4  of I EC  60364-4-41 :2005)  having  a  maximum  no-load  vol tage  of 24  V AC or 
DC.  

The  resistance  measured  shal l  be  i n  the  expected  range  accord ing  to  the  l eng th ,  the  cross  
sectional  area  and  the  materia l  of the  related  protective  conductors  and  protective  bond ing  
conductor(s).  

Earthed  PELV suppl ies  can  produce  m is lead ing  resu l ts  i n  th is  test and  therefore  shal l  not be  
used .  

NOTE  Larger cu rren ts  u sed  for the  con ti nu i ty test  i ncreases  the  accu racy of the  test  resu l t,  especia l l y wi th  l ow 
res i stance  val ues,  i . e .  l arger cross  secti onal  areas  and /or l ower conductor l eng ths .  

1 8.2 .3  Test 2  – Fau l t  loop impedance  veri fication  and  su i tabi l i ty of the  associated  
overcurrent protective  device  

The  connections  of each  power supply i nclud ing  the  connection  of the  associated  protective  
conductor to  the  PE  terminal  of the  mach ine,  shal l  be  veri fied  by i nspection .  

The  cond i tions  for the  protection  by au tomatic d isconnection  of supply i n  accordance  wi th  
6 . 3 .3  and  Annex A shal l  be  veri fied  by both :  

a)  veri fication  of the  fau l t  l oop  impedance  by:  

– ca lcu lation ,  or 

– measurement i n  accordance  wi th  A. 1 . 4 ,  and  

b)  confi rmation  that the  setti ng  and  characteristics  of the  associated  overcurrent protective  
device  are  in  accordance  wi th  the  requ i rements  of Annex A,  and  where  a  power d rive  
system  (PDS)  i s  used ,  confi rmation  that the  setting  and  characteristics  of the  protective  
device(s)  associated  wi th  a  PDS  are  i n  accordance  wi th  the  converter manufacturer’s  and  
protective  device  manufacturer’s  i nstructions.  

1 8.2 .4 Appl ication  of the  test  methods  for TN-systems  

When  Test 2  of 1 8 . 2 . 3  i s  carried  ou t by measurement,  i t  shal l  a lways  be  preceded  by Test 1  of 
1 8 . 2 .2 .  

NOTE  A d i scon ti nu i ty of the  protecti ve  bond i ng  ci rcu i t  can  cause  a  hazardous  s i tuati on  for the  tester or other 
persons,  or damage  to  the  e l ectri ca l  equ i pmen t du ri ng  the  l oop  impedance  test.  

The  tests  that are  necessary for mach ines  of d i fferen t status  are  speci fied  i n  Table  9 .  
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Table  9  – Appl ication  of the  test  methods  for TN-systems 

Procedure  Mach ine  status  Veri fication  on  s i te  

A E l ectri ca l  equ i pmen t of mach i nes,  erected  and  
connected  on  s i te ,  where  the  con ti nu i ty of the  
protecti ve  bond i ng  ci rcu i ts  has  not  been  
con fi rmed  fol l owing  erecti on  and  connecti on  
on  s i te .  

Test  1  (see  1 8. 2 . 2)  and  test  2  (see  1 8 . 2 . 3)  

Excepti on :  Test 2  i s  not  requ i red  where :  

–  test  1  i s  performed  on  the  protecti ve  
bond ing  conductors  of the  mach i ne  that  
are  connected  on  s i te ,  and ;  

– the  connecti ons  of each  i ncom ing  power 
suppl y and  of the  associated  protecti ve  
conductor (PE)  to  the  PE-term inal  of the  
mach i ne,  are  veri fi ed  by i n specti on ,  and  
previ ous  ca l cu l ati ons  of the  fau l t  l oop  
impedance  (or res i stance)  by the  
manu factu rer of the  e l ectri cal  equ i pmen t 
are  avai l abl e,  and :  

– the  arrangement  of the  i nstal l ati ons  
perm i ts  the  veri fi cati on  of the  l eng th  and  
cross-secti onal  area  of the  conductors  
u sed  for the  ca l cu lati on ,  and ;  

– i t  can  be  con fi rmed  th rough  ca l cu lati on  or 
measu rement,  or by i n formation  suppl i ed  
by the  customer,  that  the  suppl y sou rce  
impedance  on  s i te  does  not  exceed  the  
val ue  speci fi ed  by the  manu factu rer of 
the  e l ectri ca l  equ i pmen t.  See  1 7 . 2  c) ,  
fou rth  bu l l et) .  

B  Mach i ne  suppl i ed  wi th  confi rmati on  of the  
veri fi cati on  (see  1 8 . 1 )  of con ti nu i ty of the  
protecti ve  bond i ng  ci rcu i ts  by test  1  or wi th  
the  resu l ts  of a  test  2  by measu remen t,  
h avi ng  protecti ve  bond i ng  ci rcu i ts  exceed i ng  
the  cabl e  l eng th  for wh ich  examples  are  g i ven  
i n  Tabl e  1 0 .  

Test  2  (see  1 8. 2 . 3)  

Excepti on :   

Where  i t  can  be  con fi rmed  th rough   
ca l cu l ati on  or measu rement,  or by i n formation  
suppl i ed  by the  customer,  that the  suppl y 
sou rce  impedance  on  s i te  does  not  exceed  
the  va l ue  speci fi ed  by the  manu factu rer of the  
e l ectri ca l  equ i pmen t,  or that  of the  test  suppl y 
du ri ng  a  test  2  by measu remen t,  no  test  i s  
requ i red  on  s i te  apart from  veri fi cati on  of the  
connecti ons:  

Case  B1 )  suppl i ed  fu l l y assembled  and  not  
d i smantl ed  for sh i pment,  

•  i n  case  B1 )  of each  i ncom ing  power 
suppl y and  of the  associated  protecti ve  
conductor to  the  PE  term ina l  of the  
mach i ne;  

Case  B2)  suppl i ed  d i sman tl ed  for sh i pmen t,  
where  the  con ti nu i ty of protecti ve  conductors  
i s  ensu red  after d i smantl i ng ,  transportati on  
and  reassembly (for example  by the  u se  of 
p l u g /socket connecti ons) .  

•  i n  case  B2)  of each  i ncom ing  power 
suppl y and  of the  associated  protecti ve  
conductor to  the  PE  term ina l  of the  
mach i ne  and  of a l l  connections  of the  
protecti ve  conductor(s)  that  were  
d i sconnected  for sh i pmen t.  

C  Mach i ne  having  protecti ve  bond i ng  ci rcu i ts  
not  exceed i ng  the  cable  l eng th  for wh ich  
examples  are  g i ven  i n  Tabl e  1 0 ,  suppl i ed  wi th  
con fi rmation  of the  veri fi cati on  (see  1 8 . 1 )  of 
con ti nu i ty of the  protecti ve  bond i ng  ci rcu i ts  by 
test 1 .  

Case  C1 )  suppl i ed  fu l l y assembled  and  not  
d i smantl ed  for sh i pment.  

For case  C1  or C2 ,  no  test  i s  requ i red  on  s i te.  
For a  mach i ne  not  connected  to  the  power 
suppl y by a  p l ug /socket  combination ,  the  
correct  connecti on  of the  externa l  protective  
conductor to  the  PE-term inal  of the  mach i ne  
sha l l  be  veri fi ed  by vi sual  i nspecti on .  

Case  C2)  suppl i ed  d i sman tl ed  for sh i pmen t,  
where  the  con ti nu i ty of protecti ve  conductors  
i s  ensu red  after d i smantl i ng ,  transportati on  
and  reassembly (for example  by the  u se  of 
p l u g /socket combinati on (s)) .  

I n  case  C2),  the  i nsta l l ati on  documen ts  (see  
1 7 . 2 )  shal l  requ i re  that  a l l  connecti ons  of the  
protective  conductor(s)  that  were  
d i sconnected  for sh i pmen t are  veri fi ed ,  for 
example  by vi sua l  i n specti on .  
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Table  1 0  – Examples  of maximum  cable  lengths  from   
protective  devices  to  their loads  for TN-systems 

1  2  3  4 5  6  7  8  9  

Maximum  
source  

impedance  of 
the  supply to  

the  
protective  
device  

M in imum  
cross-

sectional  area  

Maximum  
nominal  
rati ng  or 

setti ng  of the  
protective  
device   

I
N
 

Fuse  
d iscon-
nect  time  

5  s  

Fuse  
d iscon-
nect time  

0 , 4  s  

M in iature  
ci rcu i t-
breaker 
char.B   

I
a
 =  5  ×  I

N
 

M i n i ature  
ci rcu i t-
breaker 
char.C  

I
a
 =  1 0  ×  
I
N
 

M in iature  
ci rcu i t-
breaker 
char.D  

I
a
 =  20  ×  
I
N
 

Ad justa-
ble  

ci rcu i t-
breaker  

I
a
 =  8  ×  
I
N   

mΩ  mm 2  
A Maximum  cable  l ength  i n  m  from   

each  protective  device  to  i ts  l oad  

500  1 , 5  1 6  97  53  76  30  7  31  

500  2 , 5  20  1 1 5  57  94  34  3  36  

500  4 , 0  25  1 35  66  1 1 4  35   38  

400  6 , 0  32  1 45  59  1 33  40   42  

300  1 0  50  1 25  41  1 32  33   37  

200  1 6  63  1 75  73  1 79  55   61  

200  25  ( l i ne)/1 6  
(PE)  

80  1 33      38  

1 00  35  ( l i ne)/1 6  
(PE)  

1 00  1 36      73  

1 00  50  ( l i ne)/25  
(PE)  

1 25  1 41      66  

1 00  70  ( l i ne)/35  
(PE)  

1 60  1 38      46  

50  95  ( l i ne)/50  
(PE)  

200  1 52      98  

50  1 20  ( l i ne)/70  
(PE)  

250  1 57      79  

 The  val ues  of the  maximum  cab l e  l eng th  i n  Tabl e  1 0  are  based  on  the  fo l l owing  assumpti ons:  

•  PVC  cabl e  wi th  copper conductors ,  conductor temperature  under short-ci rcu i t  cond i ti ons  

1 60  °C (see  Tab le  D . 5) ;  

•  cabl es  wi th  l i ne  conductors  up  to  1 6  mm 2  p rovide  a  protecti ve  conductor of equal  cross  
secti onal  area  to  that  of the  l i ne  conductors ;  

•  cabl es  above  1 6  mm2  p rovi de  a  reduced  s i ze  protecti ve  conductor as  shown ;  

•  3 -phase  system ,  nominal  vol tage  of the  power suppl y 400  V  (U
0
 =  230  V);  

•  co l umn  3  va l ues  are  correl ated  wi th  Table  6  (see  1 2 . 4) .  

•  d i sconnecti on  time  for ci rcu i t-breakers  i s  ≤  0, 4  s  (col umns  6  – 9)  

A deviati on  from  these  assumpti ons  can  requ i re  a  complete  cal cu l ation  or measuremen t of the  fau l t  
l oop  impedance.  Fu rther i n formation  i s  avai l ab l e  from  I EC 60228  and  I EC  TR 61 200-53.  

 

 I nsu lation  resistance  tests  1 8.3

When  i nsu lation  resistance  tests  are  performed ,  the  insu lation  resistance  measured  at 
500  V DC between  the  power ci rcu i t  conductors  and  the  protective  bond ing  ci rcu i t  shal l  be  not 

l ess  than  1  MΩ .  The  test may be  made on  i nd ividual  sections  of the  complete  electrical  
i nsta l lation .  

Exception :  for certain  parts  of e lectrical  equ ipment,  i ncorporating  for example  busbars,  
conductor wi re  or conductor bar systems  or s l ip-ring  assembl ies,  a  l ower m in imum  value  i s  

permi tted ,  bu t that va lue  shal l  not be  l ess  than  50  kΩ .  

I f the  e lectrical  equ ipment of the  mach ine  con tains  surge  protection  devices  wh ich  are  l i kely to  
operate  during  the  test,  i t  i s  permi tted  to  e i ther:  
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– d isconnect these  devices,  or 

– reduce  the  test vol tage  to  a  value  lower than  the  vol tage  protection  level  of the  surge  
protection  devices,  bu t not l ower than  the  peak value  of the  upper l im i t  of the  supply 
(phase  to  neu tral )  vol tage.  

 Vol tage  tests  1 8.4

The  test vol tage  shal l  be  at a  nominal  frequency of 50  Hz or 60  Hz.  

The  maximum  test vol tage  shal l  have  a  value  of twice  the  rated  supply vol tage  of the  
equ ipment or 1  000  V,  wh ichever i s  the  g reater.  The  maximum  test vol tage  shal l  be  appl ied  
between  the  power ci rcu i t  conductors  and  the  protective  bond ing  ci rcu i t for at l east 1  s .  The  
requ i rements  are  satisfied  i f no  d isruptive  d ischarge  occurs.  

Components  and  devices  that are  not rated  to  wi thstand  the  test vol tage  and  surge  protection  
devices  wh ich  are  l i kely to  operate  du ring  the  test shal l  be  d isconnected  du ring  testing .  

Components  and  devices  that have  been  vol tage  tested  i n  accordance  wi th  thei r product 
standards  may be  d isconnected  during  testi ng .  

 Protection  against residual  vol tages  1 8.5

Where  appropriate,  tests  shal l  be  performed  to  ensure  compl iance  wi th  6 . 2 . 4 .  

 Functional  tests  1 8.6

The  functions  of e lectrical  equ ipment shal l  be  tested .  

 Retesting  1 8.7

Where  a  portion  of the  mach ine  or i ts  associated  equ ipment i s  changed  or mod i fied ,  the  need  
for re-veri fication  and  testing  of the  e lectrical  equ ipment shal l  be  considered .  

Particu lar atten tion  shou ld  be  g iven  to  the  possible  adverse  effects  that retesting  can  have  on  
the  equ ipment (for example  overstressing  of i nsu lation ,  d i sconnection /reconnection  of 
devices).  

 

When  vol tage tests are performed,  tests and  test equ ipment shal l  be in  accordance with  EN  61 1 80.   
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Annex A 
(normative)  

 
Fault protection  by automatic d isconnection  of supply 

 

A.1  Fau lt protection  for machines  suppl ied  from  TN-systems 

A.1 . 1  General  

The  provisions  i n  the  Annex A are  derived  from  IEC  60364-4-41 :2005,  and  I EC  60364-6: 2006.  

Fau l t  protection  shal l  be  provided  by an  overcurrent protective  device  that au tomatical l y 
d isconnects  the  supply to  the  ci rcu i t or equ ipment i n  the  event of a  fau l t  between  a  l i ve  part 
and  an  exposed  conductive  part or a  protective  conductor i n  the  ci rcu i t  or equ ipment,  wi th in  a  
su fficien tly short d isconnecting  time.  A d isconnecting  time  not exceed ing  5  s  i s  considered  
su fficien tly short for mach ines  that are  nei ther hand-held  nor portable.  

Where  th is  d isconnecting  time  cannot be  assured ,  supplementary protective  bond ing  shal l  be  
provided  i n  accordance  wi th  A. 1 . 3  that can  prevent a  prospective  touch  vol tage  from  
exceed ing  50  V AC or 1 20  V ripple-free  DC between  s imu l taneously accessib le  conductive  
parts.  

NOTE  The  u se  of suppl ementary protecti ve  bond ing  does  not  precl ude  the  need  to  d i sconnect  the  suppl y for other 
reasons,  for example  protecti on  agai nst  fi re,  thermal  s tresses  i n  equ ipment,  e tc.  

For ci rcu i ts  wh ich  supply,  th rough  socket-ou tlets  or d i rectl y wi thou t socket-ou tlets,  Class  1  
hand-held  equ ipment or portable  equ ipment (for example  socket-ou tlets  on  a  mach ine  for 
accessory equ ipment,  see  1 5. 1 )  Table  A. 1  speci fies  the  maximum  d isconnecting  times  that 
are  considered  su fficien tly short.  

Table  A.1  – Maximum disconnecting  times  for TN  systems  

System  50  V <  U
0
 ≤  1 20  V 1 20  V <  U

0
 ≤  230  V 230  V <  U

0
 ≤  400  V U

0
 >  400  V 

 s  s  s  s  

 AC  DC  AC  DC  AC  DC  AC  DC  

TN  0 , 8  NOTE  1  0 , 4  5  0 , 2  0 , 4  0 , 1  0 , 1  

U
o
 i s  the  nomina l  AC  or DC  l i ne  to  earth  vo l tage.  

N OTE  1  D i sconnecti on  may be  requ i red  for reasons  other than  protecti on  agai nst e l ectri c  shock.  

NOTE  2  For vol tages  wh i ch  are  wi th i n  the  to l erance  band  s tated  i n  I EC  60038,  the  d i sconnecti ng  time  
appropri ate  to  the  nom inal  vol tage  appl i es .  

NOTE  3  For i n termed iate  va l ues  of vol tage,  the  next  h i gher val ue  i n  the  above  tabl e  i s  to  be  used .  

 

A.1 .2  Condi tions  for protection  by automatic  d isconnection  of the  supply by 
overcurrent protective  devices  

The  characteristics  of overcurrent protective  devices  and  the  ci rcu i t  impedances  shal l  be  such  
that,  i f a  fau l t  of neg l ig ible  impedance  occurs  anywhere  i n  the  e lectrical  equ ipment between  a  
l i ne  conductor and  a  protective  conductor or exposed  conductive  part,  au tomatic  

d isconnection  of the  supply wi l l  occur wi th in  the  speci fied  time  ( i . e .  ≤ 5 s  or ≤ values  i n  
accordance  wi th  Table  A. 1 ) .  The  fol lowing  general  cond i tion  fu l fi l s  th is  requ i rement:  

  

BS EN 60204‑1:2018



 –  1 00  – I EC  60204-1 : 201 6  © I EC 201 6  

0as UIZ ≤×
 

where  

Zs  i s  the  impedance  of the  fau l t  l oop  comprising  the  source,  the  l i ve  conductor up  to  the  poin t 
of the  fau l t  and  the  protective  conductor between  the  poin t of the  fau l t  and  the  source;  

Ia  i s  the  curren t causing  the  au tomatic operation  of the  d isconnecting  protective  device  
wi th in  the  speci fied  time;  

Uo  i s  the  nominal  AC  vol tage  to  earth .  

The  i ncrease  of the  resistance  of the  conductors  wi th  the  i ncrease  of temperature  due  to  the  
fau l t  curren t shal l  be  taken  i n to  account i n  the  fol lowing  equation :  

a

0
s

I

U
Z ×≤

3

2
(n)

 

where  Zs(n )  i s  the  measured  or calcu lated  value  of Zs  under normal  operating  cond i tions.  

Where  the  value  of the  fau l t  l oop  impedance  exceeds  2U0/3Ia  ,  a  more  precise  assessment 
can  be  made  i n  accordance  wi th  the  procedure  described  in  C. 61 .3.6 . 2  of I EC  60364-6: 2006.  

A.1 .3  Condi tion  for protection  by reducing  the  touch  vol tage  below 50  V 

Where  the  requ i rements  of A. 1 . 2  cannot be  assured ,  supplementary protective  bond ing  can  
be  selected  as  the  means  of ensuring  that touch  vol tages  wi l l  not exceed  50  V.  Th is  i s  
ach ieved  when  the  impedance  of the  protective  bond ing  ci rcu i t  (ZPE)  does  not exceed :  

S
0

PE   ZZ
U

×≤ 50

 

where  ZPE  i s  the  impedance  of the  protective  bond ing  ci rcu i t  between  the  equ ipment 
anywhere  i n  the  instal lation  and  the  PE  terminal  of the  mach ine  (see  5. 2  and  F igure  4)  or 
between  s imu l taneously accessib le  exposed  conductive  parts  and /or extraneous-conductive-
parts.  

Confi rmation  of th is  cond i tion  can  be  ach ieved  by using  the  method  of Test 1  of 1 8 . 2 .2  to  
measure  the  resistance  RPE .  The  cond i tion  for protection  i s  ach ieved  when  the  measured  
value  of RPE  does  not exceed :  

a(5s)
PE

I
R

50
≤

 

where  

Ia(5s)  i s  the  5  s  operating  current of the  protective  device;  

RPE  i s  the  resistance  of the  protective  bond ing  ci rcu i t  between  the  PE  terminal  (see  5. 2  
and  F igure  4)  and  the  equ ipment anywhere  on  the  mach ine,  or between  
s imu l taneously accessib le  exposed  conductive  parts  and /or extraneous-conductive-
parts.  

NOTE  1  Suppl emen tary protecti ve  bond ing  i s  consi dered  as  an  add i ti on  to  fau l t  protecti on .  

NOTE  2  Suppl emen tary protecti ve  bond ing  may i nvol ve  the  en ti re  i nsta l l ati on ,  a  part  of the  i nsta l l ati on ,  an  i tem  of 
apparatus ,  or a  l ocati on .  
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A.1 .4 Verification  of conditions  for protection  by automatic  d isconnection  of the  
supply 

A.1 .4.1  General  

The  effectiveness  of the  measures  for fau l t  protection  by au tomatic d isconnection  of supply i n  
accordance  wi th  A. 1 . 2  i s  veri fied  as  fol lows:  

– veri fication  of the  characteristics  of the  associated  protective  device  by visual  i nspection  
of the  nominal  cu rrent setti ng  for ci rcu i t-breakers  and  the  curren t rating  for fuses,  and ;  

– measurement of the  fau l t  l oop  impedance  (Zs) .  See  F igure  A. 1 .  

Exception :  Veri fication  of the  continu i ty of the  protective  conductors  may replace  the  
measurement where  the  calcu lations  of the  fau l t l oop  impedance  are  avai l able  and  when  the  
arrangement of the  i nstal lations  permi ts  the  veri fication  of the  l eng th  and  cross-sectional  area  
of the  conductors.  

Where  a  power d rive  system  (PDS)  i s  used ,  the  d isconnection  time  for fau l t  protection  shal l  
meet the  re levant requ i rements  of th is  Annex A at the  i ncoming  supply terminals  of the  basic 
d rive  modu le  (BDM)  of the  PDS.  See  F igure  A. 2 .  

A.1 .4.2  Measurement of the  fau l t  loop impedance 

Where  measurement of the  fau l t  l oop  impedance  i s  performed ,  i t  i s  recommended  that the  
measuring  equ ipment comply wi th  I EC  61 557-3.  The  in formation  abou t the  accuracy of the  
measuring  resu l ts,  and  the  procedures  to  be  fol lowed  g iven  in  the  documentation  of the  
measuring  equ ipment shal l  be  considered .  

Measurement shal l  be  performed  when  the  machine  i s  connected  to  a  supply having  the  same  
frequency as  the  nominal  frequency of the  supply at the  in tended  instal lation .  

NOTE  F i gu re  A. 1  i l l u strates  a  typ ical  arrangemen t for measu ri ng  the  fau l t  l oop  impedance  on  a  mach ine.  

I f i t  i s  not practicable  for the  motor to  be  connected  during  the  test,  the  two  l i ne  conductors  
not used  i n  the  test may be  opened ,  for example,  by removing  fuses.  

The  measured  value  of the  fau l t  l oop  impedance  shal l  be  i n  accordance  wi th  A. 1 . 2 .  
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Figure  A.1  – Typical  arrangement for fau l t  loop   
impedance  (Zs)  measurement in  TN  systems 
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Figure  A.2  – Typical  arrangement for fau l t  loop impedance  (Zs)   
measurement for power drive  system  circu i ts  in  TN  systems  
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A.2  Fau lt protection  for machines  suppl ied  from  TT-systems 

A.2. 1  Connection  to  earth  

Al l  exposed-conductive-parts  and  al l  extraneous-conductive-parts  shal l  be  bonded  to  the  
protective  bond ing  ci rcu i t.  

Exception :  see  8. 2 . 5.  

I n  add i tion  to  the  requ i rements  of 5. 2 ,  provision  for add i tional  earth ing  of mach ine  e lements  
and /or the  PE  conductor of the  e lectrical  equ ipment may be  provided .  

NOTE  I n  a  TT  system,  the  neu tra l  po i n t  or the  m i d -poi n t  of the  power supply system  i s  earthed ,  or where  a  neu tral  
po i n t  or m i d -poi n t  i s  not  ava i l abl e  or not  accessi b l e ,  a  l i ne  conductor i s  earthed  (deri ved  from  I EC 60364-4-
41 : 2005,  41 1 . 5. 1 ) .  

A.2.2  Fau lt  protection  for TT systems 

A.2.2. 1  General  

General ly i n  TT systems,  RCDs  shal l  be  used  for fau l t  protection .  Al ternatively,  overcurren t 
protective  devices  may be  used  for fau l t  protection  provided  a  su i tably l ow value  of Zs  i s  
permanently and  rel iably assured .  Zs  i s  the  impedance  of the  fau l t  l oop.  

NOTE  I n  some  coun tri es  the  u se  of overcu rren t  protecti ve  devices  i s  n ot  perm i tted  as  the  means  of fau l t  
protecti on  i n  TT systems.  

Where  au tomatic d isconnection  of supply i s  used  as  a  measure  for fau l t  protection ,  the  
e lectrical  equ ipment designer may e i ther:  

a)  use  i n  the  design  calcu lations  a  value  of earth  electrode  resistance  or earth  fau l t l oop  
impedance  measured  i n  accordance  wi th  I EC  60364-6  or declared  by the  i n tended  user of 
the  equ ipment (see  Annex B) ;  or 

b)  for series-manufactured  mach ines,  speci fy a  va lue  of the  earth  e lectrode  resistance  or 
earth  fau l t  l oop  impedance  su i table  for the  in tended  i nstal lations;  

and  shal l  state  i n  the  i nstal lation  i nstructions  the  value  of earth  e lectrode  resistance  or earth  
fau l t  l oop  impedance  used  for the  design  of the  e lectrical  equ ipment,  speci fying  that th is  i s  the  
maximum  value  to  wh ich  the  mach ine  can  be  connected .  

Where  a  power d rive  system  (PDS)  i s  used ,  the  d isconnection  time  for fau l t  protection  shal l  
meet the  re levant requ i rements  of th is  Annex A at the  incoming  supply terminals  of the  basic 
d rive  modu le  (BDM)  of the  PDS.  See  F igure  A. 4.  

A.2.2.2  Protection  by residual  current protective  device  (RCD)  

Where  a  residual  cu rren t protective  device  (RCD)  i s  used  for fau l t  protection ,  the  fol lowing  
cond i tions  shal l  be  fu l fi l l ed :  

a)  d isconnection  time  as  requ i red  by Table  A. 2 ,  and  

b)  RA  ×  I∆n  ≤  50  V 

where:  

RA   i s  the  sum  of the  resistances  of the  earth  e lectrode  and  the  protective  conductor for 
each  exposed  conductive-part,  

I∆n   i s  the  rated  residual  operating  curren t of the  RCD.  

Exception :  a  d isconnection  time  not exceed ing  1  s  i s  permi tted  for d istribu tion  ci rcu i ts  and  for 
ci rcu i ts  not covered  by Table  A.2 .  
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NOTE  1  Fau l t  protecti on  i s  provi ded  i n  th i s  case  a l so  i f the  fau l t  impedance  i s  not  neg l i g i b l e .  

NOTE  2  Where  d i scrim inati on  between  RCDs  i s  necessary,  i n formati on  i s  g i ven  i n  535. 3  of I EC  60364-5-53: 2001 .  

NOTE  3  The  d i sconnecti on  times  i n  accordance  wi th  Tab l e  A. 2  re l a te  to  prospecti ve  res i dua l  fau l t  cu rren ts  
s i gn i fi can tl y h i gher than  the  rated  res i dual  operati ng  cu rren t  of the  RCD  (typ ical l y 5  I

∆n
) .  

NOTE  4  The  defi n i ti on  of R
A

 i s  extracted  from  I EC  60364-4-41 .  I n  th i s  part  of I EC  60204,  the  term  “earth  
e l ectrode”  i n  the  defi n i ti on  of R

A
 i s  consi dered  to  mean  the  “earth -retu rn  path ”  as  defi ned  by I EC  60050-1 95: 1 998,  

1 95-02-30.  

A.2.2.3  Protection  by overcurrent protective  devices  

Where  an  overcurren t protective  device  i s  used  the  fol lowing  cond i tion  shal l  be  fu l fi l l ed :  

Zs  ×  Ia  ≤  Uo  

where:  

Zs  i s  the  impedance  of the  fau l t  l oop  comprising :  

the  source,  

the  l i ne  conductor up  to  the  poin t of the  fau l t,  

the  protective  conductor of each  exposed-conductive-part,  

the  earth ing  conductor,  

the  earth  e lectrode  of the  i nstal lation  and  the  earth  e lectrode  of the  source;  

Ia   i s  the  current causing  the  au tomatic operation  of the  d isconnecting  device  wi th in  the  time  
speci fied  i n  Table  A. 2 .  

Exception :  a  d isconnection  time  not exceed ing  1  s  i s  permi tted  for ci rcu i ts  not covered  by 
Table  A.2 .  

Uo   i s  the  nominal  AC  or DC l i ne  to  earth  vol tage.  

The  maximum  d isconnection  times  stated  i n  Table  A.2  shal l  be  appl ied  to  ci rcu i ts  not 
exceed ing  32  A.  Maximum  d isconnection  times  shal l  not exceed  1  s  for ci rcu i ts  32  A or 
g reater.  

Table  A.2  – Maximum  d isconnecting  time  for TT-systems  

System  50  V <  U
o
 ≤  1 20  V 1 20  V <  U

o
 ≤  230  V 230  V <  U

o
 ≤  400  V U

o
 >  400  V 

 s  s  s  s  

 AC  DC  AC  DC  AC  DC  AC  DC  

TT 0 , 3  N OTE  0 , 2  0 , 4  0 , 07  0 , 2  0 , 04  0 , 1  

Where  i n  TT  systems  the  d i sconnecti on  i s  ach i eved  by an  overcu rren t  protecti ve  device  and  a l l  extraneous-
conducti ve-parts  wi l l  be  connected  to  the  protecti ve  bond i ng  ci rcu i t,  the  maximum  d i sconnecti on  times  speci fi ed  
i n  Tabl e  A. 1  may be  u sed .  

U
o
 i s  the  nomina l  AC  or DC  l i ne  to  earth  vo l tage.  

NOTE  D i sconnection  can  be  requ i red  for reasons  other than  protecti on  against  e l ectri c  shock.  

 

A.2.3  Verification  of protection  by automatic  d isconnection  of supply using  a  
residual  current protective  device 

Fau l t protection  i n  a  TT system  by au tomatic d isconnection  of supply using  a  residual  curren t 
protective  device  shal l  be  veri fi ed  by the  fol lowing :  

•  i nspection  of the  rated  residual  curren t for tripping  value,  and  the  d isconnecting  time  value  
of the  residual  curren t protective  device,  and  
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•  veri fication  that the  residual  curren t protective  device  has  been  tested  in  accordance  wi th  
a  re levant I EC  standard ,  and  

•  i nspection  of the  connections  to  the  residual  cu rren t protective  device  and  protective  
bond ing  ci rcu i t.  

A.2.4 Measurement of the  fau l t  loop  impedance (Zs)  

Where  measurement of the  fau l t  l oop  impedance  i s  performed  the  measuring  equ ipment 
shou ld  comply wi th  I EC  61 557-3.  The  i n formation  about the  accuracy of the  measuring  
resu l ts,  and  the  procedures  to  be  fol lowed  g iven  in  the  documentation  of the  measuring  
equ ipment shal l  be  considered .  

The  measurement shal l  be  performed  wi th  the  e lectrical  equ ipment connected  to  a  supply of 
between  99  %  and  1 01  %  the  nominal  frequency of the  supply at  the  i n tended  i nstal lation .  

NOTE  1  F i gu re  A. 3  i l l u strates  a  typ i cal  arrangement for measuri ng  the  fau l t  l oop  impedance  on  a  mach ine.  

I f i t  i s  not practicable  for the  motor to  be  connected  during  the  test,  the  two  l i ne  conductors  
not used  i n  the  test may be  opened ,  for example,  by removing  fuses.  

NOTE  2  F i gu re  A. 4  i l l u strates  a  typ i cal  arrangement for measuri ng  the  fau l t  l oop  impedance  when  a  power d ri ve  
system  i s  used .  

The  measured  value  of the  fau l t  l oop  impedance  shal l  be  i n  accordance  wi th  A.2 .2 . 3 .  

NOTE  3  I n formation  on  the  veri fi cati on  of performance  of a  res i dual  cu rren t  protecti ve  devi ce  and  measuremen t of 
earth  fau l t  l oop  impedance  can  be  found  i n  I EC  60364-6.  
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Figure  A.3  – Typical  arrangement for fau l t  loop  
impedance (Zs)  measurement in  TT systems 
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Figure  A.4  – Typical  arrangement for fau l t  loop impedance  (Zs)   
measurement for power drive  system  ci rcu i ts  in  TT systems 
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Annex B  
( informative)  

 
Enquiry form  for the  electrical  equipment of machines  

 

The  use  of th is  enqu i ry form  can  faci l i tate  an  exchange  of i n formation  between  the  user and  
suppl ier on  basic cond i tions  and  add i tional  user requ i rements  to  enable  su i table  design ,  
appl ication  and  u ti l i zation  of the  electrical  equ ipment of the  mach ine  (see  4 . 1 )  particu larl y 
when  the  cond i tions  on  s i te  can  deviate  from  those  general l y expected .  

Annex B  can  a lso  serve  as  an  i n ternal  checkl ist  for seria l  manufactured  mach ines.  

 

Name  of manu factu rer/suppl i er  

Name  of end  user  

Tender/order number  Date   

Type  of mach ine  Type  des i gnation   Seri a l  n umber  

1 .   Special  cond i tions  (see  C lause  1 )  

a)   I s  the  mach ine  to  be  u sed  i n  the  open  a i r?  Yes/N o   I f yes ,  speci fi cati on   

b )   Wi l l  the  mach i ne  u se,  process  or produce  
expl os ive  or fl ammable  materia l ?  

Yes/N o   I f yes ,  speci fi cati on   

c)   I s  the  mach ine  for use  i n  poten ti a l l y exp l osive  or 
fl ammable  atmospheres?  

Yes/N o   I f yes ,  speci fi cati on   

d )   Can  the  mach ine  presen t specia l  hazards  when  
produci ng  or consuming  certai n  materi a l s?  

Yes/N o   I f yes ,  speci fi cati on   

e )   I s  the  mach i ne  for use  i n  m i nes?  Yes/No   I f yes ,  speci fi cati on   

2.   E l ectrical  suppl ies  and  related  cond i tions  (see  
4.3)  

a)   An ti ci pated  vol tage  fl uctuati ons  ( i f more  than  

±1 0  %)  

  

b )   An ti ci pated  frequency fl uctuati ons  ( i f more  than  

±2  %)  

Con ti nuous   Short  t ime   

c)   I n d i cate  poss ib l e  fu tu re  changes  i n  e l ectrical  
equ i pmen t that  wi l l  requ i re  an  i n crease  i n  the  
e l ectri ca l  supply requ i remen ts  

 

d )   Speci fy vol tage  i n terrupti ons  i n  suppl y i f l onger 
than  speci fi ed  i n  C lause  4  where  e l ectri cal  
equ i pmen t has  to  mai n ta i n  operati on  under such  
cond i ti ons   

 

3.   Physical  envi ronment and  operating  condi tions  
(see  4. 4)  

a)   E l ectromagneti c  envi ronmen t (see  4 . 4 . 2)  Resi den ti a l ,  
commercia l  or 
l i g h t  i n dustri a l  
envi ronmen t 

 I n dustri a l  
envi ronmen t 

 

Specia l  EMC cond i ti ons  or requ i remen ts   

b )   Ambien t  temperatu re  range   

c)   H um id i ty range   

d )   Al ti tude   

e )   Specia l  envi ronmen tal  cond i ti ons  ( for example  
corros ive  atmospheres,  d ust,  wet  envi ronmen ts)  

 

f)   Rad i ati on   

g )   Vi brati on ,  shock  
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h )   Specia l  i nsta l l ati on  and  operati on  requ i rements  ( for 
example  fl ame-retardan t cables  and  conductors)  

 

i )   Transportati on  and  storage  (for example ,  
temperatu res  ou ts i de  the  range  speci fi ed  i n  4 . 5)  

 

k)   restri cti ons  re l ated  to  s i ze ,  wei gh t  or po i n t  l oad    

4.   I ncoming  el ectrical  suppl ies  

Speci fy for each  sou rce  of supp l y:   

a )   N om ina l  vol tage  (V)  AC   DC   

 I f AC,  number of 
phases  

 Frequency (H z)   

Va l ue  of the  supp l y sou rce  impedance  (Ω)  at the  po in t  
of connecti on  to  the  e l ectrical  equ i pmen t 

    

Prospecti ve  short-ci rcu i t  cu rren t  (kA r.m . s. )  at  the  poi n t  
of connecti on  to  the  e l ectri ca l  equ i pmen t (see  a l so  
i tem  2 )  

    

b )   Type  of d i s tri bu ti on  system  (see  I EC  60364-1 )  TN  (system  wi th   
one  poi n t  d i rectl y 
earthed ,  wi th  a  
protecti ve  
conductor (PE)  
d i rectl y 
connected  to  that  
po i n t) ;  speci fy i f 
the  earthed  poin t  
i s  the  neu tra l  
po i n t  (cen tre  of 
the  s tar)  or 
another poi n t  

 TT  (system  wi th  
one  poi n t  d i rectl y 
earthed  bu t  the  
protecti ve  
conductor (PE)  of 
the  mach i ne  not  
connected  to  that  
earth  poi n t  of the  
system)  

 

 I T  (system  that i s  
not  d i rectl y 
earthed )  

   

I n  the  case  of I T  systems,  i s  i n su l ati on  mon i tori ng /fau l t  
l ocati on  to  be  provi ded  by the  suppl i er of the  e l ectri ca l  
equ i pmen t?  

Yes   N o   

c)   I s  the  e l ectri ca l  equ i pment to  be  connected  to  a  
n eu tral  (N )  suppl y conductor?  (See  5 . 1 )  

Yes   N o   

Maximum  cu rren t  (A)  a l l owed   

d )   Suppl y d i sconnecti ng  device   

I s  d i sconnecti on  of the  neu tral  (N )  conductor requ i red?  Yes   N o   

I s  a  removable  l i n k for d i sconnecti ng  the  neu tra l  (N )  
requ i red?  

Yes   N o   

Type  of suppl y d i sconnecti ng  devi ce  to  be  provi ded   

e )   Cross  secti onal  area  and  materi a l  of external  
protecti ve  (PE)  conductor 

 

f)   I s  an  RCD  provi ded  i n  the  i n sta l l ati on?  Yes/N o   I f yes ,  type  and  
rated  res i dual  
operati ng  cu rren t  

 

5.   Protection  against  e lectri c  shock (see  C lause  6)  

a)   For wh i ch  of the  fo l l owing  cl asses  of persons  i s  
access  to  the  i n teri or of encl osu res  requ i red  du ri ng  
normal  operati on  of the  equ i pmen t?  

E l ectri ca l l y ski l l ed  
persons  

 E l ectri ca l l y 
i nstructed  persons  

 

b )   Are  l ocks  wi th  removable  keys  to  be  provi ded  for 
secu ri ng  the  doors?  (see  6 . 2 . 2)  

Yes   N o   

Type  of l ocki ng  device   

Basic  l ock un i t  (except  key cyl i n der)  to  be  supp l i ed  and  
i nstal l ed  by 

 

Key cyl i nder to  be  suppl i ed  and  i nsta l l ed  by   
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6.   Protection  of equ ipment (see  C lause  7)  

a)   Wi l l  the  user or the  suppl i er of the  e l ectri cal  
equ i pmen t provide  suppl y conductors  and  the  
overcu rren t protecti on  for the  suppl y conductors?  
(see  7 . 2 . 2)  

 

Type  and  rati ng  of overcu rren t  protecti ve  devi ces    

b )   Largest  (kW)  th ree-phase  AC motor that  may be  
s tarted  d i rect-on - l i ne  

 

c)   M ay the  number of motor overload  detecti on  
d evi ces  be  reduced?  (see  7 . 3 . 2 )  

Yes   N o   

d )   I s  overvol tage  protecti on  to  be  provided?  Yes/No  

 

 I f yes ,  speci fi cati on   

7.   Operation  

For cabl e l ess  con trol  systems,  speci fy the  time  del ay 
before  au tomati c  mach i ne  shu tdown  i s  i n i t i ated  i n  the  
absence  of a  va l i d  s i gnal .  

 

8.   Operator i n terface  and  mach ine-mounted  
control  devices  (see  C lause  1 0)  

 

Specia l  col ou r preferences  ( for example  to  a l i g n  wi th  
exi sti ng  mach i nery):  

S tart   S top   

 Other    

9.   Controlgear 

Degree  of protecti on  of encl osu res  (see  1 1 . 3)  or specia l  
cond i ti ons :  

 

1 0 .   Wi ring  practices  (see  Clause  1 3)  

I s  there  a  speci fi c  method  of i den ti fi cati on  to  be  u sed  
for the  conductors?  (see  1 3 . 2 . 1 )  

Yes   N o   

Type   

1 1 .   Accessories  and  l i gh ting  (see  C lause  1 5)  

a)   I s  a  parti cu l ar type  of socket-ou tl et  requ i red?  Yes  

 

 N o   

I f yes ,  wh ich  type?   

b)   Where  the  mach i ne  i s  equ i pped  wi th  l oca l  l i gh ti ng :  H i ghest 
perm iss ib l e  
vol tage  (V)  

 I f l i gh ti ng  ci rcu i t  
vol tage  i s  n ot  
obtai ned  d i rectl y 
from  the  power 
suppl y,  s tate  
preferred  vol tage  

 

1 2 .   Marking ,  warn ings  and  reference  designations  
(see  C lause  1 6)  

a)   Functi onal  i den ti fi cati on  (see  1 6 . 3)   

Speci fi cati ons:  

b)   I n scripti ons/specia l  marki ngs  On  e l ectri ca l  
equ i pmen t?  

 I n  wh i ch  l anguage?   

c)   Speci fi c  l ocal  regu l ati ons  that  must  be  compl i ed  
wi th  

Yes   N o   

I f yes ,  wh ich  one?   

1 3.   Techn ical  documentation  (see  C lause  1 7)  

a)   Techn ica l  documen tati on  (see  1 7 . 1 )  On  what  med ia/   I n  wh i ch  l anguage?   

 F i l e  format?     

b )   I n structi ons  for u se  (see  1 7 . 1 )  On  what  med ia?   I n  wh i ch  l anguage?   

 F i l e  format?     
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c)   S i ze ,  l ocati on  and  pu rpose  of d ucts ,  open  cab l e  
trays  or cabl e  supports  to  be  provi ded  by the  u ser 

 

d )   I n d i cate  i f speci a l  l im i tati ons  on  the  s i ze  or wei gh t  
a ffect  the  transport  of a  parti cu l ar mach ine  or 
con trol gear assembl i es  to  the  i n sta l l a ti on  s i te:  

Maximum  
d imensions  

 Maximum  wei gh t   

e )   I n  the  case  of specia l l y bu i l t  mach i nes,  i s  a  
certi fi cate  of operati ng  tests  wi th  the  l oaded  
mach i ne  to  be  suppl i ed?  

Yes   N o   

f)   I n  the  case  of other mach i nes,  i s  a  certi fi cate  of 
operati ng  type  tests  on  a  l oaded  prototype  
mach i ne  to  be  suppl i ed?  

Yes   N o   
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Annex C  
( informative)  

 
Examples  of machines  covered  by th is  part of IEC  60204 

 

The  fol l owing  l i st  shows  examples  of mach ines  whose  e lectrical  equ ipment shou ld  conform  to  
th is  part  of I EC  60204.  The  l i st  i s  not i n tended  to  be  exhaustive  bu t i s  consisten t wi th  the  
defin i tion  of mach inery (3. 1 . 40).  Th is  part of I EC  60204  need  not be  appl ied  to  mach ines  that 
are  household  and  s im i lar domestic appl iances  wi th in  the  scope  of the  I EC  60335  series  of 
standards.  

Metalworking  mach inery 

•  metal  cu tting  mach ines  

•  metal  forming  mach ines  

Food  mach inery 

•  d ough  breaks  

•  m ixing  mach ines  

•  p ie  and  tart  mach ines  

•  meat processing  mach ines  

Plastics  and  rubber mach inery 

•  i n jection  mou ld ing  mach ines  

•  extrusion  mach ines  

•  b low mou ld ing  mach ines  

•  thermoset mou ld ing  mach ines  

•  s i ze  reduction  mach ines  

Prin ting ,  paper and  board  mach inery  

•  pri n ti ng  mach ines  

•  fi n i sh ing  mach ines,  gu i l lotines,  fo lders  

•  reel ing  and  s l i tting  mach ines  

•  fo lder box g lu ing  mach ines  

•  paper and  board  making  mach ines  

Wood  mach inery 

•  woodworking  mach ines  

•  l aminating  mach ines  

•  sawmi l l  mach ines  

I nspecting/testing  mach inery 

•  co-ord inate  measuring  mach ines  

•  i n -process  gaug ing  mach ines  

Assembly mach ines  Compressors  

Materia l  hand l ing  mach ines  

•  robots  

•  conveyors  

•  transfer mach ines  

•  s torage  and  retrieval  mach ines  

Packag ing  mach inery 

•  pa l letizers/depal letizers  

•  wrapping  and  shrink-wrapping  
mach ines  

Texti le  mach ines  Laundry mach ines  

Refrigeration  and  a i r-cond i tion ing  mach ines  Heating  and  venti l ating  mach ines  
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Leather/im i tation  l eather goods  and  
footwear mach inery 

•  cu tting  and  punch ing  mach ines  

•  rough ing ,  scouring ,  bu ffing ,  trimming  and  
brush ing  mach ines  

•  footwear mou ld ing  mach ines  

•  l asting  mach ines  

Construction  and  bu i l d ing  materials  
mach inery 

•  tunnel l i ng  mach ines  

•  concrete  batch ing  mach ines  

•  brick-making  mach ines  

•  s tone,  ceramic and  g lass-making  
mach ines  

Hoisting  mach inery (see  I EC  60204-32)  

•  cranes  

•  hoists  

Transportable  mach inery 

•  wood  working  mach ines  

•  metal  working  mach ines  

Mach inery for transportation  of persons  

•  escalators  

•  ropeways  for transportation  of persons,  
for example  chai rl i fts ,  ski  l i fts  

•  passenger l i fts  

Mobi le  mach inery 

•  l i fting  p latforms  

•  fork l i ft  trucks  

•  construction  mach ines  

Power-operated  doors  Mach ines  for hot metal  processing  

Leisure  mach inery 

•  fa i rground  and  amusement ri des  

Tann ing  mach inery 

•  mu l ti -rol l er mach ines  

•  bandkn i fe  mach ines  

•  h ydrau l ic  tann ing  mach ines  

Pumps  M in ing  and  quarrying  mach ines  

Agricu l tu re  and  forestry mach ines   
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Annex D  
( informative)  

 
Current-carrying  capacity and  overcurrent protection  of  

conductors  and  cables  in  the  electrical  equipment of machines  
 

D.1  General  

The  purpose  of th is  Annex A i s  to  provide  add i tional  i n formation  on  the  selection  of conductor 
s izes  where  the  cond i tions  g iven  for Table  6  (see  Clause  1 2)  have  to  be  mod i fied  (see  notes  
to  Table  6) .  

D.2  General  operating  condi tions  

D.2. 1  Ambient ai r temperature 

The  curren t carrying  capaci ty for PVC insu lated  conductors  g iven  i n  Table  6  i s  related  to  an  

ambient a i r temperature  of +40  °C.  For other ambien t a i r temperatures,  the  correction  factors  
are  g iven  i n  Table  D . 1 .  

The  correction  factors  for rubber i nsu lated  cables  are  g iven  by the  manufacturer.  

Table  D.1  – Correction  factors  

Ambient  ai r temperature   

°C  

Correction  factor 

40  1 , 00  

45  0 , 91  

50  0 , 82  

55  0 , 71  

60  0 , 58  

N OTE  The  correcti on  factors  are  d eri ved  from  I EC  60364-5-52 .  

The  maximum  temperatu re  under normal  cond i ti ons  for PVC 70  °C.  

 

D.2.2  Methods  of instal lation  

I n  mach ines,  the  methods  of conductor and  cable  i nsta l lation  between  enclosures  and  
i nd ividual  i tems  of the  equ ipment shown  in  F igure  D . 1  are  assumed  to  be  typical  ( the  l etters  
used  are  i n  accordance  wi th  I EC  60364-5-52):  

– Method  B1 :  us ing  condu i ts  (3 . 1 . 9)  and  cable  trunking  systems  (3 . 1 . 6)  for hold ing  and  
protecting  conductors  or s ing le  core  cables;  

– Method  B2:  same  as  B1  bu t used  for mu l ticore  cables;  

– Method  C:  mu l ticore  cables  i nstal led  i n  free  a i r,  horizon tal  or vertical  wi thou t gap  
between  cables  on  wal l s ;  

– Method  E :  mu l ticore  cables  i n  free  a i r,  horizon tal  or vertical  l a id  on  open  cable  trays  
(3. 1 . 5).  
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a)  Conductors/s ing le  core  cables  i n  condu i t  and  cable  trunking  systems  

 

b)  Cables  i n  condu i t  and  cable  trunking  systems  

 

c)  Cables  on  wal l s  

  

d)  Cables  on  open  cable  trays  

Figure  D. 1  – Methods  of conductor and  cable  instal lation   
independent of number of conductors/cables  

 

IEC  

 

B1  

IEC  

 

B2  

IEC  
C 

 

 

IEC  
E  

≥  0 , 3De  

≥  0 , 3De  
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D.2.3  Grouping  

Where  more  l oaded  conductors  i n  cables  or conductor pai rs  are  i nstal led ,  derate  the  values  of 
Iz ,  g iven  in  Table  6  or by the  manufacturer i n  accordance  wi th  Tables  D.2  or D .3.  

NOTE  Ci rcu i ts  wi th  I
b
 <  30  %  of I

z
 n eed  not  be  derated .  

Table  D.2  – Derating  factors  for Iz for grouping  

Methods  of i nstal l ation  (see  F igure  D. 1 )  (see  Note  3)  Number of l oaded  ci rcu i ts /cables  

 2  4  6  9  

B1  (conductors  or s i ng le  core  cabl es)  and  B2  
(mu l ti core  cables)  

0 , 80  0 , 65  0 , 57  0 , 50  

C   s i n g le  l ayer wi th  no  gap  between  cables   0 , 85  0 , 75  0 , 72  0 , 70  

E   s i n g le  l ayer on  one  perforated  tray wi thou t gap  
between  cabl es  

0 , 88  0 , 77  0 , 73  0 , 72  

E   as  before  bu t  wi th  2  to  3  trays,  wi th  a  verti ca l  
spacing  between  each  tray of 300  mm  (see  Note  4 )  

0 , 86  0 , 76  0 , 71  0 , 66  

Con trol  ci rcu i t  pa i rs  <  0 , 5mm 2  i n dependen t  of methods  of 
i nsta l l a ti on   

0 , 76  0 , 57  0 , 48  0 , 40  

NOTE  1  These  factors  are  appl i cabl e  to   

–   cabl es ,  a l l  equa l l y l oaded ,  the  ci rcu i t  i tse l f symmetri ca l l y l oaded ;  

–  g roups  of ci rcu i ts  of i nsu lated  conductors  or cabl es  havi ng  the  same  a l l owable  maximum  operati ng  temperatu re.  

N OTE  2  The  same  factors  are  appl i ed  to   

–   g roups  of two  or th ree  s i ng l e-core  cables ;  

–   mu l ti core  cabl es .  

N OTE  3  Factors  deri ved  from  I EC  60364-5-52 : 2009.  

NOTE  4  A perforated  cable  tray i s  a  tray where  the  ho les  occupy more  than  30  %  of the  area  of the  base.  
(Deri ved  from  I EC  60364-5-52: 2009) .  

 

Table  D.3  – Derating  factors  for Iz  for mu l ticore  cables  up to  1 0  mm2  

Number of l oaded  conductors   
or pai rs  

Conductors  (≥  1  mm 2 )  
(see  Note  3 )  

Pai rs   
(0 , 25  mm 2  to  0 , 75  mm 2 )   

1  – 1 , 0  

3  1 , 0  0 , 5  

5  0 , 75  0 , 39  

7  0 , 65  0 , 34  

1 0  0 , 55  0 , 29  

24  0 , 40  0 , 21  

N OTE  1  Appl i cable  to  mu l ti core  cables  wi th  equal l y l oaded  conductors/pai rs .  

N OTE  2  For g roupi ng  of mu l ti core  cabl es ,  see  derati ng  factors  of Table  D . 2 .  

N OTE  3  Factors  deri ved  from  I EC  60364-5-52 : 2009.  
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D.2.4 Classification  of conductors  

Table  D.4  – C lassification  of conductors  

Class  Description  Use/appl i cation  

1  So l i d  copper or a l um in i um  conductors
 

Fixed  i nstal l ati ons   
2  S tranded  copper or a l um in i um  conductors  

5  F l exi b l e  stranded  copper conductors   M ach i ne  i n sta l l ati ons  wi th  presence  of vi brati on ;  
connecti on  to  movi ng  parts   

6  F l exi b l e  stranded  copper conductors  conductors  
that  are  more  fl exi b l e  than  cl ass  5  

For frequent  movements  

N OTE  Deri ved  from  I EC  60228.  

 

D.3  Co-ordination  between  conductors  and  protective  devices  providing  
overload  protection  

Figure  D . 2  i l l ustrates  the  relationsh ip  between  the  parameters  of conductors  and  the  
parameters  of protective  devices  provid ing  overload  protection .  

 

Figure  D.2  – Parameters  of conductors  and  protective  devices  

Correct protection  of a  cable  requ i res  that the  operating  characteristics  of a  protective  device  
(for example  overcurren t protective  device,  motor overload  protective  device)  protecting  the  
cable  against overload  satisfy the  two  fol lowing  cond i tions:  

 Ib  ≤  In  ≤  Iz  

 I2  ≤  1 , 45  ×  Iz  

where  

Ib   i s  the  current for wh ich  the  ci rcu i t  i s  designed ;  

IZ   i s  the  effective  curren t-carrying  capaci ty,  i n  amperes,  of the  cable  for con tinuous  service  
accord ing  to  Table  6  for the  particu lar i nsta l lation  cond i tions:  

– temperature,  derating  of IZ  see  Table  D . 1 ;  

– g rouping ,  derating  of IZ  see  Table  D .2 ;  

– mu l ticore  cables,  derating  of IZ  see  Table  D .3.  

Design  cu rren t  Ib  
Curren t  carryi ng  capaci ty Iz  

1 , 45  ×  Iz  

I A  

Acceptable  range  for 
 tri pp ing  cu rren t  I2  

Nominal  cu rren t  or 
cu rren t setti ng  In  

Parameters  of 
protecti ve  devices  

Parameters  of 
conductors  

IEC  

BS EN 60204‑1:2018



I EC  60204-1 : 201 6  © I EC 201 6  – 1 1 7  – 

In   i s  the  nominal  cu rren t of the  protective  device;  

NOTE  1  For ad j ustabl e  protecti ve  devi ces,  the  nominal  cu rren t  I
n
 i s  the  cu rren t  setti ng  sel ected .  

I2  i s  the  m in imum  current ensuring  effective  operation  of the  protective  device  wi th in  a  
speci fied  time  (for example  1  h  for protective  devices  up  to  63  A).  

The  curren t I
2
 ensuring  effective  operation  of the  protective  device  i s  g i ven  i n  the  product 

standard  or may be  provided  by the  manufacturer.  

NOTE  2  For motor ci rcu i t  conductors,  overl oad  protecti on  for conductor(s)  can  be  provi ded  by the  overl oad  
protecti on  for the  motor(s)  whereas  the  short-ci rcu i t  protecti on  i s  provi ded  by short-ci rcu i t  protecti ve  devices.  

Where  a  device  that provi des  both  overl oad  and  short-ci rcu i t  protecti on  i s  u sed  i n  accordance  wi th  Cl ause  D . 3  for 
conductor overl oad  protecti on ,  i t  d oes  not  ensu re  complete  protecti on  i n  a l l  cases  ( for example  overload  wi th  

cu rren ts  l ess  than  I
2
) ,  nor wi l l  i t  n ecessari l y  resu l t  i n  an  economical  sol u ti on .  Therefore ,  such  a  device  can  be  

u nsu i tab l e  where  overl oads  wi th  cu rren ts  l ess  than  I
2
 a re  l i ke l y to  occu r.  

D.4 Overcurrent protection  of conductors  

Al l  conductors  are  requ i red  to  be  protected  against overcurren t (see  7. 2)  by protective  
devices  i nserted  in  a l l  l i ve  conductors  so  that any short-ci rcu i t  current fl owing  i n  the  cable  i s  
i n terrupted  before  the  conductor has  reached  the  maximum  al lowable  temperature.  

NOTE  I n formati on  on  neu tral  conductors  can  be  found  i n  7 . 2 . 3 ,  th i rd  paragraph .  

Table  D.5  – Maximum al lowable  conductor temperatures   
under normal  and  short-circu i t  condi tions  

Type  of i nsu lation  Maximum  temperature  under  
normal  condi tions  

U l timate  short-time  conductor 
temperature  under short-ci rcu i t  

cond i tions  a )  

 °C  °C  

Pol yvinyl  ch l ori de  (PVC)  70  1 60  

Rubber 60  200  

Cross- l i nked  pol yethyl ene  (XLPE)  90  250  

E thylene  propyl ene  compound  
(EPR)  

90  250  

S i l i cone  rubber (S iR)  1 80  350  

NOTE  For u l timate  short-time  conductor temperatu res  g reater than  200  °C,  nei ther ti n ned  nor bare  copper 
conductors  are  su i tabl e .  S i l ver-p l ated  or n ickel -pl a ted  copper conductors  are  su i tab l e  for u se  above  200  °C.  

a)   These  val ues  are  based  on  the  assumpti on  of ad i abati c  behaviou r for a  peri od  of not  more  than  5  s .  

 

I n  practice,  the  requ i rements  of 7 . 2  are  fu l fi l l ed  when  the  protective  device  at a  curren t I 
causes  the  i n terruption  of the  ci rcu i t  wi th in  a  time  that i n  no  case  exceeds  the  time  t  where  

t  <  5  s .  

The  value  of the  time  t  i n  seconds  can  be  calcu lated  using  the  fol lowing  formu la:  

t  =  (k ×  S/I)2  

where:  

S i s  the  cross-sectional  area  i n  square  m i l l imetres;  

I i s  the  effective  short-ci rcu i t  curren t i n  amperes  expressed  for AC as  the  r.m. s.  value;  

k  i s  the  factor shown  for copper conductors  when  insu lated  wi th  the  fol lowing  materia l :  

PVC  1 1 5  
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Rubber  1 41  

S iR  1 32  

XLPE   1 43  

EPR  1 43  

D.5 Effect of harmonic currents  on  balanced  three-phase systems 

I n  case  of ci rcu i ts  feed ing  s i ng le  phase  l oads  wi th  load  cu rren t i nclud ing  harmon ics,  the  
neu tral  conductor of the  ci rcu i t  m igh t be  add i tional l y l oaded  and  a  reduction  of the  curren t 
carrying  capaci ty of that cable  m igh t be  necessary.  For reference  see  I EC  60364-5-52:2009,  
Annex E.  
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Annex E  
( i nformative)  

 
Explanation  of emergency operation  functions  

 

NOTE  The  concepts  bel ow are  i ncl uded  here  to  g i ve  the  reader an  u nderstand i ng  of these  terms  even  though  i n  
th i s  part  of I EC  60204  on l y two  of them  are  used .  

•  Emergency operation  

Emergency operation  includes  separately or i n  combination :  

– emergency stop;  

– emergency start;  

– emergency swi tch ing  off;  

– emergency swi tch ing  on .  

•  Emergency stop 

An  emergency operation  i n tended  to  stop  a  process  or a  movement that has  become 
hazardous.  

•  Emergency start 

An  emergency operation  i n tended  to  start a  process  or a  movement to  remove  or to  avoid  
a  hazardous  s i tuation .  

•  Emergency switch ing  off 

An  emergency operation  i n tended  to  swi tch  off the  supply of e lectrical  energy to  a l l  or a  
part  of an  i nstal lation  where  a  risk of e lectric shock or another risk of e lectrical  orig in  i s  
i nvolved .  

•  Emergency switch ing  on  

An  emergency operation  i n tended  to  swi tch  on  the  supply of e lectrical  energy to  a  part of 
an  i nsta l l ation  that i s  i n tended  to  be  used  for emergency s i tuations .  

 

BS EN 60204‑1:2018



 –  1 20  – I EC  60204-1 : 201 6  © I EC 201 6  

Annex F  
( informative)  

 
Guide for the use of th is  part of IEC 60204 

 

Th is  part of I EC  60204  g ives  a  l arge  number of general  requ i rements  that may or may not be  
appl icable  to  the  e lectrical  equ ipment of a  particu lar mach ine.  A s imple  reference  wi thou t any 
qual i fication  to  the  complete  standard  I EC  60204-1  i s  therefore  not su fficien t.  Choices  need  to  
be  made  to  cover a l l  requ i rements  of th is  part of I EC  60204.  A techn ical  commi ttee  preparing  
a  product fami l y or a  ded icated  product standard  ( type  C  i n  I SO  and  CEN),  and  the  suppl ier of 
a  mach ine  for wh ich  no  product fami l y or ded icated  product standard  exists,  shou ld  use  th is  
part  of I EC  60204:  

a)  by reference;  and  

b)  by selection  of the  most appropriate  option(s)  from  the  requ i rements  g iven  i n  the  relevant 
clauses;  and  

c)  by mod i fication  of certa in  clauses,  as  necessary,  where  the  particu lar requ i rements  for the  
equ ipment of the  mach ine  are  adequately covered  by other relevant standards,  

provid ing  the  options  selected  and  the  mod i fications  made  do  not adversely affect the  level  of 
protection  requ i red  for that mach ine  accord ing  to  the  ri sk assessment.  

When  applying  the  three  principles  a),  b)  and  c)  l i sted  above,  i t  i s  recommended  that:  

– reference  be  made to  the  re levant clauses  and  subclauses  of th is  standard :  

•  that are  compl ied  wi th ,  i nd icating  where  re levant the  appl icable  option ;  

•  that have  been  mod i fied  or extended  for the  speci fic mach ine  or equ ipment 
requ i rements;  and  

– reference  be  made  d i rectly to  the  relevant standard ,  for those  requ i rements  for the  
e lectrical  equ ipment that are  adequately covered  by that standard .  

Speci fic expertise  can  be  necessary to:  

– perform  the  necessary risk assessment of the  mach ine;  

– read  and  understand  a l l  of the  requ i rements  of th i s  part of I EC  60204;  

– choose  the  appl icable  requ i rements  from  th is  part of I EC  60204  where  a l ternatives  are  
g iven ;  

– i den ti fy a l ternative  or add i tional  particu lar requ i rements  that d i ffer from  or are  not i ncluded  
i n  the  requ i rements  of th is  part of I EC  60204,  and  that are  determined  by the  mach ine  and  
i ts  use;  and  

– speci fy precisely those  particu lar requ i rements.  

F igure  1  of th is  part  of I EC  60204  i s  a  b lock d iagram  of a  typical  mach ine  and  can  be  used  as  
the  starting  poin t of th is  task.  I t  i nd icates  the  Clauses  and  Subclauses  deal ing  wi th  particu lar 
requ i rements/equ ipment.  However,  th is  part of I EC  60204  i s  a  complex document and  
Table  F. 1  can  help  i den ti fy the  appl ication  options  for a  particu lar mach ine  and  g ives  
reference  to  other relevant standards.  
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Table  F.1  – Appl ication  options  

Subject C lause  or 
Subclause  

i )  i i )  i i i )  i v)  

Scope  1   X    

Genera l  requ i remen ts  4  X X X I SO  1 21 00  

Se l ecti on  of equ i pmen t 4 . 2 . 2   X  X I EC  61 439  series  

Suppl y d i sconnecti ng  ( i sol ati ng )  device  5 . 3  X    

Excepted  ci rcu i ts  5 . 3 . 5  X  X  I SO  1 21 00  

Preven ti on  of u nexpected  s tart-up,  
i so l ation  

5 . 4 ,  5 . 5  
and  5 . 6  

X X X 
I SO  1 41 1 8  

Protecti on  against  e l ectri c  shock 6  X   I EC  60364-4-41  

Emergency operati ons  9 . 2 . 3 . 4  X   X  I SO  1 3850  

Two-hand  con trol  9 . 2 . 3 . 8  X  X  I SO  1 3851  

Cabl el ess  con trol  9 . 2 . 4  X X X I EC  62745  

Con trol  functi ons  i n  the  even t  of fa i l u re  

9 . 4  X  X X 

I SO  1 21 00  

I SO  1 3849  (a l l  parts)  

I EC  62061  

Posi ti on  sensors  1 0 . 1 . 4  X  X X I SO  1 41 1 9  

Col ou rs  and  marki ngs  of operator 
i n terface  devi ces  

1 0 . 2 ,  1 0 . 3  
and  1 0 . 4  

X X  
I EC  60073  

I EC  61 31 0  (a l l  parts)  

Emergency s top  9 . 2 . 3 . 4 . 2  X    I SO  1 3850  

Emergency s top  devices  1 0 . 7  X  X  I EC  60947-5-5  

Emergency swi tch i ng  off d evices  1 0 . 8  X  X  I EC  60364-5-53  

Con trol gear – protecti on  agai nst  
i ng ress  of con tam inan ts ,  etc.  

1 0 . 1 . 3  and  
1 1 . 3  

X  X X 
I EC  60529  

I den ti fi cati on  of conductors  1 3 . 2  X X  I EC  62491  

Veri fi cati on  1 8  X  X X I EC  60364-6  

Add i ti onal  user requ i rements  Annex B   X  X  

Fau l t  protecti on  i n  TN  systems  Annex A 
(A. 1 )  

X    
I EC  60364-4-41  

I EC  60364-6  

Fau l t  protecti on   i n  TT  systems  Annex A 
(A. 2)  

X    
I EC  60364-4-41  

I EC  60364-6  

C l auses  and  Subcl auses  of th i s  part  of I EC  60204  where  acti on  shou l d  be  consi dered  (shown  by X)  wi th  respect  
to :  

i )  se l ecti on  from  the  measu res  g i ven ;  

i i )  add i ti onal  requ i remen ts ;  

i i i )  d i fferen t requ i remen ts ;  

i v)  examples  of other standards  that  can  be  re l evan t.  
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Annex G  
( informative)  

 
Comparison  of typical  conductor cross-sectional  areas  

 

Table  G . 1  provides  a  comparison  of the  conductor cross-sectional  areas  of the  American  Wire  
Gauge  (AWG)  wi th  square  m i l l imetres,  square  i nches,  and  ci rcu lar m i l s .   

Table  G .1  – Comparison  of conductor s izes  

Wire  s ize  Gauge  No  Cross-sectional  area  
DC  resistance  
of copper at  

20  ºC  
C i rcu lar m i ls  

mm 2  
(AWG)  mm 2  i nches2  Ohms  per km   

0 , 2   0 , 1 96  0 , 000  304  91 , 62  387  

 24  0 , 205  0 , 000  31 7  87 , 60  404  

0 , 3   0 , 283  0 , 000  438  63 , 46  558  

 22  0 , 324  0 , 000  504  55, 44  640  

0 , 5   0 , 500  0 , 000  775  36 , 70  987  

 20  0 , 51 9  0 , 000  802  34 , 45  1  020  

0 , 75   0 , 750  0 , 001  1 62  24 , 80  1  480  

 1 8  0 , 823  0 , 001  272  20 , 95  1  620  

1 , 0   1 , 000  0 , 001  550  1 8 , 20  1  973  

 1 6  1 , 31  0 , 002  026  1 3 , 1 9  2  580  

1 , 5   1 , 500  0 , 002  325  1 2 , 20  2  960  

 1 4  2 , 08  0 , 003  228  8 , 442  4  1 1 0  

2 , 5   2 , 500  0 , 003  875  7 , 56  4  934  

 1 2  3 , 31  0 , 005  1 29  5 , 31 5  6  530  

4   4 , 000  0 , 006  200  4 , 700  7  894  

 1 0  5 , 26  0 , 008  1 52  3 , 335  1 0  380  

6   6 , 000  0 , 009  300  3 , 1 1 0  1 1  841  

 8  8 , 37  0 , 01 2  967  2 , 093  1 6  51 0  

1 0   1 0 , 000  0 , 001  550  1 , 840  1 9  735  

 6  1 3 , 3  0 , 020  61 0  1 , 320  26  240  

1 6   1 6 , 000  0 , 024  800  1 , 1 60  31  576  

 4  2 1 , 1  0 , 032  780  0 , 829  5  41  740  

25   25 , 000  0 , 038  800  0 , 734  0  49  338  

 2  33 , 6  0 , 052  1 00  0 , 521  1  66  360  

35   35 , 000  0 , 054  200  0 , 529  0  69  073  

 1  42 , 4  0 , 065  700  0 , 41 3  9  83  690  

50   47 , 000  0 , 072  800  0 , 391  0  92  756  

 

The  resistance  for temperatures  other than  20°C  can  be  found  using  the  formu la:  
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R =  R1  [1  + 0, 003  93  (t – 20)]  

where:  

R1   i s  the  resistance  at  20  °C;  

R   i s  the  resistance  at  a  temperature  t°C.  
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Annex H  
( informative)  

 
Measures  to  reduce the effects  of electromagnetic influences  

 

H.1  Defin i tions  

For the  purposes  of Annex H  on ly,  the  fol lowing  terms  and  defin i ti ons  apply.  

H.1 . 1  apparatus  

fin ished  device  or combination  thereof made  commercial l y avai lable  as  a  s ing le  functional  
un i t,  i n tended  for the  end  user and  l iable  to  generate  e lectromagnetic d istu rbance,  or the  
performance of wh ich  i s  l i able  to  be  affected  by such  d isturbance  

H.1 .2  fixed  instal lation  

particu lar combination  of several  types  of apparatus  and ,  where  appl icable,  other devices,  
wh ich  are  assembled ,  i nsta l led  and  in tended  to  be  used  permanently at a  predefined  l ocation  

H.2  General  

Th is  Annex H  provides  recommendations  to  improve  e lectromagnetic immun i ty and  reduce  
emission  of e lectromagnetic d istu rbances.  

For EMC purposes,  e lectrical  equ ipment for mach inery i s  deemed  to  be  e i ther apparatus  or 
fi xed  instal lations.  Where  e lectrical  safety and  e lectromagnetic compatib i l i ty resu l t  i n  d i fferen t 
requ i rements,  e lectrical  safety a lways  has  the  h igher priori ty.  

Electromagnetic I n terference  (EMI )  can  d istu rb  or damage  process  mon i toring ,  con trol  and  
au tomation  systems.  Currents  due  to  l i gh tn ing ,  swi tch ing  operations,  short-ci rcu i ts  and  other 
e lectromagnetic phenomena  can  cause  overvol tages  and  e lectromagnetic i n terference.  

These  effects  can  occur for example:  

•  where  large  conductive  loops  exist,  

•  where  d i fferen t e lectrical  wi ring  systems  are  i nstal led  i n  common  rou tes,  e . g .  power 
supply,  commun ication ,  con trol  or s ignal  cables.  

Cables  carrying  large  cu rren ts  wi th  a  h igh  rate  of change  of current (d i /d t)  can  i nduce  
overvol tages  i n  other cables,  wh ich  can  i n fluence  or damage  the  connected  e lectrical  
equ ipment.  

H.3  Mi tigation  of electromagnetic  in terference  (EMI)  

H.3. 1  General  

Consideration  shou ld  be  g iven ,  i n  the  design  of the  e lectrical  equ ipment to  the  measures  
described  below for reducing  the  electromagnetic i n fl uences  on  e lectrical  equ ipment.  

On ly electrical  equ ipment wh ich  meets  the  requ i rements  of the  appropriate  EMC standards,  or 
the  EMC requ i rements  of the  re levant product standard ,  shou ld  be  used .  
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H.3.2  Measures  to  reduce  EMI  

The  fol lowing  measures  reduce  e lectromagnetic i n terference:  

a)  The  i nstal l ation  of surge  protection  devices  and /or fi l ters  for equ ipment sensi ti ve  to  
e lectromagnetic i n fl uences  i s  recommended  to  improve  e lectromagnetic compatibi l i ty wi th  
regard  to  conducted  e lectromagnetic phenomena;  

b)  Conductive  sheaths  (e. g .  armouring ,  screens)  of cables  shou ld  be  bonded  to  the  
protective  bond ing  ci rcu i t;  

c)  I nductive  l oops  shou ld  be  avoided  by selection  of common  rou tes  for power,  s ignal  and  
data  ci rcu i ts  wi ring  wh i le  main tain ing  ci rcu i t  separation  in  accordance  wi th  Clause  H .4 ;  

d )  Power cables  shou ld  be  kept separate  from  s ignal  or data  cables;  

e)  Where  i t  i s  necessary for power and  s ignal  or data  cables  to  cross  each  other they shou ld  
be  crossed  at  ri gh t-ang les;  

f)  Use  of cables  wi th  concentric conductors  to  reduce  currents  i nduced  in to  the  protective  
conductor;  

g )  Use  of symmetrical  mu l ti core  cables  (e. g .  screened  cables  con tain ing  separate  protective  
conductors)  for the  e lectrical  connections  between  motors  and  converters;  

h )  Use  of s ignal  and  data  cables  accord ing  to  the  EMC requ i rements  of the  manufacturer’s  
i nstructions;  

i )  Where  screened  s ignal  or data  cables  are  used ,  care  shou ld  be  taken  to  reduce  curren t 
fl owing  through  the  screens  of s ignal  cables,  or data  cables,  wh ich  are  earthed .  I t  can  be  
necessary to  i nstal l  a  by-pass  conductor;  see  Figure  H . 1 ;  

 

Figure  H . 1  – By-pass  conductor for screen  reinforcement  

NOTE  A good  equ i poten ti a l  bond i ng  of the  components  of the  mach i ne  reduces  the  need  for by-pass  conductors .  

j )  Equ ipoten tia l  bond ing  connections  shou ld  have  an  impedance  as  l ow as  practicable  by 
being  as  short as  practicable  and  where  appl icable  braided  to  conduct h igher frequencies;  

k)  I f e lectron ic equ ipment requ i res  a  reference  vol tage  at abou t earth  poten tial  i n  order to  
function  correctl y;  th is  reference  vol tage  i s  provided  by the  functional  earth ing  conductor.  
For equ ipment operating  at h i gh  frequencies,  the  connections  shal l  be  kept as  short as  
practicable.  

H.4 Separation  and  segregation  of cables  

Power cables  and  data  cables  wh ich  share  the  same  rou te  shou ld  be  instal led  accord ing  to  
the  requ i rements  of th is  Annex H .  

Where  no  other i n formation  i s  avai lable,  then  the  cable  separation  d istance  between  the  
power and  data  cables  shou ld  be  i n  accordance  wi th  Table  H . 1  and  Figure  H . 2 .  

 

IEC  

I  

By-pass  conductor for screen  re i n forcemen t  
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Table  H .1  – M in imum separation  d istances  using   
metal l ic  containment as  i l lustrated  in  F igure  H .2  

 A  B  C  

Separation  wi thout  
metal l i c  containment 

Mesh  metal l i c  
containment 

Perforated  metal l i c  
containment 

Sol i d  metal l i c  
containment 

   

≥  200  mm  ≥  1 50  mm   ≥  1 00  mm  0  mm  

A  Screen i ng  performance  (DC-1 00  M Hz)  equ iva l en t  to  wel ded  mesh  s tee l  basket  of mesh  s i ze  

50  mm  ×  1 00  mm  (excl ud i ng  l adders) .  Th is  screen i ng  performance  i s  a l so  ach i eved  wi th  stee l  tray even  i f the  
wal l  th i ckness  i s  l ess  than  1  mm  and /or the  even l y d i stri bu ted  perforated  area  i s  g reater than  20  % .  

B  Screen i ng  performance  (DC-1 00  M Hz)  equ iva l en t  to  steel  tray of a t  l east  1  mm  wal l  th i ckness  and  no  more  
than  20  %  even l y d i stri bu ted  perforated  area.  Th i s  screen i ng  performance  i s  a l so  ach i eved  wi th  screened  
power cabl es.  

 N o  part  of the  cabl e  wi th i n  the  metal l i c  con ta inmen t shou l d  be  l ess  than  1 0  mm  be low the  top  of the  metal l i c  
con ta i nmen t.  

C  Screen i ng  performance  (DC-1 00  M Hz)  equ iva l en t  to  a  s tee l  condu i t  of a t  l east  1  mm  wal l  th i ckness.  
Separati on  speci fi ed  i s  i n  add i ti on  to  that  provided  by any d i vi der/screen .  

 

The  m in imum  separation  requ i rement speci fied  i n  Table  H . 1  appl ies  to  the  horizon tal  or 
vertical  separation  between  ad jacent cable  trays  or cable  trunking  systems.  Where  data  
cables  and  power supply cables  are  requ i red  to  cross  and  requ i red  m in imum  separation  
cannot be  main tained  then  the  ang le  of thei r crossing  shou ld  be  main tained  at 90  degrees  on  
e i ther s ide  of the  crossing  for a  d istance  no  l ess  than  the  appl icable  m in imum  separation  
requ i rement.  

F igures  H . 2  and  H .3  show examples  of separation  and  segregation .  

 

  

IEC  IEC  IEC  
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For d i s tances  see  Tabl e  H . 1 .  

 =  power suppl y cabl i ng   =  auxi l i ary ci rcu i ts  

 =  data  cabl i ng   =  sensi ti ve  ci rcu i ts  (e . g .  measuremen t)  

Figure  H .2  – Examples  of vertical  separation  and  segregation  

 

For d i s tances  see  Table  H . 1 .  

Figure  H .3  – Examples  of horizontal  separation  and  segregation  

Usable  space  wi th in  the  cable  tray or cable  trunking  system  shou ld  a l low for an  agreed  
quan ti ty of add i tional  cables  to  be  instal led  (see  Annex B).  The  cable  bund le  heigh t shou ld  be  
l ower than  the  s ide-wal l s  of the  cable  tray or cable  trunking  system,  as  shown  in  F igure  H . 4  
below.  The  overlapping  l i d  of cable  trunking  systems improves  the  e lectromagnetic 
compatibi l i ty performance.  

For a  U -shape  cable  tray,  the  magnetic fie ld  decreases  near the  two  corners.  For th is  reason ,  
deep  s ide-wal ls  are  preferred .  
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Figure  H .4 – Cable  arrangements  in  metal  cable  trays  

Metal  cable  trays  or cable  trunking  systems  wh ich  are  in tended  to  provide  e lectromagnetic 
compatibi l i ty shal l  a lways  be  connected  to  the  l ocal  equ ipoten tia l  bond ing  system  at both  
ends.  For l ong  d istances,  for example  greater than  50  m,  add i tional  connections  to  the  
equ ipotentia l  bond ing  system  are  recommended .  Al l  connections  to  the  equ ipotentia l  bond ing  
system  shou ld  have  low impedance.  

Where  metal  cable  trays  or cable  trunking  systems  are  constructed  from  several  e lements,  
care  shou ld  be  taken  to  ensure  con tinu i ty by effective  bond ing  between  ad jacent e lements.  

The  shape  of the  metal l i c  section  shou ld  ach ieve  con tinu i ty of sh ie ld ing  th roughou t i ts  l eng th .  
Al l  i n terconnections  shou ld  have  low impedance;  see  F igure  H .5.  

a  N on -conformant 

 

b  Con formant 

 

c Recommended  

 

Figure  H .5  – Connections  between  metal  cable  trays  or cable  trunking  systems  

Where  metal l ic  covers  for metal l ic  cable  trunking  systems are  used ,  a  cover over the  fu l l  
l eng th  i s  preferred .  I f that i s  not possib le,  the  covers  shou ld  be  connected  to  the  cable  tray at  
l east at  both  ends  by short connections  l ess  than  1 0  cm,  e . g .  braided  or mesh  straps.  

IEC  

Shad i ng  i nd i cates   
screen i ng  performance  

Shad i ng  i nd i cates   
screen i ng  performance  

Not recommended  

Recommended  

Not recommended  

Recommended  
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F igure  H . 6  shows  a  metal  cable  tray crossing  a  wal l  at  wh ich  a  fi re  barrier i s  to  be  instal led .  
Where  metal  cable  trays  are  requ i red  to  be  i n terrupted  to  pass  through  bu i ld ing  structures,  a  
l ow impedance  i n terconnection  shou ld  be  provided  between  the  two  metal l i c sections.  
Regu lations  wi th  respect to  fi re  barriers  take  precedence  over EMC considerations.  

 

Figure  H .6  – Interruption  of metal  cable  trays  at fi re  barriers  

H.5 Power supply of a  machine by paral lel  sources  

Where  a  mach ine  i s  suppl ied  wi th  power by paral le l  sources,  see  IEC  60364-1 .  

H.6 Supply impedance where a  Power Drive  System  (PDS)  is  used  

Connection  of a  PDS  to  too  h igh  a  supply source  impedance  can  l ead  to  conducted  emission  
problems.  
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Annex I  
( informative)  

 
Documentation  / Information  

A l i st of avai lable  standards  appl icable  to  documentation  and  in formation  i s  provided  i n  
Table  I . 1 .  

Brief defin i tions  of a  set of i n ternational ly standard ized  document kinds  are  g iven  i n  the  
publ icl y avai lable  database  I EC  61 355  DB  (h ttp: //std . iec. ch/iec61 355).  

Table  I . 1  – Documentation  / Information  that can  be  appl icable  

Type  of i n formation  for the  electrical  
equ ipment 

Recommended  standard  

Structu ri ng  pri ncip l es  
I EC  81 346-1 :  Industrial systems,  installations and 
equipment and industrial products –  Structuring principles 
and reference designations –  Part 1 :  Basic rules  

S tructu ri ng  of documen ts  
I EC  62023:  Structuring of technical information  and 
documentation  (see  note)  

Parts  l i s t  I EC  62027:  Preparation  of object lists,  including parts lists  

L i st  of documen ts  I EC  62027:  Preparation  of object lists,  including parts lists  

Speci fi cati on  of the  properti es  of the  e l ectri cal  
equ i pmen t 

I EC  PAS  62569-1 :  Generic specification  of information  on  
products – Part 1 :  Principles and methods  

I n structi ons  for hand l i ng ,  transportati on  and  
s torage  

I EC  82079-1 :  Preparation  of instructions for use  – 
Structuring,  content and presentation – Part 1 :  General 
principles and detailed requirements  

I n structi ons  for i nsta l l ati on ,  erecti on ,  assembl i ng  
on  s i te ,  d i sman tl i ng ,  e tc.  

I EC  82079-1 :  Preparation  of instructions for use  – 
Structuring,  content and presentation – Part 1 :  General 
principles and detailed requirements  

I n structi ons  for u se  
I EC  82079-1 :  Preparation  of instructions for use  – 
Structuring,  content and presentation – Part 1 :  General 
principles and detailed requirements  

I n structi ons  for service  and  ma i n tenance   
I EC  82079-1 :  Preparation  of instructions for use  – 
Structuring,  content and presentation – Part 1 :  General 
principles and detailed requirements  

Reference  designati ons  

I EC  81 346-1 :  Industrial systems,  installations and 
equipment and industrial products –  Structuring principles 
and reference designations –  Part 1 :  Basic rules 

and  

I EC  81 346-2 :  Industrial systems,  installations and 
equipment and industrial products –  Structuring principles 
and reference designations –  Part 2:  Classification of 
objects and codes for classes  

Term inal  desi gnations  
I EC  61 666 :  Industrial systems,  installations and equipment 
and industrial products –  Identification of terminals within  a  
system  

Desi gnati ons  of cabl es  and  cores  
I EC  62491 :  Industrial systems,  installations and equipment 
and industrial products – Labelling of cables and cores  

C i rcu i t  d i ag rams  
I EC  61 082-1 :  Preparation  of documents used in  
electrotechnology – Part 1 :  Rules  

Layou t  of equ i pmen t and  overal l  d imensions  
I EC  61 082-1 :  Preparation  of documents used in  
electrotechnology – Part 1 :  Rules  

I n terconnecti on  d i ag ram ,  term ina l  l i s t,  cabl e  l i s t,  
cable  tray l ayou t  

I EC  61 082-1 :  Preparation  of documents used in  
electrotechnology – Part 1 :  Rules  

Spare  parts  l i s t  for a  speci fi ed  peri od  I EC  62027:  Preparation  of object lists,  including parts lists  

L i st  of parameters  (e . g .  of converters)  (No  s tandard  exi sts)  
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Type  of i n formation  for the  electrical  
equ ipment 

Recommended  standard  

List  of too l s  
I EC  82079:  Preparation  of instructions for use  – Structuring,  
content and presentation  – Part 1 :  General principles and 
detailed requirements  

I d en ti fi cati on  systems  
I EC  62507-1 :  Identification  systems enabling unambiguous 
information  interchange – Requirements – Part 1 :  Principles 
and methods  

N OTE  For s imple  equ i pment  I EC  62023  a l l ows  a l l  i n formation  to  be  con ta ined  wi th i n  one  s i ng le  d ocumen t.  
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Bibl iography 

IEC 60034-5,  Rotating electrical machines – Part 5: Degrees of protection provided by the integral 

design of rotating electrical machines (IP code)  – Classifcation

NOTE     Harmonized  as EN  60034-5.

IEC 60034-1 1 ,  Rotating electrical machines – Part 11: Thermal protection

NOTE     Harmonized  as EN  60034-1 1 .

IEC 60038:2009,  IEC standard voltages

NOTE     Harmonized  as EN  60038:2011  (modifed).

IEC 60050,  International Electrotechnical Vocabulary (avai lable at <http: //www.electropedia.org>)

IEC 60073:2002,  Basic and safety principles for man-machine interface,  marking and identifcation – 

Coding principles for indicators and actuators

NOTE     Harmonized  as EN  60073:2002 (not modifed).

IEC 60085,  Electrical insulation – Thermal evaluation and designation

NOTE     Harmonized  as EN  60085.

IEC 60204-1 1 :2000,  Safety of machinery – Electrical equipment of machines – Part 11: Requirements 

for HV equipment for voltages above 1  000 V a.c.  or 1  500 V d.c.  and not exceeding 36 kV

NOTE     Harmonized  as EN  60204-1 1 :2000

IEC 60204-31 :201 3,  Safety of machinery – Electrical equipment of machines – Part 31: Particular 

safety and EMC requirements for sewing machines,  units and systems

NOTE     Harmonized  as EN  60204-31 :201 3 (not modifed).

IEC 60204-32:2008,  Safety of machinery – Electrical equipment of machines – Part 32: Requirements 

for hoisting machines

NOTE     Harmonized  as EN  60204-32:2008 (not modifed).

IEC 60204-33:2009,  Safety of machinery – Electrical equipment of machines – Part 33: Requirements 

for semiconductor fabrication equipment

NOTE     Harmonized  as EN  60204-33:2011  (modifed).

IEC 6021 6 (al l  parts),  Electrical insulating materials – Thermal endurance properties

NOTE     Harmonized  in  EN  6021 6 series.

IEC 60228:2004,  Conductors of insulated cables

NOTE     Harmonized  as EN  60228:2005 (not modifed).

IEC 60269-1 :2006,  Low-voltage fuses – Part 1: General requirements

NOTE     Harmonized  as EN  60269-1 :2007 (not modifed).

IEC 60287 (al l  parts),  Electric cables – Calculation of the current rating

IEC 60320-1 ,  Appliance couplers for household and similar general purposes –Part 1: General re-

quirements

NOTE     Harmonized  as EN  60320-1 .

IEC 60332 (al l  parts),  Tests on electric and optical fbre cables under fre conditions

NOTE     Harmonized  in  EN  60332 series.

IEC 60335 (al l  parts),  Household and similar electrical appliances – Safety

NOTE     Harmonized  in  EN  60335 series.

IEC 60364 (al l  parts),  Low-voltage electrical installations

NOTE     Harmonized  in  HD 60364 series.

IEC 60447:2004,  Basic and safety principles for man-machine interface,  marking and identifcation – 

Actuating principles

NOTE     Harmonized  as EN  60447:2004 (not modifed).
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IEC TR 60755,  General requirements for residual current operated protective devices

IEC 60757:1 983,  Code for designation of colours

NOTE     Harmonized  as HD 457 S1 :1 985 (not modifed).

IEC TR 60890,  A method of temperature-rise verifcation of low-voltage switchgear and controlgear 

assemblies by calculation

NOTE     Harmonized  as CLC/TR 60890.

IEC 60909-0:2001 ,  Short-circuit currents in three-phase a.c.  systems – Part 0: Calculation of currents

NOTE     Harmonized  as EN  60909-0:2001  (not modifed).

IEC TR 60909-1 :2002,  Short-circuit currents in three-phase a.c.  systems – Part 1: Factors for the cal-

culation of short-circuit currents according to IEC 60909-0

IEC 60947-1 :2007,  Low-voltage switchgear and controlgear – Part 1: General rules

NOTE     Harmonized  as EN  60947-1 :2007 (not modifed).

IEC 60947-4-1 ,  Low-voltage switchgear and controlgear – Part 4-1: Contactors and motorstarters – 

Electromechanical contactors and motor-starters

NOTE     Harmonized  as EN  60947-4-1 .

IEC 60947-5-2:2007,  Low-voltage switchgear and controlgear – Part 5-2: Control circuit devices and 

switching elements – Proximity switches

NOTE     Harmonized  as EN  60947-5-2:2007 (not modifed).

IEC 60947-5-8,  Low-voltage switchgear and controlgear – Part 5-8: Control circuit devices and switching 

elements – Three-position enabling switches

NOTE     Harmonized  as EN  60947-5-8.

IEC 60947-7-1 :2009,  Low-voltage switchgear and controlgear – Part 7-1: Ancillary equipment – Terminal 

blocks for copper conductors

NOTE     Harmonized  as EN  60947-7-1 :2009 (not modifed).

IEC 61 000-5-2:1 997,  Electromagnetic compatibility (EMC) – Part 5: Installation and mitigation guide-

lines – Section 2: Earthing and cabling

IEC 61 000-6-1 :2005,  Electromagnetic compatibility (EMC) – Part 6-1: Generic standards: Immunity 

for residential,  commercial and light-industrial environments

NOTE     Harmonized  as EN  61 000-6-1 :2007 (not modifed).

IEC 61 000-6-2:2005,  Electromagnetic compatibility (EMC) – Part 6-2: Generic standards – Immunity 

for industrial environments

NOTE     Harmonized  as EN  61 000-6-2:2005 (not modifed).

IEC 61 000-6-3:2006,  Electromagnetic compatibility (EMC) – Part 6-3: Generic standards – Emission 

standard for residential,  commercial and light-industrial environments

NOTE     Harmonized  as EN  61 000-6-3:2007 (not modifed).

IEC 61 000-6-4:1 997,  Electromagnetic compatibility (EMC) – Part 6: Generic standards – Section 4: 

Emission standard for industrial environments

NOTE     Harmonized  as EN  61 000-6-4:2001 2  (modifed).

IEC 61 082-1 :201 4,  Preparation of documents used in electrotechnology – Part 1: Rules

NOTE     Harmonized  as EN  61 082-1 :201 5 (not modifed).

IEC 61 084 (al l  parts),  Cable trunking and ducting systems for electrical installations

___________

2  Superseded by EN  61 000-6-4:2007,  which  is based  on IEC 61 000-6-4:2006.
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IEC 61 1 75,  Industrial systems,  installations and equipment and industrial products –Designation of 

signals

NOTE     Harmonized  as EN  61 1 75.

IEC 61 1 80 (al l  parts),  High-voltage test techniques for low-voltage equipment

NOTE Harmonized  in  EN  61 1 80 series.

IEC TR 61 200-53:1 994,  Electrical installation guide – Part 53: Selection and erection of electrical 

equipment – Switchgear and controlgear

IEC 61 355,  Collection of standardized and established document kinds  (avai lable at http: //std. iec.ch/

iec61 355)

IEC 61 496-1 :2004,  Safety of machinery – Electro-sensitive protective equipment – Part 1 : General 

requirements and tests

NOTE     Harmonized  as EN 61 496-1 :20043  (modifed).

IEC 61 506,  Industrial-process measurement and control – Documentation of application software

IEC 61 557 (al l  parts),  Electrical safety in low voltage distribution systems up to 1  000 V a.c.  and 1500 

V d.c.  – Equipment for testing,  measuring or monitoring of protective measures

NOTE     Harmonized  in  EN  61 557 series.

IEC 61 558-2-2,  Safety of power transformers,  power supplies,  reactors and similar products – Part 2-2: 

Particular requirements and tests for control transformers and power supplies incorporating control 

transformers

NOTE     Harmonized  as EN  61 558-2-2.

IEC 61 558-2-1 6,  Safety of transformers,  reactors,  power supply units and similar products for supply 

voltages up to 1  100 V – Part 2-16: Particular requirements and tests for switch mode power supply 

units and transformers for switch mode power supply units

NOTE     Harmonized  as EN  61 558-2-1 6.

IEC 61 643-1 2:2008,  Low-voltage surge protective devices – Part 12: Surge protective devices con-

nected to low-voltage power distribution systems – Selection and application principles

NOTE     Harmonized  as CLC/TS 61 643-1 2:2009 (modifed).

IEC 61 666,  Industrial systems,  installations and equipment and industrial products – Identifcation of 

terminals within a system

NOTE     Harmonized  as EN  61 666.

IEC 61 800 (al l  parts),  Adjustable speed electrical power drive systems

NOTE     Harmonized  in  EN  61 800 series.

IEC TR 61 91 2-1 :2007,  Low-voltage switchgear and controlgear – Overcurrent protective devices – 

Part 1 : Application of short-circuit ratings

IEC 62020,  Electrical accessories – Residual current monitors for household and similar uses (RCMs)

NOTE     Harmonized  as EN  62020.

IEC 62027:2011 ,  Preparation of object lists,  including parts lists

NOTE     Harmonized  as EN  62027:201 2 (not modifed).

IEC 62305-1 :201 0,  Protection against lightning – Part 1: General principles

NOTE     Harmonized  as EN  62305-1 :201 1  (modifed).

IEC 62305-4:201 0,  Protection against lightning – Part 4: Electrical and electronic systems within structures

NOTE Harmonized  as EN  62305-4:2011  (modifed).

IEC 62491 ,  Industrial systems,  installations and equipment and industrial products – Labelling of ca-

bles and cores

NOTE     Harmonized  as EN  62491 .
























































___________

3  Superseded by EN  61 496-1 :201 3,  which  is based  on  IEC 61 496-1 :201 2.     
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___________ 

 

IEC 62507-1 ,  Identifcation systems enabling unambiguous information interchange – Requirements 

– Part 1: Principles and methods

NOTE     Harmonized  as EN  62507-1 .

IEC 627454,  Safety of machinery – Requirements for the interfacing of cableless controllers to machinery

NOTE     Harmonized  as EN  62745.

IEC PAS 62569-1 ,  Generic specifcation of information on products – Part 1: Principles and methods

IEC 81 346-1 :2009,  Industrial systems,  installations and equipment and industrial products – Structuring 

principles and reference designations – Part 1: Basic rules

NOTE     Harmonized  as EN  81 346-1 :2009 (not modifed).

IEC 81 346-2:2009,  Industrial systems,  installations and equipment and industrial products – Struc-

turing principles and reference designations – Part 2: Classifcation of objects and codes for classes

NOTE Harmonized  as EN  81 346-2:2009 (not modifed).

IEC 82079-1 :201 2,  Preparation of instructions for use – Structuring,  content and presentation – Part 1: 

General principles and detailed requirements

NOTE     Harmonized  as EN  82079-1 :201 2 (not modifed).

IEC Guide 1 06:1 996,  Guide for specifying environmental conditions for equipment performance rating

ISO 3864-1 :2011 ,  Graphical symbols – Safety colours and safety signs – Part 1: Design principles for 

safety signs and safety markings

ISO 7000:201 4,  Graphical symbols for use on equipment – Registered symbols

ISO 1 21 00:201 0,  Safety of machinery – General principles for design – Risk assessment and risk 

reduction

NOTE     Harmonized  as EN  ISO 1 21 00:201 0 (not modifed).

ISO 1 3732-1 ,  Ergonomics of the thermal environment – Methods for the assessment of human re-

sponses to contact with surfaces – Part 1:Hot surfaces

NOTE    Harmonized  as EN  ISO 1 3732-1 .

ISO 1 3851 :2002,  Safety of machinery – Two-hand control devices – Functional aspects and design 

principles

ISO 1 41 1 8:2000,  Safety of machinery – Prevention of unexpected start-up

ISO 1 41 22-1 :2001 ,  Safety of machinery – Permanent means of access to machinery – Part 1 : Choice 

of fxed means of access between two levels 

ISO 1 41 22-1 :2001 /AMD1 :201 0

ISO 1 41 22-2:2001 ,  Safety of machinery – Permanent means of access to machinery – Part 2: Work-

ing platforms and walkways

ISO 1 41 22-2:2001 /AMD1 :201 0

ISO 1 41 22-3:2001 ,  Safety of machinery – Permanent means of access to machinery – Part 3: Stairs,  

stepladders and guard-rails

ISO 1 41 22-3:2001 /AMD1 :201 0

CENELEC HD 51 6 S2,  Guide to use of low-voltage harmonized cables

EN  501 60:201 0,  Voltage characteristics of electricity supplied by public electricity networks

EN  501 60:201 0/AMD1 :201 5

UL 508A,  UL Standard for Safety for Industrial Control Panels,  second  Edition,  201 3 revised  201 4.

NFPA 79,  Electrical Standard for Industrial Machinery,  201 5 edition.

___________

4  Under consideration.
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