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Figure  2  – Smal l  dumb-bel l  test p iece  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

Figure  3  – Stripping  properties  of i nsu lation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

Figure  4  – Pos i tion  of the  sample  i n  the  text apparatus  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

 

Table  1  – Mandrel  d iameter accord ing  to  mean  th ickness  of sheath  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  
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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
LOW-FREQUENCY CABLES AND WIRES WITH   

PVC INSULATION  AND PVC SHEATH  –  
 

Part 1 :  General  test and  measuring  methods  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( 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  Commi ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  s tandard 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 cations,  
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 National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC al so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two organ i zati ons.  

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

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

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

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

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

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

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

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

I n ternational  Standard  I EC  601 89-1  has  been  prepared  by subcommittee  46C:  Wires  and  
symmetric cables,  of I EC  techn ica l  committee  46:  Cables,  wires,  wavegu ides,  RF  connectors,  
RF  and  m icrowave  passive  components  and  accessories .  

Th is  fourth  ed i ti on  cancels  and  replaces  the  th i rd  ed i tion  publ ished  i n  2007.  Th is  ed i ti on  
consti tu tes  a  techn ica l  revis ion .  Th is  ed i ti on  i ncludes  the  fo l l owing  s ign i ficant  techn ical  
changes  wi th  respect to  the  previous  ed i tion :  

a)  Test methods  for d ie lectric s trength  and  insu lation  res istance  that were  referenced  i n  the  
previous  ed i ti on  have  been  wi thdrawn .  They have  been  replaced  wi th  references  to  s im i lar 
test methods  described  i n  curren t s tandards.  

b)  References  to  the  I EC  6081 1  series  have  been  updated  as  the  numbering  of th is  series  
has  completel y been  changed .  
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The  text of th is  I n ternational  Standard  i s  based  on  the  fol lowing  documents :  

FDIS  Report  on  voti ng  

46C/1 099/FDIS  46C/1 1 00/RVD  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  I n ternational  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

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

A l i s t of a l l  the  parts  i n  the  I EC  601 89  series,  u nder the  general  ti t l e  Low-frequency cables 
and wires with PVC insulation  and PVC sheath ,  can  be  found  on  the  I EC websi te .  

The  committee  has  decided  that the  con ten ts  of th is  document 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 document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l ingual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  
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LOW-FREQUENCY CABLES AND WIRES WITH   
PVC INSULATION  AND PVC SHEATH  –  

 
Part 1 :  General  test and  measuring  methods  

 
 
 

1  Scope 

This  part  of I EC  601 89  speci fies  mechan ical ,  e l ectrical  and  cl imatic test methods  for l ow-
frequency cables  and  wires  designed  for use  i n  te lecommun ication  i nside  p lants  and  
equ ipment and  i n  e lectron ic devices  employing  s im i lar techn iques.  

NOTE  The  other parts  of I EC 601 89  describe  the  construction  and  characteri sti cs  of each  type  of cable  and  wi re.  

2  Normative references  

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

I EC 60068  (a l l  parts) ,  Environmental testing 

I EC 60068-2-20: 1 979 1 ,  Basic environmental testing procedures – Part 2:  Tests – Test T: 
Soldering 

I EC 60227-2: 1 997,  Polyvinyl chloride insulated cables of rated voltages up to and including 
450/750 V – Part 2:  Test methods  

I EC  60332-1 -2 ,  Tests on  electric and optical fibre cables under fire  conditions – Part 1 -2:  Test 
for vertical flame propagation for a  single  insulated wire or cable  –  Procedure for 1  kW pre-
mixed flame  

I EC 60332-2-2 ,  Tests on  electric and optical fibre cables under fire  conditions – Part 2-2:  Test 
for vertical flame propagation for a  single small insulated wire or cable – Procedure for 
diffusion flame  

I EC  6081 1 -201 ,  Electric and optical fibre  cables – Test methods for non-metallic materials – 
Part 201:  General tests – Measurement of insulation  thickness  

I EC  6081 1 -202,  Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 202:  General tests – Measurement of thickness of non-metallic sheath  

I EC 6081 1 -203,  Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 203: General tests – Measurement of overall dimensions  

I EC 6081 1 -401 ,  Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 401 :  Miscellaneous tests – Thermal ageing methods – Ageing in  an  air oven  

___________ 

1  Th i s  fou rth  ed i ti on  was  replaced  i n  2008  by a  fi fth  ed i ti on  Environmental testing – Part 2-20:  Tests – Test T:  
Test methods for solderability and resistance to soldering heat of devices with  leads.   
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I EC 6081 1 -501 ,  Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 501 :  Mechanical tests – Tests for determining the mechanical properties of insulating and 
sheathing compounds  

I EC  6081 1 -502,  Electric and optical fibre  cables – Test methods for non-metallic materials – 
Part 502: Mechanical tests – Shrinkage test for insulations 

IEC 6081 1 -504,  Electric and optical fibre  cables – Test methods for non-metallic materials – 
Part 504:  Mechanical tests – Bending tests at low temperature for insulation and sheaths  

I EC  6081 1 -508,  Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 508:  Mechanical tests – Pressure test at high  temperature  for insulation and sheaths  

I EC  6081 1 -509,  Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 509:  Mechanical tests – Test for resistance of insulations and sheaths to cracking (heat 
shock test)  

I SO  6892-1 ,  Metallic materials – Tensile testing – Part 1 :  Method of test at room temperature  

EN  50289-1 -5,  Communication cables – Specifications for test methods – Part 1 -5: Electrical 
test methods – Capacitance. SEC5:Capacitance  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l lowing  terms  and  defin i ti ons  apply.  

I SO and  I EC main tain  term inolog ical  databases  for use  i n  standard ization  at  the  fo l lowing  
addresses:  

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

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

3. 1   
conductor 
part of the  cable  or wi re  i n tended  to  carry e lectric curren t  

Note  1  to  en try:  The  conductor may be  

a)  sol i d   – made  of a  s i ng le  strand  of ci rcu lar cross-section ;  

b)  s tranded  – made  of several  s trands  of ci rcu l ar cross-section  assembled  e i ther by l aying  up  concentri cal l y or by 
bunch i ng ,  and  wi thout  i nsu l ation  between  them .  

3.2   
low-frequency wire  
i nsu lated  conductor or assembly of several  i nsu lated  conductors,  l a id  up  together and  wh ich  
may be  provided  wi th  a  screen   

Note  1  to  en try:  The  wi re  may be  

a)  s i ng le   –  consists  of a  s i ng le  i nsu lated  conductor;  

b)  mu l ti pl e   –  consists  of several  i nsu lated  conductors.  

Note  2  to  en try:  The  fol l owi ng  designations  are  used :  

pai r – for mu l ti p l e  wi re  wi th  two  conductors ;  

tri pl e  – for mu l ti pl e  wi re  wi th  th ree  conductors;  

quad  – for mu l ti pl e  wi re  wi th  four conductors ;  

qu in tupl e  – for mu l ti pl e  wi re  wi th  fi ve  conductors.  
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3.3   
low-frequency cables  – sheathed  cable  
assembly of i nsu lated  conductors  enclosed  i n  a  common  con tinuous  protecti ve  covering  

4 Standard  condi tions  for testing  

Un less  otherwise  speci fi ed ,  a l l  tests  shal l  be  carried  ou t under the  cond i ti ons  speci fi ed  i n  
I EC 60068.  

Un less  otherwise  speci fied ,  tests  shal l  be  made at room  temperature.  

When  several  test resu l ts  have  been  obta ined  and  ordered  i n  an  i ncreasing  or decreasing  
success ion ,  the  med ian  value  i s  the  m idd le  va lue  i f the  number of avai l able  values  i s  odd ,  and  
is  the  mean  of the  two  m idd le  values  i f the  number i s  even .  

5 Dimensions  

5.1  Selection  and  preparation  of samples  

5. 1 . 1  Insu lation  

Samples  of i nsu lated  conductors,  approximatel y 1 00  mm  in  l ength ,  sha l l  be  taken  at  both  
ends  of the  cable  or wi re.  

One  sample  shal l  be  taken  at each  end .  Any covering(s)  shal l  be  removed  from  the  insu lation  
and  the  conductor wi thdrawn,  care  being  taken  not to  damage  the  i nsu lation .  Each  test  p iece  
shal l  consist of a  th in  s l i ce  of i nsu lation .  The  s l ice  shal l  be  cu t wi th  a  su i table  device  a long  a  
p lane  perpend icu lar to  the  l ong i tud inal  axis  of the  conductor.  

5.1 .2  Sheath  

Samples,  approximatel y 1 00  mm  in  l ength ,  shal l  be  taken  from  the  fi n i shed  cable  at  both  
ends.  

One  sample  shal l  be  taken  at  each  end .  The  i nsu lated  conductors  b i nd ing  tapes  and  
screen ing ,  i f any,  shal l  then  be  removed  from  the  sheath ,  and  each  test p iece  shal l  be  
prepared  by cu tti ng  wi th  a  su i table  device  a  th in  s l ice  a long  a  p lane  perpend icu lar to  the  axis  
of the  cable.  I f necessary,  the  p lanes  of the  cu ts  shal l  be  carefu l l y smoothed .  

I f not  speci fied  d i fferen tl y by the  respective  detai l  speci fication ,  the  fo l lowing  ru les  shal l  appl y.  
I f a  marking  is  stamped  i n to  the  sheath ,  thus  g i ving  rise  to  a  l ocal  reduction  of th ickness,  the  
test piece  shal l  be  taken  so  as  to  i ncl ude  such  marking .  The  test  p iece  shal l  not i ncl ude  such  
a  reduction  of th ickness  i f i t  i s  made by the  ri p  cord .  

5. 1 .3  Fin ished  cable  or wire  

Samples  of fi n ished  cable  or wi re,  approximately 1 00  mm  in  l ength ,  shal l  be  taken  at both  
ends.  One  sample  shal l  be  taken  at  each  end .  

5.2  Measurement of d imensions  

5.2. 1  M in imum  th ickness  of i nsu lation  or sheath  

5.2. 1 . 1  Insu lation  

Both  samples  (one  at  each  end)  shal l  be  measured .  Each  test  p iece  shal l  be  p laced  under the  
measuring  equ ipment wi th  the  p lane  of the  cu t perpend icu lar to  the  optical  axis.  
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Each  test  piece  shal l  be  measured  wi th  equ ipment i n  accordance  wi th  I EC 6081 1 -201 .  

The  read ings  shal l  be  made,  i n  m i l l imetres,  to  two  decimal  p laces,  i f the  th ickness  of 
i nsu lation  i s  0 , 5  mm  or above,  and  to  three  estimated  decimal  p l aces ,  i f the  th ickness  of 
i nsu lation  i s  l ess  than  0, 5  mm.  

The  m in imum  th ickness  shal l  be  found  and  measured .  

Al ternative  test methods  may be  used ,  provided  that  they g i ve  equ ivalen t resu l ts .  

5.2. 1 .2  Sheath  

Both  samples  (one  at  each  end)  shal l  be  measured .  Each  test p iece  shal l  be  p laced  under the  
measuring  equ ipment wi th  the  p lane  of the  cu t perpend icu lar to  the  optical  axis.   

Each  test piece  shal l  be  measured  wi th  equ ipment i n  accordance  wi th  I EC 6081 1 -202.  

A m icrometer applying  a  pressure  of between  50  kPa  and  80  kPa can  a lso  be  used  for 
measurement of samples  of the  sheath .  

The  read ings  shal l  be  made  in  m i l l imetres  to  two  decimal  p laces.  

The  m in imum  th ickness  shal l  be  found  and  measured .  

Al ternative  test methods  may be  used ,  provided  that they g i ve  equ iva len t resu l ts .  

5.2.2  Mean  th ickness  of insu lation  or sheath  

Each  test  p iece  shal l  be  p laced  under the  measuring  equ ipment wi th  the  p lane  of the  cu t  
perpend icu lar to  the  optica l  axis.  

S ix measurements  shal l  be  made rad ia l l y,  as  far as  poss ib le  equal l y spaced  around  the  
ci rcumference.  

When  the  i nsu lation  i s  taken  from  a  stranded  conductor,  s ix  measurements  shal l  be  made  
rad ia l l y i n  the  pos i ti ons  where  the  i nsu lation  i s  th innest,  i . e.  between  the  ridges  caused  by 
strands.  

I n  a l l  cases,  the  fi rst  measurement shal l  be  made at  the  p lace  where  the  insu lation  is  th innest.  

The  read ings  shal l  be  made,  i n  m i l l imetres,  to  two decimal  p laces,  i f the  th ickness  of 
i nsu lation  is  0 , 5  mm  or above,  and  to  three  estimated  decimal  p l aces,  i f the  th ickness  of 
i nsu lation  is  l ess  than  0, 5  mm .  

I n  the  case  of mechan ical  tests,  the  mean  va lue  of th ickness  of each  test  p iece  shal l  be  
calcu lated  from  the  s ix measurement resu l ts  obtained  on  that test p iece.  

5.2.3  Diameter of fin ished  cable  or wi re  

Both  samples  (one  at  each  end)  shal l  be  measured .  

Measurements  shal l  be  made i n  accordance  wi th  the  method  speci fied  i n  I EC  6081 1 -203.  
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6 Mechanical  tests  

6.1  Selection ,  marking  and  preparation  of samples  for tensi le  tests  

6. 1 . 1  Conductors  

Sol i d  conductors  on l y shal l  be  subjected  to  the  tens i le  tests .  Samples  of conven ient  l ength  
shal l  be  taken  at the  end  of the  cable  or wi re.  

6.1 .2  Insu lation  

6. 1 . 2 . 1  General  

These  tests  are  to  determ ine  the  tens i l e  streng th  and  e longation  at  break of the  i nsu lati ng  
materia l  i n  the  cond i tion  as  manufactured  ( i . e.  wi thou t any ageing)  and ,  when  requ i red ,  after 
accelerated  ageing  treatment.  

When  the  ageing  treatmen t i s  to  be  carried  ou t  on  prepared  test  p ieces  of the  insu lation  ( in  
accordance  wi th  7 . 1 ) ,  the  test p ieces  for treatment shal l  be  taken  from  pos i ti ons  ad j acent to  
the  test p ieces  used  for the  test wi thout ageing  and  the  tens i le  tests  on  the  aged  and  unaged  
test p iece  shal l  be  made i n  immed iate  success ion .  

6. 1 .2 .2  Sampl ing  

A sample  of the  i nsu lated  conductor shal l  be  taken  to  provide  a  m in imum  of fi ve  test  pieces  
each  for the  tensi le  tests  wi thout ageing  and  the  tensi l e  tests  after each  of the  requ i red  ageing  
treatments .  Any sample  that shows  s i gns  of mechan ical  damage shal l  not be  used  for the  
tests.  

6. 1 .2 .3  Preparation  of test pieces  

The samples  of i nsu lation  shal l  be  cu t  in to  p ieces  approximatel y 1 00  mm  long  and  the  
conductor and  any ou ter coverings  removed ,  care  being  taken  not to  damage the  i nsu lation .  
The  tubes  shal l  be  marked  to  i den ti fy the  sample  from  wh ich  they were  prepared  and  the ir 
re lati ve  pos i ti ons  i n  the  sample.  

The  cen tral  20  mm  shal l  be  marked  by two  l i nes  immed iatel y before  the  tensi l e  test.  

6.1 .3  Sheath  

6. 1 . 3. 1  General  

These  tests  are  to  determ ine  the  tens i le  strength  and  e longation -at-break of the  sheath ing  
materia l  of the  cable  i n  the  cond i ti on  as  manufactured  and ,  when  requ ired ,  after one  or more  
accelerated  ageing  treatment(s).  

When  the  ageing  treatmen t i s  to  be  carried  ou t  on  prepared  test pieces  ( i n  accordance  wi th  
7. 1 ) ,  the  test p ieces  for treatment shal l  be  taken  from  posi tions  ad jacent to  the  test pieces  
used  for the  test wi thou t ageing ,  and  the  tensi l e  tests  on  the  treated  and  un treated  test  p ieces  
shal l  be  made  i n  immed iate  success ion .  

6.1 .3.2  Sampl ing  

A sample  of the  cable  to  be  tested ,  or of the  sheath  removed  from  the  cable,  shal l  be  taken  of 
sufficien t s ize  to  provide  a  m in imum  of five  test p ieces  for the  tens i l e  tests  wi thout ageing  and  
the  requ i red  number of test p ieces  for each  of the  tensi l e  tests  after ageing  speci fi ed  for the  
sheath ing  materia l  i n  the  re levant  cable  standard .  Any sample  that  shows  s igns  of mechan ica l  
damage  shal l  not be  used  for tests.  

Provided by IHS Markit under l icense with  IEC



I EC 601 89-1 : 201 8  © I EC  201 8  – 1 1  –  

6.1 .3.3  Preparation  of test pieces  

Test p ieces  shal l  be  prepared  from  the  samples  of sheath ,  dumb-bel l  test  p ieces  being  used  
whenever poss ib le.  

Each  sample  of sheath  shal l  be  cu t  i n to  p ieces  of sufficient  s ize  for the  test and  the  pieces  
marked  to  identi fy the  sample  from  wh ich  they are  cu t and  thei r pos i ti on  re lative  to  each  other 
i n  the  ori g inal  sheath .  

The  p ieces  of sheath  shal l  be  ground  or cu t,  so  as  to  obtain  two  paral l e l  surfaces  between  the  
marker l i nes  mentioned  be low,  care  be ing  taken  to  avoid  undue  heating .  After g ri nd ing  or 
cu tting ,  the  th ickness  of the  pieces  shal l  be  not  l ess  than  0 , 6  mm  and  not  more  than  2 , 0  mm .  

A dumb-bel l  test  p iece  i n  accordance  wi th  F igure  1  shal l  then  be  punched  from  each  prepared  
p iece  of sheath  or i f possible  two  dumb-bel l  test p ieces  shal l  be  punched  s ide  by s ide.  

Dimensions in  millimetres 

 

Figure  1  – Dumb-bel l  test piece  

When  the  d iameter of the  core  i s  too  smal l  to  a l l ow the  dumb-bel l  i n  accordance wi th  F igure  1  
to  be  used ,  then  a  smal l er dumb-bel l  test p iece  i n  accordance  wi th  F igure  2  sha l l  be  punched  
from  each  prepared  p iece  of sheath .  

Dimensions in  millimetres 

 

Figure 2  – Smal l  dumb-bel l  test piece  

The  central  20  mm  for the  l arger dumb-bel ls ,  or 1 0  mm  for the  smal l er dumb-bel ls,  shal l  be  
marked  by two  l ines  on  each  test p iece,  as  shown  i n  F igures  1  and  2 ,  immed iatel y before  the  
tens i le  tests .  Tubu lar test  p ieces  shal l  be  used  on ly when  the  sheath  is  of such  smal l  s i ze  that 
i t  i s  not poss ib le  to  prepare  dumb-bel l  test p ieces.  The  tubu lar test  p ieces  shal l  be  prepared  
from  samples  of sheath  i n  the  same way as  speci fi ed  for i nsu lation  i n  6. 1 . 2 . 3.  
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6.2  Measurement of cross-sectional  area for tensi le  test  

6. 2. 1  General  

The  cross-sectional  area  of the  samples  shal l  be  determ ined  by one  or other of the  methods  
described  be low.  

I n  the  case  of the  samples  to  be  subjected  to  accelerated  ageing ,  the  d imensions  used  for the  
ca lcu lation  of cross-sectional  area  shal l  be  measured  before  ageing .  

6.2.2  Insu lation  

The cross-sectional  area  of tubu lar test  p ieces  shal l  be  determ ined  in  accordance  wi th  the  
method  speci fi ed  i n  I EC 6081 1 -501 .  

6.2.3  Sheath  

The cross-sectional  area  of each  test p iece  shal l  be  determ ined  in  accordance  wi th  the  
method  speci fi ed  i n  I EC 6081 1 -501 .  

6.3  Tensi le  test  

6.3. 1  Cond ition ing  of test pieces  

Before  the  tens i l e  test,  a l l  test p ieces  aged  and  unaged  shal l  be  kept for at l east 3  h  a t a  

temperature  of 23  °C  ±  5  °C,  except for insu lation  and  sheath ,  wh ich  shal l  be  kept at 

23  °C  ±  2  °C.  

6.3.2  Tensi le  testing  procedure  

a)  Conductor 

The  tens i l e  testi ng  of so l i d  conductors  shal l  be  carried  ou t i n  accordance  wi th  the  method  

speci fied  i n  I SO 6892-1  and  the  rate  of separation  of j aws  shal l  be  1 00  mm/m in  ±  
20  mm/m in .  

b)  I nsu lation  and  sheath  

The  test shal l  be  made  in  accordance wi th  the  method  speci fied  in  I EC  6081 1 -501 .  

6.3.3  Expression  of resu l ts  

The va lue  of the  breaking  load  and  the  e longation  at  break shal l  be  calcu lated  i n  accordance  
wi th  I EC 6081 1 -501 .  

6.4 Stripping  properties  of insu lation  

6.4. 1  General  

The  obj ect of th is  test i s  to  determ ine  the  exten t to  wh ich  the  i nsu lation  can  be  eas i l y stripped  
from  the  conductor.  

Therefore,  fi ve  samples  of i nsu lated  conductors  approximatel y 300  mm  in  l eng th  shal l  be  
taken  at  each  end  of the  cable  or wire.  

6.4.2  Test method   

Over a  l ength  AB  of about 25  mm  from  one  end  of the  samples,  the  insu lation  shal l  be  clean l y 
cu t  and  carefu l l y stripped  from  the  conductor (see  F igu re  3) .  
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Dimensions in  millimetres 

 

Figure 3  – Stripping  properties  of i nsu lation  

The  i nsu lation  shal l  be  cl ean l y cu t at  right  ang les  to  i ts  l ong i tud inal  axis.  

The  sample  shal l  then  be  cu t  at  D  and  the  i nsu lation  at C,  about 85  mm  and  75  mm  
respectivel y from  the  s tripped  end  in  the  case  of sol i d  conductors,  or at  about 55  mm  and  
45  mm  respectivel y from  the  stripped  end  i n  the  case  of s tranded  conductors.  Th is  l eaves  a  
l ength  of 50  mm  of und isturbed  i nsu lation  i n  the  case  of sol i d  conductors  and  of 20  mm  in  the  
case  of s tranded  conductors .  The  insu lation  between  C  and  D  shal l  be  stripped  from  the  
conductor,  care  being  taken  nei ther to  d isplace  the  remain ing  part of the  i nsu lation  nor to  
damage  the  conductor.  

Cu tting  the  sample  at  D  shal l  be  carried  ou t  preferabl y by means  of normal  cu tting  p l i ers  
su i tabl y sharpened  so  as  to  avoid  any burring  of the  meta l  at the  cu t poin t.  

The  sample  is  then  p laced  i n  the  test  apparatus  s im i lar to  that shown  i n  F igure  4.  

Dimensions in  millimetres 

 

Figure 4  – Posi tion  of the  sample  in  the  text  apparatus  

The  meta l  p l ate  i s  provided  wi th  a  round  hole  wh ich  is  1 0  %  greater than  the  nom inal  d iameter 
of the  conductor.  

The  force  necessary to  start the  s l i d ing  of the  i nsu lation  over the  conductor shal l  be  
measured ,  the  force  be ing  exerted  on  the  conductor.  The  speed  of the  tens i l e  mach ine  shal l  
be  between  250  mm/m in  and  350  mm/m in .  

7 Thermal  stabi l i ty and  cl imatic tests  

7. 1  Accelerated  ageing  

The object of accelerated  ageing  is  to  cond i ti on  the  sample  of insu lation  and  sheath  so  that  
they are  brought  rapid l y to  a  s tate  normal l y reached  after a  l ong  time.  

The  accelerated  ageing  test shal l  be  carried  ou t  i n  accordance  wi th  the  method  speci fi ed  i n  

I EC 6081 1 -401  at an  ageing  temperature  of 80  °C  for a  period  of 7  h  ×  24  h .  

For routi ne  tests,  a  h igher number of a i r changes  than  i n  the  speci fied  method  i s  perm i tted .  
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7.2  Pressure  test  at  h igh  temperature  

The  object of th is  test i s  to  determ ine  the  extent to  wh ich  the  cable  sheath  can  wi thstand  
deformation  when  the  cable  subj ected  to  moderate l y h igh  temperatures  undergoes  
mechan ica l  pressure.  

The  pressure  test shal l  be  carried  ou t  i n  accordance  wi th  the  method  speci fied  i n  
IEC 6081 1 -508  at a  temperature  of 80  °C.  

7.3  Resistance  to  fl ame  propagation  

7.3. 1  General  

The obj ect of th is  test i s  to  determ ine  the  res istance  to  fl ame propagation  of a  cable  or wi re.  

7.3.2  Wires  

The test shal l  be  carried  ou t i n  accordance  wi th  the  method  speci fi ed  in  I EC  60332-2-2.  

7.3.3  Cables  

The test shal l  be  carried  ou t in  accordance  wi th  the  methods  speci fi ed  i n  I EC  60332-1 -2  or 
IEC 60332-2-2.  

7.4  Cold  bend  test  

7.4. 1  General  

The object of th is  test  i s  to  determ ine  the  extent  to  wh ich  the  cable  or wi re  may be  used  after 
exposure  to  l ow temperature.  

7.4.2  Insu lation  

Each  wi re  to  be  tested  shal l  be  represented  by two  samples  of su i table  l eng th  taken  from  
p laces  separated  by at l east  1  m .  

The  cold  bend  test sha l l  be  carried  ou t i n  accordance wi th  the  method  speci fi ed  i n  
I EC 6081 1 -504.  

7.4.3  Sheath  

Each  sheath  to  be  tested  shal l  be  represented  by two  p ieces  of completed  cable  of su i table  
length  taken  from  p laces  separated  by at  least 1  m .   

The  cold  bend  test sha l l  be  carried  ou t i n  accordance wi th  the  method  speci fied  i n  
I EC 6081 1 -504.  

The  test temperature  shal l  be  g i ven  i n  the  re levant  speci fication .  

7.5  Heat shock test  

7.5. 1  General  

The obj ect of th is  test i s  to  determ ine  the  exten t to  wh ich  the  i nsu lation  or the  sheath  
wi thstands  variations  in  temperature  wi thout  susta in ing  damage.  

7.5.2  Insu lation  

The heat shock test for i nsu lation  shal l  be  carried  ou t i n  accordance wi th  the  method  speci fied  
i n  I EC  6081 1 -509,  except that each  sample  shal l  be  wound  hel ical l y for th ree  complete  

Provided by IHS Markit under l icense with  IEC



I EC 601 89-1 : 201 8  © I EC  201 8  – 1 5  –  

con tiguous  turns  around  a  mandrel  of d iameter having  a  value,  rounded  off to  the  nearest 
whole  d iameter,  of three  times  the  mean  overal l  d i ameter of the  i nsu lated  conductor.  

7.5.3  Sheath  

The heat shock test  for sheaths  shal l  be  carried  ou t in  accordance  wi th  the  method  speci fied  
i n  I EC  6081 1 -509,  except that each  sample  shal l  be  a  s trip  4  mm  wide  cu t  from  the  sheath  i n  
the  d i rection  of the  axis  of the  cable.  The  samples  shal l  be  wound  he l ical l y for s ix  complete 
con tiguous  tu rns  round  a  mandrel  of d iameter as  speci fied  i n  Table  1 .  

Table  1  – Mandrel  d iameter according  to  mean  th ickness  of sheath  

Mean  th ickness  of sheath  

mm 

Mandrel  d i ameter 

mm 

Up  to  and  i ncl ud i ng  1  

≥  1  

5  

1 0  

 

7.6  Measurement of insu lation  shrinkage  after overheating  of conductor 

The object of th is  test i s  to  check the  exten t to  wh ich  the  i nsu lation  shrinks  after overheating  
of the  conductor.  

The  test  shal l  be  carried  ou t  i n  accordance  wi th  the  method  speci fi ed  i n  I EC  6081 1 -502.  For 

wi re  of l ess  than  1 , 5  mm  d iameter,  the  test sample  shal l  be  1 00  mm  ±  5  mm  long  wi th  cl ean l y 
cu t  ends  (wi thou t s tripped  ends) .  

Each  test piece  shal l  be  heated  at a  temperature  of 1 00  °C  ±  2  °C  for 1  h .   

7.7  Combined  shrinkage  and  heat  shock test   

This  test on l y appl ies  to  i nsu lations  wi th  an  ou ter d iameter l ess  than  1 , 5  mm.  

For routi ne  tests,  the  combined  test  speci fi ed  hereunder i s  accepted  as  an  a l ternative  to  the  
group shrinkage  test and  the  heat shock test.  The  two  tests  speci fi ed  in  7 . 5  and  7 . 6  shal l  be  
cons idered  as  reference tests.  

The  obj ect of th is  test  i s  to  determ ine  the  extent  to  wh ich  the  i nsu lation  sh rinks  or wi thstands  
damage  wi th  variations  i n  temperature.  The  test  sha l l  be  carried  ou t i n  accordance  wi th  the  
method  speci fied  i n  I EC  6081 1 -509,  except that each  sample  shal l  be  wound  he l ical l y for 
th ree  complete  con tiguous  turns  around  a  mandrel  of d iameter having  a  value  rounded  off to  
the  nearest whole  m i l l imetre  of three  times  the  mean  overal l  d iameter of the  i nsu lated  
conductor.  

Also,  the  ends  wh ich  shal l  be  cl ean l y cu t  (wi thou t stripped  ends)  shal l  extend  at  righ t ang les  
to  the  mandrel  in  opposi te  d i rections  for a  l eng th  of 50  mm .  

The  amount of shrinkage  of the  i nsu lation  from  the  conductor ends  shal l  be  measured  and  
shal l  be  recorded  as  a  percen tage  of the  tai l  l ength  (50  mm).  

7.8  Solder test  on  tinned  conductors   

For specia l  appl ications,  compl iance  shal l  be  checked  by the  solder g lobu le  method  speci fied  
i n  4 . 8  of I EC 60068-2-20: 1 979.  

Th is  method  appl ies  when  speci fied  i n  the  relevan t speci fication .  

Non-activated  fl ux shal l  be  used .  
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8 Electrical  tests  

8. 1  Electrical  resistance  of conductors  

The e lectrical  res istance  shal l  be  measured  on  the  fi n ished  cable  or wi re  by means  of a  
device  capable  of measuring  accuratel y to  wi th in  0, 5  %  of the  value  to  be  determ ined .  

The  measured  value,  corrected  proportionatel y to  the  length  and  expressed  in  ohm/ki lometre,  
sha l l  be  referred  to  the  s tandard  temperature  of 20  °C.  

For copper conductors ,  the  res istance  shal l  be  corrected  to  the  standard  temperature  by 
mu l tip l ying  the  measured  va lue  by the  factor k as  fo l l ows:  

 
( )

1

1 0, 003 93 20
k

t
=

+ −
  

where   

t   i s  the  temperature  i n  °C  at  wh ich  the  measurement i s  made.  

To  correct the  value  proportional l y to  the  l eng th ,  the  measured  res istance  shal l  be  mu l ti p l i ed  
by the  factor (1 /L) ,  where  L  i s  the  l eng th  of the  cable  i n  ki lometres.  

8.2  Dielectric strength  

8.2. 1  General  

This  test  sha l l  be  carried  ou t  before  the  measurement of i nsu lation  res istance  described  i n  
8. 3.  

The  d ie lectric  streng th  of the  i nsu lation  shal l  be  checked  on  the  fin ished  cable  or on  a  sample  
of wire.  The  test vol tage  may be  e i ther DC  or AC.  I n  the  l atter case,  the  waveform  shal l  be  
approximatel y s i nusoidal .  The  frequency shal l  be  between  40  Hz and  60  Hz,  and  the  vol tage  
to  be  taken  i n to  consideration  shal l  be  expressed  as  an  RMS va lue.  

The  va lue  of the  test vo l tage  and  the  duration  of appl ication  are  speci fi ed  i n  the  re levant cable  
speci fications.  

A protecti ve  res istance  of adequatel y h igh  value  shal l  be  connected  in  the  ci rcu i t suppl ying  
the  test  vol tage  to  the  sample  under test.  

8.2.2  Wires  

a)  Unscreened  wi res  

The  vol tage  test sha l l  be  carried  ou t in  accordance wi th  the  method  speci fi ed  i n  2 . 3  of 
I EC 60227-2: 1 997.  

b)  Screened  wires  

The  vol tage  test sha l l  be  carried  ou t in  accordance wi th  the  method  speci fi ed  i n  2 . 2  of 
I EC 60227-2: 1 997.  

8.2.3  Cables  

The  test  sha l l  be  carried  ou t  on  complete  l eng ths  of the  fi n ished  cable  i n  accordance  wi th  the  
method  speci fi ed  i n  I EC 60227-2 .  

The  vol tage  shal l  be  appl i ed  g radual l y at a  rate  not exceed ing  1  kV/s  and  consecutive l y 
between  any conductor and  a l l  others  p lus  the  screen ,  i f any,  connected  to  earth .  
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The  fu l l  vol tage  shal l  be  main ta ined  for the  speci fi ed  period .  

8.3  Insu lation  resistance  

8.3. 1  General  

Th is  measurement shal l  be  made  after the  d ie lectric s trength  test described  i n  8 . 2.  The  
i nsu lation  res istance  shal l  be  measured  on  the  fi n ished  cable  or on  a  sample  of wi re  by 
means  of a  device  capable  of measuring  to  wi th in  1 0  %  of the  value  to  be  determ ined .  

8.3.2  Wires  

a)  Unscreened  wi res  

The  insu lation  res istance  test shal l  be  carried  ou t  i n  accordance wi th  the  method  speci fi ed  
i n  2 . 4  of I EC 60227-2: 1 997.  

b)  Screened  wires  

The  insu lation  res istance  test shal l  be  carried  ou t  i n  accordance wi th  the  method  speci fi ed  
i n  2 . 4  of I EC 60227-2: 1 997.  

8.3.3  Cables  

The measurement shal l  be  carried  ou t on  complete  l eng ths  of the  fi n ished  cable.   

The  i nsu lation  res istance  shal l  be  measured  after a  one-m inu te  appl ication  of the  test vol tage  
between  each  conductor and  a l l  others  p l us  the  screen ,  i f any,  connected  to  earth .  

The  test  shal l  be  carried  ou t at  a  m in imum  of 1  km  in  l ength .  The  test temperature  shal l  be  
recorded .  

8.4 Mutual  capaci tance  

The mutual  capaci tance  shal l  be  measured  on  the  fi n ished  cable  by means  of a  device  
capable  of measuring  accuratel y to  wi th i n  1  %  of the  value  to  be  determ ined .  

The  measurement shal l  be  carried  ou t  wi th  a l ternating  curren t  at  a  frequency between  500  Hz 
and  2  000  Hz.  I f not  speci fi ed  d i fferentl y i n  the  respective  detai l  speci fication ,  the  test shal l  be  
carried  ou t  accord ing  to  EN  50289-1 -5.  

No  measurement shal l  be  made on  cables  where  the  cabl i ng  e lement i s  a  s i ng le  wi re.   

For cables  i n  pai rs  or trip les ,  the  mutual  capaci tance  shal l  be  measured  on  a  certa in  number 
of e l ements  between  wi re  “a”  and  wi re  “b” ,  a l l  the  remain ing  conductors  being  connected  
together and  to  the  screen ,  i f any.  

For cables  i n  quads  or qu in tuples,  the  mutual  capaci tance  shal l  be  measured  on  a  certa in  
number of e lemen ts  between  wire  “a”  and  wi re  “b”  and ,  i f requ i red ,  between  wi re  “c”  and  wi re  
“d ” ,  a l l  other conductors  being  connected  together and  to  the  screen ,  i f any.   

The  measured  capaci tance  shal l  be  corrected  proportional l y to  the  l eng th ,  and  expressed  i n  
nanofarads  per ki l ometre.  

8.5  Capaci tance unbalance  (conductor to  conductor)  

The capaci tance  unbalance  shal l  be  measured  on  the  fi n ished  cable  by means  of a  device  
capable  of measuring  accuratel y to  wi th in  5  pF  +  5  %  of the  value  to  be  determ ined .   
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The  measurement shal l  be  carried  ou t  wi th  a l ternating  curren t  at  a  frequency between  500  Hz 
and  2  000  Hz.  I f not  speci fi ed  d i fferentl y i n  the  respective  detai l  speci fication ,  the  test shal l  be  
carried  ou t  accord ing  to  EN  50289-1 -5.  

For cables  i n  pai rs  or trip les,  the  capaci tance  unbalance  shal l  be  measured  between  d i fferen t 
pai rs ;  for cables  i n  quads  or qu in tuples ,  the  capaci tance  unbalance  shal l  be  measured  
between  the  pai rs  a  b  of d i fferent cabl i ng  e lements  and ,  i f requ i red ,  between  the  two  pai rs  a  b  
and  c  d  of the  same e lement.  Ad j acen t cabl ing  elements  shal l  be  selected  for at l east 
two-th i rds  of the  tests.   

The  capaci tance  unbalance  shal l  be  expressed  i n  p icofarads  per 500  m  length  of cable.  

I f the  tested  cable  has  a  l ength  L  o ther than  500  m ,  the  measured  value  shal l  be  mu l ti pl i ed  by 
a  correction  factor of 500/L  u n less  d i fferentl y speci fi ed  i n  the  re levant cable  speci fication .  

Lengths  of l ess  than  1 00  m  shal l  be  considered  as  being  equal  to  1 00  m .  

 

___________ 
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