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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
GENERAL REQUIREMENTS FOR RESIDUAL CURRENT OPERATED  

PROTECTIVE DEVICES FOR DC SYSTEMS 
 

FOREWORD 

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

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

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

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

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

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

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

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

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

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

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

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

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

I EC TS  63053,  wh ich  i s  a  techn ica l  speci fication ,  has  been  prepared  by subcommittee  23E:  
Ci rcu i t-breakers  and  s im i lar equ ipment for household  use,  of I EC techn ical  comm ittee  23:  
E lectrical  accessories.  
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The  text of th is  techn ical  speci fication  is  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

23E/1 006/DTS  23E/1 021 /RVDTS  

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

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/I EC D irectives,  Part 2 .  

I n  th is  s tandard ,  the  fol l owing  pri n t types  are  used :  

– conformity statements: in  italic type  

The committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti 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  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•   transformed  in to  an  I n ternational  s tandard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l ingual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  
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INTRODUCTION  

I n  AC systems,  res idual  curren t devices  are  used  to  provide  protection  against the  risk of 
e lectric shocks.  I n  I EC 60364  (al l  parts) ,  residual  curren t devices  are  used  for au tomatic  
d isconnection  of suppl y in  case  of fau l t (see  Clause  41 1  of I EC  60364-4-41 : 2005)  and  
res idual  current devices  wi th  rated  res idual  operati ng  cu rrent not exceed ing  30  mA are  used  
as  add i tional  protection  (see  41 5  of I EC  60364-4-41 : 2005).  I EC SC 23E  has  developed  a  set 
of standards  for res idual  current operated  protective  devices  i n tended  to  be  used  i n  AC  
systems.  

DC systems are  used  for appl ications  such  as  photovol ta ic instal lations,  data  centres  and  
te lecom  cen tres,  and  e lectric veh icle  charg ing  systems.  I n  add i ti on ,  standards  for p lugs  and  
socket-ou tlets  for I CT equ ipment i nsta l led  in  date  cen tres  and  te lecom  cen tre  have  been  
publ ished .  Therefore,  a  reference document for res idual  current devices  i n tended  to  be  used  
i n  DC  suppl y systems is  necessary.  

Residual  current  devices  for DC  systems may be  used  to  provide  fau l t protection  (au tomatic  
d isconnection  of supply accord ing  to  C lause  41 1  of I EC  60364-4-41 : 2005);  they may also  be  
used  to  provide  protection  against d i rect contact.  They provide  protection  against e l ectric  
shock downstream  of the  device  in  DC  networks.  

Th is  document defines  the  operating  characteristics  for res idual  curren t operated  protecti ve  
devices  for DC systems.  Deta i l s  of how they shou ld  be  i nsta l led  to  provide  the  des ired  l evel  of 
protection  are  speci fied  i n  the  various  parts  of the  I EC  60364  series .  

The  operating  characteri stics  g iven  i n  th is  document are  based  on  the  i n formation  contained  
i n  I EC 60479  (a l l  parts)  and  the  requ irements  i n  I EC 60364-4-41 .  

Th is  document i s  i n tended  for use  by techn ical  comm ittees  i n  the  preparation  of standards  for 
res idual  current devices.  I t  i s  not i n tended  to  be  used  as  a  stand-alone  document,  for 
example,  for certi fication .  
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GENERAL REQUIREMENTS FOR RESIDUAL CURRENT OPERATED  
PROTECTIVE DEVICES FOR DC SYSTEMS 

 
 
 

1  Scope 

This  document provides  general  m in imum  requ i rements,  recommendations  and  in formation  for 
the  d rafti ng  and  testi ng  procedures  of standards  for res idual  current operated  protecti ve  
devices,  i n tended  to  be  used  in  DC systems  having  a  rated  vol tage  not exceed ing  400  V DC 
and  a  rated  cu rren t not exceed ing  1 25  A,  hereafter referred  to  as  DC-RCDs.  

NOTE  1  Th i s  document  can  a l so  be  used  as  a  g u ide  for DC-RCDs  wi th  vol tages  up  to  1  500  V DC.  

This  document i s  primari l y i n tended  to  be  used  as  a  reference  for d rafti ng  product safety 
standard  for DC-RCDs.  

Th is  document cannot be  used  a lone  bu t i s  i n tended  for use  by techn ical  comm ittees  in  the  
preparation  of s tandards  for products  s im i l ar to  those  mentioned  i n  the  scope  of th is  s tandard .   

Th is  document appl i es  to  a  device  

– wh ich  detects  a  res idual  curren t,  

– compares  i t  to  a  reference value ,  and  

– opens  the  contacts  or poles  when  the  res idual  curren t exceeds  th is  reference value .  

Any association  of devices,  each  one  of them  perform ing  separatel y one  or two of the  
above-mentioned  functions,  bu t acting  together i n  order to  accompl ish  a l l  th ree  functions ,  i s  
a lso  covered  by th is  document.  

NOTE  2  RCMs  (residual  cu rrent  mon i tor accord i ng  to  I EC 62020)  whose  pu rpose  i s  to  mon i tor an  e l ectri cal  
i nstal l ati on  and  not  to  provide  protecti on  are  not  covered  by th i s  document  and  cannot  be  considered  s im i l ar or 
equ i va lent  to  DC-RCDs.  

DC-RCDs are  i n tended  to  provide  fau l t protection ,  the  exposed  conductive  parts  of the  
i nsta l l ation  being  connected  to  an  appropriate  earth  e lectrode,  i n  accordance wi th  
I EC 60364-4-41 .  

DC-RCDs having  a  rated  res idual  operating  d i rect curren t not  exceed ing  80  mA are  a lso  used  
as  a  provis ion  for add i ti onal  protection  i n  case  of fai l u re  of the  protecti ve  means  against 
e lectric shock.  

I n  accordance wi th  I EC 60364-4-42,  res idual  curren t devices  wi th  a  rated  res idual  operati ng  
curren t not exceed ing  300  mA can  a lso  be  used  to  provide  protection  against fi re  hazards  due  
to  a  pers istent  earth  fau l t  current.  

DC-RCDs are  su i table  for i solation .  They are  su i table  for a l l  suppl y systems,  wi th  the  
exception  of s ing le-pole  DC-RCDs wi th  two  current paths  wh ich  are  not su i table  for use  in  
I T  systems.  

DC-RCDs of the  general  type  are  res istant to  unwanted  tripping  i nclud ing  the  case  where  
surge  vol tages  (as  a  resu l t of swi tch ing  transients  or i nduced  by l ightn ing)  cause  load ing  
curren ts  i n  the  i nsta l l ation  wi thou t occurrence  of fl ashover.  

NOTE  3  I nstal l ati on  and  app l i cation  ru les  of RCDs  are  g i ven  i n  I EC 60364  (a l l  parts).  

NOTE  4  Su rge  protecti ve  devices  i nstal l ed  downstream  of DC-RCDs  and  connected  i n  common  mode  can  cause  
unwanted  tri ppi ng .  
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The  requ i rements  of th i s  document appl y for normal  environmental  cond i tions  (see  7 . 1 ) .  
Add i ti onal  requ i rements  can  apply for RCDs type  DC used  in  l ocations  having  severe  
environmental  cond i tions.  

NOTE  5  For DC-RCDs  havi ng  a  degree  of protecti on  h i gher than  I P  20  specia l  constructions  can  be  appl i cable .  

DC-RCDs wh ich  i nclude  batteries  are  not covered  by th is  document.  

Speci fic add i tional  requ i rements  for RCDs i ncorporated  or embedded  in  equ ipment are  
covered  i n  I EC TR 60755.  Those  speci fic add i tional  requ irements  are  a lso  appl icable  for 
DC-RCDs.  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

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

I EC 60060-2,  High-voltage test techniques – Part 2:  Measuring systems  

I EC  60068-2-30:2005,  Environmental testing – Part 2-30: Tests – Test Db: Damp heat,  cyclic 
(12 h  +  12 h  cycle)  

IEC 60068-3-4,  Environmental testing – Part 3-4: Supporting documentation and guidance –  
Damp heat tests 

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

IEC 6041 7,  Graphical symbols for use on equipment (avai lable  at h ttp: //www.graph ical -

symbols. i n fo/equ ipment)  

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

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

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

I EC  61 000-4-3,  Electromagnetic compatibility (EMC)  – Part 4-3 Testing and measurement 
techniques – Radiated,  radio-frequency,  electromagnetic field immunity test 

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

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

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

http://www.graphical-symbols.info/equipment
http://www.graphical-symbols.info/equipment
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IEC 61 000-4-1 6 ,  Electromagnetic compatibility (EMC)  – Part 4-16: Testing and measurement 
techniques – Test for immunity to conducted common mode disturbances in  the frequency 
range 0 Hz to 150 kHz 

IEC 61 000-4-1 7,  Electromagnetic compatibility (EMC)  – Part 4-17: Testing and measurement 
techniques – Ripple  on  d. c.  input power port immunity test  

I EC  61 000-6-1 ,  Electromagnetic compatibility (EMC)  – Part 6-1 :  Generic standards – 
Immunity for residential,  commercial and light-industrial environments 

IEC 61 000-6-2 ,  Electromagnetic compatibility (EMC)  – Part 6-2: Generic standards – 
Immunity standard for industrial environments 

IEC 61 000-6-3,  Electromagnetic compatibility (EMC)  – Part 6-3: Generic standards – 
Emission standard for residential,  commercial and light-industrial environments 

IEC 61 000-6-4,  Electromagnetic compatibility (EMC)  – Part 6-4: Generic standards – 
Emission standard for industrial environments 

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

IEC 61 543: 1 995 ,  Residual current-operated protective devices (RCDs)  for household and 
similar use – Electromagnetic compatibility  
IEC 61 543: 1 995/AMD1 : 2004   
IEC 61 543: 1 995/AMD2: 2005  

IEC 62873-2,  Residual current operated circuit-breakers for household and similar use – 
Part 2: Residual current devices (RCDs)  – Vocabulary 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g iven  in  I EC 62873-2  and  the  
fol lowing  appl y.  

I SO and  I EC main tain  term inolog ica l  databases  for use  i n  standard ization  at the  fol l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www.electroped ia.org /  

•  I SO  On l ine  browsing  p latform :  avai l able  at h ttp: //www. iso. org/obp  

3. 1   
residual  operating  d i rect current  
value  of res idual  d i rect current wh ich  causes  the  DC-RCD to  operate  under speci fi ed  
cond i ti ons  

[SOURCE:  I EC 60050-442: 1 998,  442-05-20,  mod i fied  – Adapted  to  DC-RCDs. ]  

3.2   
residual  non-operating  d irect current  
value  of res idual  d i rect curren t at and  be low wh ich  the  DC-RCD does  not operate  under 
speci fied  cond i tions  

[SOURCE:  I EC 60050-442: 1 998,  442-05-21 ,  mod i fied  – Adapted  to  DC-RCDs. ]  

http://www.electropedia.org/
http://www.iso.org/obp
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3.3   
residual  d i rect making  and  breaking  capaci ty 
value  of a  res idual  prospective  d i rect current wh ich  a  DC-RCD can  make,  carry for i ts  open ing  
time and  break under speci fied  cond i ti ons  of use  and  behaviour 

[SOURCE:  I EC 60050-442: 1 998,  442-05-27,  mod i fied  – Adapted  to  DC-RCDs. ]  

3.4   
cond i tional  d i rect short-ci rcu i t  current  
value  of a  prospective  d i rect current,  wh ich  a  DC-RCD wi thout i n tegra l  short-ci rcu i t protection ,  
bu t protected  by a  short-ci rcu i t protective  device  i n  series,  can  wi thstand  under speci fi ed  
cond i tions  of use  and  behaviour 

3.5   
cond itional  residual  d i rect  short-ci rcu i t  current  
value  of a  res idual  d i rect prospective  cu rrent,  wh ich  a  DC-RCD  wi thou t i n tegral  short-ci rcu i t  
protection ,  bu t protected  by a  SCPD i n  series,  can  wi thstand  under speci fi ed  cond i tions  of use  
and  behaviour 

[SOURCE:  I EC 60050-442; 1 998,  442-05-22,  mod i fied  – Adapted  to  DC-RCDs. ]  

3.6   
mid-poin t  
common  poin t  between  two symmetrica l  ci rcu i t e lements  the  opposi te  ends  of wh ich  are  
e lectrica l l y connected  to  d i fferent l i ne  conductors  of the  same ci rcu i t  

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-02-04]  

3.7   
M -pole  
part of a  DC-RCD associated  exclus ivel y wi th  one  e lectrical l y separated  conducting  path  
i n tended  to  connect and  to  d isconnect the  m id -poin t  

3.8   
time constant  
rise  time T =  L/R  (ms)  of a  prospective  d i rect curren t to  reach  a  value  of 0 , 632  times  the  

maximum  peak current  

4 Classification  

4.1  Accord ing  to  the  type of instal lation  

4. 1 . 1  DC-RCD for fixed  i nstal l ation  and  fixed  wi ri ng .  

4. 1 . 2  Portable  DC-RCD  wi th  corded  connection .  

4. 2  Accord ing  to  the  possibi l i ty of ad justing  the  residual  operating  current 

4.2. 1  DC-RCD wi th  a  s i ng le  va lue  of rated  res idual  operati ng  curren t.  

4. 2.2  DC-RCD wi th  mu l tip le  settings  of res idual  operati ng  curren t by fixed  steps .  

4. 3  Accord ing  to  time-delay ( in  presence  of a  residual  current)  

4.3. 1  DC-RCD wi thout  time-delay:  for general  use,  wi th  normal  res istance  to  unwanted  
tripping .  
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4.3.2  DC-RCD wi th  time-delay:  for selecti vi ty,  wi th  i ncreased  res istance  to  unwanted  
tri pping .  

4.4  Accord ing  to  the  protection  against external  i nfluences  

4.4. 1  Enclosed-type  DC-RCD (not requ i ri ng  an  appropriate  enclosure) .  

4.4.2  Unenclosed -type  DC-RCD (for use  wi th  an  appropriate  enclosure) .  

4. 5  Accord ing  to  the  method  of mounting  

4.5. 1  Surface-type  DC-RCD.  

4. 5.2  Flush-type  DC-RCD.  

4. 5.3  Panel  board  type  DC-RCD,  a lso  referred  to  as  d istribu tion  board  type.  

NOTE  These  types  can  be  i n tended  to  be  mounted  on  rai l s .  

4.6  Accord ing  to  the  method  of connection  

4.6. 1  DC-RCD,  the  e lectrical  connections  of wh ich  are  not associated  wi th  the  mechan ical  
mounting .  

4.6.2  DC-RCD,  the  e lectrica l  connections  of wh ich  are  associated  wi th  the  mechan ical  
mounting .  

NOTE  1  Speci fi c  requ i rements  for th i s  cl assi fi cation  are  u nder consi deration .  

NOTE  2  Examples  of th i s  type  are:  

– p l ug -i n  type;  

– bol t-on  type;  

– screw-i n  type.  

Some DC-RCDs  can  be  of the  p l ug-i n  type  or bol t-on  type  on  the  l i ne  s i de  on l y,  the  l oad  term inal s  being  usual l y  
su i table  for wi ri ng  connection .  

4.7  Accord ing  to  the  type of terminals  

4.7. 1  DC-RCD wi th  screw-type  term inals  for external  copper conductors .  

4. 7.2  DC-RCD wi th  screwless  type  term inals  for external  copper conductors .  

NOTE  1  The  requ i rements  for DC-RCDs  equ ipped  wi th  these  types  of term inal s  are  g i ven  i n  I EC 62873-3-1 .  

4.7.3  DC-RCD wi th  flat q u ick-connect term inals  for external  copper conductors .  

NOTE  2  The  requ i rements  for DC-RCDs  equ ipped  wi th  these  types  of term inal s  are  g i ven  i n  I EC 62873-3-2 .  

4.7.4  DC-RCD wi th  screw-type  term inals  for external  a l um in ium  conductors .  

NOTE  3  The  requ i rements  for DC-RCDs  equ ipped  wi th  these  types  of term inal s  are  g i ven  i n  I EC 62873-3-3.  

4.8  Accord ing  to  the  number of poles  and  current paths  

4.8. 1  Sing le-pole  DC-RCD wi th  two  current paths .  

4. 8.2  Two-pole  DC-RCD.  

4. 8.3  Two-pole  DC-RCD wi th  th ree  current paths.  
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4.8.4  Three-pole  DC-RCD.  

4. 9  Accord ing  to  the  instan taneous  tripping  current 

Th is  class i fication  appl ies  to  the  res idual  curren t function  combined  wi th  the  ci rcu i t-breaker 
and  is  defined  i n  the  re levan t product standard .  

4. 1 0  Accord ing  to  the  I²t  characteristics  

Th is  class i fication  appl i es  to  the  res idual  curren t  function  combined  wi th  the  ci rcu i t-breaker 
and  i s  defined  i n  the  re levant product s tandard .  

4. 1 1  Accord ing  to  overcurrent protection  

4. 1 1 . 1  Residual  current devices  wi thout  i n tegral  overcurrent protection .  

4. 1 1 . 2  Residual  current devices  wi th  i n tegral  overcurren t protection .  

4. 1 1 .3  Residual  current devices  wi th  i n tegral  overload  protection  on l y.  

4. 1 1 .4  Residual  current  devices  wi th  i n tegra l  short-ci rcu i t  protection  on l y.  

4. 1 2  Accord ing  to  the  method  of construction  

4. 1 2. 1  DC-RCD completel y assembled  by the  manufacturer as  one  device  (standalone  
DC-RCD)  

4. 1 2.2  DC-RCD comprised  of a  ci rcu i t-breaker and  r. c.  un i t  to  be  assembled  on  s i te  

4. 1 2.3  Any association  of devices  acting  together i n  order to  accompl ish  the  three  main  
functions  of a  DC-RCD – detection  of a  residual  curren t,  comparison  to  a  reference value  and  
open ing  the  con tacts  or poles  when  the  res idual  curren t exceeds  th is  reference  va lue .  

NOTE  The  cu rrent  sensing  means  and/or the  processing  device  can  be  mounted  separately  from  the  curren t  
breaking  device.  

4.1 3  Accord ing  to  the  range of ambient ai r temperature  

4. 1 3. 1  Residual  current  devices  i n tended  for use  between  –5  °C  and  +40  °C.  

4. 1 3.2  Residual  current  devices  i n tended  for use  between  –25  °C  and  +40  °C.  

4. 1 3.3  Residual  current  devices  i n tended  for use  i n  more  severe  cond i ti ons .  

4. 1 4  Accord ing  to  the  time constant  

4. 1 4. 1  Residual  current devices  su i table  for DC  ci rcu i ts  wi th  a  t ime constan t of T ≤  4  ms.  

4. 1 4.2  Residual  current devices  su i table  for DC  ci rcu i ts  wi th  a  time constan t of T ≤  1 5  ms.  

NOTE  I t  i s  assumed  that  short-ci rcu i t  cu rrents  of 1  500  A are  not  exceeded  i n  i nstal l ati ons  i n  wh ich ,  due  to  the  
l oads  connected ,  time  constan ts  i n  normal  service  up  to  1 5  ms  can  occur.  Where  h i gher short-ci rcu i t  currents  can  
occur,  the  time  constan t of T =  4  ms  i s  considered  su ffi cien t.  

4.1 5  Accord ing  to  the  current d i rection  through  the poles  

4. 1 5. 1  Polarised  DC-RCD.  

4. 1 5.2  Non-polarised  DC-RCD.  
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5 Characteristics  of residual  current devices  

5.1  Summary of characteristics  

The characteristics  of the  DC-RCD  are  g i ven  i n  the  re levant DC-RCD standard  in  accordance 
wi th  th is  document.  

The  characteristics  of a  DC-RCD shal l  be  stated  i n  the  fol lowing  terms:  

– rated  vol tages  (see  5. 2 . 1 ) ;  

– rated  d i rect current  In  (see  5. 2 . 2) ;  

– rated  making  and  breaking  capaci ty Im  (see  5. 2 .3);  

– rated  res idual  operati ng  d i rect curren t I∆n  (see  5. 2 . 4);  

– rated  res idual  non-operating  d i rect  current I∆no  (see  5. 2 .5) ;  

– rated  res idual  d i rect making  and  breaking  capaci ty I∆m  (see  5. 2. 6) ;  

– rated  cond i ti onal  d i rect short-ci rcu i t  current Inc  (see  5. 2 . 7);   

– rated  cond i ti onal  res idual  d i rect  short-ci rcu i t current  I∆c  (see  5. 2. 8) ;  

– time-delay,  i f appl icable  (see  5. 2. 9);  

– operati ng  characteristics  (see  5. 2. 1 0)  

– degree  of protection  (see  I EC  60529).  

5.2  Rated  quanti ties  and  other characteristics  

5.2. 1  Rated  vol tages  

5.2. 1 . 1  Rated  operational  vol tage (Ue)  

The rated  operational  vol tage  (hereafter referred  to  as  "rated  vol tage")  of a  DC-RCD is  the  
va lue  of d i rect vol tage,  assigned  by the  manufacturer,  to  wh ich  i ts  performance  i s  referred .  

5.2. 1 .2  Rated  insu lation  vol tage (Ui )  

The rated  i nsu lation  vol tage  of a  DC-RCD i s  the  va lue  of vo l tage,  ass igned  by the  
manufacturer,  to  wh ich  d ie lectric test vol tages  and  creepage d istances  are  referred .  

Un less  otherwise  stated ,  the  rated  i nsu lation  vol tage  is  the  value  of the  maximum  rated  
vol tage  of the  DC-RCD.  I n  no  case  shal l  the  maximum  rated  vol tage  exceed  the  rated  
i nsu lation  vol tage.  

5.2. 1 .3  Rated  impu lse wi thstand  vol tage (Uimp)  

The  rated  impu lse  wi thstand  vol tage  of a  DC-RCD is  defined  i n  the  re levant product s tandard  
taking  i n to  account the  overvol tage  category and  the  rated  operational  vol tage,  accord ing  to  
I EC 60664-1 .  

5.2.2  Rated  d i rect current (In )  

A d i rect current ass igned  by the  manufacturer as  the  current wh ich  the  DC-RCD can  carry i n  
un in terrupted  du ty (see  I EC  62873-2) ,  at  a  speci fied  reference ambient a i r temperature.  

5.2.3  Rated  making  and  breaking  capacity (Im )  

The value  of the  prospective  d i rect  current ass igned  by the  manufacturer,  wh ich  a  DC-RCD 
can  make,  carry and  break under speci fi ed  cond i tions.  



I EC TS  63053: 201 7  © I EC 201 7  – 1 5  –  

5.2.4  Rated  residual  operating  d i rect current (I∆n )  

The value  of residual  operating  d i rect curren t,  assigned  to  the  DC-RCD by the  manufacturer,  
at  wh ich  the  DC-RCD shal l  operate  under speci fied  cond i ti ons.  

For a  DC-RCD having  mu l ti ple  setti ngs  of res idual  operating  d i rect current,  the  h i ghest setti ng  
i s  used  to  des ignate  i t.  

5.2.5  Rated  residual  non-operating  d irect current (I∆no)  

The va lue  of res idual  non-operati ng  d i rect curren t,  ass igned  to  the  DC-RCD by the  
manufacturer,  at  wh ich  the  DC-RCD does  not operate  under speci fied  cond i ti ons.  

5.2.6  Rated  residual  d i rect  making  and  breaking  capacity (I∆m )  

The va lue  of the  res idual  prospective  d i rect curren t,  ass igned  by the  manufacturer,  wh ich  a  
DC-RCD can  make,  carry and  break under speci fied  cond i ti ons.  

5.2.7  Rated  cond itional  d i rect short-ci rcu i t  current  (Inc)  

The value  of the  prospective  d i rect current,  assigned  by the  manufacturer,  wh ich  a  DC-RCD,  
protected  by a  speci fi ed  SCPD,  can  wi thstand  under speci fi ed  cond i ti ons  wi thout  undergoing  
a l terations  impai ri ng  i ts  functions.  

5.2.8  Rated  cond itional  residual  d irect short-circu i t  current  (I∆c)  

The value  of res idual  prospective  d i rect current,  ass igned  by the  manufacturer,  wh ich  a  
DC-RCD,  protected  by a  speci fied  SCPD,  can  wi thstand  under speci fi ed  cond i ti ons  wi thout 
undergoing  al terations  impairi ng  i ts  functions.  

5.2.9  Time-delay DC-RCD 

Time-delay DC-RCD wh ich  compl ies  wi th  the  re levant part  of Table  3  i f appl icable.  

5.2. 1 0  Operating  characteristics  

DC-RCD ensures  tri pping  for res idual  smooth  d i rect curren ts,  whether sudden ly appl ied  or 
s l owly ris i ng ,  i ndependen t of polari ty.  

5.3  Standard  and  preferred  values  

5.3. 1  Preferred  values  of rated  operational  vol tage  (Ue)  

Preferred  values  of rated  operational  vol tage  are  g i ven  i n  Table  1 .  

Examples  for the  connection  of DC-RCDs i n  d i fferent DC suppl y systems  are  g iven  i n   
F i gu re  2  a)  to  d ).  
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Table  1  – Preferred  values  of rated  operational  vol tage  (Ue)  

 DC  vol tage  

DC-RCD  Supply system  Rated  operational  d i rect 
vol tage  

Examples  of DC  suppl y 
systems  

Sing le-pole  wi th  two-  
cu rren t path  

2  wi res  

(±  to  M )  

200  V F i gu res  2  a)  and  b)  

Two  poles  2  wi res  

(L+  to  L-)  

200  V  

400  V 

F igu res  2  b )  

Two-pol e  wi th  th ree-
curren t path  

3  wi res  

(L+  to  L-)  

400  V  F i gu res  2  c)  

Three-pol e  3  wi res  

(L+  to  L-)  

400  V  F i gu res  2  d )  

The  rated  vol tage  for one  pol e  shal l  not  exceed  220  V DC.  

NOTE  The  two-wi re  suppl y system  refers  to  F i gu re  6  of I EC 60364-1 : 2005,  the  th ree-wi re  suppl y system  refers  
to  F i gu re  7  of I EC  60364-1 : 2005.  

 

5.3.2  Preferred  values  of rated  current  (In )  

Preferred  values  of rated  currents  are:  

1 0  A – 1 3  A – 1 6  A – 20  A – 25  A – 32  A – 40  A – 63  A – 80  A –1 00  A – 1 25  A.  

5.3.3  Standard  values  of rated  residual  operating  d i rect  current  (I∆n )  

Standard  va lues  of rated  res idual  operating  d i rect curren t are:  

0 , 02  A – 0 , 08  A – 0, 3  A – 0 , 6  A – 1  A.  

NOTE  The  val ue  of 80  mA was  the  resu l t  of a  ca l cu l ati on  based  on  the  content  of 5. 3. 4  of I EC  TS  60479-2: 2007.  

5.3.4  Standard  value  of residual  non-operating  d irect current  (I∆no)  

The standard  va lue  of residual  non-operating  d i rect curren t i s  0 , 5  I∆n .  

5.3.5  Standard  values  of rated  impu lse wi thstand  vol tage (Uimp)  

The  standard  va lues  of rated  impu lse  wi thstand  vol tages  as  a  function  of vol tage  
l ine-to-neu tral  and  overvol tage  category shal l  be  g i ven  i n  the  relevant product standard .  
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5.3.6  Standard  values  of operating  time  

5.3.6. 1  Standard  values  of maximum break time  for non-time  delay DC-RCDs  

Table  2  – Standard  values  of maximum  break time  for non-time-delay DC-RCDs  

Type  I
n
 

(A)  

I
Δn

 

(A)  

Standard  values  of break time  at a  residual  operating  
d i rect current equal  to  

(s)  

I
Δn

 2  I
Δn

 3  I
Δn

 1 ,  2 ,  5,  1 0,  20,  
50,  1 00  A 

Genera l  Any 
val ue  

Any 
val ue  

0 , 3  a  0 , 1 5  a  0 , 04  a  0 , 4  b  

NOTE  The  d i sconnection  t ime  of 0 , 4  s  refers  to  the  maximum  d i sconnection  t ime  accord i ng  to  I EC 60364-4-41  
for U

0
 ≤  230  V.  

a  For res idual  curren ts  of 1  A and  above,  due  to  the  arc  exti nction ,  the  maximum  break time  shal l  not  exceed  
0 , 4  s .  

b  Due to  the  arc exti nction ,  the  overal l  d i sconnection  t ime  shal l  not  exceed  0 , 4  s .  

 

5.3.6.2  Standard  values  of actuating  and  non-actuating  times  for time-delay 
DC-RCDs  

For time-delay type  res idual  curren t devices,  the  non-actuating  time at 2  I∆n  shal l  be  declared  

by the  manufacturer.  

Preferred  values  of m in imum  non-actuating  time at  2  I∆n :  

0 , 06  s  – 0 , 1  s  – 0 , 2  s  – 0 , 3  s  – 0 , 4  s  – 0 , 5  s  – 1  s .  

Type  S  DC-RCDs  shal l  have  a  rated  time delay equal  to  0 , 06  s .  

Time-delay type  DC-RCDs are  perm i tted  on l y for I∆n  h igher than  0, 08  A.  

Table  3  – Standard  values  of break time and  non-actuating  time  
for time-delay DC-RCDs  

Rated  time delay 
(s)  

 Standard  values  of break and  non-actuating  time at  
(s)  

I
Δn

 2  I
Δn

 3  I
Δn

 ( 1 ,  2 ,  5 ,  1 0 ,  
20 ,  50 ,  1 00)  A 

0 , 06  
Maximum  break timec   0 , 5  d  0 , 2  d  0 , 1 5  d  0 , 4  e  

M i n imum  non  actuati ng  time  
b  

0, 06  
b  b  

Rated  time  delay 
Maximum  break time  c  

a  b  b  b  b  

Min imum  non  actuati ng  time  
b  

rated  del ay 
b  b  

NOTE  The  s tandard  break times  requ i red  by Table  3  are  appl i cable  for fau l t  vol tages  up  to  200  V to  earth .
 

a  To ensu re  fau l t  protection ,  the  maximum  operati ng  time  shal l  be  i n  accordance  wi th  I EC 60364-4-41 .  

b  Defined  e i ther by the  rel evant product  s tandard  or by the  manufactu rer.  

c For res idual  current  devices  wi th  I
Δndc

 ≤  0 , 08  A,  the  val ue  for the  maximum  break time  i s  g i ven  i n  Tabl e  2 .  

d  For res idual  curren ts  of 1  A and  above,  due  to  the  arc  exti nction ,  the  maximum  break time  shal l  not  exceed  
0 , 4  s .  

e  Due  to  the  arc exti nction ,  the  overal l  d i sconnection  t ime  shal l  not  exceed  0 , 4  s .
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5.3.7  M in imum  value  of the  rated  making  and  breaking  capaci ty (Im )  

The m in imum  value  of the  rated  making  and  breaking  capaci ty Im  i s  1 0  In  or 500  A,  wh ichever 

i s  the  greater.  

Th is  appl i es  to  DC-RCDs  wi thou t i n tegral  overcurren t protection .  

5.3.8  M in imum  value  of the  rated  residual  d irect making  and  breaking  capaci ty (I∆m )  

The  m in imum  value  of the  rated  res idual  d i rect making  and  breaking  capaci ty (I∆m )  i s  1 0  In  or 

500  A,  wh ichever i s  the  g reater.  

5.4 Coordination  wi th  short-ci rcu i t  protective devices  (SCPDs)  

5.4. 1  General  

DC-RCDs shal l  be  protected  against short-ci rcu i ts  by means  of ci rcu i t-breakers  or fuses  
complying  wi th  thei r relevan t standards  accord ing  to  the  i nstal lation  ru les  of  
I EC 60364  (a l l  parts) .  

The  association  of a  short-ci rcu i t protecti ve  device  wi th  a  res idual  curren t device  i s  i n tended  
to  ensure  adequate  protection  to  the  res idual  cu rrent device  from  the  effects  of short-ci rcu i t  
curren ts.  

The  short-ci rcu i t protecti ve  device  shal l  be  selected  accord ing  to  the  fo l l owing  characteristics  
i n  l i ne  wi th  the  characteri stics  of the  DC-RCD:  

a)  maximum  l et-through  I2 t;  

b)  maximum  va lue  of l et- through  peak current Ip .  

The  rating  and  type  of SCPD shal l  be  the  same for 5. 4 . 2  and  5. 4 . 3 .  

Coord ination  between  DC-RCDs and  the  SCPD  is  veri fied  accord ing  to  the  relevan t test 
cl auses  wh ich  are  des igned  to  veri fy that there  is  an  adequate  protection  of the  DC-RCDs  
against short-ci rcu i t curren ts  up  to  the  cond i tional  short-ci rcu i t  curren t Inc  and  up  to  the  
cond i ti onal  res idual  d i rect short-ci rcu i t current I∆c.  

5.4.2  Preferred  values  of the  rated  cond i tional  d i rect  short-ci rcu i t  current (Inc)  

The preferred  values  of the  rated  cond i tional  d i rect short-ci rcu i t current for DC-RCDs wi thout 
i n tegra l  short-ci rcu i t  protection  are:  

1  500  A – 3  000  A – 4  500  A – 6  000  A – 1 0  000  A – 20  000  A – 50  000  A.  

5.4.3  Preferred  values  of the  rated  cond itional  residual  d i rect short-circu i t  current  
(I∆c)  

The preferred  values  of the  rated  cond i tional  d i rect short-ci rcu i t current for DC-RCDs wi thout 
i n tegra l  short-ci rcu i t  protection  are:  

1  500  A – 3  000  A – 4  500  A – 6  000  A – 1 0  000  A – 20  000  A – 50  000  A.  
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6 Marking  and  other product information  

Table  4 – Marking  for DC-RCDs  

 Marking  or I n formation  i tem  

A The  manufactu rer's  name or trade  mark  

B  Type  designati on ,  catal ogue  number or seria l  number 

C  Rated  vol tage(s),  for example  400  V DC fol l owed  by "DC"  DC  

D   Rated  cu rrent,  for example  40  A DC fol l owed  by "DC"  DC  
E  Void  

F   Rated  res i dua l  operati ng  d i rect  cu rren t fo l l owed  by "DC"  DC  
G   Setti ngs  of res i dual  operati ng  d i rect  cu rren t for DC-RCDs  wi th  mu l ti p l e  res i dual  operati ng  cu rren ts  

H  
Rated  making  and  breaking  capaci ty or rated  short-ci rcu i t  capaci ty ( i n  amperes)  for DC-RCDs  wi th  
overcu rrent  protection   

I  Reference  cal i brati on  temperature,  i f d i fferent  from  30  °C,  for DC-RCDs  wi th  overcu rren t protection   

J   Rated  res i dua l  d i rect  making  and  breaki ng  capaci ty 

K The  deg ree  of protection  (on ly i f d i fferen t from  I P  20)  

L  The  posi ti on  of use,  i f necessary 

M  The  symbol  S  (S  i n  a  square)  for type  S  devices  

N   Void  

O  Operati ng  means  of the  test  device,  by the  l etter T  

P  a  Wi ri ng  d iag ram ,  see  F igu res  2  a)  to  d )  

Q   Void  

R Void  

S  Reference  of the  product standard ,  for example  I EC 6xxxx 

T   Void  

U  Void  

V Rated  time  delay,  i f app l i cabl e  

W 
Rated  cond i ti onal  short-ci rcu i t  d i rect  cu rrent,  i f appl i cabl e,  and  i n  such  a  case  characteri sti cs  for the  
associated  short-ci rcu i t  protecti ve  device,  accord ing  to  5 . 4 . 1  

X Range  of operati ng  temperatu re  

Y Symbols  I /O  to  d i sti ngu ish  between  the  open  and  cl osed  s tates  of the  device  

Z  
Mark suppl y and  l oad  term inal s  (e. g .  by " l i ne"  and  " l oad" )  i f i t  i s  necessary to  d i sti ngu ish  between  the  
suppl y and  the  l oad  term inal s   

AA Symbol  M  i f term inal s  are  speci fi cal l y i n tended  for the  connection  of the  m id -poi n t   

AB  Time  constan t T1 5  wi th i n  a  rectang l e,  i f app l i cabl e  

AC Marking  of pol ari ty for devices  accord i ng  to  cl assi fi cation  4 . 1 5 . 1  

a  Th i s  i n formation  may be  on  the  i ns i de  of any cover wh ich  has  to  be  removed  i n  order to  connect  the  suppl y 
wi res.  

 

The i n formation  g iven  i n  column  2  of Table  4  sha l l  be  provided .  The  pos i tion  of the  marking  
shal l  be  speci fied  i n  the  re levant product s tandard  (e . g .  vis ible  after i nsta l l ation ,  on  the  
product,  i n  the  l eaflet  or manufacturer cata logue).  

I n  add i tion ,  for r. c.  un i ts ,  

– they shal l  be  marked  wi th  the  maximum  rated  curren t of the  ci rcu i t-breaker wi th  wh ich  they 
can  be  assembled  or associated ,  and  
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– i n formation  shal l  be  g i ven  to  i nd icate  on  wh ich  ci rcu i t-breaker the  r. c.  un i t  can  be  
assembled  or associated .  

Al l  re levant i n formation  for the  correct assembly,  i f any,  instal lation  and  use  of the  product 
sha l l  be  provided .  

Compliance is checked by visual inspection and by the  tests in  the relevant product standard.  

For DC-RCDs other than  those  operated  by means  of a  push-bu tton ,  the  open  pos i tion  shal l  

be  i nd icated  by the  symbol  "O"  and  the  closed  pos i tion  by the  symbol  "  "  (a  short s tra ight  
l ine) .  Add i ti onal  national  symbols  are  al l owed  for th is  i nd ication .  Provisional l y,  the  use  of 
national  ind ications  on l y i s  a l l owed .  These  i nd ications  shal l  be  read i l y vis ible  when  the  
DC-RCD is  i nsta l l ed .  

For DC-RCDs  operated  by means  of two  push -bu ttons,  the  push-button  designed  for the  
open ing  operation  on l y sha l l  be  red  and /or be  marked  wi th  the  symbol  "O".  

Red  shal l  not be  used  for any other push -button  of the  DC-RCD.  

I f a  push-button  i s  used  for clos ing  the  contacts  and  is  eviden tl y i denti fied  as  such ,  i ts  
depressed  pos i ti on  is  sufficien t to  i nd icate  the  closed  pos i ti on .  

I f a  s ing le  push-bu tton  is  used  for cl os ing  and  open ing  the  contacts  and  i s  i den ti fied  as  such ,  
the  bu tton  remain ing  in  i ts  depressed  pos i tion  i s  sufficient to  i nd icate  the  closed  pos i tion .  On  
the  other hand ,  i f the  bu tton  does  not remain  depressed ,  an  add i tional  means  ind icati ng  the  
pos i tion  of the  contacts  shal l  be  provided .  

Term inals  i n tended  for the  protecti ve  conductor,  i f any,  shal l  be  i nd icated  by the  symbol   
( I EC 6041 7-501 9: 2006-08).  

Marking  shal l  be  i ndel ib le,  easi l y l eg ib le  and  not be  p laced  on  screws,  washers  or other 
removable  parts.  

For un iversal  term inals  (for ri g id -sol id ,  ri g id -stranded  and  flexib le  conductors):  no  marking .  

For non-un iversal  term inals:  

– term inals  declared  for ri g id -sol id  conductors  on ly sha l l  be  marked  by the  l etters  "s"  or 
"sol " ;  

– term inals  declared  for ri g id  (sol id  and  s tranded)  conductors  on l y sha l l  be  marked  by the  
l etter "r" .  

The  markings  shou ld  appear on  the  DC-RCD or,  i f the  space avai lab le  i s  not su fficien t,  on  the  
smal l est  package  un i t  or i n  the  techn ical  i n formation .  

7 Condi tions  for operation  in  service  and  for instal lation  

7. 1  Preferred  ranges  of appl ication ,  reference values  of influencing  quanti ties/factors  
and  associated  test tolerances  

DC-RCDs complying  wi th  th is  document shal l  be  capable  of operating  under the  standard  
cond i ti ons  shown  i n  Table  5.  
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Table  5  – Values  of influencing  quanti ti es  

I n fluencing  quanti ty Preferred  range of 
appl ication  

Reference  value  Test tolerances  f  
 

Ambien t a i r temperature  
a , g  

–5  °C to  +40  °C  

–25  °C  to  +40  °C  

 a , b  

As  s tated  by the  rel evant 
product standard  

As  perm i tted  by the  test  
requ i rements  i n  the  
re l evant  product  
standard  

Al ti tude  Not exceed ing  2  000  m    

Relati ve  hum id i ty  
maximum  value  at  40  °C  

50  %  c    

External  magneti c  fi e l d  Not  exceed ing  5  times  the  
earth ’ s  magneti c  fi e l d  i n  
any d i rection  

Earth ’ s  magneti c  fi e l d  
d  

Pos i ti on  As  stated  by the  
manufacturer,  wi th  a  
to l erance  of 2°  i n  any 
d i rection  e  

As  stated  by the  
manufacturer 

2o  i n  any d i rection  

DC suppl y vo l tage  Maximum  ri pple  of 5  %  f  Rated  val ue  ±5  %  

a  The  maximum  val ue  of the  mean  dai l y temperature  i s  +35  °C.  

b  Val ues  ou ts ide  the  range  are  adm issib le  where  more  severe  cl imati c  cond i ti ons  prevai l ,  subj ect  to  agreemen t  
between  manufacturer and  user.  

c  H i gher re l ati ve  hum id i ti es  are  adm i tted  at  l ower temperatu res  (for example  90  %  at  20  °C).  

d  When  a  DC-RCD  i s  i nsta l l ed  i n  proxim i ty to  a  s trong  magneti c  fi e l d ,  suppl ementary requ i rements  may be  
necessary.  

e  The  device  shal l  be  fi xed  i n  such  a  way that  i t  d oes  not  cause  deformation  l i able  to  impai r i ts  functions.  

f  The  tol erances  g i ven  apply un l ess  otherwise  speci fi ed  i n  the  relevant test.  

g  Extreme l im i ts  of –20  °C  and  +60  °C  are  adm issib le  du ri ng  s torage  and  transportation ,  and  shou ld  be  taken  
i n to  account  i n  the  design  of the  device.  

 

7.2  Cond i tions  of instal l ation  

DC-RCDs shal l  be  i nsta l l ed  in  accordance  wi th  the  manufacturer's  i nstructions.  

7.3  Pol lution  degree  

DC-RCDs complying  wi th  th is  document are  i n tended  for an  envi ronment wi th  pol l u tion  
degree  2 ,  i . e .  normal l y,  on l y non-conductive  pol l u tion  occurs ;  occasional l y,  however,  a  
temporary conductivi ty caused  by condensation  may be  expected .  

The  product  standard  may speci fy a  h i gher value  of pol lu tion  degree.  

8 Requirements  for construction  and  operation  

8. 1  Mechan ical  design  

8. 1 . 1  General  

8. 1 . 1 . 1  Requi rements  for any type of DC-RCDs  

DC-RCDs shal l  be  des igned  and  constructed  so  that,  i n  normal  use,  thei r use  is  safe  and  
wi thout danger to  the  user or to  the  envi ronment.  

The  residual  current detection  and  the  res idual  curren t re lease  may be  l ocated  i n  d i fferent 
components ,  bu t the  consequences  of poss ible  d isconnection  of the  components  shal l  be  
cons idered .  
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I t  shal l  not be  possib le  to  a l ter the  operating  characteristics  of the  DC-RCD by means  of 
external  i n terven tions  other than  those  speci fical l y i n tended  for chang ing  the  setting  of the  
res idual  operati ng  curren t or of the  time de lay.  

Chang ing  from  one  setti ng  to  another shal l  not be  possible  wi thou t a  tool .  I t  shal l  not be  
possib le  to  d isable  or i nh ibi t  the  DC-RCD  function  by any means.  

NOTE  For household  and  s im i l ar uses,  i n  Argen ti na,  Austral i a ,  Germany,  Denmark,  I ta l y,  the  UK and  Swi tzerland ,  
mu l ti pl e  setti ngs  are  not  a l l owed .  

I n  case  of a  DC-RCD having  mu l tip le  setti ngs  of residual  operating  curren t,  the  rating  refers  to  
the  h i ghest  setting .  

8. 1 . 1 .2  RC  un i t  to  be  assembled  on  s i te  to  a  ci rcu i t-breaker 

Requ irements  for safe  assembly and  correct function  shal l  be  g i ven  i n  the  re levant product 
standard .  

8. 1 .2  Mechan ism  

The moving  con tacts  of a l l  poles  of mu l ti pole  DC-RCDs shal l  be  coupled  so  that a l l  poles ,  
except the  m id -poin t M-pole ,  i f any,  make and  break substantial l y together,  whether operated  
manual l y or au tomatical l y.  

The  m id-poin t M-pole  of three-pole  DC-RCDs shal l  not cl ose  after and  shal l  not open  before  
the  other poles.  

Compliance is checked by inspection and by manual tests,  using any appropriate means 
(example: indicator lights,  oscilloscope,  etc. ) .  

DC-RCDs shal l  have  a  tri p-free  mechan ism .  

I t  shal l  be  poss ib le  to  swi tch  the  DC-RCD on  and  off by manual  operation .  

DC-RCDs shal l  be  so  constructed  that the  moving  contacts  can  come to  rest on l y i n  the  
closed  posi tion  (see  I EC  62873-2)  or i n  the  open  pos i ti on  (see  I EC  62873-2),  even  when  the  
operating  means  is  re leased  in  an  i n termed iate  posi ti on .  

DC-RCDs shal l  provide  i n  the  open  pos i ti on  (see  I EC  62873-2)  an  i so lation  d istance  i n  
accordance  wi th  the  requ i rements  necessary to  satisfy the  i solati ng  function  (see  8. 3) .  

I nd ication  of the  posi tion  of the  main  contacts  shal l  be  provided  by one  or both  of the  fol l owing  
means:  

– the  posi ti on  of the  actuator ( th is  being  preferred) ;  or  

– a  separate  i nd icator.  

I f a  separate  i nd icator i s  used  to  i nd icate  the  posi ti on  of the  main  con tacts ,  th is  sha l l  show the  
colour red  for the  closed  pos i tion  and  the  colour g reen  for the  open  pos i tion .  

NOTE  I n  the  US,  the  colou rs  red  and  green  are  not  used  for contact posi ti on  i nd ication .  

The means  of i nd ication  of the  con tact  posi ti on  shal l  be  re l i able .  

Compliance is checked by inspection and/or tests,  taking into account the instructions of the  
manufacturer.  
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8. 1 .3  Clearance  and  creepage d istances  

DC-RCDs shal l  have  clearance and  creepage d istances  capable  of wi thstand ing  the  vol tage  
stresses  during  the ir anti cipated  l i fetime,  taking  i n to  account the  overvol tage  category and  the  
pol l u tion  degree  of the  i nstal l ation  for wh ich  thei r use  i s  i n tended .  

The  clearances  and  creepage d istances  for i nsu lation  and  for i solation  shal l  be  i n  accordance  
wi th  I EC 60664-1 .  

Compliance is checked by the  tests of the relevant product standard.  

8. 1 .4  Screws,  current-carrying  parts  and  connections  

8. 1 .4. 1  Connections  

Connections,  whether e lectrical  or mechan ical ,  shal l  wi thstand  the  mechan ical  s tresses  
occurring  i n  normal  use.  

Screws operated  when  moun ting  the  DC-RCD during  i nsta l lation  shal l  not be  of the  
thread-cu tting  type.  

NOTE  Screws  (or nu ts)  wh ich  are  operated  when  mounti ng  the  DC-RCD i ncl ude  screws  for fi xi ng  covers  or 
cover-pl ates,  bu t  not  connecti ng  means  for screwed  condu i ts  and  for fi xi ng  the  base  of a  DC-RCD.  

Compliance is checked by the tests of the  relevant product standard.  

8. 1 .4.2  Screws in  engagement wi th  a  th read  of insu lating  material  

For screws  i n  engagement wi th  a  thread  of i nsu lati ng  materia l  and  wh ich  are  operated  when  
mounting  the  DC-RCD during  i nsta l l ation ,  correct i n troduction  of the  screw i n to  the  screw hole  
or nu t  sha l l  be  ensured .  

Compliance is checked by inspection  and by manual test.  

NOTE  The  requ i rement  wi th  regard  to  correct  i n troduction  i s  met i f i n troduction  of the  screw i n  a  s l an ti ng  manner 
i s  prevented ,  for example  by gu id i ng  the  screw by the  part  to  be  fi xed ,  by a  recess  i n  the  female  th read  or by the  
use  of a  screw wi th  the  l ead i ng  thread  removed .  

8. 1 .4.3  Electrical  connections  

Electrical  connections  shal l  be  so  des igned  that con tact pressure  i s  not transm i tted  through  
i nsu lating  material  other than  ceram ic,  pure  m ica  or other materia l  wi th  characteristics  no  l ess  
su i table,  u n less  there  i s  sufficien t resi l i ence  in  the  meta l l ic parts  to  compensate  for any 
poss ib le  shrinkage  or yie ld ing  of the  i nsu lati ng  materia l .  

Compliance is checked by inspection.  

NOTE  The  su i tabi l i ty of the  materi al  i s  considered  i n  respect  of the  s tabi l i ty of the  d imensions.  

8. 1 .4.4  Current-carrying  parts  

Current-carrying  parts  i nclud ing  parts  i n tended  for protecti ve  conductors,  i f any,  shal l  be  
made of a  metal  having ,  under the  cond i ti ons  occurring  in  the  equ ipment,  mechan ical  
strength ,  e l ectrical  conductivi ty and  res istance  to  corrosion  adequate  for the ir i n tended  use.  

Examples  of su i table  materia ls  are  g iven  be low:  

– copper;  

– an  a l l oy conta in ing  at l east 58  %  copper for parts  worked  cold ,  or at l east 50  %  copper for 
other parts ;  
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– other metal  or su i tabl y coated  metal ,  no  l ess  res istan t to  corrosion  than  copper and  having  
mechan ica l  properties  no  l ess  su i table .  

The  requ irements  of 8. 1 . 4 . 4  do  not appl y to  contacts,  magnetic ci rcu i ts ,  heater elemen ts,  
b imeta ls,  shun ts,  parts  of e lectron ic devices  nor to  screws,  nu ts ,  washers,  clamping  p lates,  
s im i l ar parts  of term inals  and  parts  of the  test ci rcu i t.  

Compliance is checked by the tests of the  relevant product standard.  

8. 1 .5  Terminals  for external  conductors  

Term inals  for external  conductors,  i f any,  sha l l  be  such  that the  conductors  may be  connected  
so  as  to  ensure  that the  necessary contact  pressure  i s  main tained  permanentl y.  

NOTE  For the  pu rpose  of d efi n i ng  requ i rements  and  tests,  I EC 60999  (al l  parts)  can  be  referred  to.  

Compliance is checked by the  tests of the  relevant product standard.  

8.2  Protection  against  electric shock 

DC-RCDs shal l  be  so  designed  that,  when  they are  mounted  and  wi red  as  for normal  use,  l i ve  
parts  are  not  access ible.  

A part i s  considered  to  be  "access ib le"  i f i t  can  be  touched  by the  j oi n ted  test fi nger,  
accord ing  to  I EC  60529.  

NOTE  The  term  "normal  use"  impl i es  that  DC-RCDs  be  i nstal l ed  accord ing  to  the  manufactu rer's  i nstructions.  

Metal l ic operati ng  means  shal l  be  i nsu lated  from  l i ve  parts  and  thei r conductive  parts  wh ich  
otherwise  wou ld  be  "exposed  conductive  parts"  shal l  be  covered  by i nsu lati ng  materia l ,  wi th  
the  exception  of means  for coupl i ng  insu lated  operati ng  means  of several  poles.  

Metal  parts  of the  mechan ism  shal l  not  be  accessib le.  

Lacquer and  enamel  are  not cons idered  to  provide  adequate  i nsu lation  for the  purpose  of 8 . 2 .  

Compliance is checked by the  tests of the relevant product standard.  

8.3  Dielectric properties  and  i solating  capabi l i ty  

DC-RCDs shal l  have  adequate  d ie lectric properties.  

Control  ci rcu i ts  connected  to  the  main  ci rcu i t shal l  not be  damaged  by h i gh  DC vol tage  due  to  
i nsu lation  measurements  wh ich  are  normal l y carried  ou t after DC-RCDs are  i nstal led .  

When  drafting  product standards,  consideration  shal l  be  g i ven  to  the  requ i rements  for 
i solation  capabi l i ty i ncl uded  in  I EC 61 1 40  and  I EC  60364-4-41 .  

Compliance is checked by the tests of the relevant product standard.  

8.4 Temperature-rise  

The DC-RCDs shal l  not  suffer damage  impairi ng  thei r functions  and  thei r safe  use  taking  i n to  
account  the  ambien t temperature  at wh ich  they are  i n tended  to  be  used .  

Compliance is checked by the tests of the relevant product standard.  
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8.5  Operating  characteristics  

8.5. 1  General  

DC-RCDs shal l  operate  accord ing  to  the  requ irements  of the  8 . 5 . 2  and  8 . 5. 3,  as  appl icable .  

Compliance is checked by the  tests of the relevant product standard.  

8.5.2  Operation  in  response  to  a  residual  current  equal  to  and  greater than  I∆n   

The tri pping  characteristic of DC-RCDs shal l  ensure  adequate  protection  against res idual  
curren t wi thou t premature  operation .  

DC-RCDs shal l  operate  i n  response  to  a  s teady i ncrease  of smooth  d i rect res idual  current 
wi th in  speci fied  l im i ts  of the  non -operating  current and  the  operating  curren t in  accordance  
wi th  Table  6 .  

Table  6  – Tripping  current l im its  

Number of pol es  Current shape  
Tripping  current  

Lower l im i t  Upper l im i t  

Al l  cl assi fi cations  Smooth  DC  0, 5  I∆n  I∆n  

 

The l im i ts  sha l l  be  independent of the  polari ty of the  smooth  d i rect res idual  current.  

8.5.3  Operation  in  response  time in  presence of a  residual  current equal  to  and  
greater than  I∆n  

8 . 5.3 .1  General  

Compl iance  is  checked  by the  tests  of the  re levant  product s tandard .  

8.5.3.2  DC-RCDs  without time-delay 

The  operation  of DC-RCDs to  a  sudden l y appl i ed  residual  curren t shal l  be  i n  accordance  wi th  
Table  2  and  i ndependent of polari ty.  

8.5.3.3  DC-RCDs  with  time-delay 

The  operation  and  non-operation  of DC-RCDs to  a  sudden l y appl i ed  res idual  current shal l  be  
i n  accordance  wi th  Table  3  and  i ndependent of polari ty.  

8.6  Mechan ical  and  electrical  endurance  

DC-RCDs shal l  be  capable  of perform ing  an  adequate  number of mechan ica l  and  e lectrical  
operations.  

Compliance is checked by the tests of the relevant product standard.  

8.7  Performance  at  short-ci rcu i t  currents  

DC-RCDs shal l  be  capable  of perform ing  a  speci fied  number of short-ci rcu i t operations  during  
wh ich  they shal l  ne i ther endanger the  operator nor i n i ti ate  a  flashover between  l i ve  conductive  
parts  or between  l i ve  conductive  parts  and  earth .  

Compliance is checked by the tests of the relevant product standard.  
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8.8  Resistance  to  mechanical  shock and  impact  

DC-RCDs shal l  have  adequate  mechan ical  behaviour so  as  to  wi thstand  the  stresses  imposed  
during  i nstal lation  and  use.  

Compliance is checked by the tests of the  relevant product standard.  

8.9  Resistance  to  heat  

DC-RCDs shal l  be  su fficien tl y res istant to  heat.  

Compl iance  i s  checked  by the  tests  of the  re levant product s tandard .  

8. 1 0  Resistance  to  abnormal  heat  and  to  fi re  

External  parts  of DC-RCDs made of i nsu lating  materia l  shal l  not be  l iable  to  i gn i te  and  to  
spread  fi re  i f curren t-carrying  parts  in  thei r vicin i ty,  u nder fau l t  or overload  cond i ti ons,  atta in  a  
h igh  temperature.  The  res istance  to  abnormal  heat and  to  fi re  of the  other parts  made of 
i nsu lati ng  materia l  i s  considered  as  checked  by the  other tests  of th is  document.  

Compl iance  is  checked  by the  tests  of the  re levant  product s tandard .  

8. 1 1  Test device  

DC-RCDs shal l  be  provided  wi th  a  test device  to  s imu late  the  pass ing  through  the  detecting  
device  of a  res idual  curren t in  order to  a l low a  period ic testing  of the  abi l i ty of the  res idual  
curren t device  to  operate.  

NOTE  The  test  device  i s  i n tended  to  check the  tri pping  function ,  not  the  val ue  at  wh ich  th i s  function  i s  effecti ve  
wi th  respect  to  the  rated  res idual  operati ng  cu rrent  and  the  break times.  

The test cu rrent produced  when  operating  the  test device  of DC-RCDs  suppl ied  at rated  
vol tage  or at the  h ighest value  of the  vol tage  range  shal l  be  defined  by techn ical  committees  
when  drafti ng  product  standards.  

I t  i s  recommended  that for household  appl ication  and  s im i lar uses  the  value  of the  s imu lated  
test curren t does  not exceed  the  equ ivalent  of 2 , 5  times  the  res idual  current I∆n  th rough  one  

of the  poles  of the  DC-RCD.  

The  protecti ve  conductor of the  i nsta l l ation  shal l  not become l i ve  when  the  test device  i s  
operated .  

I t  sha l l  not be  possib le  to  energ ize  the  ci rcu i t on  the  l oad  s ide  by operating  the  test device  
when  the  DC-RCD  is  i n  the  open  pos i tion  and  connected  as  i n  normal  use.  

The  test device  shal l  not  be  the  sole  means  of perform ing  the  open ing  operation ,  except for 
DC-RCDs provid ing  the  poss ib i l i ty of unplugg ing  the  protected  ci rcu i t.  

Compliance is checked by the  tests of the relevant product standard.  

8. 1 2  Requirements  for DC-RCDs in  case  of loss  of supply 

The m in imum  operati ng  vol tage  of DC-RCDs shal l  not exceed  90  V.  

DC-RCDs class i fi ed  accord ing  to  4 . 8. 3  or 4 . 8 . 4  shal l  operate  also  i n  case  of l oss  of one  
suppl y conductor,  l i ne  or m id-poin t M .  

Compliance is checked by the tests of the  relevant product standard.  
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8. 1 3  Behaviour of DC-RCDs  in  case  of overcurrent  i n  the  main  circu i t  

DC-RCDs wi thou t i n tegra l  overcurrent  protection  shal l  not operate  under speci fied  cond i tions  
of overcurren ts.  

Compliance is checked by the tests of the  relevant product standard.  

8. 1 4 Behaviour of DC-RCDs  in  the  case  of current  surges  caused  by impulse vol tages  

DC-RCDs shal l  adequatel y wi thstand  the  curren t surges  to  earth  due  to  the  l oad ing  of the  
capaci tances  of the  i nstal l ation  and  the  cu rren t surges  to  earth  due  to  fl ashover i n  the  
i nsta l l ation .  DC-RCDs of the  type  S  shal l  add i ti onal l y show adequate  res istance  against  
unwan ted  tripping  i n  case  of curren t surges  to  earth  due  to  fl ashover i n  the  i nstal lation .  

Compliance is checked by the  tests of the relevant product standard.  

8. 1 5  Void  

8. 1 6  Rel iabi l i ty 

DC-RCDs shal l  operate  re l i ab l y even  after l ong  service,  taking  i n to  accoun t the  ageing  of the ir 
components .  

Compl iance  i s  checked  by the  tests  of the  re levant  product standard .  

8. 1 7  Electromagnetic  compatibi l i ty (EMC)  

DC-RCDs shal l  operate  re l iabl y,  even  in  presence  of el ectromagnetic d istu rbances,  and  shal l  
comply wi th  re levan t EMC requ irements .  

The  operati ng  characteri stics  shal l  not  be  affected  by h i gh  frequency ripple.  

Compl iance  i s  checked  by the  tests  of the  re levant  product standard .  

8. 1 8  Resistance  to  temporary overvol tages  (TOVs)  

DC-RCDs shal l  adequate l y wi thstand  temporary overvol tages  due  to  various  phenomena.  

NOTE  Overvol tages  can  be  caused  by a  fau l t  i n  the  h i gh -vol tage  network;  break of m id -poin t  conductor;  short-
ci rcu i t  between  l i ne  conductor and  m id -poin t  conductor.  

Withstand  va lues  of overvol tage  and  duration  are  g i ven  i n  the  fo l lowing  Table  7 ,  U(L  to  M )  

be ing  the  nom inal  va lue  between  L+  or L-  to  m id -poin t  M .  

Table  7  – Wi thstand  values  and  duration  of temporary overvoltages  

TOV 

Occurrence  Vol tage  Duration  

Between  m id -poin t  M-pole  and  a l l  other poles  2  x U
(L  to  M )

 1  h  

 

Compliance is checked by the  tests of the  relevant product standard.  
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8. 1 9  Performance  of DC-RCDs  at  i nrush  currents  

DC-RCDs shal l  wi thstand  i nrush  curren ts  resu l ti ng  from  the  charg ing  of cable  and  l oad  
capaci tance.  They shal l  have  a  su fficient wi thstand  against unwanted  tri pping  and  a lso  
against contact weld ing .  

Compliance is checked by the  tests of 9. 10. 4.  

9  Preparation  of test clauses  for DC-RCDs product standard  

9. 1  General  

9. 1 . 1  General  test conditions  

Clause  9  defines  the  speci fic ru les  in  order to  prepare  the  test cl auses  of a  DC-RCD product 
standard ,  taking  in to  account the  requ irements  of th is  document.  

Clause  9  i s  not  i n tended  to  be  used  as  a  testing  procedure  for DC-RCDs,  bu t the  tests  shal l  
be  speci fi ed  i n  the  re levant DC-RCD standard ,  accord ing  to  the  requ i remen ts  of th is  
document.  

A testing  procedure  shal l  be  i n troduced  in  the  product standard  for DC-RCDs.  Th is  testi ng  
procedure  shal l  ensure  that  each  requ i rement i ncluded  i n  th is  document i s  fu l fi l led  by the  
DC-RCD.  Techn ical  committees  may provide  add i tional  testi ng .  

The  test procedure  of the  DC-RCD product standard  shal l  speci fy the  fol lowing  i tems,  as  
appl icable:  

– the  ambient and  e lectri ca l  test cond i ti ons  and  tolerances,  accord ing  to  the  standard  
cond i ti ons  for operation  i n  service  (see  Table  5) ;  

– the  cond i tions  of i nsta l lation  of the  DC-RCD  (see  7. 2)  for the  tests ;  

– cross-section ,  type,  l ength  of conductors  to  be  connected  to  the  DC-RCD  for the  tests;  

– ti ghten ing  torque  to  be  appl i ed  to  the  term inals;  

– compl iance  cri teria.  

NOTE  The  i n formation  for i ns trument  measurement i s  avai l able  i n  I ECEE  OD-501 4.  

The test sequences,  number of samples  and  acceptance  cri teria  shal l  be  g i ven  by the  re levant  
product  standard .  

9 . 1 . 2  Test clauses  not  specified  in  th is  document  

The fol lowing  tests  are  not speci fi ed  i n  th is  document,  bu t shal l  be  speci fi ed  i n  the  re levan t 
product  standard :  

– term inals  for external  conductors;  

– re l i ab i l i ty of screws  and  curren t carrying  parts;  

– protection  against e l ectri c shocks;  

– d ie lectric  properties;  

– temperature  rise;  

– res istance  to  mechan ical  shocks;  

– res istance  to  heat;  

– res istance  to  abnormal  heat and  fi re.  
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9.2  Operating  characteristics  

9.2. 1  General  requ irements  for operating  characteristics  tests  

The  test procedure  shal l  define  the  test ci rcu i t for perform ing  operating  characteristics  tests .  
The  i nstruments  for the  measurement of the  res idual  curren t sha l l  d i splay (or a l l ow to  
determ ine)  the  true  RMS  value.  

The  test procedure  for the  DC-RCD  shal l  i nclude  tests  based  on  the  requ irements  of 9 . 2 . 2 ,  
9. 2 . 3 ,  9 . 2 . 4 ,  9. 2 . 5,  9. 2 . 6 ,  9 . 2. 7,  9 . 2 . 8  as  appl icable.  Each  test shal l  be  made wi th  smooth  DC 
res idual  current on  one  pole  on l y,  taken  at random,  wi th  at l east two  measurements ;  the  
polari ty of the  smooth  DC curren t i s  changed  after each  measurement.  

Al l  tests  are  performed  at 1 , 1  Un  and  m in imum  operating  vol tage,  wi th  no  l oad ,  un less  

otherwise  speci fied .  

For DC-RCDs having  mu l tip le  settings  of res idual  operati ng  curren t,  the  tests  shal l  be  made at  
the  l owest setting ,  h i ghest setti ng  and  at  l east at one  in termed iate  setti ng .  

9.2.2  Steady increase of residual  current  

Correct operation  of the  DC-RCD shal l  be  tested  where  the  RCD being  i n  the  closed  pos i ti on ,  
a  res idual  current i s  stead i l y i ncreased ,  starti ng  from  a  value  not h i gher than  0 , 2  IΔn ,  trying  to  
atta in  the  va lue  of IΔn  wi th in  30  s,  and  the  tri pping  curren t sha l l  be  measured .  The  measured  
values  shal l  be  s i tuated  between  IΔno  and  IΔn .  

9.2.3  Closing  on  a  residual  current  

Correct operation  of the  DC-RCD shal l  be  tested  wi th  the  ci rcu i t being  cal i brated  at the  rated  
value  of the  operating  residual  current,  the  DC-RCD being  in  open  pos i ti on ,  and  the  RCD is  
sudden l y closed  on  the  ci rcu i t.  The  measurements  of the  break time shal l  not exceed  the  
value  of Table  2  or Table  3 ,  accord ing  to  the  type  of DC-RCD.  

9.2.4  Sudden  appearance of residual  current  

Correct operation  of the  DC-RCD shal l  be  tested  wi th  the  ci rcu i t  being  ca l i brated  at  each  
va lue  of res idual  current of Table  2  or Table  3  as  appl icable,  the  DC-RCD being  i n  cl osed  
pos i tion ,  and  the  res idual  current i s  sudden ly establ ished .  The  measurements  of the  break 
time shal l  not exceed  the  value  of Table  2  or Table  3 ,  accord ing  to  the  type  of DC-RCD.  

9.2.5  Residual  current h igher than  3  I∆n  

Correct operation  of the  DC-RCD,  accord ing  to  9 . 2. 4 ,  sha l l  be  tested  for va lues  of residual  
curren t h igher than  3  IΔn  and  l ower than  the  rated  res idual  d i rect making  and  breaking  
capaci ty (IΔm ) .  The  values  of res idual  curren t for these  tests  shal l  be  speci fied  i n  the  re levan t 

DC-RCD standard .  

9.2.6  Tests  wi th  load  

Correct operation  of the  DC-RCD shal l  be  tested ,  accord ing  to  9. 2 . 3  and  9. 2. 4 ,  the  DC-RCD 
being  l oaded  wi th  the  rated  curren t.  

9.2.7  Tests  at the  temperature l imits  

Correct operation  of the  DC-RCD,  accord ing  to  9 . 2. 4,  shal l  be  tested  at the  m in imum  ambient  
temperature,  wi th  no  l oad ,  and  then  at the  maximum  ambien t temperature,  the  DC-RCD being  
l oaded  at the  rated  current.  
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9.2.8  Addi tional  test for delay type RCDs  

Correct operation  of de lay type  DC-RCDs shal l  be  tested  accord ing  to  Table  3:  the  DC-RCD  
being  i n  the  closed  posi ti on ,  the  res idual  cu rrent i s  sudden l y establ ished  for periods  
correspond ing  to  the  re levan t m in imum  non-actuating  times.  The  DC-RCD shal l  not tri p  during  
these  tests.  

9.3  Tests  of electrical  endurance  

The test procedure  shal l  be  speci fied  i n  the  re levant product standard  and  shal l  speci fy the  
test ci rcu i t for perform ing  e lectrical  endurance tests.  The  product standard  shal l  i nclude  the  
fol lowing  testing  cond i ti ons:  

– number of e lectrical  operations ;  

– time  constan t accord ing  to  class i fication  4 . 1 5.  

The  tests  shal l  be  performed  at the  rated  curren t and  the  rated  operational  vol tage.  At l east 
25  %  of a l l  e lectrical  operations  shal l  be  performed  by actuating  the  test device  and  a  further 
25  %  (at  l east)  shal l  be  performed  by appl ying  a  res idual  curren t of IΔn  to  any pole.  

The  re levant product  standard  shal l  a lso  speci fy the  acceptance  cri teria  after th is  test.  

9.4  Tests  of behaviour of the  DC-RCD  under short-ci rcu i t  cond itions  

9.4. 1  General  

The test procedure  shal l  define  the  test ci rcu i t  for perform ing  short-ci rcu i ts  tests.  

The  test procedure  for the  DC-RCD shal l  i nclude  the  tests  based  on  the  requ irements  of  
9 . 4. 2  a),  b) ,  c) ,  d ) ,  e) ,  f) ,  g ) ,  as  appl icable.  After the  tests,  the  DC-RCD shal l  be  tested  
accord ing  to  test  procedure  of 9. 4. 3.  

For res idual  curren t devices  wi th  i n tegra l  overcurrent protection ,  the  tests   
9 . 4. 2  a),  c) ,  d ) ,  e) ,  f) ,  g )  need  not be  i n troduced  i n  the  test procedure.  These  tes ts  and  the  
consequent veri fication  are  replaced  by speci fi c short-ci rcu i t  tests  based  on  the  re levan t 
ci rcu i t-breaker s tandard .  

The  test procedure  of the  DC-RCD product standard  shal l  speci fy the  fol lowing  i tems,  as  
appl icable:  

– test ci rcu i t;  

– m in imum  I2t  and  lp  val ues  of the  SCPD to  be  associated  wi th  the  DC-RCD for coord ination  
tests  accord ing  to  9 . 4 . 2  c),  d )  and  e) ;  

– time constan t accord ing  to  cl assi fication  4 . 1 5;  

– power recovery vol tage;  

– to lerances  on  test quan ti ties:  current,  time  constan t,  vol tage;  

– the  coord ination  tests  9. 4. 2  c),  d )  and  e)  sha l l  be  performed  wi th  an  SCPD as  declared  by 
the  manufactu rer.  

9.4.2  Short-circu i t  tests  

The recommended  d iagram  for short-ci rcu i t tests  i s  g i ven  in  Annex A.  

a)  Test of veri fication  of the  rated  making  and  breaking  capaci ty (Im )  

Th is  test i s  i n tended  to  veri fy the  abi l i ty of the  DC-RCD to  make,  to  carry for a  speci fi ed  time,  
and  to  break short-ci rcu i t  currents ,  wh i l e  a  res idual  current  causes  the  DC-RCD to  operate.  
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The  DC-RCD is  tested  wi th  a  current of Im  i n  a  ci rcu i t accord ing  to  the  general  test cond i ti ons  

speci fied  i n  9 . 4 . 1 ,  no  SCPD  being  i nserted  i n  the  ci rcu i t.  

With  a  res idual  operati ng  curren t equal  to  1 0  IΔn ,  the  fol lowing  sequence of operation  i s  

performed:  

CO – t – CO – t – CO 

b)  Test of veri fication  of the  rated  res idual  d i rect  making  and  breaking  capaci ty (IΔm )  

Th is  test i s  i n tended  to  veri fy the  abi l i ty of the  DC-RCD to  make,  to  carry for a  specified  time,  
and  to  break a  res idual  short-ci rcu i t current.  

The  DC-RCD is  tested  accord ing  to  the  general  test  cond i tions  speci fi ed  i n  9 . 4. 1 ,  no  SCPD 
being  i nserted  i n  the  ci rcu i t,  bu t connected  i n  such  a  manner that the  short-ci rcu i t  current  i s  a  
res idual  curren t.  

The  cu rrent  paths  wh ich  do  not  have  to  carry the  res idual  short-ci rcu i t curren t are  connected  
to  the  supply vol tage  at  the ir l i ne  term inals .  

The  fol l owing  sequence of operations  i s  performed:  

O  – t – CO  – t – CO  

c)  Test of veri fication  of the  coord ination  between  the  DC-RCD and  the  SCPD at the  rated  
cond i ti onal  short-ci rcu i t curren t (Inc)  

Th is  test i s  i n tended  to  veri fy that the  DC-RCD,  protected  by the  SCPD,  i s  able  to  wi thstand ,  
wi thout damage,  the  rated  cond i tional  short-ci rcu i t curren t.  The  test  i s  made wi thou t 
establ ish ing  any res idual  curren t.  

The  short-ci rcu i t curren t i s  i n terrupted  by the  association  of the  DC-RCD and  the  SCPD.  The  
fol lowing  sequence of operations  is  performed:  

O – t – CO 

d )  Test of veri fication  of the  coord ination  at  the  rated  making  and  breaking  capaci ty (Im )  

Th is  test i s  i n tended  to  check that at short-ci rcu i t curren ts  of a  value  correspond ing  to  the  
rated  making  and  breaking  capaci ty Im ,  the  SCPD operates  and  protects  the  DC-RCD.  The  

test i s  made  wi thout  establ ish ing  any res idual  curren t.  

The  short-ci rcu i t curren t i s  i n terrupted  by the  association  of the  DC-RCD and  the  SCPD.  The  
fol l owing  sequence of operations  is  performed:  

 O  – t – CO  – t – CO  

e)  Test of veri fication  of the  coord ination  at rated  cond i tional  res idual  short-ci rcu i t  current 
(IΔc)  

Th is  test i s  i n tended  to  check that i n  the  case  of phase-to-earth  short-ci rcu i ts  wi th  currents  up  
to  the  va lue  of the  rated  cond i ti onal  res idual  short-ci rcu i t  cu rren t IΔc,  the  DC-RCD is  able  to  

wi thstand  the  correspond ing  stresses.  

The  short-ci rcu i t  curren t i s  i n terrupted  by the  association  of the  DC-RCD and  the  SCPD.  The  
DC-RCD shal l  be  tested  i n  such  a  manner that the  short-ci rcu i t  current i s  a  res idual  curren t.  

The  fol l owing  sequence of operations  i s  performed:  
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 O  – t – CO  – t – CO  

f)  Test of veri fication  of behaviour i n  I T  systems  

Th is  test i s  appl icable  for DC-RCDs i n tended  to  be  used  i n  I T  systems.  The  test i s  performed  
i n  the  fol l owing  cond i ti ons:  

– at  a  vo l tage  1 05  %  of the  rated  L+  to  L-  vol tage  for the  poles  i n tended  to  be  connected  to  
the  l i ne  conductors  and  at a  vol tage  of 1 05  %  of l ine  to  m idpoin t vol tage  for the  pole  
marked  M  i f any;  

– at  a  curren t of 500  A or 1 0  I n  wh ichever i s  the  g reater.  

Each  pole  is  subjected  ind ividual l y to  a  test.  

The  test sequence  i s:  

O  – t – CO  

g)  Veri fication  of smal l  DC  curren ts  

The  DC-RCD cond i tion  and  method  of i nsta l l ation  shal l  be  as  specifi ed  i n  9. 4 . 1 ,  bu t wi th  a  
time constan t of 2  ms.  

The  test shal l  be  made at the  maximum  operational  DC vol tage  ass igned  by the  manufacturer 
to  the  DC-RCD.  

The  DC-RCD is  cl osed  three  times  for each  of the  test curren ts  l i s ted  be low.  During  the  test,  
the  operating  means  are  operated  as  i n  normal  use.  I f the  DC-RCD does  not open ,  i t  wi l l  be  
opened  manual l y.  

Test curren ts:  1  A,  2  A,  4  A,  8  A,  1 6  A,  32  A,  63  A,  1 50  A.  

The  time i n terval  between  the  ind ividual  operating  cycles  CO shal l  be  at l east 1 0  s,  and  the  
closing  time shal l  not exceed  2  s .  The  time i n terval  between  the  tests  for d i fferent currents  
shal l  be  at l east 2  m in .  

During  the  test,  the  time requ i red  for the  arc to  be  extingu ished  shal l  not  exceed  1  s .  

9.4.3  Behaviour of the  DC-RCD during  and  after the  tests  

During  these  tests ,  i t  shal l  be  veri fied  that the  i nd icati ng  means  show the  open  pos i ti on  when  
the  con tacts  are  i n  the  open  pos i ti on  and  show the  closed  pos i tion  when  the  con tacts  are  i n  
the  closed  posi ti on .  

After each  of the  tests  appl icable,  carried  ou t i n  accordance wi th  9 . 4. 2  a) ,  b) ,  c) ,  d ) ,  e) ,  f)  and  
g ),  the  DC-RCD shal l  show no  damage impairing  i ts  further use  and  shal l  be  capable,  wi thout 
main tenance,  of wi thstand ing  the  fol lowing  tests :  

– l eakage  current across  open  contacts,  not  h i gher than  2  mA at  1 , 1  times  the  rated  vol tage;  

– d ie lectric s trength  tests  after the  short-ci rcu i t  test at  a  vol tage  at l east equal  to  twice  the  
rated  vol tage,  for 1  m in ;  

– making  and  breaking  i ts  rated  curren t at  i ts  rated  vol tage.  

Under the  test cond i ti ons  of 9. 2. 4,  the  DC-RCD shal l  trip  wi th  a  test curren t of 1 , 25  IΔn .  One  

test on l y i s  made  on  one  pole  taken  at random ,  wi thou t measurement of break time.  
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9.5  Test of the  trip-free  mechanism  

A test procedure  shal l  be  i n troduced  i n  the  re levant DC-RCD standard  i n  order to  veri fy the  
tri p-free  mechan ism .  The  test procedure  shal l  veri fy that when  the  operating  means  are  held  
i n  the  closed  pos i tion ,  the  DC-RCD trips  when  a  res idual  current i s  appl ied .  Th is  test i s  
performed  wi th  a  res idual  current  greater than  IΔn .  

9.6  Verification  of the  operation  of the  test  device  

A test procedure  shal l  be  i n troduced  in  the  re levant DC-RCD standard  covering  at l east the  
fol lowing :  

a)  the  DC-RCD being  suppl ied  wi th  a  vol tage  equal  to  0 , 85  times  the  rated  vol tage,  the  test 
device  i s  momentari l y actuated  25  times  at i n tervals  of 5  s ,  the  DC-RCD  being  reclosed  
before  each  operation ;  

b)  test a)  i s  then  repeated  at 1 , 1  t imes  the  rated  vol tage;  

c)  test b)  i s  then  repeated ,  bu t on l y once,  the  operati ng  means  of the  test device  be ing  he ld  
i n  the  closed  pos i ti on  for 30  s.  

I n  case  of DC-RCDs wi th  un identi fied  l i ne  and  l oad  term inals ,  the  suppl y shal l  be  connected  
to  each  set of term inals  i n  tu rn  or a l ternativel y to  both  sets  of term inals  s imu l taneously.  For 
each  test,  the  DC-RCD  shal l  operate.  After the  test,  the  sample  shal l  show no  change  
impairing  i ts  further use.  

I t  shal l  be  veri fi ed  that the  s imu lated  test current  does  not exceed  the  equ ivalent of 2 , 5  times  
the  residual  curren t I∆n  th rough  one  of the  poles  of the  DC-RCD.  For example,  the  res istance  

of the  ci rcu i t  of the  test device  may be  measured  and  the  test current ca lcu lated ,  taking  i n to  
account the  configuration  of the  ci rcu i t  of the  test device.  

9.7  Test of behaviour of DC-RCDs  in  case of current surges  caused  by impulse  
vol tages  

9.7. 1  Current  surge  test  for al l  DC-RCDs (0 ,5  μs/1 00  kHz  ring  wave  test)  

A test procedure  shal l  be  i n troduced  in  the  re levant DC-RCD standard  covering  at l east the  
fol lowing .  

The  DC-RCD is  tested  us ing  a  surge  generator capable  of del i vering  a  damped  osci l l ator 
curren t wave as  shown  i n  F igure  1 .  One  pole  of the  DC-RCD,  chosen  at random ,  shal l  be  
subm itted  to  1 0  appl ications  of the  surge  curren t.  The  polari ty of the  su rge  wave shal l  be  
i nverted  after every two  appl ications.  The  i n terval  between  two consecu tive  appl ications  shal l  
be  about  30  s .  

The  current impu lse  flowing  through  the  DC-RCD shal l  be  measured  by appropriate  means  to  
meet the  fol lowing  requ i rements:  

– peak va lue:  200  A wi th  a  to lerance of 0  %  +  1 0  %;  

– vi rtual  fron t time:  0 , 5  μs  ±  30  % ;  

– period  of the  fo l l owing  osci l latory wave:  1 0  μs  ±  20  % .  

During  the  tests,  when  suppl ied  wi th  rated  vol tage,  the  DC-RCD shal l  not  trip.  Techn ical  
comm ittees  shal l  define  the  appropriate  operati ng  characteristics  tests  to  be  performed  after 
the  ri ng-wave  test.  

9.7.2  Veri fication  of behaviour wi th  surge currents  (8/20  μs  surge  current  test)  

For DC-RCDs,  techn ical  committees  shal l  i nclude  the  fol lowing  test.  The  DC-RCD is  tested  
us ing  a  curren t generator capable  of del i vering  a  damped  surge  cu rren t 8/20  μs  accord ing  to  
I EC 60060-1  and  I EC 60060-2.  
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One pole  of the  DC-RCD  chosen  at random  shal l  be  subm i tted  to  1 0  appl ications  of the  surge  
curren t.  The  polari ty of the  surge  cu rren t wave shal l  be  i nverted  after every two appl ications.  

The  i n terval  between  two  consecu tive  appl ications  shal l  be  about 30  s .  

The  current impu lse  fl owing  through  the  DC-RCD shal l  be  measured  by appropriate  means  to  
meet the  fol l owing  requ irements :  

– peak value:  350  A 0  %  +  1 0  %,  wi th  no  tri pping ,  and  3  000  A 0  %  +  1 0  %,  wi th  tri pping  
a l l owed ;  

– vi rtual  fron t time:  8  μs  ±  20  % ;  

– vi rtua l  time  to  ha l f va lue:  20  μs  ±  20  % ;  

– peak of reverse  curren t:  l ess  than  30  %  of peak value.  

After the  surge  current tests ,  the  correct operation  of the  DC-RCD is  veri fi ed  by a  test 
accord ing  to  9 . 2 . 4,  at IΔn  on l y,  wi th  the  measurement of the  break time.  

9.8  Tests  of rel i abi l i ty 

9.8. 1  Cl imatic  test  

A test procedure  shal l  be  i n troduced  in  the  re levant DC-RCD standard  covering  at l east the  
fol l owing  requ irements .  

The  test i s  carried  ou t accord ing  to  I EC 60068-2-30,  taking  i n to  account I EC 60068-3-4.  

The  chamber shal l  be  constructed  as  stated  i n  C lause  4  of I EC  60068-2-30: 2005.  Condensed  
water shal l  be  conti nuousl y d rained  from  the  chamber and  not used  again  unti l  i t  has  been  re-
puri fied .  

On l y d isti l l ed  water having  res isti vi ty of not l ess  than  500  Ω and  a  pH  va lue  of 7, 0  ±  0 , 2  shal l  
be  used  for the  main tenance  of chamber hum id i ty.  

The  upper temperature  shal l  be  55  °C  ±  2  °C  (varian t 1  accord ing  to  I EC 60068-2-30)  and  the  
number of cycles  shal l  be  28.  

During  the  test,  the  DC-RCD  shal l  be  suppl ied  wi th  rated  vol tage.  

At  the  end  of the  cycles ,  the  DC-RCD shal l  be  capable  of complying  wi th  the  tests  of 9. 2. 4 ,  
bu t wi th  a  res idual  operati ng  current of 1 , 25  IΔn  and  wi thou t measurement of break time.  

9.8.2  Test wi th  temperature of 40  °C  

For standards  covering  DC-RCDs for household  and  s im i lar appl ications,  a  test procedure  
shal l  be  i n troduced  in  the  re levant DC-RCD  standard  covering  at l east the  fo l l owing  
requ irements .  

The  DC-RCD  is  mounted  as  for normal  use  on  a  du l l  b lack pain ted  p l ywood  board ,  about  
20  mm  th ick.  

The  assembly is  p l aced  i n  a  heating  cabinet.  

The  DC-RCD is  l oaded  wi th  a  current equal  to  the  rated  curren t at any conven ient vol tage  and  
is  subj ected ,  at  a  temperature  of 40  °C  ±  2  °C,  to  28  cycles ,  each  cycle  compris ing  21  h  wi th  
curren t pass ing  and  3  h  wi thout curren t and  wi thout suppl y vol tage.  The  cu rrent i s  i n terrupted  
by an  auxi l i ary swi tch ,  the  DC-RCD not  being  operated .  
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At  the  end  of the  last period  of 21  h  wi th  current pass ing ,  a  temperature  rise  test of term inals  
shal l  be  requ ired  by the  product s tandard .  

After th is  test,  the  DC-RCD in  the  cabinet  i s  a l lowed  to  cool  down  to  approximatel y room  
temperature  wi thou t curren t pass ing .  

The  DC-RCD shal l  be  capable  of complying  wi th  the  tests  of 9 . 2. 4,  bu t wi th  a  res idual  
operating  curren t of 1 , 25  IΔn  and  wi thou t measurement of break time.  

9.9  Verification  of ageing  of e lectron ic components  

The DC-RCD is  p laced  for a  period  of 1 68  h  in  an  ambien t temperature  of 40  °C  ±  2  °C  and  
l oaded  wi th  the  rated  curren t.  The  vol tage  on  the  e lectron ic parts  shal l  be  1 , 1  t imes  the  rated  
vol tage.  

After th is  test,  the  DC-RCD i n  the  cabinet i s  a l lowed  to  cool  down  to  approximatel y room  
temperature  wi thou t curren t passing .  The  e lectron ic parts  shal l  show no  damage.  

Under the  cond i ti ons  of tests  speci fied  i n  9 . 2 . 4 ,  the  DC-RCD  shal l  tri p  wi th  a  test curren t of 
1 , 25  I∆n .  One  test on l y i s  made  on  one  pole  taken  at random  wi thout measurement of break 

time.  

An  example  of the  test ci rcu i t  for th is  veri fication  i s  g iven  in  F igure  4 .  

9. 1 0  Tests  of e lectromagnetic compatibi l i ty (EMC)  

9. 1 0. 1  General  

Techn ical  committees  shal l  i n troduce EMC tests  based  on  the  i n tended  use  of the  DC-RCD  
and  on  the  poss ib le  environmental  i n fl uences  that may affect the  correct operation  of the  
DC-RCD.  

When  drafting  s tandards,  techn ical  comm ittees  shal l  at l east cons ider the  requ i rements  of the  
fol lowing  I EC generic s tandards:  

I EC 61 000-6-1 ,  Electromagnetic compatibility (EMC)  – Part 6-1 :  Generic standards –  
Immunity for residential,  commercial and light-industrial environments 

I EC 61 000-6-2 ,  Electromagnetic compatibility (EMC)  – Part 6-2: Generic standards – 
Immunity standard for industrial environments  

I EC  61 000-6-3,  Electromagnetic compatibility (EMC)  – Part 6-3: Generic standards –  
Emission standard for residential,  commercial and light-industrial environments 

I EC 61 000-6-4 ,  Electromagnetic compatibility (EMC)  – Part 6-4: Generic standards –  
Emission standard for industrial environments  

Test levels  and  acceptance  cri teria  sha l l  be  defined  by the  techn ica l  committees  taking  in to  
account that DC-RCDs are  used  to  protect people  against e lectric shock.  H igher test l evels  
than  those  speci fied  i n  the  generic s tandards  may be  appropriate.  
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9. 1 0.2  General  requ irements  

For DC-RCDs,  techn ical  comm ittees  shal l  i n troduce EMC tests  accord ing  to   
I EC 61 543  (see  Table  8).  

– Cri teria  C1  

During  the  test making  reference to  these  performance cri teria,  the  DC-RCD shal l  remain  
closed  at a  conti nuousl y appl ied  res idual  current  of 0 , 3  I∆n ,  and  shal l  tri p  at 1 , 25  I∆n .  

– Cri teria  C2  

During  the  test making  reference to  these  performance  cri teria,  the  DC-RCD shal l  not tri p .  
After the  test,  compl iance  wi th  9. 2 . 4  at I∆n  on l y shal l  be  checked .  

– Criteria  C3  

During  the  test making  reference  to  these performance cri teria ,  the  DC-RCD may trip .  After 
the  test,  compl iance  wi th  9. 2 . 4  at I∆n  on l y sha l l  be  checked .  
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Table  8  – List of electromagnetic phenomena covered  by IEC  61 543  

Reference to  Tabl es  1 ,  2 ,  
3 ,  4,  5  and  6  of 
IEC  61 543: 1 995,  

IEC  61 543: 1 995/AMD1 : 2004 
and  

IEC  61 543: 1 995/AMD2: 2005  

E lectromagneti c  phenomena  Appl icabi l i ty of IEC  61 543  

T1 . 1  Harmon ics ,  i n terharmon ics  Appl i cab le   

T1 . 2  S ignal l i ng  vo l tage  Appl i cab le  

T1 . 3  Vol tage  ampl i tude  variati ons   
To  be  covered  by DC-RCDs  product  
s tandard  

T1 . 4  Vol tage  unbal ance   
To  be  covered  by DC-RCDs  product  
s tandard  

T1 . 5  Power-frequency variati ons   Not  appl i cable  

T1 . 8  Magneti c  fi e l ds   
To  be  covered  by DC-RCDs  product  
s tandard  

T2. 1  Conducted  s i ne-wave  form  vol tages  or 
cu rrents  

Appl i cab le  wi th  speci fi c  performance  
cri teri a:  

C1  

The  test  l evel  shal l  be  3  V accord ing  
to  I EC 61 000-4-6.  

T2. 2  Fast  transien ts  (bu rst)  – Common  mode  Appl i cable  wi th  speci fi c  performance  
cri teri a:  

C2   

The  test  l evel  4  shal l  be  accord ing  to  
I EC 61 000-4-4.  

T2 . 3a  Surges   Appl i cab le  wi th  speci fi c  performance  
cri teri a:  

C2  o r C3  
 

The  test  l evel  shal l  be  5  kV /  1 2  Ω 
(peak)  for common  mode  and  the  test  
l evel  shal l  be  4  kV/2  Ω (peak)  for 
d i fferentia l  mode  accord ing  to  
I EC 61 000-4-5  

T2. 3b  

Surges  Appl i cable  wi th  speci fi c  performance  
cri teri a:  

C2  

The  test  l evel  shal l  be  4  kV/1 2  Ω 
(peak)  for common  mode  and  the  test  
l evel  shal l  be  2  kV/2  Ω (peak)  for 
d i fferentia l  mode  accord ing  to  
I EC 61 000-4-5  

T2. 4  
Curren t osci l l atory trans ien ts  ( ri ng  
wave)  

To  be  covered  by DC-RCDs  product 
standard  

T2. 5  Rad i ated  e l ectromagneti c  fi e l d  Appl i cab le  wi th  speci fi c  performance  
cri teri a:  

C1  

The  test  l evel  shal l  be  3  V/m  
accord i ng  to  I EC 61 000-4-3  

T2. 6  Conducted  common  mode  d i sturbances  
i n  the  frequency range  l ower than  
1 50  kHz 

Appl i cab le  wi th  speci fi c  performance  
cri teri a:  

C1  

The  test  l evel  3  shal l  be  accord i ng  to  
I EC 61 000-4-1 6.  
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Reference to  Tabl es  1 ,  2 ,  
3 ,  4,  5  and  6  of 
IEC  61 543: 1 995,  

IEC  61 543: 1 995/AMD1 : 2004 
and  

IEC  61 543: 1 995/AMD2: 2005  

E lectromagneti c  phenomena  Appl icabi l i ty of IEC  61 543  

T3. 1  E lectrostati c  d i scharges  Appl i cab le  wi th  speci fi c  performance  
cri teri a:  

C3  

The  test  l evel  3  shal l  be  accord ing  to  
I EC 61 000-4-2 .  

 

9. 1 0.3  Specific  requ irements  on  ripple  immuni ty 

I EC 61 000-4-1 7  ripp le  on  DC i npu t power port  immun i ty test:  the  test l evel  3  shal l  be  
accord ing  to  I EC  61 000-4-1 7  wi th  performance  cri teria  C1 .  

9. 1 0.4  Veri fication  of behaviour during  inrush  currents  

The DC-RCD shal l  be  tested  wi th  a  downstream  ci rcu i t s imu lati ng  in rush  cu rrents  i n  a  rea l  DC  
appl ication .  

The  downstream  ci rcu i t  i s  shown  i n  F igure  3.  

One  pole  of the  DC-RCD  chosen  at random  shal l  be  subm itted  to  1 0  appl ications  of the  i nrush  
curren t.  The  polari ty of the  in rush  curren t wave shal l  be  i nverted  after every 2  appl ications.  
The  in terval  between  2  consecutive  appl ications  shal l  be  about 30  s ,  whereas  a lways  after 
1 5  s  the  current  i s  swi tched  OFF.  

The  peak value  of the  prospective  i nrush  curren t shal l  be  ad justed  to  350  A (-0  %,  +1 0  %)  and  
the  l oad  current in  the  steady state  shal l  be  the  rated  current  In .  

During  the  tests,  the  DC-RCD shal l  not  tri p .  
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Care  has  to  be  taken  that  the  osci l l ati ng  wave  i s  guaran teed  a t  l east  up  to  the  5 th  fu l l  period  (50  µs).  

Figure 1  – Damped  osci l lator current wave  0,5  µs/1 00  kHz  

  

IEC  
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 a)  b)  

Rated  operational  vol tage  of the  DC-RCD  200  V  400  V  

Maximum  vol tage  between  l i nes  200  V  400  V  

Maximum  vol tage  between  l i ne  and  earth  200  V  200  V  

DC-RCD  s i ng le-pole  wi th  
two  curren t paths  

two-pol e  

Ci rcu i t   

+

–

L+ L-

 
IEC 

 

 

+

- +

–

L+ L–M

or

PEM

 
IEC 

 

Figures  2  a)  and  b)  – Examples  of i nstal l ations  wi th  DC-RCDs  
in  d i fferent DC  suppl y systems  

 c)  d )  

Rated  operational  vol tage  of the  DC-RCD  400  V 400  V  

Maximum  vol tage  between  l i nes   400  V  400  V  

Maximum  vol tage  between  l i ne  and  earth   200  V  200  V  

DC-RCD  two-pol e  wi th  
three  cu rren t 
paths  

th ree-pol e  

Ci rcu i t   

+

- +

-

L+ L- M
 

IEC 
 

 

+

- +

-

L+ L- M
 

IEC 
 

Figures  2  c)  and  d )  – Examples  of i nstal l ations  wi th  DC-RCDs  
i n  d i fferent DC  suppl y systems  

Figure 2  – Examples  of instal l ation  
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Figure 3  – Downstream  ci rcu i t  for s imu lating  inrush  currents  

 

Figure  4 – Example of test  ci rcu i t  for veri fication  
of ageing  of electron ic components  

 

IEC  

Current  

 l im i ter ≤  3  Ω  

 

IN  

Load  
res i stor  600  µF  6  µF  

200  V to  400  V  

suppl y vol tage  

 DC-RCD  

IEC  
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Annex A 
(informative)  

 
Recommended  diagram for short-circui t tests  

Figure  A. 1 and  F igure  A. 2  g ive  d iagrams  of the  ci rcu i ts  to  be  used  for the  short-ci rcu i t  tests  
concern ing :  

– a  s i ng le-pole  DC-RCD  wi th  two  curren t paths;  

– a  two-pole  DC-RCD (wi th  one  or two  current paths);  

– a  two-pole  DC-RCD (wi th  th ree  current paths) ;  

– a  three-pole  DC-RCD.  

The  resistances  and  reactances  of the  impedances  Z and  Z1  (F i gure  A. 2)  shal l  be  ad j ustable  

to  satisfy the  speci fi ed  test  cond i tions.  The  reactors  shal l  preferabl y be  a i r-cored ;  they shal l  
a lways  be  connected  in  series  wi th  the  resistors  and  the ir value  shal l  be  obtained  by series  
coupl ing  of i nd ividual  reactors;  paral l e l  connecting  of reactors  is  perm i tted  when  these  
reactors  have  practical l y the  same time-constan t.  

S ince  the  trans ien t recovery vol tage  characteristics  of test ci rcu i ts ,  i ncl ud ing  l arge  a i r-cored  
reactors,  are  not representati ve  of normal  service  cond i tions,  the  a i r-cored  reactor in  any 
phase  shal l  be  shunted  by a  res istor r taking  approximatel y 0, 6  %  of the  current through  the  
reactor.  

I f i ron -core  reactors  are  used ,  the  i ron-core  power l osses  of these  reactors  shal l  not exceed  
the  losses  that wou ld  be  absorbed  by the  res istors  connected  i n  para l l e l  wi th  the  a i r-cored  
reactors.  

I n  each  test ci rcu i t  for testi ng  the  rated  short-ci rcu i t capaci ty,  the  impedances  Z are  i nserted  

between  the  suppl y source  S  and  the  device  under test.  

When  tests  are  made wi th  current l ess  than  the  rated  short-ci rcu i t  capaci ty,  the  add i ti onal  
impedances  Z1  sha l l  be  i nserted  on  the  l oad  s i de  of the  ci rcu i t-breaker.  

A resistor R2  of abou t  0 , 5  Ω is  connected  in  series  wi th  a  copper wi re  F  as  shown   
i n  F i gu re  A. 1 .  

S ing le-pole  DC-RCDs are  tested  in  a  ci rcu i t  the  d iagram  of wh ich  i s  shown  i n  F igu re  A. 1 .  

Two-pole  DC-RCDs are  tested  i n  a  ci rcu i t,  the  d iagram  of wh ich  is  shown  i n  F igure  A. 1 ,  both  
poles  be ing  i n  the  ci rcu i t  i rrespective  of the  number of curren t paths.  

Three-pole  DC-RCDs are  tested  i n  a  ci rcu i t  the  d iagrams of wh ich  are  shown  i n  F igure  A. 1 .  

The  grid  ci rcu i t sha l l  be  connected  to  the  poin ts  B  and  C  (see  F igure  A. 1 ) .  
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Key  

M  =  M idpoi n t  conductor 

S  =  Suppl y (depend ing  on  the  number of cu rrent  paths  of the  devi ce  under test)  

Z  =  Ad justabl e  impedances  

Z
1
 =  Ad justabl e  impedance  to  ad just  the  curren t below the  rated  short-ci rcu i t  cu rrent   

P  =  Short-ci rcu i t  protecti ve  device  (SCPD).  I t  may be  connected  anywhere  i n  the  phase  
ci rcu i t  upstream  of the  device  under test  

D  =  Device  under test  

frame =  Al l  conducti ve  parts  normal l y earthed  i n  service  

G
1
 =  Temporary connecti on (s)  for cal i bration  

G
2
 =  Connection(s)  for the  test  wi th  rated  cond i ti onal  short-ci rcu i t  cu rren t  

T  =  Device  making  the  short-ci rcu i t .  I t  may be  connected  anywhere  i n  the  phase  ci rcu i t.  

I
1
,  I

2
  =  Curren t sensor(s).  They may be  pl aced  before  or after the  device  under test  "D"  

U
r1
 =  Vol tage  sensor(s)  

F  =  Device  for the  detection  of a  fau l t  cu rren t  

R
1
 =  Resistor to  d raw a  cu rren t of 1 0  A per phase  on  request of the  manufacturer 

R
2
 =  Resistor l im i ti ng  the  curren t i n  the  device  F  

R
3
 =  Ad justabl e  res i stor for the  cal i brati on  of I

Δ   

S
1
 =  Auxi l i ary swi tch  

B  and  C   =  Poin ts  of connections  of the  g ri d (s)  

NOTE  1  The  cl os ing  device  T  can  a l ternati ve ly be  s i tuated  between  the  l oad  s i de  term inal s  of the  device  u nder 
test  and  cu rrent  sensors  I

1
,  I

2
,  as  appl i cabl e.  

NOTE  2  The  vol tage  sensors  U
r1
 can ,  a l ternati vel y,  be  connected  between  phase  and  M .  

Figure A. 1  – Diagram  for al l  the  short-ci rcu i t  tests  

IEC  
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Key 

r =  Res istor(s)  taking  approximately 0 , 6  %  of the  cu rren t  

L  =  Ad justabl e  a i r cored  i nductance(s)  

R =  Ad justabl e  res i stor  

NOTE  The  ad justab le  l oads  L,  R and  r can  be  l ocated  at  the  h i gh -vol tage  s i de  of the  suppl y ci rcu i t,  i f 
appl i cabl e.  

Figure A.2  – Detai l  of impedance Z or Z1  

 

  

IEC  
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