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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
EXPLOSIVE ATMOSPHERES –  

 
Part 29-1 :  Gas  detectors  – Performance requirements   

of detectors  for flammable gases  
 

FOREWORD 

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

2 )  The  formal  d eci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  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  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  hel d  responsibl e  for the  way i n  wh i ch  they are  u sed  or for any 
m is i n terpretati on  by any end  u ser.  

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

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

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

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

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

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

I n ternational  Standard  IEC  60079-29-1  has  been  prepared  by I EC  techn ical  commi ttee  31 :  
Equ ipment for explosive  atmospheres.  

Th is  second  ed i tion  of I EC  60079-29-1  cancels  and  replaces  the  fi rst  ed i tion  of 
I EC  60079-29-1 : 2007  series  and  consti tu tes  a  techn ical  revision .  

S ign i fican t techn ical  changes  between  I EC 60079-29-1 ,  Ed i tion  1  (2007),  and  
IEC  60079-29-1 ,  Ed i tion  2  (201 6),  i s  as  l i sted  below:  

S ign i fican t changes  wi th  respect to  I EC  60079-29-1 : 2007  
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 Type  

Changes  C lause  M inor and  
ed i torial  
changes  

Extension  Major 
techn ical  
changes  

Measuri ng  range  up  to  20  %LEL  
(Mod i fi ed  requ i remen ts)  

Al l   X   

Defi n i ti ons  
(Add i ti onal  cl ari fi cati ons)  

3  X   

Manu factu rer’ s  cl a ims  
(specia l  appl i cati ons  requ i remen ts)  

4 . 1 . 1  X   

Genera l  constructi on  
(Mal functi on  effects  on  safety re l ated  fu ncti on )  

4 . 2 . 1    C1  

Genera l  i nd i cati ng  devices  
 (portabl e  equ ipmen t  wi th  vi sua l  and  aud i b l e  i n d i cati on )  

4 . 2 . 2 . 1    C2  

Suppressi on  of i nd i cati on  and  measu red  val ues  be l ow zero  
( functi onal  l im i ts)  

4 . 2 . 2 . 5    C3  

Fau l t  s i gnal s  
(Fau l t  i nd i cati on  bel ow m i n imum  vol tage  l im i t,  sensor 
d i sconnecti on  and  zero  d ri ft  cond i ti on )  

4 . 2 . 4    C4  

Ad j ustmen ts  
(Zero  and  sensi ti vi ty ad j ustmen ts)  

4 . 2 . 5    C5  

Marki ng  
(Portabl e  equ i pmen t  protecti ve  case)  

4 . 3   X   

I n structi on  Manua l  
(Add i ti ons  and  cl ari fi cati ons)  

4 . 4    C6  

Samples  and  sequence  of tests  
(Opti ca l  fi l ter specia l  sensi ti vi ty l im i ts ,  and  mod i fi cati on  
cons iderati ons)  

5 . 2 . 2   X   

Preparati on  of equ i pmen t before  testi ng  
(separate  gas  detecti on  con trol  un i ts)  

5 . 2 . 3  X   

Test  gas  
(methane,  and  propane  or bu tane  for general  pu rpose  gas  
detector)  

5 . 3 . 2    C7  

Genera l  test  methods  
(sel ectabl e  range  and  wi ri ng  worst  case  cond i ti ons)  

5 . 4 . 1   X   

Ca l i brati on  cu rve  
( fi xed  vol ume  fracti ons)  

5 . 4 . 3 . 2    C8  

Response  to  d i fferen t gases  
(semiconductor and  catal yti c  h i gh  gas  concentration  
exposure)  

5 . 4 . 3 . 3    C9  

S tabi l i ty  
(du rati on  of test  method )  

5 . 4 . 4   X   

Al arm  set  po i n t(s)   
(a l arm  set  poi n t  test  method )  

5 . 4 . 5  X   

Temperatu re  (portable)   
( temperatu re  range  and  stabi l i zati on  peri od )  

5 . 4 . 6    C1 0  

Temperatu re  (a l l  o ther equ i pmen t)   
( temperatu re  range  and  stabi l i zati on  peri od )  

5 . 4 . 6   X   

Pressu re  
( to l erance  on  pressu re  measu rement)  

5 . 4 . 7  X   

H um id i ty of test  gas  
( test method  cl ari fi cati on )  

5 . 4 . 8  X   

Ai r ve l oci ty  
( test method  cl ari fi cati on )  

5 . 4 . 9  X   

F l ow rate  for aspi rated  equ i pmen t 
 ( test  method  cl ari fi cati on )  

5 . 4 . 1 0  X   

Vi brati on  
( test method  cl ari fi cati on )  

5 . 4 . 1 2  X   
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 Type  

Changes  C lause  M inor and  
ed i torial  
changes  

Extension  Major 
techn ical  
changes  

Drop  test  for portable  and  transportabl e  equ ipmen t 
(Au tomati c  re-starti ng  or shu t-down  requ i remen t  
cl ari fi cati on )  

5 . 4 . 1 3  X   

Warm-up  time  
(user prompt requ i remen t)  

5 . 4 . 1 4    C1 1  

H i gh  gas  concen trati on  operati on  above  the  measuri ng  
range  
( test method  and  requ i remen t cl ari fi cati on )  

5 . 4 . 1 6  X   

Battery capaci ty 
( test method  cl ari fi cati on )  

5 . 4 . 1 7  X   

Power supply vari ati on  
(m i n imum  suppl y vo l tage  fau l t  l im i t)  

5 . 4 . 1 8    C1 2  

Poi sons  (appl i cabl e  on l y to  Group  I  apparatus  wi th  catal yti c  
or sem iconductor sensors)   
( test method  cl ari fi cati on )  

5 . 4 . 20. 2  X   

E l ectromagneti c  compatib i l i ty 
( test methods  and  requ i remen ts)  

5 . 4 . 21    C1 3  

F i e l d  cal i brati on  ki t  
( test method  cl ari fi cati on )  

5 . 4 . 22  X   

Software  functi on  
(supporti ng  documen tati on )  

5 . 4 . 23   X   

Determinati on  of time  of response  
( test method  cl ari fi cati on )  

Annex B   X   

 

NOTE  1  The  techn ical  changes  referred  to  i ncl ude  the  s i gn i fi cance  of techn i ca l  changes  i n  the  revi sed  I EC  
Standard ,  bu t  they do  not  form  an  exhausti ve  l i s t  of a l l  mod i fi cati ons  from  the  previ ous  vers ion .  More  gu i dance  may 
be  found  by referri ng  to  the  Red l i ne  Vers ion  of the  standard .  

Explanations:  

A)  Defin i tions  

M inor and  ed i torial  changes  

Clari fication  decrease  of techn ical  requ i rements  m inor techn ical  change  ed i toria l  
corrections.  

These  are  changes  wh ich  mod i fy requ i rements  i n  an  ed i toria l  or a  m inor techn ical  way.  
They i nclude  changes  of the  word ing  to  clari fy techn ical  requ i rements  wi thout any 
techn ical  change,  or a  reduction  i n  l evel  of existing  requ i rement.  

Extension  

Add i tion  of techn ical  options  

These  are  changes  wh ich  add  new or mod i fy existing  techn ical  requ i rements,  i n  a  way that 
new options  are  g iven ,  bu t wi thou t i ncreasing  requ i rements  for equ ipment that was  fu l l y 
compl ian t wi th  the  previous  standard .  Therefore,  these  wi l l  not have  to  be  considered  for 
products  i n  conformi ty wi th  the  preced ing  ed i tion .  

Major technical  changes  

Add i tion  of techn ical  requ i rements  i ncrease  of techn ical  requ i rements.  

These  are  changes  to  techn ical  requ i rements  (add i tion ,  i ncrease  of the  l evel  or removal )  
made  i n  a  way that a  product conforming  to  the  preced ing  ed i tion  wi l l  not a lways  be  able  
to  fu l fi l  the  requ i rements  g iven  i n  the  l ater ed i tion .  These  changes  have  to  be  considered  
for products  conforming  to  the  preced ing  ed i tion .  For these  changes  add i tional  i n formation  
i s  provided  in  B)  below.  

NOTE  2  These  changes  represen t  cu rren t technol og ica l  knowledge.  However,  these  changes  shou l d  not 
normal l y have  an  i n fl uence  on  equ i pment a l ready p l aced  on  the  market.  
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B)  Information  about the  background  of ‘Major techn ical  changes’  

C1   Add i tion  of mal function  effects  not adversely affecting  the  safety related  function  
(4. 2 . 1 ) .  

C2   Add i tion  of vi sual  and  aud ib le  i nd ication  for portable  equ ipment (4 . 2 .2 . 1 ) .  

C3   Add i tion  of functional  l im i ts  for suppression  of i nd ication  and  for measured  values  
below zero  (4 . 2 .2 .5).  

C4   Add i tion  of requ i rements  for fau l t  i nd ication  below m in imum  vol tage  l im i t,  sensor 
d isconnection  and  zero  d ri ft  cond i tion  (4 . 2 .4) .  

C5   Add i tion  of requ i rements  for zero  and  sensi ti vi ty ad justments  (4 . 2 .5) .  

C6   Add i tion  and  clari fication  requ i rements  for i nclusion  wi th in  the  i nstruction  manual  
(4 . 4).  

C7   Add i tion  of methane  and  propane  or bu tane  as  requ i red  test gases  for general  
purpose  gas  detector (5. 3. 2) .  

C8   Speci fication  of fi xed  volume  fractions  wh ich  are  expressed  as  a  percentage  of the  
measuring  range  (5. 4. 3 .2).  

C9   Add i tion  of requ i rement for semiconductor and  catalytic sensors  to  be  exposed  to  
h igh  gas  concentration  on  response  to  d i fferent gases  (5.4 .3. 3).  

C1 0  Add i tion  of temperature  range  and  stabi l i zation  period  (5. 4 .6).  

C1 1   Add i tion  of requ i rement where  equ ipment prompts  the  user (5. 4 . 1 4) .  

C1 2   Add i tion  of requ i rement for ou tpu t functional i ty above  the  m in imum  supply vol tage  
fau l t  l im i t  (5 . 4 . 1 8) .  

C1 3   Add i tion  of test methods  and  requ i rements  for e lectromagnetic compatib i l i ty tests  
(5. 4 .21 ) .  

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

FDIS  Report  on  voti ng  

31 /1 257/FDIS  31 /1 266/RVD  

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

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

A l i st  of a l l  parts  of the  I EC  60079  series,  under the  general  ti tl e  Explosive atmospheres,  can  
be  found  on  the  IEC  websi te.  

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  
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I NTRODUCTION  

Th is  part of I EC 60079-29  speci fies  general  requ i rements  for construction ,  testing  and  
performance,  and  describes  the  test methods  that apply to  portable,  transportable  and  fi xed  
equ ipment for the  detection  and  measurement of fl ammable  gas  or vapour concentrations  wi th  
a i r.  

Gu idance  for the  selection ,  i nstal lation ,  use  and  main tenance  of gas  detecting  equ ipment i s  
set ou t i n  I EC  60079-29-2 :  Explosive atmospheres – Part 29-2: Gas detectors – Selection,  
installation,  use and maintenance of detectors for flammable gases and oxygen .  

Gu idance  for functional  safety of fi xed  gas  detection  systems  i s  set ou t i n  I EC  60079-29-3:  
Explosive atmospheres – Part 29-3: Gas detectors – Guidance on functional safety of fixed 
gas detection systems.  

General  requ i rements  for construction ,  testing  and  performance  of open  path  detectors  for 
fl ammable  gases  are  set ou t i n  I EC 60079-29-4:  Explosive atmospheres – Part 29-4: Gas 
detectors – Performance requirements of open path  detectors for flammable gases.  
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EXPLOSIVE ATMOSPHERES –  
 

Part 29-1 :  Gas  detectors  – Performance requirements   
of detectors  for flammable gases  

 
 
 

1  Scope 

Th is  part of I EC 60079-29  speci fies  general  requ i rements  for construction ,  testing  and  
performance,  and  describes  the  test methods  that apply to  portable,  transportable  and  fi xed  
equ ipment for the  detection  and  measurement of fl ammable  gas  or vapour concentrations  wi th  
a i r.  The  equ ipment,  or parts  thereof,  i s  i n tended  for use  in  explosive  atmospheres  and  i n  
m ines  susceptib le  to  fi redamp.  

Th is  part of I EC  60079-29  i s  appl icable  to  fl ammable  gas  detection  equ ipment wi th  a  
measuring  range  up  to  any volume fraction  as  declared  by the  manufacturer,  and  wh ich  i s  
i n tended  to  provide  an  i nd ication ,  a larm  or other ou tpu t function ;  the  purpose  of wh ich  i s  to  
i nd icate  a  poten tia l  explosion  hazard  and  i n  some  cases,  to  i n i tiate  au tomatic or manual  
protective  action (s) .  

For the  purposes  of th is  part of I EC  60079-29,  the  term  “ ind icating  up  to  a  volume  fraction  of 
X %  or X %LFL”  i ncludes  equ ipment wi th  an  upper l im i t  of the  measuring  range  equal  to  or 
l ess  than  X %  or X %LFL.  

Th is  part of I EC  60079-29  i s  appl icable  to  equ ipment,  i nclud ing  the  i n tegral  sampl ing  systems 
of aspi rated  equ ipment,  i n tended  to  be  used  for commercial ,  i ndustria l  and  non-residentia l  
safety appl ications.  

Th is  part of I EC  60079-29  does  not apply to  external  sampl ing  systems,  or to  equ ipment of 
l aboratory or scien ti fic type,  or to  equ ipment used  on ly for process  mon i toring  and /or con trol  
purposes.  I t  a l so  does  not apply to  open  path  ( l i ne  of s igh t)  detectors  wh ich  are  wi th in  the  
scope  of I EC  60079-29-4.  On ly equ ipment wi th  very short optical  paths  in tended  for use  
where  the  concentration  i s  un i form  over the  optical  path  are  wi th in  the  scope  of th is  standard .  

For equ ipment used  for sensing  the  presence  of mu l tip le  gases,  th is  part of I EC  60079-29  
appl ies  on ly to  the  detection  of fl ammable  gas  or vapour.  

Th is  part of I EC  60079-29  supplements  and  mod i fies  the  general  requ i rements  of 
I EC  60079-0.  Where  a  requ i rement of th is  standard  confl i cts  wi th  a  requ i rement of 
I EC  60079-0,  the  requ i rement of I EC  60079-29-1  takes  precedence.  

NOTE  1  I EC  60079-29-1  i s  i n tended  to  provi de  for the  suppl y of equ i pmen t g i vi ng  a  l evel  of safety and  
performance  su i tab l e  for genera l  pu rpose  appl i cati ons.  However,  for speci fi c  appl i cati ons,  a  prospecti ve  pu rchaser 
(or an  appropriate  au thori ty)  can  add i ti ona l l y requ i re  the  equ i pmen t  to  be  subm i tted  to  parti cu l ar tests  or approval .  
For example ,  Group  I  equ ipmen t ( i . e .  equ ipmen t  to  be  used  i n  m i nes  suscepti b l e  to  fi redamp)  m i gh t  not  be  
perm i tted  to  be  u sed  wi thou t  the  add i ti onal ,  pri or approval  of the  re l evan t  au thori ty i n  m ines  under i ts  j u ri sd i cti on .  
Such  parti cu l ar tests/approva l  are  to  be  regarded  as  add i ti ona l  to  and  separate  from  the  provi s i ons  of the  
s tandards  referred  to  above  and  do  not  preclude  certi fi cati on  to  or compl i ance  wi th  these  s tandards.  

NOTE  2  Al l  equ i pmen t cal i brated  on  speci fi c  gases  or vapou rs  can  not  be  expected  to  correctl y i nd i cate  on  other 
gases  or vapours .  

For the  purposes  of th is  standard ,  the  terms  " l ower flammable  l im i t  (LFL)"  and  " lower 
explosive  l im i t  (LEL)"  are  deemed  to  be  synonymous,  and  l i kewise  the  terms  "upper 
fl ammable  l im i t  (UFL)"  and  "upper explosive  l im i t  (UEL)"  are  deemed  to  be  synonymous.  For 
ease  of reference,  the  two  abbreviations  LFL  and  UFL  may be  used  hereinafter to  denote  
these  two  sets  of terms.  I t  shou ld  be  recogn ized  that particu lar au thori ties  having  j u risd iction  
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may have  overrid ing  requ i rements  that d ictate  the  use  of one  of these  sets  of terms  and  not 
the  other.  

NOTE  3  I nd i cati on  of concentrati on  i n  %(v/v)  or vo l  ppm  can  a l so  be  avai l ab l e  for equ i pmen t wh i ch  measures  up  
to  1 00  %LFL  or 20  %LFL.  I n  that  case,  u n i ts  of measuremen t m i gh t  need  to  be  se l ected  i n  ag reement  wi th  the  
manu factu rer when  veri fyi ng  the  performance  requ i remen ts  of Annex A.  

2  Normative references  

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

I EC  60050-426,  International Electrotechnical Vocabulary – Part 426: Equipment for explosive 
atmospheres  

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

I EC  60068-2-6,  Environmental testing – Part 2-6:  Tests – Test Fc: Vibration (sinusoidal)  

I EC  60079-20-1 ,  Explosive atmospheres – Part 20-1 : Material characteristics for gas and 
vapour classification – Test methods and data  

I EC  61 326-1 : 201 2,  Electrical equipment for measurement,  control and laboratory use – EMC 
requirements – Part 1 :  General requirements  

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g iven  i n  I EC  60079-0  and  the  
fol lowing  apply.   Add i tional  defin i tions  appl icable  to  explosive  atmospheres  can  be  found  i n  
I EC  60050-426.  

3.1   
gas  properties  

3. 1 . 1   
ambient air 
normal  atmosphere  surround ing  the  equ ipment 

3.1 .2   
clean  air 
air that i s  free  of gases  or vapours  wh ich  the  sensor i s  sensi ti ve  to  or wh ich  in fluence  the  
performance of the  sensor 

3.1 .3   
flammable  gas  
gas  or vapour wh ich ,  when  m ixed  wi th  a i r i n  a  certain  proportion ,  wi l l  form  an  explosive  
atmosphere  

Note  1  to  en try:  For the  pu rposes  of th i s  part  of I EC  60079-29 ,  the  term  " fl ammable  gas"  i ncl udes  fl ammable  
vapou rs .  

Note  2  to  en try:  For the  pu rposes  of th i s  part  of I EC  60079-29 ,  the  terms  "combusti b l e  gas"  and  " fl ammable  gas"  
are  equ iva len t.  

3.1 .4  
lower flammable  l imi t 
LFL 
concentration  of flammable  gas  or vapour i n  a i r,  below wh ich  an  explosive  gas  atmosphere  
does  not form  
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Note  1  to  en try:  Th i s  i s  a l so  known  as  l ower expl os ive  l im i t  (LEL) .  

Note  2  to  en try:  The  concen trati on  may be  expressed  as  e i ther a  vol ume  fracti on  or a  mass  per un i t  vol ume.  

3.1 .5   
poisons  

<for sensing  e lements>  substances  that l ead  to  temporary or permanent change  of 
performance,  particu larl y l oss  of sensi ti vi ty of the  sensing  e lement 

3.1 .6   
upper flammable  l imit  
UFL 
concentration  of of fl ammable  gas  or vapour i n  a i r,  above  wh ich  an  explosive  gas  atmosphere  
does  not form  

Note  1  to  en try:  Th i s  i s  a l so  known  as  upper expl os ive  l im i t  (UEL).  

Note  2  to  en try:  The  concen trati on  may be  expressed  as  e i ther a  vol ume  fracti on  or a  mass  per un i t  vol ume.  

3.1 .7   
volume fraction  
v/v 
quotien t of the  volume  of a  speci fied  component and  the  sum  of the  volumes  of a l l  
components  of a  gas  mixture  before  m ixing ,  a l l  volumes  referring  to  the  pressure  and  the  
temperature  of the  gas  m ixture  

Note  1  to  en try:  The  vol ume  fracti on  and  vol ume  concen trati on  take  the  same  va lue  i f,  a t  the  same  state  
cond i ti ons ,  the  sum  of the  componen t  vol umes  before  m i xi ng  and  the  vol ume  of the  m i xtu re  are  equal .  However,  
because  the  m i xi ng  of two  or more  gases  at  the  same  state  cond i ti ons  i s  usual l y accompan ied  by a  s l i gh t  
con tracti on  or,  l ess  frequen tl y,  a  s l i gh t  expansion ,  th i s  i s  not genera l l y the  case.  

3.1 .8   
zero  gas  
gas  recommended  by the  manufacturer,  wh ich  i s  free  of fl ammable  gases  and  in terfering  and  
con taminating  substances,  the  purpose  of wh ich  i s  cal ibration /ad justment of the  equ ipment 
zero  

3.1 .9   
standard  test gas  
test gas  wi th  a  composi tion  speci fied  for each  i tem  of equ ipment and  gas  and /or vapour to  be  
used  for a l l  tests  un less  otherwise  stated  

3.2   
types  of equ ipment 

3.2. 1   
alarm-on ly equ ipment 
equ ipment wi th  an  a larm  bu t not having  an  i nd ication  of measured  value  

3.2.2   
aspirated  equ ipment 
equ ipment that samples  the  gas  by d rawing  i t  to  the  gas  sensor 

Note  1  to  en try:  A hand  operated  or e l ectri c  pump  i s  often  used  to  d raw gas  to  the  sensor.  

3.2.3   
automatical ly aspirated  equ ipment 
aspi rated  equ ipment wi th  an  i n tegral  pump  or separate  pump,  wh ich  i s  connected  d i rectl y to  
the  equ ipment 
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3.2.4  
continuous  duty equ ipment 
equ ipment that i s  powered  for l ong  periods  of time,  bu t may have  e i ther con tinuous  or 
i n termi tten t sensing  

Note  1  to  en try:  For th i s  ed i ti on  of the  s tandard ,  a l l  equ i pmen t i s  regarded  as  con ti nuous  d u ty.  

3.2.5   
d i ffusion  equ ipment 
equ ipment i n  wh ich  the  transfer of gas  from  the  atmosphere  to  the  sensor takes  place  wi thout 
aspi rated  fl ow 

3.2.6   
equ ipment,  fixed  
equ ipment fastened  to  a  support,  or otherwise  secured  in  a  speci fic l ocation  when  energ ized  

3.2.7   
Group I  equ ipment 
equ ipment for m ines  susceptible  to  fi redamp 

3.2.8   
Group I I  equ ipment 
equ ipment for p laces  wi th  an  explosive  gas  atmosphere,  other than  m ines  susceptible  to  
fi redamp 

3.2.9   
equ ipment,  portable  
equ ipment i n tended  to  be  carried  by a  person  during  operation  

Note  1  to  en try:  A portable  equ i pmen t i s  battery powered  and  i ncl udes,  bu t i s  not l im i ted  to  

a)  a  hand -hel d  equ i pmen t,  typ i cal l y l ess  than  1  kg ,  wh ich  requ i res  use  of on l y one  hand  to  operate,  

b)  personal  mon i tors ,  s im i l ar i n  s i ze  and  mass  to  the  hand -held  equ i pment,  that  are  con tinuousl y operati ng  (bu t  
not  n ecessari l y con ti nuous l y sensi ng )  wh i l e  they are  attached  to  the  user,  and  

c)  l arger equ i pmen t  that  can  be  operated  by the  u ser wh i l e  i t  i s  carri ed  e i ther by hand ,  by a  shou l der strap  or 
carryi ng  harness  and  wh i ch  may or may not  have  a  hand  d i rected  probe.  

3.2.1 0   
equ ipment,  transportable  
equ ipment not i n tended  to  be  carried  by a  person  during  operation ,  nor i n tended  for fi xed  
i nstal lation  

3.2.1 1   
gas  detection  transmitter 
fi xed  gas  detection  equ ipment that provide  a  cond i tioned  e lectron ic s i gnal  or ou tpu t i nd ication  
to  a  general l y accepted  i ndustry standard  (such  as  4  to  20  mA),  i n tended  to  be  u ti l i zed  wi th  
separate  gas  detection  con trol  un i ts  or s ignal  processing  data  acqu isi tion ,  central  mon i toring  
and  s im i lar systems,  wh ich  typical l y process  i n formation  from  various  l ocations  and  sources  
i nclud ing ,  bu t not l im i ted  to  gas  detection  equ ipment 

3.2.1 2   
gas  detection  control  un i t  
equ ipment i n tended  to  provide  d isplay ind ication ,  a larm  functions,  ou tpu t con tacts  and /or 
a larm  s ignal  ou tpu ts  or any combinations  when  operated  wi th  remote  sensor(s)  

3.2.1 3   
separate  gas  detection  control  un i t  
equ ipment i n tended  to  provide  d isplay i nd ication ,  a larm  functions,  ou tpu t con tacts  or a larm  
signal  ou tpu ts  or any combination  when  operated  wi th  gas  detection  transmi tter(s)  
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3.2.1 4  
equ ipment with  integral  sensor(s)  
equ ipment that provides  d isplay ind ication ,  a larm  functions,  ou tpu t con tacts  and /or a larm  
s ignal  ou tpu ts  using  a  sensor wh ich  i s  wi th in  or d i rectl y mounted  to  the  equ ipment housing  

3.2.1 5   
accessory 
component wh ich  can  be  fi tted  to  the  equ ipment for specia l  purpose  

EXAMPLE  External  gas  pump,  sampl i ng  probe,  hoses,  col l ecti ng  cone,  weather protecti on  device  

3.3   
sensors  

3.3.1   
sensing  element 
part of the  sensor wh ich  i s  sensi ti ve  to  the  gas/vapour to  be  measured  

3.3.2   
sensor 
assembly i n  wh ich  the  sensing  e lement i s  housed  and  that may a lso  con tain  associated  ci rcu i t 
components  

3.3.3   
i n tegral  sensor 
sensor wh ich  i s  wi th in  or d i rectl y mounted  to  the  equ ipment housing  

3.3.4  
remote  sensor 
sensor that i s  separated  from  the  equ ipment body and  i s  connected  to  a  gas  detection  control  
un i t  or to  a  gas  detection  transmi tter.  

3.4  
supply of gas  to  equ ipment 

3.4. 1   
sample  l ine  
means  by wh ich  the  gas  being  sampled  i s  conveyed  to  the  sensor 

Note  1  to  en try:  Accessori es  such  as  fi l ter or water trap  are  often  i ncl uded  i n  the  sample  l i ne .  

3.4.2   
sampl ing  probe 
separate  accessory sample  l i ne  wh ich  i s  optional ly attached  to  the  equ ipment 

Note  1  to  en try:  I t  i s  u sual l y short  (e . g .  of the  order of 1  m )  and  ri g i d ,  a l though  i t  can  be  te l escopi c.  I n  some  cases  
i t  i s  connected  by a  fl exi b l e  tube  to  the  equ i pmen t.  

3.4.3   
field  cal ibration  ki t  
means  of presenting  test gas  to  the  equ ipment for the  purpose  of ca l i brating /ad justing  or 
veri fying  the  operation  of the  equ ipment 

Note  1  to  en try:  The  fi e l d  ca l i brati on  ki t  can  be  u sed  for veri fyi ng  the  operati on  of the  a l arms  i f the  concen trati on  
of the  test  gas  i s  above  the  a l arm  set-poi n t.  

Note  2  to  en try:  A mask for ca l i brati on  and  test  (see  3 . 4 . 4)  i s  an  example  of a  fi e l d  cal i brati on  ki t.  

3.4.4  
mask for cal ibration  and  test 
device  that can  be  attached  to  the  equ ipment to  present a  test gas  to  the  sensor i n  a  
reproducible  manner 
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3.5   
s ignals  and  alarms 

3.5.1   
alarm  set point 
setting  of the  equ ipment at  wh ich  the  measured  concentration  wi l l  cause  the  equ ipment to  
i n i tiate  an  i nd ication ,  a larm  or other ou tpu t function  

3.5.2   
l atch ing  alarm  
alarm  that,  once  activated ,  requ i res  del iberate  action  to  be  deactivated  

3.5.3   
fau l t  s ignal  
aud ible,  vi s ib le  or other type  of ou tpu t,  d i fferent from  the  a larm  s ignal ,  permi tti ng ,  d i rectl y or 
i nd i rectly,  a  warn ing  or i nd ication  that the  equ ipment i s  not working  satisfactori l y 

3.5.4  
special  state  
any state  of the  equ ipment other than  those  in  wh ich  mon i toring  of gas  concentration  and /or 
a larming  i s  the  i n ten t 

Note  1  to  en try:  Specia l  s tate  i ncl udes  warm-up,  ca l i brati on  mode  or fau l t  cond i ti on .  

3.6   
times  

3.6.1   
dri ft  
variation  i n  the  equ ipment i nd ication  over time  at any fi xed  gas  volume fraction  ( i nclud ing  
clean  a i r)  under constan t ambien t cond i tions  

3.6.2   
final  ind ication  
i nd ication  g iven  by the  equ ipment after stabi l i zation  

3.6.3   
stabi l ization  
state  when  three  successive  read ings  of an  equ ipment at a  constant gas  volume fraction ,  
taken  at 2  m in  i n tervals  or twice  the  respective  t(90),  wh ichever i s  l ess,  i nd icates  no  changes  

greater than  ±1  %  of the  measuring  range  

3.6.4  
time of response 
t(x)  
time  i n terval ,  wi th  the  equ ipment i n  a  warmed-up  cond i tion ,  between  the  time  when  an  
i nstan taneous  change  between  clean  a i r and  the  standard  test gas,  or vice  versa,  i s  produced  
at the  equ ipment i n let,  and  the  time  when  the  response  reaches  a  stated  percentage  (x)  of the  
stabi l i zed  s ignal  on  the  standard  test gas  

3.6.5   
warm-up  time 
time  in terval ,  wi th  the  equ ipment i n  a  stated  atmosphere,  between  the  time  when  the  
equ ipment i s  swi tched  on  and  the  time  when  the  ind ication  reaches  and  remains  wi th in  the  
stated  tolerances  

Note  1  to  en try:  See  F i gu re  1  and  F i gu re  2 .  
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Figure  1  – Warm-up time  in  clean  ai r (typical )  

 

Figure  2  – Warm-up time  in  standard  test gas  (typical )  

3 .7   
m iscel laneous  

3.7.1   
special  tool  
tool  requ i red  to  gain  access  to,  or to  ad just the  equ ipment con trols  

Note  1  to  en try:  The  design  of the  tool  i s  i n tended  to  d i scourage  unau thori sed  i n terference  wi th  the  equ i pmen t.  

4 General  requ irements  

4.1  Overview 

4.1 .1  Manufacturer claims  

The  equ ipment shal l  conform  to  the  requ i rements  of th is  part  of I EC  60079-29  and  Annex A 
cri teria.  
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Where  an  equ ipment manufacturer makes  any cla ims  in  the  i nstruction  manual  regard ing  any 
special  featu res  of construction  or superior performance that exceed  these  m in imum  
requ i rements,  a l l  such  cla ims  shal l  be  veri fied  and  the  test procedures  shal l  be  carried  ou t as  
stated  i n  each  clause  and  shal l  be  extended  or supplemented ,  where  necessary,  to  veri fy the  
cla imed  performance.  

When  veri fying  a  manufacturer’s  cla imed  performance  or specia l  features  of construction ,  the  
m in imum  requ i rements  of the  standard  shal l  be  met and  the  manufacturer’s  cla imed  
performance  shal l  be  veri fied .  Any add i tional  tests  shal l  be  agreed  upon  by the  manufacturer 
and  test l aboratory and  i den ti fi ed  and  described  i n  the  test report.  

EXAMPLE  When  a  manu facturer cl a ims  a  sensor accu racy over a  defi ned  temperatu re  range  of –50  °C  to  +55  °C  

at  ±1 5  %LFL  (assuming  a  measuri ng  range  of 0  to  1 00  %LFL),  the  sensor must  meet the  manu factu rer’ s  cl a im  from  

–50  °C  to  –20  °C  and  meet  the  speci fi ed  requ i remen ts  of 5 . 4 . 6  for the  temperatu re  range  of –20  °C  to  +55  °C.  

There  may be  appl ications  where  equ ipment wi th  special  features  are  needed .  One  example  
may be  a  gas  detector i n tended  to  be  used  in  coal  m ines  wi th  a  measuring  range  up  to  1 0  %  
(v/v)  methane  bu t wi th  the  accuracy requ i rements  of 5  %  (v/v)  methane  equ ipment.  I n  such  a  
case  i t  shal l  be  tested  l i ke  5  %  (v/v)  methane  equ ipment.  

4.1 .2  Equ ipment ratings  

Electrical  assembl ies  and  components  shal l  conform  to  the  construction  and  test requ i rements  
of 4 . 2  and  Clause  5,  where  appl icable.  I n  add i tion ,  parts  of the  flammable  gas  detection  
equ ipment i n tended  for use  i n  hazardous  areas  shal l  conform  to  the  Type(s)  of Protection  as  
speci fied  i n  the  other re levant parts  of the  IEC  60079  series.  

The  ambient temperature  and  pressure  ranges  of equ ipment conforming  to  th is  standard  shal l  
not exceed  the  ambien t temperature  and  pressure  ranges  of the  Type(s)  of Protection .  

4.2  Construction  

4.2 .1  General  

Gas  detection  equ ipment or parts  thereof (e. g .  remote  sensors)  speci fical l y i n tended  for use  
i n  the  presence  of corrosive  vapours  or gases,  or wh ich  may produce  corrosive  by-products  
as  a  resu l t  of the  detection  process  (e. g .  catalytic oxidation  or other chemical  process)  shal l  
be  constructed  of materia ls  known  to  be  resistant to  corrosion  by such  substances.  

Al l  equ ipment shal l  be  constructed  to  faci l i tate  regu lar accuracy checks.  

Al l  materials  and  components  used  in  the  construction  of the  equ ipment shal l  be  used  wi th in  
the  manufacturer's  ratings  or l im i tations,  un less  otherwise  speci fied  by appropriate  safety 
standards.  

Any mal function  of ou tpu ts  from  the  gas  detection  equ ipment not re levant to  safety or heal th  
shal l  not adversely affect the  functions  of the  equ ipment re lated  to  safety.  

EXAMPLE  Equ ipmen t wi th  4 -20  mA and  HART commun icati on  where  on l y  the  4 -20  mA commun icati on  i s  defi ned  
i n  the  i nstructi on  manual  as  re l a ted  to  safety.   The  l oss  of HART commun icati on  i s  n ot  re l ated  to  safety.  

4.2.2  Ind icating  devices  

4.2 .2 .1  General  

Read i l y d istingu ishable  i nd ications  shal l  be  provided  to  show that the  equ ipment i s  energ ized ,  
i n  a larm  and  i n  special  states.  

Portable  equ ipment shal l  provide  visual  and  aud ib le  i nd ications  for both  fau l t  and  alarms.  
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I f aud ib le  i nd ications  are  provided  for transportable  or fi xed  equ ipment,  a larms  shal l  be  
i nd icated  as  a  m in imum.  

Al l  methods  of i nd ication  of the  measured  value  shal l  present the  same  value  wi th in  the  
resolu tion  of each  i nd icator.  

The  ind ications  re lated  to  gas  detection  transmi tters  and  remote  sensors  for fi xed  equ ipment 
may be  shown  on ly at the  (separate)  gas  detection  con trol  un i t.  

4.2.2 .2  Resolution  

For a larm-on ly equ ipment or equ ipment where  the  resolu tion  of the  read-ou t device  i s  
i nadequate  to  demonstrate  compl iance  wi th  th is  standard ,  the  manufacturer shal l  i denti fy 
su i table  poin ts  for connecting  i nd icating  or record ing  devices  for the  purpose  of testing  the  
compl iance  of the  equ ipment wi th  th i s  standard .  The  ind ication  on  the  readou t device  shal l  not 
con trad ict the  resu l ts  obtained  by add i tional  i nd icating  or record ing  devices.  

4.2.2 .3  Measuring  range 

Any over-range  measurements  shal l  be  clearly i nd icated  as  such .  

4.2.2 .4 Selectable  range 

I f the  equ ipment has  more  than  one  measuring  range,  the  range  selected  shal l  be  clearly 
i den ti fied .  

4.2.2 .5  Suppression  of ind ication  and  measured  values  below zero 

I t  shal l  be  possible  to  configure  the  equ ipment such  that i n  measuring  mode  any kind  of 
suppression  of the  measured  value  i s  permanently d isabled .  I n  cal ibration  mode  any kind  of 
suppression  of the  measured  value  shal l  be  au tomatical l y d isabled .  

Measured  values  wi th in  the  measuring  range  shal l  be  i nd icated .  

Measured  values  below 5  %  of the  measuring  range  (values  below zero  i ncluded)  shal l  be  
i nd icated  as:  

a)  zero,  

b)  another i nd ication  that the  measured  value  i s  below 5  %  of the  measuring  range  or 

c)  the  measured  value.  

Equ ipment wi th  a  measuring  range  up  to  20  %  LFL  shal l  i nd icate  measured  values  
below -1 0  %  of the  measuring  range  or shal l  provide  a  fau l t  s i gnal .  The  equ ipment shal l  
provide  a  fau l t  s ignal  at measured  values  below –20  %  of the  measuring  range  at the  latest.  

Al l  equ ipment wi th  measuring  ranges  greater than  20  %  LFL shal l  provide  a  fau l t  s ignal  at  
measured  values  below –1 0  %  of the  measuring  range  at  the  l atest.  Portable  and  
transportable  equ ipment shal l  i nd icate  measured  values  below –5  %  of the  measuring  range  
or shal l  provide  a  fau l t  s ignal .  

Any suppression  of i nd ication  shal l  be  explained  i n  the  manual  (see  4 . 4  d )) .  

4.2.2 .6  Ind icator l ight 

I f on ly one  i nd icator l i gh t i s  provided  for s ignal l i ng  a larms,  specia l  states  and  other 
i nd ications,  i t  shal l  be  coloured  red .  I f separate  ind icator l i gh ts  are  used  or i f a  mu l ti -coloured  
i nd icator l i gh t i s  provided ,  the  colours  shal l  be  used  i n  the  fol lowing  order of priori ty ((a)  being  
h ighest priori ty) :  
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a)  a larms  i nd icating  the  presence  of a  gas  concentration  beyond  an  a larm  set poin t shal l  be  
coloured  RED;  

b)  equ ipment special  state  i nd icators  shal l  be  coloured  YELLOW;  

c)  power supply i nd icators  shal l  be  coloured  GREEN .  

I f there  i s  more  than  one  i nd icator l i gh t of the  same  colour wi th  d i fferent functions,  the  l i gh ts  
shal l  be  label led  to  show thei r functions.  Text,  marks,  and  icons  on  a  screen  d isplay 
describ ing  the  i nd icator l i gh ts  are  permissib le  i n  p lace  of pri n ted  l abels.  

4.2.3  Alarm  signals  

4.2 .3.1  General  

Alarm  devices  shal l  not be  ad justable  to  operate  ou tside  the  measuring  range.  

I f a l arm  devices,  ou tpu t con tacts  or a larm  s ignal  ou tpu ts  are  provided  as  part of con tinuous  
du ty gas  detection  equ ipment and  are  i n tended  to  operate  when  a  potentia l l y hazardous  gas  
concentration  i s  detected ,  they shal l  be  of a  l atch ing  type  requ i ring  a  del i berate  manual  action  
to  reset.  I f two  or more  a larm  set poin ts  are  provided ,  the  l ower may be  non-latch ing  – based  
on  user preference.  Alarms  shal l  remain  i n  operation  wh i le  the  alarm  cond i tion  i s  sti l l  present,  
a l though  aud ib le  a larms  may be  s i lenced  i f th is  aud ib le  a larm  i s  not the  on ly a larm.  

I f i t  i s  possib le  to  deactivate  a larm  devices,  ou tpu t con tacts  or a larm  s ignal  ou tpu ts,  e . g .  for 
cal ibration  purposes,  th is  deactivation  shal l  be  i nd icated  by a  s ignal .  For fi xed  equ ipment,  th is  
shal l  i nclude  a  con tact or other transmi ttable  ou tpu t s ignal .  However,  the  ou tpu t s ignal  or 
con tacts  are  not requ i red  i f the  alarms  are  au tomatical l y re-enabled  wi th in  1 5  m in .  

4.2.3.2  Group I  portable  equ ipment ind icating  up  to  5  % (v/v)  

Alarm  devices  shal l  not be  ad justable  above  3  %  (v/v) .  An  add i tional  over-range  a larm,  wh ich  
ind icates  when  fu l l  scale  has  been  exceeded ,  may be  provided .  

4.2.3.3  Group I I  portable  equ ipment ind icating  up  to  1 00  % LFL 

Alarm  devices  shal l  not be  ad justable  above  60  %  LFL.  An  add i tional  over-range  a larm,  wh ich  
i nd icates  when  fu l l  scale  has  been  exceeded ,  may be  provided .  

4.2.4 Fau lt  s ignals  

Fixed  and  external l y powered  transportable  equ ipment shal l  provide  a  fau l t  s ignal  i n  the  even t 
of fa i l u re  of power to  the  equ ipment.  

External ly powered  equ ipment shal l  provide  a  fau l t  s ignal  when  the  power supply fa l l s  below 
the  manufacturer’s  speci fied  m in imum  supply vol tage  fau l t  l im i t.  

A short-ci rcu i t  or open-ci rcu i t  i n  connections  to  any remote  sensor or gas  detection  transmi tter 
shal l  be  i nd icated  by a  fau l t  s ignal .  

Under the  above  cond i tions  the  equ ipment may a lso  ind icate  a larm.  

Measured  values  below zero  (e. g .  caused  by d ri ft)  shal l  be  i nd icated  by a  fau l t s ignal  i n  
accordance  wi th  the  cond i tions  of 4 . 2 . 2 .5.  

For equ ipment where  the  sensor can  be  d isconnected  wi thou t open ing  the  housing ,  the  
equ ipment shal l  provide  a  fau l t  s i gnal  i n  the  event of a  d i sconnection  of the  sensor.  

Au tomatical ly aspi rated  equ ipment shal l  be  provided  wi th  an  i n tegral  fl ow-ind icating  device  
that produces  a  fau l t  s i gnal  i n  the  even t of l ow flow.  
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4.2.5  Ad justments  

Al l  ad justment devices  shal l  be  designed  so  as  to  d iscourage  unau thorized  or i nadverten t 
i n terference  wi th  the  equ ipment.  Examples  i nclude  procedural  devices,  i n  the  case  of a  
keyboard  i nstrument,  or mechan ical  devices  such  as  a  cover requ i ri ng  the  use  of a  specia l  
tool .  

F ixed  explosion-protected  equ ipment housed  in  explosion-protected  enclosures  shal l  be  
designed  so  that,  i f any faci l i ties  for ad justment are  necessary for rou tine  recal ibration  and  for 
resetti ng  or l i ke  functions,  these  faci l i ties  shal l  be  external ly accessib le.  The  means  for 
making  ad justments  shal l  not degrade  the  explosion  protection  of the  equ ipment.  

The  ad justments  of the  zero  and  sensi tivi ty shal l  be  designed  so  that:  

a)  ad justment of one  wi l l  not affect the  other;  

or 

b)  i t  shal l  not be  possib le  to  ad just on ly one  and  the  sequence  of ad justments  shal l  ensure  
that the  affected  one  i s  ad justed  second .  

The  equ ipment shal l  not perform  an  au tomatic zero  ad justment during  start-up.  I f equ ipment 
prompts  the  user for zero  ad justment during  start-up  and  the  user makes  no  selection ,  
equ ipment shal l  con tinue  to  start-up  wi thou t zero  ad justment,  after a  delay of no  more  than  
1 5  s .  

4.2.6  Battery-powered  equ ipment 

Equ ipment powered  wi th  i n tegral  batteries  shal l  be  provided  wi th  an  i nd ication  of l ow battery 
cond i tion ,  and  the  purpose  of th is  i nd ication  shal l  be  expla ined  i n  the  manual  (see  4 . 4  j )) .  

4.2.7  Gas  detection  transmitter for use  with  separate  gas  detection  control  un i ts  

A speci fication  shal l  be  suppl ied  wi th  the  equ ipment that describes  the  re lationsh ip  the  gas  
concentration  (detected  by the  equ ipment)  has  wi th  the  correspond ing  ou tpu t s ignal  or 
i nd ication  ( transfer function ).  Such  speci fication  shal l  be  detai l ed  to  the  exten t that the  
accuracy of th is  transfer function  can  be  veri fi ed .  As  a  m in imum,  the  manufacturer shal l  
provide  data  showing  the  relationsh ip  between  the  ou tpu t s ignal  and  the  gas  concentrations  
correspond ing  to  0  %,  1 0  %,  30  %,  50  %,  70  %,  90  %  and  1 00  %  of fu l l -scale  ou tpu t 
i nd ication .  Fu l l -scale  ou tpu t and  status  s i gnals  (e. g .  fau l t,  i nh ib i t)  shal l  a lso  be  speci fied  by 
the  manufacturer.  

Where  necessary,  equ ipment shal l  be  provided  by the  manufacturer to  i n terpret the  ou tpu t 
s ignal  or i nd ication ,  wh ich  wi l l  enable  the  accuracy of the  transfer function  to  be  veri fied .  

4.2.8  Separate  gas  detection  control  un i ts  for use  with  gas  detection  transmitter(s)  

A speci fication  shal l  be  suppl ied  wi th  the  equ ipment that describes  the  re lationsh ip  the  inpu t 
s ignal  has  wi th  the  calcu lated  gas  concentration  ( transfer function).  Such  speci fication  shal l  
be  detai led  to  the  extent that the  accuracy of th is  transfer function  can  be  veri fied .  As  a  
m in imum,  the  manufacturer shal l  provide  data  showing  the  relationsh ip  between  the  i npu t 
s ignal  and  the  gas  concentrations  correspond ing  to  0  %,  1 0  %,  30  %,  50  %,  70  %,  90  %  and  
1 00  %  of fu l l -scale  ou tpu t i nd ication .  Requ i red  i npu ts  for fu l l -scale  i nd ication  and  status  
s ignals  (e. g .  fau l t,  i nh ibi t)  shal l  a lso  be  speci fied  by the  manufacturer.  

Where  necessary,  equ ipment shal l  be  provided  by the  manufacturer to  provide  the  i npu t 
s ignals,  wh ich  wi l l  enable  the  accuracy of the  transfer function  to  be  veri fied .  
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4.2.9  Software-control led  equ ipment 

4.2 .9.1  General  

I n  the  design  of software-control led  equ ipment,  the  ri sks  aris ing  from  fau l ts  i n  the  programme 
shal l  be  taken  i n to  account by applying  the  fol lowing  subclauses.  I n  add i tion ,  where  
accessories  are  software-control led ,  the  risks  ari s ing  from  fau l ts  i n  the  programme shal l  be  
taken  i n to  account where  re lated  to  safety.  

4.2.9.2  Conversion  errors  

The  re lationsh ip  between  correspond ing  analogue  and  d ig i ta l  values  shal l  be  unambiguous.  
The  ou tpu t range  shal l  be  capable  of coping  wi th  the  fu l l  range  of i npu t values  wi th in  the  
equ ipment speci fication .  A clear i nd ication  shal l  resu l t  i f the  conversion  range  has  been  
exceeded .  

The  design  shal l  take  in to  account the  maximum  possib le  analogue-to-d ig i ta l ,  computational  
and  d ig i ta l -to-analogue  converter errors.  The  combined  effect of d ig i ti zation  errors  shal l  not 
be  g reater than  the  smal lest deviation  of i nd ication  requ i red  by th is  standard .  

4.2.9.3  Special  state  ind ication  

I f a  special  state  i s  en tered  by the  equ ipment,  th is  shal l  be  i nd icated  by a  s ignal .  For fi xed  
equ ipment,  th is  shal l  i nclude  a  con tact or other transmi ttable  ou tpu t s ignal .  

4.2.9.4 Software 

Software  components  shal l  conform  to  the  fol lowing :  

a)  I t  shal l  be  possib le  for the  user to  i den ti fy the  instal led  software  version ,  for example  by 
marking  on  the  i nstal led  memory component,  i n  ( i f accessib le)  or on  the  equ ipment or by 
showing  i t  on  the  d isplay during  power up  or on  user command .  

b)  I t  shal l  not be  possib le  for the  user to  mod i fy the  program  code.  

c)  Parameter settings  shal l  be  checked  for val id i ty.  I nval id  i npu ts  shal l  be  rejected .  An  
access  barrier shal l  be  provided  against parameter chang ing  by unau thorized  persons,  
e . g .  i t  may be  i n tegrated  by an  au thorization  code  i n  the  software  or may be  real ized  by a  
mechan ical  l ock.  Parameter settings  shal l  be  preserved  after removal  of power,  and  wh i le  
passing  a  special  state.  Al l  user changeable  parameters  and  thei r val id  ranges  shal l  be  
l i sted  in  the  manual .  

d )  Software  shal l  have  a  structured  design  to  faci l i tate  testing  and  main tenance.  I f used ,  
program  modu les  shal l  have  a  clearly defined  in terface  to  other modu les.  

e)  Software  documentation  shal l  i nclude:  

1 )  the  equ ipment to  wh ich  the  software  belongs;  

2 )  unambiguous  iden ti fication  of the  program  version ;  

3)  a  functional  description ;  

4)  the  software  structure  (e. g .  fl ow chart,  Nassi -Schneiderman  d iagram);  

5)  any software  mod i fication  provided  wi th  the  date  of change  and  new i den ti fication  data.  

4.2.9.5  Data  transmission  

Dig i tal  data  transmission  between  spatial l y separated  components  of equ ipment shal l  be  
rel iable.  The  measures  for ensuring  rel iable  data  transmission  between  spatia l l y separated  
components  shal l  take  i n to  account transmission  errors,  repeti tions,  deletion ,  i nsertion ,  re-
sequencing ,  corruption ,  delay and  masquerade.  Delays  resu l ting  from  transmission  errors  
shal l  not extend  the  response  time  t(90)  or time  to  a larm  for a larm-on ly equ ipment by more  
than  a  th i rd .  I f they do,  the  equ ipment shal l  pass  over to  a  defined  specia l  state.  The  defined  
special  state  shal l  be  documented  i n  the  i nstruction  manual .  
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4.2.9.6  Self-test routines  

Computerized  d ig i ta l  un i ts  shal l  i ncorporate  sel f-test rou tines.  On  fai l u re  detection ,  the  
equ ipment shal l  pass  over to  a  defined  special  state.  The  defined  specia l  state  shal l  be  
documented  i n  the  i nstruction  manual .  

The  fol lowing  m in imum  tests  shal l  be  performed  by the  equ ipment:  

a)  Power supply of d ig i ta l  un i ts  shal l  be  mon i tored  wi th in  time  i n tervals  of maximum  ten  times  
response  time  t(90)  or time  to  a larm  for a larm-on ly equ ipment.  

b)  Al l  avai lable  vi s ib le  and  aud ib le  ou tpu t functions  shal l  be  tested .  The  test shal l  be  carried  
ou t au tomatical l y after starti ng  operation  or on  user request.  The  resu l t  may need  to  be  
veri fied  by the  user.  

c)  A watchdog  or s im i lar mechan ism  wi th  i ts  own  time  base  shal l  work independently and  
separately from  the  parts  of the  d ig i tal  un i t,  wh ich  perform  the  data  processing .  

d )  Program  and  parameter memory shal l  be  mon i tored  by procedures,  wh ich  al low the  
detection  of a  s ing le  b i t  error.  

e)  Volati le  memory shal l  be  mon i tored  by procedures  that test the  readabi l i ty and  wri teabi l i ty 
of the  memory cel l s .  

Al l  tests,  except for test b) ,  shal l  be  done  au tomatical l y and  be  repeated  cycl ical l y at l east 
every 24  h  and  after swi tch ing  on .  

4.2.9.7  Functional  concept 

The  manufacturer shal l  provide  documentation  for functional  concept analysis  and  evaluation  
using  the  fol lowing  l i st:  

– measuring  sequence  ( includ ing  a l l  possib le  variations);  

– possible  specia l  states;  

– parameters  and  thei r to lerable  ad justment range;  

– representation  of measuring  values  and  i nd ications;  

– generation  of a larms  and  s ignals ;  

– exten t and  real ization  of test rou tines;  

– exten t and  real ization  of remote  data  transmission .  

4.3  Marking  

I n  add i tion  to  the  appl icable  marking  requ i rements  of I EC  60079-0,  the  equ ipment marking  
shal l  a lso  include:  

a)  “ I EC  60079-29-1 ”  (to  represent conformance  wi th  th is  performance  standard);  

b)  year of construction  (may be  encoded  wi th in  the  serial  number).  

For portable  equ ipment requ i ri ng  the  use  of a  protective  case  in  normal  operation ,  the  
requ i red  markings  shal l  not be  obscured  or shal l  be  reproduced  on  the  protective  case.  

For smal l  gas  detection  equ ipment,  the  “ I EC 60079-29-1 ”  marking  may be  placed  wi th in  the  
manual .  

4.4 Instruction  manual  

Each  equ ipment shal l  be  provided  wi th  an  i nstruction  manual  that i ncludes  the  fol lowing  
i n formation  as  re levant:  

a)  complete  i nstructions,  d rawings  and  d iagrams  for safe  and  proper operation ,  i nstal l ation  
and  servicing  of the  equ ipment;  
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b)  operating  instructions  and  cal ibration /ad justment procedures  includ ing  ranges  of 
concentration  and  humid i ty of the  test gases  as  wel l  as  i nstructions  for the  use  of the  fi e ld  
cal ibration  ki t  (see  a lso  5. 4 . 22);  

c)  detai l s  for cal ibration  and /or main tenance  wh ich  shal l  i nclude  the  fol l owing :  

1 )  recommendations  for i n i tia l  checking  and  cal ibration  of the  equ ipment on  a  rou tine  
basis  i nclud ing  the  maximum  time  i n terval  between  cal ibrations;  

2)  for portable  equ ipment the  requ i rement and  method  for performing  a  functional  check 
wi th  gas  before  each  day of use;  

3)  recommendations  for main tenance  to  be  taken  after the  measuring  range  has  been  
exceeded ;  

4)  the  procedure  to  check reaction  time  when  the  cal ibration  gas  i s  appl ied ;  

5)  a  recommendation  to  users  to  read  the  procedures  described  in  I EC  60079-29-2  for 
reference.  

d )  detai l s  of operational  l im i tations,  performance  cla imed  by the  manufacturer and  special  
features  i nclud ing ,  where  appl icable,  the  fol l owing :  

1 )  gases  for wh ich  the  equ ipment i s  su i table  and  the  re lative  sensi tivi ti es  i nclud ing  
to lerances  to  these  gases;  

2)  i n formation  that describes  the  sensi ti vi ties  to  other gases  to  wh ich  the  equ ipment i s  
responsive;  

3)  time  of response  t(90)  for the  standard  test gas(es),  method  of test (d i ffusion  or fl ow),  
and  t(90)  for other gases  tested  in  accordance  wi th  th is  standard ;  

4)  temperature  l im i ts  (explosion  protection  and  performance);  

5)  humid i ty l im i ts;  

6)  pressure  l im i ts  (explosion  protection  and  performance);  

7)  supply vol tage  l im i ts ;  

8)  maximum  power consumption ;  

9)  relevant characteristics  and  construction  detai l s  of requ i red  in terconnecting  cables;  

1 0)  for battery operated  equ ipment,  battery type(s)  and  operating  time(s)  un ti l  l ow battery 
cond i tion  under normal  operating  cond i tions;  

1 1 )  sample  flow rate  l im i ts;  

1 2)  warm-up  time;  

1 3)  test gas  appl ication  time  for cal i bration ;  

1 4)  nominal  orien tation  and  orien tation  l im i ts  (for fi xed  and  transportable  equ ipment) ;  

1 5)  e lectro-magnetic compatib i l i ty (e . g .  sh ielded  cable,  transien t suppression ,  specia l  
enclosure);  

1 6)  description  of any suppression  of i nd ication  and  method  for i ts  
enablement/d isablement;  

1 7)  a i r veloci ty l im i ts.  

e)  detai l s  of storage  l i fe  and  l im i tations  for the  equ ipment,  replacement parts  and  
accessories,  i nclud ing ,  where  appl icable,  the  fol lowing :  

1 )  temperature;  

2 )  humid i ty;  

3)  pressure;  

4)  time.  

f)  bases  (source(s)  and  ed i tion (s),  such  as  I EC  60079-20-1 )  used  for converting  test and  
cal ibration  gas  concentrations  from  %  LFL  to  %  volume  fraction ;  
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g )  i n formation  on  the  adverse  effects  of poisons  and  i n terfering  gases  or substances  and  
oxygen-enriched  or deficien t atmospheres  on  the  proper performance  (and ,  i n  the  case  of 
oxygen-enriched  atmospheres,  on  e lectrical  safety)  of the  equ ipment;  

h )  for aspi rated  equ ipment,  i nd ication  of the  m in imum  and  maximum  flow rates  and  pressure,  
tubing  type,  maximum  length  and  s ize  for proper operation ;  

i )  for aspi rated  equ ipment,  i nstructions  for ensuring  that the  sample  l i nes  are  i n tact and  that 
proper fl ow is  establ i shed  (see  4. 2 . 4);  

j )  speci fication  and  s ign i ficance  of each  a larm  ( includ ing  over-range  i nd ication)  and  fau l t 
s ignal ,  the  defau l t  setting  of a larms,  the  duration  of such  a larms  and  s ignals  ( i f time-
l im i ted  or non-latch ing),  and  any provis ions  that may be  made  for s i l encing  or resetting  
such  a larms  and  s ignals,  as  appl icable;  

k)  detai l s  of any method  for the  determination  of the  possible  sources  of a  mal function  and  
any corrective  procedures  ( i . e .  trouble-shooting  procedures);  

l )  a  statement that a larm  devices,  ou tpu ts  or contacts  are  of the  non-latch ing  types,  where  
appl icable  (see  4 . 2 . 3 . 1 ) ;  

m)  for battery-operated  equ ipment,  i nstal l ation  and  main tenance  instructions  for the  batteries;  

n )  a  recommended  replacement parts  l i st;  

o)  where  optional  accessories  (e. g .  col lecting  cones,  weather-protecting  devices,  fi e ld  
cal ibration  ki t)  are  suppl ied ,  a  l i st  of such  accessories  and  thei r effects  on  the  i nstrument 
characteristics  ( includ ing  response  time  and  sensi ti vi ty) ,  and  means  for thei r i den ti fication  
(e. g .  part numbers).   I n  add i tion ,  i t  shal l  be  clearly described  for each  accessory whether i t  
i s  i ncluded  in  the  performance  certi fi cate.  Consideration  shal l  be  g iven  to  the  effects  of the  
use  of the  accessory on  the  measurement of d i fferent gases  (see  d )1 )  and  d )3)) ;  

p)  detai l s  of performance  certi fication ,  i f any (e. g .  i ssu ing  organ isation ,  date,  ranges,  gases,  
accessories,  etc. ) ,  and  marking ,  and  any specia l  cond i tions  of use;  

q )  i f an  i ngress  protection  ( I P)  i s  cla imed ,  such  as  I EC  60529,  the  fol lowing  statement shal l  
be  i ncluded :  

1 )  I P  rati ngs  do  not imply that the  equ ipment wi l l  detect gas  during  and  after exposure  to  
those  cond i tions.  

2 )  recommendations  for determin ing  appropriate  cal ibration  in terval  and  main tenance  
requ i rements  i f exposed  to  those  cond i tions  representative  of the  IP  rating ;  

3)  recommended  accessories  to  those  cond i tions  representative  of the  I P  rating  

r)  for gas  detection  transmi tter or separate  gas  detection  control  un i ts,  speci fication  of the  
transfer function ,  fu l l  scale  i npu t/ou tpu t and  a l l  s tatus  s ignals  (e. g .  fau l t,  i nh ibi t)  (see  4 . 2 .7  
and  4 . 2 .8);  

s)  for gas  detection  transmi tter or separate  gas  detection  con trol  un i t,  i n formation  that the  
time  of response  of the  en ti re  system  i s  determined  by the  time  of response  of a l l  parts  of 
equ ipment wi th in  the  gas  detection  system;  

t)  for gas  detection  con trol  un i t  or separate  gas  detection  control  un i t,  the  maximum  delay 
time  un ti l  specia l  state  i s  en tered  i n  case  of transmission  errors;  

u )  any necessary instructions  or i n formation ,  where  the  specia l  nature  of the  equ ipment 
(such  as  non-l i near responses)  requ i res  add i tional  i nstructions  or special  i n formation  that 
are  a l ternative  to,  or i n  add i tion  to,  the  requ i rements  of 4 . 3  and  4 . 4  a)  to  r) .  

5 Test methods  

5.1  Overview 

The  test methods  and  procedures  described  i n  5 . 2  to  5 . 4  are  i n tended  as  a  basis  for 
establ ish ing  whether the  equ ipment conforms  wi th  the  supplementary requ i rements  for 
performance  g iven  i n  Annex A.  
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5.2  General  requ irements  for tests  

5.2 .1  General  

Where  i t  i s  necessary to  apply LFL  and  UFL values  for the  purposes  of th is  standard ,  
reference  shal l  be  made  to  I EC  60079-20-1 .  

5.2.2  Samples  and  sequence of tests  

5.2 .2 .1  General  

For the  purpose  of type  testing ,  a l l  the  tests  shal l  be  carried  ou t on  the  same  sample  except 
for tests  5 . 4. 4 . 3  to  5 . 4 . 4. 6  i n  combination  wi th  5. 4 . 1 6  and  for test 5 . 4 . 20,  each  of wh ich  may 
be  conducted  on  separate  samples.  

5.2.2 .2  Optical  fi l ter 

For IR-sensors  wi th  optical  fi l ters,  where  re lati ve  sensi ti vi ties  wi th  to lerance  l ess  than  20  %  of 
the  stated  value  are  speci fied  wi th in  the  i nstruction  manual  (see  4 . 4  d )1 ),  the  test 5 . 4. 3 . 3  shal l  
be  conducted  wi th  two  samples  where  the  centre  wavelength  of the  optical  fi l ters  shal l  be  at 
the  m in imum  and  maximum  l im i ts  of the  speci fication .  One  of these  un i ts  may be  used  
subsequently for 5 . 4 .4 . 3  to  5 . 4 .4 . 6 ,  5 . 4 . 1 6  and  5. 4. 20.  

5.2 .2 .3  Sequence 

The  unpowered  storage  test (5. 4 .2)  shal l  be  conducted  prior to  a l l  remain ing  tests.  The  
vibration  test (5. 4 . 1 2)  shal l  be  performed  after unpowered  storage  testing  for pre-cond i tion ing  
purposes.  

Al l  remain ing  tests  shal l  be  performed  to  a  schedu le  agreed  upon  between  the  manufacturer 
and  the  test l aboratory.  However,  the  tests  5. 4. 4. 3  to  5. 4 . 4. 6  and  5. 4. 1 6  shal l  a lways  be  
conducted  sequentia l l y.  

I f the  design  of equ ipment,  wh ich  has  been  tested  previously to  th is  standard ,  i s  mod i fied  then  
the  test l aboratory shal l  agree  wi th  the  manufacturer wh ich  tests  have  to  be  repeated  wi th  the  
mod i fied  equ ipment.  The  decision  and  i ts  j usti fication  shal l  be  described  i n  the  test report.  

I n  the  case  of mod i fications  to  the  software  or of e lectron ic components  wh ich  are  part of the  
basic gas  detection  functional i ty (s ignal  chain  from  sensor to  ou tpu t(s))  the  fol lowing  tests  
shal l  be  re-performed  as  a  m in imum:  cal ibration  cu rve,  a larm  set poin t(s),  time  of response.  

5.2.2 .4 Gas  detection  transmitter(s)  

Gas  detection  transmi tter(s)  shal l  be  tested  to  the  appl icable  requ i rements  of 5. 4 . 2  th rough  
5. 4 . 1 2  and  5. 4 . 1 4  th rough  5. 4 .23  using  the  parameters  of the  transfer function .  

5.2.2.5  Separate  gas  detection  control  un i ts  

Separate  gas  detection  control  un i ts  shal l  be  tested  to  the  appl icable  requ i rements  of 5 . 4 . 2 ,  
5 . 4 . 3,  5 . 4 .5,  5 . 4 .6 ,  5 . 4 . 1 2 ,  5 . 4 . 1 4  through  5. 4 . 1 8,  5 . 4 . 21  and  5. 4 .23  using  the  parameters  of 
the  transfer function(s) .  

5.2.3  Preparation  of equ ipment before  testing  

The  equ ipment shal l  be  prepared  and  mounted  as  near to  typical  use  as  possib le,  i n  
accordance  wi th  the  i nstruction  manual ,  i nclud ing  a l l  necessary i n terconnections,  i n i ti al  
ad justments  and  i n i tia l  cal ibrations.  Ad justments  may be  made,  where  appropriate,  at the  
beg inn ing  of each  test i n  5 . 4 . 2  to  5. 4 . 23.  During  each  test,  no  ad justment shal l  be  made.  
Suppression  of i nd ications  of the  equ ipment under test shal l  be  d isabled .  
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Optional  accessories  to  be  included  i n  the  performance  test shal l  be  e i ther attached  or 
removed  accord ing  to  wh ich  cond i tion  wi l l  g i ve  the  most un favourable  resu l t  for the  test being  
conducted  un less  otherwise  speci fied .  The  exact configuration  of the  equ ipment,  i nclud ing  
use  of or removal  of the  optional  accessories,  shal l  be  i ncluded  i n  the  test report.  

EXAMPLE  Weather protecti on  i s  an  example  of an  opti onal  accessory.  

I n  particu lar,  the  fol l owing  poin ts  shal l  be  noted :  

a)  Al l  equ ipment having  remote  sensors:  

– For the  purpose  of the  tests  i n  5 . 4 ,  where  reference  i s  made  to  exposure  of the  sensor 
to  the  test cond i tions,  the  en ti re  remote  sensor ( i nclud ing  any or a l l  normal ly attached  
protective  mechan ical  parts)  shal l  be  exposed .  

– For equ ipment having  connection  faci l i ties  for more  than  one  remote  sensor,  on ly one  
remote  sensor needs  to  be  subjected  to  the  tests.  The  replacement of a l l  bu t one  
sensor by "dummy"  impedances  yield ing  the  worst case  load  cond i tions  for the  test i n  
question  shal l  be  permi tted .  The  worst case  l oad  cond i tions  shal l  be  determined  by the  
testing  l aboratory wi th in  the  l im i ts  speci fied  in  the  instruction  manual  (see  4 . 4  d )) .  

– For equ ipment having  remote  sensor(s) ,  a l l  tests  shal l  be  performed  wi th  resistances  
connected  in  the  detector ci rcu i t  to  s imu late  the  maximum  l ine  resistance  speci fied  by 
the  manufacturer,  except where  m in imum  l ine  resistance  offers  a  more  stringent test i n  
the  j udgement of the  test l aboratory.  

b)  Separate  gas  detection  con trol  un i ts:  

The  replacement of a l l  transmi tters  by appropriate  s ignal  sources  and  worst case  loads  for 
the  test i n  question  shal l  be  permi tted .  The  worst case  loads  shal l  be  determined  by the  
test l aboratory wi th in  the  l im i ts  speci fied  in  the  instruction  manual  (see  4 . 4  d )) .  

c)  Al l  equ ipment having  in tegral  sensors:  

The  en ti re  equ ipment shal l  be  exposed  to  the  test cond i tions  wi thout removal  of any 
normal l y attached  parts,  i nclud ing  any sampl ing  probe  for tests  5. 4 . 1 0 ,  5 . 4 . 1 4  and  5. 4 . 1 5  .  

d )  Alarm-on ly equ ipment:  

For a larm-on ly equ ipment,  read ings  shal l  be  taken  using  an  i nd icating  or record ing  device  
connected  to  the  test poin ts  described  in  4 . 2 . 2 . 2 .  

5.2.4 Mask for cal ibration  and  tests  

When  a  mask i s  used  for cal ibration  or for the  i n jection  of test gas  i n to  the  sensor,  the  design  
and  operation  of the  mask used  by the  testing  l aboratory – i n  particu lar the  pressure  and  
veloci ty i ns ide  the  mask – shal l  not i n fluence  the  response  of the  equ ipment or the  resu l ts  
obtained .  

The  manufacturer may provide  a  su i table  cal ibration  mask together wi th  detai l s  of pressure  or 
fl ow for appl i cation  of ca l i bration  gases  wi th  the  equ ipment.  

5.3  Normal  condi tions  for test 

5.3.1  General  

The  test cond i tions  speci fied  in  5 . 3. 2  to  5 . 3 . 1 2  shal l  be  used  for a l l  tests,  un less  otherwise  
stated .  

5.3.2  Test gas(es)  

The  flammable  gas(es)  to  be  used  i n  a  m ixture  wi th  clean  a i r for i n i tia l  and  a l l  subsequent 
tests  shal l  be  selected  in  accordance  wi th  a)  to  d )  wi th  decreasing  priori ty.  

a)  The  speci fic gas  for equ ipment i n tended  for sensing  a  s ing le  fl ammable  gas  on ly.  

b)  Methane  for equ ipment i n tended  for sensing  methane  or fi redamp.  
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c)  Methane,  and  propane  or bu tane  for equ ipment i n tended  for general  purpose  flammable  
gas  detection  ( in  order to  get representative  resu l ts,  e . g .  concern ing  sensi ti vi ty,  response  
times  and  d ri ft) .  

d )  A gas  from  the  manufacturer's  l i st  of fl ammable  gases  for wh ich  the  equ ipment i s  cla imed  
to  be  su i table.  The  choice  of th is  gas  shou ld  be  made  by agreement between  the  
manufacturer and  the  test l aboratory.  

For a l l  the  other gases  for wh ich  the  equ ipment i s  cl aimed  to  be  su i table,  the  cal ibration  
cu rves  and  response  times  shal l  be  suppl ied  by the  manufacturer and  a  representative  
sample  veri fi ed  by the  testing  l aboratory.  The  to lerance  on  the  nominal  volume  fraction  of a l l  

test gases  shal l  not exceed  ±1 0  %.  The  volume fraction  of the  component wi th in  the  test 

gas(es)  shal l  be  known  to  a  re lati ve  expanded  uncertain ty of ±2  %  of the  nominal  value.  

For the  purpose  of th is  standard ,  where  i t  i s  appropriate  to  use  zero  gas  rather than  clean  a i r,  
references  to  clean  a i r may be  regarded  as  references  to  zero  gas.  

The  gas  m ixture  may be  prepared  by any su i table  method ,  for example  i n  accordance  wi th  the  
methods  ou tl i ned  i n  I SO  61 42  or I SO  61 45,  or by commercial l y produced  certi fi ed  gas  
m ixtures.  

5.3.3  Standard  test gas  

The  volume  fractions  of the  standard  test gases  shal l  be  as  fol l ows:  

a)  for Group  I  equ ipment i nd icating  up  to  a  volume fraction  of 5  %  methane:  equ ivalen t range  

of e i ther a  volume  fraction  of (1 , 5  ±  0 , 1 5)  %  or a  volume  fraction  of (2 , 0  ±  0 , 2)  %,  as  
agreed  between  the  manufacturer and  the  testing  l aboratory;  

b)  for other Group  I  and  al l  Group  I I  equ ipment:  45  %  to  55  %  of the  measuring  range,  not 
wi th in  the  explosive  range  wherever possib le.  I f th is  concentration  i s  wi th in  the  explosive  
range,  the  flammable  gas  shal l  be  m ixed  wi th  n i trogen  i f the  measuring  function  of the  
equ ipment i s  not affected  by oxygen  deficiency.  Otherwise  the  volume  fraction  of the  
standard  test gas  shal l  be  taken  ou tside  the  explosive  range  as  near as  possib le  to  the  
values  stated  above.  

The  volume fractions  shal l  be  known  to  a  relative  expanded  uncertain ty of not greater than  

±2  %.  

5.3.4 Flow rate  for test gases  

When  the  equ ipment i s  exposed  to  the  test gases,  i nclud ing  a i r,  the  flow rate  of the  gas  shal l  
be  i n  accordance  wi th  the  i nstruction  manual .  

For equ ipment that samples  by d i ffusion ,  e i ther a  ca l ibration  mask i n  accordance  wi th  5. 2 . 4  or 
a  test chamber may be  used .  

5.3.5  Vol tage  

a)  Mains-powered  and  fixed  DC powered  equ ipment shal l  be  operated  wi th in  2  %  of the  
manufacturer's  rated  vol tage  and  frequency.  

b)  Battery-powered  equ ipment shal l ,  for short-term  tests,  be  equ ipped  wi th  new or fu l l y 
charged  batteries  at  the  commencement of each  series  of tests.  For long-term  testing ,  i t  i s  
permissib le  to  energ ize  the  un i t  from  a  stabi l i zed  power supply.  The  temperature  test 
(5. 4. 6)  shal l  be  carried  ou t wi th  a l l  batteries  speci fied  in  the  instruction  manual .  

5.3.6  Temperature  

The  ambien t a i r and  test gas  shal l  be  held  at  a  temperature  constan t to  ±2  °C  wi th in  the  range  
of 1 5  °C  to  25  °C,  throughou t the  du ration  of each  test,  un less  otherwise  speci fied  for the  
particu lar test.  Th is  requ i rement i s  not appl icable  to  tests  5 . 4 . 1 2  and  5. 4. 21 .  
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5.3.7  Pressure  

The  tests  shal l  be  performed  at the  prevai l i ng  ambient pressure  provided  that i t  l i es  between  

86  kPa  and  1 08  kPa.  I f a  deviation  g reater than  ±1  kPa  occurs  during  a  test,  the  pressure  
changes  shal l  be  recorded  and  taken  i n to  account,  us ing  the  resu l ts  of the  pressure  test 
(5. 4 .7).  

5.3.8  Humidi ty 

The  ambient a i r,  zero  gas  and  test gas  shal l  be  held  at a  re lati ve  humid i ty (RH)  over the  range  
20  %  to  80  %  th roughou t each  test un less  otherwise  speci fied  for the  particu lar test.  The  

humid i ty of zero  gas  and  test gas  shal l  be  control led  to  wi th in  ±1 0  %  RH .  Th is  requ i rement i s  
not appl icable  to  tests  5 . 4 . 1 2  and  5. 4. 21 .  

For short appl ications  of test gases  (up  to  8  hours),  the  use  of d ry gases  i s  permi tted .  The  
properties  of the  measuring  princip le  of the  sensor shal l  be  taken  i n to  account.  

5.3.9  Accl imation  time 

I n  each  instance  where  the  equ ipment i s  subjected  to  a  d i fferen t test cond i tion ,  the  equ ipment 
shal l  be  a l l owed  to  stabi l i ze  under these  new cond i tions  before  measurements  are  taken .  

5.3.1 0  Orientation  

The  equ ipment shal l  be  tested  in  the  orien tation  recommended  by the  manufacturer.  

5.3.1 1  Communications  options  

For equ ipment that has  serial  or paral l el  commun ications  options  used  during  normal  gas  
detection  operation ,  tests  i n  5 . 4 .3 . 2 ,  5 . 4 .6  and  5. 4. 1 5  shal l  be  performed  wi th  a l l  
commun ication  ports  connected .  The  maximum  transaction  rate,  cabl i ng  characteristi cs  and  
activi ty l evel  speci fied  by the  i nstrument’s  manufacturer shal l  be  employed .  

5.3.1 2  Gas  detection  equ ipment as  part of systems 

For gas  detection  equ ipment that are  part of systems,  tests  i n  5 . 4 .3 .2 ,  5 . 4 .6 ,  5 . 4 . 1 5  and  
5. 4 . 1 8  shal l  be  performed  wi th  the  maximum  system  commun ications  transaction  rate  and  
activi ty l evel .  Th is  shal l  correspond  to  the  l argest and  most complex system  configuration  
permi tted  by the  manufacturer.  

5.4 Test methods  

5.4.1  General  

Tests  shal l  be  carried  ou t,  where  appl icable,  to  ensure  that the  equ ipment satisfies  the  
construction  requ i rements  of 4 . 2 .  Most of the  requ i rements  for these  tests  are  sel f-eviden t.  
For short-ci rcu i t  requ i rements  i n  4 . 2 . 4 ,  each  wi re  connecting  the  equ ipment to  any remote  
sensor or gas  detection  transmi tter shal l  be  substi tu ted  wi th  a  l oad  resistor.  The  values  of 
these  resistors  shal l  be  equ ivalen t to  the  maximum  wi re  resistance  for the  cable  speci fied  i n  
the  i nstruction  manual  (see  4 . 4  d )) .  The  device  used  for the  short ci rcu i t  shal l  be  of neg l i g ible  
resistance  and  shal l  be  appl ied  at  the  remote  sensor or gas  detection  transmi tter ends  of the  
l oad  resistors.  

The  marking  of the  equ ipment and  the  con ten ts  of the  instruction  manual  shal l  be  confi rmed  
against 4 . 3  and  4 . 4.  

The  fol lowing  tests  shal l  be  performed  in  accordance  wi th  5 . 3 ,  un less  otherwise  stated .  Al l  
tests  shal l  be  performed .  At the  end  of each  test,  i nd ications  shal l  be  taken  in  both  clean  a i r 
and  the  standard  test gas,  un less  otherwise  stated .  The  values  of the  i nd ications  used  for 
veri fication  of compl iance  wi th  the  performance  requ i rements  of Annex A shal l  be  the  final  
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i nd ications  (see  3 . 6 .2)  of both  the  clean  a i r and  standard  test gas  read ings,  un less  otherwise  
stated .   I f,  however,  the  sensor characteristics  do  not a l low the  equ ipment to  stabi l i ze  wi th in  6  
m in ,  then  a  time  shal l  be  agreed  between  the  manufacturer and  the  test l aboratory when  the  
equ ipment i s  deemed  to  be  stabi l i zed .  Th is  time  shal l  not exceed  6  m in  and  shal l  be  speci fied  
i n  the  instruction  manual  as  the  test gas  appl ication  time  for cal i bration .  Th is  time  shal l  a l so  
be  used  for cal ibration  and  ad justment of the  equ ipment,  and  when  performing  test 5 . 4 . 1 5.  

For equ ipment having  more  than  one  selectable  range  for the  same or d i fferen t gases  or 
vapours,  each  range  shal l  be  tested .  For the  second  and  subsequent ranges  the  necessary 
amount of testing  shal l  be  agreed  upon  between  the  manufacturer and  the  test l aboratory.  

For equ ipment where  d i fferen t ranges  are  ach ieved  by using  d i fferen t sensors,  each  range  
shal l  be  subjected  to  the  fu l l  series  of tests.  

5.4.2  Unpowered  storage 

Al l  parts  of the  equ ipment shal l  be  exposed  sequentia l l y to  the  fol lowing  cond i tions  i n  clean  
a i r on ly:  

a)  a  temperature  of (–25  ±  3 )  °C  for at  l east 24  h ;  

b)  ambien t temperature  for at l east 24  h ;  

c)  a  temperature  of (60  ±  2 )  °C  for at  l east 24  h ;  

d )  ambien t temperature  for at  l east 24  h .  

At each  temperature,  the  humid i ty of the  clean  a i r shal l  be  such  that condensation  does  not 
occur.  

5.4.3  Cal ibration  and  ad justment 

5.4.3.1  In i tial  preparation  of the  equ ipment 

The  equ ipment shal l  be  cal ibrated  and  ad justments  shal l  be  carried  ou t to  obtain  correct 
i nd ications  in  accordance  wi th  the  manufacturer's  i nstruction  manual .  

5.4.3.2  Cal ibration  curve  

The  equ ipment shal l  be  exposed  to  the  gas  selected  i n  accordance  wi th  5 . 3 .2 ,  at 0  %,  1 0  %,  
30  %,  50  %,  70  %  and  90  %  of the  measuring  range,  starting  wi th  the  l owest and  fin ish ing  wi th  
the  h ighest of the  selected  volume fractions.  However,  the  h ighest volume  fraction  may be  
reduced  for equ ipment wi th  l ow measuring  ranges  in  order to  prevent over-range  i nd ications  
wi th in  the  performance  l im i ts.  

Th is  operation  shal l  be  carried  ou t th ree  times  consecu tively.  

5.4.3.3  Response to  d i fferent gases  

For Group  I I  equ ipment,  the  accuracies  of the  response  curves  or correction  charts  provided  
i n  the  instruction  manual  shal l  be  checked  by measuring  the  response  for the  representative  
gases  i n  accordance  wi th  5 . 3 .2 ,  at a  m in imum  of th ree  d i fferen t volume  fractions  spread  
even ly over the  measuring  range  to  veri fy response  characteristics.  Th is  operation  shal l  be  
carried  ou t two  times  consecu tively.  

The  ratio  between  the  i nd ication  of the  equ ipment (before  correction  using  the  manufacturer’s  
response  curve  or correction  charts)  and  the  gas  volume fraction  obtained  for each  of the  
three  gas  volume  fractions  of each  gas  tested  shal l  not be  l ess  than  0 , 4  and  shal l  not exceed  
2 , 0 .  
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Equ ipment wi th  semiconductor or catalytic sensors  shal l  then  be  exposed  to  the  test gas  wi th  

a  volume  fraction  between  45  %  to  55  %  of the  measuring  range  for (60  +2/0)  m in  and  the  
deviation  of the  i nd ication  during  the  exposure  measured .  

5.4.4 Stabi l i ty 

5.4.4.1  Battery-powered  equ ipment for stabi l i ty 

For these  tests,  battery-powered  equ ipment shou ld  be  powered  from  in ternal  batteries  
wherever possib le,  otherwise  an  external  power supply may be  used .  

5.4.4.2  Short-term  stabi l i ty 

The  equ ipment shal l  be  exposed  to  s i x appl ications  of the  standard  test gas  for 3  m in  fo l l owed  
by exposure  to  clean  a i r for a  period  of 7  m in .  I nd ications  shal l  be  taken  at the  end  of each  
exposure  to  clean  a i r and  the  standard  test gas.  

5.4.4.3  Long-term  stabi l i ty (fixed  and  transportable  equ ipment – Group I  on ly)  

The  equ ipment shal l  be  operated  in  clean  a i r continuously for a  period  of (28  +1 /0)  days  and  

shal l  be  exposed  to  the  standard  test gas  for an  (480  +1 0/0)  m in  period  at (7  ±  1 )  day 
i n tervals  over the  test period .  I nd ications  shal l  be  taken  prior to  the  appl ication  of,  after 
stabi l i zation  and  prior to  removal  of the  standard  test gas.  

After th is  fi rst period ,  the  fol lowing  procedure  shal l  be  performed .  

The  equ ipment shal l  be  exposed  to  a  methane-ai r m ixtu re  wi th  a  volume  fraction  of 1 , 0  %  

(v/v)  ±  0 , 05  %  (v/v)  for (1 68  ±  4 )  hours,  a  m in imum  of 5  i nd ications  being  taken  no  l ess  than  
24  hours  apart i n  clean  a i r and  the  standard  test gas.   One  of these  i nd ications  shal l  be  taken  
at the  beg inn ing  of the  test and  another at the  end  of the  test.  

5.4.4.4 Long-term  stabi l i ty (portable  equ ipment – Group I  on ly)  

The  equ ipment shal l  be  operated  i n  clean  a i r continuously for a  period  of (480  +1 0/0)  m in  per 
working  day over a  total  of 20  consecu tive  working  days.  The  equ ipment shal l  be  exposed  to  

the  standard  test gas  for (60  ±  2 )  m in  during  each  operating  period .  I nd ications  shal l  be  taken  
prior to  the  appl ication  of,  after stabi l i zation ,  and  prior to  removal  of the  standard  test gas.  

After th is  fi rst  period ,  the  fol l owing  procedure  shal l  be  performed  starting  at the  next working  
day.  

The  equ ipment shal l  be  operated  i n  a  methane-ai r m ixture  wi th  a  volume fraction  of 1 , 0  %  

(v/v)  ±  0 , 05  %  (v/v)  for (480  ±  2 )  m in ,  taking  ind ications  in  clean  a i r and  the  standard  test gas  
at the  end  of th is  period .  The  equ ipment shal l  then  be  swi tched  off and  exposed  to  clean  a i r 
over n igh t.  Th is  cycle  shal l  be  repeated  for a  further 4  consecu tive  working  days.  

5.4.4.5  Long-term  stabi l i ty (fixed  and  transportable  equ ipment – Group I I  on ly)  

The  equ ipment shal l  be  operated  continuously i n  clean  a i r for a  period  of (63  ±  1 )  days.  On  

the  e igh th  day,  the  equ ipment shal l  be  exposed  to  the  standard  test gas  for a  (480  +1 0/0)  m in  
period .  I nd ications  shal l  be  taken  prior to  the  appl ication  of test gas,  after stabi l i zation  of the  
read ing  and  prior to  the  removal  of test gas.  

At the  end  of each  subsequent (7  ±  1 )  day period ,  the  equ ipment shal l  be  exposed  to  the  
standard  test gas  un ti l  the  read ing  has  stabi l i zed .  I nd ications  shal l  be  taken  prior to  the  
appl ication  of test gas  and  after stabi l i zation  of the  read ing .  
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5.4.4.6  Long-term  stabi l i ty (portable  equ ipment – Group I I  on ly)  

The  equ ipment shal l  be  operated  con tinuously i n  clean  ai r for a  period  of (420  +5/0)  m in  and  

then  exposed  to  the  standard  test gas  for another (60  +5/0)  m in .   I nd ications  shal l  be  taken  
prior to  the  appl ication  of test gas,  after stabi l i zation  of the  read ing  and  prior to  removal  of 
test gas.  

The  equ ipment shal l  then  be  operated  in  clean  a i r con tinuously for a  period  of (480  +1 0/0)  m in  
per working  day over a  tota l  of 1 9  consecu tive  working  days.   The  equ ipment shal l  be  
exposed  to  the  standard  test gas  un ti l  the  read ing  has  stabi l i zed ,  once  at the  end  during  each  
operating  period .   I nd ications  shal l  be  taken  prior to  the  appl ication  of test gas  and  after 
stabi l i zation  of the  read ing .  

5.4.5 Alarm  set  point(s)  

5.4.5.1  Rising  concentration  

For equ ipment wi th  ad justable  a larm  set poin ts,  set the  a larm  set poin t at 1 0  %  relative  below 
the  concentration  of the  standard  test gas.  

I f the  a larm  set poin t cannot be  set at  th is  concentration ,  the  a larm  shal l  be  set as  near as  
possible  to  that concentration .  I n  th is  case  and  for equ ipment wi th  fi xed  a larm  set poin ts  the  
test gas  shal l  have  a  volume  fraction  of 1 0  %  relative  above  the  concentration  of the  a larm  set  
poin t.  

The  equ ipment shal l  be  ad justed  wi th  clean  a i r and  standard  test gas  or the  speci fied  test 
gas.  Then  expose  the  equ ipment to  clean  a i r and  then  to  the  standard  test gas  or the  
speci fied  test gas  un ti l  a larm  activation  or twice  the  respective  t(90),  wh ichever i s  l ess.  

For equ ipment wi th  several  a larm  set poin ts,  th is  test shal l  be  carried  ou t for each  a larm  set 
poin t.  

5.4.5.2  Fal l ing  concentration  (for equ ipment with  measuring  range  over UFL on ly)  

For equ ipment wi th  ad justable  a larm  set poin ts,  set the  alarm  set poin t at UFL p lus  1 0  %  of 
the  measuring  range.  I f the  a larm  set poin t cannot be  set at th is  concentration  the  alarm  shal l  
be  set as  near as  possible  to  that concentration .  

The  speci fied  test gas  shal l  have  a  volume  fraction  of the  alarm  set poin t m inus  5  %  of the  
measuring  range.  

The  equ ipment shal l  be  ad justed  wi th  standard  test gas  and  clean  a i r or the  speci fied  test 
gas.  Then  expose  the  equ ipment to  a  test gas  wi th  a  volume  fraction  of 90  %  of the  measuring  
range  and  then  to  the  speci fied  test gas  un ti l  a larm  activation  or twice  the  respective  t(90),  
wh ichever i s  l ess.  

For equ ipment wi th  several  a larm  set poin ts,  th is  test shal l  be  carried  ou t for each  a larm  set 
poin t.  

5.4.6  Temperature  

Th is  test shal l  be  performed  i n  a  temperature  chamber having  the  capabi l i ty of hold ing  the  

remote  sensor or equ ipment at  the  speci fied  temperature  wi th in  ±2  °C.  The  remote  sensor or 
equ ipment shal l  be  accl imated  at each  temperature  speci fied  i n  Annex A,  as  appropriate,  for 

at l east 3  h  or un ti l  accl imated  wi th in  ±2  °C  for a  m in imum  of 1  h .   The  remote  sensor or 
equ ipment shal l  be  exposed  sequentia l l y to  clean  a i r and  the  standard  test gas,  wh ich  shal l  be  
at the  same temperature  as  the  atmosphere  i n  the  test chamber.  The  dew poin t of the  a i r or 
standard  test gas  shal l  be  below the  lowest temperature  of the  test chamber.  
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For battery powered  equ ipment,  the  test shal l  be  carried  ou t wi th  a l l  batteries  speci fied  i n  the  
i nstruction  manual .  

5.4.7  Pressure  

The  effects  of pressure  variation  shal l  be  observed  by p lacing  the  remote  sensor or equ ipment 
( i nclud ing  the  aspi rator for aspi rated  equ ipment)  i n  a  test chamber that permi ts  the  pressure  
of clean  a i r and  of the  standard  test gas  to  be  varied  over the  range  speci fied  in  Annex A.  

The  pressure  shal l  be  main tained  at  the  speci fied  levels  wi th in  ±0,5  kPa  for 5  m in ,  before  a  
read ing  i s  accepted  or a  test i s  made.  Read ings  shal l  be  taken  wi th  clean  a i r and  standard  
test gas.  

5.4.8  Humidi ty of test gas  

The  test shal l  be  conducted  at temperature  of (40  ±  2 )  °C.  After an  accl imation  time  of at l east 
2  hours  at  40  °C,  the  equ ipment shal l  be  cal ibrated  and  ad justed  i n  accordance  wi th  the  

i nstruction  manual  (see  4 . 4  b)  and  4 . 4  d )1 3)) .  The  sensor shal l  be  exposed  for (60  +5/0)  m in  

to  clean  ai r humid i fied  to  (20  ±  5)  %  RH .  The  sensor shal l  then  be  exposed  to  the  standard  

test gas  humid i fied  to  (20  ±  5)  %  RH  un ti l  s tabi l i zed .  The  procedure  shal l  be  repeated  wi th  

humid i ties  of (50  ±  5)  %  RH  and  (90  ±  5)  %  RH .  The  concentration  of the  test gas  shal l  be  
held  constan t,  or due  a l lowance  of changes  i n  i ts  concentration  by d i l u tion  in  water shal l  be  
made.  

Al l  re lati ve  humid i ty shal l  be  considered  as  water vapour volume fractions  at  the  nominal  
temperature  of 40  °C.  

5.4.9  Air veloci ty 

Th is  test i s  appl icable  to  d i ffusion  equ ipment on ly.  

The  equ ipment or the  remote  sensor shal l  be  tested  in  a  flow chamber i n  both  clean  a i r and  
standard  test gas.  

For equ ipment wi th  i n tegral  sensors,  wh ich  are  too  large  to  be  tested  in  a  fl ow chamber,  other 
fl ow equ ipment for carrying  ou t the  test shal l  be  permi tted .  I n  th is  case  the  "other flow 
equ ipment"  shal l  be  described  i n  the  test report.  

The  sensor shal l  be  operated  i n  the  orien tation  recommended  by the  manufacturer.  I f there  i s  
no  such  recommendation  e . g .  for portable  equ ipment,  a  typical  orien tation  shal l  be  used .  

I rrespective  of whether a  fl ow chamber or other fl ow equ ipment i s  used ,  the  d i rection  of the  
a i r flow wi th  respect to  the  sensor i n let shal l  be  as  fol lows:  

1 )  fl ow d i rected  at the  sensor i n let;  

2)  fl ow d i rected  1 80°  to  1 ) ;  

3)  fl ow d i rected  90°  to  1 ) .  

Each  orien tation  i s  g i ven  wi th  a  tolerance  of ±5°.  

Measurements  shal l  be  made  under:  

•  non-forced  ven ti lation  cond i tions  

•  a t  (3  ±  0,3) m/s  and   

•  a t  (6  ±  0,6) m/s.  
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D i rections  of fl ow wh ich  are  proh ibi ted  wi th in  the  i nstruction  manual  shal l  not be  tested .  

5.4.1 0  Flow rate  for aspirated  equ ipment 

The  equ ipment shal l  be  tested  by varying  the  flow rate  i n  both  clean  a i r and  standard  test gas  

1 )  from  the  nominal  fl ow rate  to  1 30  %  of the  nominal  flow rate,  i f possib le  

2)  from  the  nominal  fl ow rate  to  1 1 0  %  of the  flow rate  at wh ich  the  flow fa i l u re  s ignal  i s  
acti vated ,  or to  50  %  of the  nominal  fl ow rate  i f a  fl ow fa i lu re  s i gnal  i s  not provided .  

5.4.1 1  Orientation  

5.4.1 1 . 1  Portable  equ ipment 

During  tests  wi th  clean  a i r and  standard  test gas,  rotate  the  sensor,  or the  whole  equ ipment i f 

re levant,  through  360°  i n  steps  of 90°  around  each  of i ts  th ree  mu tual l y perpend icu lar axes  
(one  axis  at a  time).  Record  the  i nd ication  i n  each  posi tion .  

5.4.1 1 .2  F ixed  and  transportable  equ ipment 

Test the  equ ipment or remote  sensor wi th  clean  a i r and  standard  test gas  wi th in  the  
orien tation  l im i ts  stated  i n  the  manufacturer's  i nstructions,  bu t i n  no  case  l ess  than  a  deviation  

of ±1 5°  from  the  nominal  orien tation .  

5.4.1 2  Vibration  

5.4.1 2.1  Test equ ipment 

The  vibration  test mach ine  shal l  consist of a  vibrating  table  capable  of producing  a  vibration  of 
variable  frequency and  ampl i tude  wi th  the  test equ ipment mounted  in  p lace,  as  requ i red  by 
IEC  60068-2-6  and  the  fol lowing  test procedures.  

5.4.1 2.2  Procedures  

5.4.1 2.2 .1  General  

The  test shal l  be  carried  ou t i n  accordance  wi th  I EC  60068-2-6.  

The  equ ipment shal l  be  energ ized  and  mounted  on  the  vibration  test mach ine  and  vibrated  
successively i n  each  of th ree  p lanes  respectively paral le l  to  each  of the  three  major axes  of 
the  equ ipment.  

An  ad justable  a larm  set poin t shal l  be  set to  20  %  of measuring  range.  

Before,  and  at the  conclusion  of the  test,  the  equ ipment shal l  be  exposed  to  clean  ai r fo l lowed  
by the  standard  test gas.  

The  equ ipment shal l  be  mounted  on  the  vibration  table  i n  the  same  manner as  i n tended  for 
use  i nclud ing  any resi l i en t mounts,  carrier or hold ing  devices  that are  provided  as  standard  
parts  of the  equ ipment.  

The  equ ipment shal l  be  vibrated  over the  frequency range  speci fied  at  the  excursion  or 
constan t acceleration  peak speci fied ,  for a  period  of at l east 1  h  i n  each  of the  three  mu tual l y 
perpend icu lar planes.  The  frequency shal l  con tinuously change  exponentia l l y wi th  time  and  
the  rate  of change  of frequency shal l  be  one  octave  per m inu te.  

5.4.1 2.2 .2  Procedure  1  

For remote  sensors  and  a l l  equ ipment wi th  i n tegral  sensors,  the  vibration  shal l  be  as  fol lows:  
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1 0  Hz to  31 , 5  Hz,  0 , 5  mm  d isplacement ampl i tude  (1 , 0  mm  peak-peak tota l  excursion)  

31 , 5  Hz to  1 50  Hz,  1 9 , 6  m/s²  acceleration  ampl i tude  

5.4.1 2.2 .3  Procedure  2  

For a l l  other equ ipment,  the  vibration  shal l  be  as  fol lows:  

1 0  Hz to  31 , 5  Hz,  0 , 5  mm  d isplacement ampl i tude  (1 , 0  mm  peak-peak total  excursion)  

31 , 5  Hz to  1 00  Hz,  1 9 , 6  m/s2  acceleration  ampl i tude  

5.4.1 3  Drop test  for portable  and  transportable  equ ipment 

I f the  manufacturer recommends  that the  i nstrument be  used  in  i ts  protective  casing ,  the  test 
shal l  be  carried  ou t wi th  the  protective  casing  instal led .  

I f components  of fi xed  equ ipment can  be  used  l i ke  portable  or transportable  equ ipment 
accord ing  to  the  instruction  manual ,  these  components  shou ld  be  considered  to  be  portable  or 
transportable  for th is  test.  

Before,  and  at the  conclusion  of the  test,  the  equ ipment shal l  be  exposed  to  clean  a i r fol lowed  
by the  standard  test gas.  

Portable  equ ipment shal l  be  released ,  wh i le  operating ,  from  a  heigh t of (1  +0, 05/0)  m above a  
concrete  surface  and  a l lowed  to  free  fa l l .  

Transportable  equ ipment wi th  a  mass  less  than  5  kg  shal l  be  re leased ,  wh i le  not operating ,  

from  a  heigh t of (0 , 3  +0,03/0)  m above  a  concrete  surface  and  a l lowed  to  free  fal l .  

Other transportable  equ ipment shal l  be  released ,  wh i le  not operating ,  from  a  heigh t of 

(0 , 1  +0, 02/0)  m above  a  concrete  surface  and  a l lowed  to  free  fa l l .  

Al l  he igh ts  are  measured  from  the  l owest poin t of the  equ ipment.  

The  test requ i red  above  shal l  be  performed  th ree  separate  times,  the  portable  equ ipment 
being  released  each  time  wi th  a  d i fferen t s ide  (surface)  facing  down  at the  time  of release  and  
the  transportable  equ ipment to  be  i n  an  orien tation  for normal  transport.  

The  equ ipment shal l  be  considered  to  have  fa i l ed  th is  test i f there  i s  a  l oss  of function  (e. g .  
a larm,  pump function ,  con trols,  d i splay)  after the  test.  

Au tomatic re-starti ng  or shu t-down  of the  equ ipment shal l  not occur during  the  test.  

5.4.1 4 Warm-up time 

An  ad justable  alarm  set poin t shal l  be  set to  20  %  of the  measuring  range.  

The  equ ipment shal l  be  swi tched  off and  l eft  for at  l east 24  h  i n  clean  a i r.  After the  24  h  
period ,  the  equ ipment shal l  be  swi tched  on  i n  clean  a i r and  the  warm-up  time  measured .  

Group  I  equ ipment shal l  be  swi tched  off for a  fu rther 24  h  i n  clean  a i r.  After th is  period ,  the  

equ ipment shal l  be  exposed  for (5  +0,5/0)  m in  to  the  standard  test gas,  then  swi tched  on  in  
the  presence  of the  test gas  and  the  warm-up  time  measured .  

Where  equ ipment prompts  the  user to  perform  any ad justment during  start-up,  the  test shal l  
be  appl ied  for the  ‘Yes’  and  ‘No’  options.  
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5.4.1 5 Time of response 

The  equ ipment shal l  be  swi tched  on  i n  clean  a i r and ,  after an  i n terval  correspond ing  to  at 
l east two  times  the  warm-up  time,  as  determined  i n  accordance  wi th  5. 4. 1 4 ,  wi thou t swi tch ing  
off,  the  equ ipment or the  sensor(s)  shal l  be  subjected  to  step  changes  from  clean  a i r to  the  
standard  test gas  and  from  standard  test gas  to  clean  a i r.  These  changes  shal l  be  i n troduced  
by means  of su i table  equ ipment (see  Annex B).  

The  times  of response  t(50)  and  t(90)  for i ncreasing  concentration ,  and  t(50)  and  t(1 0)  for 
decreasing  concentration  shal l  be  measured .  

For an  optional  sampl ing  probe,  an  extra  test i s  requ i red  to  measure  the  add i tional  de lay.  Th is  
shal l  be  less  than  3  s/m  of the  total  l ength  of the  probe  p lus  tubing  or any g reater value,  wh ich  
i s  stated  i n  the  i nstruction  manual .  

5.4.1 6  H igh  gas  concentration  operation  above  the  measuring  range 

Th is  subclause  appl ies  to  a l l  equ ipment wi th  an  upper l im i t of the  measuring  range  l ess  than  
1 00  %  (v/v)  gas.  

The  sensor shal l  be  subjected  to  the  test us ing  test equ ipment that s imu lates  a  step  change  
between  gas  concentrations  such  as  those  described  in  Annex B.  

The  sensor shal l  be  subjected  to  a  step  change  from  clean  a i r to  a  volume  fraction  of 1 00  %  

(v/v)  gas  that shal l  be  main tained  for (1 80  +5/0)  s .  The  equ ipment or remote  sensor shal l  then  

be  subjected  to  clean  ai r for (20  +2/0)  m in ,  fol lowed  by the  standard  test gas.  

Al l  gas  concentrations  above  fu l l  scale  shal l  be  i nd icated  by a  fu l l  scale  i nd ication  and ,  where  
fi tted ,  an  a larm.  I f the  i nd ication  i s  d ig i ta l ,  a  cl ear i nd ication  shal l  be  g iven  that the  upper l im i t 
of the  measuring  range  has  been  exceeded .  

Al l  gas  a larms  shal l  remain  i n  operation  at  a l l  gas  concentrations  above  fu l l  scale.  I f the  
equ ipment provides  a  l atch ing  a larm  feature,  the  l atch ing  featu re  shal l  be  veri fied  during  and  
after appl ication  of the  h igh  gas  concentration .  

5.4.1 7  Battery capaci ty 

5.4.1 7. 1  Battery d ischarge 

With  a  battery fu l l y charged  at the  beg inn ing  of the  test,  the  equ ipment shal l  be  operated  at  
maximum  load  cond i tion  wi th  consideration  to  quan ti ty and  type  of sensors  i n  clean  a i r for a  
total  period  of 

a)  (480  +5/0)  m in ,  i f fi tted  wi th  a  user-operable  on /off swi tch ;  

b)  (600  +5/0)  m in ,  i f not so  fi tted ;  or 

c)  any l onger time  as  speci fied  by the  manufacturer.  

At the  beg inn ing  and  end  of the  speci fied  period ,  the  equ ipment i s  exposed  to  clean  a i r and  
the  standard  test gas.  

5.4.1 7.2  Low battery duration  

The  equ ipment shal l  then  con tinue  to  operate  un ti l  an  i nd ication  that the  l ow battery cond i tion  
has  been  reached .  The  equ ipment shal l  con tinue  to  operate  for at  l east an  add i tional  

(1 0  +0, 5/0)  m in  and  then  be  exposed  to  the  standard  test gas.  
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Where  i t  i s  impractical  to  d ischarge  the  equ ipment con tinuously,  the  equ ipment may be  
swi tched  off (e . g .  overn igh t)  to  ensure  the  l ow battery cond i tion  i s  observed  i n  the  requ i red  
time.  

5.4.1 8  Power supply variations  

The  equ ipment shal l  be  set up  under normal  cond i tions  (see  5. 3),  at  rated  vol tage  and ,  where  
appropriate,  rated  frequency.  For equ ipment wi th  remote  sensors,  the  test shal l  be  performed  
wi th  both  maximum  and  m in imum  resistance  of the  i n terconnecting  cable.  The  equ ipment 
shal l  then  be  subjected  to  the  fol lowing  tests.  

The  equ ipment cal ibration  shal l  be  checked  at  both  1 1 5  %  and  80  %  of rated  vol tage  and  at 

+2  %  above  the  m in imum  supply vol tage  fau l t  l im i t.  

Where  the  manufacturer of the  equ ipment speci fies  a  supply range  other than  those  speci fied  
above,  the  equ ipment shal l  be  tested  at  the  upper and  l ower l im i ts  of the  supply vol tage  
speci fied  by the  manufacturer.  

I t  shal l  be  veri fied  at  +2  %  above  the  m in imum  supply vol tage  fau l t  l im i t  that a l l  ou tpu t 
functions  are  working  properly even  at the  worst case  l oad  cond i tions.  

Analogue  ou tpu ts  shal l  be  tested  at the  maximum  ou tpu t l evel .  Relays  shal l  be  able  to  

energ ize  at +2  %  above  the  m in imum  supply vol tage  fau l t  l im i t.  

5.4.1 9  Addition  of sampl ing  probe 

When  i t  i s  i n tended  to  add  a  sampl ing  probe,  the  equ ipment shal l  fi rst be  cal ibrated  using  
clean  a i r and  the  standard  test gas  wi thout the  sampl ing  probe.  The  sampl ing  probe  shal l  then  
be  added ,  and  clean  a i r and  standard  test gas  appl ied  again .  

5.4.20  Other gases  and  poisons  

5.4.20. 1  Other gases  

The  equ ipment shal l  be  tested  separately wi th  the  fol lowing  gas  m ixtures:  

a)  Group I  equ ipment i nd icating  up  to  a  volume  fraction  of 5  %  methane  in  a i r:  

1 )  a  methane  volume fraction  of the  standard  test gas  +  a  volume  fraction  of 1 3  %  oxygen  
i n  n i trogen ;  

2 )  a  methane  volume  fraction  of the  standard  test gas  +  a  volume fraction  of 5  %  carbon  
d ioxide  i n  a i r;  

3)  a  methane  volume  fraction  of the  standard  test gas  +  a  volume  fraction  of 0 , 075  %  
ethane  i n  a i r.  

b)  Group  I  equ ipment i nd icating  up  to  a  volume  fraction  of 1 00  %  methane  in  a i r:  

1 )  a  volume  fraction  of 50  %  methane  +  a  volume  fraction  of 6 , 5  %  oxygen  i n  n i trogen ;  

2)  a  volume  fraction  of 50  %  methane  +  a  volume  fraction  of 5  %  carbon  d ioxide  i n  
n i trogen ;  

3)  a  volume  fraction  of 50  %  methane  +  a  volume  fraction  of 2 , 5  %  ethane  in  n i trogen .  

The  gas  mixtures  may be  prepared  by any su i table  method .  The  tolerances  on  the  volume  

fraction  of each  component shal l  be  wi th in  ±1 0  %  of i ts  nominal  concentration .  

The  volume  fraction  of each  component shal l  be  known  to  a  re lati ve  expanded  uncertain ty of 

±2  %  of the  stated  value.  
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5.4.20.2  Poisons  (appl icable  on ly to  Group I  equ ipment with  catalytic  or 
semiconductor sensors)  

The  equ ipment shal l  be  exposed  to  a  volume  fraction  of (1 , 0  ±  0 , 05)  %  methane  i n  a i r m ixtu re  

con tain ing  a  volume  fraction  of (1 0  ±  1 )  ppm  of hexamethyld is i loxane  and  shal l  perform  in  

continuous  operation  un ti l  a  dose  of (400  ±  20)  ppm  m in  i s  reached .  

NOTE  1  Certa i n  materi a l s  that  m i gh t  be  present  i n  i ndustri a l  a tmospheres  can  l ead  to  "poi son i ng "  or o ther 
undesi rabl e  effects  wh ich  can  resu l t  i n  a  change  of sensi ti vi ty of a  gas  sensor.  

NOTE  2  As  improved  to l erances  to  these  materi a l s  are  frequen tl y cl a imed  by manu factu rers ,  evi dence  of the  
testi ng  procedure  u sed  to  substan ti ate  these  cl a ims  and  test  resu l ts  can  be  open  to  val i dati on  or veri fi cati on  by 
ag reement between  a  pu rchaser,  a  manu factu rer,  and  a  testi ng  l aboratory.  Possib l e  "poi son ing "  agen ts  and  thei r 
effects  on  sensor performance  are  d i scussed  i n  I EC  60079-29-2 .  

NOTE  3  The  t ime  the  equ i pmen t i s  exposed  i s  ca l cu l ated  by d i vi d i ng  the  requ i red  dose  by the  actual  
concen trati on  of hexamethyl d i s i l oxane.  

5.4.21  E lectromagnetic  compatibi l i ty 

The  equ ipment,  i nclud ing  the  sensor and  in terconnecting  wi ring ,  shal l  be  subjected  to  the  
tests  described  i n  I EC 61 326-1 : 201 2  Table  2 .  

NOTE  Speci fi c  appl i cati ons  or l ocal  regu lati ons  m i gh t  requ i re  more  severe  e l ectromagneti c  immun i ty test 
parameters .  

The  test shal l  be  carried  ou t wi th  the  equ ipment exposed  to  the  standard  test gas.  The  a larm  
set poin t shal l  be  set so  that the  a larm  i s  acti ve,  i . e .  to  the  volume  fraction  of the  standard  test 
gas  p lus  or m inus  the  variation  as  l i sted  i n  Annex A.  

For mu l ti -gas  portable  equ ipment,  th is  test shal l  be  performed  wi th  a  fu l l  set of typical  
sensors.  

For equ ipment wi th  a  measuring  range  up  to  1 00  %  (v/v),  th is  test shal l  be  performed  in  clean  
a i r on ly.  The  a larm  set poin t shal l  be  set to  5  %  of the  measuring  range  or the  l owest possib le  
setting ,  wh ichever setti ng  i s  h igher.  

Any specia l  advice  i n  the  i nstruction  manual  concern ing  EMC shal l  be  fol l owed .  

5.4.22  Field  cal ibration  ki t  

Cal ibration  i n i tiation  methods  and  gas  appl ication  methods  shal l  be  tested  or excluded  from  
the  scope  of the  performance  test wi th in  the  instruction  manual .  

F ie ld  cal i bration  ki t(s)  shal l  be  veri fied  by comparison  of the  fol lowing :  

a)  expose  the  equ ipment to  clean  a i r and  standard  test gas  using  the  fi e ld  cal ibration  ki t  i n  
accordance  wi th  the  i nstruction  manual ;  

b)  expose  the  equ ipment to  clean  a i r and  standard  test gas  as  i t  i s  done  in  normal  operation .  

5.4.23  Software  function  

Software  con trol l ed  equ ipment shal l  be  val i dated  against the  requ i rements  of 4 . 2 . 9.  

The  manufacturer shal l  provide  evidence  that the  software  fu l l y compl ies  wi th  4 . 2 .9.  
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Annex A 
(normative)  

 
Performance requirements  

Table  A.1  – Performance  requ irements  (1  of 6)  

NOTE  The  speci fi ed  numbers  are  the  maximum  permi tted  d evi ati ons  of the  i nd i cati ons  of the  equ ipmen t  from  the  reference  i nd i cati ons  obtai ned  at  the  s tart  of the  test  or a t  reference  
cond i ti ons  (e. g .  a t  reference  temperatu re  20  °C) .  

Sub-
clause  

Test  Group  I  equ ipment l im i ts   
(wh ichever value  i s  g reater)  

Group  I I  equ ipment l im i ts  
(wh ichever value  i s  g reater)  

Volume  fraction  up  to  
5  % methane  i n  ai r 

Volume  fraction  up  to  
1 00  % methane  i n  ai r 

Volume  fraction  up  to  
20  % lower fl ammable  

l im i t 

Volume  fraction  up  to  
1 00  % l ower fl ammable  

l im i t 

Volume  fraction  up  to  
1 00  % gas  

5. 4 . 2  Unpowered  s torage  None  None  None  None  None  

5 . 4 . 3 . 2  Cal i brati on  cu rve  ±0 , 1  %  methane  or 

±5  %  of i nd i cati on  

±3  %  measuri ng  range  or 

±5  %  of i nd i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  

5 . 4 . 3 . 3  Response  to  d i fferen t 
gases  

Not  appl i cabl e  Not  appl i cabl e  ±7  %  measuri ng  range  or 

±1 5  %  of i nd i cati on  

±7  %  measuri ng  range  or 

±1 5  %  of i n d i cati on  

±7  %  measu ri ng  range  or 

±1 5  %  of i nd i cati on  

5 . 4 . 4 . 2  S tabi l i ty,  short  term  ±0 , 1  %  methane  or 

±5  %  of i nd i cati on  

±3  %  measuri ng  range  or 

±5  %  of i nd icati on  

±3  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  

±3  %  measuri ng  range  or 

±1 0  %  of i n d i cati on  

±3  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  

5 . 4 . 4 . 3  
and  
5 . 4 . 4 . 5  

S tabi l i ty,  l ong  term  
(fi xed /transportab l e)  

±0 , 1  %  methane  or 

±5  %  of i nd i cati on  

±3  %  measuri ng  range  or 

±5  %  of i nd i cati on  

±1 5  %  measuri ng  range  or 

±30  %  of i nd i cati on  

±7  %  measuri ng  range  or 

±20  %  of i n d i cati on  

±7  %  measu ri ng  range  or 

±20  %  of i nd i cati on  

5 . 4 . 4 . 4  
and  
5 . 4 . 4 . 6  

S tabi l i ty,  l ong  term  
(portabl e)  

±0, 1  %  methane  or 

±5  %  of i nd i cati on  

±3  %  measuri ng  range  or 

±5  %  of i nd icati on  

±1 0  %  measuring  range  or 

±20  %  of i nd i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  

5 . 4 . 5  Al arm  set  po i n t(s)  Check a l arm/manua l  reset  
operati on  

Check a l arm/manual  reset  
operati on  

Check a l arm/manua l  reset  
operati on  

Check a l arm/manual  reset  
operati on  

Check a l arm/manual  reset  
operati on  

5 . 4 . 6  (a)  Temperatu re  
(portable)  

±0, 3  %  methane  or 

±1 5  %  of i nd i cati on  from  
20  °C  
( test:  –20  °C,  20  °C,  40  °C)  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  from  
20  °C  
( test:  –20  °C,  20  °C,  40  °C)  

±1 0  %  measu ri ng  range  or 

±20  %  of i nd i cati on  from  
20  °C  
( test:  –20  °C,  20  °C,  40  °C)  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  from  
20  °C  
( test:  –20  °C,  20  °C,  40  °C)  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  from  
20  °C  
( test:  –20  °C,  20  °C,  40  °C)  
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Table  A.1  (2 of 6)  

Sub-
clause  

Test  Group  I  equ ipment l im i ts   
(wh ichever value  i s  g reater)  

Group  I I  equ ipment l im i ts  
(wh ichever value  i s  g reater)  

Volume  fraction  up  to  
5  % methane  i n  ai r 

Volume  fraction  up  to  
1 00  % methane  i n  a i r 

Volume  fraction  up  to  
20  % lower fl ammable  

l im i t 

Volume  fraction  up  to  
1 00  % l ower fl ammable  

l im i t  

Volume  fraction  up  to  
1 00  % gas  

5. 4. 6  (b)  Temperatu re  
(non -portabl e  
equ i pmen t i n cl ud i ng  
remote  sensors  wi th  
restri cted  
temperatu re  range)  

Not  appl i cabl e  Not  appl i cabl e  Con trol  u n i t:  

±3  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  from  
20  °C  
( test:  5  °C,  20  °C,  55  °C)  

Al l  other equ ipmen t:  

±1 0  %  measuri ng  range  or 

±30  %  of i n d i cati on  from  
20  °C  
( test:  5  °C,  20  °C,  55  °C)  

Con trol  u n i t:  

±3  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  from  
20  °C  
( test:  5  °C,  20  °C,  55  °C)  

Al l  other equ ipmen t:  

±5  %  measuri ng  range  or 

±1 5  %  of i n d i cati on  from  
20  °C  
( test:  5  °C,  20  °C,  55  °C)  

Con trol  u n i t:  

±3  %  measu ri ng  range  or 

±1 0  %  of i nd icati on  from  
20  °C  
( test:  5  °C,  20  °C,  55  °C)  

Al l  o ther equ ipmen t:  

±5  %  measuri ng  range  or 

±1 5  %  of i nd i cati on  from  
20  °C  
( test:  5  °C,  20  °C,  55  °C)  

5 . 4 . 6  (c)  Temperatu re  
(a l l  o ther non -
portabl e  equ ipmen t  
i ncl ud i ng  remote  
sensors)  

±0 , 3  %  methane  or 

±1 5  %  of i nd i cati on  from  
20  °C  
( test:  –20  °C,  20  °C,  40  °C)  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on  from  
20  °C  
( test:  –20  °C,  20  °C,  40  °C)  

Con trol  u n i t:  

±3  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  from  
20  °C  
( test:  -20  °C,  20  °C,  55  °C)  

Al l  other equ ipmen t:  

±20  %  measuri ng  range  or 

±40  %  of i n d i cati on  from  
20  °C  
( test:  –20  °C,  20  °C,  55  °C)  

Con trol  u n i t:  

±3  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  from  
20  °C  
( test:  -20  °C,  20  °C,  55  °C)  

Al l  other equ ipmen t:  

±1 0  %  measuri ng  range  or 

±20  %  of i nd i cati on  from  
20  °C  
( test:  –20  °C,  20  °C,  55  °C)  

Con trol  u n i t:  

±3  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  from  
20  °C  
( test:  -20  °C,  20  °C,  55  °C)  

Al l  o ther equ ipmen t:  

±1 0  %  measuri ng  range  or 

±20  %  of i nd icati on  from  
20  °C  
( test:  –20  °C,  20  °C,  55  °C)  
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Table  A.1  (3 of 6)  

Sub-
clause  

Test  Group  I  equ ipment l im i ts  
(wh ichever value  i s  g reater)  

Group  I I  equ ipment l im i ts  
(wh ichever value  i s  g reater)  

Volume  fraction  up  to  
5  % methane  i n  ai r 

i nd ication  

Volume  fraction  up  to  
1 00  % methane  i n  a i r 

i nd ication  

Volume  fraction  up  to  
20  % lower fl ammable  

l im i t  i nd ication  

Volume  fraction  up  to  
1 00  % l ower fl ammable  

l im i t  i nd ication  

Volume  fraction  up  to  
1 00  % gas  i nd ication  

5. 4. 7  Pressu re  ±0 , 2  %  methane  or 

±30  %  of i nd i cati on  from  
1 00  kPa  
( test:  80  kPa,  1 00  kPa,  
1 20  kPa)  

±5  %  measuri ng  range  or 

±30  %  of i nd i cati on  from  
1 00  kPa  
( test:  80  kPa,  1 00  kPa,  
1 20  kPa)  

±1 0  %  measuri ng  range  or 

±30  %  of i n d i cati on  from  
1 00  kPa  
( test:  80  kPa,  1 00  kPa,  
1 20  kPa)  

±5  %  measu ri ng  range  or 

±30  %  of i nd i cati on  from  
1 00  kPa  
( test:  80  kPa,  1 00  kPa,  
1 20  kPa)  

±5  %  measuri ng  range  or 

±30  %  of i n d i cati on  from  
1 00  kPa  
( test:  80  kPa,  1 00  kPa,  
1 20  kPa)  

5 . 4 . 8  Hum id i ty of test  gas  ±0 , 2  %  methane  or 

±1 5  %  of i nd i cati on  from  
the  i n d i cati on  at  
ad j ustmen t at  40  °C  
( test:  20  %RH ,  50  %RH ,  
90  %RH)  

±5  %  measuri ng  range  or 

±1 5  %  of i nd i cati on  from  
the  i nd i cati on  at  
ad j ustmen t at  40  °C  
( test:  20  %RH ,  50  %RH ,  
90  %RH)  

±1 5  %  measu ri ng  range  or 

±30  %  of i nd i cati on  from  
the  i nd i cati on  at  ad j ustment 
at  40  °C  
( test:  20  %RH ,  50  %RH ,  
90  %RH)  

±1 0  %  measuri ng  range  or 

±30  %  of i nd i cati on  from  
the  i nd i cati on  at  ad j ustment 
at  40  °C  ( test:  20  %RH ,  
50  %RH ,  90  %RH)  

±1 0  %  measuri ng  range  or 

±30  %  of i n d i cati on  from  
the  i n d i cati on  at  ad j ustment 
a t  40  °C  ( test:  20  %RH ,  
50  %RH ,  90  %RH)  

5 . 4 . 9  Ai r vel oci ty  ±0 , 1  %  methane  or 

±5  %  of i nd i cati on  

±3  %  measuri ng  range  or 

±5  %  of i nd i cati on  

±1 0  %  measuri ng  range  or 

±20  %  of i nd i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on  

±5  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  

5 . 4 . 1 0  F l ow rate  ±0, 1  %  methane  or 

±5  %  of i nd i cati on  
from  that  at  nom inal  fl ow 
rate  

±3  %  measuri ng  range  or 

±5  %  of i nd i cati on   
from  that  at  nom inal  fl ow 
rate  

±1 0  %  measuri ng  range  or 

±20  %  of i nd i cati on   
from  that  at  n om inal  fl ow 
rate  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on   
from  that  at  nom inal  fl ow 
rate  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on   
from  that  at  nom inal  fl ow 
rate  
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Table  A.1  (4 of 6)  

Sub-
clause  

Test  Group  I  equ ipment l im i ts  
(wh ichever value  i s  g reater)  

Group  I I  equ ipment l im i ts  
(wh ichever value  i s  g reater)  

Volume  fraction  up  to  
5  % methane  i n  ai r 

i nd ication  

Volume  fraction  up  to  
1 00  % methane  i n  a i r 

i nd ication  

Volume  fraction  up  to  
20  % lower fl ammable  

l im i t  i nd ication  

Volume  fraction  up  to  
1 00  % l ower fl ammable  

l im i t  i nd ication  

Volume  fraction  up  to  
1 00  % gas  i nd ication  

5. 4. 1 1  Orien tati on  ±0 , 1  %  methane  or 

±5  %  of i nd i cati on  

Portabl e :  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  

F i xed /transportabl e:  

±3  %  measuri ng  range  or 

±5  %  of i nd i cati on  

±1 0  %  measuri ng  range  or 

±20  %  of i nd i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  

±5  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  

5 . 4 . 1 2  Vi brati on  ±0 , 1  %  methane  or 

±5  %  of i nd i cati on ,  and  no  
l oss  of functi on ,  no  fau l t  
s i gnal ,  no  damage  
resu l ti ng  i n  a  hazard  and  
no  fa l se  a l arms  

±3  %  measuri ng  range  or 

±5  %  of i nd i cati on ,  and  no  
l oss  of functi on ,  no  fau l t  
s i gna l ,  no  damage  
resu l ti ng  i n  a  hazard  and  
no  fa l se  a l arms  

±1 0  %  measuri ng  range  or 

±20  %  of i n d i cati on ,  and  no  
l oss  of functi on ,  n o  fau l t  
s i gnal ,  no  d amage  
resu l ti ng  i n  a  hazard  and  
no  fa l se  a l arms  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on ,  and  no  
l oss  of fu ncti on ,  no  fau l t  
s i gnal ,  no  damage  
resu l ti ng  i n  a  hazard  and  
no  fa l se  a l arms  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on ,  and  no  
l oss  of functi on ,  n o  fau l t  
s i gnal ,  no  d amage  resu l ti ng  
i n  a  hazard  and  no  fa l se  
a l arms  

5 . 4 . 1 3  Drop  test  ±0 , 1  %  methane  or 

±5  %  of i nd i cati on  

±3  %  measuri ng  range  or 

±5  %  of i nd i cati on  

±1 0  %  measuri ng  range  or 

±20  %  of i nd i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on  

±5  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  

5 . 4 . 1 4  Warm-up  time  F i xed /transportabl e:  

±0 , 1  %  methane  wi th i n  
5  m in ,  and  no  fa l se  a l arm  

Portabl e :  

±0, 1  %  methane  wi th i n  
2  m in ,  and  no  fa l se  a l arm  

F i xed /transportabl e:  

±3  %  measu ri ng  range  
wi th i n  5  m i n ,  and  no  fa l se  
a l arm  

Portabl e :  

±3  %  measu ri ng  range  
wi th i n  2  m i n ,  and  no  fa l se  
a l arm  

F i xed /transportabl e:  

±5  %  measuri ng  range  
wi th i n  manual  spec. ,  and  
no  fa l se  a l arm  

Portabl e :  

±5  %  measuri ng  range  
wi th i n  2  m i n ,  and  no  fa l se  
a l arm  

F i xed /transportabl e:  

±5  %  measuri ng  range  
wi th i n  manual  spec. ,  and  
no  fa l se  a l arm  

Portabl e :  

±5  %  measuri ng  range  
wi th i n  2  m in ,  and  no  fa l se  
a l arm  

F i xed /transportabl e:  

±5  %  measuri ng  range  
wi th i n  manual  spec. ,  and  
no  fa l se  a l arm  

Portabl e :  

±5  %  measuri ng  range  
wi th i n  2  m i n ,  and  no  fa l se  
a l arm  

5 . 4 . 1 5  Time  of response  

( i ncreasi ng  
concen trati on )  

t(50)  i n  l ess  than  1 0  s  

t(90)  i n  l ess  than  30  s  

t(50)  i n  l ess  than  1 0  s  

t(90)  i n  l ess  than  30  s  

t(50)  i n  l ess  than  20  s  

t(90)  i n  l ess  than  60  s  

t(50)  i n  l ess  than  20  s  

t(90)  i n  l ess  than  60  s  

t(50)  i n  l ess  than  20  s  

t(90)  i n  l ess  than  60  s  

5 . 4 . 1 5  Time  of response  

(decreasi ng  
concen trati on )  

t(50)  i n  l ess  than  30  s  

t(1 0)  i n  l ess  than  90  s  

t(50)  i n  l ess  than  1 0  s  

t(1 0)  i n  l ess  than  30  s  

Not  appl i cabl e  Not  appl i cable  t(50)  i n  l ess  than  20  s  

t(1 0)  i n  l ess  than  60  s  

 

Copyright International  Electrotechnical  Commission 



 IE
C
 6
0
0
7
9
-2
9
-1
:2
0
1
6
 ©

 IE
C
 2
0
1
6
 

–
 4
1
 –
 

 

Table  A.1  (5 of 6)  

Sub-
clause  

Test  Group  I  equ ipment l im i ts  
(wh ichever value  i s  g reater)  

Group  I I  equ ipment l im i ts  
(wh ichever value  i s  g reater)  

Volume  fraction  up  to  
5  % methane  i n  ai r 

i nd ication  

Volume  fraction  up  to  
1 00  % methane  i n  a i r 

i nd ication  

Volume  fraction  up  to  
20  % lower fl ammable  

l im i t  i nd ication  

Volume  fraction  up  to  
1 00  % l ower flammable  

l im i t  i nd ication  

Volume  fraction  up  to  
1 00  % gas  i nd ication  

5. 4. 1 6  H i gh  gas  
concen trati on  
operati on  above  the  
measuri ng  range  

±0 , 2  %  methane  or 

+20  %  /  –1 0  %  of 
i n d i cati on  

±5  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  

Fau l t  i nd i cati on  after reset  

or 

±1 5  %  measuri ng  range  
or 

+40  %  /  –20  %  of 
i nd i cati on  

Fau l t  i nd i cati on  after reset 

or 

±7  %  measu ri ng  range  or 

+20  %  /  –1 0  %  of 
i nd i cati on  

±7  %  measuri ng  range  or 

±1 5  %  of i nd i cati on  

5 . 4 . 1 7  Battery capaci ty ±0 , 1  %  methane  or 

±5  %  of i nd i cati on  
( test:  8  h  or 1 0  h ,  
respecti ve l y)  

±0, 2  %  methane  or 

±1 0  %  of i n d i cati on  
( test:  1 0  m i n  after “ l ow 
battery”  cond i ti on )  

±3  %  measuri ng  range  or 

±5  %  of i nd i cati on  
( test:  8  h  or 1 0  h ,  
respecti ve l y)  

±6  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  
( test:  1 0  m i n  after “ l ow 
battery”  cond i ti on )  

±7  %  measuri ng  range  or 

±1 5  %  of i nd i cati on  
( test:  8  h  or 1 0  h ,  
respecti ve l y)  

±1 0  %  measuring  range  
or 

±20  %  of i nd i cati on  
( test:  1 0  m i n  after “ l ow 
battery”  cond i ti on )  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on  
( test:  8  h  or 1 0  h ,  
respecti ve l y)  

±7  %  measuri ng  range  or 

±1 5  %  of i n d i cati on  
( test:  1 0  m i n  after “ l ow 
battery”  cond i ti on )  

±3  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  
( test:  8  h  or 1 0  h ,  
respecti ve l y)  

±6  %  measuri ng  range  or 

±20  %  of i n d i cati on  
( test:  1 0  m i n  after “ l ow 
battery”  cond i ti on )  

5 . 4 . 1 8  Power suppl y 
vari ati on  

±0 , 1  %  methane  or 

±5  %  of i nd i cati on  
from  that  at  rated  vo l tage.  

±3  %  measu ri ng  range  or 

±5  %  of i nd i cati on  
from  that  at  rated  vol tage.  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  
from  that  at  rated  vol tage.  

±5  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  
from  that  at  rated  vo l tage.  

±3  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  
from  that  at  ra ted  vol tage.  

5 . 4 . 1 9  Add i ti on  of sampl i ng  
probe  

±0 , 1  %  methane  or 

±5  %  of i nd i cati on  

±3  %  measu ri ng  range  or 

±5  %  of i nd i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on  

±5  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on  
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Table  A.1  (6 of 6)  

Sub-
clause  

Test  Group  I  equ ipment l im i ts  
(wh ichever value  i s  g reater)  

Group  I I  equ ipment l im i ts  
(wh ichever value  i s  g reater)  

Volume  fraction  up  to  
5  % methane  i n  ai r 

i nd ication  

Volume  fraction  up  to  
1 00  % methane  i n  a i r 

i nd ication  

Volume  fraction  up  to  
20  % lower fl ammable  

l im i t  i nd ication  

Volume  fraction  up  to  
1 00  % l ower fl ammable  

l im i t  i nd ication  

Volume  fraction  up  to  
1 00  % gas  i nd ication  

5. 4. 20. 1  Other gases  ±1 0  %  of the  actual  
methane  vol ume  fracti on  
appl i ed  

±1 0  %  of the  actual  
methane  vo l ume  fracti on  
appl i ed  

Not  appl i cabl e  Not  appl i cabl e  Not  appl i cabl e  

5 . 4 . 20. 2  Po i sons  ±0 , 2  %  methane  or 

±1 0  %  of i nd i cati on  

±3  %  measuri ng  range  or 

±1 0  %  of i nd i cati on  

Not  appl i cabl e  Not  appl i cabl e  Not  appl i cabl e  

5 . 4 . 21  E l ectromagneti c  
compati b i l i ty 

Cri teri on  A:   
Vari ati on  l ess  than  

±0, 1 5  %  methane  

Al l  cri teri a :  
no  spu rious  
a l arms/deacti vati on  of 
a l arms  

Cri terion  A:   

Vari ati on  l ess  than  ±3  %  
measuri ng  range  

Al l  cri teri a :  
no  spu rious  
a l arms/deacti vati on  of 
a l arms  

Cri teri on  A:   

Vari ati on  l ess  than  ±1 0  %  
measuri ng  range  

Al l  cri teri a :  
and  no  spu ri ous  
a l arms/deactivati on  of 
a l arms  

Cri teri on  A:   

Vari ati on  l ess  than  ±5  %  
measuri ng  range  

Al l  cri teri a :  
n o  spu rious  
a l arms/deacti vati on  of 
a l arms  

Cri teri on  A:   

Vari ati on  l ess  than  ±5  %  
measu ri ng  range  

Al l  cri teri a :  
no  spu rious  
a l arms/deacti vati on  of 
a l arms  

5 . 4 . 22  F i e l d  cal i brati on  ki t  ±0, 1  %  methane  or 

±5  %  of i nd i cati on  

±3  %  measuri ng  range  or 

±5  %  of i nd i cati on  

±5  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  

±5  %  measuri ng  range  or 

±1 0  %  of i n d i cati on  

±5  %  measu ri ng  range  or 

±1 0  %  of i nd i cati on  
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Annex B  
( informative)  

 
Determination  of time of response 

B.1  Aspirated  equ ipment 

B.1 . 1  Test rig  

Attach  the  equ ipment to  the  test rig  as  shown  schematical l y i n  F igure  B . 1 .  

The  test ri g  consists  of two  gas  l i nes,  one  supplying  clean  a i r and  the  other test gas.  The  two  
fl ows  can  be  swi tched  between  the  equ ipment i n let  and  the  exhaust.  Wh i le  one  fl ow i s  
d i rected  to  the  equ ipment,  the  other fl ow i s  d i rected  to  the  exhaust.  Swi tch ing  of the  two  flows  
shou ld  be  done  s imu l taneously.  

The  gas  l i ne  connecting  the  test rig  to  the  equ ipment shou ld  have  an  ou tlet for excess  gas.  

The  volume of the  gas  l i ne  connecting  the  test ri g  to  the  equ ipment shou ld  be  kept to  a  
m in imum.  

B.1 .2  Equ ipment without in ternal  pump 

The  ou tlet  for excess  gas  shou ld  be  closed .  

The  flow rates  of the  two  gas  l i nes  shou ld  be  set to  the  m in imum  flow rate  speci fied  i n  the  
i nstruction  manual .  

The  measurement of the  time  of response  shou ld  start  wi th  the  swi tch ing  from  clean  a i r to  test 
gas.  Where  appropriate,  a  correction  shou ld  be  made  to  the  time  of response  for the  swi tch ing  
time  between  the  two  gas  l i nes  and  for the  time  needed  to  purge  the  dead  volume  between  
the  ou tlet  of the  swi tch ing  device  and  the  equ ipment i n let.  

B.1 .3  Equ ipment with  internal  pump 

The  ou tlet for excess  gas  shou ld  be  opened .  

The  gas  i n let to  the  equ ipment shou ld  be  appropriately restricted  so  that the  flow rate  to  the  
equ ipment i s  1 0  %  above  the  flow rate  at  wh ich  the  fl ow fa i l u re  s i gnal  i s  acti vated .  

The  flow rates  of the  two  gas  l i nes  shou ld  be  set appropriately.  The  excess  fl ow rate  at the  
ou tlet  shou ld  be  su fficien tl y h igh  so  that reverse  flow cannot occur.  Th is  wi l l  usual l y be  
ach ieved  by an  excess  flow rate  of approximately 20  %.  

The  measurement of the  time  of response  shou ld  start wi th  the  swi tch ing  from  clean  ai r to  test 
gas.  Where  appropriate,  a  correction  shou ld  be  made  to  the  time  of response  for the  swi tch ing  
time  between  the  two  gas  l i nes  and  for the  time  needed  to  purge  the  dead  volume  between  
the  ou tlet of the  swi tch ing  device  and  the  equ ipment i n let.  
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Figure  B.1  – Schematic  example  of test rig  for use  with  aspirated  equ ipment 

B.2  Equ ipment that samples  by d i ffusion  

B.2.1  Cal ibration  mask method  

Th is  method  shou ld  on ly be  used  for measuring  response  times  of "other gases"  (5. 3 .2)  i n  
order to  compare  the  response  times  of d i fferen t gases.  

The  test rig  described  i n  B . 1 . 1  shou ld  be  used .  The  test shou ld  be  performed  as  for 
equ ipment wi thou t an  i n ternal  pump (see  B. 1 . 2) .  

The  fl ow rate  through  the  mask shou ld  be  set to  the  m in imum  fl ow rate  speci fied  i n  the  
i nstruction  manual .  I f on ly a  nominal  fl ow rate  i s  g iven ,  th is  nominal  fl ow rate  shou ld  be  used .  

B.2.2  Di ffusion  or flow methods  

The  d i ffusion  and /or flow method  shou ld  be  used  for measuring  the  time  of response  of the  
equ ipment for the  standard  test gases  accord ing  to  5 . 4 . 1 5.  

A su i table  method  shou ld  be  used  wh ich  has  been  val i dated .   Examples  are  d i ffusion  (by 
immersion  or con tainment)  or flow methods.  

Gas  
detecti on  
equ i pmen t  

Gas  i n l et  

Excess  gas  
ou tl et  

IEC  

Test gas  Cl ean  a i r 

Exhaust 

Ou tl e t  of 
swi tch i ng  
devi ce  
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