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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
COAXIAL COMMUNICATION  CABLES –  

 
Part 1 -209:  Environmental  test methods  – Thermal  cycl ing  

 
FOREWORD 

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

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

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

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

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

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

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

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

9)  Atten ti on  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e lemen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect  of 
paten t ri gh ts .  I EC  shal l  n ot  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

I n ternational  Standard  IEC  61 1 96-1 -209  has  been  prepared  by subcommi ttee  46A:  Coaxial  
cables,  of I EC  techn ical  commi ttee  46:  Cables,  wi res,  wavegu ides,  R.F.  connectors,  R.F.  and  
m icrowave  passive  components  and  accessories.  

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

FDIS  Report  on  voti ng  

46A/1 298/FDIS  46A/1 301 /RVD  

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

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

A l i st  of a l l  the  parts  i n  the  I EC  61 1 96  series  publ i shed  under the  general  ti tl e  Coaxial 
communication cables  can  be  found  on  the  I EC  websi te.  

Copyright International  Electrotechnical  Commission 



 –  4  –  I EC  61 1 96-1 -209: 201 6  © I EC  201 6  

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at  a  l ater date.  
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COAXIAL COMMUNICATION  CABLES –  
 

Part 1 -209:  Environmental  test methods  – Thermal  cycl ing  
 
 
 

1  Scope 

Th is  part of I EC  61 1 96  speci fies  a  test method  to  determine  the  abi l i ty of a  coaxia l  cable  to  
wi thstand  the  effects  of temperature  cycl i ng  on  i ts  transmission  performance.  

The  purpose  of th is  procedure  i s  to  accelerate  the  effects  of temperature  cycl ing  on  a  cable.  

2  Normative references  

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

I EC  61 1 96-1 ,  Coaxial communication cables – Part 1 :  Generic specification – General,  
definitions and requirements 

I EC  60068-2-1 4,  Environmental testing – Part 2-14: Tests – Test N: Change of temperature 

I EC  62506,  Methods for product accelerated testing 

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g iven  i n  I EC  61 1 96-1  apply.  

4 Symbols  

∆T d i fference  between  the  upper and  l ower exposure  temperature  l im i ts,  i n  °C 

∆T1  d i fference  between  the  upper and  l ower operational  temperature  l im i ts,  i n  °C 

∆Ti  temperature  change  d i fference  other than  ∆T1 ,  i n  °C 

ζ  Test  transi tion  rate  of temperature  of the  test,  i n  °C/minu te  

A  ad justment factor for the  number of cycles  for d i fferent transi tion  temperature  rates  
and  exposure  temperatures  l im i ts  than  standard  cond i tions  

A tr  ad justment factor for the  number of cycles  wi th  regards  to  the  transi tion  rate  

A∆T ad justment factor for the  number of cycles  wi th  regards  to  the  upper and  l ower 
exposure  temperatures  
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5 Method  

5.1  Thermal  cycle  profi le  method  

The  test shal l  be  done  i n  accordance  wi th  the  I EC  60068-2-1 4  wi th  a  transi tion  time  of 
2  °C/minute.  The  temperature  exposure  time  shou ld  be  at the  upper and  lower operational  

l im i ts  of cable  (∆T1 )  as  g i ven  i n  relevant cable  speci fication ,  un less  otherwise  mod i fied  as  
described  i n  5. 2 .  

A cycle  shal l  consist of one  complete  exposure  at upper and  lower temperature  test l im i ts.  

Twenty cycles  shou ld  be  conducted .  

The  time  exposed  at the  upper and  lower test temperatures  shal l  be  su fficien t for the  DUT to  
reach  the  speci fied  temperature.  

Mass  and  exposure  times  are  g iven  i n  Table  1 .  

Table  1  – Mass  and  exposure  times  

Mass  of specimen/fixtures  Exposure  time   
hr  

≤  30  g  ¼ 

>  30  g  to  ≤  1 50  g  ½  

>  1 50  g  to  ≤  1 , 5  kg  1  

>  1 , 5  kg  to  ≤  7 , 5  kg  1 , 5  

>7, 5  kg  to  ≤  1 5  kg  2  

>  1 5  kg  to  ≤  75  kg  3  

>  75  kg  to  ≤  1 50  kg  4  

>  1 50  kg  8  

 

5.2  Adjustment factors  

5.2 .1  General  

The  number of cycles  shou ld  be  ad justed  when  the  transi tion  rate  and  temperature  change  
varies  from  5. 1  by the  fol l owing :  

 N =  20  ×  A tr  ×  A∆T ( 1 )  

The  calcu lation  wi l l  most l i kely l ead  to  a  number that wi l l  not be  an  i n teger and  therefore  wi l l  
con tain  a  fraction  of a  complete  cycle.  Any fraction  of a  cycle  shou ld  be  ad justed  to  the  next 
h igher i n teger number.  
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5.2.2  Transition  rate  ad justment factor 

The  number of cycles  shou ld  be  ad justed  to  other transi tion  rates  accord ing  to  equation  (1 )  
and  (2) .  

 A tr  =  
3

1










ςTest

2
  (2)  

The  maximum  ad justment factor shou ld  be  l im i ted  to  4 .  

5.2.3  Upper and  lower temperature  exposure  test ad justment factor 

I f d i fferent temperature  exposure  l im i ts  are  used ,  the  number of cycles  shou ld  be  ad justed  as  
speci fied  by the  fol l owing .  

 A∆T =  

2,5










iT

T

Δ

Δ 1  (3)  

5.3  Sample  

Electrical  and  mechan ical  tests  shal l  be  done  on  a  50  m  ±  5  m  l eng th  un less  otherwise  
speci fied .  Each  test shal l  requ i re  a  m in imum  of one  sample.  

The  samples  shal l  be  loosely coi led  i n  the  test chamber to  ensure  that ad jacent wind ings  have  
a i rspace  between  each  coi l ,  ad jacent samples,  and  wal l s  of the  chamber.  

The  mechan ical  sample  shal l  be  cu t fl ush  at both  ends.  

Su i table  connectors  shal l  be  attached  for the  e lectrical  tests.  

Tests  that shou ld  be  considered  are:  impedance,  return  loss,  passive  in termodu lation  
d istortion ,  con tact resistance,  etc.  

5.4 Requirements  

The  mechan ical  test shal l  mon i tor d ie lectric and  conductor movement.  The  cri teria  for 
acceptance  shal l  be  described  in  the  detai l ed  speci fication .  

The  RF  performance  characteristics  shal l  be  evaluated  at  the  conclusion  of the  test and  may 
be  a lso  evaluated  at  i n tervals  during  the  test.  The  cri teria  for acceptance  shal l  be  speci fied  i n  
the  detai led  speci fication .  
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6 Test report 

The  test report shal l  i nclude  

•  i n i ti a l  measurement;  

•  n umber of samples  tested ;  

•  sample  length ;  

•  connector used ;  

•  test cond i tions  

– l ow temperature,  

– h igh  temperature,  

– rate  of temperature  change,  

– number of cycles,  

– duration  of cycle,  

– detai l s  of sample  p lacement;  

•  fi na l  measurements  and  changes  i n  resu l ts  from  the  i n i tia l  measurements;  

•  ca lcu lations  made;  

•  d eviations  from  the  standard  method .  
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 Annex A
( informative)  

 
Rel iabi l i ty acceleration  factor 

The  effects  of thermal  cycl i ng  i n  use  may be  accelerated  by i ncreasing  the  temperature  range  
and  transi tion  time  from  what i s  the  normal  operation .  Th is  i s  known  as  the  acceleration  factor 
ATC .  

 

nm

T

T
A

/1

2

1

2
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1
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
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



ς

ς
⋅









∆

∆
=  (A. 1 )  

where  

∆T1  i s  the  change  in  temperature  that occurs  i n  test 1 ;  

∆T2   i s  the  change  in  temperature  that occurs  i n  test 2  or actual  change  in  usage;  

1ς  i s  the  ramp speed  in  test that occurs  i n  test 1 ;  

2ς  i s  the  ramp speed  that occurs  i n  test 2  or actual  ramp  rate  i n  usage;  

m  i s  a  number for the  d i fference  between  the  exposure  test l im i ts  and  i s  determined  by the  
component/materia l ;  

n  i s  a  number for the  transi tion  rate  of temperature.  

I n  actual  use,  the  thermal  cycle  profi l e  may not be  consisten t from  day to  day and  therefore  
some  approximation  shal l  be  used .  

The  m  and  n  may be  obtained  from  testing ,  fi e ld  experience,  data  sources,  etc.  

Add i tional  i n formation  can  be  obtained  i n  I EC  62506.  

Comments  

I f the  acceleration  factor i s  25,  wh ich  means  1  thermal  cycle  i s  equ ivalen t to  25,  thermal  
cycles  of the  base  l i ne  model  shal l  be  used .  I f the  basel i ne  model  i s  1  day of use,  an  
acceleration  factor i s  equ ivalen t to  25  days  of use  for each  cycle.  

Typical l y dai l y operational  cycles  are  complex and  more  than  one  cycle  occurs  per day.  I t  i s  
typical  practice  to  model  these  mu l tip le  cycles  as  one  cycle  to  make  the  compl ications  easy.  
However,  one  can  use  each  m in i -cycle  and  perform  ind ividual  ca lcu lations.  

The  degree  that acceleration  can  be  ach ieved  may be  l im i ted  based  on  the  temperature  
ratings  of the  materials  used  i n  the  construction  of the  cable.  

The  m  and  n  exponents  can  be  determined  form  experimentation ,  however,  when  they are  not 
known ,  a  conservative  number of 2 , 5  i s  used  for m  and  1 /3  i s  used  for n .  

Example  1 :  

Perform  a  test on  two  50  m  cables  wi th  one  having  connectors  on  both  ends  and  the  other 
having  i ts  ends  cu t fl ush .  

The  operational  temperature  l im i ts  are:  –50  °C and  +70  °C.  

The  cable  mass  i s  of 1  kg  per meter.  
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The  standard  test wou ld  be  a  l ower exposure  test temperature  of –50  °C and  an  upper 

exposure  test temperature  of +70  °C.  The  transi tion  time  wou ld  be  1  h  (1 20  °C/60  m inu tes  or 

2  °C/minu te).  

The  DUT mass  in  the  chamber i s  1 00  kg  and  using  Table  1 ,  th is  wou ld  provide  an  exposure  
test duration  of 4  h .  

Example  2  

The  same  test above,  except that the  test wi l l  be  done  at  –50  °C at the  lower exposure  

temperature  and  at +90  °C for the  upper exposure  temperature  wi th  a  ramp  rate  of 1  °C per 
m inu te.  

The  transi tion  rate  ad justment factor from  equation  (2)  i s  as  fol l ows:  

 A tr  =  
3

1

2

1








 =  0 , 79  (A.2)  

The  operational  exposure  temperature  ad justment factor from  equation  (3)  i s  as  fol lows:  

 A∆T =  
52

1 20

1 40
,









 =  1 , 47   (A.3)  

The  ad justment factor i s :  A tr ×  A∆T =  1 , 1 7  and  the  number of cycles  cou ld  be  reduced  by 1 , 1 7.  

 

___________ 
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