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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
EXPLOSIVE ATMOSPHERES –  

 
Part 30-1 :  Electrical  resistance trace heating  –  

General  and  testing  requirements  
 

FOREWORD 

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

I EEE  Standards  documents  are  devel oped  wi th i n  I EEE  Societi es  and  Standards  Coord i nati ng  Comm i ttees  of the  
I EEE  Standards  Association  ( I EEE-SA)  S tandards  Board .  I EEE  devel ops  i ts  s tandards  through  a  consensus  
development process,  approved  by the  American  National  S tandards  I nsti tu te,  wh ich  bri ngs  together vol un teers  
representi ng  varied  viewpoin ts  and  i n terests  to  ach ieve  the  fi nal  product.  Volun teers  are  not  necessari l y  
members  of I EEE  and  serve  wi thou t compensati on .  Wh i l e  I EEE  adm in i sters  the  process  and  establ i shes  ru les  
to  promote  fai rness  i n  the  consensus  development  process,  I EEE  does  not  i ndependentl y eval uate,  test,  or 
veri fy  the  accuracy of any of the  i n formation  contai ned  i n  i ts  s tandards.  Use  of I EEE  Standards  documents  i s  
whol l y vo l un tary.  IEEE documents are made available for use subject to important notices and legal disclaimers 
(see http: //standards. i eee. org /I PR/d iscla imers. h tm l  for more information) .  

I EC  col l aborates  cl osel y wi th  I EEE  i n  accordance  wi th  cond i ti ons  determ ined  by agreement between  the  two 
organ i zati ons.  Th i s  Dual  Logo  I n ternational  S tandard  was  j oi n tl y developed  by the  I EC and  I EEE  under the  
terms  of that  agreement.   

2 )  The  formal  decis ions  of I EC on  techn ical  matters  express,  as  nearl y as  possibl e,  an  i n ternational  consensus  of 
opin ion  on  the  re l evant  subj ects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  i n terested  I EC 
National  Comm i ttees.  The  formal  d ecis ions  of I EEE  on  techn ical  matters,  once  consensus  wi th i n  I EEE  Societies  
and  S tandards  Coord i nati ng  Commi ttees  has  been  reached ,  i s  determ ined  by a  bal anced  bal l ot  of materia l l y  
i n terested  parti es  who  i nd icate  i n terest  i n  reviewing  the  proposed  standard .  F i nal  approva l  of the  I EEE  
standards  document  i s  g i ven  by the  I EEE  Standards  Associati on  ( I EEE-SA)  S tandards  Board .  

3)  I EC/I EEE  Publ i cations  have  the  form  of recommendations  for i n ternati onal  use  and  are  accepted  by I EC 
National  Comm i ttees/I EEE  Societies  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensure  that  the  
techn ical  content  of I EC/I EEE  Publ i cations  i s  accurate,  I EC  or I EEE  cannot  be  hel d  responsible  for the  way i n  
wh i ch  they are  used  or for any m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
( i ncl ud ing  I EC/I EEE  Publ i cations)  transparentl y to  the  maximum  extent  possib l e  i n  the i r national  and  reg i ona l  
publ i cations.  Any d i vergence  between  any I EC/I EEE  Publ i cation  and  the  correspond i ng  national  or reg ional  
publ i cation  shal l  be  cl earl y i nd i cated  i n  the  l atter.  

5)  I EC and  I EEE  do  not  provide  any attestati on  of conform i ty.  I ndependent certi fi cation  bod i es  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC and  I EEE  are  not  respons ibl e  
for any services  carri ed  ou t  by i ndependent certi fi cati on  bod i es.  

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

7)  No  l i abi l i ty shal l  attach  to  I EC  or I EEE  or thei r d i rectors ,  employees,  servan ts  or agents  i ncl ud ing  i nd ivi dual  
experts  and  members  of techn ical  commi ttees  and  I EC  National  Commi ttees,  or vo l un teers  of I EEE  Societies  
and  the  Standards  Coord i nati ng  Comm i ttees  of the  I EEE  Standards  Association  ( I EEE-SA)  Standards  Board ,  
for any personal  i n j u ry,  property damage  or other d amage  of any natu re  whatsoever,  whether d i rect  or i n d i rect,  
or for costs  ( i ncl ud ing  l ega l  fees)  and  expenses  ari s i ng  ou t  of the  pub l i cation ,  use  of,  or rel i ance  upon ,  th i s  
I EC/I EEE  Publ i cation  or any other I EC or I EEE  Publ i cati ons.   

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

9)  Atten tion  i s  d rawn  to  the  possibi l i ty that  implementation  of th i s  I EC/I EEE  Publ i cation  may requ i re  use  of 
materia l  covered  by paten t ri gh ts .  By publ i cati on  of th i s  s tandard ,  no  posi ti on  i s  taken  wi th  respect  to  the  
exi stence  or val i d i ty of any patent  ri gh ts  i n  connecti on  therewi th .  I EC or I EEE  shal l  not  be  hel d  responsibl e  for 
i den ti fyi ng  Essential  Paten t Cl aims  for wh ich  a  l i cense  may be  requ i red ,  for conducti ng  i n qu i ri es  i n to  the  l egal  
val i d i ty or scope  of Patent  Cla ims  or determ in ing  whether any l i censing  terms  or cond i ti ons  provided  i n  
connection  wi th  subm ission  of a  Letter of Assurance,  i f any,  or i n  any l i cens ing  agreements  are  reasonabl e  or 
non -d i scrim inatory.  Users  of th i s  s tandard  are  expressly advi sed  that  determ ination  of the  val i d i ty of any paten t  
ri gh ts,  and  the  ri sk of i n fri ngement  of such  ri gh ts,  i s  en ti re l y thei r own  respons ibi l i ty.  
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I n ternational  Standard  I EC/IEEE  60079-30-1  has  been  prepared  by I EC techn ical  comm ittee  
31 :  Equ ipment for explosive  atmospheres ,  i n  cooperation  wi th  the  Petroleum  & Chem ical  
I ndustry Committee  of the  I EEE I ndustria l  Appl ications  Society under the  I EC/I EEE Dual  Logo  
Agreement.  

Th is  publ ication  i s  publ ished  as  an  I EC/IEEE  Dual  Logo  standard .  

NOTE  A l i s t  of I EEE  parti cipants  can  be  found  at  the  fol l owi ng  URL:  
h ttp: //standards. i eee. org /down l oads/60079/60079-30-1 -201 5/60079-30-1 -201 5_wg-parti cipants. pdf .  

This  fi rst ed i ti on  of I EC/I EEE  60079-30-1  cancels  and  replaces  the  fi rst ed i ti on  of I EC  60079-
30-1  publ ished  in  2007  and  consti tu tes  a  techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fol lowing  s ign i ficant changes,  apart from  the  general  revis ion  and  
updating  of the  fi rst ed i ti on  of I EC 60079-30-1  and  harmon ization  wi th  I EEE  Std  51 5,  wi th  
respect to  the  previous  ed i ti on :  

•  the  i nclus ion  of a  m in imum  temperature  impact test;  

•  the  add i tion  of a  mechan ica l  procedure  in  the  thermal  stabi l i ty test;  

•  the  i nclus ion  of a  thermal  performance test to  replace  the  thermal  safety requ irements ;  

•  the  inclus ion  of a  second  procedure  u ti l i zi ng  a  p late  fixture  for sheath  temperature  
determ ination ;  

•  the  i nclus ion  of an  u l traviolet and  condensation  test;  

•  the  revis ion  and  s i gn i ficant  expansion  of documentation  requ irements ;  

•  the  add i tion  of Annexes  covering  requ irements  for D ivis ions  1  and  2 ;  

•  the  add i tion  of a  tab le  covering  the  appl icabi l i ty of requ i rements  from  IEC  60079-0;  

•  the  add i tion  of an  Annex covering  trace  heater product design  veri fication  methodology 
(formerl y l ocated  in  I EC 60079-30-2);  

•  the  further harmon ization  of th is  ed i tion  wi th  several  national  s tandards.  

The  s i gn i ficance  of changes  between  I EC  60079-30-1 ,  Ed i tion  1 . 0  (2007)  and  I EC/I EEE  
60079-30-1 ,  Ed i ti on  1 . 0  (201 5)  i s  as  l i sted  below:  

 Type  

Changes  Clause  M inor and  
ed i torial  
changes  

Extension  Major 
techn i cal  
changes  

Add i ti on  of cl ari fi cation  for the  exclus i on  of EPLs  Ga  
and  Da  

1  X   

Add i ti on  of requ i rements  for the  Di vi s ion  method  of 
area  cl assi fi cation  that  may be  appl i ed  by some  users  

1   X   

Add i ti on  of tabl e  speci fying  the  appl i cati on  or 
exclus i on  of speci fi c  cl auses  of I EC 60079-0  Ed i ti on  6  

1  X   

For stabi l i zed  designs,  a  cl ari fi cation  for the  need  for 
veri fi cation  by testi ng  and  the  add i ti on  of a  tabl e  for 
the  speci fi c  requ i rements  

4 . 5. 2  X   

For control l ed  designs,  a  cl ari fi cation  for the  need  for 
veri fi cation  by testi ng  and  the  add i ti on  of a  tabl e  for 
the  speci fi c  requ i rements  

4 . 5. 3  X   

For control l ed  designs,  cl ari fi cations  and  add i ti ons  on  
the  separate  requ i rements  for Gb/Db  and  Gc/Dc 

4 . 5. 3   X   

The  requ i rements  for cal i bration  of the  fl ammabi l i ty 
test  fi xtu re  are  repl aced  wi th  equ i val en t  requ i rements  
for the  energy l evel s  of the  test  gases  

5. 1 . 4  X   

Add i ti on  of a  m in imum  temperature  impact test  5. 1 . 5    C1  
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 Type  

Changes  Clause  M inor and  
ed i torial  
changes  

Extension  Major 
techn i cal  
changes  

For thermal  s tabi l i ty,  the  add i ti on  of a  bend ing  
requ i rement on  a  mand rel  

5. 1 . 1 1    C1  

The  repl acement  of the  thermal  safety procedu re  wi th  
a  thermal  performance  procedure  

5. 1 . 1 2    C2  

The  add i ti on  of a  second  procedure  u ti l i zi ng  a  p l ate  
fi xtu re  for the  systems  method  for maximum  sheath  
temperatu re  determ ination  

5. 1 . 1 3. 2    C3  

Add i ti on  of ou tdoor exposure  test  5. 1 . 1 6    C4  

Requ i rement changed  for the  marking  of the  m in imum  
i nstal l ati on  temperatu re  

6. 1    C5  

Add i ti on  of new markings  requ i rements  for fi e l d  
assembled  components  

6 . 2    C5  

Add i ti ons  and  changes  to  the  documentation  
requ i rements  

7    C5  

Add i ti on  of Annex Annex A X   

Add i ti on  of Annex Annex B  X   

Add i ti on  of Annex speci fyi ng  trace  heati ng  design  
veri fi cation  methodol ogy,  moved  from  I EC 60079-30-2  

Annex C    C6  

Add i ti on  of Annex for the  D i vi s i on  method  of area  
cl ass i fi cation  that  may be  appl i ed  by some users  

Annex D   X  

Add i ti on  of Annex for the  D i vi s i on  method  of area  
cl ass i fi cation  that  may be  appl i ed  by some  users  

Annex E   X  

NOTE  The  techn ical  changes  referred  to  i ncl ude  the  s i gn i fi cance  of techn ical  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 cations  from  the  previous  vers ion .  

Explanations:  

A)  Defin i tions  

M inor and  ed i torial  changes  

clari fication  
decrease  of techn ica l  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 thou t any techn ica l  change,  
or a  reduction  i n  level  of existi ng  requ i rement.  

Extension  add i ti on  of techn ical  options  

These  are  changes  wh ich  add  new or mod i fy existi ng  techn ical  requ i rements,  i n  a  way that  
new options  are  g i ven ,  bu t wi thou t increas ing  requ irements  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  cons idered  for 
products  i n  conform i ty wi th  the  preced ing  ed i ti on .  
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Major techn ical  changes  

add i ti on  of techn ica l  requ irements  
i ncrease  of techn ical  requ irements  

These  are  changes  to  techn ical  requ i rements  (add i ti on ,  i ncrease  of the  l evel  or removal )  
made  i n  a  way that a  product i n  conform i ty wi th  the  preced ing  ed i tion  wi l l  not a lways  be  able  
to  fu l fi l  the  requ i rements  g i ven  i n  the  l ater ed i tion .  These  changes  have  to  be  cons idered  for 
products  i n  conform i ty wi th  the  preced ing  ed i ti on .  For these  changes  add i tional  i n formation  is  
provided  in  clause  B)  be low.  

NOTE  These  changes  represent  current  technolog ical  knowledge.  However,  these  changes  shou ld  not  normal l y  
have  an  i n fl uence  on  equ i pment  a l ready p l aced  on  the  market.  

B)  Information  about the  background  of ‘Major Techn ical  Changes’  

C1  – The  requ i rements  for add i ti onal  mechan ical  testi ng  have  been  i ncluded  for 
harmon ization  and  for added  safety.  

C2  – The  requ irements  for thermal  performance have  been  included  to  recogn ize  the  
necess i ty for thermal  s tabi l i ty of products  in  explosive  atmospheres.  

C3  – A second  procedure  u ti l i zi ng  a  p late  fixtu re  has  been  i ncluded  for sheath  temperature  
determ ination ,  wh ich  may be  used  in  l i eu  of the  sheath  temperature  veri fication  part of 
5. 1 . 1 3. 4. 2 .   

C4  – An  ou tdoor exposure  test has  been  added  to  cover products  that may be  exposed  to  
sun l igh t and  moisture  in  the  i n tended  appl ication .  

C5  – Add i tional  marking  and  documentation  requ irements  have  been  added  to  provide  
add i tional  i n formation  to  the  end  user.  

C6  – The  trace  heating  des ign  veri fication  methodology has  been  added  to  a l i gn  wi th  the  
evaluation  requ i rements  for the  stabi l i zed  des ign  and  the  con trol led  des ign  methods  of 
maximum  sheath  temperature  determ ination .  

The  text of th is  s tandard  is  based  on  the  fo l lowing  I EC documents:  

FDIS  Report  on  voti ng  

31 /1 1 91 /FDIS  31 /1 201 /RVD  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  s tandard  can  be  found  i n  the  report on  
voting  ind icated  in  the  above  table.  

I n ternational  standards  are  d rafted  i n  accordance wi th  the  ru les  g i ven  i n  the  I SO/I EC  
Di recti ves,  Part  2 .  

Th is  standard  is  i n tended  to  be  used  in  con junction  wi th  I EC/I EEE  60079-30-2 : 201 5,  
Explosive atmospheres – Part 30-2: Electrical resistance trace heating – Application guide for 
design,  installation  and maintenance.  

A l i st  of a l l  parts  of I EC 60079  series ,  under the  general  ti tl e  Explosive atmospheres,  can  be  
found  on  the  I EC websi te.  
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The  I EC Techn ical  Committee  and  I EEE  Techn ical  Committee  have  decided  that the  con ten ts  
of th is  publ ication  wi l l  remain  unchanged  un ti l  the  stabi l i ty date  i nd icated  on  the  I EC websi te  
under "h ttp: //webstore. iec. ch"  i n  the  data  re lated  to  the  speci fic publ i cation .  At  th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

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

 

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

I EC/IEEE  60079-30-1  i s  i n tended  to  provide  a  comprehensive  overview of the  essen tia l  
requ irements  and  testing  appropriate  to  e lectric surface  heating  equ ipment used  i n  explos ive  
atmospheres.  The  requ i rements  of th is  part of I EC 60079  are  considered  to  be  the  m in imum  
requ irements  for equ ipment protection  l evels  Gb,  Gc,  Db,  and  Dc in  explosive  atmospheres  
for gases,  dusts,  and  fi bres/fl yings.  Whi le  some of th is  work al ready exists  i n  national  
standards  or i n ternational  standards,  th is  standard  has  col lated  much  of th i s  existing  work and  
cons iderabl y added  to  i t.  Th is  standard  also  contains  the  m in imum  requ i rements  for users  
appl ying  the  D ivis ion  method  of area  classi fication .  
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EXPLOSIVE ATMOSPHERES –  
 

Part 30-1 :  Electrical  resistance trace heating  –  
General  and  testing  requirements  

 
 
 

1  Scope 

This  part of I EC  60079  speci fies  general  and  testing  requ i rements  for e lectrical  res istance  
trace  heaters  for appl ication  i n  explos ive  atmospheres  wi th  the  exclusion  of those  for EPL Ga  
and  Da.  Th is  s tandard  covers  trace  heaters  that  comprise  e i ther factory or fie ld  (work-si te)  
assembled  un i ts,  and  wh ich  may be  series  trace  heaters,  paral l e l  trace  heaters,  trace  heater 
pads,  or trace  heater panels  that have  been  assembled  and /or term inated  i n  accordance  wi th  
the  manufacturer’s  instructions.  

Th is  standard  a lso  i ncludes  requ irements  for term ination  assembl ies  and  con trol  methods  
used  wi th  trace  heating  systems.  The  explos ive  atmospheres  referred  to  i n  th is  standard  are  
those  defined  i n  I EC  60079-1 0-1  and  I EC 60079-1 0-2 .  

Annexes  D  and  E  ou tl ine  the  appl ication  of th is  standard  for those  users  appl ying  the  D ivis ion  
method  of area  classi fication .   

Th is  standard  supplements  and  mod i fies  the  general  requ irements  of I EC  60079-0,  except as  
i nd icated  i n  Table  1 .  Where  a  requ irement of th is  s tandard  confl icts  wi th  a  requ irement  of 
I EC 60079-0,  the  requ irement of th is  s tandard  takes  precedence.  

Table  1  – Appl ication  or exclusion  of specific  clauses  of IEC  60079-0  

IEC  60079-0  
E lectri cal  resistance trace heaters  and  

in tegral  components  Terminations  as  
separate  

components  
Ed .  6. 0  
(201 1 )  

( i n formative)  

Clause  /  Subclause  ti tl e  
(normati ve)  

Group  I  and  Group  I I  Group  I I I  

1  Scope  Appl i es  Appl i es  Appl i es  

2  Normative  references  Appl i es  Appl i es  Appl i es  

3  Terms  and  defi n i ti ons  Appl i es,   
except ambient  
temperatu re,  see  3 . 1  

Appl i es,   
except ambient  
temperatu re,  see  3 . 1  

Appl i es,   
except ambient  
temperatu re,  
see  3. 1  

4  Equ ipment  g rouping  Appl i es  Appl i es  Appl i es  

4 . 1  Group  I  Appl i es  Excl uded  Appl i es  

4 . 2  Group  I I  Appl i es,  a lways  I I C  Excl uded  Appl i es  

4 . 3  Group  I I I  Excl uded  Appl i es,  ou ts i de  of 
thermal  i nsu l ation  
on l y,  a lways  I I I C  

Appl i es,  ou ts i de  
of thermal  
i nsu lati on  on l y  

4 . 4  Equ ipment  for a  parti cu l ar 
exp losi ve  atmosphere  

Excl uded  Excl uded  Appl i es  

5 . 1  Envi ronmental  i n fl uences  Appl i es  Appl i es  Appl i es  

5 . 1 . 1  Ambient  temperature  Repl aced  by 6 . 1 e)  Repl aced  by 6 . 1 e)  Appl i es,  see  3 . 1  

5 . 1 . 2  External  source  of heati ng  or 
cool i ng  

Appl i es  Appl i es  Appl i es  

5 . 2  Service  temperature  Mod i fi ed   Mod i fi ed  Appl i es  
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IEC  60079-0  
E lectri cal  resistance trace heaters  and  

in tegral  components  Terminations  as  
separate  

components  
Ed .  6. 0  
(201 1 )  

( i n formative)  

Clause  /  Subclause  ti tl e  
(normati ve)  

Group  I  and  Group  I I  Group  I I I  

5. 3. 1  Determ ination  of maximum  
surface  temperatu re  

Repl aced  by 4 . 5  i n  
con juncti on  wi th  5. 1 . 1 3  

Repl aced  by 4 . 5  i n  
con juncti on  wi th  
5. 1 . 1 3  on l y when  
tested  i n  accordance  
wi th  5 . 1 . 1 3. 3.  

Appl i es  

5 . 3 . 2 . 1  Group  I  e l ectri cal  equ i pment  Appl i es  Excl uded  Appl i es  

5 . 3 . 2 . 2  Group  I I  e l ectri cal  equ ipment  Appl i es  Excl uded  Appl i es  

5 . 3 . 2 . 3 . 1  Group  I I I  e l ectri cal  equ ipment,  
Maximum  surface  temperatu re  
determ ined  wi thout  a  dust  
l ayer 

Excl uded  Appl i es,  where  the  
maximum  sheath  
temperatu res  
determ ined  by 
I EC/I EEE  60079-30-
1  are  used  i n  p l ace  
of the  method  for 
temperatu re  
determ ination  from  
I EC 60079-0.  

Appl i es  

5 . 3 . 2 . 3 . 2  Group  I I I  e l ectri cal  equ ipment  
Maximum  surface  temperatu re  
wi th  respect  to  d ust  l ayers  

Excl uded  Appl i es,  where  the  
maximum  sheath  
temperatu re  i s  
determ ined  on ly for 
those  surfaces  that  
are  speci fi ed  to  be  
exposed  to  l ayers  of 
combustib le  dust.   

Does  not  apply for 
trace  heaters  
speci fi ed  to  be  
covered  by thermal  
i nsu lati on .  

Appl i es  

5 . 3 . 3  Smal l  component  temperatu re  
for Group  I  and  G roup  I I  
e l ectri cal  equ ipment  

Excl uded  Excl uded  Appl i es  

6 . 1  Requ i rements  for a l l  e l ectri ca l  
equ i pment – General  

Appl i es  Appl i es  Appl i es  

6 . 2  Mechan ica l  s trength   Repl aced  by 4 . 2  Repl aced  by 4 . 2  When  i n  d i rect  
con tact  wi th  the  
trace  heater,  may 
be  substi tu ted  by 
4 . 2  

6 . 3  Open ing  times   Excl uded  Excl uded  Appl i es  

6 . 4  Ci rcu l ati ng  currents  i n  
enclosu res  (e. g .  of l arge  
el ectri cal  mach ines)  

Excl uded  Excl uded  Excl uded  

6 . 5  Gasket reten ti on   Excl uded  Excl uded  Appl i es  

6 . 6  E lectromagneti c  and  u l trason ic  
rad iati ng  equ ipment  

Excl uded  Excl uded  Appl i es  

7 . 1 . 1  Non -metal l i c  enclosu res  and  
non -metal l i c  parts  of 
enclosu res  – Appl i cabi l i ty  

Repl aced  by the  l ast  
parag raph  of 4 . 1  

Repl aced  by the  l ast  
parag raph  of 4 . 1  

Appl i es  

7 . 1 . 2 . 1  Speci fi cation  of material s ,  
Genera l  

Repl aced  by the  l ast  
parag raph  of 4 . 1  

Repl aced  by the  l ast  
parag raph  of 4 . 1  

Appl i es  

7 . 1 . 2 . 2  Speci fi cation  of material s ,  
pl asti c  materia l s   

Repl aced  by the  l ast  
parag raph  of 4 . 1  

Repl aced  by the  l ast  
parag raph  of 4 . 1  

Appl i es  

7 . 1 . 2 . 3  E lastomers   Repl aced  by the  l ast  
parag raph  of 4 . 1  

Repl aced  by the  l ast  
parag raph  of 4 . 1  

Appl i es  

7 . 2  Thermal  endu rance   Repl aced  by  
requ i rements  and  tests  

Repl aced  by  
requ i rements  and  

Appl i es  
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IEC  60079-0  
E lectri cal  resistance trace heaters  and  

in tegral  components  Terminations  as  
separate  

components  
Ed .  6. 0  
(201 1 )  

( i n formative)  

Clause  /  Subclause  ti tl e  
(normati ve)  

Group  I  and  Group  I I  Group  I I I  

of th i s  standard  tests  of th i s  s tandard  

7 . 3  Resi stance  to  l i gh t   Repl aced  by 5 . 1 . 1 6  for 
trace  heaters  and  
i n teg ral  components  
speci fi ed  for ou tdoor 
exposu re  

Repl aced  by 5. 1 . 1 6  
for trace  heaters  and  
i n teg ral  components  
speci fi ed  for ou tdoor 
exposu re  

Appl i es  

7 . 4 . 1  E lectrostati c  charges  on  
external  non-metal l i c  
materia l s ,  Appl i cabi l i ty  

Excl uded  Excl uded  Appl i es  

7 . 4 . 2  Avoidance  of a  bu i l d -up  of 
el ectrostati c  charge  on  G roup  I  
or Group  I I  e l ectri ca l  
equ i pment 

Excl uded  Excl uded  Appl i es  

7 . 4 . 3  Avoidance  of a  bu i l d -up  of 
el ectrostati c  charge  on  
equ i pment for G roup  I I I  

Excl uded  Excl uded  Appl i es  

7 . 5  Accessib le  metal  parts  Excl uded  Excl uded  Appl i es  

8 . 1  Materi a l  composi ti on  Excl uded  Excl uded  Appl i es  

8 . 2  Group  I  Excl uded  Excl uded  Appl i es  

8 . 3  Group  I I  Excl uded  Excl uded  Appl i es  

8 . 4  Group  I I I  Excl uded  Excl uded  Appl i es  

9  Fasteners  Excl uded  Excl uded  Appl i es  

1 0  I n terl ocking  devices  Excl uded  Excl uded  Appl i es  

1 1  Bush ings  Excl uded  Excl uded  Appl i es  

1 2  Materi a l s  used  for cementi ng   Repl aced  by the  l ast  
parag raph  of 4 . 1  

Repl aced  by the  l ast  
parag raph  of 4 . 1  

Appl i es  

1 3  Ex Components  Appl i es  Appl i es  Appl i es  

1 4  Connection  faci l i t i es  and  
term ination  compartments  

Covered  by the  
requ i rements  of th i s  
s tandard  

Covered  by the  
requ i rements  of th i s  
s tandard  

Appl i es  

1 5  Connection  faci l i t i es  for 
earth ing  and  bond i ng  
conductors  

Repl aced  by 5 . 1 . 1 5  Repl aced  by 5. 1 . 1 5  Appl i es  

1 6  En tries  i n to  enclosures  Excl uded  Excl uded  Appl i es  

1 7  Suppl ementary requ i rements  
for rotati ng  e l ectri cal  mach ines  

Excl uded  Excl uded  Excl uded  

1 8  Suppl ementary requ i rements  
for swi tchgear 

Excl uded  Excl uded  Excl uded  

1 9  Suppl ementary requ i rements  
for fuses  

Excl uded  Excl uded  Appl i es  

20  Suppl ementary requ i rements  
for p l ugs  and  sockets  

Excl uded  Excl uded  Appl i es  

21  Suppl ementary requ i rements  
for l um inai res  

Excl uded  Excl uded  Excl uded  

22  Suppl ementary requ i rements  
for capl i gh ts  and  hand l i gh ts  

Excl uded  Excl uded  Excl uded  

23  Equ ipment  i ncorporati ng  cel l s  
and  batteries  

Excl uded  Excl uded  Appl i es  

24  Documentation  Appl i es  Appl i es  Appl i es  

25  Compl iance  of prototype  or Appl i es  Appl i es  Appl i es  
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IEC  60079-0  
E lectri cal  resistance trace heaters  and  

in tegral  components  Terminations  as  
separate  

components  
Ed .  6. 0  
(201 1 )  

( i n formative)  

Clause  /  Subclause  ti tl e  
(normati ve)  

Group  I  and  Group  I I  Group  I I I  

sample  wi th  documents  

26. 1  Genera l  Appl i es  Appl i es  Appl i es  

26. 2  Test confi gu rati on  Appl i es   Appl i es.  Appl i es  

26. 3  Tests  i n  exp losive  test  
m ixtu res  

Excl uded  Excl uded  Appl i es  

26. 4  Tests  of enclosures  Excl uded  Excl uded  Appl i es  

26. 4 . 1  Order of tests  Excl uded  Excl uded  Appl i es  

26. 4 . 1 . 1  Metal l i c  encl osures,  metal l i c  
parts  of enclosu res  and  g l ass  
parts  of enclosu res  

Excl uded  Excl uded  Appl i es  

26. 4 . 1 . 2  Non -metal l i c  enclosu res  or 
non -metal l i c  parts  of 
enclosu res  

Excl uded  Excl uded  Appl i es  

26. 4 . 2  Resi stance  to  impact  Repl aced  by 5 . 1 . 5  Repl aced  by 5. 1 . 5  Appl i es  

26. 4 . 3  Drop  test  Excl uded  Excl uded  Excl uded  

26. 4 . 4  Acceptance  cri teria  Repl aced  by 5 . 1 . 5  Repl aced  by 5. 1 . 5  Appl i es  

26. 4 . 5  Degree  of protection  by 
enclosu re  

Repl aced  by 5 . 1 . 8  
and /or 5. 1 . 9  

Repl aced  by 5. 1 . 8  
and /or 5. 1 . 9 .  

Appl i es  

26. 5  Thermal  tests  Mod i fi ed .  Mod i fi ed  Appl i es  

26. 5. 1  Temperatu re  measurement   Repl aced  by 5 . 1 . 1 3  Repl aced  by 5. 1 . 1 3  Appl i es  

26. 5. 2  Thermal  shock test  Excl uded  Excl uded  Appl i es  

26. 5. 3  Smal l  component  i gn i ti on  test  Excl uded  Excl uded  Appl i es  

26. 6  Torque  test  for bush i ngs  Excl uded  Excl uded  Appl i es  

26. 7  Non -metal l i c  enclosu res  or 
non -metal l i c  parts  of 
enclosu res  

Excl uded  Excl uded  Appl i es  

26. 8  Thermal  endu rance  to  heat  Repl aced  by 5 . 1 . 1 1  Repl aced  by 5. 1 . 1 1  Appl i es  

26. 9  Thermal  endu rance  to  col d  Repl aced  by 5 . 1 . 7  Repl aced  by 5. 1 . 7  Appl i es  

26. 1 0  Resi stance  to  l i gh t   Repl aced  by 5 . 1 . 1 6for 
trace  heaters  and  
i n teg ral  components  
speci fi ed  for ou tdoor 
exposu re  

Repl aced  by 5. 1 . 1 6  
for trace  heaters  and  
i n teg ral  components  
speci fi ed  for ou tdoor 
exposu re  

Appl i es  

26. 1 1  Resi stance  to  chem ical  agen ts  
for Group  I  e l ectri ca l  
equ i pment  

Appl i es  for Group  I  Excl uded  Appl i es  

26. 1 2  Earth  conti nu i ty  Excl uded  Excl uded  Appl i es  

26. 1 3  Surface  res i stance  test  of parts  
of enclosu res  of non -metal l i c  
materia l s  

Excl uded  Excl uded  Appl i es  

26. 1 4  Measurement of capaci tance  Excl uded  Excl uded  Appl i es  

26. 1 5  Veri fi cation  of rati ngs  of 
ven ti l ati ng  fans  

Excl uded  Excl uded  Excl uded  

26. 1 6  Al ternati ve  qual i fi cati on  of 
el astomeric seal i ng  O-ri ngs  

Excl uded  Excl uded  Appl i es  

27  Rou ti ne  tests  Appl i es  Appl i es  Appl i es  

28  Manufactu rers  responsib i l i ty  Appl i es  Appl i es  Appl i es  

29  Marking  Mod i fi ed  Mod i fi ed  Appl i es  
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IEC  60079-0  
E lectri cal  resistance trace heaters  and  

in tegral  components  Terminations  as  
separate  

components  
Ed .  6. 0  
(201 1 )  

( i n formative)  

Clause  /  Subclause  ti tl e  
(normati ve)  

Group  I  and  Group  I I  Group  I I I  

30  I nstructions  Mod i fi ed  Mod i fi ed  Appl i es  

Annex A Suppl ementary requ i rements  
for Ex cab le  g l ands  

Excl uded  Excl uded  Appl i es  

Annex B  Requ i rements  for Ex 
components  

Excl uded  Excl uded  Appl i es  

Annex C  Example  of ri g  for res i stance  to  
impact test 

Repl aced  by 5 . 1 . 5  Repl aced  by 5. 1 . 5  Appl i es  

Annex D  Motors  suppl i ed  by converters  Excl uded  Excl uded  Excl uded  

Annex E  Temperatu re  ri se  testi ng  of 
el ectri c  mach ines  

Excl uded  Excl uded  Excl uded  

Annex F  Gu idel i ne  fl owchart  for tests  of 
non -metal l i c  enclosu res  or 
non -metal l i c  parts  of 
enclosu res  (26. 4)  

Excl uded  Excl uded  Appl i es  

NOTE  1  Cl ause  numbers  i n  the  three  ri gh t-hand  col umns  of th i s  table  refer to  I EC/I EEE  60079-30-1  

NOTE  2  The  cl ause  number i n  the  above  table  i s  shown  for i n formation  on l y.  The  appl i cabl e  requ i rements  of 
I EC 60079-0  are  i denti fi ed  by the  cl ause  ti t l e  wh ich  i s  normative.  

Appl i es:  th i s  requ i rement of I EC 60079-0  i s  appl i ed  wi thout  change.  

Excl uded :  th i s  requ i rement  of I EC 60079-0  does  not  apply.  

Mod i fi ed :  th i s  requ i rement  of I EC 60079-0  i s  mod i fi ed  as  detai l ed  i n  th i s  s tandard .  

 

2  Normative references  

The fol l owing  documents ,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  an y 
amendments)  appl i es .  

I EC 60050-1 51 : 2001 ,  International Electrotechnical Vocabulary – Part 151 : Electrical and 
magnetic devices  

I EC 60050-426: 2008,  International Electrotechnical Vocabulary – Part 426: Equipment for 
explosive atmospheres  

I EC 60079-0: 201 1 ,  Explosive atmospheres – Part 0:  Equipment – General requirements  

I EC  60695-1 1 -3,  Fire hazard testing – Part 11-3: Test flames – 500 W flames – Apparatus and 
confirmational test methods  

I SO  4582,  Plastics – Determination of changes in  colour and variations in  properties after 
exposure to  daylight under glass,  natural weathering or laboratory light sources 

ISO 4892-1 ,  Plastics – Methods of exposure to  laboratory light sources – Part 1 :  General 
guidance 

I SO 4892-2,  Plastics – Methods of exposure to laboratory light sources – Part 2:  Xenon-arc 
lamps 
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ASTM  D5025,  Standard specification for laboratory burner used for small-scale burning tests 
on  plastic materials 

ASTM  G1 55,  Standard practice for operating xenon arc light apparatus for exposure of non-
metallic materials 

3 Terms and  defin i tions  

For the  pu rposes  of th is  document,  the  terms  and  defin i tions  g i ven  i n  I EC  60079-0,  
I EC 60079-7,  I EC  60050-1 51  and  I EC 60050-426  (except as  mod i fied  by th is  clause)  as  wel l  
as  the  fol lowing  appl y.  

NOTE  Defi n i ti on  3 . 40  i s  i den ti cal  to  defi n i ti on  3 . 1 6  of I EC 60079-7:  2006.  

3. 1   
ambient temperature  

<trace  heating>  
temperature  surround ing  the  workpiece  i nclud ing  the  trace  heater and  any thermal  i nsu lation  
or weather barrier that may be  appl ied  

3. 1 . 1   
maximum  ambient temperature  

h ighest  speci fi ed  ambien t temperature   

3. 1 .2   
m in imum ambient  temperature  

<trace  heating>  
l owest  ambien t temperature  speci fi ed  at wh ich  trace  heating  is  operable  and  performs 
accord ing  to  speci fied  requ irements  (and  on  wh ich  heat- loss  ca lcu lations  are  based)  

[SOURCE:  I EC 60050-426: 2008,  426-20-20]  

3.2   
branch  circu i t  
portion  of the  wi ring  i nstal lation  between  the  overcurren t device  protecti ng  the  ci rcu i t and  the  
trace  heater un i t(s)  

[SOURCE:  I EC 60050-426: 2008,  426-20-02]  

3.3   
connections  ( term inations)  

3 . 3. 1   
cold  lead  
electrica l l y i nsu lated  conductor or conductors  used  to  connect a  trace  heater to  a  branch  
ci rcu i t and  des igned  so  that i t  does  not produce  s ign i ficant heat  

[SOURCE:  I EC 60050-426: 2008,  426-20-03]  

3.3.2   
end  termination  
term ination ,  wh ich  may be  heat producing ,  appl i ed  to  a  trace  heater at the  end  opposi te  to  
that where  the  power i s  suppl ied  

[SOURCE:  I EC 60050-426: 2008,  426-20-04]  
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3.3.3   
power termination  
term ination  appl ied  to  the  end  of a  trace  heater at  wh ich  the  power is  suppl ied  

[SOURCE:  I EC 60050-426: 2008,  426-20-05]  

3.3.4   
tee  
electrical  connection  of trace  heaters,  i n  series  or i n  para l le l ,  to  accommodate  a  branch  or a  
branch  ci rcu i t  

[SOURCE:  I EC  60050-426: 2008,  426-20-06,  mod i fied  ( " tee  or branch"  replaced  by "branch  or 
a  branch  ci rcu i t") ]  

3.4   
control led  design  
design  where  the  set poin t  of the  appl icable  temperature  con trol l er or h i gh - l im i t  device  is  used  
i n  establ ish ing  the  maximum  sheath  temperature  

3.5   
dead  l eg  

<trace  heating>  
segment of process  p ip ing  segregated  from  the  normal  flow pattern  for the  purpose  of 
provid ing  a  heat loss  reference  

[SOURCE:  I EC 60050-426: 2008,  426-20-07]  

3.6   
design  loading  
min imum  power that meets  the  design  requ i rements,  i n  the  speci fi ed  adverse  cond i ti ons  
(m in imum  ambient and  maximum  wind  veloci ty) ,  after vol tage  and  resistance  tolerances  and  
appropriate  safety factors  have  been  considered  

[SOURCE:  I EC 60050-426: 2008,  426-20-08]  

3.7   
electrical ly conductive covering  

metal l ic  sheath ,  metal l ic bra id  or other conductive  materia l  

3.8   
factory fabricated  

<trace  heating>  
 assembled  i n to  un i ts  or sets ,  i nclud ing  the  necessary term inations  and  connections  

[SOURCE:  I EC 60050-426: 2008,  426-20-09]  

3.9   
field  assembled  

<trace  heating>  
suppl ied  i n  bu lk  wi th  term inating  components  to  be  assembled  at  the  work s i te  

[SOURCE:  I EC 60050-426: 2008,  426-20-1 0]  

3. 1 0   
heat loss  
energy flow from  a  p ipe,  vessel  or equ ipment to  i ts  surround ings  
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[SOURCE:  I EC 60050-426: 2008,  426-20-1 1 ]  

3. 1 1   
heat sink 

part that conducts  and  d i ssipates  heat away from  a  workpiece  

Note  1  to  en try:  Typica l  heat s i nks  are  p ipe  shoes,  p ipe  supports  and  i tems  of l arge  mass  such  as  val ve  actuators  
or pump bod i es .  

[SOURCE:  I EC 60050-426: 2008,  426-20-1 2]  

3. 1 2   
heat transfer aids  
thermal l y conductive  materia ls,  such  as  metal l ic  foi ls  or heat transfer compounds  used  to  
i ncrease  the  heat  transfer efficiency from  trace  heaters  to  the  workpiece  

[SOURCE:  I EC 60050-426: 2008,  426-20-1 3]  

3. 1 3   
h igh  l im it  temperature  
maximum  al l owable  temperature  of the  system ,  i nclud ing  p ip ing ,  fl u id  and  trace  heating  
system  

[SOURCE:  I EC 60050-426: 2008,  426-20-1 6,  mod i fied  (add i tion  of " trace") ]  

3. 1 4   
in tegral  components  
components  such  as  heat sh rink term inations,  cold  l ead  connections,  mou lded  end  seals,  or 
spl ices,  wh ich  may conform  to  the  general  shape of the  trace  heater and  are  exposed  to  the  
same environments  (such  as  under the  thermal  i nsu lation)  as  the  trace  heater,  that are  not 
i n tended  to  be  re-used  i n  the  even t of a  repai r or mod i fication ,  wh ich  may be  factory 
fabricated  or fi e ld  assembled  

3. 1 5   
maximum  continuous  exposure  temperature  (trace  heater de-energized)  
h ighest a l l owable  con tinuous  temperature  to  wh ich  the  trace  heating  system  may be  exposed  
as  declared  by the  manufacturer 

3. 1 6   
maximum maintain  temperature / maximum continuous  operating  temperature (trace  
heater energ ized)  
speci fied  maximum  workpiece  temperature  the  trace  heater operates  at conti nuous l y as  
declared  by the  manufacturer 

3. 1 7   
maximum  intermittent  exposure temperature  (trace  heater energ ized  or de-energ ized)  
h ighest a l l owable  i n term i ttent temperature  to  wh ich  a  trace  heater may be  exposed ,  as  
declared  by the  manufacturer 

3. 1 8   
maintain  temperature  
speci fied  temperature  of a  workpiece  or process  that the  trace  heaters  shal l  be  ab le  to  
main tain  

3. 1 9   
maximum  sheath  temperature  

maximum  temperature  of the  ou termost covering  of a  trace  heater 
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3.20   
maximum  withstand  temperature  
maximum  operating  or exposure  temperature  that wi l l  not  adversel y affect the  thermal  s tabi l i ty 
of the  trace  heater and  i ts  component parts  

[SOURCE:  I EC 60050-426: 2008,  426-20-1 8]  

3.21   
min imum instal lation  temperature  

min imum  temperature  at  wh ich  the  trace  heating  system  may be  hand led  and  instal l ed  

3.22   
M I  trace  heater 
mineral  i nsu lated  metal  sheathed  trace  heater typ ical l y con ta in ing  one  or more  heating  
conductors  

3.23   
operating  vol tage  

actual  vol tage  appl ied  to  the  trace  heater when  i n  service  

[SOURCE:  I EC 60050-426: 2008,  426-20-21 ]  

3.24  
outdoor exposure  

exposure  to  ou tdoor cond i tions  of u l travio let l i gh t and  moisture   

3 . 25   
overjacket 
continuous  l ayer of materia l  appl ied  ou ts ide  the  electrica l l y conductive  covering  to  protect 
against corros ion  

3 . 26   
paral lel  trace heater(s)  
heating  e lemen ts  that  are  electrica l l y connected  i n  paral le l ,  e i ther con tinuousl y or i n  zones,  so  
that  the  watt  dens i ty per l i neal  l eng th  i s  main ta ined ,  i rrespective  of any change  in  length  for 
the  conti nuous  type  or for any number of d iscrete  zones  

3 . 27   
power densi ty 
power outpu t for a  trace  heater expressed  i n  watts  per l inear l eng th  or i n  watts  per un i t  
surface  area   

3 . 28   
rated  ou tput  
tota l  power or power per un i t l ength  or un i t  surface  area  of a  trace  heater,  a t rated  vol tage,  
temperature  and  l ength  or area  

[SOURCE:  I EC 60050-426: 2008,  426-20-24,  mod i fied  (removal  of "wh ich  i s  normal l y 
expressed  i n  watts ,  watts  per metre  or watts  per square  metre")]  

3.29   
rated  vol tage  

<trace  heating>  
vo l tage  assigned  by the  manufacturer to  wh ich  operating  and  performance characteristics  of 
trace  heaters  are  referred  

Copyright International  Electrotechnical  Commission  



 – 20  – I EC/I EEE  60079-30-1 : 201 5  
© I EC/I EEE  201 5  

[SOURCE:  I EC  60050-426: 2008,  426-20-25,  mod i fied  (add i tion  of "assigned  by the  
manufacturer")]  

3.30   
series  trace  heater(s)  
heating  e lements  e lectrical l y connected  i n  series  wi th  a  s ing le  current path  and  wi th  a  speci fic  
res istance  at a  g i ven  temperature  for a  g iven  length  

[SOURCE:  I EC 60050-426: 2008,  426-20-26]  

3.31   
sheath  

<trace  heating>  
un i form  and  conti nuous  metal l ic  or non-metal l ic  ou ter covering  enclos ing  the  trace  heater  
used  to  provide  protection  against  i n fluence  from  the  surround ings  (corros ion ,  moisture  etc. )  

Note  1  to  en try:  See  overjacket,  3 . 25.  

[SOURCE:  I EC 60050-426: 2008,  426-20-26,  mod i fied  (add i ti on  of Note  1  to  en try) ]  

3.32   
sheath  temperature  

<trace  heating>  
temperature  of the  ou termost con ti nuous  covering  that may be  exposed  to  the  surround ing  
atmosphere  

[SOURCE:  I EC 60050-426: 2008,  426-20-28]  

3.33   
stabi l ized  design  
design  where  the  temperature  of the  trace  heater,  by des ign  and  use,  stabi l i zes  below the  
h igh  l im i t temperature,  under the  most unfavourable  cond i tions,  wi thout the  need  for a  
protecti ve  system  to  l im i t  the  temperature  

[SOURCE:  I EC 60050-426: 2008,  426-20-29]  

3.34  
start-up  current  

curren t response of a  trace  heater fo l l owing  energ ization  

[SOURCE:  I EC  60050-426: 2008,  426-20-30,  mod i fied  ( " immed iatel y upon  energ izing"  
replaced  by "fo l lowing  energ ization ")]  

3.35   
system  documentation  

<trace  heating>  
i n formation  prepared  by the  manufacturer to  al l ow satisfactory understand ing ,  i nsta l lation  and  
safe  use  of the  trace  heating  system  

[SOURCE:  I EC 60050-426: 2008,  426-20-31 ]  

3.36   
temperature  control  device  

device  that serves  to  main ta in  the  temperature  wi th in  a  speci fi ed  temperature  range  

[SOURCE:  I EC 60050-426: 2008,  426-20-33]  
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3.37   
temperature  control ler 
device  or combination  of devices  i ncorporati ng  a  means  of sens ing  temperature  and  of 
con trol l i ng  the  power to  the  trace  heater 

[SOURCE:  I EC 60050-426: 2008,  426-20-34]  

3.38   
temperature  l im iting  device  
safety device  that serves  to  swi tch  off power to  the  trace  heater before  the  maximum  speci fied  
surface  temperature  i s  exceeded  

3.39   
temperature  sensor 
(temperature  sensing  element)  
device  des igned  to  respond  to  temperature  provid ing  an  e lectrical  s i gnal  or mechan ical  
operation  

3 .40   
thermal  i nsu lation  
materia l  having  a i r-  or gas-fi l l ed  pockets,  voids ,  or heat reflecti ng  surfaces  that,  when  properl y 
appl ied ,  retards  the  transfer of heat  

[SOURCE:  I EC 60050-426: 2008,  426-20-36]  

3.41   
trace  heater 
device  designed  for the  purpose  of producing  heat  on  the  princip le  of e l ectrical  resistance  and  
typical l y composed  of one  or more  metal l ic  conductors  and /or an  e lectrica l l y conductive  
materia l ,  su i tabl y e lectrica l l y i nsu lated  and  protected  

[SOURCE:  I EC 60050-426: 2008,  426-20-37]  

3.42   
trace heater pad  
trace  heater compris ing  series  or para l le l  connected  e lements  having  su fficien t fl exib i l i ty to  
conform  to  the  shape of the  surface  to  be  heated  

3 .43   
trace heater panel  
non-flexib le  trace  heater compris ing  series  or para l l el  connected  e lements  fabricated  to  
conform  to  the  general  shape  of the  surface  to  be  heated  

3.44  
trace heater un i t  
(trace heater set)  
series  trace  heater,  paral l e l  trace  heater,  trace  heater pad  or trace  heater panel  su i tabl y 
term inated  i n  conform i ty wi th  the  manufacturer’s  i nstructions  

3.45   
trace heating  
uti l i zation  of e lectric trace  heaters,  trace  heater pads,  trace  heater panels  and  support 
components ,  used  to  main ta in  or to  ra ise  the  temperature  of contents  i n  p ip ing ,  tanks  and  
associated  equ ipment 

[SOURCE:  I EC 60050-426: 2008,  426-20-39,  mod i fied  (removal  of "external l y appl ied ")]  
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3.46   
trace heating  system  
uti l i zation  of trace  heating  i nclud ing  a l l  necessary des ign  and  i nsta l l ation  documentation  

3.47   
trace ratio  

ratio  of trace  heater l eng th  to  pipe  l eng th  

3.48   
weather barrier 
materia l  that,  when  i nstal led  on  the  ou ter surface  of thermal  i nsu lation ,  protects  the  thermal  
i nsu lation  from  water or other l i qu ids ,  from  phys ical  damage caused  by i ce  pe l l ets ,  wind  or 
mechan ica l  abuse  and  from  deterioration  caused  by solar rad iation  or atmospheric 
con tam ination  

[SOURCE:  I EC 60050-426: 2008,  426-20-40,  mod i fied  (replacement of "s l eet"  by " ice  pel l ets") ]  

3.49   
workpiece  

<trace  heating>  
obj ect  to  wh ich  a  trace  heater i s  appl ied  

Note  1  to  en try:  Examples  i n cl ude  process  equ i pment  such  as  p i p i ng ,  vessel s ,  tanks,  va l ves,  i nstruments  and  
s im i l ar equ i pment.  

[SOURCE:  I EC 60050-426: 2008,  426-20-41 ,  mod i fied  (add i ti on  of Note  1  to  en try) ]  

4 General  requirements  

4.1  General  

The requ irements  of th is  standard  confi rm  that e lectrical  res istance  trace  heating  wi th in  the  
scope of th is  s tandard  has  been  designed  and  constructed  so  as  to  va l idate  electrical ,  thermal  
and  mechan ical  durabi l i ty and  re l iable  performance.  

E lectrical  res istance  trace  heaters  and  i n tegral  componen ts  shal l  comply wi th  or be  excluded  
from  the  requ irements  of I EC 60079-0,  as  l i s ted  i n  Table  1 .  

Trace  heaters  shal l  be  provided  wi th  an  even l y-d istribu ted  e lectrical l y conductive  covering  
that sha l l  cover at l east 70  %  of the  surface.  Trace  heater pads  and  panels  shal l  be  
constructed  such  that the  e lectrical l y conductive  covering  shal l  be  opposi te  the  surface  to  be  
heated .  The  e lectrical l y conductive  covering  shal l  e i ther be  su i table  for u se  in  the  particu lar 
atmosphere(s)  or have  a  su i table  non-meta l l ic  overjacket over the  covering .  The  manufacturer 
shal l  declare  the  maximum  wi thstand  temperature  in  degrees  Cels ius.  The  materia ls  used  i n  
the  trace  heater and  i n tegra l  components  shal l  wi thstand  a  temperature  of no  l ess  than  the  

manufacturer's  declared  maximum  wi thstand  temperature  +20  K,  when  tested  i n  accordance  
wi th  5. 1 . 1 1 .  The  manufacturer shal l  provide  documentation  of the  speci fication  of non-meta l l ic  
materia ls  on  wh ich  the  mechan ical  strength  and  the  e lectrical  i nsu lation  depend  (between  the  
heater and  other conductive  parts)  wh ich  shal l  i ncl ude  i den ti fication  of the  materia l  type .  

4.2  Mechan ical  strength  

The mechan ical  s trength  of trace  heaters  shal l  be  determ ined  by the  tests  i n  5 . 1 . 5,  5. 1 . 6,  
5. 1 . 7  and  5. 1 . 1 1 .  

Trace  heaters  wh ich  are  i denti fied  for use  on l y i n  areas  wi th  a  low risk of mechan ical  damage  
are  subj ected  to  a  reduced  energy in  the  impact tests  in  5 . 1 . 5  and  a  reduced  force  i n  the  
deformation  test i n  5 . 1 . 6 ,  and  shal l  be  clearl y marked  as  speci fied  i n  7 . 4  e) .  
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Trace  heaters  may be  suppl ied  wi th  add i ti onal  mechan ical  protection  to  meet the  
requ i rements  of th is  standard  i f they are  suppl ied  as  an  i n tegral  assembly (prefabricated),  and  
con tain  the  fol lowing  statement i n  the  instructions:  “Th is  mechan ica l  covering  shal l  not be  
removed  and  the  trace  heaters  shal l  not  be  operated  wi thou t the  mechan ical  covering  being  i n  
p lace”.  I n  th is  case  the  tests  i n  5. 1 . 5  and  5. 1 . 6  shal l  be  performed  wi th  the  add i tional  
mechan ica l  protection  i nstal l ed  on  the  trace  heater.  

4.3  Terminations  and  connections  

Term inations  and  connections  may be  i den ti fi ed  as  an  in tegral  part of a  trace  heater,  or may 
be  i denti fied  separatel y,  as  Ex equ ipment or as  Ex componen ts  i n  accordance wi th  
I EC 60079-0.  I n tegra l  term inations  and  connections  are  tested  as  part of a  representati ve  
trace  heater un i t;  see  5. 1 . 1 .  

E lectrical  connectors  suppl ied  wi th  i n tegral  componen ts  shal l  be  certi fi ed  for the  curren t-
carrying  capaci ty of the  trace  heating  conductors  declared  by the  manufacturer and  shal l  meet 
the  other prescribed  testi ng  in  th is  s tandard .  

E lectrical  res istance  trace  heater term inations  i denti fi ed  as  separate  components  shal l  comply 
wi th  the  requ irements  of one  or more  of the  types  of protection  l i s ted  i n  I EC 60079-0  su i table  
for the  appl ication ,  wh ich  may be  supplemented  and  mod i fied  by the  requ irements  of th is  
standard .  See  a lso  Table  1 .  

4.4 Ci rcu i t  protection  requ i rements  for branch  ci rcu i ts  

The m in imum  requ i rements  for trace  heating  systems  for use  i n  explos ive  atmospheres  are  as  
fol l ows:  

a)  a  means  of i so lating  a l l  l i ne  conductors  from  the  suppl y;  

b)  over-current protection  provided  for each  branch  ci rcu i t;  

c)  a  means  of protecting  against earth  fau l ts  by d isconnecting  a l l  l i ne  conductors.  

1 )  For TT  and  TN  systems,  each  trace  heater or trace  heater branch  ci rcu i t,  the  e lectrical  
protection  shal l  be  capable  of i n terrupting  h igh  impedance earth  fau l ts  as  wel l  as  short-
circu it fau l ts.  Th is  shal l  be  accompl ished  by an  earth-fau l t protecti ve  device,  or a  
con trol l er wi th  earth-fau l t  i n terruption  capabi l i ty for use  i n  con j unction  wi th  su i table  
ci rcu i t  protection .  The  preferred  trip  l evel  i s  nom inal  30  mA or 30  mA above any 
i nheren t capaci ti ve  l eakage characteristic of the  heater as  speci fi ed  by the  trace  heater 
suppl ier.   

2)  For I T  systems,  an  e lectrica l  i nsu lation  mon i toring  device  shal l  be  i nsta l l ed  to  

d isconnect the  suppl y whenever the  e lectrical  resistance  i s  not  greater than  50  Ω/V of 
rated  vol tage.   

Exception :  Where  cond i tions  of main tenance  and  supervis ion  ensure  that  on l y qual i fi ed  
persons  service  the  i nstal led  systems,  and  con tinued  ci rcu i t operation  is  necessary for the  
safe  operation  of the  equ ipment or processes,  earth-fau l t detection  wi thout i n terruption  i s  
acceptable  i f a larmed  in  a  manner to  assure  an  acknowledged  response.  

The  requ i rements  of a) ,  b) ,  and  c)  may be  performed  by one  device.  

NOTE  1  The  appl i cation  of the  above  exception  i s  i n tended  to  be  at  the  d i screti on  of the  end  user.  

NOTE  2  Th i s  i n formation  i s  speci fi ed  to  be  provi ded  wi th  the  product d ocumentati on  as  i n d icated  i n  Cl ause  7.  

4.5  Temperature requ irements  

4.5. 1  General  

A trace  heating  system  shal l  be  designed  so  that the  sheath  temperature  of the  trace  heaters  
is  l im i ted  to  the  temperature  class  or i gn i tion  temperature,  m inus  5  K for temperatures  less  
than  or equal  to  200  °C  or m inus  1 0  K for temperatures  greater than  200  °C.  The  maximum  
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sheath  temperature  of the  trace  heater shal l  a lso  be  l ess  than  the  maximum  wi thstand  
temperature.  

Maximum  sheath  temperatures  of trace  heaters  shal l  be  determ ined  for the  proper appl ication  
of the  heater.  The  sheath  temperature  i s  dependen t on  the  heater power ou tpu t densi ty,  
overa l l  heat transfer coefficient,  and  the  temperature  of the  surface  be ing  heated .  

Th is  shal l  be  ach ieved  e i ther by:  

1 )  determ in ing  the  trace  heater's  maximum  sheath  temperature  accord ing  to  the  product  
cl assi fication  method  i n  accordance  wi th  5. 1 . 1 3. 3;  

2)  a  s tabi l i zed  des ign  i n  accordance  wi th  4. 5. 2 ;  or 

3)  a  control l ed  des ign  i n  accordance wi th  4. 5. 3 .   

For 2)  and  3)  above,  when  mu l ti p le  trace  heaters  (especia l l y on  p ipes  wi th  d i fferent fl ow 
cond i ti ons)  are  grouped  together under a  s ing le  temperature  con trol  device,  each  design  
cond i ti on  shal l  be  anal yzed .  

Requ i rements  for equ ipment for use  in  faci l i ti es  using  the  D ivis ion  method  of area  
classi fication  are  g i ven  in  Annex D .  

4.5.2  Stabi l ized  design   

The maximum  sheath  temperature  obtained  by stabi l i zed  design  is  based  on  the  energy 
balance  of heat  l oss  and  heat production  of a  system .  The  energy ba lance  is  determ ined  by 
ca lcu lations  based  on  system  parameters .  

The  des ign  calcu lations,  system  parameters  and  methods  for stabi l i zed  des ign  shal l  be  
demonstrated  to  the  certi fication  body by the  manufacturer by comparison  to  the  test resu l ts  
from  5. 1 . 1 3. 2 .  Table  2  g i ves  the  des ign  cond i ti ons  for various  equ ipment protection  l evels  for 
the  s tabi l i zed  design  approach .  

Des ign  cond i tions  of no-wind ,  the  maximum  ambient temperature  and  the  system  heat  
transfer coefficien t shal l  be  used  to  calcu late  the  maximum  workpiece  temperature  and  
maximum  sheath  temperature.  Gu idance  for the  des ign  calcu lations  i s  provided  i n  Annex C.  

Table  2  – Sheath  temperature  design  cond itions  based  on  equ ipment  
protection  levels  – Stabi l ized  design  approach  

I tem  EPL Gb/Db   EPL  Gc/Dc  

Percent of operati ng  vol tage  1 1 0  1 1 0  

Maximum  workpiece  temperatu re  for cal cu lati on  ---
a
 -- -

a
 

Maximum  wind  speed  for cal cu lation  0  0  

a
 The  workpi ece  temperature  (Tpr or Tpm ,  wh ichever i s  g reater)  i s  used  to  calcu late  the  

maximum  sheath  temperatu re-  see  Annex C.  

4.5.3  Control led  design  

4.5.3. 1  General  

The maximum  sheath  temperature  obta ined  through  control led  design  i s  based  on  energy 
l im i tation  by temperature  control lers  or l im i ti ng  devices.  These  protecti ve  temperature  l im i ti ng  
devices  are  to  be  set to  a  temperature  no  greater than  the  maximum  a l l owable  sheath  
temperature  correspond ing  to  the  temperature  class  reduced  by;   

(1 )  the  pred icted  temperature  d i fference  between  the  temperature  l im i ter's  set  poin t and  the  
maximum  sheath  temperature  of the  trace  heater,  and  by  
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(2)  the  amount speci fied  i n  4 . 5. 1 .  

There  are  th ree  con trol led  des ign  methods  for l im i ting  the  maximum  sheath  temperature .  
These  are  on l y su i table  for s i tuations  where  the  workpiece  i s  not subjected  to  add i tional  
sources  of heat. :  

a)  By l im i ting  the  maximum  workpiece  temperature.  The  temperature  con trol  sensor and /or 
the  temperature  l im i ter sensor is  i nsta l l ed  d i rectl y on  the  workpiece.  

b)  By us ing  a  h igh  temperature  l im i ter wi th  the  sensor attached  to  the  trace  heater wh ich  is  
i nsta l l ed  on  the  workpiece.  Each  appl ication  requ ires  correlation  for the  speci fic trace  
heater,  power output  l evel ,  and  the  l im i ter/sensor characteristics.   

c)  By creating  an  arti ficia l  hot spot  where  a  h igh  temperature  l im i ter sensor is  attached  to  the  
trace  heater wh ich  i s  l ocated  on  a  thermal  i nsu lation  spacer on  the  workpiece.  Each  
appl ication  requ i res  correlation  for the  speci fic trace  heater,  power output l evel ,  
l im i ter/sensor characteristics,  and  insu lation  spacer.  

The  manufacturer pred icts  the  offset (∆Toffset)  between  the  trace  heating  sheath  temperature  
and  the  temperature  control  device’s  set poin t.  For design  cond i ti ons  see  Table  3 .  The  

manufacturer shal l  support the  ca lcu lation  method  for sheath  temperature  by comparing  the  

pred icted  resu l ts  to  test resu l ts  from  5. 1 . 1 3. 2 .  

NOTE  For ca lcu lati on  of ∆T
offse t  

(=  T
sh
 –  T

L
)  refer to  Annex C.  ∆T

offse t
 i s  the  empi ri cal l y d eterm ined  temperature  

d i fference  between  the  sensor and  the  actual  maximum  tracer sheath  temperature.  ∆T
offset

 i s  a  function  of 

variables  such  as  geometry and  mass  of trace  heater and  sensor,  power ou tpu t  of the  trace  heater,  heat  transfer 

coeffi cien t,  and  con trol  system  hysteres is .  

Table  3  – Sheath  temperature  design  cond itions  based  on  equ ipment  
protection  levels  EPLs  – Control led  design  approach  

I tem  EPL Gb/Db   EPL  Gc/Dc  

Percent of operati ng  vol tage  1 1 0  1 1 0  

Maximum  workpiece  temperatu re  for cal cu lati on  ---
a
 - - -

a  or b
 

Maximum  wind  speed  for cal cu lation  0  0  

a
 U se  the  set  poin t  of the  temperature  l im i ter accord ing  to  4 . 5. 3 . 2 .  
b
 U se  the  set  poin t  of the  temperature  con trol l er accord i ng  to  4 . 5. 3 . 3 .  

4.5.3.2  Requi rements  for temperature control  devices  for EPLs  Gb  and  Db  

A temperature  l im i ter or s im i l ar con trol  device  shal l  de-energ ize  the  system  to  prevent 
exceed ing  the  maximum  perm iss ib le  sheath  temperature.  Any device  used  for temperature  
con trol  shal l  satisfy requ i rements  for EPLs  Gb  and /or Db.  

Add i tional l y a  h i gh  temperature  l im i t function  shal l :  

1 )  operate  i ndependen tl y from  the  temperature  con trol l er;  

2)  de-energ ize  the  trace  heater when  the  set poin t of the  h igh  temperature  l im i ter i s  reached ;  

3)  annunciate  when  the  h igh  temperature  l im i t  function  is  acti vated ;  

4)  have  a  h i gh  l im i t  function  that requ i res  acknowledgement to  be  reset;  

5)  mechan ical l y or e lectron ical l y lock the  h i gh  l im i t set poin t of the  device  to  prevent 
unauthorized  access;  

6)  have  a  safety function  that de-energ izes  the  ci rcu i t i f the  temperature  sensor mal functions ;  

7)  be  poss ib le  to  re-set on ly after the  normal  operati ng  cond i tions  have  been  returned ,  or i f 
the  swi tch ing  state  is  mon i tored  conti nuous l y;  
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8)  be  evaluated  to  a  m in imum  of 1 00, 000  cycles  of endurance when  mu l ti p le  devices  are  
used  for control l i ng  and  l im i ti ng .  

4.5.3.3  Requi rements  for temperature control  devices  for EPLs  Gc and  Dc  

A s ing le  temperature  con trol l er may be  speci fi ed  provided  that i t  i ncorporates  annunciation  of 
fai l u re  cond i tions  and  has  been  evaluated  for a  m in imum  of 250  000  cycles  of operation .  
Al ternativel y,  temperatu re  control  devices  accord ing  to  4 . 5. 3. 2  may be  speci fied .  

I f a  s ing le  temperature  con trol ler wi th  fa i l u re  annunciation  i s  speci fied ,  provis ion  of adequate  
mon i toring  of such  an  annunciation ,  such  as  24  h  survei l l ance,  sha l l  be  made.  

5 Testing  

5.1  Type tests  

5. 1 . 1  General  

The provis ions  of I EC  60079-0  as  speci fi ed  i n  Table  1  appl y wi th  the  fol l owing  add i ti ons.  
Samples  of trace  heaters  at l east 3  m  in  l ength ,  un less  otherwise  speci fied ,  shal l  be  selected  
for testi ng .  Tests  shal l  be  conducted  at  a  temperature  between  1 0  °C  and  40  °C  un less  
otherwise  stated .  I n tegral  components  shal l  be  subj ected  to  the  same  tests  as  the  trace  
heater,  except where  otherwise  noted .  The  test samples  needed  for the  type  tests  are  
summarized  in  Annex A.  

NOTE  As  speci fi ed  i n  I EC 60079-0,  due  to  the  safety factors  i ncorporated  i n  the  types  of protection ,  the  
uncertain ty of measurement  i nheren t i n  good  q ual i ty,  regu larl y cal i brated  measurement  equ i pment i s  considered  to  
have  no  s i gn i fi can t detrimental  effect  and  need  not  be  taken  i n to  account  when  making  the  measurements  
necessary to  veri fy compl iance  to  th i s  s tandard .  

5.1 .2  Dielectric test  

The d ie lectric test shal l  be  performed  on  trace  heaters  i n  accordance wi th  Table  4  on  test 
sample(s)  prepared  as  described  i n  5. 1 . 1 .  

Table  4 – Test vol tages  for the  d ielectric  test  

Rated  vol tage  Test vol tage  
V a. c.  (r.m .s. )  

<  30  V a . c.  (r.m . s . )  500  

<  60  V d . c.  500  

≥  30  V a . c.  (r.m . s . )  2  U +  1  000  

≥  60  V d . c.  2 U +  1  000  

 

The  test vol tage,  where  U  i s  the  rated  vol tage,  shal l  be  appl i ed  between  the  conductors  and  
the  e lectrical l y conductive  covering  at  a  rate  of ri se  of nei ther l ess  than  1 00  V/s  nor more  than  

200  V/s  and  main tained  for (60  
−0

+5
)  s  wi thout d ie lectri c breakdown .  The  test vol tage  waveform  

shal l  be  essential l y s inusoida l ,  wi th  a  frequency of 45  Hz to  65  Hz.  Al ternativel y the  d ie lectric  
test may be  conducted  by submerg ing  the  trace  heater i n  tap  water at  room  temperature  

(res istivi ty typical l y 500  Ω · m ).  The ground  bra id  or sheath  shal l  be  bonded  to  the  water and  
the  vol tage  shal l  be  appl i ed  between  the  conductors  and  the  water.  

When  determ in ing  U,  the  correct use  of Phase  to  Phase  or Phase  to  Neutra l  vo l tage  levels  

shal l  be  cons idered .  

For type  tests  5. 1 . 5,  5 . 1 . 6,  5 . 1 . 7,  5. 1 . 8,  5. 1 . 9,  5. 1 . 1 1 ,  and  the  rou ti ne  test i n  5. 2 . 1 ,  for M I  trace  

heaters  the  requ i red  test vo l tage  is  reduced  to  2U  +  500  V a. c.  for trace  heaters  rated  over 
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30  V a. c. ,  or to  2 U  +  500  V d . c.  for trace  heaters  rated  over 60  V d . c.  due  to  the  d ielectric  

characteristics  of the  M I  trace  heater construction  and  e lectrica l  i nsu lation  materia ls .  

5.1 .3  Electrical  insu lation  resistance test  

The e lectrica l  i nsu lation  res istance  test shal l  be  conducted  after the  d ie lectric  test speci fi ed  i n  
5. 1 . 2  on  the  same test sample(s).  The  res istance  of the  electrica l  i nsu lation  shal l  be  
measured  between  conductors  and  the  e lectrica l l y conductive  covering ,  by means  of a  d . c.  

source  vol tage  (nom inal )  of 500  V.  The  measured  value  shal l  be  not l ess  than  50  MΩ .  

Al ternative l y the  insu lation  res istance  test may be  conducted  by submerg ing  the  trace  heater 

i n  tap  water at  room  temperature  (res istivi ty typ ical l y 500  Ω · m ).  The  ground  braid  or sheath  
shal l  be  bonded  to  the  water and  the  vol tage  shal l  be  appl ied  between  the  conductors  and  the  
water.  

5.1 .4  F lammabi l i ty test  

A flammabi l i ty test  shal l  be  performed  on  trace  heaters  and  on  trace  heaters  wi th  i n tegral  
components .  The  fu l l  range  of s izes  shal l  be  capable  of complying  wi th  the  test.  The  test shal l  
be  carried  ou t i n  a  room  free  from  draugh ts  and  i n  a  flame chamber or fume hood  wi th  a  
m in imum  volume of 0 , 5  cubic metres.  For trace  heaters,  the  sample  shal l  be  at l east 450  mm  
in  l ength ,  and  shal l  be  supported  i n  a  vertical  posi ti on .  For trace  heater pads  and  panels  (as  
appl icable)  the  sample  wid th  shal l  be  80  mm.  

A gummed  unbleached  paper i nd icator shal l  be  wrapped  once  around  the  sample  so  that i t  
proj ects  20  mm  from  the  sample.  The  paper i nd icator shal l  be  posi tioned  250  mm  above the  
poin t  a t wh ich  the  i nner b lue  cone  of the  flame  contacts  the  sample.  A l ayer of d ry,  pure  
surg ical  cotton  not more  than  6  mm  in  depth  shal l  be  p laced  underneath  the  sample  so  that 
the  d istance  from  the  cotton  to  the  poin t  of the  fl ame appl ication  is  250  mm.  

A laboratory burner as  described  i n  I EC 60695-1 1 -3  or i n  ASTM  D  5025  shal l  be  used  for the  
test.  The  fuel  sha l l  be  methane,  natural  gas,  propane,  or bu tane  wi th  the  fol l owing  properties:  

a)  Methane or natura l  gas  – For methane:  techn ica l  g rade,  98  %  m in imum  puri ty;  For 

methane or natural  gas:  heating  value  of (37  ±  1 )  MJ /m
3
 at  25  °C  

b)  Propane – Techn ica l  grade,  98  %  m in imum  puri ty,  heating  value  of (94  ±  2 )  MJ /m
3
 a t  

25  °C  

c)  Bu tane  – CP  grade,  99  %  m in imum  puri ty,  heati ng  va lue  of (1 20  ±  3 )  MJ /m
3
 at  25  °C  

As  shown  in  F igure  1 ,  the  fl ame shal l  be  ad justed  to  a  1 30  mm  height wi th  a  40  mm  inner b lue  
cone.  The  bu rner shal l  be  ti l ted  to  an  ang le  of 20°  from  the  vertical  and  the  fl ame appl ied  to  
the  trace  heater so  that the  tip  of i nner b l ue  cone  of the  fl ame touches  the  specimen  at a  poin t  
250  mm  below the  unbleached  paper i nd icator and  approximatel y 1 50  mm  from  the  bottom  of 
the  sample.  For term ination  assembl ies,  the  fl ame shal l  be  set such  that i t  con tacts  the  
materia l  a t the  most vu lnerable  poin t.  C lamps  used  to  support the  sample  shal l  be  above the  
paper i nd icator and  at  least  80  mm  below the  poin t  of flame appl ication .  For trace  heater pads  
and  panels ,  the  flame  is  appl i ed  at  the  horizon tal  m id -poin t of the  sample,  wi th  the  
unbleached  paper i nd icator vertical l y above the  fl ame using  d imensions  as  shown  i n  F igure  1 .  

The  l aboratory burner shal l  be  moved  towards  the  sample  un ti l  the  i nner b lue  cone  touches  
the  sample;  see  F igu re  1 .  The  fl ame shal l  be  appl i ed  for 1 5  s,  then  removed  for 1 5  s ,  un ti l  fi ve  
such  appl ications  have  been  made.  

The  test resu l ts  shal l  be  cons idered  satisfactory i f the  trace  heater does  not support  
combustion  for more  than  1  m in  after the  fi fth  appl ication  of the  fl ame,  does  not bu rn  more  
than  25  %  of the  extended  unbleached  paper i nd icator,  and  does  not i gn i te  the  cotton  from  
burn ing  fa l l ing  particles.  
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NOTE  Th is  speci fi cati on  i s  equ i val ent  to  the  i gn i ti on  sou rces  speci fi ed  i n  the  I EC 60695-1 1 -3  and  ASTM  D5207  
standards.  

 

Key 

1  burner  4  test  sample  

2  support  5  d ry pu re  su rg ica l  cotton  

3  unbl eached  paper fl ag   

Figure 1  – Flammabi l i ty  test  

IEC 
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5.1 .5  Impact tests  

NOTE  E lectri c  trace  heaters  are,  i n  the  majori ty of appl i cations,  covered  by thermal  i nsu lation  and  therefore  
afforded  some  mechan ical  protection .  I n  some appl i cati ons,  however,  trace  heaters  can  be  i nstal l ed  under 
cond i ti ons  where  they are  not  a lways  protected  by thermal  i nsu lation ;  for example,  d uri ng  i nstal l ati on  before  the  
thermal  i nsu l ation  i s  appl i ed  or where  the  trace  heater exi ts  from  the  thermal  i nsu lati on  i n to  a  j unction  box.  

5.1 .5. 1  Room  temperature  impact test  

A sample  approximatel y 450  mm  in  l eng th  is  p laced  on  a  ri g id  fl at steel  p late  (wi th  a  mass  

equal  to  or greater than  20  kg ,  approximatel y 1 95  mm  ×  1 95  mm  ×  70  mm).  The  p late  is  
pos i tioned  on  a  ri g id  substrate  such  that the  impact energy absorbed  by the  substrate  i s  
neg l ig ib le.  The  sample  is  then  posi tioned  underneath  an  i n termed iate  p iece  of hardened  s teel  
i n  the  shape of a  hori zon ta l  ha l f-cyl inder wi th  a  d iameter of 25  mm .  Th is  cyl i nder shal l  have  a  
l ength  of 25  mm  wi th  smooth l y rounded  edges  to  a  rad ius  of approximately 5  mm  when  used  
to  test trace  heater pads  and  panels  (see  F igure  2) .  For the  test,  the  cyl i nder is  l a id  
hori zon ta l l y on  the  sample.  A trace  heater having  a  non-ci rcu lar cross-section  shal l  be  so  
pos i tioned  that the  impact i s  appl ied  a long  the  m inor axis  ( i . e .  the  trace  heater i s  pos i tioned  
flat on  the  s teel  p l ate).  

Other than  i n  tests  on  electrica l  trace  heaters  i n tended  for use  i n  appl ications  wi th  l ow risk of 

mechan ical  damage,  a  hammer wi th  a  mass  of1 , 0  
01,0

0–
+

 kg  sha l l  be  a l l owed  to  fal l  once  on to  

the  horizontal  cyl i nder from  a  he ight of 0 , 7  01,0
0–

+   m.  

For trace  heaters  i n tended  for use  in  appl ications  wi th  a  l ow risk of mechan ical  damage in  

accordance wi th  4. 1 ,  the  he igh t may be  reduced  to  0 , 4  01,0
0–

+  m .  Trace  heaters  subm itted  to  

such  a  test shal l  be  clearl y marked  as  speci fi ed  i n  7. 4  e)  to  caution  the  user as  to  i ts  reduced  
mechan ical  capabi l i ty.  

Immed iatel y after impact,  conform i ty is  veri fi ed  by testi ng  the  e lectrical  i nsu lation  i n  
accordance wi th  5. 1 . 2  and  5 . 1 . 3  wh i le  the  s teel  cyl i nder and  hammer are  sti l l  i n  p lace  on  the  
sample.  

5.1 .5.2  M in imum  temperature impact  test  

A sample  approximatel y 450  mm  in  length  i s  p laced  on  a  hardened  s teel  p late  (wi th  a  mass  

equal  to  or greater than  20  kg ,  1 95  mm  ×  1 95  mm  ×  70  mm).  The  plate  i s  pos i ti oned  on  a  ri g i d  
substrate  such  that  the  impact energy absorbed  by the  substrate  is  neg l i g ib le.  The  assembly 
is  then  cond i tioned  for a  m in imum  of 4  h  at the  manufacturer’s  speci fi ed  m in imum  instal l ation  
temperature.  The  apparatus  used  for th is  test  i s  shown  i n  F igure  3 .  

After cond i ti on ing ,  and  other than  i n  tests  on  e lectrical  trace  heaters  i n tended  for use  i n  
appl ications  wi th  l ow risk of mechan ical  damage,  a  sample,  wh i l e  at the  m in imum  instal lation  
temperature,  shal l  be  subjected  to  a  50 , 8  mm  d iameter cyl i ndrical  s teel  p l unger wi th  smooth l y 

rounded  edges  to  a  rad ius  of approximatel y 5  mm,  having  a  mass  of 1 , 8  02,0
0–

+  kg  and  a l lowed  

to  free  fa l l  from  a  height  of 0 , 76  01,0
0–

+  m .  

For trace  heaters  i n tended  for use  in  appl ications  wi th  a  l ow risk of mechan ical  damage in  

accordance  wi th  4 . 1 ,  the  heigh t may be  reduced  to  0 , 42  01,0
0–

+  m .  Trace  heaters  subm i tted  to  

such  a  test shal l  be  clearl y marked  as  speci fied  i n  7. 4  e)  to  caution  the  user as  to  i ts  reduced  
mechan ica l  capabi l i ty.  

The  impacted  portion  of the  sample  shal l  then  be  immersed  in  tap  water at  room  temperature  
for at l east 5  m inu tes,  and  the  d ie lectric test 5 . 1 . 2  and  i nsu lation  res istance  test 5 . 1 . 3  shal l  be  
conducted .  For trace  heater pads  and  panels ,  both  the  heating  reg ion  and  cold  l eads  shal l  be  
impacted .  
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Key 

1  hammer wi th  mass  of 1  kg  5  hal f-cyl i nder wi th  25  mm  d iameter and  25  mm  overa l l  
l ength   wi th  5  mm  rad ius  round ing  on  edges  

2  su ffi cien t  cl earance  from  gu ide  tube  to  a l l ow 
for free-fal l  

6  trace  heater sample  

3  heigh t  of fa l l  of hammer:  0 , 7  m  or 0 , 4  m  7  base  wi th  m in imum  20  kg  mass  

4  impact p l ate  ( l oosel y i nserted  i n  gu i de  tube)  8  set  screw for gu ide  tube  – so  gu ide  tube  does  not  rest  
on  impact p l ate  

Figure 2  – Example of room  temperature impact test  
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Key 

1  50, 8  mm  d iameter hammer wi th  mass  of  
1 , 8  kg  

5  trace  heater sample  

2  smooth ly rounded  edges  (~5  mm  round ing)  6  heigh t  of fa l l  of hammer:  0 , 76  m  or 0 , 42  m  

3  gu ide  tube  7  base  wi th  m in imum  20  kg  mass  

4  su ffi cien t  cl earance  to  a l l ow for free-fal l   

Figure 3  – Example of min imum temperature impact test  
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5. 1 .6  Deformation  test  

A sample  approximatel y 450  mm  in  l eng th  i s  p l aced  on  a  ri g i d  fl at steel  p late.  A crush ing  force  
of 1  500  N  is  then  appl ied  for 30  s,  wi thout shock,  by means  of a  6  mm  d iameter steel  rod  wi th  
hem ispherical  ends  and  a  total  l ength  of 25  mm.  For the  test,  the  rod  is  l a id  flat on  the  sample  
at  a  righ t ang le.  I n  the  case  of a  pad ,  the  cyl i nder shal l  rest across  the  acti ve  e lement.  

For e lectrica l  trace  heaters  i n tended  for use  i n  appl ications  wi th  l ow risk of mechan ical  
damage,  the  crush ing  force  may be  reduced  to  800  N .  Trace  heaters  submitted  to  such  a  test  
sha l l  be  clearl y marked  as  speci fied  i n  7. 4  e)  to  cau tion  the  user concern ing  i ts  reduced  
mechan ical  capabi l i ty.  

After the  deformation  l oad  i s  appl i ed  for at l east 30  s ,  conform ity is  veri fied  by testing  the  
e lectrical  i nsu lation  i n  accordance wi th  5. 1 . 2  and  5. 1 . 3  wh i l e  the  horizon tal  steel  rod  i s  sti l l  i n  
p lace  on  the  sample  and  the  l oad  appl ied .  

5. 1 .7  Cold  bend  test  

This  test appl i es  on l y to  trace  heaters  that have  a  s tated  m in imum  bend  rad ius  of l ess  than  
300  mm.  

The  system  documentation  shal l  s tate  the  m in imum  instal lation  temperature  and  the  m in imum  
bend ing  rad ius.  

The  apparatus  used  for the  cold  bend  test  i s  shown  i n  F igure  4,  wi th  the  rad ius  of the  metal  
mandrel  equal  to  the  manufacturer's  s tated  m in imum  bend  rad ius.  A sample  at l east 450  mm  
in  l ength  of trace  heater,  wi thout in tegral  term inations  or connections,  shal l  be  fixed  in  the  
apparatus  as  shown .  The  apparatus  and  sample  shal l  be  p laced  in  a  refri gerated  compartment 
and  main tained  at the  manufacturer’s  speci fied  m in imum  insta l l ation  temperature  for a  period  
of not l ess  than  4  h .  At the  end  of th is  period  and  wh i le  sti l l  a t  the  manufacturer’s  speci fi ed  
m in imum  insta l l ation  temperature,  the  sample  shal l  be  bent  through  at l east 90º  around  one  of 
the  mandrels,  then  ben t  th rough  at least 1 80º i n  the  opposi te  d i rection  over the  second  
mandrel  and  then  straightened  to  i ts  ori g i na l  posi ti on .  Al l  the  bend ing  operations  shal l  be  
carried  ou t in  the  same plane.  Th is  cycle  of operations  shal l  be  performed  three  times.  

Conform ity i s  veri fi ed  by testing  the  e l ectrical  i nsu lation  i n  accordance  wi th  5. 1 . 2  and  5. 1 . 3 .  
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4 4  
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d 

 

Key 

1  trace  heater sample  

2  steel  base  

3  metal  mandrel  

4  manufacturer's  s tated  m in imum  bend  rad ius  

d =  trace  heater d i ameter or primary bend i ng  p l ane  

Figure 4  – Cold  bend  test  

5. 1 .8  Water resistance  test  

A sample  as  described  i n  5. 1 . 1 ,  exclud ing  in tegral  components  shal l  be  immersed  i n  tap  water 
for a  period  of 1 4  days.  Trace  heater ends  are  not immersed .   

With in  1  h  after cond i tion ing  as  above,  and  wh i l e  sti l l  immersed  i n  the  water,  the  sample  shal l  
be  subjected  to  the  d ie lectric  test ou tl i ned  i n  5. 1 . 2  and  the  i nsu lation  res istance  test ou tl i ned  
i n  5. 1 . 3 .  

5.1 .9  In tegral  components  resistance  to  water test  

A sample  of the  trace  heater wi th  a l l  i n tegral  componen ts  shal l  be  p laced  i n  a  tap  water fl ow 
and  d rain  apparatus  as  shown  i n  F igure  5.  For trace  heater pads  or panels,  a  un i t  wi th  cold  
l eads  shal l  be  used .  Water flow shal l  be  i n i tiated  and  the  sample  shal l  be  completel y 
immersed .  At that poin t,  the  water fl ow is  s topped  and  the  trace  heater i s  energ ized .  The  
apparatus  is  then  d rained .  The  tota l  time  from  the  i n i ti ation  of water fl ow to  the  completion  of 
d rain ing  shal l  be  no  greater than  4 , 5  m in  and  no  l ess  than  2 , 5  m in .  The  trace  heater shal l  
con tinue  to  be  energ ized  for at  l east  30  s  after the  water has  been  d rained .  The  trace  heater 
i s  then  de-energ ized  and  water flow is  i n i ti ated  for the  next cycle.  The  test shal l  be  conti nued  
for a  period  of 24  h .  After completion ,  the  sample  shal l  be  subjected  to  the  d ie lectric  test  
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ou tl ined  i n  5 . 1 . 2   and  the  i nsu lation  res istance  test ou tl i ned  i n  5. 1 . 3 .  The  immersed  
connections  of the  trace  heater shal l  be  i nspected  to  veri fy no  evidence of water i ngress.  

 

To heaters 

Surface mounted power 
connection assembly 

Two conductor power 
connection assembly 

Single conductor power 
connection  assembly 

Drain  

Trace heater cable 

Solenoid 
valve 

Electric 
supply 
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D 
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B 

B 

B 

A 

Water 
inlet 

A 

A 

Cold  lead  (typical) 
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Key 

A i n teg ral  power connection  

B  i n teg ral  spl i ce  connection  

C  i n teg ral  i n - l i ne  tee  

D  i n teg ral  end  term ination  

Figure 5  – In tegral  components  resistance to  water test  

5. 1 . 1 0  Veri fication  of rated  output  

The rated  ou tpu t of the  trace  heater or heating  panel  or pad  shal l  be  veri fied  by one  of the  
fol lowing  two  methods:  

a)  res istance:  the  measured  d . c.  res istance  per un i t  l eng th  at a  speci fied  temperature  shal l  
be  wi th in  the  manufacturer’s  declared  to lerance;  

NOTE  Th is  method  i s  appropriate  for products  wi th  metal l i c  heati ng  e l ements.  

b)  thermal :  the  thermal  ou tput of trace  heaters  i s  measured  by instal l ation  of a  s i ng le  sample,  
3  m  to  6  m  in  l ength ,  on  a  carbon  steel  p ipe  of 50  mm  d iameter or greater,  as  shown  i n  
F igure  6 .  The  sample  i s  i nsta l l ed  i n  accordance wi th  the  manufacturer’s  i nstructions.  The  
test apparatus  i s  completel y covered  wi th  thermal  i nsu lation  of at l east 25  mm  th ickness.  

For trace  heater pads  and  panels ,  the  test i s  conducted  on  a  l i qu id -cooled  flat metal  p l ate  
wi th  at l east 25  mm  of thermal  i nsu lation  instal led  over the  surface  of the  trace  heater pad  
or panel .  

A su i table  heat  transfer l i qu id  i s  ci rcu lated  through  the  p ipe  at  a  sufficient  rate  to  establ ish  
turbu lent flow such  that there  is  a  neg l ig ib le  temperature  d i fference between  the  flu id  and  
the  p ipe.  The  heat transfer fl u i d  i s  main tained  at a  constant temperature.  These 
parameters  are  veri fied  by thermocouples  p laced  at the  en try and  exi t ends  of the  p ipe.  
F low veloci ty shal l  be  such  that the  fl u id  temperature  does  not d i ffer by more  than  2  K 
from  end  to  end .  
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The  thermal  ou tpu t of the  trace  heater i s  measured  at th ree  workpiece  temperatures  
representati ve  of the  fu l l  operati ng  range.  The  trace  heater i s  powered  at i ts  rated  vol tage  
and  a l l owed  to  atta in  equ i l i brium .  The  vol tage,  curren t and  l i qu id  temperatures,  and  
sample  length  are  recorded  at each  test temperature.  Three  separate  determ inations  are 
made on  separate  samples.  The  resu l ting  values  shal l  be  wi th in  the  manufacturer’s  
declared  to lerance.  

 

Key 

1  con trol l ed  vol tage  source  

2  see  deta i l  A 

3  trace  heater sample  

4  50  mm  ou ts ide  d iameter or g reater 
test  p ipe  (workpiece)  

5  TDU  – temperatu re  d i splay un i t  

6  thermocouples  

7  fi breg lass  i nsu l ation ,  25  mm  m in imum  
th ickness  and  a  densi ty of approximatel y 
3 , 25  kg  per cubic  metre  

8  e l ectri cal  term inal s  

9  temperatu re  con trol l er 

 

1 0  temperature  sensor 

1 1  i n - l i ne  heater 

1 2  heat  exchanger 

1 3  ch i l l i ng  u n i t  

1 4  fl ow meter 

1 5  pump  

Figure 6  – Verification  of rated  output  
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5. 1 . 1 1  Thermal  stabi l i ty of electrical  insu lating  material  

A sample  of the  trace  heater shal l  be  p laced  i n  a  forced-ci rcu lation  a i r oven .  The  oven  shal l  
be  heated  to ,  and  maintained  for a  period  of four weeks  at  a  temperature  of 20  K above  the  
maximum  wi thstand  temperature  declared  by the  manufacturer.  

The  sample  shal l  be  removed  from  the  a i r oven  and  cooled  to  room  temperature.  Trace  heater 
samples  shal l  be  wound  s ix cl ose  turns  around  a  mandrel  having  a  rad ius  equal  to  s ix  t imes  
the  d iameter or s ix times  the  th ickness  of the  trace  heater.  I n tegra l  components  and  trace  
heater panels  shal l  not be  wound  around  the  mandrel .  Trace  heater pads  shal l  be  wrapped  on  
a  mandrel  wi th  a  rad ius  equ ivalent to  the  manufacturer’s  m in imum  recommended  bend ing  
rad ius.  Wh i l e  s ti l l  on  the  mandrel ,  the  sample,  except at term inations  or ends  where  the  
conductor i s  exposed ,  shal l  be  submerged  i n  tap  water for at l east 5  m in .  Wh i le  sti l l  i n  the  tap  
water,  the  d ie lectric test  5. 1 . 2  and  the  i nsu lation  res istance  test 5. 1 . 3  sha l l  be  conducted .  
Upon  completion  of these  procedures,  the  sample  shal l  be  removed  from  the  water and  shal l  
have  no  vis ib le  cracks  when  exam ined  wi th  normal  vis ion .  

Term inations  that  i nsure  the  vapour tigh tness  of M I  trace  heaters  wi th  e lectrical  insu lation  that 
i s  a  h ygroscopic materia l  (for example  the  cold  end  seals)  are  subj ected  to  a  temperature  of 

(80  ± 2)  °C  for 4  weeks  at not l ess  than  90  %  R.H .  Compl iance  of the  sample  or prototype  
shal l  be  veri fi ed  by testi ng  the  e lectrical  i nsu lation  i n  accordance  wi th  5. 1 . 2  and  5. 1 . 3 .  

5. 1 . 1 2  Thermal  performance test  

I n  explosive  atmospheres,  i t  i s  cri tical  that the  maximum  sheath  temperatu re  of a  trace  heater 
i s  lower than  the  i gn i ti on  temperature  of the  explosive  atmosphere.  Th is  test demonstrates  the  
thermal  safety by veri fying  the  power outpu t s tabi l i ty for a l l  paral le l  trace  heater products  wi th  
respect to  time.  

The  test apparatus  shal l  cons ist of a  heated  meta l  p l aten  main tained  at the  speci fied  h i gh  test 
temperature  and  a  cooled  metal  p laten  main tained  at the  speci fied  l ow test temperature  wi th  
the  test samples  being  a l ternated  between  the  p latens ,  or the  test sha l l  cons ist of a  meta l  
p laten  wi th  bu i l t  i n  heati ng  and  cool ing  capabi l i ty to  change the  temperature  wi th in  the  
speci fied  l evels .  The  apparatus  i s  i n tended  to  be  l ocated  i n  a  room  temperature  envi ronment.  
The  p laten(s)  shal l  be  s i zed  to  expose  a l l  parts  of the  trace  heater samples,  wh ich  wou ld  be  
exposed  under normal  i nsta l lation  cond i tions,  to  the  temperature  levels  requ i red  by th is  
procedure.  The  test apparatus  shal l  i nsure  that the  trace  heater samples  are  i n  i n timate  
con tact wi th  the  p laten .  The  test apparatus  may be  suppl ied  wi th  a  sample  mounting  fixture.  
Offsets  may be  bu i l t  i n to  the  fixture  or p l aten (s)  to  accommodate  end  term ination /power 
trans i tion  fi tti ngs/boots,  i f provided ,  where  the ir s i ze  profi l e  exceeds  the  trace  heater profi l e.  
The  apparatus  shal l  a l l ow energ izing  of the  trace  heater samples  as  requ i red  during  the  test 
procedure.  

The  samples  shal l  be  thermal l y insu lated  on  the  s ide  not facing  the  p laten  so  as  to  assure  
effecti ve  heat transfer from  the  p laten  to  the  trace  heater samples.  

The  temperature  of the  p laten(s)  shal l  be  un i form ly con trol l ed  to  a  maximum  tolerance of 

±  5  °C  for pl aten  temperatures  l ess  than  1 00  °C or 5  %  of the  maximum  con tinuous  operating  
temperature  i f above  1 00  °C.  

The  p laten  described  above may be  a  fl at metal  p late,  a  metal  p ipe,  or a  metal  surface  typica l  
of the  majori ty of appl ications  for the  trace  heater being  tested .  

The  trace  heater samples  shal l  be  wi th in  the  upper ha l f of the  manufacturer’s  declared  
thermal  ou tput to lerance,  as  va l idated  by clause  5. 1 . 1 0  (method  B).  For trace  heaters  that are  
i rregu lar i n  shape,  and  for trace  heater pads  and  panels ,  the  sample  shal l  cons ist of at  l east  
one  heating  un i t.  
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I f the  trace  heaters  are  part of a  trace  heater product range,  wi th  common  materia ls  (wi th  
materia ls  having  the  same performance rati ngs)  and  construction ,  wh ich  have  d i fferen t l evels  
of rated  vol tages  and  power ou tpu ts,  then  three  samples  of each  of the  fol l owing  shal l  be  
selected  (for a  tota l  of s ix  samples) :  

1 )  the  l owest rated  vol tage  l evel  and  the  maximum  rated  power output;  

2)  the  h i ghest  rated  vol tage  and  the  m in imum  rated  power output.  

Trace  heater samples  may be  cond i tioned ,  at the  maximum  rated  vol tage  for up  to  1 50  h  at  
the  manufacturer’s  declared  maximum  continuous  operati ng  temperature  prior to  starting  the  
test.  

The  trace  heater samples,  having  a  m in imum  length  of at  l east  0 , 3  m ,  shal l  be  i nstal l ed  on  the  
sample  mounting  fixture  or d i rectl y appl ied  to  the  p laten .  The  samples  shal l  be  powered  at the  

maximum  rated  vol tage.  The  temperature  of the  p laten  shal l  be  (23  ±  5)  °C.  The  in i ti a l  power 
ou tpu t of the  samples  shal l  be  determ ined  by measuring  vol tage  and  curren t after the  fixture  
has  reached  equ i l i bri um .   

The  trace  heater samples  of con tinuous  paral l e l  construction ,  wh i le  sti l l  i nsta l l ed  on  the  
sample  mounting  fixture  or p laten  and  energ ized  at the  maximum  rated  vol tage,  shal l  be  
temperature  cycled  by a l ternatel y exposing  the  samples  to  p laten(s)  temperatures  

correspond ing  to  (23  ±  5)  °C and  the  maximum  continuous  operati ng  temperature.  The  
samples  may be  de-energ ized  during  the  cool  down  period .  

The  trace  heater samples  of zone  type  paral l e l  construction  shal l  be  temperature  cycled  i n  the  
same manner wi th  the  exception  that the  samples  shal l  be  de-energ ized  when  not being  held  
at  the  maximum  con tinuous  operati ng  temperature.  

I f the  cycle  temperature  range  exceeds  350  °C,  the  l ower temperatu re  may be  set at 350  °C 
below the  maximum  continuous  operati ng  temperature.  

The  energ ized  samples  shal l  be  exposed  to  each  of these  temperature  extremes  for a  
m in imum  of 1 5  m inutes  and  a  trans i tion  time between  extremes  shal l  not  exceed  1 5  m inu tes  
wi th  a  cycle  being  one  complete  exposure  at both  temperature  extremes.  

The  trace  heater samples  shal l  be  subj ected  to  a  pre-cond i tion ing  period  of 5  con tinuous  
temperature  cycles .  A m in imum  of 1  500  cycles  shal l  then  be  performed .  The  trace  heater 
samples'  power output  sha l l  be  conti nuous l y mon i tored ,  wi th  measurements  recorded  during  
the  final  300  seconds  of the  cold  cycle ,  at  in tervals  not exceed ing  50  thermal  cycles .  I n  the  
case  of samples  having  a  zone  type  paral le l  construction ,  the  power outpu t sha l l  be  measured  
during  the  fi nal  300  seconds  of the  hot cycle.  

Fol lowing  the  temperatu re  cycl i ng ,  the  temperature  of the  p laten(s)  shal l  be  raised  to  the  
maximum  con tinuous  exposure  temperature  or the  maximum  in term i tten t temperature  i f 
h igher,  declared  by the  manufacturer,  and  held  for a  period  of no  l ess  than  250  h .  

Where  the  maximum  in term i tten t exposure  temperature  i s  declared  as  “energ ized” ,  the  
samples  shal l  be  energ ized  at  the  maximum  rated  vol tage.  

After completion  of the  maximum  exposure  testing ,  the  trace  heater samples'  power ou tput  
sha l l  be  measured ,  us ing  the  same method  and  p laten  temperatu re  as  used  during  the  i n i ti a l  
measurements .  The  trace  heater samples  shal l  main ta in  a  power level  wi th in  p l us  25  %  or 
m inus  25  %  of the  i n i ti a l  measured  output.  Th is  appl ies  at the  end  poin t as  wel l  as  the  
i n termed iate  measurements .  
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5. 1 . 1 3  Determination  of maximum sheath  temperature  

5. 1 . 1 3. 1  General  

I n  explosive  atmospheres,  i t  i s  cri tical  that the  maximum  sheath  temperature  for trace  heaters  
is  less  than  the  i gn i tion  temperature  of the  explos ive  atmosphere.  The  maximum  sheath  
temperature  i s  dependen t on  the  trace  heater power dens i ty,  overa l l  heat transfer coefficien t,  
and  the  maximum  possib le  temperature  of the  surface  to  be  heated .  These  factors  are  used  to  
veri fy the  temperature  class i fication  of particu lar trace  heaters  and  to  veri fy the  
manufacturer’s  abi l i ty to  pred ict  the  maximum  sheath  temperatures  of trace  heaters.  

At l east one  of the  fol lowing  two methods  shal l  be  used  for veri fying  a  trace  heater’s  sheath  
temperature  or temperature  class  as  declared  by the  manufactu rer:  

a)  Product class i fication  approach  in  wh ich  the  maximum  sheath  temperatu re  is  determ ined  
i n  an  arti ficia l  environment s imu lating  adverse  cond i tions.   

b)  Systems  method  i n  wh ich  the  manufacturer demonstrates  the  abi l i ty to  design  and  pred ict  
sheath  temperatures  of trace  heaters  by conducting  tests  on  representative  i nstal lations  
representing  adverse  design  and  operating  cond i ti ons  when  instal led  accord ing  to  the  
manufacturers  i nstal l ation  i nstructions.  

5.1 . 1 3.2  Product  classification  approach  

A sample  of the  trace  heater at  least 1  500  mm  in  l ength  is  p l aced  l oosely coi led  i n  a  forced  
a i r ci rcu lation  oven .  For a  trace  heater pad  or panel ,  a  represen tative  sample  i s  p laced  
horizon tal l y i n  the  oven .  The  sample  shal l  be  wi th in  the  upper hal f of th e  trace  heater’s  
thermal  ou tpu t to lerance.  Representati ve  thermocouples  are  used  to  mon i tor sample  sheath  
temperatures  and  are  p laced  approximatel y 500  mm  from  each  end .  One  add i tional  
thermocouple  is  used  to  mon i tor oven  ambien t temperature.  The  trace  heater shal l  be  
powered  at 1 1 0%  of rated  vol tage  as  speci fi ed  i n  Table  2 ,  Table  3 ,  Table  D. 2,  and  Table  D . 3.  
The  oven  ambien t temperature  i s  i ncremental l y ra ised  from  room  ambient i n  approximatel y 
1 5  K i ncrements.  Sufficien t time i s  perm i tted  at each  temperature  for the  oven  ambient and  
heater sheath  temperatures  to  stabi l i ze  and  atta in  thermal  equ i l i brium .  Oven  ambient and  

heater sheath  temperatures  are  recorded  at each  successive  l evel  un ti l  the  d i fference (∆T)  
between  the  two approaches  5  K or l ess .  A curve  i s  d rawn  from  the  test data,  and  a  stra ight 
l i ne  i s  d rawn  tangent to  the  curve  at 5  K temperature  d i fference poin t and  extended  to  the  X 
axis  (oven  temperature) .  The  temperature  read  at th is  i n tercept i s  taken  as  the  maximum  
sheath  temperature,  as  shown  i n  F igure  7 .  
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Figure 7  – Maximum  sheath  temperature using  product classification  approach  

5. 1 . 1 3.3  Systems  approach  – stabi l ized  and  control led  design  verification  

I n  the  systems approach,  the  trace  heater i s  subjected  to  test  cond i ti ons  where  the  
manufacturer shal l  demonstrate  the  ab i l i ty to  pred ict maximum  sheath  temperatures  by 
conducting  tests  on  appl ication  represen tati ve  test apparatus  as  described  in  5 . 1 . 1 3 . 4. 2  to  
5. 1 . 1 3. 4. 5  and  compare  the  sheath  temperature  resu l ts  to  pred icted  values.  

Th is  approach  i s  used  for both  stabi l i zed  des ign  as  wel l  as  con trol led  design  temperature  
veri fications.  Sheath  temperatures  are  val i dated  by sampl i ng  varied  parameters,  such  as  
power dens i ti es  and  pipe  temperatures,  as  agreed  between  the  certi fication  body and  
manufacturer.  For control led  design  temperature  veri fication ,  these  procedures  are  used  to  
va l i date  a  manufacturer’s  pred icted  maximum  trace  heater sheath  temperatures  when  
con trol l ed  by a  su i table  combination  temperature- l im i ting  and  regu lati ng  control  device  or by a  
su i table  h igh  temperature  l im i ter device  (see  4. 5 . 3. 2,  C. 7. 2 ,  and  C. 7. 4) .  The  maximum  sheath  
temperature  of the  trace  heater shal l  not exceed  the  pred icted  values  by more  than  1 0  K,  and  
the  temperature  shal l  not  be  greater than  the  manufacturer’s  maximum  declared  wi thstand  
temperature.  

The  trace  heater shal l  be  powered  at 1 1 0%  of rated  vol tage  as  speci fi ed  i n  Table  2 ,  Table  3 ,  
Table  D. 2,  and  Table  D. 3 .  The  trace  heater sample  selected  for maximum  sheath  temperature  
testing  shal l  be  in  the  upper hal f of the  manufacturer’s  declared  power ou tpu t tolerance  
window of the  trace  heater or,  for series  trace  heaters  or for paral le l  zoned  trace  heaters ,  test 
cond i ti ons  shal l  be  such  as  to  ach ieve  s im i l ar resu l ts .  Al l  maximum  sheath  temperature  
testing  shal l  be  done  at  the  maximum  ambient temperature  (or extended  from  ambient test  
temperature  data  to  maximum  ambient temperature  l evels)  and  i n  no  wind  cond i ti ons.  Al l  
temperature  testing  shal l  be  done  under conti nuous l y energ ized  trace  heater operation  
(con trols  bypassed)  for stabi l i zed  system  des ign  veri fications.  For con trol led  designs,  
temperature  testing  shal l  be  done  wi th  the  control  or l im i ter system  is  i n  p lace.  Control l ed  
des igns  include  systems where  a  combination  temperature- l im i ting  and  regu lating  device  or a  
su i table  h igh-temperature- l im i ter (having  e i ther manual  reset control  action  or a larm  
annunciation  and  trace  heater shu tdown  capabi l i ty) ,  i s  i ncluded  i n  each  trace  heater ci rcu i t.  I n  
these  cases,  the  maximum  sheath  temperature  shal l  be  measured  when  the  heated  surface  is  
at  the  control l er turnoff poin t p lus  accuracy to lerance of the  con trol l er and  ad j usted  for system  
thermal  i nertia .  
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I f the  trace  heaters  are  rated  for mu l tip le  power ou tpu ts,  testing  shal l  be  performed  at three  
power outputs ,  or at three  other varied  parameters,  such  as  i nsu lation  type  or th ickness,  i f 
appl icable,  to  the  satisfaction  of the  certi fication  body.  

5.1 . 1 3.4  Test apparatus  and  procedure  

5. 1 . 1 3.4. 1  General  

One of the  fol lowing  test  apparatus  shal l  be  used  for establ ish ing  power output  and  veri fying  
sheath  temperatures  for trace  heaters.  

5.1 . 1 3.4.2  Insu lated  external ly heated  surfaces  – pipe scu lpture  

For insu lated  trace  heaters  on  pip ing ,  the  test apparatus  as  shown  i n  F igure  8  sha l l  cons ist of 
two 3  m  (m in imum  leng th )  hori zon tal  runs  of p ip ing  i n  a  U  arrangement and  a  1 , 5  m  (m in imum  
length)  vertica l  run  of p ip ing  having  a  p ipe  s i ze  of 1 00  mm  ( larger or smal ler pipes  may be  
used  depend ing  on  the  appl ication) .  The  pipe  shal l  be  empty.  A fl anged  gate  valve  shal l  be  
l ocated  i n  the  center portion  of one  of the  horizonta l  runs.  The  trace  heater shal l  be  i nsta l led  
i n  a  manner cons istent wi th  the  manufacturer’s  i nsta l l ation  i nstructions  ( i nclud ing  cross ing  
over i tsel f i f speci fi ed)  and  be  between  the  9  o ’clock and  3  o ’clock postions  of the  p ipe  
ci rcumference (upper portion  of the  pipe) .  The  sample(s)  shal l  be  suppl ied  to  cover the  
complete  l eng th  of the  test apparatus  as  i n  F i gure  8  and  shal l  be  wi th in  the  upper ha l f of the  
trace  heater's  thermal  ou tput to lerance or,  for series  trace  heaters  or for paral le l  zoned  trace  
heaters ,  test cond i ti ons  shal l  be  cons idered  to  ach ieve  s im i l ar resu l ts .  Thermocouples  shal l  
be  used  to  mon i tor the  p ipe,  va lve,  and  fl ange  su rface  temperatures  and  correspond ing  heater 
sheath  temperatures  at each  of these  locations. (see  F igure  8)  The  thermocouples  and  the  
connection  cables  shal l  be  selected  and  arranged  such  that they do  not s ign i fican tl y affect the  
thermal  behavior of the  temperature  measurements,  such  as  0 , 2  mm

2
 or smal l er s i ze  Type  K 

or Type J  thermocouples.  Thermocouples  for meta l l ic  sheaths  and  heated  meta l l ic surfaces  
shal l  be  su i tabl y attached  to  m in im ize  measurement error.  For other electrica l l y conductive  
coverings,  pol ymeric sheaths,  and  non-metal l ic  heated  surfaces ,  thermocouples  shal l  be  
attached  wi th  a  su i table  adhesive/tape  system .  Add i tional  thermocouples  may be  located  at  
other anticipated  hot spots  at the  d iscretion  of the  certi fication  body.  The  p ip ing  system  shal l  
be  i nsu lated  wi th  a  m in imum  of 25  mm  of un i form  th ickness  and  type  of thermal  i nsu lation ,  for 
example  calcium  s i l i cate  or expanded  perl i te.  P ipe  ends  shal l  be  p l ugged  and  thermal l y 
i nsu lated .  An  add i tional  trace  heater length  may be  added  to  the  test section  on  e i ther end  to  
m in im ize  end  effects .  

The  trace  heater device  shal l  be  powered  at 1 1 0%  of rated  vol tage accord ing  to  Table  2 ,  
Table  3,  Table  D. 2,  and  Table  D . 3.  After stabi l i zation ,  the  thermocouple  read ings  shal l  be  
recorded ,  i nclud ing  the  l ocal  ambient temperature.  The  manufacturer shal l  demonstrate  the  
abi l i ty to  pred ict the  runaway p ipe  (workpiece)  temperature  (Tpr)  and  the  maximum  sheath  
temperature.  

When  using  the  con trol l ed  des ign  approach ,  the  con trol  sensor shal l  be  i nsta l l ed  accord ing  to  
the  manufacturer’s  i nstructions  at or near the  m idpoin t of the  p ipe.  The  pred icted  maximum  
sheath  temperatures  based  on  the  set poin t  of the  temperature  con trol  device  or l im i ter shal l  
be  compared  to  the  measured  maximum  trace  heater sheath  temperatures.   

For veri fying  the  control  des ign  method  wi th  a  combination  temperature- l im i ti ng  and  regu lating  
device  or a  su i table  h igh-temperature- l im i ter,  the  h igh  temperature  con trol  device  or l im i ter 
sensor shal l  be  i nsta l led  accord ing  to  the  manufacturer’s  instructions.  The  pred icted  maximum  
sheath  temperature,  for a  speci fic set poin t of the  temperature  control  device  or l im i ter shal l  
be  compared  to  the  measured  sheath  temperatures.   

The  measured  trace  heater sheath  temperatures  shal l  not  exceed  the  manufacturer’s  
calcu lated  value  by more  than  1 0  K and  shal l  not exceed  the  manufacturer’s  declared  
maximum  wi thstand  temperature .  
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A Pipe  and  heater sheath  thermocouples  H  F lange  and  heater sheath  thermocouples  

B  P ipe  and  heater sheath  thermocouples  I  
Valve  body and  heater sheath  
thermocouples  

C  F lange  and  heater sheath  thermocouples  J  I solated  support  (typical  of 2 )  

D  P ipe  and  heater sheath  thermocouples  K P ipe  and  heater sheath  thermocouples   

E  F l ange  and  heater sheath  thermocouples  L  P ipe  and  heater sheath  thermocouples   

F  I solated  support  (typical  of 2 )  M  P ipe  and  heater sheath  thermocouples  

G  P ipe  and  heater sheath  thermocouples  N  Trace  heater power connection  

  O  Trace  heater end  term ination  

Figure  8  – Verification  of sheath  temperatures  using  pipe  scu lpture  

5. 1 . 1 3.4.3  Insu lated  external ly heated  surfaces  – vessels  

For trace  heater pads  and  panels,  a  representati ve  sample  shal l  be  appl i ed  to  an  
approximatel y 6  mm  th ick steel  p late  i n  accordance  wi th  the  manufacturer’s  i nsta l lation  
i nstructions.  The  s teel  p l ate  shal l  not  extend  more  than  50  mm  from  any edge  of the  trace  
heater pad  or panel .  Thermocouples  shal l  be  used  to  mon i tor the  p late  temperatures  and  the  
correspond ing  trace  heater pad  or panel  sheath  temperature  at l ocations  in  the  cen termost 
reg ion  or hottest spot of the  trace  heater pad  or panel .  The  trace  heater pad  or panel  sample  
shal l  be  wi th in  the  upper hal f of i ts  thermal  ou tpu t to lerance or test cond i ti ons  shal l  be  
considered  to  ach ieve  s im i lar resu l ts.  The  thermocouples  and  the  connection  cables  shal l  be  
se lected  and  arranged  so  they do  not s ign i fi can tl y affect the  thermal  behavior of the  
temperature  measurements,  such  as  0, 2  mm2  or smal l er s i ze  Type  K or Type  J  
thermocouples.  Thermocouples  for meta l l ic  sheaths  and  heated  meta l l ic  surfaces  shal l  be  
su i tabl y attached  to  m in im ize  measurement error.  For other e lectrical l y conductive  coverings,  
pol ymeric sheaths,  and  non-metal l ic  heated  surfaces  the  thermocouples  shou ld  be  attached  
wi th  su i table  adhesive/tape  system .  Add i ti onal  thermocouples  may be  located  at other 
an ticipated  hot spots  at the  d iscretion  of the  certi fication  body.  The  heated  s ide  of the  p late  
shal l  be  insu lated  wi th  a  un i form  th ickness  of thermal  i nsu lation  i n  accordance wi th  the  
manufacturer’s  i nstal l ation  procedures.  The  p late  mounted  in  a  vertica l  pos i ti on  is  then  
l ocated  in  a  stable  room  temperature  and  no  wind  environment.  The  trace  heater pad  or panel  
sha l l  be  powered  at 1 1 0  %  of rated  vol tage  accord ing  to  Table  2 ,  Table  3 ,  Table  D. 2,  and  
Table  D . 3.  After stabi l i zation ,  the  thermocouple  read ings  shal l  be  recorded ,  i ncl ud ing  the  local  
ambien t temperature.  The  measured  heater sheath  temperatures  shal l  not exceed  the  
manufacturer’s  calcu lated  value  by more  than  1 0  K and  shal l  not exceed  the  manufacturer’s  
declared  maximum  wi thstand  temperature.   
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When  using  the  con trol led  des ign  approach,  the  con trol  sensor shal l  be  i nsta l l ed  accord ing  to  
the  manufacturer’s  i nstructions  at  a  m in imum  d istance  of 25  mm  from  the  trace  heater pad  or 
panel .  The  pred icted  maximum  sheath  temperatu res  for a  speci fic  set poin t of the  su i table  
combination  temperature-l im i ting  and  regu lating  con trol  device  or su i table  h i gh  temperature  
l im i ter shal l  be  compared  to  the  measured  maximum  heating  device  sheath  temperatures.  The  
measured  sheath  temperatures  shal l  not exceed  the  manufacturer’s  calcu lated  va lue  by more  
than  1 0  K and  shal l  not  exceed  the  manufacturer’s  declared  maximum  wi thstand  temperature.  

5. 1 . 1 3.4.4  Insu lated  external ly heated  surfaces  – tubing  bundles  

For tubing  bund les,  the  test apparatus  shal l  consist of 4 , 5  m  of traced  tub ing  bund le.  The  
quanti ty of tubes  and  thei r d iameters  i n  the  bund les  shal l  be  agreed  by the  manufacturer and  
the  certi fication  body.  Thermocouples  shal l  be  used  to  mon i tor the  tubes  and  correspond ing  
heater sheath  temperatures  at l ocations  in  the  m idpoin t  reg ion  of the  bund le.  The  
thermocouples  and  the  connection  cables  shal l  be  selected  and  so  arranged  so  they do  not 
s ign i ficantl y affect the  thermal  behavior of the  temperature  measurements,  such  as  0, 2  mm

2
 

or smal ler s i ze  Type K or Type  J  thermocouples.  Thermocouples  for metal l ic  sheath  and  
heated  metal l ic  surfaces  shal l  be  su i tabl y attached  to  m in im ize  measurement error.  
Thermocouples  shal l  be  attached  wi th  su i table  adhes ive/tape  systems when  insta l l ed  on  other 
e lectrical l y conductive  coverings,  pol ymeric  sheaths  and  non -metal l i c  heated  surfaces.  
Add i ti onal  thermocouples  may be  located  at other an ticipated  hot spots  at the  d iscretion  of the  
certi fication  body.  

The  heating  device  shal l  be  powered  1 1 0  %  of rated  vol tage  accord ing  to  Table  2 ,  Table  3,  
Table  D . 2 ,  and  Table  D. 3.  System  temperatures  shal l  be  al l owed  to  stabi l i ze  and  
thermocouple  read ings  recorded .  When  us ing  the  control led  design  method ,  the  temperature  
sensor shal l  be  i nsta l l ed  accord ing  to  the  manufacturer’s  i nstructions  at or near the  m idpoin t  
of the  bund le .  The  pred icted  maximum  sheath  temperatures  based  on  the  set poin t of the  
combination  temperature-l im i ting  and  regu lati ng  device  or a  su i table  h igh -temperature-l im i ter 
sha l l  be  compared  to  the  measured  maximum  trace  heater sheath  temperatures.  

The  measured  trace  heater sheath  temperatu res  shal l  not  exceed  the  manufacturer’s  
calcu lated  value  by more  than  1 0  K and  shal l  not exceed  the  manufacturer’s  declared  
maximum  wi thstand  temperature.  

For maximum  temperature  testing ,  the  tubing  wi th in  the  bund le  shal l  be  empty and  the  
maximum  sheath  temperature  shal l  be  recorded .  For power ou tput testi ng ,  the  tub ing  wi th in  
the  bund le  shal l  con tain  fl owing  water or water g l ycol  at the  rated  temperature  va lue  when  the  
power l evel  i s  veri fi ed .  

5.1 . 1 3.4.5  Sheath  temperature veri fication  – u ti l izing  plate  test procedure  

This  procedure  may be  used  in  l ieu  of the  sheath  temperature  veri fication  part  of 5 . 1 . 1 3.4 . 2 .  

The  test apparatus  and  procedures  from  section  5. 1 . 1 3. 4. 2  and  the  des ign  cond i tions  from  
Table  2 ,  Table  3,  Table  D. 2,  and  Table  D. 3  shal l  be  used  to  determ ine  the  maximum  
workpiece  temperature  that i s  to  be  used  as  one  of the  p late  temperatures.  When  us ing  th is  
test method ,  the  manufacturer shal l  have  demonstrated  the  ab i l i ty to  pred ict a  runaway p ipe  
(workpiece)  temperature  (Tpr)  us ing  the  test method  in  C lause  5 . 1 . 1 3. 4. 2 .  

The  test apparatus,  as  shown  i n  F igure  9 ,  sha l l  consist of an  alum inum  plate,  

600  mm  ×  600  mm  ×  50  mm  wi th  cartri dge  heaters,  temperature  control ler,  and  channels  for 

cool i ng .  I n  the  center of the  p late  is  a  trough  (approximatel y 300  mm  ×  50  mm  ×  5  mm)  over 
wh ich  the  trace  heater i s  to  be  p laced .  The  p late  shal l  be  thermal l y i nsu lated  wi th  
approximatel y 75  mm  of calcium  si l i cate  on  the  bottom  and  approximatel y 1 50  mm  wide  
m inera l  wool  on  the  s ides  of the  p late.  The  top  of the  apparatus  i s  i nsu lated  wi th  two  l ayers,  

each  consisting  of three  sections  of approximatel y 900  mm  ×  300  mm  ×  25  mm  calcium  
si l icate  or other su i table  i nsu lation  as  agreed  upon  wi th  the  certi fication  body.  Rig id  insu lation  
shal l  be  annealed  at 300  °C  for 4  hours  to  reduce the  poss ib i l i ty of cracking  during  usage.  The  
ri g i d  i nsu lation  shal l  l i e  d i rectl y on  the  sample  and  be  supported  by two unpowered  trace  
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heaters  of equal  s i ze  to  the  sample  as  shown  i n  F igure  9.  The  ends  and  s i de  gaps  shal l  be  

fi l l ed  wi th  m ineral  wool  or ri g i d  i nsu lation ;  a  900  mm  ×  900  mm  ×  1 3  mm  wood  board  
(approximatel y 1 0  kg)  shal l  be  p laced  on  the  top  to  reduce  poss ib le  gaps.  The  trace  heater 
sample  shal l  be  wi th in  the  upper ha l f of i ts  thermal  ou tput to lerance  or,  for series  trace  
heaters  or for para l l el  zoned  trace  heaters ,  test cond i ti ons  shal l  be  such  as  to  ach ieve  s im i lar 
resu l ts.  The  sample  shal l  have  a  l eng th  of at  l east  600  mm,  so  the  enti re  heated  section  of the  
sample  i s  i n  con tact wi th  the  p late  as  shown  i n  F igure  9.  Al ternatel y i t  may be  appropriate  for 
the  sample  to  be  serpentined  on  the  p late  to  ensure  the  en ti re  heated  section  of the  sample  is  
i n  contact wi th  the  p late  as  shown  in  F igure  1 0.  I n  th is  case  the  two  unpowered  trace  heaters  
supporti ng  the  i nsu lation  are  not necessary.  The  trace  heater sample  shal l  be  fixed  i n  p lace  
wi th  al l owance for trace  heater thermal  expansion .  A s ing le  thermocouple  shal l  be  l ocated  on  
the  top  s i de  of the  trace  heater sheath  i n  the  m idd le  of the  trough  area,  a  temperature  sensor 
shal l  be  l ocated  wi th in  the  300  mm  ×  300  mm  test  area  to  control  p late  temperature  and  th ree  
add i ti onal  thermocouples  shal l  be  l ocated  on  the  p late  as  shown  i n  F igure  9  or F igure  1 0.  The  
thermocouples  and  the  connection  cables  shal l  be  se lected  and  so  arranged  so  they do  not  
s ign i ficantl y affect  the  thermal  behaviou r of the  temperature  measurements,  such  as  0 , 2  mm

2
 

or smal ler s i ze  Type  K or Type  J  thermocouples.  Thermocouples  for metal l ic  sheaths  and  
heated  metal l ic  surfaces  shal l  be  su i tabl y attached  to  m in im ize  measurement error.  For other 
e lectrica l l y conductive  coverings,  pol ymeric sheaths,  and  non-metal l ic heated  surfaces  the  
thermocouples  shou ld  be  attached  wi th  su i table  adhes ive/tape  system .  

For trace  heaters  that are  a l lowed  to  be  crossed  over,  two trace  heaters  shal l  be  i nsta l led  
perpend icu lar to  each  other at a  45°  ang le  to  the  cen ter l i ne  of the  trough  as  shown  i n   
F i gu re  1 1 .  Al ternatel y,  i t  may be  appropriate  for a  s i ng le  sample  to  be  crossed  over i tes l f a t a  
45°  ang le  to  the  centerl ine  of the  trough  to  ensure  the  en ti re  heated  section  is  i n  con tact wi th  
the  p late  as  shown  i n  F igure  1 2 .  I n  th is  case,  the  th ree  thermocouples  are  i nsta l led  on  the  
trace  heater sheath ,  at the  cen ter poin t,  and  at  75  mm  and  1 50  mm  from  the  cen ter.  The  ri g i d  
i nsu lation  shal l  l i e  d i rectl y on  the  top  sample  and  add i ti onal  supports  to  keep the  i nsu lation  
paral l el  to  the  plate.  

The  p late  temperature  shal l  be  set at  the  designated  workpiece  temperature .  The  p late  
temperature  shal l  be  considered  stable  when  the  p late  temperature  con trol ler and  the  three  
p late   thermocouples  are  wi th in  2°C  of each  other.  The  trace  heater shal l  then  be  powered  at  
1 1 0%  of rated  vol tage  as  speci fied  i n  Table  2 ,  Table  3,  Table  D. 2,  and  Table  D . 3.  After 
stabi l i zation ,  when  the  sheath  temperatures  rate  of change  has  become l ess  than  2  K i n  30  
m in ,  the  sheath  temperatures,  the  power outpu t(s) ,  and  the  p late  temperatures  shal l  be  
recorded .  The  power ou tput(s)  recorded  shal l  be  ad justed  to  compensate  for any vol tage  
d rops  associated  wi th  the  cold  l ead  and /or associated  suppl y power wi ri ng .  Veri fication  of 
sheath  temperature  measurements  shal l  be  made at three  p late  temperatures  and  at th ree  
power outpu ts  ( i . e .  9  sets  of measurements),  i f appl icable  to  the  satisfaction  of the  
certi fication  body.  

The  measured  sheath  temperature(s)  shal l  not exceed  the  manufacturer’s  calcu lated  value  by 
more  than  1 0  K and  shal l  not exceed  the  manufacturer’s  declared  maximum  wi thstand  
temperature.  
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Key 

1  300  mm  ×  300  mm  test  area  A Wood  board  

2  Thermocouple  on  bottom  surface  of trough  B  Two l ayers  of ri g i d  i nsu lati on  

3  Plate  tempreature  control  poin t  75  mm  from  cen terl i ne  of trough  C  Test sample  

4  Thermocouple  75  mm  from  centre  of p l ate  D  600  mm  ×  600  mm  plate  

5  Thermocouple  1 50  mm  from  centre  of p l ate  E  75  mm  i nsu lation  bel ow p l ate  

6  Thermocouple  on  test  sample  F  1 50  mm  m ineral  wool  s i des  of p l ate  

  G  Two unpowered  support  sampl es  

Figure 9  – Verification  of sheath  temperature,  plate  test  

 

Key 

1  300  mm  ×  300  mm  test  area  A Wood  board  

2  Thermocouple  on  bottom  surface  of trough  B  Two l ayers  of ri g i d  i nsu l ati on  

3  
Plate  tempreature  con trol  poin t  75  mm  from  centerl i ne  of 
trough  

C  Test  sample  

4  Thermocouple  75  mm  from  centre  of p l ate  D  600  mm  ×  600  mm  plate  

5  Thermocouple  1 50  mm  from  centre  of p l ate  E  75  mm  i nsu lation  bel ow p l ate  

6  Thermocouple  on  test  sample  F  
1 50  mm  m ineral  wool  s i des  of 
p l ate  

Figure  1 0  – Veri fication  of sheath  temperature  – plate  test wi th  serpentined  sample  
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Key 

1  300  mm  ×  300  mm  test  area  A Wood  board  

2  Thermocouple  on  bottom  surface  of trough  B  Two l ayers  of ri g i d  i nsu lati on  

3  
Plate  tempreature  control  poin t  75  mm  from  cen terl i ne  of 
trough  

C1  Test sample  – l ower sample  

4  Thermocouple  75  mm  from  centre  of p l ate  C2  Test sample  – upper  sample  

5  Thermocouple  1 50  mm  from  cen tre  of p l ate  D  600  mm  ×  600  mm  plate  

6  Thermocouple  on  test  sample  E  75  mm  i nsu lation  bel ow p l ate  

  F  1 50  mm  m ineral  wool  s i des  of p l ate  

Figure 1 1  – Plate  test  wi th  two samples  crossed  over 
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Key 

1  300  mm  ×  300  mm  test  area  A Wood  board  

2  Thermocouple  on  bottom  surface  of trough  B  Two l ayers  of ri g i d  i nsu lati on  

3  
Plate  tempreature  con trol  poin t  75  mm  from  centerl i ne  of 
trough  

C  Test sample  crossed  over i tsel f  

4  Thermocouple  75  mm  from  centre  of p l ate  D  600  mm  ×  600  mm  plate  

5  Thermocouple  1 50  mm  from  centre  of p l ate  E  75  mm  i nsu lation  bel ow p l ate  

6  Thermocouple  on  test  sample  F  1 50  mm  m ineral  wool  s i des  of p l ate  

 

Figure 1 2  – Plate  test  wi th  a  s ing le  sample  crossed  over  

5. 1 . 1 4  Verification  of start-up  current  

The  start-up  curren t of the  trace  heater shal l  be  measured  as  a  function  of the  start-up  
temperature,  as  des ignated  by the  manufacturer.  A sample  of trace  heater,  at  least 1  m  in  
l ength ,  sha l l  be  insta l led  in  accordance wi th  the  manufacturer’s  i nstructions  on  a  m in imum  
50  mm  d iameter,  l i qu id -fi l led  s teel  p ipe  or sol i d  rod ,  or for heating  pane ls  or pads  a  fl at metal  
heat s ink.  The  testing  apparatus  shal l  be  complete l y covered  wi th  thermal  i nsu lation  and  
cond i ti oned  at the  des ignated  temperature  for at  l east 4  h .   

NOTE  The  apparatus  descri bed  i n  5 . 1 . 1 0  can  be  used  for th i s  test.  

After the  cond i ti on ing  period ,  rated  vol tage  shal l  be  appl ied  and  the  time/r.m . s.  cu rren t  
characteristic sha l l  be  recorded  from  time zero  to  300  s.  The  s tart-up  curren t recorded  shal l  
be  correlated  to  the  maximum  outpu t to lerance.  The  data  shal l  be  ad j usted  to  reflect the  upper 
l im i t of the  power ou tpu t to lerance  by mu l tip l ying  the  test va lues  by the  ratio  of the  maximum  
ou tpu t to lerance  level  for the  sample  d ivi ded  by the  actual  power outpu t for the  sample .  Th is  
time-curren t characteristi c shal l  not be  more  than  the  value  declared  by the  manufacturer.   

5.1 . 1 5  Verification  of the  electrical  resistance  of electrical ly conductive  covering  

The resistance  of the  e lectrical l y conductive  covering  at l east 3  m  length  of the  trace  heater,  
exclud ing  i n tegra l  components,  shal l  be  measured  at room  temperature.   

For trace  heater pads  and  panels,  a  representati ve  sample  shal l  be  selected .  

The  res istance  shal l  be  equal  to  or l ess  than  the  manufacturer’s  declared  va lue.  
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5.1 . 1 6  Outdoor exposure test  

Only trace  heaters  and  i n tegral  components  speci fi ed  for ou tdoor exposure  are  subject to  th is  
test.  I n  add i ti on ,  trace  heaters  and  i n tegral  componen ts  having  a  con tinuous  metal  sheath  
wi th  no  ou ter j acket shal l  be  exempt from  th is  test.  

A sample  of the  trace  heater,  approximatel y 450  mm  in  l eng th ,  i nclud ing  i n tegra l  components ,  
shal l  be  p laced  i n  a  xenon-arc l i ght-exposure  apparatus  as  described  i n  ASTM  G1 55  or 
ISO  4892-2.  

The  procedure  shal l  be  as  described  i n  ASTM  G1 55/I SO  4582/I SO 4892-1  for a  tota l  period  of 
1  000  h .  The  cycle  rate  shal l  be  set for 1 02  m in  of l igh t and  1 8  m in  of combined  l ight and  
water spray.  At the  end  of th is  t ime,  the  sample  shal l  be  removed  from  the  chamber and  
subj ected  to  the  impact tests  in  5. 1 . 5  and  the  cold  bend  test i n  5. 1 . 7.  I n  add i tion ,  the  
ou termost sheath  shal l  be  subj ected  to  a  d ielectri c vol tage  of 500  Vac,  appl ied  between  the  
conductive  l ayer and  water for 1  m in  wi thout  d ie lectric  breakdown .  

Al ternativel y,  materials  that have  been  independen tl y qual i fi ed  for ou tdoor exposure  accord ing  
to  th is  test procedure  are  acceptable.  

5.2  Routine  tests  

5.2. 1  Dielectric test  

The primary e lectrical  insu lation  j acket of the  trace  heater shal l  wi thstand  a  d ry-spark test  at  a  
m in imum  of 6  000  Vac.  As  an  al ternative  to  the  d ry-spark test,  the  d ie lectric  test  method  in  
5. 1 . 2  shal l  be  conducted  on  production  lengths  or un i ts .  

After the  appl ication  of an  e lectrical l y conductive  covering ,  the  trace  heater shal l  have  the  
d ie lectric  test  method  described  i n  5 . 1 . 2  conducted  on  production  l engths  or un i ts .  

Non-metal l ic overjackets  shal l  wi thstand  an  add i tional  d ry-spark test wi th  a  m in imum  test 
vol tage  of 3  000  Vac.  As  an  a l ternative  to  the  d ry-spark test,  the  d ie lectric test method  i n  
5. 1 . 2  shal l  be  conducted  on  production  lengths  or un i ts .  

5.2.2  Verification  of rated  output  

The output rati ng  for each  manufactured  length  of para l le l  trace  heater shal l  be  veri fi ed  for 
l i neari ty of power ou tput through  continuous  or statistical  test methods.  The  power ou tpu t 
rati ng  for each  l eng th  of series  res istance  trace  heater or fixed  resis ti ve  trace  heater shal l  be  
veri fi ed  by measurement of the  d . c.  res istance,  or conductance or curren t at rated  vol tage  and  
g i ven  temperature.  The  test measurement cri teria  shal l  be  establ ished  or corre lated  to  the  
ou tpu t veri fication  test speci fied  i n  5. 1 . 1 0.  The  power ou tput  shal l  be  wi th in  the  
manufacturer’s  declared  to lerances.  

6 Marking  

6.1  Product markings  for trace  heaters  

Trace heaters  shal l  be  clearl y and  permanentl y surface  marked  i n  accordance  wi th  
I EC 60079-0  wi th  the  fol lowing  mod i fications .  For trace  heaters  wi th  factory fabricated  
term inations,  or su rfaces  where  l eg ib le  prin ti ng  cannot be  appl ied ,  the  marking  shal l  be  on  a  
durable  tag/label  permanen tl y affixed  wi th in  75  mm  of the  power connection  fi tti ng  or g l and .  

a)  The  requ i red  seria l  number or batch  number may be  substi tu ted  wi th  the  month  and  year 
of manufacture,  date  cod ing ,  or equ iva len t.  

b)  The  rated  or operating  vol tage  shal l  be  marked  for a  para l l el  trace  heater,  or the  maximum  
operati ng  vol tage  for a  series  trace  heater.  
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c)  The  rated  power outpu t per un i t l ength  at the  rated  vol tage  (and  at a  s tated  reference  
temperature  for trace  heaters  that change  ou tput  wi th  temperature) ,  or the  res istance  i n  
ohms  for un i t  l ength  for series  trace  heater,  or the  operati ng  current or tota l  wattage  as  
appl icable  shal l  be  marked .  

d )  The  symbol  provided  for the  “ type  of protection  used”  for trace  heating  shal l  be  “60079-30-
1 ” ,  for example,  typica l  Ex marking  stri ngs  wou ld  be  “Ex 60079-30-1  I IC  T4  Gb”  and  “Ex 
60079-30-1  I I I C  T1 35°C  Db” ,  wh ich  does  not  preclude  the  use  of add i ti onal  types  of 
protection  appropriate  for the  components  i n tended  to  be  suppl ied  or recommended  for 
use  wi th  the  trace  heaters;  

e)  The  marking  requ i rements  of I EC 60079-0  for ambient temperature  ranges  do  not appl y,  
bu t trace  heaters  or trace  heater systems  shal l  be  marked  wi th  the  m in imum  instal l ation  
temperature  a long  wi th  the  requ i red  temperature  class;  

f)  For marking  trace  heaters  for use  wi th  the  D ivis ion  method  of area  class i fi cation ,  see  D. 6.  

6.2  Markings  for field  assembled  components  

Fie ld  assembled  components  that are  access ib le  after instal lation  shal l  be  marked  i n  
accordance  wi th  I EC 60079-0  and  shal l  add i ti onal l y i ncl ude  the  fo l lowing  i n formation :   

a)  the  name of the  manufacturer,  trademark,  or other recogn ized  symbol  of i den ti fication ;  

b)  the  cata log  number,  reference  number,  or model ;  

c)  the  mon th  and  year of manufacture,  date  cod ing ,  appl icable  seria l  number,  or equ ivalent;  

d )  appl icable  environmenta l  requ i rements,  such  as  I P  ( ingress  protection)  ratings,  and  area  
use  requ i rements.  

I n  the  case  of componen ts  wi th  smal l  surface  areas  or surfaces  where  leg ible  prin ti ng  cannot 
be  appl i ed ,  the  markings  may be  p laced  on  the  smal l est un i t  con tainer i n  l i eu  of the  
component i tsel f.  

7 Documentation  requirements  

7. 1  General  

The manufacturer’s  documents  shal l  provide  product speci fic instructions  and  requ irements  
for documentation  reten tion .  I nstructions  for various  componen ts  and  trace  heaters  may be  
combined  where  term ination/i nsta l lation  i nstructions  are  i den tical .  The  i nstructions  shal l  be  
cl earl y i denti fi ed  as  to  the  products  and  l ocations  that apply.  

Any Speci fic  Cond i tions  of Use,  i ncl ud ing  the  provision  i n  7. 4  e),  shal l  be  ou tl i ned  in  the  
i nsta l l ation  i nstructions  and  i n  the  certi ficate,  and  the  certi ficate  number shal l  i ncl ude  the  
suffix “X” .  

The  documents  shal l  i nclude:  

a)  the  i n formation  on  ci rcu i t  protection  speci fied  i n  4 . 4,  as  appl icable;  

b)  requ i rements  for ci rcu i t des igns,  see  7 . 2 ;  

c)  requ i rements  for trace  heating  system  documentation ,  see  7. 3;  

d )  i nstructions  for i nsta l l ation  of trace  heating  system,  see  7. 4;  

e)  i nstructions  for comm ission ing ,  see  7 . 5;  

f)  i nstructions  for main tenance  /  repai r or mod i fication ,  see  7. 6 .  

7.2  Ci rcu i t  design  documentation  

The i n formation  g i ven  i n  the  documentation  for design ing  ci rcu i ts  shal l  i ncl ude  the  fol lowing  
statement or i ts  equ ivalent “The  des ign  of e l ectrical  resistance  trace  heating  systems  shal l  be  
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overseen  by persons  knowledgeable  of trace  heating  fol lowing  the  design  methodology for 
explosive  atmospheres  as  speci fied  by the  manufacturer” .  

7.3  Trace  heating  system  documentation  

7.3. 1  General  

The requ i rements  shal l  i nclude  the  fo l lowing  s tatement or i ts  equ ivalent “The  trace  heating  
system  documentation  shal l  be  retained  for each  trace  heating  ci rcu i t  for as  l ong  as  the  
system  is  i n  use” .  As  a  m in imum ,  the  trace  heating  system  documentation  shal l  i nclude  the  
i n formation  speci fied  in  7 . 3 . 2 ,  7 . 3 . 3  or 7. 3. 4  as  appl icable.  

7.3.2  For trace heating  systems  according  to  the  product classification  method  

The trace  heating  system  documentation  shal l  i ncl ude  the  fol lowing  i n formation :  

a)  trace  heating  ci rcu i t i denti fication ;  

b)  trace  heating  system  design  parameters:  

1 )  temperature  class  or maximum  sheath/surface  temperature  as  appl icable ;  

2)  trace  heater type;  

3)  operati ng  vol tage.  

Th is  i n formation  may be  supplemented  by the  i n formation  l i s ted  in  I EC/IEEE  60079-30-2 .  

7.3.3  For trace heating  systems  according  to  stabi l i zed  design  method  

The trace  heating  documentation  shal l  i nclude  the  fol lowing  i n formation :  

a)  trace  heating  ci rcu i t i denti fication ;  

b)  trace  heating  system  design  parameters:  

1 )  p ipe  s ize  or workpiece  d imensions;  

2)  temperature  to  be  mainta ined  or the  maximum  process  / exposure  temperature;  

3)  maximum  ambien t temperature;  

4)  trace  heater type;  

5)  operating  vol tage;  

6)  trace  ratio;  

7)  l ength  or d imensions  of trace  heater;  

8)  maximum  workpiece  temperature;  

9)  temperature  class  or maximum  sheath/surface  temperature  as  appl icable ;  

1 0)  thermal  i nsu lation  type,  s i ze,  and  th ickness;  

1 1 )  thermal  i nsu lation  cladd ing  speci fication ,  i f appl icable.  

7.3.4  For trace  heating  systems  according  to  control led  design  method  

The trace  heating  system  documentation  shal l  i ncl ude  the  fo l lowing  i n formation :  

a)  trace  heating  ci rcu i t i denti fication ;  

b)  trace  heating  system  des ign  parameters:  

1 )  l ocation  of the  sensor of the  temperature  control ler /  l im i ter on  the  p ipe  /  workpiece;  

2)  detai l s  of the  mounting  of the  sensor i n  accordance  wi th  4. 5. 3 ,  a) ,  b)  or c);  

3)  temperature  to  be  main tained  or the  maximum  process  /  exposure  temperature;  

4)  maximum  ambien t temperature;  
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5)  temperature  control ler /  l im i ter set poin t;  

6)  trace  heater type;  

7)  operati ng  vol tage;  

8)  trace  ratio;  

9)  l ength  or d imensions  of trace  heater;  

1 0)  temperature  class  or maximum  sheath/surface  temperature  as  appl icable .  

1 1 )  Deta i l s  for any fa i l u re  annunciation  and  mon i toring  i n  accordance  wi th  4. 5. 3. 3.  

Th is  i n formation  may be  supplemented  by the  i n formation  l i s ted  in  I EC/I EEE  60079-30-2 .  

7.4 Instructions  for i nstal lation  of trace  heating  system  

The i nstructions  shal l  i ncl ude:  

a)  the  fol l owing  statement or i ts  equ ivalent  “Su i table  for use  wi th”  and  a  l i s ting  of appl icable  
trace  heaters,  or a  l i sti ng  of appl icable  connection  fi ttings,  as  appl icable;  

b)  the  s tatement “Earth  fau l t  equ ipment protection  i s  requ i red  for each  ci rcu i t” ;  

c)  the  s tatement “De-energ ise  ci rcu i ts  before  i nsta l lation  or servicing” ;  

d )  the  fo l l owing  statement or i ts  equ iva lent “Keep  ends  of trace  heaters  and  ki t  components  
d ry before  and  during  instal lation” ;  

e)  for trace  heaters  certi fied  for reduced  l evels  of impact and/or deformation ,  the  statement 
“Caution :   On l y use  in  areas  wi th  l ow ri sk of mechan ical  damage” .  And  i f appl icable  (see  
4. 1 ) ,  the  statement “Caution :   Th is  mechan ica l  covering  shal l  not be  removed  and  the  
trace  heaters  shal l  not be  operated  wi thout the  mechan ical  covering  be ing  i n  p lace” ;  

f)  for trace  heaters ,  the  fol lowing  statement or i ts  equ ivalent “The  e lectrical l y conductive  
covering  of th is  trace  heater shal l  be  connected  to  a  su i table  earth ing  term inal ” ;  

g )  the  fo l lowing  s tatement or i ts  equ ivalen t “The  presence of the  trace  heaters  shal l  be  made  
evident by the  posting  of cau tion  s igns  or markings  at appropriate  l ocations  and /or at 
frequent i n tervals  a long  the  ci rcu i t” ;  

h )  test requ i rements  to  be  performed  i n  the  fi e l d  and  documented  on  a  trace  heater 
i nsta l l ation  record ;  an  example  is  provided  i n  Annex B ;  

i )  the  fol lowing  statement or i ts  equ ivalen t “The  i nsu lation  res istance  of the  trace  heater 

shal l  be  measured  and  recorded  after i nsta l lation  and  shal l  not be  l ess  than  20  MΩ  (or a  
h igher value  i f speci fi ed  by the  manufacturer)” ;  

j )  the  fol lowing  statements  or thei r equ ivalen t “Persons  i nvolved  i n  the  i nstal l ation  and  
testing  of e lectric trace  heating  systems shal l  be  su i tabl y trained  i n  a l l  specia l  techn iques  
requ ired .  I nsta l l ation  shal l  be  carried  ou t under the  supervis ion  of a  qual i fi ed  person” ;  

k)  any restrictions  that the  heating  portion  of the  trace  heater set sha l l  not touch ,  cross  over,  
or overlap  i tse l f;  

l )  the  m in imum  bend ing  rad ius;  

m )  the  m in imum  i nsta l lation  temperature.  

7.5  Instructions  for commission ing  

The instructions  shal l  i nclude  a  statement that  the  trace  heating  system  parameters  (as  
i nd icated  i n  7. 3. 2 ,  7 . 3. 3 ,  and  7 . 3 . 4)  shal l  be  veri fied  during  commission ing .  

7.6  Instructions  for maintenance / repai r or modification  

The i nstructions  shal l  i ncl ude:  

a)  the  statement “Cau tion :  consu l t  the  trace  heating  system  documentation  prior to  
main tenance/repai r/mod ification” ;  
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b)  the  s tatement “After main tenance/repai r/mod ification ,  test the  operation  of the  earth-fau l t  
device  of each  affected  ci rcu i t”  or equ ivalent;  

c)  the  statement “ I n  the  even t of an  earth  fau l t or over cu rrent i n terruption ,  the  device  shal l  
not be  reset un ti l  the  cause  of the  trip  has  been  i nvestigated  by qual i fied  personnel ”  or 
equ ivalent;  

d )  the  statement “Upon  completion  of main tenance/repai r/mod ification ,  the  i nsu lation  
res istance  of the  trace  heater shal l  be  measured  and  recorded  after i nsta l lation  and  shal l  

not be  l ess  than  20  MΩ ,  except that M I  trace  heaters  shal l  not be  less  than  5  MΩ  (or 
h igher va lues  i f speci fi ed  by the  manufacturer)”  or equ ivalen t.  
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Annex A 
(informative)  

 

Type test matrix for EPLs  Gb/Gc/Db/Dc  
(Refer to IEC 60079-1 4 for the  relationship of EPLs  to Zones)  

 

Table  A. 1  demonstrates  determ ination  of test  samples.  

Table  A. 1  – Determination  of test  samples  

Clause  Type  test  

Quanti ty/Length  of Samples  Temperature  
control l er /  

l im i ter 

Terminations  

Trace  
Heater 

Trace Heater 
Pad  /  Panel  

I n tegral  Separate  

5. 1 . 2  D ie l ectri c  test  3  m  
f  

 X   

5 . 1 . 3  E lectri cal  i nsu l ation  res i stance  test  3  m  
f
  X   

5 . 1 . 4  F l ammabi l i ty test  0 , 45  m  
f
  X  X 

5. 1 . 5  Impact  test      

5 . 1 . 5. 1  Room  temperatu re  impact  test  0 , 45  m  
f
  X   

5 . 1 . 5. 2  M in imum  temperature  impact  test  0 , 45  m  
f
  X   

5 . 1 . 6  Deformation  test  0 , 45  m  
f
  X   

5 . 1 . 7  Cold  bend  test  0 , 45  m  
f
    

5 . 1 . 8  Water res i stance  test  3  m  
f
    

5 . 1 . 9  I n tegral  components  res i stance  to  
water test  

3  m  
f
  X  X 

5. 1 . 1 0  Veri fi cation  of rated  ou tpu t       

5 . 1 . 1 0  a)  Res istance  3  m  
f
    

5 . 1 . 1 0  b)  Thermal  3  ×  3  m  b  
f
    

5 . 1 . 1 1  Thermal  s tabi l i ty of e l ectri cal  
i nsu lati ng  materi a l  

3  m  
f
  X   

5 . 1 . 1 2  Thermal  performance  test  3  ×  0 , 3  m c
 

f
    

5 . 1 . 1 3  Product classification approach
d
 1 ,5 m 

f
    

5. 1 .1 3.4.2 Systems approach – pipe 

Sculpture
a,d
 

1 0 m
e
  X 

g
   

5. 1 .1 3.4.3 Systems approach – vessels
a,d
  

f
 X 

g
   

5. 1 .1 3.4.4 Systems approach – tubing 

Bundles
a,d
 

-4,5 m
e
  X 

g
   

5. 1 .1 3.4.5 Systems approach – plate test
a,d
 3  ×  0,7 m or 

1  ×  3,5 m or 
2  ×  0,9 m or 

1  ×  2,5 m 

 X 

X 

X 

X 

  

5 . 1 . 1 4  Veri fi cation  of s tart-up  cu rrent  1  m  
f
    

5 . 1 . 1 5  Veri fi cation  of the  e l ectri cal  
res i stance  of e l ectri ca l l y 
conducti ve  covering  

3  m  
f
    

5 . 1 . 1 6  Ou tdoor exposu re  test  0 , 45  m  
f  

 X   

a
 U se  parameters  of  Table  2 ,  Table  3   

D . 2  orD. 3  as  appropri ate.  
b
 F rom  three  separate  samples.  

c
 The  l owest rated  vol tage  l evel  and  the  maximum  

rated  power ou tpu t;  The  h i ghest  rated  vol tage  
and  the  m in imum  rated  power ou tpu t.  

 

d
 Al l  samples  i n  the  upper hal f of power ou tpu t  to l erance.  

e
 Length  of sample  determ ined  by the  i nstal l ati on  

i nstructions  and  test  apparatus,  amount  of samples  may 
vary.  

f
 At  l east  one  representati ve  sample  i s  requ i red .  The  exact  

s i ze  i s  to  be  agreed  between  the  testi ng  s tati on  and  
manufacturer.  

g
 I f appl i cable  as  requ i red  by the  test.  
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Annex B  
(informative)  

 

Checkl ist for instal lation  
 

Table  B. 1  g i ves  an  example  of a  trace  heater insta l l ation  record .  

Table  B . 1  – Trace  heater instal l ation  record  – Example  

Location  System  Project  n umber Reference  d rawing (s)  

Li ne  number Trace  heater n umber Area  cl ass i fi cation  Temperatu re  cl ass  or 
maximum  sheath /surface  
temperatu re  

Panel  n umber Location  Ci rcu i t  number Ci rcu i t  amp/vol tage  

Trace  heater manufactu rer Trace  heater model  Trace  heater wattage  un i t  l eng th /vol tage  rati ng  

Veri fy certi fi cation  marki ng :  

Megohm  meter manufacturer/model  Vol tage  setti ng  Accuracy/fu l l  scale  

Megohm  meter date  of l ast  cal i brati on  

Mu l timeter manufacturer/model  Ohm  setti ng  Accuracy/fu l l  scale  

TRACE HEATER TESTING  Test  val ue/remarks  Date  I n i ti a l s  

NOTES  

M in imum  acceptable  i nsu l ati on  res i stance  sha l l  be  20  MΩ  except  that  for #4  bel ow for M I  trace  heaters  the  

m in imum  is  5  MΩ  when  measured  at  the  trace  heater j uncti on  box.  M in imum  acceptable  test  vol tage  i s  500  
V d . c.  However,  1  000  V d . c.  recommended  for M I ,  2  500  V d . c.  for pol ymeric  trace  heaters.  

1  Recei pt  of material  on  reel  

     Conti nu i ty test  on  reel    

     I nsu lation  res i stance  test  on  reel    

2  P ipi ng  completed  (approval  to  start  trace  heater i nsta l l ati on)  

3  Trace  heater i nsta l l ed  (approva l  to  start  thermal  i nsu l ation  i nstal l ati on )  

Trace  heater correctl y i nstal l ed  on  p i pe,  vessel  or equ ipment    

Trace  heater correctl y i nstal l ed  at  va l ves,  p i pe  supports,  other heat  s i nks    

Components  correctl y i nsta l l ed  and  term inated  (power,  tee-end  seal )    

I nsta l l ati on  ag rees  wi th  manufacturer's  i nstructions  and  ci rcu i t  design    

4  Thermal  i nsu lation  i nstal l ati on  complete  

Conti nu i ty test    

I nsu lation  res i stance  test  (5  MΩ  for M I  trace  heaters)    

SYSTEM  INSPECTED  

5  Marking ,  tagg i ng  and  i den ti fi cation  complete  (see   
     I EC/I EEE  60079-30-1 : 201 4,  Clause  6)  

  

6  Trace  heater effecti vel y earthed    

7  Temperatu re  control s  properl y i nsta l l ed  and  set  po in ts  veri fi ed    

8  J unction  boxes  a l l  certi fi ed  and  cl osed    

9  Thermal  i nsu lation  weather ti gh t  (a l l  penetrati ons  sealed )    

1 0  End  sea l s ,  covered  spl i ces  marked  on  i nsu l ation  ou ter cl add i ng    

1 1  Drawings,  d ocumentation  marked  as-bu i l t    

Performed  by:  Company Date  

Wi tnessed  by:  Company Date  

Accepted  by:  Company  Date  

Approved  by:  Company  Date  
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Annex C  
(normative)  

 
Trace heater product design  veri fication  methodology 

 

C.1  General  

The determ ination  of system  temperatures,  particu larl y product  sheath  temperatures  i n  
speci fied  adverse  cond i ti ons,  i s  cri tica l  for con trol led  des igns  and  stabi l i zed  des igns  of 
ci rcu i ts.  The  manufacturer shal l  main tain  the  capabi l i ty to  correctl y ca lcu late  system  
temperatures  over the  range  of parameters  covered  by the  certi fication ,  and  to  demonstrate  
th is  capabi l i ty by test and  by comparison  of the  resu l ts  to  the  system  des ign  calcu lations.  

Calcu lation  methodology i s  typical l y based  on  the  use  of widel y known  and  accepted  heat 
transfer formu lae,  wh ich  are  ad j usted  as  necessary to  reflect the  empiri cal  data  and  wh ich  
typica l l y i ncorporate  safety factors  as  needed .  

Th is  Annex i nd icates  the  formu lae  and  considerations  that manufacturers  typica l l y re l y on  to  
create  thei r system  des ign  capabi l i ty.  

C.2  Design  methodology and  selection  of trace  heaters  

I t  i s  importan t that the  design  methodology i ncludes  trace  heater selection  cri teria  to  optim ize  
the  determ ination  of the  maximum  possib le  system  temperature  under speci fied  adverse  
cond i ti ons  as  speci fi ed  i n  th is  standard .  The  temperature  may be  reduced ,  for example,  
through  ad justments  to  the  system  parameters ,  by the  use  of mu l tip le  tracers  to  reduce the  
power produced  per un i t  l ength ,  or by the  se lection  of the  temperature  con trol  system .  

The  maximum  wi thstand  temperature  of the  trace  heaters  shal l  be  g reater than  the  maximum  
poss ib le  workpiece  temperature  (wh ich  may be  greater than  the  normal  operati ng  
temperature) .  

As  i nd icated  i n  4 . 5. 1 ,  the  maximum  sheath  temperatures  of trace  heaters  are  determ ined  by 
the  product cl ass i fication  method ,  by stabi l i zed  design ,  or by con trol l ed  design .  For the  
product cl assi fication  method ,  further temperature  l im i ti ng  con trol  measures  are  not 
necessary,  provided  that  the  temperature  class  of the  trace  heater i s  l ower i n  temperature  
than  that speci fied  for the  appl ication .  Nevertheless  the  control  l im i ti ng  and  stabi l i zed  des ign  
measures  can  be  appl ied  to  operate  the  system  in  a  narrower band  of process  temperatures .  
The  considerations  for stabi l i zed  des ign  and  for con trol l ed  design  are  s im i l ar,  wi th  a  need  i n  
both  cases  to  accuratel y determ ine  the  system  heat loss  and  the  maximum  system  and  sheath  
temperatures.  I n  the  case  of stabi l i zed  des ign ,  the  evaluation  of energy ba lance  of the  system  
is  add i tional l y necessary.  

C.3  Stabi l ized  design  calculations  

Stabi l i zed  des ign  i s  based  on  the  princip le  of determ in ing  the  maximum  workpiece  and  trace  
heater sheath  temperatures  under speci fied  adverse  cond i ti ons.  Th is  i s  a  ca lcu lation  of the  
equ i l ibri um  cond i ti ons  that occur when  the  heat i npu t equals  the  system  heat l oss.  The  
speci fied  adverse  cond i ti ons  include:  

a)  maximum  ambien t temperature,  typical l y assumed  to  be  40  °C  un less  otherwise  speci fied ;  

c)  no  wind  (sti l l  a i r) ;  

d )  use  of a  conservative  or m in imum  va lue  for the  thermal  conductivi ty of the  thermal  
i nsu lation ;  
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e)  no  temperature  control  by des ign  or to  s imu late  a  fai l ed  temperature  control ler;  

f)  the  trace  heater i s  operated  at  i ts  s tated  operati ng  vol tage  p lus  1 0  % ;  

g)  the  trace  heater i s  assumed  to  be  operating  at the  upper l im i t of the  manufacturing  
to lerance,  or at  the  m in imum  speci fic  res istance  for series  trace  heaters.  

h )  the  maximum  runaway workpiece  temperature,  or the  maximum  equ i l ibri um  process  
temperature  i f g reater.  

Testi ng  for stabi l i zed  des ign  i s  g iven  i n  5 . 1 . 1 3 .  Typica l l y the  maximum  sheath  temperature  of 
the  trace  heater i s  ca lcu lated  from  formu lae  derived  from  the  evaluation  of empirica l  data,  or 
by the  theoretica l  approach  described  below.  Al ternativel y,  des ign  programs that ca lcu late  the  
maximum  sheath  temperature  on  the  bas is  of these  speci fi ed  adverse  parameters  may be  
used .  

C.4 Trace heater performance and  equi l ibrium  condi tions  

Depend ing  on  the  appl ication  and  the  type  of heat  tracing ,  i t  may be  necessary to  evaluate  
the  system  at equ i l i brium  cond i tions.  Trace  heating  systems wi th  no  con trols  and  trace  
heating  systems wi th  ambient sensing  con trols  are  typical  examples.  F igure  C. 1  shows  
examples  of power ou tpu t curves  for constant wattage  trace  heaters  and  for PTC (pos i ti ve  
temperature  coefficien t)  trace  heaters  wi th  d i fferen t s lope  characteristics .  The  heat l oss  l ine  
represents  the  cond i ti ons  that occur at the  lowest ambient temperature.  Th is  i l l ustrates  that  
the  constan t wattage  trace  heater main tains  the  workpiece  at the  h ighest temperature  (80  °C),  
bu t s i nce  i t  a lso  has  the  h ighest ou tpu t (32  W/m)  i t  a lso  has  the  h i ghest operating  
temperature.  The  PTC trace  heater wi th  the  steepest s l ope  mainta ins  the  workpiece  at the  
l owest temperature  (50  °C),  bu t  a lso  has  the  lowest ou tpu t (23  W/m)  and  therefore  the  lowest 
operati ng  temperature.  
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Figure C. 1  – Equ i l ibrium  cond i tions  for workpiece  maintenance  

Figure  C. 2  shows  the  same example,  bu t from  the  perspective  of evaluati ng  the  upper l im i ts.  
I n  th is  case  the  heat l oss  l i ne  is  sh i fted  to  the  h ighest possib le  ambien t,  and  the  crossing  
poin ts  i l l ustrate  the  main tain  temperature  and  re lati ve  power ou tpu ts  at these  cond i tions.  The  
PTC-1  trace  heater now has  a  h igher mainta in  temperature  than  before  (91  °C),  bu t the  ou tpu t 
l evel  has  decreased  (1 6  W/m)  due  to  the  decreasing  s lope  of the  ou tpu t cu rve.  Th is  same 

Copyright International  Electrotechnical  Commission  



 – 56  – I EC/I EEE  60079-30-1 : 201 5  
© I EC/I EEE  201 5  

approach  may be  used  when  evaluating  the  upper l im i t operating  cond i tions  for the  s tabi l i zed  
design  approach .  
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Figure C.2  – Equ i l ibrium  cond itions  for upper l im it  evaluation   

The power ou tpu t l evels  of d i fferen t trace  heaters  are  typ ical l y provided  by the  manufacturer 
i n  the  product l i terature  and /or i n  a  design  program.  I n  most cases,  the  ou tput curves  for the  
PTC trace  heater types  are  defined  based  on  empirical  data  from  test fi xtures  correlated  to  
the  test of 5. 1 . 1 0.  

The  ou tpu t of series  type  trace  heaters  is  typica l l y defined  from  i ts  e l ectrical  parameters  by 
us ing  the  fol lowing  formu la:  

 2

2

lr

V
Q

s

=
 (C. 1 )  

where  

Q i s  the  power ou tpu t of the  trace  heater (W/m);  

V i s  the  system  vol tage  (V);  

rs  i s  the  speci fic  res istance  of each  conductor (ohm/m);  

l i s  the  length  of each  conductor (m).  

The  speci fic res istance  of the  conductor i s  a  function  of the  conductor temperature,  as  g i ven  
by the  formu la:  

 )1( Trrs ∆+= α  (C. 2)  

where  

r i s  the  res istance  of the  conductor at 20  °C  (ohm/m);  

Copyright International  Electrotechnical  Commission  



I EC/IEEE  60079-30-1 : 201 5  – 57  – 
© I EC/I EEE 201 5  

 

α  i s  the  a lpha  coefficien t for the  type  of materia l  of the  conductor (1 /K);  

∆T i s  the  d i fference between  the  temperature  of the  conductor i n  the  operating  s tate  and   
20  °C  (K).  

I t  i s  important  to  recogn ize  that  the  fo l l owing  characteristics  of a  trace  heating  system  shou ld  
exist  for the  i nsta l l ation  to  be  successfu l :  

a)  The  ou tput  of the  trace  heater(s)  shou ld  be  greater than  the  system  heat l oss  i nclud ing  a  
su i table  safety factor.  Th is  can  be  ach ieved  by i nsta l l i ng  a  s i ng le  trace  heater wi th  su i table  
ou tpu t,  by us ing  mu l tip le  passes,  or by spi ra l i ng  i f needed  to  keep the  outpu t l evel  as  low 
as  possib le.  

b)  Poten tia l  vol tage  deviations  or other changes  i n  system  parameters  over time shou ld  be  
determ ined  and  compensated  for by the  safety factor.  

c)  The  upper l im i t of the  system  shal l  be  evaluated  for appl ications  where  process  
temperature  accuracy i s  cri tica l ,  or that have  a  wi de  range  of ambien t temperatures,  or for 
systems  that have  no  control  or that have  ambien t sensing  con trol .  

C.5 Heat loss  calculations  

To determ ine  actual  heat l osses  for a  g i ven  set of cond i ti ons,  a  complete  i nsu lation  
speci fication ,  incl ud ing  the  thermal  conductivi ty of the  i nsu lation  at  several  mean  
temperatures,  the  type  of weather barrier speci fied ,  i nsu lation  s i ze  and  th ickness,  desi red  
p ipe  main tenance  temperature,  and  the  ambient  temperature  and  wind  cond i ti ons,  i s  requ ired .  

G iven  these  parameters,  the  heat l oss  for p ipes  and  tubes  may be  evaluated  by Equation  
(C. 3):  
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 (C. 3)  

where  

q i s  the  heat loss  per un i t  l eng th  of p ipe  (W/m);  

Tp  i s  the  des ired  maintenance  temperature  (°C);  

Ta  i s  the  speci fi ed  des ign  ambient temperature  (°C);  

D1  i s  the  i ns ide  d iameter of the  i nner i nsu lation  l ayer (m );  

D2  i s  the  ou tside  d iameter of the  i nner i nsu lation  l ayer (m ),  ( i ns ide  d iameter of the  ou ter 

i nsu lation  layer when  present);  

D3  i s  the  ou tside  d iameter of the  ou ter i nsu lation  layer (m),  (when  present);  

k1  i s  the  thermal  conductivi ty of the  i nner layer of i nsu lation  evaluated  at i ts  mean  

temperature  (W/m ∙K);  

k2  i s  the  thermal  conductivi ty of the  ou ter l ayer of i nsu lation ,  when  present,  evaluated  at  i ts  

mean  temperature  (W/m ∙K);  

h i  i s  the  i ns ide  a i r con tact coefficien t from  the  workpiece  to  the  i nner insu lation  surface  

when  present (W/m 2
∙K);  

hco  i s  the  i ns ide  a i r con tact coefficient  from  the  ou ter i nsu lation  surface  to  the  weather 

barrier when  present (W/m 2
∙K);  
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ho  i s  the  ou ts ide  a i r fi lm  coefficien t from  the  weather barrier to  ambient (W/m 2
∙K)  (typical  

va lues  for th is  term  range  from  5  W/m 2
∙K to  50  W/m 2

∙K for l ow-temperature  appl ications  

below 50  °C).  

The  heat loss  for p ipes  and  tubes  i s  described  i n  more  deta i l ,  wi th  an  example,  i n  I EC/IEEE  
60079-30-2.  

Fol lowing  the  same process,  the  heat l oss  for vessels  may be  evaluated  by Equation  (C.4):  
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where  

q i s  the  heat loss  per un i t  area  of vessel  (W/m 2) ;  

b1  i s  the  th ickness  of the  i nner insu lation  layer (m );  

b2  i s  the  th ickness  of the  ou ter i nsu lation  layer (m),  (when  present) .  

Other terms  are  defined  wi th  formu la  (3) .  

The  heat l oss  for vessels  i s  described  in  more  detai l  i n  I EC/IEEE  60079-30-2.  

For ease  of product se lection ,  trace  heating  suppl iers  often  furn ish  s imple  charts  and  graphs  
of heat  l osses  for various  main tain  temperatures  and  insu lations,  wh ich  usual l y i ncl ude  a  
safety factor.  

C.6  Heat loss  design  safety factor 

Since  heat l oss  calcu lations  based  on  theoretica l  va lues  do  not  accoun t for imperfections  
associated  wi th  actual  work s i te  i nsta l lations,  a  safety factor shou ld  be  appl i ed  to  the  
calcu lated  values.  The  safety factor shou ld  be  based  upon  the  user’s  requ i rements  that 
typ ical l y range  from  1 0  %  to  25  % .  The  add i ti on  of a  safety factor i s  used  to  compensate  for 
to lerances  i n  the  trace  heating  system .  Safety factors  shou ld  be  considered  for:  

a)  thermal  insu lation  degradation ;  

b)  suppl y vol tage  variations;  

c)  branch  wi ring  vol tage  drop;  

d )  trace  heater vol tage  d rop;  

e)  i ncreased  rad iation  and  convection  on  h igher temperature  appl ications;  

f)  qua l i ty of i nsta l lation  of thermal  i nsu lation .  

C.7  Maximum temperature determination  

C.7. 1  Theoretical  pipe  and  sheath  temperature calcu lations  – Metal l ic  appl ications  

The maximum  possible  p ipe  temperature  i s  ca lcu lated  at maximum  ambient temperature  wi th  
the  trace  heater conti nuous l y energ ized .  The  formu la  for calcu lati ng  the  maximum  poten tia l  
p ipe  temperature  i s  a  rearrangement of the  terms  of the  heat l oss  formu la:  
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where  

Tpr   i s  the  maximum  calcu lated  runaway p ipe  temperature  (°C);  

Qsf  i s  the  trace  heater ou tput.  For determ in ing  temperature  classes  for s tabi l i zed  design ,  

Qsf  i s  the  h i ghest declared  power outpu t at the  maximum  manufacturer’s  ou tput 

to lerance  (W/m),  ad j usted  for 1 1 0  %  of rated  vol tage;  

Ta  i s  the  maximum  speci fied  design  ambient  temperature  (°C) .  

Other terms  are  defined  wi th  formu la  (3) .  I terati ve  techn iques  may need  to  be  appl i ed  to  the  
calcu lation  of formu la  (5)  i n  order to  arri ve  at  Tpr,  s i nce  the  thermal  conductivi ty of the  
i nsu lation  and  the  trace  heater ou tpu t may be  a  function  of p ipe  temperature.  

The  sheath  temperature  of the  trace  heater shal l  be  calcu lated  as  fo l l ows,  us ing  the  equation  
for Tpm  i f Tpm  i s  greater than  Tpr:  

 pr
sf

sh T
UC

Q
T +=    or   pm

sf
sh T

UC

Q
T +=  (C. 6)  and  (C. 7)  

where  

Tsh  i s  the  trace  heater sheath  temperature  (°C);  

U  i s  the  overal l  heat transfer coefficient  (W/m 2
∙K)  wh ich  i s  an  empirical l y determ ined  

va lue;  

C  i s  the  trace  heater ci rcumference  (m );  

Tpr  i s  the  maximum  calcu lated  runaway p ipe  temperature  (°C);  

Tpm  i s  the  maximum  declared  process  temperature  (°C).  

The overal l  heat transfer coefficien t i s  d i fferen t for each  trace  heater type,  i nsta l lation  method  
and  system  configuration .  I t  i s  a  combination  of conductive,  convective  and  rad iation  heat 
transfer modes.  The  va lue  of U  can  vary from  1 2  for a  cyl i ndrical  trace  heater i n  a i r (primari l y 
convective) ,  to  1 70  or more  for a  trace  heater appl ied  us ing  heat transfer a i ds  (primari l y 
conductive).  Upon  request,  the  trace  heating  suppl ier shou ld  provide  the  U-factor for g i ven  
appl ications,  or furn ish  calcu lated  or experimen tal l y determ ined  sheath  temperatures.  

The  power ou tpu t Qsf  of the  trace  heater se lected  shal l  provide  the  stabi l i zed  des ign  and  Tsh  

shal l  not  exceed  the  temperature  class .  

C.7.2  Theoretical  vessel  and  sheath  temperature  calcu lations  – Metal l ic  appl ications  

Sim i larl y,  for vessels ,  the  maximum  possib le  vessel  temperature  i s  calcu lated  at  maximum  
ambien t temperature  wi th  the  trace  heater con ti nuous l y energ ized .  The  formu la  for calcu lati ng  
the  maximum  poten tia l  vessel  temperature  is  a  rearrangement of the  terms  of the  heat l oss  
formu la:  
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where  

Twr   i s  the  maximum  calcu lated  runaway vessel  temperature  (°C) ;  

Qsf  i s  the  trace  heater ou tpu t.  For determ in ing  temperature  classes  for stabi l i zed  des ign ,  

Qsf  i s  the  h i ghest declared  power ou tpu t at the  maximum  manufacturer’s  ou tpu t 

to lerance (W/m 2) ,  ad j usted  for 1 1 0  %  of rated  vol tage;  
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Ta  i s  the  maximum  speci fied  design  ambient  temperature  (°C).  

Other terms  are  defined  above.  I terative  techn iques  may need  to  be  appl i ed  to  the  calcu lation  
of formu la  (8)  i n  order to  arri ve  at Twr,  s i nce  the  thermal  conductivi ty of the  i nsu lation  and  the  

trace  heater ou tpu t may be  a  function  of the  temperature  of the  vessel .  

The  sheath  temperature  of the  trace  heater pad  or panel  shal l  be  calcu lated  as  fol l ows,  us ing  
the  equation  for Twm  i f Twm  i s  greater than  Twr:  

 wr
sf

sh T
U

Q
T +=    or   wm

sf
sh T

U

Q
T +=  (C. 9)  and  (C. 1 0)  

where  

Tsh  i s  the  trace  heater sheath  temperature  (°C);  

U  i s  the  overal l  heat transfer coefficient (W/m 2
∙K)  wh ich  i s  an  empirical l y determ ined  

value;  

Twr   i s  the  maximum  calcu lated  runaway vessel  temperature  (°C);  

Twm   i s  the  maximum  declared  process  temperature  (°C).  

The overal l  heat transfer coefficien t i s  d i fferen t for each  trace  heater type,  i nsta l lation  method  
and  system  configuration .  I t  i s  a  combination  of conductive,  convective  and  rad iation  heat 
transfer modes.  The  value  of U  can  vary from  1 2  for a  trace  heater i n  a i r (primari l y 
convective) ,  to  1 70  or more  for a  trace  heater appl i ed  us ing  heat transfer a i ds  (primari l y 
conductive).  Upon  request,  the  trace  heating  suppl ier shou ld  provide  the  U-factor for g i ven  

appl ications,  or furn ish  calcu lated  or experimental l y determ ined  sheath  temperatures.  

The  power ou tpu t Qsf  of the  trace  heater se lected  over the  combination  of heat loss  q  and  

heat transfer from  the  tracer,  sha l l  provide  the  stabi l i zed  design  and  ensure  that Tsh  sha l l  not  

exceed  the  temperature  class  or any other maximum  temperature  l im i tati ons  l i sted  above.  

C.7.3  Sheath  temperature  – metal l ic  appl ications  u ti l i zing  a  temperature l imiter 
control  sensing  the  trace  heater sheath  or an  arti ficial  hot spot  

When  the  l im i ter control  sensor i s  l ocated  d i rectly on  the  trace  heater the  fol l owing  shal l  be  
i ncluded  i n  the  evaluation  of sheath  temperatures:  

 Tsh  =   TL  +  ∆Toffset  (C. 1 1 )  

where  

TL  i s  the  set poin t of the  temperature  l im i ter 

∆Toffset  i s  the  empirical l y determ ined  temperature  d i fference between  the  sensor and  the  

actual  maximum  tracer sheath  temperature.  ∆Toffset i s  a  function  of variables  such  
as  geometry and  mass  of the  trace  heater and  sensor,  power outpu t of the  trace  

heater,  heat transfer coefficient,  and  control  system  hysteresis.  

C.7.4  Theoretical  sheath  temperature  calcu lations  – Non-metal l i c  appl ications  

For non-metal l ic appl ications,  the  workpiece  wal l  thermal  resistance  shou ld  be  cons idered ,  as  
the  non-metal l ic  materia l  i s  a  poor heat transfer med ium .  These materia ls  may have  a  thermal  
conductivi ty (k-factor)  1 /200  of that of steel ,  and  a  substan tia l  temperature  d i fference  may 
develop  across  the  pipe  or tank wal l  depend ing  on  the  trace  heater power densi ty.  Th is  h igher 
than  normal  temperature  (when  compared  to  tracing  metal l ic  p ipes  and  vessels)  may have  two  
adverse  effects :  
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a)  the  non-metal l ic  workpiece  maximum  a l lowable  temperature  may be  exceeded ;  

b)  the  trace  heater maximum  al lowable  temperatu re  may be  exceeded .  

The  sheath  temperature  of the  trace  heater under normal  operating  cond i ti ons  is  i n  pri nciple  
obtained  from  formu lae  (6) ,  (7) ,  (9)  or (1 0) .  However,  i n  obtain ing  U,  the  effect of the  thermal  
res istance  of the  workpiece  wal l  shou ld  be  i ncluded .  The  overal l  heat transfer coefficien t for a  
p lastic surface  i s :  

 
pmp

11

k

L

UU
+=  (C. 1 2)  

where  

Up  i s  the  overal l  heat transfer coefficien t for a  non -meta l l ic p ipe  (W/m 2
∙K);  

Um  i s  the  overal l  heat transfer coefficient for a  metal l ic  workpiece  (W/m 2) ;  

L  i s  the  workpiece  wal l  th ickness,  i n  metres  (m);  

kp  i s  the  thermal  conductivi ty of workpiece  wal l  material  (W/m ∙K).  

Because of the  add i tional  thermal  res istance  of the  non-metal l ic  materia l ,  a  temperature  
d i fference exists  across  the  workpiece  wal l ;  that i s ,  the  ou ts ide  workpiece  wal l  and  fl u i d  
temperature  are  not the  same as  i n  the  case  of a  meta l l ic workpiece.  Therefore,  fl u i d  
temperature  shou ld  be  cons idered .  

For non-metal l ic  p ipe,  then :  

 f
p

sf
sh T

CU

Q
T +=  (C. 1 3)  

where  

Qsf  i s  the  trace  heater ou tput.  For determ in ing  temperature  classes  for s tabi l i zed  des ign ,  Qsf  

i s  the  h ighest declared  power ou tpu t at the  maximum  manufacturer’s  ou tpu t to lerance 

(W/m),  ad justed  for 1 1 0  %  of rated  vol tage;  

Tf i s  the  fl u id  temperature  ( °C).  

Sim i larl y,  for non-metal l ic  vessels,  the  equation  is :  

 f
p

sf
sh T

U

Q
T +=  (C. 1 4)  

where  

Qsf  i s  the  trace  heater ou tput.  For determ in ing  temperature  classes  for stabi l i zed  des ign ,  

Qsf  i s  the  h ighest declared  power ou tpu t at the  maximum  manufacturer’s  ou tpu t 

to lerance  (W/m 2) ,  ad j usted  for 1 1 0  %  of rated  vol tage;  

Tf  i s  the  fl u id  temperature  (°C).  

Formu lae  (1 3)  and  (1 4)  represent a  conservative  s impl i fication  of a  complex problem  that  
i nvolves  cri teria  beyond  the  scope of th is  s tandard .  The  trace  heating  manufacturer shal l  
provide  sheath  temperature  data  for speci fic  appl i cations.  

The  power ou tpu t of the  trace  heater selected  shal l  provide  the  s tabi l i zed  design  and  Tsh  sha l l  

not exceed  the  temperature  class  or any other maximum  temperatu re  l im i tations.  
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C.7.5  Sheath  temperature – non-metal l ic  appl ications  u ti l izing  a  temperature l imiter 
control  sensing  the trace  heater sheath  or an  arti ficial  hot spot  

When  the  l im i ter control  sensor i s  l ocated  d i rectl y on  the  trace  heater the  fol l owing  shal l  be  
i ncluded  i n  the  evaluation  of sheath  temperatures:  

 Tsh  =  TL  +  ∆Toffset  (C. 9,  repeated )  

where  

TL  i s  the  set poin t of the  temperature  l im i ter 

∆Toffset   i s  the  empirical l y determ ined  temperature  d i fference between  the  sensor and  the  

actual  maximum  tracer sheath  temperature.  ∆Toffset  i s  a  function  of variables  such  as  

geometry and  mass  of the  trace  heater and  sensor,  power ou tput of the  trace  heater,  

heat transfer coefficien t,  and  control  system  hysteresis.  
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Annex D  
(normative)  

 
Requirements  for Division  1  and  Division  2  trace heating  systems  

 

D.1  Appl ication  

The D ivis ion  method  of area  class i fication ,  i ncl ud ing  the  i nd ication  of C lasses  I ,  I I ,  or I I I  for 
explosive  atmospheres  for gases,  dusts ,  or fi bres/fl yi ngs  respectivel y,  may be  appl i ed  by 
some users  of th is  standard .  

Trace  heating  systems iden ti fi ed  for D ivis ion  1  are  not i n tended  for insta l lation  i n  appl ications  
where  i gn i table  concentrations  of fl ammable  gases  or vapors,  or combustib le  dusts ,  or 
i gn i table  fibers  or fl yings  are  present  con tinuous l y or for l ong  periods  of t ime.  

NOTE  I n formation  on  the  D i vi s ion  method  i s  g i ven  i n  NFPA 70  and  CSA C22. 1 .  

D.2  General  

Trace heating  systems iden ti fied  for D ivisions  shal l  comply wi th  the  requ i rements  for the  EPL  
shown  i n  Table  D . 1 ,  supplemented  or mod i fied  by the  requ irements  shown  i n  D . 3  through  D . 7.  

Table  D . 1  – Division  trace  heating  systems  

Division  Equ ipment protection  l evel  (EPL)  

Class  I ,  D i vi s ion  1  ‘Gb’  

Class  I I ,  I I I  D i vi s ion  1  ‘Db’  

Class  I ,  D i vi s ion  2  ‘Gc’  

Class  I I ,  I I I  D i vi s ion  2  ‘Dc’  

D.3  Terminations  and  connections  

Where poss ib le,  trace  heater term inations  and  connections  are  i n tended  to  be  located  ou ts ide  
explos ive  atmospheres  classi fied  as  D ivis ion  1 .  I n  case  th is  i s  not poss ib le,  the  term inations  
and  connections  i n  add i ti on  to  the  trace  heater shal l  be  i denti fi ed  for i nsta l l ation  i n  D ivis ion  1  
areas.  

D.4 Control  and  temperature requirements  

D.4. 1  General  

The Class,  D ivis ion ,  Group,  and  m in imum  gas,  dust or fiber/fl yi ng  au toign i tion  temperature  for 
the  l ocation  shal l  be  speci fi ed .  As  an  a l ternative  to  au toign i ti on  temperature,  the  temperature  
class  i nd icated  i n  NFPA 70  and  CSA C22. 1  may be  speci fied .  

D.4.2  Stabi l ized  design  

Table  D. 2  defines  the  design  cond i tions  for the  D ivis ion  method  of area  class i fication  for the  
stabi l i zed  design  approach .  
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Table  D .2  – Sheath  temperature  design  cond itions  – Stabi l ized  design  approach  

I tem  

Class  I ,  I I  or I I I  

D ivision  1  Division  2  

Percent  of rated  vol tage  1 1 0  1 1 0  

Maximum  workpiece  temperatu re  for cal cu lati on  ---
a
 - - -

a
 

Maximum  wind  speed  for cal cu lation  0  0  

Sheath  temperatures  for D ivi s i on  1  shal l  be  cal cu l ated  u s ing  m in imum  heat  transfer 
coeffi cien t,  U,  wi thout  heat  transfer a i ds.  

a
 The  workpiece  temperature  (T

pr
 or T

pm
,  wh ichever i s  g reater)  used  to  calcu late  the  

maximum  sheath  temperatu re  – see  Annex C.  

D.4.3  Control led  design  

The appl ication  of temperature  control  to  l im i t sheath  temperatures  varies  by area  
classi fication  as  ind icated  below and  i n  Table  D. 3 .  

a)  Class  I ,  I I  or I I I  D ivis ion  1  – temperature  control l er and  h igh  temperature  l im i ter.  

b)  Class  I ,  I I  or I I I  D ivis ion  2  – temperature  control l er.  

Table  D .3  – Sheath  temperature  design  cond i tions  – With  temperature  control  device  

I tem  

Class  I ,  I I  or I I I  

D ivision  1  Division  2  

Percent  of rated  vol tage  1 1 0  1 1 0  

Maximum  workpiece  temperatu re  for cal cu lati on  -- -
a
 ---

a  or b
 

Maximum  wind  speed  for cal cu l ation  0  0  

Sheath  temperatu res  for D i vi s i on  1  sha l l  be  calcu lated  us i ng  m in imum  heat transfer 
coeffi cien t,  U,  wi thou t heat transfer a i ds.  

a
 U se  the  set  poin t  of the  appl i cable  protecti ve  device  (temperature  l im i ter).  

b
 U se  the  set  poin t  of the  appl i cable  temperatu re  control l er.  

D.4.4  Requirements  for protective device in  Divis ions  1  and  2  

The requ i rements  of 4 . 4  appl y for trace  heating  to  be  used  i n  areas  class i fied  us ing  the  
Divis ion  method .  For D ivi s ion  1  equ ipment,  the  requ i rements  of 4 . 5 . 3. 2  a lso  appl y except that 
the  trace  heating  is  to  be  su i table  for the  appropriate  Class .  For D ivis ion  2  trace  heating ,  the  
requ irements  of 4 . 5. 3. 3  a lso  appl y except that the  trace  heating  i s  to  be  su i table  for the  
appropriate  Class.  

D.5 Type tests  

D.5. 1  Division  1  trace  heating  equ ipment  

D.5. 1 . 1  General  

Trace heaters  shal l  be  tested  for increased  impact energy and  static mechan ical  l oad .  The  
requ irements  for system  components  other than  i n tegral  components  are  covered  i n  other 
appl icable  standards  for equ ipment for use  in  Class  I ,  I I  or I I I ,  D ivis ion  1  locations.  The  
fol l owing  tests  are  i n tended  to  qual i fy trace  heaters  and  in tegral  components  ( i f appl icable)  for 
appl ication  i n  these  explos ive  atmospheres  and  are  requ i red  in  add i ti on  to  a l l  the  type  tests  
described  in  5. 1 .  The  test  samples  needed  for the  type  tests  are  summarized  i n  Annex E.  
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D.5. 1 .2  Veri fication  of sheath  temperatures  

The sheath  temperature  test described  i n  5 . 1 . 1 3  shal l  be  conducted  at the  cond i tions  defined  
i n  Tables  D . 2  and  D. 3,  and  the  resu l tan t sheath  temperatures  shal l  not exceed  the  declared  
temperature  class  or the  maximum  pred icted  sheath  temperature.  

D.5. 1 .3  Mechan ical  type tests  

The deformation  test as  described  i n  5 . 1 . 6  sha l l  be  conducted  at 2  000  N .  The  impact test as  
described  i n  5. 1 . 5. 2  shal l  be  conducted  retain ing  the  same impact area  at an  impact energy of 
27 , 1  J .  

D.5.2  Division  2  equ ipment  

D.5.2. 1  General  

The requ irements  for system  components  other than  i n tegral  components  are  covered  i n  other 
standards  for equ ipment for use  in  the  respective  Class  I ,  I I ,  or I I I  D ivis ion  2  l ocations.  The  
fol lowing  test i s  i n tended  to  qual i fy trace  heaters  for use  i n  these  explos ive  atmospheres  and  
is  requ i red  i n  add i tion  to  the  type  tests  described  i n  5. 1 .  

D.5.2.2   Veri fication  of sheath  temperatures  

The sheath  temperature  test described  i n  5. 1 . 1 3  shal l  be  conducted  at  des ign  cond i ti ons  
defined  i n  Tables  D. 2  and  D .3,  and  the  resu l tan t sheath  temperature  shal l  not exceed  the  
declared  temperature  class  or maximum  sheath  temperature.  

D.6  Marking  

This  requ irement supplements  the  requ i rements  of 6 . 1 .  

Trace  heaters  shal l  be  cl earl y and  permanentl y surface  marked  to  i nd icate  Class,  D ivis ion ,  
Group(s) ,  and  Temperatu re  Class.  

D.7  Instructions  – Instal lation  requirements  

I n  add i ti on  to  the  documentation  requ i rements  speci fi ed  in  C lause  7 ,  the  i nstructions  and /or 
other documentation  shal l  i nclude  the  fol lowing  i n formation :  

a)  The  person(s)  responsib le  for i nsta l l ation  shal l  veri fy that the  i nstal l ation  and  inspection  
are  performed  by personnel  who are  tra ined ,  qual i fied ,  and  knowledgeable  i n  trace  heating  
systems  when  us ing  the  D ivis ion  method  of area  classi fication .  The  i nsta l lation  and  
i nspection  shal l  be  i n  accordance wi th  the  system  manufacturer’s  des ign  documents,  
product  recommendations,  and  instal lation  i nstructions;  the  i nsta l l ation  checkl is t (see  
Annex B)  shal l  be  fol l owed  ri gorous l y.  

b)  The  proposed  instal l ation  shal l  be  veri fi ed  for the  proper selection  of trace  heaters  and  
component systems identi fi ed  for the  appl ication ;  i . e.  D ivis ion  1  or D ivis ion  2 .  The  
manufacturer’s  documentation  shal l  be  reviewed  for speci fic i nsta l lation  requ irements  and  
the  proposed  insta l l ation  shal l  be  veri fi ed  that the  heating  system  is  compatib le  wi th  the  
envi ronment.  

c)  For D ivis ion  1  i nsta l lations  on l y,  each  seal  fi tting  shal l  be  l im i ted  to  one  trace  heater or 
power l ead .  I n  add i ti on ,  i t  i s  requ i red  that a  seal  fi tting  be  i nstal led  i n  the  power supply 
ci rcu i t  cable,  or condu i t  immed iatel y ad j acent to  the  trace  heater power connection  box.  

d )  Earth-fau l t equ ipment protective  devices  i n tended  for use  wi th  trace  heating  ci rcu i ts  i n  
D ivis ion  areas  shal l  be  appropriatel y i denti fied  for use  i n  D ivision  areas .  
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e)  For D ivis ion  1  i nsta l l ations  on l y,  the  person(s)  responsible  for the  i nstal lation  shal l  
complete  and  retain  a  document s im i lar i n  format to  the  i nstal lation  checkl ist i n  Annex B  at  
the  i nsta l lation  for fu ture  reference  during  main tenance  and  repai r.  

f)  For D ivis ion  i nstal lations,  the  m in imum  requ i rement for a l l  i nsu lation  res istance  tests  

accord ing  to  7 . 6  i tem  d )  sha l l  be  at l east 20  MΩ .   
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Annex E  
(normative)  

 
Type test matrix for Division  1  and  2  explosive  atmospheres  

 

Table  E. 1  – Appl icable  trace heater and  trace  heater pads  
and  panels  tests  by instal lation  location  

Clause  Type test  Division  1  Division  2  

5. 1 . 2  D iel ectri c  test  X X 

5 . 1 . 3  E lectri cal  i nsu l ation  res i stance  test  X X 

5 . 1 . 4  F l ammabi l i ty test  X X 

5 . 1 . 5  Impact test   

5 . 1 . 5. 1  Room  temperatu re  impact  test  X X 

5 . 1 . 5. 2  M in imum  temperature  impact test  X X 

5 . 1 . 6  Deformation  test  X X 

5 . 1 . 7  Cold  bend  test  X X 

5 . 1 . 8  Water res i stance  test  X X 

5 . 1 . 9  I n tegral  components  res i stance  to  water 
test  

X X 

5 . 1 . 1 0  Veri fi cation  of rated  ou tpu t  X X 

5 . 1 . 1 1  Thermal  s tabi l i ty of e l ectri cal  i nsu lati ng  
materia l  

X X 

5 . 1 . 1 2  Thermal   X  X 

5 . 1 . 1 3. 2  Product  cl assi fi cation  approach  X X 

5. 1 . 1 3. 4 . 2  Systems  approach  – p i pe  scu lptu re  X X 

5 . 1 . 1 3. 4 . 3  Systems  approach  – vessel s  X X 

5 . 1 . 1 3. 4 . 4  Systems  approach  – tubi ng  bund les  X X 

5 . 1 . 1 3. 4 . 5  Systems  approach  – p l ate  test  X X 

5 . 1 . 1 4  Veri fi cation  of s tart-up  cu rren t  X X 

5 . 1 . 1 5  Veri fi cation  of the  e l ectri cal  res i stance  of 
e l ectri cal l y conducti ve  covering  

X X 

5 . 1 . 1 6  Ou tdoor exposu re  test  X X 

D. 5. 1  Class  I ,  I I  and  I I I  D i vi s i on  1  l ocati ons    

D . 5. 1 . 2  Veri fi cation  of sheath  temperatures  X  

D . 5. 1 . 3  Mechan ica l  type  tests  X  

D . 5. 2  Class  I ,  I I  and  I I I  D i vi s i on  2  l ocati ons    

D . 5. 2 . 2  Veri fi cation  of sheath  temperatures   X  
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Table  E.2  – Appl icable  tests  for in tegral  components  
wi th  trace  heaters  and  trace heater pads  and  panels  

Clause  Type test  Division  1  Division  2  

5. 1 . 2  D iel ectri c  test  X X 

5 . 1 . 3  E lectri cal  i nsu l ation  res i stance  test  X X 

5 . 1 . 4  F l ammabi l i ty test  X X 

5 . 1 . 5  Impact test   

5 . 1 . 5. 1  Room  temperatu re  impact  test  X X 

5 . 1 . 5. 2  M in imum  temperature  impact test   X  

5 . 1 . 6  Deformation  test   X  

5 . 1 . 8  Water res i stance  test  X X 

5 . 1 . 9  I n tegral  components  res i stance  to  water 
test  

X X 

5 . 1 . 1 1  Thermal  s tabi l i ty of e l ectri cal  i nsu lati ng  
materia l  

X X 

5 . 1 . 1 5  Veri fi cation  of the  e l ectri cal  res i stance  of 
e l ectri cal l y conducti ve  covering  

X X 

5 . 1 . 1 6  Ou tdoor exposu re  test  X X 

D. 5. 1  Class  I ,  I I  and  I I I  D i vi s i on  1  l ocati ons    

D . 5. 1 . 3  Mechan ica l  type  tests  X  
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1  National Electrical Code and NEC are both registered trademarks of the National Fire Protection Association, Inc.  
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