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co n t ro l l ed  s park  d u rat i o n  l i m i tat i o n  
 

FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn i cal  Commiss i on  ( I EC)  i s  a  worl dwide  o rgan i zati on  fo r  s tandard i zati on  compri s i ng  
al l  nati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  o f  I EC  i s  to  promote  
i n ternati onal  co-operati on  on  al l  questi ons  concern i ng  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron ic  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards ,  Techn i cal  Speci fi cati ons ,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu i des  (hereafter  re ferred  to  as  “ I EC  
Publ i cati on (s) ”) .  The i r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subject  deal t  wi th  may part i ci pate  i n  th i s  preparatory  work.  I n ternati onal ,  governmen tal  and  non -
governmen tal  organ i zat i ons  l i ai s i ng  wi th  the  I EC  al so  parti c i pate  i n  th i s  preparati on .  I EC  co l l aborates  cl ose l y  
wi th  the  I n ternat i onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by  
ag reement  between  the  two  organ i zati ons .  

2 )  The  formal  deci s i ons  or  ag reemen ts  o f  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss ibl e,  an  i n ternat i onal  
consensus  o f  opi n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  from  al l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  al l  reasonable  e fforts  are  made  to  ensu re  that  the  techn i cal  con ten t  of  I EC  
Publ i cati ons  i s  accu rate ,  I EC  cannot  be  hel d  responsi bl e  for  the  way i n  wh i ch  they are  used  or  for  any 
m i s i n terpretati on  by  any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y  I EC  Publ i cati ons  
transparen tl y  to  the  maximum  exten t  poss i bl e  i n  the i r  nat i onal  and  reg i onal  publ i cati ons .  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cati on  shal l  be  cl earl y  i nd i cated  i n  
the  l atter.  

5 )  I EC  i tsel f  does  not  provi de  any attestat i on  o f  con form i ty.  I ndependen t  cert i f i cati on  bod ies  provi de  con form i ty  
assessmen t  servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC  i s  no t  responsi bl e  for  any  
servi ces  carri ed  ou t  by i ndependen t  certi f i cati on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  o f  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servan ts  or  agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
members  o f  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Commi ttees  for  any personal  i n j u ry,  property  damage  or  
o ther  damage  o f  any natu re  whatsoever,  whether  d i rect  or  i nd i rect ,  o r  for  costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  o f  the  publ i cati on ,  u se  o f,  o r  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any o ther  I EC  
Publ i cati ons .   

8 )  Atten t i on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  Use  o f  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cati on  o f  th i s  publ i cati on .  

9 )  Atten t i on  i s  d rawn  to  the  poss ib i l i ty  that  some  of  the  e l emen ts  o f  th i s  I EC  Publ i cati on  may be  the  subj ect  o f  
paten t  r i gh ts .  I EC  shal l  no t  be  he l d  responsi bl e  for  i den ti fyi ng  any or  a l l  such  paten t  ri gh ts .  

The  main  task of  I EC  techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ i cation  of  a  techn ical  
speci fi cation  when  

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

•  the  subject  i s  s ti l l  under techn ical  development or  where,  for any other reason ,  there  i s  the  
fu tu re  bu t  no  immed iate  possibi l i ty  o f  an  agreement  on  an  I n ternational  Standard .  

Techn ical  speci fi cations  are  subject  to  review wi th in  th ree  years  of  publ i cation  to  decide  
whether they can  be  transformed  i n to  I n ternational  Standards.   

I EC  TS  60079-39,  wh ich  i s  a  techn ical  speci fi cation ,  has  been  prepared  by subcommi ttee  
31 G:  I n tri nsical l y  safe  apparatus,  o f  I EC  techn ical  commi ttee  31 :  Equ ipment  for  explosive  
atmospheres.  
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The  text  of  th i s  techn ical  speci fi cation  i s  based  on  the  fo l lowing  documents:  

Enqu i ry  d raft  Report  on  vo ti ng  

31 G/236A/DTS  31 G/242/RVC 

 
Fu l l  i n formation  on  the  voti ng  for  the  approval  of  th i s  techn ical  speci fi cation  can  be  found  i n  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

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

A l i s t  o f  al l  parts  i n  the  IEC  60079  series,  publ i shed  under the  general  t i t le  Explosive 
atmospheres,  can  be  found  on  the  IEC  websi te.  

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

•  transformed  i n to  an  I n ternational  s tandard ,  

•  recon fi rmed,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended .  

 

A bi l i ngual  version  of  th is  publ i cation  may be  i ssued  at  a  l ater  date.  

 

IMPORTANT – Th e  ' co l o u r  i n s i d e'  l o g o  o n  t h e  co ver  pag e  o f  t h i s  p u b l i cat i o n  i n d i cates  
t h at  i t  c o n tai n s  co l o u rs  wh i ch  are  con s i d ered  t o  b e  u sefu l  f o r  t h e  co r rec t  
u n d ers tan d i n g  o f  i t s  co n ten ts .  Users  s h o u l d  t h erefo re  p r i n t  t h i s  d o cumen t  u s i n g  a  
co l o u r  p r i n ter .  
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INTRODUCTION  

Th is  part  o f  I EC  60079,  wh ich  i s  a  Techn ical  Speci fi cation ,  i s  being  i ssued  as  a  “prospecti ve  
standard  for provis ional  appl i cation”  i n  the  fi e ld  of  Explosive Atmospheres – Intrinsically safe 
systems with electronically controlled spark duration limitation  because  there  i s  an  u rgen t  
need  for  gu idance  on  how standards  i n  th i s  f i e ld  shou ld  be  used  to  meet  an  i den ti f ied  need.  

I n tri ns ical l y  safe  systems  wi th  e lectron ical l y  con trol led  spark duration  can  provide  more  power 
avai lable  i n  i n trins ical l y  safe  ci rcu i ts  wh i l e  main tain ing  the  level  o f  protection  “ i b”  or  “ i c” .  I n  
add i ti on  to  l im i ting  the  vo l tage  and  cu rren t  (s im i lar to  conventional  i n tri ns ical l y  safe  ci rcu i ts) ,  
the  duration  of  the  spark i s  l im i ted ,  wh ich  also  restricts  the  amoun t  of  energy avai lable  for 
i gn i t ion .  

The  general  requ i rements  for  the  i nstal lation  of  I S  equ ipment  are  appl i cable  to  Power- i  
c i rcu i ts .  

Th is  new technology al lows  an  expansion  i n  the  f ie ld  of  i ndustrial  appl i cations  usi ng  the  type  
of  protection  I n trins ic  Safety  ‘ i .  

Th is  technology,  however,  requ i res  a  new and  more  extensive  approach  of  the  type  of  
protection  I n trins ic  Safety “ i ” .   
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EXPLOSIVE  ATMOSPHERES –  
 

Par t  39:  I n t r i n s i cal l y  s afe  s ys tem s  w i th  el ec t ron i cal l y   
co n t ro l l ed  s park  d u rat i o n  l i m i tat i o n  

 
 
 

1  Scope  

Th is  Techn ical  Speci fi cation  speci fies  the  constructi on ,  testing ,  i nstal lation  and  main tenance  
of  Power- i  apparatus  and  systems  wh ich  u ti l i se  e lectron ical l y  con trol l ed  spark du ration  
l im i tation  to  main tain  an  adequate  level  o f  i n tri nsic  safety.  

Th is  Techn ical  Speci fi cation  con tains  requ i rements  for  i n trins ical l y  safe  apparatus  and  wi ring  
i n tended  for  use  i n  explosive  atmospheres  and  for  associated  apparatus  i n tended  for  
connection  to  i n tri nsical ly  safe  ci rcu i ts  en tering  such  atmospheres.  

Th is  Techn ical  Speci fi cation  excludes  the  level  of  protection  “ ia”  and  the  use  of  software-
con trol led  ci rcu i ts .  

Th is  Techn ical  Speci fi cation  appl ies  to  e lectri cal  equ ipment  u ti l i s i ng  vol tages  not  h igher than  
40  V  d . c.  and  a  safety factor 1 , 5  for  Groups  I IB,  I I A,  I  and  I I I .  I t  i s  al so  appl icable  to  Group  I IC  
“ i c”  apparatus  wi th  a  safety  factor 1 , 0 .  Group  I IC  “ i b”  apparatus  wi th  a  safety  factor 1 , 5  are  
restri cted  to  vo l tages  up  to  32  V  d . c.  

Th is  type  of  protecti on  i s  appl icable  to  e lectrical  equ ipment i n  wh ich  the  e lectrical  ci rcu i ts  
themselves  are  i ncapable  of  causing  an  explosion  of  the  surround ing  explosive  atmospheres.  

Th is  Techn ical  Speci fi cation  i s  appl i cable  to  i n trins ical l y  safe  apparatus  and  systems  wh ich  
u ti l i se  e lectron ical l y  con trol led  spark du ration  l im i tati on  wi th  the  aim  of  provid ing  more  
e lectri cal  power wh i l e  main tain ing  an  adequate  l evel  o f  safety.  

Th is  Techn ical  Speci fi cation  i s  also  appl i cable  to  e lectrical  equ ipment  or  parts  of  e lectrical  
equ ipment  l ocated  ou ts ide  hazardous  areas  or  protected  by another type  of  protection  l i sted  
i n  the  IEC  60079  series,  where  the  i n trins ic  safety of  the  e lectri cal  ci rcu i ts  i n  explosive  
atmospheres  depends  on  the  design  and  construction  of  such  electri cal  equ ipment  or  parts  of  
such  e lectrical  equ ipment.  The  e lectri cal  ci rcu i ts  l ocated  i n  the  hazardous  area are  evaluated  
for  use  i n  such  l ocati ons  by applying  th i s  Techn ical  Speci fi cation .  

Th is  Techn ical  Speci fi cation  supplements  and  mod i fies  the  requ i rements  of  I EC  60079-0,  
IEC  60079-1 1 ,  I EC  60079-1 4,  I EC  60079-1 7  and  IEC  60079-25.  

2  No rmat i ve  referen ces  

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

I EC  60079-0,  Explosive atmospheres – Part 0: Equipment – General requirements 

I EC  60079-1 1 ,  Explosive atmospheres – Part 11: Equipment protection by intrinsic safety "i" 

IEC  60079-1 4,  Explosive atmospheres – Part 14: Electrical installations design,  selection and 
erection 
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I EC  60079-25,  Explosive atmospheres – Part 25: Intrinsically safe electrical systems 

3  Def i n i t i o n s  

For the  purpose  of  th i s  document,  the  terms  and  defin i ti ons  g iven  i n  I EC  60079-0  and  
IEC  60079-1 1 ,  as  wel l  as  the  fo l l owing  apply.  

3. 1   
Power - i  
i n trins ical l y  safe  concept  where  the  l evel  o f  protecti on  i s  provided  by vo l tage  and  cu rren t  
l im i tation  and  add i t ional  e lectron ical l y  con trol led  spark du ration  l im i tati on  

Note  1  to  en try:  Power- i  con tai ns  Power- i  devi ces  and  Power- i  wi ri ng .  

Note  2  to  en try:  Power- i  encompasses  e l ectri c  c i rcu i ts  wh i ch  i n  the  Power- i  mode  operate  wi th  vo l tage  and  
cu rren t  val ues  wh i ch  can  exceed  the  val ues  defi ned  i n  I EC  60079-1 1 .  

3. 2   
Power- i  d ev i ce  
Power- i  source,  Power- i  f i e ld  device(s)  and  ( i f  appl i cable)  Power- i  term inator 

3. 3   
Power- i  t erm i n ato r  
un i t  to  preven t  reflecti ons  of  vol tage  and  cu rren t  waves  at  the  end  of  the  Power- i  wi ring  

Note  1  to  en try:  The  Power- i  term i nator  i s  on ly  re l evan t  where  data transm iss i on  uses  the  Power- i  wi ri ng .  

3.4   
Power- i  s o u rce  
power supply  for  Power- i  devices  provid ing  shu tdown  of  power i n  case  of  fau l ts  

Note  1  to  en try:  Operati ng  i n  two  modes:  Power- i  mode  and  shu tdown  mode.  

3.5   
Power- i  f i e l d  d ev i ce  
device  that  i s  connected  to  one  Power- i  source  via  Power- i  wi ri ng  

Note  1  to  en try:  Power- i  f i e l d  devi ces  can  have  add i t i onal  connecti ons  to  other  devi ces  (e . g .  l oads) .   

3.6   
Power- i  m od e  
operati ng  mode  of  the  Power- i  source  del i vering  the  rated  Power- i  ou tpu t  power 

Note  1  to  en try:  I n  th i s  mode  the  val ues  o f  perm i tted  vo l tage  and  cu rren t  can  exceed  the  val ues  o f  cu rves  and  
tab les  s tated  i n  I EC  60079-1 1 .  

3.7   
s h u t d own  m od e  
operati ng  mode  of  the  Power- i  sou rce  after  a  spark even t  has  been  detected  

3.8   
s park  p u l s e  
i n formation  resu l ti ng  from  a  spark even t  i n  the  Power- i  system   

Note  1  to  en try:  A  d i st i ncti on  i s  made  between  the  make  spark pu l se  and  the  break spark pu l se.  



 – 1 0  – I EC  TS  60079-39:201 5  © IEC  201 5  

3. 9   
Power- i  respon se  t i m e   

3 . 9 . 1   
tres p -s o u rce  
maximum  delay t ime  between  the  detection  of  the  spark pu lse  and  reach ing  the  shu tdown  
mode  (on ly re levan t  for the  Power- i  source)  

3. 9.2   
tres p - t r u n k  
propagation  t ime  of  the  trunk cable  used  (on ly  re levant  for  Power- i  wi ri ng )  

3. 9. 3   
tres p -s ys tem  
t ime  between  the  occu rrence  of  a  spark and  the  reducti on  of  the  spark power to  safe  
operati on  i n  the  shu tdown  mode  i n  a  Power- i  system  

3. 1 0   
as sessmen t  fac to r  AF  
factor of  attenuation  or  sensi ti vi ty  of  Power- i  devices  and  Power- i  wi ring   

Note  1  to  en try:  The  assessmen t  factor  has  to  be  d i st i ngu i shed  between :  

– Assessmen t  factor  fo r  Power- i  f i e l d  devi ces ,  fo r  the  Power- i  te rm i nator  and  for  Power- i  wi ri n g :  I n  these  cases  
the  assessmen t  factor  i s  a  parameter  fo r  the  attenuati on  o f  a  spark pu l se.  

– Assessmen t  factor  for  the  Power- i  sou rce:  I n  th i s  case  the  assessmen t  factor  i s  a  parameter  defi n i ng  the  
sens i t i vi ty  for  the  detecti on  o f  a  spark pu l se.   

Note  2  to  en try:  The  assessmen t  factor  shou ld  be  expressed  i n  l ogari thm ic  u n i ts .  

4 Power- i  arch i tec tu re  

I n  a  Power- i  system  on ly  one  acti ve  Power- i  sou rce  shal l  be  connected  via  Power- i  wi ri ng  to  
supply  one  or  several  Power- i  f i e ld  devices.  The  s implest  s tructu re  consists  of  one  acti ve  
Power- i  source,  Power- i  wi ring  and  one  Power- i  f i e ld  device  (see  Figure  1 ) .  

The  use  of  redundan t power suppl ies  wh ich  presen t  one  effecti ve  source  of  power i s  
perm i tted .  

 

Fi g u re  1  – Th e  s i m p l es t  Power- i  arch i tec tu re  

A Power- i  system  may be  extended  to  a  complex system  as  shown  i n  Figu re  2 .  
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Fi g u re  2  – Examp l e  o f  comp l ex  Power- i  co n cep t  arch i t ec tu re  

NOTE  The  Power- i  f i e l d  devi ce  Sn  i s  i den ti cal  to  Power- i  f i e l d  devi ce  S1 ,  S2-1  or  S2-2  i n  terms  of  the  connect ion  
to  Power- i  wi ri ng  bu t  i s  shown  wi th  add i t i onal  ou tpu t/i npu t  term inal s .  These  term i nal s  are  subj ect  to  requ i remen ts  
o f  a  type  o f  protecti on  prescri bed  by the  I EC  60079  seri es  su i table  for  the  appl i cati ons.  

5  Req u i remen ts  f o r  Power- i  d ev i ces  

5. 1  Gen eral  

Power- i  has  to  be  considered  as  a  system.  Therefore  the  fo l lowing  requ i rements  for  al l  
Power- i  devices  apply:  

a)  The  detection  of  the  spark pu lse  shal l  not  be  i nval i dated  during  stati c  or  transien t  
cond i ti ons  (e. g .  soft  s tart)  – ne i ther by the  Power- i  wi ring  nor  by the  Power- i  devices;  
therefore  Power- i  requ i res  the  consideration  of  the  whole  system.  

b)  Al l  Power- i  devices  and  the  Power- i  wi ring  shal l  be  assessed  and  tested  i n  accordance  
wi th  Annex A.  

c)  Al l  Power- i  devices  shal l  be  classi fi ed  i n  accordance  wi th  5 . 7.  

d )  Power- i  devices  shal l  meet the  requ i rements  of  IEC  60079-0,  IEC  60079-1 1  and  
IEC  60079-25  as  appl i cable  i n  add i tion  to  other I EC  60079  standards  (e . g .  I EC  60079-7,  
I EC  60079-1 8  i f  appl icable) .  

e)  The  appl icati on  of  these  requ i rements  shal l  add i ti onal l y  take  i n to  account  any effect  i n  
t im ing  and  sensi t i vi ty  of  the  safety function  of  the  Power- i  devices  due  to  temperatu re  
effects  and  componen t  to lerance.  

f)  Fau l ts  determ ined  to  be  the  most  onerous  (e. g .  for  t im ing ,  sensi ti vi ty  etc. )  for  the  safety 
function  of  Power- i  devices  shal l  be  appl ied  to  equ ipment  for  al l  tests  requ i red  by th is  
Techn ical  Speci fi cation .  

5.2  Power- i  s o u rce  

There  shal l  be  on ly  one  acti ve  Power- i  source  per Power- i  system.  The  Power- i  sou rce  shal l  
be  placed  at  one  end  of  the  Power- i  wi ri ng  ( trunk) .   

A Power- i  source  shal l  detect  make-sparks  (sparks  occu rring  when  short-ci rcu i ti ng  an  

e lectrical  ci rcu i t  causing  a  cu rren t  change  +
��

��
)  and  break-sparks  (sparks  occurring  when  

open ing  an  e lectrical  ci rcu i t  causing  a  cu rrent  change  −
��

��
)  and  i t  shal l  provide  a fast  

shu tdown  of  the  ou tpu t  power when  a  spark pu lse  occurs.  Figu re  3  shows  the  core  e lements  
of  a  Power- i  source  wi th  an  upstream  safety-relevan t  vo l tage  and  a  current  l im i tation  un i t.  
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I n  al l  modes  of  operation  where  the  i n trins ical ly  safe  values  based  on  conven tional  power 
l im i tation  accord ing  to  I EC  60079-1 1  and  IEC  60079-25  are  exceeded ,  the  detection  of  cu rren t  

changes  ±  
��

��
 shal l  not  be  i nval idated .  Th is  i ncludes  the  transi ti on  phase  from  the  safe  mode  to  

the  Power- i  mode.  

NOTE  A cu rren t  change  
��

��
 m i gh t  be  suppressed  i n  the  constan t  cu rren t  mode;  therefore  a  spark cannot  be  

detected  i n  th i s  mode.  

 

Fi g u re  3  – E l em en ts  o f  a  Power- i  s o u rce  w i t h  vo l t ag e  an d  cu r ren t  l i m i tat i o n  

The  Power- i  source  shal l  con form  to  the  fo l l owing  safety-re levant  requ i rements:  

a)  The  Power- i  source  ou tpu t  cu rren t  IO-sou rce  and  ou tpu t  vo l tage  UO-sou rce  l im i ted  by the  
vo l tage  and  cu rren t  l im i tation  shal l  meet  the  requ i rements  of  Table  1  and  Table  2 .  

b)  The  Power- i  source  shal l  be  capable  of  detecting  dynamic  changes  of  the  ou tpu t  cu rren t  

IO  �
��

��
 as  defined  i n  A. 3 .2.  The  source  shal l  react  wi th  a  subsequen t  transi ti on  from  

Power- i  mode  to  shu tdown  mode.  

c)  I n  the  shu tdown  mode  the  value  of  the  ou tpu t  cu rren t  Ishu tdown  may be  zero  bu t  shal l  not  
exceed  50  % of  the  permissible  cu rren t  IO-IEC  based  on  IEC  60079-1 1  or  I EC  60079-25  
wi th  the  appl icable  safety  factor for  the  appropriate  Power- i  vo l tage  class;  i n  th i s  case  the  
fo l lowing  equation  appl ies.  

IECOsourceOshutdown 5,0 −− ≤= III .  

d )  Wi th in  20  µs  of  the  spark d istu rbance  i n formation  arri ving  at  the  Power- i  source,  the  
ou tpu t  cu rren t  of  the  Power- i  source  shal l  be  equal  to  or l ess  than  75% of  the  IO-IEC  -value  

wi th in  the  fi rst  20  µs  of  the  transi ti on  to  shu tdown  mode  a  transien t  ou tpu t  curren t  
Ishu tdown-20µs  o f  75  % of  the  IO-IEC  val ue  i s  al lowed  (see  Figure  A. 5) ;  i n  th is  case  the  
fo l lowing  equation  appl ies:  

IECOsourceO20µsshutdown 75,0 −−− ≤= III .  

e )  The  transien t  ou tpu t  vo l tage  overshoot  Uovershoot-40µs  du ri ng  shu tdown  mode  shal l  not  
exceed  the  rated  ou tpu t  vo l tage  UO-sou rce  by  more  than  6  V for a  maximum  duration  of  

40  µs.  I n  th is  case  the  fo l lowing  equation  appl ies:  

VUU 6sourceO40µsovershoot +≤ −− .  
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f)  The  Power- i  source  shal l  meet  the  requ i rements  of  the  test  procedures  of  A. 3 .2.  

g )  The  fo l lowing  components  of  the  Power- i  source  (see  Figure  3 )  are  safety  re levan t  and  
shal l  meet  the  requ i rements  of  5 . 1  a)  and  d )  for  the  respecti ve  type  of  protection :   

•  ou tpu t  vol tage  l im i tati on  UO-sou rce  and  ou tpu t  curren t  l im i tation  IO-sou rce ;  

•  +
��

��
 detector and  −

��

��
 detector;  

•  l og ic  and   

•  e l ectron ic  swi tch .  

h )  The  ou tpu t  ci rcu i t  o f  a  Power- i  source  shal l  be  i so lated  from  earth .  The  requ i rements  for  
the  i solati on  shal l  be  taken  from  IEC  60079-1 1 .  

5. 3  Power- i  f i e l d  d ev i ce   

Power- i  f i e ld  devices  consist  o f  a  decoupl i ng  device  and  the  actual  l oad .  Power- i  f i e l d  devices  
shal l  decouple  the  l oad  from  the  Power- i  wi ring .  

The  design  of  a  Power- i  f i e ld  device  shal l  ensure  the  detection  of  a  spark pu lse  i n  accordance  
wi th  th i s  Techn ical  Speci fi cation .   

Power- i  f i e l d  devices  shal l  meet the  fo l l owing  safety-re levant  requ i rements:  

a)  They shal l  ensure  that  both ,  make-sparks  and  break-sparks,  are  not  attenuated  i n  any way 
that  the  detection  by the  Power- i  source  i s  i nval idated .  

b)  Under normal  or  fau l t  cond i ti ons  as  speci fi ed  i n  I EC  60079-1 1  the  power- i  f i e ld  device  
shal l  remain  passive,  that  i s  the  term inals  shal l  not  be  a  sou rce  of  energy to  the  system  

except  for  a  l eakage  cu rren t  not  g reater than  50  µA.  

The  consideration  of  Li  and  C i  for  Power- i  f i e ld  devices  based  on  IEC  60079-1 1  i s  not  
requ i red .  Th is  i s  taken  i n to  account  i n  the  test  procedures  described  i n  A.3. 3 .  

c)  They shal l  have  an  appropriate  type  of  protection  i n  accordance  wi th  I EC  60079-0  for  the  
respecti ve  explosive  atmosphere  i n  wh ich  they are  used.  

d )  They shal l  have  safety-relevan t  parameters  determ ined  i n  accordance  wi th  A.3 . 3 .  

NOTE  Due  to  paral l e l  connecti on  wi th  Power- i  wi ri ng ,  the  Power- i  response  t ime  for  f i e l d  devi ces  i s  
neg l i g i bl e .  

e)  Al l  componen ts  determ inan t  for  both  the  assessment  factor AFf i e l d  devi ce  and  the  resu l t  o f  
the  transi t ion  pu lse  test  (A. 3. 3 .4)  shal l  meet  the  requ i rements  of  5 . 1  a) .  

f)  The  i npu t  ci rcu i t  o f  a  Power- i  f i e ld  device  shal l  be  i so lated  from  earth .  The  requ i rements  
for  the  i so lati on  from  earth  shal l  be  taken  from  IEC  60079-1 1 .  

As  an  example  the  Power- i  f i e ld  device  shown  i n  Fi gure  4  con forms  to  the  requ i rements  
men tioned  above  and  can  be  used  for  a  wide  fi e ld  of  appl i cations.  The  fie l d  device  i n  Fi gu re  4  
consists  of  a  decoupl i ng  device  i n  combination  wi th  an  arbi trary load .  

The  basic  structure  of  the  Power- i  f i e ld  device  depicted  i n  Fi gu re  4  shows  the  e lements  
necessary to  ensure  that  both  make  and  break sparks  are  not  attenuated  i n  such  a  way that  
the  detection  by the  Power- i  source  i s  i nval i dated .   

I n  Figu re  4  i nductance  L,  capaci tance  C,  al l  d i odes  and  the  V- l im i tation  un i t  are  safety 
relevan t  and  shal l  meet  the  requ i rements  of  5 . 1  for the  appropriate  type  of  protection .  
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Fi g u re  4  – Examp l e  o f  a  u n i versal  Power- i  f i e l d  d ev i ce  (bas i c  s t ru c tu re)  

The  V- l im i tati on  un i t  shal l  l im i t  the  posi t i ve  vo l tage  (plus  (+)  at  po in t  Y and  m inus  ( - )  at  poin t  

X)  measured  from  Y to  X to  a  value  of  5  V ±  1  V  and  shal l  meet  the  requ i rements  i n  
accordance  wi th  A.3 .3 . 4.  

Practical  examples  of  Figu re  4  are  shown  i n  C.3 .  

5.4  Power- i  w i r i n g   

The  Power- i  wi ring  shal l  meet  the  fo l lowing  requ i rements:  

a)  The  transmission  of  a  spark pu lse  shal l  not  be  impai red  i n  a  way that  preven ts  the  
detection  of  a  re levant  make  or  break spark pu lse;  

b)  Al l  Power- i  wi ri ng  (Power- i  trunk cable  i nclud ing  al l  spur cables)  shal l  meet  the  speci fi c  
requ i rements  g i ven  i n  IEC  60079-1 1 ,  I EC  60079-1 4  and  IEC  60079-25;   

c)  Mu l ti -core  (mu l ti -ci rcu i t)  cable  type  C  as  defined  i n  I EC  60079-25  shal l  be  excluded  for  
Power- i  wi ring ;  

d )  The  system  response  t ime  tresp-system  depends  decis ively  on  the  leng th  and  propagation  
delay of  the  Power- i  trunk cable  used;  the  requ i rements  of  Table  3  shal l  apply;  

NOTE  The  cabl e  parameters  and  the  cabl e  l eng th  are  safety- re l evan t  and  determ i ne  the  maximum  response  
t ime  or  the  Power- i  trunk (see  A. 3 . 4) .  

e)  The  maximum  l ength  of  each  spur  i s  l im i ted  to  1 5  m .  The  maximum  total  l eng th  of  al l  spurs  
i n  the  whole  Power- i  system  i s  50  m ;  

f)  I f  the  Power- i  trunk cable  l eng th  i s  l ess  than  40  m ,  the  value  of  response  t ime  of  th is  cable  

i s  considered  to  be  0 ,5  µs  (see  A.3 .4.2) ;  

i n  th is  case  the  spur l eng th  of  each  spur i s  l im i ted  to  1 0  m  and  the  total  l eng th  of  al l  spurs  
i n  the  whole  Power- i  system  i s  20  m ;  

g )  The  calcu lation  basis  for characteri sti c  cable  impedance  ZW  i n  th i s  Techn ical  Speci fi cation  

i s  ZW  =  1 00  Ω ;  the  permi tted  range  of  characteri sti c  cable  impedance  ZW for  Power- i  

wi ri ng  i s  80  Ω  ≤  ZW  ≤  1 20  Ω ;  the  speci fied  values  for  the  characteristic  cable  impedance  
refer to  a  measuring  frequency of  1 00  kHz  ±  20  %.  

Section  g )  does  not  apply for  f) ;  

h )  The  wi ring  shal l  meet  the  requ i rements  of  6  and  A. 3 .4;  
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i )  The  use  of  a  screen  for  Power- i  wi ring  i s  not  essen tial  for  safety;  i f  a  screen  i s  used  i t  may 
be  earthed  as  long  as  i t  i s  i solated  from  the  Power- i  c i rcu i t  i n  accordance  wi th  the  cable  
d ie lectri c  s treng th  requ i rements  of  I EC  60079-25;  

j )  The  Power- i  wi ri ng  shal l  be  i so lated  from  earth .  The  requ i rements  for  the  i so lation  from  
earth  shal l  be  i n  accordance  wi th  the  cable  d i electri c  s treng th  requ i rements  of  I EC  60079-
25.  

5.5  Power- i  t erm i n ato r  

Where  used,  a  Power- i  terminator  shal l  meet the  fo l l owing  requ i rements:   

a)  I t  shal l  have  safety-re levant  parameters  determ ined  accord ing  to  A. 3 .5.  

b)  Al l  componen ts  of  the  Power- i  term inator to  preven t  feed ing  back of  the  cu rren t  from  the  
Power- i  term inator  i n to  the  Power- i  wi ri ng  and  al l  componen ts  determinan t  for the  
assessment factor AFterm i nator  (see  A. 3 . 5. 3  )  are  safety  re levan t  and  shal l  meet the  
requ i rements  of   5 . 1  a) .  

c)  I t  shal l  have  a  type  of  protecti on  i n  accordance  wi th  I EC  60079-0  for  use  i n  the  appropriate  
explosive  atmosphere.  

d )  The  i npu t  ci rcu i t  of  a  Power- i  term inator  shal l  be  i so lated  from  earth .  The  requ i rements  for  
the  i solati on  from  earth  shal l  be  taken  from  IEC  60079-1 1 .  

NOTE  1  The  Power- i  te rm i nator  ensu res  an  ac-match i ng  to  the  characteri st i c  impedance  o f  the  connected  trunk 
and  i s  on l y  necessary i n  case  o f  data  transm iss i on  as  for  example  i n  f i e l dbus  systems.  

NOTE  2  Due  to  paral l e l  connecti on  wi th  Power- i  wi ri ng ,  the  Power- i  response  t ime  for  term i nators  i s  neg l i g i bl e .  

An  example  of  a  Power- i  term inator  i s  shown  i n  Figure  C.5.   

5.6  Tes t  i n s t rumen ts  f o r  Power- i  l o op  ch eck   

I n tri ns ical l y  safe  test  i nstruments  i n  accordance  wi th  I EC  60079-1 1  may be  connected  d i rectly  
to  Power- i  wi ri ng  wi thou t  fu rther veri fi cation  of  the  Power- i  system  i f  the  fo l lowing  
requ i rements  are  observed:  

a)  the  effecti ve  i nductance  L i  o f  5  µH  i s  not  exceeded  (L i  <  5  µH) ;  

b)  the  effecti ve  i npu t  capaci tance  C i  o f  1  nF  i s  not  exceeded ,  add i ti onal l y  the  i npu t  res istance  

Rs  shal l  not  be  l ess  than  1 0  kΩ  (RS  >  1 0  kΩ) ;  

c)  the  test  i nstrument shal l  have  i npu t  parameters  Ui  and  Ii  not  l ess  than  the  vol tage  and  
cu rren t  class  of  the  Power- i  c i rcu i t;  

d )  the  test  i nstrument  shal l  not  be  a  source  of  energy to  the  system  except  for  a  l eakage  

cu rren t  not  g reater  than  50  µA.  

Al ternatively where  test  i nstruments  complying  wi th  the  requ i rements  for Power- i  f i e ld  devices  
are  used ,  they shal l  be  i ncluded  i n  the  veri f i cation  of  a  Power- i  system  accord ing  to  6 . 2 .  

NOTE  These  requ i remen ts  do  not  appl y  to  test  i n struments  used  by  the  manu factu rer  du ri ng  production ,  test,  
repai r  or  overhau l .  

5.7  Power- i  app l i cat i o n  c l as ses   

Each  Power- i  device  shal l  be  classi fi ed  i n to  Power- i  appl ication  classes  accord ing  to  Table  1  
and  Table  2 .   
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Tab l e  1  – Def i n i t i o n  o f  Power - i  vo l t ag e  c l as ses  

maximum  o u tp u t  vo l t ag e  U
O-s o u r ce

 Power- i  vo l tage  cl ass  

24  V  24V 

32  V  32V 

40  V  40V 

 

Tab l e  2  – Def i n i t i o n  o f  Power- i  c u r ren t  c l as ses  

maximum  ou tpu t  cu rren t  I
O-So u r c e

  Power- i  cu rren t  c l ass   

0 , 5  A 0A5  

1 , 0  A 1 A0  

1 , 5  A 1 A5  

2 , 0  A 2A0  

2 , 5  A 2A5  

 

The  vo l tage  and  cu rrent  values  of  Table  1  and  Table  2  shal l  not  be  exceeded  taking  i n to  
accoun t  the  appl icable  fau l ts  accord ing  to  IEC  60079-1 1 .  

Power- i  f i e ld  devices  and  Power- i  terminators  provided  wi th  a  safety-re levan t  i n ternal  cu rren t  
l im i tation  can  be  assigned  to  Power- i  cu rren t  class  2A5.  

Wi th  the  i n ternal  cu rren t  l im i tation  i t  i s  not  necessary that  the  Power- i  sou rce  l im i ts  the  cu rren t  
to  preven t  overload  of  the  Power- i  f i e ld  device  or  Power- i  terminator and  so  i t  may be  
connected  even  to  a  Power- i  source  of  cu rren t  class  2A5.  

6  Sys tem  req u i rem en ts  

6. 1  Sel ec t i o n  o f  t h e  perm i s s i b l e  Power -  i  c u r ren t  c l as s  o f  t h e  Power- i  s o u rce   

The  maximum  perm issible  Power- i  cu rren t  class  g i ven  i n  5 . 7  depends  on  the  se lected  Power- i  
vo l tage  class  and  on  the  Power- i  system  response  time  tresp-system  taking  i n to  accoun t  the  
Group and  safety  factor requ i red  for  the  speci fi c  appl ication .  

Table  3  shows  the  permi tted  combinations  for  Groups  I ,  I I  and  I I I  wi th  the  safety  factors  SF  
1 , 0  and  SF  1 , 5  depend ing  on  the  respecti ve  l evel  o f  protection .  
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Tab l e  3  – Perm i t ted  com b i n at i o n s  o f  Power- i  app l i cat i o n  c l asses  f o r  Power- i  s o u rces   
as  a  f u n c t i o n  o f  t h e  s ys tem  respon se  t i m e  f o r  al l  Grou ps  (n . a.  =  n o t  al l owed )  

Gro u p   
+  

s afet y  f ac t o r  

SF  

vo l t ag e  c l as s  p erm i t t ed  m ax i m um  Power - i  c u r ren t  c l as s  o f  Power - i  s o u rces  

s ys tem  r es po n s e  t i m e  t
res p -s ys t em

 

1  µs  2  µs  4  µs  6  µs  8  µs  1 0  µs  1 2  µs  

I I C  “ i b ”  

SF  1 , 5  

24  V  2A0  1 A5  1 A0  1 A0  0A5  0A5  n . a.  

32  V  2A0  1 A5  1 A0  0A5  0A5  n . a.  n . a.  

I I C  “ i c ”  

SF  1 , 0  

24  V  2A5  2A5  2A0  1 A5  1 A0  0A5  0A5  

32  V  2A5  2A0  1 A5  1 A0  0A5  0A5  n . a.  

40  V  2A5  1 A5  1 A0  1 A0  0A5  n . a.  n . a.  

I I B  “ i b ”  

SF  1 , 5  

24  V  2A5  2A5  2A0  1 A5  1 A0  1 A0  0A5  

32  V  2A5  2A5  1 A5  1 A0  1 A0  0A5  0A5  

40  V  2A5
 

2A0  1 A5  1 A0  0A5  0A5  0A5  

I I B  “ i c ”    SF  
1 , 0  

an d  

I I A ,  I  an d  I I I  
SF  1 , 0  an d  1 , 5  

24  V  2A5  2A5  2A0  1 A5  1 A0  1 A0  0A5  

32  V  2A5  2A5  2A0  1 A5  1 A0  1 A0  0A5  

40  V  2A5  2A0  1 A5  1 A0  1 A0  0A5  0A5  

NOTE  1  The  al l owed  cu rren t  c l asses  i n  Tabl e  3  are  based  on  a  maximum  possi bl e  vo l tage  i ncrease  

 o f  1  V/µs  for  a  spark even t.  

NOTE  2  Example:  The  se l ected  Power- i  vo l tage  c l ass  i s  32  V  and  the  se l ected  system   

response  t ime  i s  2  µs:   

I I C  SF=1 , 5 :   maximum  perm i tted  Power- i  cu rren t  c l ass  for  the  Power- i  sou rce  i s  1 A5  ( i n  add i t i on  1 A0  and  0A5  are  
perm i tted ) ;  

I I B  SF=1 , 5 :   maximum  perm i tted  Power- i  cu rren t  c l ass  for  the  Power- i  sou rce  i s  2A5;  ( i n  add i t i on  2A0,  1 A5,  1 A0  
and  0A5  are  perm i tted ) ;  

NOTE  3  The  perm i tted  val ues  for  G roups  I IA,  I  and  I I I  are  the  same  as  al l owed  for  Group  I I B  i c .  

 

Practical  examples  of  appl i cations  of  Table  3  are  shown  i n  Annex D .   

The  assessment  procedures  speci fi ed  i n  Annex A have  been  defined  and  optim ized  
speci fi cal l y  for  the  parameters  i n  Table  3  and  the  above-mentioned  requ i rements.  The  
i n terconnection  cond i ti ons  for various  Power- i  devices  al l ow i n teroperabi l i ty  and  plug-and-play 
appl i cations.   

NOTE  4  Parameters  beyond  the  ranges  o f  Tabl e  1 ,  Tabl e  2  or  Tabl e  3  requ i re  special  consi derati ons  and  are  not  
covered  by  th i s  Techn i cal  Speci f i cat i on .  

6.2  Ver i f i cat i o n  o f  a  Power- i  s ys tem  

The  i n terconnection  of  al l  Power- i  devices  and  the  Power- i  wi ring  used  i n  a  Power- i  system  
shal l  fu l l y  meet  the  fo l l owing  requ i rements:   

NOTE  For Power- i  devi ces  the  i n formati on  necessary for  th i s  veri f i cat i on  i s  stated  i n  the  documentati on  and  on  i n  
the  marki ng  o f  each  Power- i  devi ce.  

a)  The  Power- i  vo l tage  class  of  Power- i  f i e ld  devices  and  Power- i  term inators  shal l  be  h igher 
than  or  equal  to  the  Power- i  vo l tage  class  of  the  Power- i  source.  

b)  The  Power- i  cu rren t  class  of  al l  Power- i  f i e ld  devices  and  the  Power- i  term inators  shal l  
match  the  cu rren t  class  of  the  Power- i  source  accord ing  to  Table  4.  
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Tab l e  4  – Power- i  c u r ren t  c l asses  o f  Power- i  f i e l d  d ev i ces  o r   
Power- i  t erm i n ato rs  m atch i n g  t h e  cu r ren t  c l as s  o f  t h e  Power- i  s o u rce  

Power - i  c u r ren t  c l as s   
o f  Power - i  s o u rce  

al l owed  Power - i  c u r ren t  c l as s es  f o r   
Power - i  f i e l d  d ev i ces  an d  Power - i  t erm i n at o rs   

0A5  0A5  / 1 A0  /  1 A5  /  2A0/ 2A5  

1 A0  1 A0  / 1 A5  /  2A0/ 2A5  

1 A5  1 A5  / 2A0/ 2A5  

2A0  2A0  / 2A5  

2A5  2A5  

 

c)  The  Power- i  system  response  t ime  tresp-system  shal l  not  exceed  the  value  g iven  i n  
Table  3  for  the  Power- i  vo l tage  and  cu rren t  class  of  the  Power- i  source  used ,  taking  i n to  
accoun t  the  Group and  the  safety factor of  the  speci fi c  appl ication .  

Determ ine  the  Power- i  system  response  time  tresp-system  i n  accordance  wi th  A.3 .4.  

The  fo l lowing  appl ies:  

trunkrespsourcerespsystemresp 2 −−− += ttt
.  

d )  The  sum  of  the  assessment  factors  (AF)  of  al l  Power- i  f i e ld  devices,  Power- i  wi ring  and  
Power- i  term inators  i n  a  Power- i  system  shal l  not  exceed  the  assessment  factor of  the  
Power- i  source  used .  The  assessment  factors  are  determ ined  i n  accordance  wi th  A. 3.  

The  fo l l owing  appl ies:  

. . . )( 2devicefield1devicefieldtrunkipowerterminatorsource ++++≥ −−−−−− AFAFAFAFAF
.  

Fi gure  5  i l l ustrates  the  assessment  process  of  a  Power- i  system.  Practi cal  examples  are  
shown  i n  Annex D .  



I EC  TS  60079-39:201 5  © IEC  201 5  – 1 9  –  

 

Fi g u re  5  – Bas i c  as ses smen t  p roced u re  fo r  a  Power- i  s ys tem  

7 As sessmen t  an d  t es t i n g   

7. 1  Proced u re  t o  d ef i n e  s afety-re l evan t  parameters   

The  safety-re levan t  parameters  of  Power- i  devices  and  Power- i  wi ring  shal l  be  determ ined  
and  veri fi ed  i n  accordance  wi th  the  fo l lowing  Power- i  test  procedures.  Detai led  i n formation  i s  
g i ven  i n  Annex A.  

a)  Determ ine  the  safety-relevan t  maximum  electrical  values  (vo l tage  U  and  cu rren t  I)  as  a  
basis  for  the  classi fi cation  i n to  the  Power- i  vo l tage  and  cu rren t  classes  i n  accordance  wi th  
clause  5 .7.  

b)  Determ ine  the  response  t ime  of  the  Power- i  source  tresp-sou rce  (see  A. 3 . 2.2)  and  the  

response  t ime  of  o f  the  Power- i  trunk tresp-trunk  (see  A. 3 .4.2) .  

c)  Determ ine  the  Power- i -speci fi c  assessment  factors  (AF)  o f  the  Power- i  source,  the  Power- i  
f i e ld  device(s)  and  – i f  appl icable  – the  Power- i  term inator applying  the  test  methods  
speci fied  i n  A. 3 .2. 3 ,  A.3 .3 . 3  and  A. 3 .5. 3 .  

NOTE  1  To  assess  the  safety o f  a  Power- i  system,  the  sum  of  the  assessmen t  factors  AF  o f  al l  Power- i  
devi ces  i ncl ud i ng  Power- i  wi ri ng  con tai ned  i n  the  system  i s  re l evan t.  

d)  Power- i  f i e ld  devices  and  Power- i  sources  shal l  meet the  requ i rements  of  the  transi ti on -
pu lse  test  speci fi ed  i n  A.3 . 2.5  and  A.3 . 3. 4.  

NOTE  2  Th i s  test  i s  n ecessary to  ensu re  i n tri ns i cal l y  safe  trans i t i on  behavi ou r ( test  o f  the  spark pu l se  
characteri s ti c) .  

e)  Power- i  sources  shal l  meet the  requ i rements  of  the  rou tine  test  for assessment  factors  i n  
accordance  wi th  A. 3. 2. 4.  

IEC 
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Table  5  shows  i n  detai l  the  re levant  Power- i  test  procedures  (a)  to  (e)  for  each  Power- i  device  
and  for Power- i  wi ring .  

Tab l e  5  – Rel evan ce  fo r  Power - i  t es t  p ro ced u res  

Power - i  t es t  
p ro ced u res  

Power - i  
s o u r ce  

Power - i  
f i e l d  d ev i ce  

Power - i  
t erm i n at o r  

Power - i  
w i r i n g  

(a)  s afet y -re l evan t  e l ec t r i c al  p aram eter  type  test  
A. 3 . 2. 1  

type  test  
A. 3 . 3 . 1  

type  test  
A. 3 . 5. 1  

see  
A. 3 . 4. 1  

(b )  m ax i m um  res po n s e  t i m e  t res p   type  test  
A. 3 . 2. 2  

no t   
re l evan t  

no t  
re l evan t  

re l evan t  
A. 3 . 4. 2  

(c )  as s es sm en t  f ac t o r  AF   type  test  
A. 3 . 2. 3  

type  test  
A. 3 . 3 . 3  

type  test  
A. 3 . 5. 3  

re l evan t  
A. 3 . 4. 3  

(d )  t r an s i t i o n -p u l s e  t es t   type  test  
A. 3 . 2. 5  

type  test  
A. 3 . 3 . 4  

no t   
re l evan t  

no t   
re l evan t  

(e)  as s es sm en t  – f ac t o r  t es t  rou t i ne  test  
A. 3 . 2. 4  

no t   
re l evan t  

no t   
re l evan t  

no t   
re l evan t  

 

NOTE  3  The  testi ng  methods  speci f i ed  i n  Annex  A  are  based  on  the  appl i cati on  o f  defi ned  test  pu l ses.  Thereby 
the  al terati on  o f  the  test  pu l se  by  the  Power- i  devi ces  i ncl ud i ng  Power- i  wi ri n g  wi l l  be  anal yzed .  
Th i s  enabl es  the  i n teroperabi l i ty  and  the  p l ug -and-pl ay functi on  o f  d i fferen t  Power- i  devi ces  from  d i fferen t  
manu factu rers .  

7.2  Type  t es t  

Type  tests  shal l  be  performed  accord ing  to  Table  5 .  

7 . 3  Ro u t i n e  t es t  

Routine  tests  shal l  be  conducted  on  each  Power- i  source  to  veri fy  the  assessment  factor  
AFsou rce  (see  Table  5) .  

8  Mark i n g  o f  Power- i  d ev i ces  

8. 1  Gen eral  

Except  where  mod i fi ed  by th is  section ,  each  apparatus  shal l  be  marked  i n  accordance  wi th  
I EC  60079-0  and  IEC  60079-1 1  and  add i t ional l y  wi th  the  word  “Power- i ”  fo l lowed  by an  
i nd ication  of  i ts  function ,  i . e .  “source”,  “ f ie ld  device”  or  “ term inator”.   

Where  apparatus  i s  dual  marked  so  that  i t  can  be  used  i n  both  a  Power- i  system  and  a  
conven tional  i n trins ical l y  safe  system,  care  shal l  be  taken  to  d i fferen tiate  between  the  Power- i  
marking  and  the  marking  for  the  conven tional  i n trins ical l y  safe  system.  

For Power- i  sou rces,  ou tpu t  parameters  Uo,  Io,  Co,  Lo,  Po  and  Lo/Ro  need  not  be  marked .  
For Power- i  f i e ld  devices  and  Power- i  term inators,  i npu t  and  i n ternal  parameters  Ui ,  Ii ,  Ci ,  L i ,  
P i  and  L i /R i  need  not  be  marked.  I nstead  of  these  parameters  the  fo l lowing  speci fi cations  
shal l  be  used:  Power- i  vo l tage  and  cu rren t  classes,  the  speci fi ed  Power- i  assessment  factor 
AF  and ,  i f  appl i cable,  the  speci fi ed  Power- i  response  time  tresp .  

8.2  Examp l es  o f  m ark i n g   

The  fo l lowing  are  examples  of  marking .  

a)  Power supply  

Power- i  source  

John  Delon  Ltd . ,  SW99  2AJ  UK,  Type  ACD-XX1  
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–5  °C  ≤  Ta  ≤  +50  °C  

PTB-Nr 1 3C  98765  

Serial  No.  01 2345  

[Ex i b  Gb]  I IC  

IN :   Um  =  250  V 

OUT:   32V1 A0  

  tresp  =  1 , 2  µs  AF  =  1 2  

b)  Power supply 

Power- i  source  

Max Denver Ltd . ,  SW99  2AJ  UK,  Type  BCD-YY1  

–1 0  °C  ≤  Ta  ≤  +50  °C  

PTB-Nr 1 3C 98722  

Serial  No.  01 2333  

Ex eb  mb  [ ib]  I IC  T4  Gb  

IN :   Um  =  250  V  

OUT:  32V2A0  

  tresp  =  0 , 7  µs  AF  =  1 0  

c)  Field  device  

Power- i  f i e l d  device  

Peter Pan  plc. ,  GL99  1 JA UK,  Type  ZZS-222A 

BAS  1 3  C  1 51 860  

Serial  No.  81 2369  

Ex i b  mb  I IC  T4  Gb 

IN :   32V1 A5 

  AF  =  3 , 1  

d )  Fie ld  device  

Power- i  f i e ld  device  

Hans  Mü l ler  GmbH ,  381 1 6  Braunschweig ,  D ,  Type  1 AZS-33A 

BAS 02  A 1 234 

Serial  No.  220367 

Ex i b  I IB  T4  Gb 

IN :   40V1 A5  

  AF  =  2 , 8  

9  I n s t ru c t i o n s  

I nstructi ons  requ i red  i n  Documentation  of  I EC  60079-1 1  shal l  add i ti onal ly  con tain  the  type  of  
device  wi th  power- i  parameters:  

•  Power- i  source:  OUT,  tresp  and  AF;  

•  Power- i  f i e ld  device  and  Power- i  term inator:  IN  and  AF;  

For Power- i  sources,  ou tpu t  parameters  Uo ,  Io ,  Co ,  Lo ,  Po  and  Lo/Ro  need  not  be  men tioned.  
For Power- i  f i e ld  devices  and  Power- i  term inators,  i npu t  and  i n ternal  parameters  Ui ,  Ii ,  Ci ,  L i ,  P i  
and  L

i
/R

i
 need  not  be  men tioned .  
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An nex  A  
(normative)  

 
As sessmen t  o f  Power- i  s afety  parameters  

A. 1  Gen eral  

The  determ ination  and  veri f i cation  of  the  safety-re levan t  parameters  for  Power- i  devices  and  
Power- i  wi ring  are  based  on  the  Power- i  speci fi c  test  procedures  as  described  i n  7. 1  and  i n  
th is  Annex.  The  necessary assessment  and  test  procedures  are  shown  i n  Table  5 .  

A.2  Power- i  s pec i f i c  t es t  eq u i pmen t  

A.2. 1  Power- i  u n i versal  t es t  eq u i pmen t  

Figure  A. 1  shows  the  schematic  d iagram  of  the  Power- i  un iversal  test  equ ipment  used  to  
determ ine  the  Power- i  speci fi c  parameter and  to  con fi rm  the  Power- i  speci fi c  behaviour.   

Compon en ts  o f  t h e  Power- i  u n i versal  t es t  eq u i pm en t  (Figu re  A. 1 )  

•  Pu l se  g en erato r  

Adjustable  s i ng le  shot  pu lse  generator  wh ich  generates  two  d i fferen t  types  of  reference  

rectangu lar  pu lses  wi th  ri se  and  fal l  t imes  l ess  than  0 , 2  µs;  

a)  reference  rectangu lar  pu l se  for  break sparks  ⇒  −
��

��
:  

a  s ing le  shot  posi t i ve  rectangu lar pu lse  wi th  an  ampl i tude  of   

Upu l s- ref  =+1 0  V ± 5  %;  the  absolu te  value  of  the  ampl i tude  can  be  ad justed  to  l ower 

values  and  has  a  defi ned  reference  pu lse  du ration  of  tpu l se-generator  =  20  µs  ± 5  %;  

b)  reference  rectangu lar pu lse  for  make  sparks  ⇒  +
��

��
:  

analogous  to  the  posi ti ve  rectangu lar  reference  pu lse,  a  negative  rectangu lar pu lse  

Upu l s- ref  =  - 1 0  V  ± 5  % wi th  the  same pu lse  characteristi cs  as  i n  a)  i s  generated .  

•  Tog g l e  sw i tch  S1  

Used  to  togg le  between  the  operation  modes  “response  t ime”  (posi ti on  B)  and  
“assessment factor”  (posi t i on  A:  

Swi tch  – Posi ti on  A:  Assessment factor  AF  mode;  

Swi tch  – Posi ti on  B:  Response-time  mode.  

NOTE  Togg le  swi tch  S1  pos i t i on  A  s imu lates  a  fau l t  i n  the  paral l e l  path  o f  the  cabl e .  I n  pos i t i on  A,  the  test  
apparatus  attenuates  the  appl i ed  pu l se  generat i ng  the  l owest  pu l se  ampl i tude.  

•  Var i ab l e  res i s tan ce  Rvar i ab l e  

Ohmic  resistance  wh ich  i s  ad justed  to  a  value  wh ich  i s  the  quotien t  of  Uo   and   Io  
derived  from  Annex A of  I EC  60079-1 1 .  

•  Cou p l i n g  m od u l e  

Simple  equ ivalen t  ci rcu i try to  s imu late  the  l i ne  impedance  wi th  a  defined  characteri stic  
impedance  ZW:  

Ω
µ

1 00
66

660

´

´
W ===

nF

H

C

L
Z  

•  Low  pass  f i l t er  

Simple  l ow pass  RC  fi l ter.   

•  Sw i tch  S2  
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Used  for  swi tch ing  to  the  pu lse  ampl i tude  measurement mode  (S2  posi ti on  “OFF”) .  

•  DC d ecou p l er  

Used  for  DC  decoupl i ng  of  the  Power- i  un i versal  test  equ ipment.  

 

Fi g u re  A . 1  – B as i c  p r i n c i p l e  o f  t h e  Power- i  u n i versal  t es t  eq u i pmen t  

Figure  A. 2  shows  the  l ow pass  ou tpu t  s i gnal  ULPF  o f  F igu re  A. 1  between  the  connecting  
poin ts  3  and  1  wi th  togg le  S1  i n  posi ti on  A and  swi tch  S2  i n  posi ti on  ON  and  the  Power- i  
device  connected  between  the  connecting  po in ts  2  and  1 .  

 

Fi g u re  A . 2  – Pu l s e  o u tpu t  between  t erm i n al s  3  an d  1  o f  Fi g u re  A . 1  

NOTE  The  pu l se  wi th  reduced  ampl i tu de  i s  resu l t i ng  from  reduci ng  the  ampl i tude  o f  the  s i ng le  shot  pu l se  
generator  i n  order  to  determ i ne  the  assessmen t  factor  AF  o f  Power- i  devi ces  (see  Fi gu re  A. 6  and  F i gu re  A. 1 0 ) .  

A.2.2  Power- i  d umm y  l o ad  

The  Power- i  dummy load  shal l  ensure  defi ned  starting  behaviou r (soft  start)  real i z ing  a  s low 
cu rren t  ri se.  Th is  enables  the  source  to  operate  i n  Power- i  mode.  

The  dummy load  shal l  cause  m in imum  impai rment  of  the  test  pu lse  of  the  un iversal  test  
equ ipment  (see  Figure  A. 1 ) .  

The  principle  of  a  Power- i  dummy l oad  i s  shown  i n  Figu re  A.3 .  I t  consists  of  a  soft  s tart  un i t  i n  
combination  wi th  a  gyrator  to  meet  the  aforementioned  requ i rements.  An  example  i s  shown  i n  
C.4.  
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The  assessment  factor of  the  Power- i  dummy load  i s  measured  i n  accordance  wi th  A. 3 .3 . 3 .  I n  
th is  case  the  Power- i  f i e ld  device  shown  i n  Figu re  A. 1 0  i s  replaced  wi th  the  Power- i  dummy 
load .  To  accompl ish  a h igh  assessment factor  of  the  Power- i  source  i t  i s  advisable  to  use  a  
dummy load  wi th  a  l ow assessment  factor.  A practical  example  wi th  a  l ow assessment  factor 
i s  shown  i n  Figu re  C. 4.  

 

Fi g u re  A . 3  – B as i c  p r i n c i p l e  o f  a  Power- i  d umm y  l o ad  

A.3  Determ i n at i o n  o f  t h e  s afety -re l evan t  param eters  fo r  Power- i  d ev i ces  an d  
Power- i  w i r i n g   

A.3. 1  Gen eral  

Th is  secti on  i s  based  on  the  Power- i  speci fi c  testi ng  procedures  described  i n  7. 1 .   

A d ig i tal  s torage  osci l loscope  i s  necessary to  measure  the  response  t ime  and  the  assessment 
factor.  The  m in imum  cu t-off  frequency of  the  d ig i tal  s torage  osci l loscope  shal l  not  be  lower 
than  50  MHz.  

A.3.2  Safety-re l evan t  parameters  f o r  t h e  Power- i  s o u rce  

A .3 . 2. 1  Determ i n at i o n  o f  t h e  s afet y-rel evan t  m ax i m um  val u es  fo r  Power- i  s o u rces  

The  ou tpu t  values  of  the  Power- i  source  UO-sou rce  and  IO-sou rce  shal l  not  exceed  the  values  
defi ned  for  the  vo l tage  and  cu rren t  classes  i n  Table  1  and  Table  2  i n  order to  assign  the  
appl icati on  classes  of  the  Power- i  source  under the  cond i ti ons  g iven  i n  I EC  60079-1 1  for  Uo  
and  Io .  

A.3.2.2  Determ i n at i o n  o f  t h e  respon se  t i m e  tres p -s o u rce  f o r  Power- i  s o u rces  

The  determ ination  of  the  response  t ime  of  the  Power- i  source  tresp-sou rce  i s  performed  wi th  the  
test  equ ipment  as  shown  i n  Figu re  A.4.  The  time  tresp-sou rce  i s  determ ined  wi th  a  defi ned  test  
pu lse  i n i ti ated  by the  Power- i  un iversal  test  equ ipment  ( i nclud ing  the  s i ng le  shot  pu lse  
generator)  i n  accordance  wi th  Figure  A. 1  resu l ti ng  i n  shu tdown  mode  accord ing  to  5 . 2.  Th is  
test  shal l  be  performed  wi th  togg le  S1  i n  posi ti on  B  and  swi tch  S2  i n  posi ti on  “OFF”,  (see  
Figure  A. 1 ) .  The  test  shal l  be  performed  wi th  an  ad justable  Power- i  dummy load  (see  A.2. 2) .  
Th is  l oad  consists  of  a  combination  of  a  Power- i  f i e l d  device  wi th  a  l oad  ad justed  to  ach ieve  
maximum  ou tpu t  power.  
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Fi g u re  A .4  – B as i c  p r i n c i p l e  o f  t h e  eq u i pmen t  f o r  t h e  d eterm i n at i o n  
o f  t h e  respon se  t i m e  tres p -s o u rce  

A shu t  down  i s  ach ieved  when  the  cond i ti ons  described  i n  5 . 2  b) ,  d )  e)   are  fu l f i l l ed .   

NOTE  More  i n formati on  i s  g i ven  i n  B . 2 .  I n  Fi gu re  B . 4  the  val ue  of  I
shu tdown

 i s  based  on  the  val ue  o f  the  res i s tance  
R
s tart

.  

Figure  A.5  shows  an  example  of  determin ing  the  response  time  tresp-sou rce  of a  Power- i  source  
(24  V,  I IC,  SF  1 , 5) .  
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Fi g u re  A . 5  – Examp l e  o f  an  o s c i l l o g ram  to  d eterm i n e  
t h e  respon se  t i m e  tres p -s o u rce  

A . 3 . 2 .3  Determ i n at i o n  o f  t h e  assessm en t  fac to r  AFs o u rce  f o r  t h e  Power- i  s o u rce  

The  determ ination  of  the  assessment factor AF  i s  performed  wi th  test  equ ipment as  shown  i n  
Fi gu re  A. 6.  Th is  test  shal l  be  performed  for  speci fied  load  cond i ti ons  wi th  an  ad justable  
Power- i  dummy load  (see  A.2.2)  i n  accordance  wi th  Figure  A. 6.  The  test  shal l  be  performed  
wi th  togg le  S1  i n  posi ti on  A at  the  Power- i  un iversal  test  equ ipment  (see  
Figure  A. 1 ) .  

NOTE  The  d i fferen t  l oad  cond i t i ons  can  on l y  be  performed  u s i ng  l oads  wi th  Power- i  speci f i c  s tart-up  or  swi tch -on  
behaviou r.  
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Fi g u re  A .6  – Tes t  eq u i pmen t  f o r  t h e  d eterm i n at i o n  o f  
t h e  assessm en t  f ac to r  AFs o u rce  (bas i c  p r i n c i p l e)  

Compon en ts  o f  t h e  t es t  eq u i pmen t  Power- i  s o u rce  – AFs o u rce  

•  Power- i  un i versal  test  equ ipment  wi th  S1  i n  swi tch  posi ti on  A (see  Figure  A. 1 )  i nclud ing  
the  s i ng le  shot  pu lse  generator;  

•  ad justable  Power- i  dummy l oad :  

i s  used  to  prove  safe  shu tdown  i n  defined  load  ranges;  

These  are  speci fied  as  fo l lows:       

1 )  fu l l  ou tpu t  power;  IO-sou rce-max  

2 )  th ree  quarters  of  fu l l  power;  ¾ IO-sou rce-max  

3 )  hal f  ou tpu t  power;  ½ IO-sou rce-max   

4 )  one  quarter of  fu l l  ou tpu t  power;  ¼ IO-sou rce-max  

Proced u re  t o  d eterm i n e  t h e  assessm en t  f ac to r  o f  a  Power- i  s o u rce  

a)  Set  up  the  test  arrangement  as  shown  i n  Figure  A. 6.   

b)  Rvari able  from  Figure  A. 1  shal l  be  ad justed  i n  accordance  wi th  IEC  60079-1 1 ;  e . g .  a  g i ven  
vol tage  of  U  =  24  V  l eads  to  a  perm issible  cu rren t  of  I  =  1 74  mA resu l ti ng  i n  a  res istance  

of  R  =  1 38  Ω;  th i s  value  shal l  be  ad justed  for  Rvari abl e .  

c)  Ad just  the  Power- i  dummy load  to  obtain  the  maximum  ou tpu t  power from  the  Power- i  
source  (maximum  ou tpu t  cu rren t  IO-sou rce) .  

d )  Ad just  the  reference  rectangu lar pu lse  for  break sparks  of  the  s i ng le  shot  pu lse  generator 
of  the  Power- i  un iversal  test  equ ipment  (see  Figu re  A. 6)  on  term inal  4  to  the  fo l lowing  
parameters  

%51 0refpuls ±=− VU
 and  

µsµst 120refpuls ±=−
.  

e )  Swi tch  S2  to  posi ti on  “OFF”:  release  a  s ing le  shot  pu lse  of  the  pu lse  generator and  
measure  the  peak l evel  o f  the  reference  pu lse  at  the  l ow pass  fi l ter  ou tpu t  ULPF-ref  (see  
Fi gu re  A. 2)  on  ou tpu t  term inal  3  of  the  un iversal  test  equ ipment;  th is  i s  used  to  determ ine  
the  reference  value  ULPF-ref  for  the  assessment  factor evaluation  of  the  Power-  source. ;  
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f)  Swi tch  S2  to  posi ti on  “ON”:  progressively  reduce  the  ampl i tude  of  the  rectangu lar pu lse  

Upu l s  <  1 0  V un ti l  the  Power- i  source  no  l onger responds  wi th  a  shu t  down ;  the  shu tdown  
behaviour  shal l  be  checked  wi th  th is  pu lse;  a  shu t  down  i s  ach ieved  when  the  cond i ti ons  
apply accord ing  to  5 . 2 .  

g )  Swi tch  S2  to  posi t ion  “OFF”:  determ ine  the  peak level  of  the  reduced  pu lse  ULPF- l im  
accord ing  to  f)  at  the  low pass  fi l ter  ou tpu t  i n  Figure  A. 6  ou tpu t  term inal  3  by  means  of  an  
osci l l oscope.  

h )  The  assessment  factor  AFsou rce  i s  obtained  as  fo l l ows  (see  Figure  A.2) :  









=

−

−

l imLPF

refLPF
source lg20

U

U
AF

 

i )  Repeat  the  test  s teps  d )  to  h )  for  dummy loads  wi th  ¼ ,  ½ and   ¾  IO-source-max .  

j )  Repeat  the  test  s teps  e)  to  i )  wi th  the  reference  rectangu lar pu lse  for  make  sparks  us ing  
the  Power- i  un i versal  test  equ ipment  i n  accordance  wi th  Fi gu re  A. 1  and  Fi gu re  A.6.  

k)  The  l owest  assessment  factor of  al l  tests  determ ined  shal l  be  used  as  the  rated  
assessment  factor  AFsou rce .  

A.3.2.4  Ro u t i n e  t es t  f o r  as sessm en t  fac to r  o f  Power- i  s o u rce   

Th is  test  i s  on ly  re levant  for  the  rou tine  test  i n  accordance  wi th  7. 3  and  i s  performed  wi th  test  
equ ipment  as  shown  i n  Fi gu re  A.7.  

 

Fi g u re  A . 7  – Tes t  eq u i pmen t  f o r  t h e  as sessmen t  fac to r  t es t  f o r  Power- i  s o u rce  

Proced u re  o f  as ses smen t  fac to r  t es t  

a)  Set  up  the  test  arrangement as  shown  i n  Figu re  A.7.  

b)  Rvari able  o f  the  Power- i  un iversal  test  equ ipment  (see  Figure  A. 1 )  shal l  be  i n  accordance  
wi th  I EC  60079-1 1  

(E.g .  U  =  24  V  ⇒  I  =  1 74  mA  ⇒  Rvariabl e  =  1 38  Ω) .  

c)  The  Power- i  dummy l oad  (see  A.2. 2)  shal l  be  ad justed  to  l oad  the  Power- i  source  wi th  the  
maximum  rated  ou tpu t  cu rren t.  
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d )  The  pu lse  ampl i tude  Upu l s- test  of the  s i ng le  shot  pu lse  generator i n  Figu re  A.7  on  term inal  
4  shal l  be  ad justed  i n  accordance  wi th  the  fo l lowing  equation :  

%51 0refpuls ±=− VU
  and   

2020
refpulsetestpuls 1 0*1 01 0*

AFAF

VUU
−−

−− ==
 

and  
µsµst 120refpuls ±=−

.  

AF  i s  the  rated  assessment  factor AFsou rce  o f  the  Power- i  sou rce  under test,  as  defi ned  i n  
A. 3 .2. 3  i ) ;  

An  example  of  th is  procedure  i s  shown  i n  Figu re  A. 8  for a  break spark.  The  g iven  value  for 
the  assessment  factor  i n  th is  osci l l ogram  i s  AF  =  8 , 29.  Using  the  equation  i n  d )  th is  resu l ts  
i n  a  calcu lated  value  for  the  test  pu lse  ampl i tude  of  Upu l s- test  =  3 , 85  V.  Th is  pu lse  
ampl i tude  shal l  l ead  to  a  shu tdown  of  the  Power- i  source  accord ing  to  5 . 2 .  

 

Fi g u re  A .8  – Examp l e  o f  an  o s c i l l o g ram  f rom  a t es t  o f  a  Power- i  s o u rce   
w i t h  an  as sessmen t  fac to r  AF  =  8 , 29  fo r  a  b reak  spark  

e)  A s ing le  shot  break pu lse  wi th  the  pu lse  ampl i tude  i n  accordance  wi th  d )  shal l  resu l t  i n  a  
shu tdown  of  the  Power- i  source  accord ing  to  5. 2.  

f)  The  same  appl ies  for  a  s ing le  shot  make  pu lse.  

g )  The  test  i s  passed  when  the  cond i ti ons  i n  e)  and  f)  are  fu l f i l l ed .  

A.3.2.5  Tran s i t i o n  p u l s e  t es t  f o r  Power- i  s o u rce  

Figure  A.9  shows  the  equ ipment  setup requ i red  to  perform  the  transi ti on  pu lse  test  for  the  
s implest  ki nd  of  a  Power- i  source  as  shown  i n  Fi gu re  3 .  
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Fi g u re  A . 9  – Tes t  eq u i pmen t  f o r  t ran s i t i o n  pu l s e  t es t  o f  a  Power- i  s o u rce  

Th e  t es t  s etu p  co n s i s ts  o f  t h e  f o l l ow i n g  compon en ts :  

•  Power- i  source  (device  under test) ;  

•  maximum  load  (based  on  the  markingof  the  Power- i  source) ;   

•  d i g i tal  s torage  osci l loscope;  

•  pu lse  tester wi th  the  components:  

– s tart  bu tton ;  

– e lectron ic  swi tches:  ES1  and  ES2  s imu lating  connection  / d i sconnection  of  the  
maximum  load ;  

– cu rren t  sense  and  variable  reference  e lement  to  ad just  comparator  th reshold  Uvar ref;  

– negati ve  pu lse  s i ng le  shot:  gets  tri ggered  by the  comparator  when  cu rren t  th rough  
cu rren t  sense  exceeds  the  th reshold  value.  

Proced u re  t o  per fo rm  t h e  t ran s i t i o n  pu l s e  t es t  f o r  a  Power - i  s o u rce:  

a)  Set  up  the  test  arrangement  as  shown  i n  Figure  A. 9.  

NOTE  1  pos i t i ve  pu l se  from  the  s tart  bu tton  resu l ts  i n  c l os i ng  ES1  and  ES2;  th i s  l eads  to  a  connecti on  o f  the  
maximum  l oad  to  the  Power- i  sou rce  and  a  subsequen t  cu rren t  d rop  down  to  shu tdown  o f  the  Power- i  sou rce.  

NOTE  2  Due  to  the  s l ow s tart-up  characteri st i cs  o f  the  power- i  sou rce  after  the  cu rren t  d rop  down  to  
shu tdown ,  an  i ncreasi ng  cu rren t  f l ows  th rough  the  cu rren t  sense.  

NOTE  3  i f  the  vo l tage  across  the  cu rren t  sense  exceeds  the  primari l y  ad j usted  reference  vo l tage  U
Var  re f

,  the  
comparator  tr i ggers  the  s i ng l e  shot  n egat i ve  pu l se.  

Th i s  l eads  to  a  swi tch  o ff  o f  ES1  and  a  1 0  V  pu l se  i n  the  system.  

b)  The  reference  vo l tage  Uvar  ref  i n  Figure  A. 9  shal l  be  ad justed  to  al l ow a  tri ggering  of  the  
vo l tage  comparator at  cu rren t  values  of  25  %,  50  %,  75  % and  1 00  % of  the  maximum  
ou tpu t  cu rren t  IO-sou rce .  

c)  Press  the  start  bu tton  and  veri fy  that  th is  l eads  to  a  shu tdown  of  the  Power- i  source  
accord ing  to  5 . 2  b) .  Th is  i s  to  be  veri fi ed  by checking  the  curren t  drop  down  to  shu tdown  
wi th  the  osci l l oscope.  
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A.3.3  Safet y-re l evan t  parameters  f o r  t h e  Power- i  f i e l d  d ev i ces  

A .3 . 3 . 1  Determ i n at i o n  o f  t h e  s afety-re l evan t  m ax i m um  val u es  f o r  Power- i  f i e l d  
d ev i ces  

The  maximum  safety-re levan t  parameters  shal l  meet  the  requ i rements  of  I EC  60079-1 1  and  
IEC  60079-25  and  shal l  be  classi fied  i n  accordance  wi th  5 . 7.  

A.3. 3. 2  Determ i n at i o n  o f  t h e  respon se  t i m e  tres p -f i e l d -d ev i ce  f o r  Power- i  f i e l d  d ev i ces  

Determ ination  of  the  response  t ime  tresp-f i e l d -devi ce  for Power- i  f i e ld  devices  i s  not  necessary 
(see  5 . 3)  

A.3.3 .3  Determ i n at i o n  o f  t h e  as sessm en t  fac to r  AFf i e l d  d ev i ce  f o r  Power - i  f i e l d  
d ev i ces  

Figure  A. 1 0  shows  the  test  equ ipment  setup  requ i red  to  determ ine  the  assessment factor.  
Th is  test  shal l  be  performed  for  maximum  load  cond i ti ons  of  the  Power- i  f i e ld  device.  

Componen ts  of  the  test  equ ipment  i n  Figu re  A. 1 0:  

•  Power- i  un i versal  test  equ ipment  (see  Figure  A. 1 ) ;  

•  vo l tage  source:   generates  the  speci fi ed  maximum  vol tage  for  the  fi e ld  device;  

•  coupl i ng  modu le:  consists  of  an  i nductor to  ensure  ac  decoupl ing  of  the  vo l tage  source  i n  

combination  wi th  a  paral le l  1 00  Ω  res istor;  

•  swi tch  S3:  i s  used  to  connect  the  f ie ld  device  to  the  measurement  setup;  

•  Power- i  f i e l d  device  wi th  maximum  load  cond i ti ons;   

•  d i g i tal  s torage  osci l loscope.  

Proced u re  t o  d eterm i n e  t h e  as sessm en t  fac to r  o f  a  Power- i  f i e l d  d ev i ce:  

a)  Set  up  the  test  arrangement  as  shown  i n  Figu re  A. 1 0 .  

b)  Set  up  un iversal  test  equ ipment  as  shown  i n  Fi gu re  A. 1 :  

•  swi tch  S2  to  posi t ion  “ON”  and  togg le  swi tch  S1  to  posi ti on  A;  

•  ad just  the  break spark pu lse  peak value  of  the  s i ng le  shot  pu lse  generator to  

+1 0  V ±5  % on  terminal  4  o f  Figu re  A. 1 0.  

c)  Set  up  test  equ ipment  as  shown  i n  Figu re  A. 1 0:   

•  swi tch  S3  to  posi ti on  “OFF”:  vol tage  source  ad justed  to  the  safety-related  maximum  
value;  

•  swi tch  S3  to  posi t ion  “OFF”:  measure  the  pu lse  peak value  ULPF-ref  (see   
F i gu re  A.2)  wi th  the  osci l loscope  at  ou tpu t  3  o f  the  un iversal  test  equ ipment  (see  
Figure  A. 1 ) ;  

•  swi tch  S3  to  posi ti on  “ON”:  measure  the  pu lse  peak value  ULPF- l im  (see   
F i gu re  A.2)  wi th  the  osci l loscope  at  ou tpu t  3  o f  the  un iversal  test  equ ipment  (see  
Figure  A. 1 ) ;  

d )  The  assessment  factor AFf i e l d  devi ce  i s  obtained  as  fo l lows:  
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NOTE  The  factor  1 , 25  i ncl udes  a  defi ned  add i t i onal  attenuat ion  o f  25  %.  A  h i gher assessmen t  factor   AF
f i e l d -

devi ce
 means  h i gher  safety  due  to  an  arti f i c i al  ( i n tended)  impai rment.  

e)  Repeat  the  steps  b)  to  d )  wi th  the  reference  rectangu lar pu lse  of  the  s i ng le  shot  pu lse  

generator  for  make  sparks  - 1 0  V ±  5  % on  term inal  4  o f  Figu re  A. 1 0 .  
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f)  The  h i ghest  determ ined  assessment  factor  shal l  be  used  as  the  rated  assessment factor  
for  the  Power- i  f i e ld  device  (marking ) .  

 

Fi g u re  A . 1 0  – Tes t  eq u i pm en t  f o r  t h e  d eterm i n at i o n  o f  t h e  assessmen t  f ac to r  
AFf i e l d  d ev i c e  fo r  Power- i  f i e l d  d ev i ces  (bas i c  p r i n c i p l e)  

A .3 . 3 .4  Tran s i t i o n  p u l s e  t es t  f o r  Power- i  f i e l d  d ev i ces  

Figure  A. 1 1  shows  the  equ ipment  setup  requ i red  to  perform  the  transi t ion  pu lse  test.   

Th is  test  equ ipment  consists  of  the  fo l l owing  componen ts:  

•  Power- i  f i e l d  device  under maximum  load  cond i t ions;  

•  commercial ly  avai lable  vo l tage  source;  

•  coupl i ng  modu le;   

•  d i g i tal  s torage  osci l loscope;  

•  pu lse  tester for  f i e l d  devices  wi th  the  componen ts  (see  also  Figu re  A. 9) :  

– s tart  bu tton ;  

– e lectron ic  swi tches:  ES1  and  ES2  s imu lati ng  connection /d isconnection  of  the  Power- i  
f i e ld  device  to  the  vol tage  source;  

– variable  reference  e lement  to  ad just  comparator th reshold  and  cu rren t  sense;   

– s ing le  shot/negati ve  pu lse:  gets  triggered  by the  comparator when  cu rren t  th rough  
cu rren t  sense  exceeds  the  th reshold  value.  

Proced u re  t o  per fo rm  t h e  t ran s i t i o n  pu l s e  t es t :  

a)  set  up  the  test  arrangement  as  shown  i n  Fi gu re  A. 1 1 .  

NOTE  1  a  pos i t i ve  pu l se  from  the  s tart  test  u n i t  resu l ts  i n  c l os i ng  ES1  and  ES2;  
th i s  l eads  to  a  connecti on  o f  the  power- i  f i e l d  device  to  the  vo l tage  sou rce;  

NOTE  2  Due  to  the  s l ow start  up  characteri s ti cs  o f  the  power- i  f i e l d  devi ce  an  i ncreasi ng  cu rren t  f l ows  
th rough  the  cu rren t  sense.  

NOTE  3  i f  the  vo l tage  across  the  cu rren t  sense  exceeds  the  primari l y  ad j usted  reference  vo l tage  o f  the  
comparator,  the  s i ng l e  shot  negati ve  pu l se  i s  t ri ggered .  Th i s  resu l t  i s  the  swi tch i ng  o ff  o f  ES1  thus  generati ng  
a  1 0  V  pu l se  across  the  term i nal s  o f  the  pu l se  tester;  
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b)  Ad just  the  reference  vo l tage  Uvar  ref  i n  Figure  A. 1 1  to  al l ow a  tri ggering  of  the  vo l tage  
comparator  at  cu rren t  values  of  25  %,  50  %,  75  % and  1 00  % of  the  maximum  cu rren t.  

c)  Measure  the  vol tage  pu lse  Upu l se  (see  Figu re  A. 1 1 )  resu l t i ng  from  the  swi tch ing  action  
across  the  coupl i ng  modu le  wi th  the  osci l loscope  for  the  d i fferen t  cu rren t  values  as  
described  i n  b) .  

The  resu l t ing  Upu l se  l evel  shal l  be  above  the  level  o f  the  envelope  curve  as  shown  i n  
Figu re  A. 1 2  wi th in  the  shown  t ime  window.   Al ternati vely the  vol tage- time  area of  the  

resu l ti ng  pu lse  shal l  be  above  ±64  µVs  wi th in  the  shown  time  window of  20  µs.  

NOTE  4  Th i s  appl i es  especi al l y  to  f i e l d  devi ces  wi th  act i ve  decoupl i ng  componen ts .  

Power- i  f i e ld  devices  con tain ing  an  i n ternal  cu rren t  l im i tati on  un i t  (see  5 . 7)  shal l  be  tested  
wi th  the  i n ternal  curren t  l im i tation  working ,  i . e .  the  nominal  i n ternal /external  l oad  shal l  be  
shorted .  

The  test  procedures  a)  to  c)  shal l  be  performed  wi th  the  variable  reference  of  the  pu lse  tester  
ad justed  to  tri gger the  comparator at  a  curren t  value  wh ich  matches  the  l im i t  value  of  the  
i n ternal  safety-related  cu rren t  l im i tation .  

 

Fi g u re  A . 1 1  – Tes t  eq u i pmen t  f o r  t h e  t ran s i t i o n  pu l s e  t es t  o f  Power- i  f i e l d  d ev i ces  
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Fi g u re  A . 1 2  – Eval u at i o n  parameter  o f  t es t  p u l s e  Upu l s e  f o r  t ran s i t i o n  p u l s e  t es t  

A .3 . 4  Safet y-re l evan t  parameters  f o r  Power- i  w i r i n g  

A .3 . 4. 1  Determ i n at i o n  o f  t h e  s afety-re l evan t  m ax i m um  val u es  fo r  Power - i  w i r i n g  

Cable  used  for  Power- i  wi ri ng  shal l  comply wi th  I EC  60079-1 1 ,  I EC  60079-25  and  
IEC  60079-1 4.  

A.3.4.2  Determ i n at i o n  o f  t h e  respon se  t i m e  tres p -t r u n k  f o r  t h e  Power- i  t ru n k  

The  response  t ime  tresp-trunk  shal l  be  regarded  as  one  way propagation  t ime  i n  the  Power- i  
trunk cable.  I f  the  trunk cable  l eng th  i s  l ess  than  40  m  the  response  t ime  tresp- trunk  i s  defi ned  

to  be  0 , 5  µs.  For  al l  o ther  cases  two  d i fferen t  methods  of  assessment can  be  used :  

Cal cu l ate  tres p - t r u n k  

Th is  method  i s  based  on  using  the  most  un favourable  values  of  the  cable  parameter L  ́ and  
C .́  The  parameters  L  ́ and  C  ́ are  un i ts  per l eng th  of  the  trunk cable  and  shal l  be  known ,  the  
value  of  t ŕesp- trunk  i s  a  t ime  un i t  per l eng th .  The  fo l lowing  appl ies:   

( lcable  i s  the  l eng th  of  the  considered  cable  e . g .  i n  m )  

´´´ trunkresp CLt =−  and  cabletrunkresptrunkesp *´ lttr −− =  

NOTE  1  Typi cal  val ues  for  t´
resp- t ru n k 

are  5…  7  ns/m .  

Prac t i cal  m easu rem en t  o f  tres p - t r u n k  

Figure  A. 1 3  shows  an  example  of  a  test  equ ipment  setup  requ i red  to  measure  the  response  
t ime  of  the  cable.  

NOTE  2  The  m i n imum  cabl e  l eng th  o f  1 00  m  i s  advi sabl e  to  reach  a  su ffi c i en t  preci s i on .  

Procedure  to  determ ine  the  response  t ime  tresp-trunk:  

a)  Set  up  the  test  arrangement  as  shown  i n  Figu re  A. 1 3.  

NOTE  3  Most  generators  possess  an  i n ternal  res i s tance  R  o f  50  Ω ,  therefore,  i t  i s  recommended  to  reduce  

the  val ue  of  the  external  res i s tance  R  i n  o rder to  match  the  cabl e  res i s tance  o f  1 00  Ω .  

b)  Generate  a  posi ti ve  pu lse  of  200  ns  du ration  by the  pu lse  generator.  

c)  Observe  the  s i gnal  at  poin t  B  wi th  an  osci l l oscope.  
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d )  Measure  the  delay t ime  tde lay  between  the  posi ti ve  ri s i ng  edge  of  the  i n i t ial  pu lse  and  the  
negati ve  fal l i ng  edge  of  the  reflected  pu lse.  

e)  Calcu late  the  response  t ime  per l eng th  t ŕesp- trunk  from  the  fo l lowing  equation :  
( lcable  =  l eng th  of  the  considered  cable) :  

cable

delay
trunkresp

2
´

l

t
t =−  and  cabletrunkresptrunkresp *´ ltt −− = .  

f)  I f  necessary calcu late  the  characteri sti c  impedance  ZW  from  the  fo l l owing  equation :  

BA

B
W

*1 00

UU

U
Z

−
=

Ω

.  

 

Fi g u re  A . 1 3  – Tes t  eq u i pm en t  f o r  t h e  d eterm i n at i o n  o f   
t h e  respon se  t i m e  o f  t h e  Power- i  t ru n k  tres p - t r u n k  (bas i c  p r i n c i p l e)  

A .3 . 4.3  Determ i n at i o n  o f  t h e  as sessmen t  fac to r  AFt r u n k  f o r  t h e  Power- i  t ru n k  

The  assessment  factor of  the  Power- i  trunk cable  AFtru nk  u sed  shal l  be  speci fied  i n  
accordance  wi th  the  fo l l owing  formu la:  

w
trunk 34.4

Z

R
AF =

 and  cable´ lRR ∗=  

The  parameter R  i s  the  ohm ic  resistance  ( l oop  resistance  wi th  the  un i t  Ω)  o f  the  used  cable  
and  shal l  be  known ,  the  parameter  R´  i s  the  ohmic  resistance  per  l ength .  

The  characteristi c  impedance  ZW  can  be  determ ined  by the  fo l l owing  equation :  

´
´

W C
LZ =

 

To  determ ine  the  value  of  the  characteri sti c  impedance  ZW  i t  i s  al so  possible  to  use  the  test  
setup  for  practical  measurement  of  the  response  t ime  tresp-trunk  i n  accordance  to  A. 3 .4. 2  f)  by  
us ing  the  test  equ ipment  of  Figure  A. 1 3 .  
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NOTE  1  The  l oop  res i s tance  R  can  be  eas i l y  measu red  wi th  an  ohmmeter.  

NOTE  2  Example:   R´=  25  Ω/1 000  m ,  L´=  666  µH/1 000  m  and  C´=  66  nF/1 000  m  ⇒   Z
W
=1 00  Ω   ⇒  AF

t ru n k
=1 , 1 ;  

A.3.5  Safet y-re l evan t  parameters  f o r  t h e  Power- i  t erm i n ato r  

A .3 . 5. 1  Determ i n at i o n  o f  t h e  s afety-re l evan t  m ax i m um  val u es  f o r  Power- i  t erm i n ato rs  

The  maximum  safety-relevan t  parameters  shal l  meet  the  requ i rements  i n  accordance  wi th  
I EC  60079-1 1  and  I EC  60079-25  and  shal l  be  classi fi ed  i n  accordance  wi th  clause  5 . 7.  

A.3. 5. 2  Determ i n at i o n  o f  t h e  respon se  t i m e  tres p -t erm i n at o r
  
f o r  Power- i  t erm i n ato rs  

Determ ination  of  the  response  t ime  tresp- term i nator
  
for  Power- i  term inators  i s  not  necessary  

(see  5 . 5  )  

A.3.5.3  Determ i n at i o n  o f  t h e  assessm en t  fac to r  AFt erm i n ato r  f o r  Power- i  t erm i n ato rs  

The  determ ination  of  AFterm inator  i s  based  on  the  procedure  to  determine  the  assessment  
factor for  Power- i  f i e ld  devices  as  described  i n  A.3 . 3 . 3  wi th  the  fo l l owing  changes:  

•  replace  the  Power- i  f i e ld  device  (device  under test)  i n  Fi gu re  A. 1 0  wi th  the  Power- i  
term inator;  

•  fo l low the  procedure  described  i n  A. 3. 3 .3  to  measure  the  assessment factor  AFterm inati on -
un i t;  

•  the  h ighest  determ ined  assessment factor shal l  be  used  as  the  rated  assessment factor 
for  the  Power- i  term inator.  
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An nex  B  
( in formative)  

 
Exp l an at i o n  an d  d etai l s  o f  t h e  Power- i  bas i c  con cep t  

B . 1  Ph ys i cal  bas i cs  o f  an  i g n i t i o n   

By testi ng  the  i gn i ti bi l i ty  of  sparks  of  i n trins ical l y  safe  equ ipment  the  aim  i s  to  d i sti ngu ish  
between  i nducti ve,  capaci ti ve,  m ixed  and  resisti ve  ci rcu i ts  on  one  hand  and  various  ou tpu t  
characteristics  of  the  power-source  on  the  other.  Of  parti cu lar re levance  are  the  spark 
parameters  spark vo l tage  Us ,  spark cu rren t  Is  and  spark du ration  t ime  ts .  Th is  al lows  the  
determ ination  of  the  spark-power Ps  and  the  spark energy Ws .  Based  on  these  parameters  i n  
most  cases  i t  i s  possible  to  assess  the  spark energy re leased  by the  ci rcu i t.  

The  general  precond i t ion  for  an  i gn i t ion  i s  the  necessi ty  to  exceed  a  defi ned  i gn i ti on  
temperatu re  i n  an  i n i t ial  vo lume  of  the  gas/ai r  m ixtu re.  For  th is ,  the  reach ing  of  a  certain  
energy densi ty  i n  th i s  i n i t ial  vo lume  i s  necessary.  As  the  energy densi ty  deri ves  from  the  
power consumption  wi th in  a  certain  spark duration  t ime,  i t  can  be  deduced  that  the  factor 
" t ime"  i s  o f  fundamental  importance  du ring  an  i gn i t ion .  By i n fl uencing  the  factor " t ime"  i n  a  
wel l -aimed  manner,  the  i gn i ti on  behavior can  be  strong ly  i n fluenced  – that  means  s ign i fi can tl y  
h igher i n tri ns ical l y  safe  approved  values  can  be  reached .  The  presen t  standard  IEC  60079-
1 1 :201 1  does  not  accoun t  for  th is  ci rcumstance.   

“Power- i ”  considers  th i s  ci rcumstance  and  takes  the  factor “t ime”  i n to  accoun t  because  i t  i s  
based  on  dynamic  recogn i tion  and  reaction  to  safety-cri t i cal  cond i ti ons.  

For optim izati on ,  however,  a  safety-related  assessment  of  the  th ree  essential  componen ts  of  
the  overal l  system  – Power- i  source  +  Power- i  wi ring  +  Power- i  f i e ld  devices  ( i nclud ing  load)  –
i s  requ i red .  

To  understand  the  operating  principle  of  “Power- i ”  i t  i s  he lpfu l  to  have  a  l ook at  the  typical  
trace  of  a  break spark g iven  by the  spark test  apparatus  accord ing  to  I EC  60079-1 1 .  
Figu re  B. 1  shows  an  example  of  a  break spark suppl ied  by a  source  wi th  resisti ve  l im i ti ng .  
Every break spark i s  characterized  by an  i n i t ial  step  wi th  a  vo l tage  ri se  of  abou t  1 0  V  i n  
combination  wi th  a  cu rren t  d rop.  The  end  of  the  spark i s  characterized  by the  maximum  ou tpu t  
vo l tage  of  the  power supply.  
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Fi g u re  B . 1  – Examp l e  o f  a  t yp i cal  t race  o f  a  b reak  s park  s u pp l i ed  
w i t h  a  l i n ear l y  l i m i t ed  s o u rce  

Th is  type  of  spark i s  characterised  by a  very variable  spark du ration  – usual l y  between  20  µs  
and  2  ms  ( for  equ ipment  g roup  I IC) .  The  varying  spark duration  l eads  to  an  undefined  energy 
i npu t  i n to  the  spark and  the  hazardous  m ixtu re.  I n  conven tional  i n trins ic  safety the  i npu t  spark 
power i s  therefore  l im i ted  to  l ow values  where  thermal  l oss  exceeds  the  energy i npu t.  
Therefore  the  temperatu re  of  the  gas  su rround ing  the  arc  temperatu re  cannot  reach  the  
i gn i ti on  th reshold  value.  Th is  means  that  the  avai lable  power for functional  requ i rements  i s  
also  l im i ted .   

Power- i  does  not  re ly  on  power l im i tation ,  bu t  rather on  t ime  l im i tation .  Th is  means  that  more  
power i s  avai lable  for  functi onal  requ i rements.  Time  l im i tation  of  the  spark ensures  that  the  
temperatu re  of  the  gas  m ixtu re  cannot  reach  the  i gn i tion  th reshold  (see  Figure  B.2) .   

 

Fi g u re  B . 2  – Examp l e  o f  a  t yp i cal  t race  o f   
a  b reak  s park  l i m i ted  by  a  Power- i  s o u rce  
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When  us ing  Power- i  devices  the  i n i ti al  s tep  i n  Figu re  B.2  i s  i dentical  to  that  shown  i n  
Figure  B. 1 .  The  fundamental  d i fference  i s  that  Power- i  i s  based  on  the  defined  l im i tation  of  
the  spark du ration .  The  spark duration  depends  primari l y  on  the  maximum  system  response  
t ime  of  the  whole  Power- i  system.  Th is  t ime  i s  main ly  dependen t on  the  cable/trunk used  
(cable  propagation  t ime)  and  the  response  t ime  of  the  Power- i  source  (hardware  shu tdown  

time  of  the  source) .  Typical  values  for  a  cable/trunk wi th  a  l eng th  of  1  000  m  are  e . g .  1 0  µs  to  
1 5  µs  and  for a  Power- i  source  e . g .  1  µs.  Therefore  the  maximum  spark energy can  be  
calcu lated  re lati vely  exactl y.  

B .2  Ou tpu t  ch arac ter i s t i cs  o f  a  Power- i  s o u rce  

I n  Power- i  two  modes  of  operati on  are  implemented :  The  shu tdown  mode  and  the  Power- i  
mode.  I n  the  shu tdown  mode  the  complete  system  i s  s i tuated  i n  the  i n trins ical l y  safe  area i n  
accordance  wi th  I EC  60079-1 1  or  I EC  60079-25.  The  Power- i  mode  i s  the  normal  operation  
mode.  

Power- i  i s  based  on  a  targeted  i n fl uence  on  the  source  of  any kind  of  spark formation ,  
whereby a  retu rn  to  normal  operation  (Power- i  mode)  i s  not  possible  before  the  cri t i cal  s tate  
(spark)  has  ended.  When  using  Power- i ,  the  whole  system  consisti ng  of  the  sou rce,  f i e ld  
devices,  the  wi ri ng  and  the  terminator  are  to  be  assessed  as  an  en ti ty  under safety-relevan t  
aspects.  

Two  functional  transi ti on  modes  from  shu tdown  mode  to  the  Power- i  mode  are  possible:  

a)  Con tinuous  retu rn  mode:  The  Power- i  source  retu rns  s lowly  to  the  Power- i  mode.  The  
��

��
 

cu rren t  ri se  t ime  shal l  be  low enough  to  avoid  tri ggering  the  Power- i  source  to  shu tdown  
mode.  The  i n ten tion  of  th i s  mode  i s  to  power s imple  appl ications  as  there  are  solenoid  
values,  heating  e lements  etc.  

b)  Vol tage  th reshold  retu rn  mode:  For  the  transi tion  from  shu tdown  mode  to  Power- i  mode  a  
defi ned  th reshold  vo l tage  Uth res  shal l  be  exceeded,  to  ensure  that  a  transi ti on  to  Power- i  
mode  i s  impossible  i n  case  of  l ow resistance  or  short  ci rcu i t  s i tuati ons.  Power- i  f i e ld  
devices  i n  compl iance  wi th  th is  mode  wi l l  remain  i n  h igh  resistance  state  un ti l  transi tion  to  
Power- i  mode  i s  completed  (see  Figure  B. 3)  

Fi gure  B.4  shows  a hardware  example  to  ensure  th is  behaviour.  The  i n ten ti on  of  th is  mode  i s  
to  supply  power to  more  complex appl icati ons  (e . g .  f i e ldbus  devices) .  

For  both  functional  transi t i on  modes  the  fo l lowing  appl ies:  I f  an  i l l eg i timate  cu rren t  change  i s  
detected  du ring  retu rn  to  Power- i  mode  – the  Power- i  sou rce  immediately  fal l s  back to  
shu tdown  mode.   
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Fi g u re  B . 3  – Examp l e  o f  o u tpu t  s et  o f  c h arac ter i s t i c  c u rves  
o f  a  Power- i  s o u rce  d u r i n g  l o ad  co n n ec t i o n  

The  set  o f  characteri stic  cu rves  as  shown  i n  Figu re  B.3  consists  of  two  d i fferen t  ranges  – the  
shu tdown  range  and  the  Power- i  range.  The  shu tdown  range  i s  the  i n trins ical l y  safe  area 
below values  i n  accordance  wi th  the  IEC  60079-1 1  or  IEC  60079-25.  Th i s  i s  the  starting  and  
the  retu rn  range.  The  Power- i  range  i s  the  normal  or  working  range  based  on  a hardware  
concept  accord ing  to  Figu re  B. 4.  

a)  Shu tdown  mode:  (see  Figure  B.5  – e lectron ic  swi tch  S1  of  Figure  B.4  i s  open ) .  Th is  cu rve  
i s  complete ly s i tuated  i n  the  i n trins ical l y safe  area i n  accordance  wi th  I EC  60079-1 1 .  The  
i n trins ical l y  safe  (residual )  ou tpu t  cu rren t  i n  combination  wi th  the  load  resi stance  therefore  
determines  the  vo l tage  at  the  ou tpu t  clamps  of  the  Power- i  source.  As  soon  as  the  
speci fied  th reshold  value  Uth res  (see  Figure  B. 3  – Uth res  and  R th res)  i s  exceeded,  the  
transi ti on  i n to  the  range  of  the  Power- i  characteristic  s tarts.  

b)  Power- i  mode:  (see  Figure  B.5  – e lectron ic  swi tch  S1  of  Figure  B. 4  i s  closed) .  The  Power- i  
mode  i s  the  operating  range  wh ich  perm i ts  the  maximum  ou tpu t  power.   

c)  I f  a  cu rren t  change  
��

��
 i s  detected  wh ich  i s  above  the  m in imum  triggering  value  for  the  

dynamic  shu tdown  i t  qu ickly l eads  to  a  retu rn  to  shu tdown  mode  (e lectron ic  swi tch  S1  i n  
Fi gu re  B.4  i s  open ) .  

IEC 
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Fi g u re  B .4  – B as i c  p r i n c i p l e  o f  a  Power- i  p ower  s ou rce  
f o r  t h e  vo l tag e  t h resh o l d  ret u rn  m ode  

 

Fi g u re  B . 5  – Examp l e  o f  o u tpu t  s et  o f  c h arac ter i s t i c  c u rves  
o f  a  Power- i  s o u rce  i n  t h e  case  o f  a  f ai l u re  

The  transi ti on  of  shu tdown  mode  to  Power- i  mode  (starti ng )  can  take  place  s lowly  – i t  i s  not  
safety  relevan t  – i . e .  i n  the  ms  range.  The  safety-relevant  transi tion  from  the  Power- i  mode  to  

the  shu tdown  mode  i s  preferably  as  short  as  possible  ( i n  the  range  of  a  few µs) .  

B .3  Measu remen t  an d  s c i en t i f i c  resu l t s  as  bas i s  fo r  Power-  i  m i n i m um  i g n i t i o n  
val u es  

B .3. 1  Tes t  s etu ps  f o r  t h e  d eterm i n at i o n  o f  t h e  i g n i t i o n  p ro bab i l i t y  

To  fi nd  the  worst  case  i gn i t ion  values  for Table  3  tests  have  been  performed  wi th  setups  for  
break and  for  make  sparks  as  shown  i n   and  Figure  B. 7.  
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Compon en ts  o f  t h e  t es t  s etu ps  (s ee  Fi g u re  B . 6  an d  Fi g u re  B . 7) :  

•  Power- i  source:  device  under test;   

•  STA:  Spark test  apparatus  accord ing  to  IEC  60079-1 1 ;  

•  Cu rren t  detector:  ensu re  con tact  coun ts  on ly at  speci fi ed  cu rren t;  

– Decoupl i ng  un i t:  necessary to  ensure  functional l y  and  safety  of  the   Power- i  system;  

– Ad justable  l oad :  determ ine  the  speci fi ed  cu rren t  for  measurement;  

– D ig i tal  coun ter:   to  coun t  val id  con tacts.  

 

Fi g u re  B . 6  – Tes t  s et u p  w i t h  STA  fo r  b reak  s parks   

 

Fi g u re  B . 7  – Tes t  s etu p  w i t h  STA  f o r  m ake  s parks   
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Wi th  these  test  setups  an  i gn i ti on  probabi l i ty  of  1 0
-3
 or  l ower has  been  ach ieved,  i . e .  i n  

average  one  i gn i ti on  i n  1  000  con tacts  i s  al l owed .  

Pro ced u re  t o  d eterm i n e  t h e  i g n i t i o n  l i m i t i n g  val u es :  

The  determ ination  of  the  i gn i ti on  probabi l i ty  for  Power- i  was  performed  i n  compl iance  wi th  the  
evaluation  of  the  i gn i tion  tables  and  cu rves  i n  I EC  60079-1 1  Annex A.  These  values  are  
based  on  the  above  men tioned  i gn i ti on  probabi l i ty  of  1 0

-3
 or  l ower.  Due  to  the  characteri stic  of  

the  Power- i  system  i t  i s  necessary to  ensure  that  the  system  i s  i n  speci fied  Power- i  mode  
du ring  the  make/break con tact  of  the  STA.  The  detector  i s  used  to  mon i tor  the  system  state.  
Therefore  the  d ig i tal  coun ter  on ly  coun ts  val id  con tacts  du ring  Power- i  mode.  The  tests  shal l  
be  performed  wi th  the  STA i n  two  d i fferen t  posi ti ons  – as  shown  i n   and  Figu re  B. 7.  The  test  
resu l ts  are  to  be  found  i n  Figu re  B. 8,  Fi gu re  B.9  and  Figu re  B. 1 0.  The  marked  values  i n  the  
measured  cu rves  are  based  on  at  l east  1 5  i gn i t ions.   

Al l  tests  had  been  performed  wi th  equ ipment  g roup I IC  for safety factor 1 , 5  – by us ing  an  
Oxygen  enriched  m ixture,  i . e .  30  % hydrogen ,  53  % Ai r  and  1 7  % oxygen  ( i n  accordance  wi th  
I EC  60079-1 1 ) .  

The  resu l ti ng  i gn i ti on  values  i n  Table  3  are  based  on  the  fo l l owing  assumption :  

Fi gu re  B. 1 1  shows  the  dependence  of  the  m in imum  ign i t ion  energy i n  re lation  to  the  used  

hydrogen  – ai r  ratio  of  the  gas  m ixtu re.  The  m in imum  ign i ti on  energy i s  approximately 1 7  µJ  at  
21  % hydrogen  i n  ai r.  The  used  oxygen  enriched  m ixtu re  for  safety  factor SF  1 , 5  for  Group  I IC  

has  a  m in imum  i gn i ti on  energy of  approximately  1 0  µJ .  The  safety  factor SF 1 , 0  for  I IC  and  
the  safety  factor SF  1 , 5  m ixtu res  for  equ ipment  g roup  I IB  and  I IA are  based  on  hydrogen  ai r  
m ixtu res  i n  accordance  wi th  I EC  60079-1 1 .  

B .3. 2  Resu l t  o f  t h e  s park  i g n i t i o n  t es ts  an d  t h ei r  i m p l emen tat i o n  i n  Tab l e  3    

Al l  measured  curves  i n ,  F igure  B.9  and  Figu re  B. 1 0  have  been  performed  wi th  Oxygen  
enriched  m ixtu re  for  equ ipment  g roup  I IC  by us ing  the  IEC  60079-1 1  Spark Test  Apparatus.  

Al l  cu rves  i n ,  Fi gu re  B.9  and  Figure  B. 1 0  wi th  the  name “  ***Table  3”  are  for  reference.  Here  
on ly  the  marked  po in ts  correspond  to  val id  cu rrent  classes  i n  Table  3 .  

 

Fi g u re  B . 8  – Power- i  i g n i t i o n  val u es  f o r  vo l t ag e  c l as s  24V (24  VDC)   
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Fi g u re  B . 9  – Power- i  i g n i t i o n  val u es  f o r  vo l t ag e  c l as s  32V (32  VDC)  

 

Fi g u re  B . 1 0  – Power- i  i g n i t i o n  val u es  fo r  vo l tag e  c l as s  40V (40  VDC)  

NOTE  I n  F i gu re  B . 1 0  the  cu rve  “40V I I C  SF  1 , 5  measu red”  i s  the  bas i s  for  the  cu rves  “  40V I I C  SF  1 , 0  Tabl e  3 ”  
and  “40V I I B  SF1 , 5  Tabl e  3 ”.   
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Fi g u re  B . 1 1  – I g n i t i o n  en erg y  i n  re l at i o n  t o  t h e  u sed  
h yd rog en  percen tag e  i n  t h e  g as  m i x t u res  
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An nex  C  
( in formative)  

 
Examp l es  o f  Power- i  d ev i ces  an d  s ys tem s  

C. 1  Power- i  app l i cat i o n  fo r  a  s o l en o i d  val ve   

Figure  C. 1  shows  a  Power- i  system  optim ized  for  s imple  so lenoid  valves  wi th  the  fo l l owing  
boundary cond i tions  for  Group I IC,  Power- i  l evel  o f  protection  “ ib”  and  safety  factor SF 1 , 5:   

20  V d . c.  ≤  U  ≤  30  V  d . c. ,  P  <  1 5  W,   maximum  trunk l eng th  =  400  m  

Th is  corresponds  to  the  maximum  Power- i  appl ication  class:  32V2A0;  

An  example  of  th i s  speci fi c  appl i cation  i s  shown  i n  Figure  C. 1 .  The  solenoid  i n  Figu re  C. 1  i s  
used  as  decoupl i ng  i nductance.  The  paral le l  capaci tance  C  depends  on  the  i nductance  L  and  
the  stati c  curren t  of  the  so lenoid  valve.  The  fo l l owing  requ i rements  shou ld  be  met:  

mHL 10≥ ,  nFC 500≥  e t  Ω1 000
)5(

*5

sourceO

2
3 ≥

−
=

− VU

RV
R  

I nductance  L,  capaci tance  C,  res istances  R2  and  R3  and  al l  d iodes  are  safety  re levan t  i n  
accordance  wi th  I EC  60079-1 1 .  Furthermore  the  fo l l owing  appl ies  ( for  the  t ime  constan t) :  

CR
R

L
210≥

 

Th is  appl ication  of  the  so lenoid  valve  fi e ld  device  requ i res  an  explosion  protected  design  (e. g .  
encapsu lati on  accord ing  to  Ex  “m”) .  

 

Fi g u re  C. 1  – S i m p l e  s o l en o i d  val ve  Power- i  app l i cat i o n  (examp l e)  
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NOTE  Other  parameters  for  U,  I,  P  o r  t ru nk l eng ths  are  al so  poss i bl e  – bu t  for  th i s  case  add i t i onal  safety- re levan t  
cons i derati ons  are  necessary.  

C.2  Examp l e  o f  a  g en eral l y  d es i g n ed  Power- i  s o u rce   

Figure  B.4  shows  one  example  of  a  general l y  designed  Power- i  source.  Th is  Power- i  sou rce  i s  
performed  as  a  combination  of  functional l y  and  safety-re levan t  components.  Th is  Power- i  
source  i s  i n  compl iance  wi th  the  fo l l owing  importan t  functional  requ i rements:  

•  Preven ting  return  from  shu tdown  mode  to  Power- i  mode  as  l ong  as  a  th reshold  vo l tage  
Uth res  o f  1 5  V i s  not  exceeded;  

(Other values  from  1 0  V up  to  2/3  of  the  supply vol tage  are  also  possible. )  

NOTE  I t  i s  necessary to  ensu re  that  on l y  a  val ue  of  res i stance  above  a  m i n imum  res i s tance  connected  to  the  
ou tpu t  o f  the  Power- i  sou rce  l eads  to  a  trans i t i on  from  shu tdown  mode  to  Power- i  mode.  Otherwi se  a  trans i t i on  
to  Power- i  mode  wou l d  be  poss ibl e  wi th  a  l ow res i stance  connected  (e . g .  con tact  res i s tance) .  

•  The  transi t ion  from  the  shu tdown  mode  to  the  Power- i  mode  requ i res  defined  start  
behaviour  (soft  s tart)  o f  the  Power- i  source.   

C.3  Examp l e  o f  a  Power- i  f i e l d  d ev i ce   

Figure  C. 2  shows  an  example  of  a  general l y  s tyled  Power- i  f i e l d  device.  The  i n ternal  soft  s tart  
shown  i n  Figu re  C.2  i s  on ly  necessary for  functi onal  reasons.  I f  the  curren t  l im i ter  i s  re levan t  
for  the  classi fi cation  i n  a  Power- i  cu rren t  class  (see  clause  5 . 7)  i t  i s  to  be  considered  as  
safety re levan t.  

NOTE  1  Soft  s tart  i s  safety  re l evan t  fo r  temperatu re  cl ass i fi cat i on .  

Capaci tance  C  i n  Fi gu re  C.2  i s  relevan t  to  generate  a  detectable  
��

��
 pu lse  for  any type  of  l oad  

(arbi trary load)  connected  (e . g .  h igh  i nductances) .  The  capaci tance  C  shou ld  have  a  m in imum  
value  of  500  nF.  I nductance  L  determines  the  assessment  factor  value  of  the  Power- i  f i e ld  
device.  A h igher value  of  L  resu l ts  i n  a  l ower assessment factor.  

The  Power- i  f i e ld  device  shown  Figure  C.2  ensu res  that  any make  or  break spark i n  the  
Power- i  wi ring  wi l l  cause  a  spark pu lse  wi th  a  su ffi cien t  ampl i tude  to  tri gger a  shu tdown  
reaction  of  the  Power- i  source  ( for  l evel  o f  protecti on   “ i b”) .  

 

Fi g u re  C. 2  – Examp l e  o f  a  g en eral l y  s t y l ed  Power- i  f i e l d  d ev i ce  
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A practi cal  example  of  the  V- l im i tation  un i t  for  l evel  o f  protection  “ ib”  i s  shown  i n  Figu re  C. 3 .  

 

Fi g u re  C. 3  – Examp l e  o f  a  V- l i m i tat i o n  u n i t  ( l evel  o f  p ro tec t i o n  “ i b ” )  

NOTE  2  I n  case  o f  a  short  c i rcu i t  o f  one  d i ode,  the  vo l tage  across  the  V- l im i tat i on  un i t  decreases  by  0 , 7  V.  

C.4 Examp l e  o f  a  Power- i  d ummy  l o ad   

Figure  C.4  shows  a  detai l ed  ci rcu i t  o f  a  Power- i  dummy load  as  an  example.  

 

Fi g u re  C. 4  – Examp l e  o f  a  Power- i  d ummy  l o ad  

C.5  Examp l e  o f  a  Power- i  t erm i n ato r    

An  example  of  a  Power- i  term inator  for  the  l evel  o f  protection  “ ib”  i s  shown  i n  Fi gu re  C.5:   
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Fi g u re  C. 5  – Examp l e  o f  a  Power- i  t erm i n ato r  

I n  Fi gure  C.5  on ly  the  d iodes  D1  and  D2  are  safety  re levan t.  

NOTE  The  cu rren t  d rai n  i s  necessary to  generate  a  b i as  cu rren t  for  data  transm iss i on  pu rposes  on l y.  
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An nex  D  
( in formative)  

 
Examp l e  o f  i n tercon n ec t i o n  o f  Power- i  d ev i ces  
 i n c l u d i n g  Power- i  w i r i n g  t o  a Power- i  s ys tem  

 

D. 1  Spec i f i c  ai m  an d  g i ven  val u es  

Determ ination  of  the  maximum  numbers  of  Power- i  f i e ld  devices  on  a  g i ven  (predefi ned)  
Power- i  trunk.  

The  g iven  equ ipment  g roup i s  I IC  wi th  a  safety  factor SF  =  1 , 5  and  the  g iven  Power- i  vo l tage  
class  i s  32  V.  

The  fo l lowing  Power- i  f i e l d  devices  and  the  fo l l owing  Power- i  term inator  are  avai lable:  

•  Power- i  f i e l d  devices  type  1 :   32V2A0,  AFf i e l d  devi ce-1   =  1 , 5   or  

•  Power- i  f i e l d  devices  type  2:   32V2A0,  AFf i e l d  devi ce-2   =  2, 1 ;   

•  Power- i  term inator:  40V2A0,  AFterm inator   =  5 , 0 .  

The  fo l l owing  Power- i  wi ri ng  appl icati on  i s  g i ven :  

cable  l eng th   lcable  =  700  m   tresp- trunk  =  3 , 2  µs  AFtrunk =  1 , 1 .  

D.2  So l u t i o n  examp l e   

Step 1 :   Wh ich  kind  of  Power- i  source  i s  appl i cable?  (see  Clause  6)  

Each  Power- i  sou rce  wh ich  meets  the  requ i rements  accord ing  to  the  appl ication  
classes  g i ven  i n  Table  3  i s  appl i cable.  

perm i tted  appl i cation  classes:  32V0A5 

preselected  Power- i  source:  32V0A5,   tresp-sou rce  =  1  µs,   AFsou rce   =  1 2;  

Step 2:   Veri fy  the  Power- i  system  response  t ime  tresp-system  (see  6. 2c)  

tresp-system  =  1  µs  +  (2*3 ,2  µs)  =  7,4  µs  ≤  8  µs  

The  preselected  Power- i  source  i s  i n  accordance  wi th  Table  3  and  i s  su i table  for 
th i s  appl i cation .  

NOTE  2  I f  the  val ue  o f  the  response  t ime  o f  the  se lected  Power- i  sou rce  t
resp-sou rce

 exceeds  1 , 6  µs  
th i s  Power- i  sou rce  i s  u nsu i tabl e  for  th i s  appl i cati on .  

Step 3 :   Determ ination  of  the  maximum  number of  f i e ld  devices  to  the  Power- i  trunk i n  
accordance  wi th  C lause  6.  

∑ −++≥
n

AFAFAFAF

1

devicefieldtrunkterminatorsource

 

wi thou t  Power- i  term inator:  

27,75,11,1012
1

≤⇒∑++≥ n
n

 

•  maximum  7  Power- i  fi e l d  devices  type  1  or  

•  maximum  5  Power- i  fi e l d  devices  type  2  are  al l owed;  
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wi th  Power- i  term inator:  

93,35,11,10,512
1

≤⇒∑++≥ n
n

 

•  maximum  3  Power- i  f i e ld  devices  type  1  or  

•  maximum  2  Power- i  f i e ld  devices  type  2  are  al l owed .  

 

_____________ 
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