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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
RESIN  BASED REACTIVE COMPOUNDS  
USED FOR ELECTRICAL INSULATION  – 

 
Part 2:  Methods  of test 

 
FOREWORD 

1 )  The  I n ternati ona l  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  National  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 ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ica l  Speci fi cati ons,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s)” ).  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  sub ject dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen ta l  and  non -
governmen ta l  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 ly 
wi th  the  I n ternational  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons.  

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

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in 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  appl y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  possib l e  i n  thei r nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg ional  pub l i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f does  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i 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 n cl ud i ng  i nd i vi 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 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 ,  use  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 tion  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  pub l i cati on .  

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

I n ternational  Standard  I EC  60455-2  has  been  prepared  by IEC techn ical  commi ttee  1 5:  Sol id  
e lectrical  i nsu lating  materials.  

Th is  th i rd  ed i tion  cancels  and  replaces  the  second  ed i tion  publ i shed  in  1 998.  Th is  ed i tion  
consti tu tes  a  techn ical  revision .  

Th is  ed i tion  i ncludes  the  fol lowing  s ign i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  I n troduction  of test methods  re lated  to  I EC  60455-3-8;  

b)  Add i tional  and  updated  test methods  for resins.  
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The  text of th is  standard  i s  based  on  the  fol l owing  documents:  

FDIS  Report  on  voti ng  

1 5/751 /FDIS  1 5/757/RVD  

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

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

A l i st  of a l l  parts  i n  the  I EC  60455  series,  publ i shed  under the  general  ti tl e  Resin  based 
reactive compounds used for electrical insulation ,  can  be  found  on  the  IEC  websi te.  

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

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

Th is  part of I EC  60455  i s  one  of a  series  wh ich  deals  wi th  solven t-free  resin  based  reactive  
compounds  and  thei r components  used  for e lectrical  i nsu lation .  

The  series  consists  of three  parts:  

– Part 1 :  Defin i ti ons  and  general  requ i rements  ( IEC 60455-1 );  

– Part 2 :  Methods  of test ( IEC  60455-2);  

– Part 3 :  Speci fications  for i nd ividual  materia ls  ( I EC 60455-3).  
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RESIN  BASED REACTIVE COMPOUNDS  
USED FOR ELECTRICAL INSULATION  – 

 
Part 2:  Methods  of test 

 
 
 

1  Scope 

Th is  part of I EC  60455  speci fies  methods  of test to  be  used  for testing  resin  based  reactive  
compounds,  thei r components  and  cu red  compounds  used  for e lectrical  i nsu lation .  

2  Normative references  

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

I EC  60050  (a l l  parts) ,  International Electrotechnical Vocabulary (avai lable  at 
h ttp: //www.electroped ia.org )  

I EC  60068-2-1 0:2005,  Environmental testing – Part 2-10: Tests – Test J and guidance: Mould 
growth  

I EC  60093: 1 980,  Methods of test for volume resistivity and surface resistivity of solid 
electrical insulating materials  

I EC  601 1 2: 2003,  Method for the determination of the proof and the comparative tracking 
indices of solid insulating materials  

I EC  6021 6  (a l l  parts),  Electrical insulating materials – Thermal endurance properties  

I EC  60243-1 : 1 998,  Electrical strength of insulating materials – Test methods – Part 1 :  Tests 
at power frequencies  

I EC  60250: 1 969,  Recommended methods for the determination of the permittivity and 
dielectric dissipation factor of electrical insulating materials at power,  audio and radio 
frequencies including metre wavelengths  

I EC  60296:201 2,  Fluids for electrotechnical applications – Unused mineral insulating oils for 
transformers and switchgear 

I EC  60426:2007,  Electrical insulating materials – Determination of electrolytic corrosion 
caused by insulating materials – Test methods  

I EC  60455-1 : 1 998,  Resin  based reactive compounds used for electrical insulation  – Part 1 : 
Defin i tions  and general requirements  

IEC  60455-3  (al l  parts),  Resin  based reactive compounds used for electrical insulation  – 
Part 3:  Specifications for individual materials 

I EC 60455-3-8: 201 3,  Resin  based reactive compounds used for electrical insulation – Part 3:  
Specifications for individual materials – Sheet 8: Resins for cable accessories 
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I EC  60695-1 1 -1 0: 1 999 ,  Fire  hazard testing – Part 11 -10: Test flames – 50 W horizontal and 
vertical flame test methods  

I EC  6081 4: 1 997,  Insulating liquids – Oil-impregnated paper and pressboard – Determination 
of water by automatic coulometric Karl Fischer titration  

I EC  61 033: 1 991 ,  Test methods for the determination of bond strength of impregnating agents 
to an  enamelled wire substrate  

I EC  61 099:201 0,  I nsu lating  l i qu ids  – Speci fications  for unused  syn thetic organ ic esters  for 
e lectrical  purposes  

I SO  37:201 1 ,  Rubber,  vulcanized or thermoplastic – Determination of tensile  stress-strain  
properties  

I SO  62 :2008,  Plastics – Determination of water absorption  

I SO  75  (a l l  parts) ,  Plastics and ebonite  – Determination of temperature of deflection under 
load 

I SO  1 75:201 0,  Plastics – Determination of the effects of liquid chemicals,  including water 

I SO  1 78:201 0,  Plastics – Determination of flexural properties  

I SO  1 79-1 : 201 0,  Plastics – Determination of Charpy impact properties – Part 1 :  Non-
instrumented impact test  

I SO  1 79-2 : 1 997,  Plastics – Determination of Charpy impact properties – Part 2:  Instrumented 
impact test 

I SO  291 ,  Plastics – Standard atmospheres for conditioning and testing  

I SO  306:2004,  Plastics – Thermoplastic materials – Determination of Vicat softening 
temperature (VST)  

I SO  527  (al l  parts),  Plastics – Determination of tensile  properties   

I SO  584: 1 982,  Plastics – Unsaturated polyester resins – Determination of reactivity at 
80 degrees C (conventional method)  

I SO  604:2002,  Plastics – Determination of compressive properties   

I SO  868:2003,  Plastics and ebonite – Determination of indentation hardness by means of a  
durometer (Shore hardness)  

I SO  1 1 83-1 : 201 2,  Plastics – Methods for determining the density of non-cellular plastics – 
Part 1 :  Immersion method,  liquid pyknometer method and titration  method  

I SO  1 51 3: 201 0,  Paints and varnishes – Examination and preparation of samples for testing  

I SO  1 523: 2002,  Paints,  varnishes,  petroleum and related products – Determination of 
flashpoint – Closed cup equilibrium method 

I SO  1 675: 1 985,  Plastics – Liquid resins – Determination of density by the pyknometer method 
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I SO  2039-1 : 1 993,  Plastics – Determination of hardness – Part 1 :  Ball indentation method 

I SO  21 1 4: 1 996,  Plastics – Unsaturated polyester resins – Determination of partial acid value 
and total acid value  

I SO  2431 : 1 993,  Paints and varnishes – Determination of flow time by use of flow cups  

I SO  2535: 1 997,  Plastics – Unsaturated polyester resins – Measurement of gel time at 
25 degrees C  

I SO  2554: 1 997,  Plastics – Unsaturated polyester resins – Determination of hydroxyl value  

I SO  2555: 1 989,  Plastics – Resins in  the liquid state or as emulsions or dispersions – 
Determination of apparent viscosity by the Brookfield test method  

I SO  2592: 1 973 ,  Petroleum products – Determination of flash and fire  points – Cleveland open  
cup method   

I SO  3001 : 1 997,  Plastics – Epoxide compounds – Determination of epoxide equivalent 

I SO  321 9: 1 993,  Plastics – Polymers/resins in  the liquid state or as emulsions or dispersions – 
Determination of viscosity using a  rotational viscometer with  defined shear rate  

I SO  3451 -1 : 1 997,  Plastics – Determination of ash – Part 1 :  General methods  

I SO  3521 : 1 997,  Plastics – Unsaturated polyester and epoxy resins – Determination of overall 
volume shrinkage  

I SO  3679: 1 983,  Paints,  varnishes,  petroleum and related products – Determination of 
flashpoint – Rapid equilibrium method 

I SO  4573: 1 978,  Plastics – Epoxide resins and glycidyl esters – Determination of inorganic 
chlorine  

I SO  4583: 1 998,  Plastics – Epoxide resins and related materials – Determination of easily 
saponifiable chlorine  

I SO  461 5: 1 979,  Plastics – Unsaturated polyesters and epoxide resins – Determination of total 
chlorine content 

I SO  4625: 1 980,  Binders for paints and varnishes – Determination of softening point – 
Ringand-ball method 

I SO  4895,  Plastics – Liquid epoxy resins – Determination of tendency to crystallize  

I SO  7056,  Plastics laboratory ware – Beakers  

I SO  9396: 1 997,  Plastics – Phenolic resins – Determination of the gel time at a  given 
temperature using automatic apparatus  

I SO  1 1 357-2: 1 999;  Plastics – Differential scanning calorimetry (DSC)  – Part 2:  Determination 
of glass transition  temperature  

I SO  1 1 359-2: 1 999,  Plastics – Thermomechanical analysis (TMA)  – Part 2:  Determination of 
coefficient of linear thermal expansion and glass transition  temperature  
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I SO  1 1 359-3: 2002,  Plastics – Thermomechanical analysis (TMA)  – Part 3:  Determination of 
penetration temperature  

I SO  1 4896:2009,  Plastics – Polyurethane raw materials – Determination of isocyanate content 

I SO  1 5528:2000,  Paints,  varnishes and raw materials for paints and varnishes – Sampling  

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g iven  in  I EC  60455-1 ,  
I EC  60050,  as  wel l  as  the  fol lowing  apply.  

3.1   
volume resistance 
that part  of the  insu lation  resistance  wh ich  i s  due  to  conduction  through  the  volume  and  
exclud ing  surface  curren t 

3.2   
volume resistivi ty 
volume  resistance  reduced  to  a  cubical  un i t  volume 

3.3   
d ielectric  d issipation  factor  
tan  δ  
numerical  va lue  of the  ratio  of the  imag inary to  the  real  part of the  complex permi tti vi ty  

3.4  
relative  permi ttivi ty  
εr  
ratio  of the  absolu te  permi tti vi ty to  the  e lectric constan t 

Note  1  to  en try:  I n  practi ca l  eng i neeri ng ,  i t  i s  usual  to  employ the  term  ‘ perm i tti vi ty’  when  referri ng  to  re l a ti ve  
perm i tti vi ty.  

4 General  notes  on  methods  of test 

4.1  Preparation  and  condition ing  

Un less  otherwise  speci fied  i n  the  relevant speci fi cation  standard  or i n  the  method  of test,  a l l  
tests  shal l  be  carried  ou t at  atmospheric cond i tions  i n  a  temperature  range  of between  21  °C  
and  29  °C  and  a  relati ve  humid i ty range  of between  45  %  and  70  %.  Before  measurements  
are  made,  the  sample  or test specimen  shal l  be  pre-cond i tioned  under these  atmospheric 
cond i tions  for a  time  su fficien t to  a l low the  sample  or the  test specimen  to  reach  stabi l i ty.  For 
taking  samples  in  l i qu id  or paste  form,  I SO  1 5528  shal l  be  appl ied .  For preparation  of such  
samples  for testing ,  I SO  1 51 3  shal l  be  appl ied .  

NOTE  For defi n i ti ons  of terms  for s tandard  a tmospheres,  see  I SO  558.  The  test  atmosphere  as  speci fi ed  above  
does  not  comply wi th  any of the  two  s tandard  atmospheres  as  speci fi ed  i n  I SO  291  bu t  covers  both  ranges  
i ncl us i ve  of thei r to l erances.  

Normal ly,  a l l  requ i rements  for a  method  of test are  g iven  i n  the  description ,  and  d iagrams  are  
i n tended  on ly to  i l l ustrate  one  possib le  arrangement for conducting  the  test.  I n  case  of 
i nconsistencies  between  th is  standard  and  the  speci fication  sheets  of the  I EC  60455-3  series,  
the  latter shal l  prevai l .  When  another standard  i s  i nvoked  for a  test method ,  reference  to  that 
standard  shal l  be  i ncluded  i n  the  report.  
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4.2  Sequence of tests  

To avoid  unnecessary efforts,  tests  shal l  be  carried  ou t on  the  samples  i n  the  fol lowing  
sequence:  

1 )  tests  on  i nd ividual  components  prior to  m ixing ;  

2)  tests  on  reactive  compound  j ust after m ixing  (ready to  use);  

3)  tests  on  cured  compound ;  

4)  tests  on  cured  compound  after pre  treatment ( thermal ,  humid i ty,  water etc. ) .  

I f the  sample  under test fa i l s  a  test the  fol lowing  tests  may become obsolete.  

4.3  Test report 

I f not otherwise  speci fied ,  the  test report shal l  i nclude  the  fol l owing  data:  

1 )  resin  designation  and  i denti fication ;  

2)  l ot number or other i denti fication ;  

3)  confi rmation  of marking  and  l abel l ing  accord ing  to  the  materia l  safety data  sheet (MSDS);  

4)  test resu l ts;  

5)  major test parameters,  i nclud ing  cond i tion ing  and  cal ibration ,  i f any;  

6)  processing  cond i tions  used  to  reactive  compound ;  

7)  copy of the  techn ical  data  sheet (TDS)  and  MSDS.  

5 Methods  of test for reactive  compounds  and  thei r components  

5.1  Flash  point 

For flash  poin t temperatures  of 79  °C  and  above,  the  method  g iven  i n  I SO  2592  shal l  be  used .  
For flash  poin t temperatures  below 79  °C,  the  method  g iven  in  I SO  1 523  shal l  be  used  wi th  
any of the  closed-cup  apparatus  as  described  in  Annex A of I SO 1 523: 2002.  I SO  1 523  shal l  
be  read  in  con junction  wi th  I SO  3679.  Two  measurements  shal l  be  made  on  two  separate  
samples,  and  the  two  resu l ts  of the  fl ash  poin t shal l  be  reported  a long  wi th  reference  to  the  
standards  appl ied .  

5.2  Density 

The  method  g iven  i n  I SO 1 675  shal l  be  used .  Two measurements  shal l  be  made,  and  the  two 
resu l ts  of the  densi ty shal l  be  reported .  

5.3  Viscosity 

The  viscosi ty shal l  be  determined  wi th  a  su i table  device  at (23  ±  0 , 5)  °C  i f not otherwise  
speci fied .  I f a  rotating  type  of device  i s  used ,  i t  shal l  be  i n  accordance  wi th  I SO  2555  
(Brookfie ld  type)  or wi th  I SO  321 9  (a  type  working  at a  defined  shear rate) .  I f an  efflux type  of 
equ ipment i s  used ,  the  method  of test and  the  flow cup  shal l  be  i n  accordance  wi th  I SO  2431 .  
Two  measurements  shal l  be  made,  and  the  two resu l ts  of the  viscosi ty shal l  be  reported ,  
a long  wi th  reference  to  the  standards  appl ied .  

5.4 Viscosity after storing  at elevated  temperature  

Th is  method  i s  not appl icable  to  one-component systems  or components  con tain ing  hardener.  

I f not otherwise  speci fied ,  a  sample  of su fficien t amount i s  stored  for (20  ±  0 , 5)  h  at a  

temperature  of (1 00  ±  3)  °C  in  a  sealed  con tainer.  After cool ing  down  to  room  temperature  the  
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viscosi ty i s  measured  accord ing  to  5 . 3 .  The  increase  of vi scosi ty i s  ca lcu lated  using  the  
fol lowing  equation :  

I ncrease  of vi scosi ty i n  %  =  (η2  –  η1 )  ×  1 00  /  η1  

where  

η1   =  dynamic viscosi ty before  storing  

η2   =  dynamic viscosi ty after storing  

5.5 Content of volati le  organ ic  components  

Th is  method  i s  not appl icable  to  one-component systems  or components  con tain ing  hardener.  
I f not otherwise  speci fied ,  the  test shal l  be  carried  ou t i n  the  fol lowing  way:  

The  mass  of an  empty weigh ing  bottl e  (abou t 80  mm  ×  30  mm),  i s  taken  to  0 , 001  g  (m1 ) .  A 
mass  of 0 , 4  g  to  0 , 5  g  resin  (m2)  i s  weighed  to  0 , 001  g  i n to  the  weigh ing  bottle  (wel l  closed  
during  weigh ing).  Some d rops  of toluene  are  added  to  d i l u te  the  resin .  The  l i qu id  i s  spread  on  
the  floor of the  weigh ing  bottle  wi th  a  s l i gh t twist.  

The  open  weigh ing  bottle  i s  p laced  in to  an  oven  wi th  forced  a i r ci rcu lation  for at l east 2  h  at 

(1 1 0  ±  2 )  °C.  After cool ing  down  to  room  temperature  i n  a  desiccator the  weigh ing  bottle  i s  
weighed  again  to  0 , 001  g  (m3) .  

Volati le  organ ic components  =  1 00  ×  (m2  –  (m3  –  m1 ))  /  m2 .  

5.6  Isothermal  increase  of viscosity (processing  time)  

Th is  method  i s  designed  for PUR and  EP resins.  For UP  resins  gel  time  shal l  be  used .  I f not 
otherwise  speci fied ,  the  test shal l  be  carried  ou t i n  the  fol lowing  way:  

Al l  components  and  equ ipment shal l  be  at room  temperature.  The  components  of the  resin  are  
m ixed  accord ing  to  the  manufacturer’s  i nstructions.  The  m ixing  procedure  shal l  not take  more  
than  3  m in .  The  time  measurement starts  after add ing  and  mixing  of the  last component.  After 
1 0  m in  the  fi rst  vi scosi ty measurement i s  taken  as  the  i n i tia l  value.  The  measurement i s  
repeated  un ti l  the  speci fied  maximum  viscosi ty i s  reached .  The  time  between  the  in i tia l  value  
and  the  maximum  value  i s  reported  as  processing  time.  

5.7  Shelf l i fe  

The  shel f l i fe  shal l  be  determined  by measurement of the  change  i n  a  speci fied  characteristic 
property after a  certa in  storage  time  and  temperature.  Experience  has  shown  that vi scosi ty 
accord ing  to  5 . 3  and  gel  time  accord ing  to  5 . 23  are  appropriate  characteristics.  To  assess  
shel f l i fe ,  vi scosi ty and /or gel  time  shal l  be  determined  accord ing  to  5 . 3  and /or 5. 23  
respectively,  at a  temperature  and  wi th  an  end-poin t as  agreed  upon  between  suppl ier and  
purchaser.  Two  measurements  shal l  be  made  on  both  fresh  material  and  on  materia l  stored  
for a  time  and  at a  temperature  as  agreed  between  suppl ier and  purchaser.  The  two  resu l ts  of 
shel f l i fe  shal l  be  reported ,  a long  wi th  reference  to  the  standards  appl ied .  The  resu l ts  shal l  
con tain  the  vi scosi ty and /or the  gel  time  before  and  after storing ,  the  storing  time  and  
temperature  and  the  test temperature.  

5.8  Colour 

The  method  g iven  in  I SO 6271  shal l  be  used .  Two  measurements  shal l  be  made,  and  the  two  
resu l ts  of colour shal l  be  reported  a long  wi th  reference  to  the  standard  appl ied .  
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5.9  Soften ing  temperature 

The  method  g iven  in  I SO  306  or I SO  4625  shal l  be  used .  Two  measurements  shal l  be  made,  
and  the  two  resu l ts  of soften ing  temperature  shal l  be  reported  a long  wi th  reference  to  the  
standard  appl ied .  

5.1 0  Ash  content 

The  method  g iven  i n  I SO  3451 -1 ,  method  A,  shal l  be  used .  Two  measurements  shal l  be  
made,  and  the  two  resu l ts  of the  ash  con ten t shal l  be  reported .  

5.1 1  F i l ler content 

To be  agreed  between  suppl ier and  purchaser.  

5.1 2  Ch lorine  content 

5. 1 2.1  Total  ch lorine  content of unsaturated  polyesters  and  epoxide  resins  

The  method  g iven  in  I SO 461 5  shal l  be  used .  Two  measurements  shal l  be  made,  and  the  two  
resu l ts  of the  tota l  ch lorine  con ten t shal l  be  reported .  

5.1 2.2  Inorgan ic  ch lorine  content of epoxide  resins  and  g lycidyl  esters  

The  method  g iven  i n  I SO 4573  shal l  be  used .  Two  measurements  shal l  be  made,  and  the  two  
resu l ts  of the  inorgan ic ch lorine  conten t shal l  be  reported .  

5. 1 2.3  Easi ly saponi fiable  ch lorine  content of epoxide  resins  and  related  materials  

The  method  g iven  in  I SO 4583  shal l  be  used .  Two  measurements  shal l  be  made,  and  the  two  
resu l ts  of the  sapon i fiable  ch lorine  conten t shal l  be  reported .  

5.1 3  Tendency of cristal l isation  

Th is  method  i s  appl icable  to  epoxy resins  on ly.  

The  method  g iven  in  I SO 4895  shal l  be  used .  Two  measurements  shal l  be  made,  and  the  two  
resu l ts  shal l  be  reported .  

5.1 4 Epoxide  equ ivalent of epoxide  resins  

The  method  g iven  in  I SO 3001  shal l  be  used .  Two  measurements  shal l  be  made,  and  the  two  
resu l ts  of the  epoxide  equ ivalent shal l  be  reported .  

5.1 5  Content of i socyanate  

Th is  method  i s  appl icable  to  polyurethane  hardeners  on ly.  

The  method  g iven  i n  I SO  1 4896  shal l  be  used .  Two measurements  shal l  be  made,  and  the  
two  resu l ts  shal l  be  reported .  

5.1 6  Water content (Karl  Fischer method)  

The  method  g iven  in  I EC 6081 4  shal l  be  used .  Two  measurements  shal l  be  made,  and  the  two  
resu l ts  of the  water con ten t shal l  be  reported .  
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5.1 7  Hydroxyl  value 

5. 1 7.1  Polyester resins  

The  method  g iven  i n  I SO 2554  shal l  be  used .  Two measurements  shal l  be  made,  and  the  two 
resu l ts  of the  hydroxyl  va lue  shal l  be  reported .  

5.1 7.2  Resins  other than  polyester 

To be  agreed  between  suppl ier and  purchaser.  

5.1 8  Acid  value  of polyester resins  

The  method  g iven  i n  I SO 21 1 4  shal l  be  used .  Two measurements  shal l  be  made,  and  the  two 
resu l ts  of the  acid  value  shal l  be  reported .  

5.1 9  Amount of double  bonds  of unsaturated  polyester and  acrylate  resins  

To be  agreed  between  suppl ier and  purchaser.  

5.20  Acid  and  acid-anhydride  content of acid-anhydride  hardeners  

The  method  g iven  in  I SO  21 1 4  shal l  be  used  for acid  con ten t.  The  method  g iven  i n  I SO  7327  
shal l  be  used  for anhydride  conten t.  Two  measurements  shal l  be  made,  and  the  two  resu l ts  of 
the  acid  value  and /or anhydride  con ten t shal l  be  reported .  

5.21  Amine  value 

The  method  g iven  i n  I SO  9702  shal l  be  used  i f not otherwise  agreed  between  suppl ier and  
purchaser.  

5.22  Pot l i fe  

5.22.1  General  

The  time  wh ich  a  particu lar method  requ i res  to  ach ieve  a  viscosi ty of 50  Pas  i s  measured .  

The  viscosi ty can  be  determined  i n  any viscosimeter.  

5.22.2  Resinous  compounds  for cable  accessories  

5.22.2 .1  Apparatus  and  materials  

Equ ipment to  be  used :  

•  beaker i n  accordance  wi th  I SO  7056,  polyethylene,  polypropylene  or g lass  wi th  
d imensions:  70  mm  to  1 00  mm  d iameter and  70  mm  to  1 30  mm  h igh ;  

•  envi ronmental  chamber;  

•  t ime  measuring  device;  

•  vi scosimeter.  

5.22.2.2  Preparation  of the  sample  

The  beaker shal l  be  marked  to  a  volume  of (300  ±  25)  m l .  

The  beaker and  a  standard  manufacturer pack shal l  be  stored  in  an  envi ronmental  chamber 

for 24  h  at the  temperature  speci fied  wi th  a  tolerance  of 
2

0

−
 K.  
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5.22.2.3  Procedure 

The  components  shal l  be  removed  from  the  envi ronmental  chamber and  start  m ixing  
immed iately accord ing  to  the  suppl ier´s  i nstructions.  The  time  starts  at the  commencement of 
m ixing  the  components.  

Remove  the  beaker from  the  envi ronmental  chamber,  and  pour the  m ixed  compound  i n to  the  
beaker up  to  the  mark previously made.  

5.22.2.4 Test report 

The  test report shal l  i nclude  the  fol l owing  in formation :  

– the  time  from  the  start  of m ixing  unti l  a  vi scosi ty of 50  Pas  i s  reached  i s  determined .  The  
pot l i fe  shal l  be  rounded  to  the  nearest of a  second ;  

– the  viscosimeter,  test parameters  and  system  used  (e. g .  spind le  s ize,  rotation  speed  etc. ) .  

The  viscosimeter wi th  the  system  used  shal l  be  cal ibrated  at 50  Pas.  

5.23  Gel  time 

5.23.1  Unsaturated  polyester based  compounds  

Gel  time  i s  the  period  of time  after wh ich  the  reactive  compound  reaches  the  gel  state.  The  
method  g iven  i n  I SO  2535  shal l  be  used  at  a  test temperature  as  agreed  upon  between  
suppl ier and  purchaser.  Two  measurements  shal l  be  made,  and  the  two  resu l ts  of the  gel  time  
shal l  be  reported  along  wi th  the  test temperature.  

5.23.2  Phenol ic  resin  based  compounds  

The  method  g iven  in  I SO 9396  shal l  be  used .  Two  measurements  shal l  be  made,  and  the  two 
resu l ts  of the  gel  time  shal l  be  reported .  

5.23.3  Other compounds  

I f appl icable,  the  methods  g iven  i n  I SO  2535  or I SO  9696  or I SO  8987  shal l  be  used .  

5.24 Exothermic temperature  rise  

5.24.1  Unsaturated  polyester based  compounds  

The  method  g iven  in  I SO  584  shal l  be  used .  Two  measurements  shal l  be  made,  and  the  two  
resu l ts  of the  exothermic temperature  ri se  shal l  be  reported .  

5.24.2  Resinous  compounds  for cable  accessories  

5.24.2.1  Apparatus  and  materials  

Equ ipment to  be  used :  

•  beaker i n  accordance  wi th  I SO  7056,  polyethylene,  polypropylene  or g lass  wi th  
d imensions:  70  mm  to  1 00  mm  d iameter and  70  mm  to  1 30  mm  h igh ;  

•  thermocouple  made  wi th  twisted  wi res;  

•  temperature  recorder;  

•  t ime  measurement device.  
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5.24.2.2  Preparation  of the  sample:  Test at  23  °C  

The  beaker shal l  be  marked  to  a  volume  of (300  ±  25)  m l .  The  beaker and  a  su fficien t amount 
of resinous  compound  components  (prepare  400  m l  to  700  m l  of the  compound)  shal l  be  

stored  for 24 h  at (23  ±  2 )  °C.  

The  components  shal l  be  m ixed  accord ing  to  manufacturer’s  i nstructions.  The  time  starts  at 
the  commencement of m ixing  the  components.  

The  m ixed  components  shal l  be  poured  in to  the  beaker up  to  the  mark previously made.  The  

thermocouple  shal l  be  i nserted  vertical l y i n  the  centre  of the  m ixture  to  a  depth  of (25  ±  5 )  mm  
under the  compound  surface  and  held  i n  posi tion  by a  su i table  device  (e. g .  ri ng -stand).  

5.24.2.3  Procedure  

The  temperature  i ncrease  shal l  be  checked  and  the  maximum  temperature  rise  and  the  time  
to  peak recorded .  The  test i s  fi n ished  after the  h ighest temperature  has  been  reached  and  the  
temperature  starts  to  d rop  s ign i fican tly.  

NOTE  For ease  of testi ng ,  the  temperatu re  can  be  recorded  as  a  cu rve.  

5.24.2.4 Test report 

The  maximum  temperature  reached  (rounded  to  the  nearest °C)  and  the  time  to  peak 
(rounded  to  the  nearest m in )  shal l  be  reported .  

5.24.3  Other compounds  

Method  of test requ i red ,  bu t not avai lable.  

5.25 Total  volume shrinkage of epoxide  and  unsaturated  polyester based  compounds  

The  method  g iven  i n  I SO 3521  shal l  be  used .  Two  measurements  shal l  be  made,  and  the  two 
resu l ts  of the  total  volume  shrinkage  shal l  be  reported .  The  report shal l  con tain  the  test 
temperature,  the  densi ty of the  compound  at test temperature,  and  the  densi ty of the  
specimen  made  of the  cu red  compound .  

5.26 Curing  in  presence  of water 

5.26.1  General  

Th is  test appl ies  on ly to  polyurethane  resinous  compound  for cable  accessories.  Th is  test i s  
to  measure  the  gas  evolu tion  and  the  physical  structure  change  when  the  polyurethane  
resinous  compound  cures  i n  presence  of water.  Voids  created  by generation  of gas  i n  the  
resin  may l ead  to  e lectrical  break down .  

The  densi ty of the  cured  resin  mentioned  in  the  techn ical  data  sheet shal l  be  >  1 , 05  g /cm3 .  

5.26.2  Apparatus  and  materials  

Equ ipment to  be  used :  

•  250  m l  PE  squ i rt bottle  wi th  screw-on  squ i rt cap;  

•  funnel  that meets  the  requ i rements  of 5. 26.3;  

•  tubing ,  i nner d iameter correspond ing  to  squ i rt  cap  tube  ou ter d iameter;  

•  beaker or bucket;  

•  1 00  m l  g raduated  cyl inder.  
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5.26.3  Pouring  device  

Use  a  funnel  wi th  a  capabi l i ty to  fi l l  the  bottle  wi th in  30  s  to  60  s  at room  temperature.   

5.26.4 Procedure 

The  test apparatus  shal l  be  assembled  as  shown  i n  F igure  1 .  The  graduated  cyl inder shal l  be  
completely fi l l ed  wi th  water from  the  bucket.  The  squ i rt bottl e  shal l  then  be  screwed  off from  
the  squ i rt  cap,  marked  wi th  2  marks  at 1 00  m l  and  200  m l  respectively  and  fi l l ed  up  to  the  
1 00  m l  mark wi th  de-mineral ized  water.  

The  bucket,  squ i rt  bottle  and  resinous  compound  l eft i n  i ts  orig inal  packag ing  shal l  be  a l lowed  
to  reach  room  temperature.  The  compound  package  shal l  be  opened ,  the  stopwatch  started  
and  the  components  mixed  accord ing  to  the  manufacturer's  i nstructions.  The  m ixed  compound  
i s  poured  i n to  the  closed  funnel .  The  funnel  shal l  be  emptied  immed iately i n to  the  squ i rt  bottle  
un ti l  the  water level  reaches  the  200  m l  mark.  Care  shal l  be  taken  to  pour i n  the  centre  of the  
bottle  and  avoid  touch ing  the  i nner bottle  wal l .  

Wi th in  the  next 30  s ,  screw the  screw cap  on to  the  squ i rt bottle  un ti l  the  connection  i s  
gastigh t,  taking  care  not to  deform  the  flexib le  tubing  or squ i rt  bottle .  During  the  connection  
and  subsequent curing  the  flexib le  tubing  and  squ i rt bottl e  shal l  not be  deformed ;  i f the  tubing  
and /or the  bottle  become deformed ,  restart the  test.  The  compound  shal l  be  a l lowed  to  cure  
for the  pot l i fe  speci fied  by the  manufacturer.  One  hour after the  pot l i fe  has  e lapsed ,  the  
volume  of gas  fi l l  i n  the  g raduated  cyl inder shal l  be  read .  The  water shal l  then  be  poured  ou t 
of the  squ i rt bottle .  After harden ing  of the  resin  at  room  temperature  for 24  h ,  the  specimen  
shal l  be  cu t th rough  the  centre  of the  bottle  and  the  physical  structure  examined  for the  
presence  of b l i sters  or cracks  in  the  compound .  

5.26.5  Test report 

The  fol lowing  parameters  shal l  be  measured  and  reported :  

•  gas  volume;  

•  physical  structure/presence  of b l i sters  or cracks  or bubbles  and /or i nclusions;  

•  p icture  of the  cu t surface  of the  compound  wi th  scale.  

5.27  Determination  of the  degree  of curing  

The  reaction  en thalpie  of the  uncured  resin  i s  determined  by using  DSC.  An  amount of 1 0  mg  
has  been  found  adequate.  

I f not otherwise  speci fied ,  abou t 1 0  g  of resin  i s  cured  under cond i tions  (temperature  and  
time)  as  agreed  between  suppl ier and  purchaser.  The  residual  en thalpie  i s  determined  using  a  
sample  of abou t 1 0  mg .  

The  degree  of curing  i s  ca lcu lated  as  fol lows:  

Degree  of cu ring  i n  %  =  1 00  – Hc  ×  1 00  /  Hu  

where  

Hc   =  en thalpie  of cured  resin  

Hu   =  en thalpie  of uncured  resin  

5.28  Curing  in  th ick layer and  emissions  during  curing  

5.28.1  General  

Th is  test i s  designed  for the  examination  of cured  impregnating  materia ls.  Curing  i n  th ick l ayer 
i s  expressed  by the  cond i tion  after curing  of the  top  s ide,  bottom  s ide  and  i n terior of the  
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specimen .  The  determination  of em issions  during  the  cu ring  process  i s  a lso  part of th is  
method .  

5.28.2  Equ ipment 

The  fol lowing  equ ipment shal l  be  used :  

– fl at and  smooth  square  p ieces  of a l umin ium  foi l ,  0 , 1  mm  to  0 , 1 5  mm  in  th ickness  and  of 

(95  ±  1 )  mm  s ide  leng th ;  

– a  former made  of metal  or any other su i table  sol i d  material ,  (25  ±  1 )  mm  i n  th ickness  and  

(45  ±  1 )  mm  square;  

– an  oven  wi th  forced  a i r ci rcu lation  and  wi th  a  m in imum  rate  of 8  fresh  a i r changes  per 
hour.  The  oven  shal l  be  of the  type  and  design  used  for d rying  and /or curing  specimens;  

– a  balance  wi th  an  accuracy of 0 , 01  g .  

5.28.3  Test specimen  

A piece  of a lumin ium  foi l  shal l  be  cleaned  by adequate  means  and  shal l  be  folded  around  the  
former to  produce  a  square  mou ld  of about 45  mm  s ide  l eng th .  The  square  mou ld  shal l  be  

d ried  at (1 1 0  ±  5 )  °C  for (1 0  ±  1 )  m in ,  cooled  down  and  stored  i n  a  desiccator.   

The  mass  of the  square  mou ld  shal l  be  weighed  to  0 , 01  g  (m1 ) .  A resin  sample  wi th  a  mass  
between  9 , 90  g  and  of 1 0 , 1 0  g  shal l  be  weighed  to  0 , 01  g  i n to  the  mou ld  (m2) .  

The  specimen  shal l  be  cured  at a  temperature  and  for a  time  as  agreed  between  suppl ier and  
purchaser.  The  specimen  shal l  be  cooled  down  to  room  temperature  in  a  desiccator and  the  
mass  shal l  be  taken  to  0 , 01  g  (m3) .  Subsequently the  a lumin ium  foi l  i s  removed .  

5.28.4 Procedure 

5.28.4.1  Description  of the  specimen  

The  specimen  shal l  be  assessed  by description  of the  cond i tions  of i ts  top  s ide,  bottom  s ide  
and  i n terior,  expressed  accord ing  to  statements  for visual  appearance  and  for tackiness  by 
the  symbols  g i ven  i n  the  fol lowing  Tables  1 ,  2  and  3 :  

Table  1  – Condi tion  of the  top  s ide  

Cond i tion  Symbol  

Smooth  S1  

Wri nkl ed  S2  

 

Table  2  – Condi tion  of the  bottom  side  

Cond i tion  Symbol  

Non -tacky U 1  

Tacky U2  
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Table  3  – Condi tion  of the  in terior 

Cond i tion  Symbol  

Rig i d  I 1 . X 

Horn - l i ke  mach i nabl e  I 2 . X 

Leather-l i ke  I 3 . X 

Rubber-l i ke  I 4 .X 

Ge l - l i ke  I 5 .X 

L i qu i d  I 6 . X 

 

The  specimen  contains  X 

No  voi ds  1  

Not  more  than  fi ve  voi d s  2  

More  than  fi ve  voi ds  3  

 

For the  cond i tion  of the  i n terior a  statement shal l  be  added  whether the  i n terior i s  un i form  or 
not un i form.  

NOTE  I t  can  be  necessary to  cu t  the  specimen ,  to  bend  the  specimen  wi th  the  fi ngers  or to  u se  a  kn i fe  for 
describ i ng  the  mechan ical  properti es .   

5.28.4.2  Emissions  

The  emissions  shal l  be  calcu lated  by the  fol l owing  equation :  

E  =  1 00  – ((m2  – (m3  –  m1 ))  ×  1 00  /  m2  

where  

m1   =   mass  of the  empty square  mou ld  

m2   =   mass  of the  uncured  resin  (wi thou t mass  of the  square  mou ld )  

m3   =   mass  of the  square  mou ld  wi th  cured  resin  

6 Methods  of test for cured  reactive  compounds  

6.1  General  

The  cured  compound  i s  sel f-supporting  and  thus  a l lows  the  preparation  of ri g i d  and  fl exib le  
test specimens.  

6.2  Test specimens  

6.2. 1  General  

When  the  term  " test specimen"  i s  used  i t  means  sol id  parts  of the  cured  materia l  i n  a  shape  
as  requ i red  for the  method  of test concerned .  I n  6 . 2 . 2  to  6 . 2 .4  such  "test specimens"  are  
referred  to  as  "specimens".  

6.2.2  Preparation  of the  reactive  compound  

The  reactive  compound  shal l  be  a  homogeneous  m ixture  of such  portions  of the  components  
as  speci fied  by the  suppl ier.  Also  d rying ,  de-aerating ,  heating  and  other measures  to  treat the  
components  and  the  compound  shal l  comply wi th  the  i nstructions  g iven  by the  suppl ier.  When  
compounds  con tain  fi l l ers,  the  possibi l i ty of settl ement needs  to  be  taken  i n to  account.  
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6.2.3  Preparation  of test specimens  

Specimens  shal l  be  prepared  under cond i tions  as  speci fied  i n  the  particu lar method  of test i n  
the  relevant speci fication  sheet of I EC  60455-3,  or as  agreed  upon  between  suppl ier and  
purchaser.  Th is  i ncludes  the  casting  process  wi th  respect to  temperature  and  vacuum,  the  
cu ring  cond i tions  wi th  respect to  temperature,  and  time  or temperature-time  programme,  the  
removal  from  the  mou ld  and  anneal ing  and  cool ing .  Reactive  compounds,  wh ich  accord ing  to  
the  instructions  g iven  by the  suppl ier,  cu re  at ambien t temperature,  general l y reach  the  final  
state  at  ambien t temperature  on ly after days  or weeks.  To  ach ieve  a  defined  degree  of cu re  i n  
such  cond i tions,  the  compounds  shal l  be  cured  for 24  h  at ambien t temperature  and  
immed iately thereafter for 24  h  at 80  °C,  or as  agreed  between  suppl ier and  purchaser.  
Specimens  shal l  be  cast i n  the  proper shape  accord ing  to  the  d imensions  g iven  in  the  method  
of test,  or shal l  be  prepared  from  cast p ieces.  They shal l  be  free  of voids,  bubbles,  n icks  and  
scratches.  During  mach in ing ,  excessive  heating  of the  mach ined  surfaces  shal l  be  avoided  by 
cool ing ,  for i nstance  wi th  water.  

NOTE  Removal  of the  cu red  compound  from  the  mou ld  i s  faci l i tated  by the  use  of re l ease  agen ts  and  mou l ds  
made  of ch romium-pl ated  or other adequate  materia l .  

6.2.4 Type  and  number of test specimens  

The  type  and  number of specimens  requ i red  for a  particu lar method  of test are  speci fied  i n  the  
method  of test,  i n  the  relevant speci fication  sheet of I EC  60455-3  or shal l  be  agreed  upon  
between  suppl ier and  purchaser.  

6.3  Density 

A method  g iven  in  I SO  1 1 83-1  shal l  be  used .  Two  measurements  shal l  be  made.  The  kind  of 
preparation  and  the  d imensions  of the  specimen ,  the  method  used ,  and  the  two  resu l ts  of the  
densi ty shal l  be  reported .  

6.4 Mechanical  properties  

6.4.1  Tensi le  properties  

6.4.1 .1  Rig id  material  

The  method  g iven  i n  I SO  527  shal l  be  used  wi th  a  speed  of testi ng  to  break the  specimen  

wi th in  (60  ±  1 5)  s .  The  type  of specimen  shal l  be  selected  from  I SO  527.  F ive  specimens  shal l  
be  tested .  The  kind  of preparation ,  the  d imensions  and  the  type  of the  specimen ,  the  speed  of 
testing ,  and  the  fi ve  resu l ts  of the  tensi le  properties  shal l  be  reported .  As  far as  appl icable,  
the  report shal l  contain  tensi le  stress  at  yie ld ,  at maximum  load  and  at break,  percentage  
e longation  at  yie ld  and  at break,  and  modu lus  of e lastici ty.  

6.4.1 .2  F lexible  material  

The  method  g iven  in  I SO 37  shal l  be  used  for a  dumb-bel l  specimen .  F ive  specimens  shal l  be  
tested .  The  kind  of preparation  and  the  type  of dumb-bel l  specimen ,  and  the  fi ve  resu l ts  of the  
tensi le  properties  shal l  be  reported .  The  report shal l  con tain  tensi le  strength ,  percentage  
e longation  at  break,  and  modu lus  of e lastici ty.  

6 .4.2  Compressive  properties   

The  method  g iven  i n  I SO  604  shal l  be  used .  F ive  specimens  shal l  be  tested .  The  kind  of 
preparation  and  the  d imensions  of the  specimen ,  the  rate  of deformation ,  and  the  five  resu l ts  
of the  compressive  properties  shal l  be  reported .  As  far as  appl icable,  the  report shal l  con tain  
compressive  strength  at maximum  load ,  compressive  yie ld  stress,  and  percentage  
compressive  stra in  at  rupture.  
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6.4.3  Flexural  properties  

The  method  g iven  in  I SO  1 78  shal l  be  used  wi th  a  relative  rate  of movement of the  load ing  
nose  and  supports,  so  that the  specimen  ruptures  or reaches  the  maximum  load  wi th in  

(60  ±  1 5)  s .  F ive  specimens  shal l  be  tested .  The  kind  of preparation  and  the  d imensions  of the  
specimen ,  the  relati ve  rate  of movement,  and  the  fi ve  resu l ts  of the  flexural  properties  shal l  be  
reported .  As  far as  appl i cable,  the  report shal l  con tain  the  fl exural  stress  at  rupture  or at 
maximum  load ,  the  correspond ing  deflection ,  and  the  modu lus  of e lastici ty.  

6.4.4 Impact strength  

6.4.4.1  Unnotched  specimens  

The  method  g iven  i n  I SO  1 79-1  or I SO  1 79-2  shal l  be  used .  Ten  specimens  shal l  be  tested .  
The  kind  of preparation ,  the  d imensions  and  the  type  of specimen ,  as  wel l  as  the  1 0  resu l ts  of 
the  impact strength  shal l  be  reported .  

6.4.4.2  Notched  specimens  

The  method  g iven  in  I SO  1 79-1  or I SO  1 79-2  shal l  be  used  wi th  a  notched  specimen .  Ten  
specimens  shal l  be  tested .  The  kind  of preparation ,  the  d imensions  and  type  of specimen  as  
wel l  as  the  1 0  resu l ts  of the  impact strength  shal l  be  reported .  

6.4.5  Hardness  

6.4.5.1  Rig id  material  

The  method  g iven  in  I SO  2039-1  (bal l  i nden tation  method),  or the  method  g iven  i n  I SO 868  
(Shore  D  hardness)  shal l  be  used .  F ive  measurements  shal l  be  made  on  one  or more  
specimens.  The  kind  of preparation  and  the  d imensions  of the  specimen ,  the  test l oad  
appl ied ,  and  the  fi ve  resu l ts  of the  hardness  shal l  be  reported .  

6.4.5.2  F lexible  material  

The  method  g iven  in  I SO  868  (preferably Shore  A hardness)  shal l  be  used .  F ive  
measurements  shal l  be  made  on  one  or more  specimens.  The  kind  of preparation ,  and  the  
d imensions  of the  specimen ,  the  type  of durometer (A or D)  used ,  and  the  fi ve  resu l ts  of the  
inden tation  hardness  shal l  be  reported .  

6.5  Thermal  properties  

6.5.1  Bond  strength  at  elevated  temperature  

The  twisted  coi l  test,  method  A,  or the  hel ical  coi l  test,  method  B ,  g iven  i n  I EC  61 033,  shal l  be  
used .  The  test temperature  shal l  be  i n  accordance  wi th  the  re levant speci fication  sheet of 
I EC  60455-3,  or shal l  be  agreed  upon  between  suppl ier and  purchaser.  F ive  specimens  shal l  
be  tested .  The  method ,  the  types  of enamel led  wind ing  wi re  used  as  substrate,  and  the  fi ve  
resu l ts  shal l  be  reported .  

6.5.2  Linear thermal  expansion  

The  method  g iven  i n  I SO  1 1 359-2  shal l  be  used .  The  kind  of preparation ,  the  d imensions  of 
the  specimen  and  the  resu l t  shal l  be  reported .  

6.5.3  Thermal  conductivi ty 

To be  agreed  between  suppl ier and  purchaser.  
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6.5.4 G lass  transi tion  

6.5.4.1  G lass  transi tion  temperature  

One  of the  methods  g iven  in  I SO  1 1 357-2,   I SO  1 1 359-2  or I SO  1 1 359-3  shal l  be  used .  Two  
measurements  shal l  be  made.  The  kind  of preparation  and ,  i f appl icable,  the  d imensions  of 
the  specimen ,  the  method  used  (A:  DSC or DTA,  B1 :  TMA,  expansion  mode,  or B2 :  TMA,  
penetration  mode),  and  the  two  resu l ts  of the  g lass  transi tion  temperature  shal l  be  reported .  

6.5.4.2  Temperature  of deflection  under load   

Method  A or method  B  g iven  i n  I SO  75  shal l  be  used .  Two  specimens  shal l  be  tested .  The  
kind  of preparation  and  the  d imensions  of the  specimen ,  the  method  used ,  and  the  two  resu l ts  
of the  temperature  of deflection  under l oad  shal l  be  reported .  

NOTE  The  temperatu re  of defl ecti on  under l oad  i s  of the  same  natu re  as  the  g l ass  transi ti on  temperature ,  bu t  the  
methods  g i ven  i n  I SO  75  do  not  a l l ow temperatu res  be low 40  °C  to  be  determ ined .  The  methods  accord i ng  to  
6 . 5 . 4 . 1  can  preferabl y be  appl i ed  .  

6.5.5  Flammabi l i ty 

The  methods  A and  B  g iven  i n  I EC  60695-1 1 -1 0  shal l  be  used .  For each  method  fi ve  
specimens  shal l  be  tested .  Method  B  shal l  be  appl ied  on ly i n  the  case  where  the  resu l t  
accord ing  to  method  A i s  worse  than  category V-2 .  The  kind  of preparation  and  the  
d imensions  of the  test specimen ,  as  wel l  as  the  resu l t of fl ammabi l i ty obtained  wi th  method  B  
and ,  i f appl icable,  wi th  method  A,  shal l  be  reported .  

6.5.6  Thermal  shock 

To be  agreed  between  suppl ier and  purchaser.  

6.5.7  Dry heat resistance  of resins  for cable  accessories  – Method  of test 

6.5.7.1  General  

Th is  test i s  used  to  determine  the  effect of extended  exposure  to  d ry heat on  loss  of mass  and  
impact strength .  

6.5.7.2  Specimen  

Prepare  the  specimen  from  the  same  batch  of resinous  compound .  The  resinous  compound  
shal l  be  prepared  and  cu red  in  accordance  wi th  the  manufacturer’s  i nstructions.  

a)  Loss  of mass:  a  set of 3  test specimens  shal l  be  prepared  wi th  the  d imensions  of 

80  mm  ×  40  mm  ×  5  mm  and  ind ividual l y i den ti fied .  

b)  Impact strength :  a  set of 5  test specimens  shal l  be  prepared  in  accordance  wi th  I SO  1 79.  

6.5.7.3  Apparatus  and  materials  

Equ ipment to  be  used :  

•  analytic balance  wi th  accuracy of ±  1  mg ;  

•  forced  ai r oven  wi th  temperature  control ;  

•  impact tester;  

•  d esiccators.  

6.5.7.4 Procedure 

The  test specimens,  prepared  i n  accordance  wi th  6 . 5.7 . 2 ,  shal l  be  used  as  fol lows:  
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– The  l oss  of mass  specimen  shal l  be  marked  i nd ividual l y.  Take  the  mass  by weigh ing  i t  
i nd ividual l y to  the  nearest of 1  mg  (  =  mass  m 1 ) .  

– Al l  test specimens  shal l  be  p laced  i n  a  forced  a i r oven  for 28  days  at  (1 20  ±  2 )  °C.  Any 
mechan ical  l oad ing  of the  specimen  or any d i rect con tact between  them  shal l  be  avoided .  
On ly one  type  of resinous  compound  shal l  be  tested  at one  time.  At the  end  of the  
28  days,  the  set of test specimen  shal l  be  removed  from  the  forced  a i r oven .  

– The  set of test specimen  shal l  than  be  p laced  for 8  h  i n  a  desiccator and  cooled  to  

(23  ±  2 )  °C.  

– The  loss  of mass  specimens  shal l  be  weighed  i nd ividual ly to  the  nearest 1  mg  (=  mass  m2)  
immed iately after removal  from  the  desiccator.  

– The  impact strength  shal l  be  measured  i n  accordance  wi th  I SO  1 79.   

6.5.7.5  Assessment 

The  percent l oss  of mass  shal l  be  calcu lated  for each  i nd ividual  sample,  i n  accordance  wi th  
the  fol l owing  equation :  

M =  ( (m1  –  m2)  /  m1 )  ×  1 00  

6.5.7.6  Test report 

The  test report shal l  i nclude  the  fol l owing  in formation :  

– the  average  of percentage  loss  of mass;  

– the  average  of the  impact strength .  

6.5.8  Wet heat resistance  of resins  for cable  accessories  

6.5.8. 1  General  

Th is  test shal l  be  carried  ou t to  the  fol lowing  requ i rements:  

a)  the  samples  shal l  be  prepared  i n  accordance  wi th  the  methods  g iven  i n  the  re levant Part 
3  sheet,  to  carry ou t the  fol l owing  tests:  hardness,  tensi l e  and  e longation ,  e lectric 
strength ;  

b)  fi nal  measurement of reference  samples  and  treated  samples  shal l  be  done  the  same  day 
successively.  

6.5.8.2  Test sequence 

The  test sequence  shal l  be  as  fol lows:  

1 )  Preparation  of the  test specimen  from  the  same  l ot  of resinous  compound .  

2 )  Immersion  for 28  days  at  (70  ±  2 )  °C  i n  water.  

3)  Drying  for 48  h  at (60  ±  2 )  °C  under vacuum.  

4)  Drying  24  h  at 80  °C  wi th  open  ven ti l ation  s lot.  

5)  Cool ing  i n  desiccator to  (23  ±  2 )  °C  (8  h ) .  

6)  Test of specimens.  

6.5.8.3  General  

Th is  test i s  used  to  determine  the  resistance  to  hydrolysis  of resinous  compounds  exposed  to  
the  s imu l taneous  i n fl uence  of water and  temperature.  I t  determines  any i rreversib le  change  in  
se lected  mechan ical  properties  by means  of a  tensi le  test and  of a  hardness  test,  and  
e lectrical  properties  by means  of d ie lectric strength .  
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6.5.8.4 Specimen  

The  resinous  compound  shal l  be  prepared  and  cu red  i n  accordance  wi th  the  manufacturer’s  
i nstructions.  

Mechan ical  test:  

A set of 1 0  test specimens  no.  1 B  shal l  be  prepared  in  accordance  wi th  6 . 4 . 1 . 2  and  
I SO  527-1 ,  I SO  527-2  and  I SO  527-3   from  b l ister free  p lates  of resinous  compound  of 

th ickness  of (4  ±  0 , 2)  mm.  

NOTE  1  For h i gh l y fi l l ed  compound ,  specimens  can  be  cast  i n  a  mou l d  of adequate  d imension  for the  test .  

Electrical  test:  

A set of 5  test specimens  shal l  be  prepared  in  accordance  wi th  I EC  60093  for the  e lectric 
strength  tester.  

NOTE  2  I EC  60093  wi l l  be  rep l aced  by I EC  62631  i n  the  fu tu re.  U sers  are  encou raged  to  i n vesti gate  the  s tatus  of 
s tandard i sati on  of I EC  62631  and  the  possi b i l i ty of appl yi ng  the  s tandard .  Members  of I SO  and  I EC  mai n tai n  
reg i sters  of cu rren tl y val i d  I n ternati onal  S tandards.  

6.5.8.5  Apparatus  and  materials  

Equ ipment to  be  used :  

– hydrolysis  vessel  wi th  a  m in imum  capaci ty of 1  l  for 5  test specimens  each ;  

– forced  a i r oven  wi th   temperature  control ;  

– heating  /vacuum  cabinet;  

– Shore  hardness  tester;  

– tensi le  tester;  

– volume resisti vi ty tester;  

– desiccator.  

6.5.8.6  Procedure  

The  test specimens,  shal l  be  used  as  fol lows:  

– A set of 5  mechan ical  test specimens  shal l  be  kept as  reference  samples.  They shal l  be  
stored  i n  the  test room  at standard  atmosphere  23/50  i n  accordance  wi th  I SO  291 .  

– A set of 5  each  of the  mechan ical  test and  of the  e lectrical  test specimens  shal l  be  
immersed  i n  water i n  the  hydrolysis  vessel  for 28  days  at 70  °C.  The  test specimens  shal l  
be  p laced  in  the  hydrolysis  vessel  i n  such  a  manner that they are  surrounded  by water and  
immersed  to  a  m in imum  water head  of 1 0  mm.  Any mechan ical  l oad ing  of the  specimens  
or any d i rect con tact between  them  shal l  be  avoided .  On ly one  type  of resinous  compound  

shal l  be  tested  at  one  time.  The  water conductivi ty shal l  be  less  than  500  µS/m  and  i ts  pH  

value  shal l  be  7 , 0  ±  0 , 5.  The  hydrolysis  vessel  shal l  then  be  closed  wi th  a  su i table  cover 

and  shal l  be  p laced  in  a  heating  cabinet at (70  ±  2 )  °C  and  kept at that temperature  du ring  
the  28  days.  At the  end  of the  28  days,  the  set of test specimens  shal l  be  removed  from  
the  heating  cabinet and  from  the  vessel .  

The  set of test specimens  shal l  then  be  p laced  respectively i n  a  separate  heating/vacuum  

cabinet and  d ried  for 48  h  at (60  ±  2 )  °C  under a  (1 , 5  ±  0 , 2)  kPa  vacuum,  i n  storage  for 24  h  

at (80  ±  2 )  °C  wi th  an  open  ven ti l ation  s lot,  and  then  shal l  be  cooled  down  to  (23  ±  2 )  °C  for 
8  h  i n  desiccators.  
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6.5.8.7  Condi tion ing  and  assessment 

The  test specimens  shal l  be  cond i tioned  before  the  hardness,  the  tensi l e/elongation  and  the  
e lectric strength  tests  for 24  h  i n  accordance  wi th  I SO  291  using  an  atmosphere  23/50.  The  
mechan ical  test specimens  (reference  and  wet aged)  shal l  be  subjected  to  hardness  
measurement,  fol lowed  by tensi le/elongation  measurement.  

The  hardness  test shal l  be  carried  ou t i n  accordance  wi th  I SO  868  on  ends  of the  mechan ical  
test specimens  ou tside  thei r cl amping  length  and  i n  the  cen tre  of thei r surfaces.  

The  tensi le  and  e longation  test shal l  be  carried  ou t i n  accordance  wi th  I SO  527,  wi th  a  j aw 
speed  of 50  mm/min  up  to  Shore  D  hardness  70.  

A j aw speed  of 5  mm/min  shal l  be  appl ied  i f the  Shore  hardness  i s  ≥  70 .  

The  e lectrical  test specimens  shal l  be  subjected  to  electric strength  measurement i n  
accordance  wi th  I EC  60093.  

For mechan ical  tests  the  fol lowing  ari thmetic mean  for each  property shal l  be  calcu lated :  

E1 :  va lue  on  the  reference  test specimens;  

E2 :  va lue  on  the  aged  test specimens.  

The  retained  percentage  of the  values  for these  properties  after the  temperature/water 
exposure  shal l  be  calcu lated  using  the  fol lowing  equation :  

E  =  (E2  /  E1 )  ×  1 00  

For the  e lectric strength  test,  the  ari thmetic mean  of the  test specimens  shal l  be  calcu lated  
and  compared  to  the  values  i n  I EC  60455-3-8: 201 3,  Table  2 .  

6.5.8.8  Test report 

The  test report shal l  i nclude  the  fol l owing  in formation :  

•  reta ined  percent of Shore  hardness;  

•  reta ined  percent of tensi l e  strength ;  

•  retained  percent of e longation  at break;  

•  va lue  of d ie lectric strength .  

6.5.9  Loss  of mass  

6.5.9.1  General  

Th is  method  appl ies  to  resinous  compounds  for cable  accessories.  

6.5.9.2  Apparatus  and  materials  

Equ ipment to  be  used :  

– analytic balance  wi th  accuracy ±  1  mg ;  

– constan t temperature  oven  wi th  venti l ation ;  

– desiccator wi th  calcium  d ich loride  as  a  d rying  agen t.  
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6.5.9.3  Specimen  

Three  specimens  wi th  the  d imension  of 80  mm  ×  40  mm  ×  5  mm  shal l  be  cond i tioned  for 24  h  
at  standard  atmosphere  23/50  i n  accordance  wi th  I SO  291  and  i nd ividual ly i den ti fied .  

6.5.9.4 Procedure  

The  three  cond i tioned  test specimens  shal l  be  weighed  i nd ividual l y to  the  nearest 1  mg  

(=  mass  m1 )  and  stored  for one  week at (1 20  ±  2 )  °C  in  the  ven ted  oven .  They shal l  then  be  
cooled  in  a  desiccator.  Immed iately after removal  from  the  desiccator,  the  test specimens  
shal l  be  weighed  i nd ividual l y to  the  nearest 1  mg  (=  mass  m2) .  

6.5.9.5  Resu lts  

The  percent l oss  of mass,  M,  shal l  be  calcu lated  for each  i nd ividual  sample,  i n  accordance  
wi th  the  fol l owing  equation :   

1 00
1

21 ×
−

=
m

mm
M  

The  average  value  of the  three  measurements  shal l  be  reported .  

6.5.1 0  Temperature  index 

NOTE  The  temperatu re  i ndex depends  on  the  choice  of test  cri teri on  and  of the  end -poin t  cri teri on .  Therefore,  for 
one  and  the  same  materia l ,  resu l ts  for the  temperatu re  i ndex can  vary by 80  K or more.  

6.5.1 0. 1  Procedure 

The  method  g iven  in  I EC  6021 6  shal l  be  used .  The  test and  end-poin t cri teria  shal l  be  i n  
accordance  wi th  the  relevant speci fication  sheet of I EC  60455-3,  or shal l  be  agreed  upon  
between  suppl ier and  purchaser.  Two  test cri teria  shal l  be  used .  For each  test cri terion  at  
l east three  exposure  temperatures  shal l  be  appl ied .  The  d i fference  between  two  subsequent 
exposure  temperatures  shal l  not exceed  20  K.  I f the  correlation  coefficien t i s  l ess  than  0 , 95,  
one  more  set of specimens  shal l  be  tested  at an  exposure  temperature  d i fferen t from  the  
temperature  orig inal l y chosen .  

NOTE  I SO  2578  i s  based  on  the  pri nci p l es  l a i d  down  i n  I EC  6021 6.  By d e l eti ng  a l l  i n formati on  that  i s  not  requ i red  
for p l ann i ng  and  runn i ng  a  temperatu re  i n dex experimen t and  for cal cu l ati on  of resu l ts ,  I SO  2578  has  become  a  
practi cal  short  vers i on  as  requ i red  for use  i n  a  l aboratory.  

6.5.1 0.2  Resu lt  

For each  test cri terion ,  the  kind  of preparation  and  the  type  and  d imensions  of the  specimen,  
the  number of specimens  for each  test,  the  exposure  temperatures,  and  the  resu l ts  shal l  be  
reported  a long  wi th  reference  to  the  standards  appl ied .  The  resu l ts  for each  test set shal l  
con tain  the  specimen  end-poin t times,  the  time  to  end-poin t for each  exposure  temperature,  a  
g raph  showing  the  property values  as  a  function  of the  logari thm  of the  times  to  end -poin t,  the  
thermal  endurance  g raph  (fi rst order regression  l i ne)  on  thermal  endurance  graph  paper,  the  
temperature  i ndex,  and  the  correlation  coefficien t.   

6.6  Chemical  properties  

6.6. 1  Water absorption  

Method  1  (water at 23  °C)  and  method  3  (boi l i ng  water)  g iven  in  I SO  62  shal l  be  used .  For 
each  method  th ree  specimens  shal l  be  tested .  The  kind  of preparation  and  the  d imensions  of 
the  specimen ,  and  the  three  resu l ts  of water absorption  obtained  wi th  each  of method  1  and  
method  3  shal l  be  reported .  One  un treated  specimen  shal l  be  kept for reference.  
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6.6.2  Effect of l iqu id  chemicals  

The  method  g iven  in  I SO  1 75  shal l  be  used .  Un less  otherwise  speci fied ,  the  temperature  of 

the  test l i qu id  shal l  be  (23  ±  2 )  °C  and  the  immersion  time  shal l  be  (1 68  ±  1 )  h  (seven  days).  
For each  test l i qu id  th ree  specimens  shal l  be  tested .  The  kind  of preparation  and  the  
d imensions  of the  specimen ,  the  type  of test l i qu id  and  the  three  resu l ts  for each  of the  test 
l i qu ids  shal l  be  reported .  For each  test l i qu id  the  resu l t  shal l  con tain  the  change  of 
appearance,  d imensions  and  mass  for each  of the  three  specimens.  One  un treated  specimen  
shal l  be  kept for reference.  

6.6.3  Resistance  to  mou ld  growth  

The  method  g iven  in  I EC  60068-2-1 0  shal l  be  used .  Three  specimens  accord ing  to  6 . 7. 1 . 3  
shal l  be  tested ,  and  the  th ree  resu l ts  of resistance  to  mou ld  g rowth  shal l  be  reported .  One  
un treated  specimen  shal l  be  kept for reference.  

6.6.4 Water vapour permeabi l i ty 

To be  agreed  between  suppl ier and  purchaser.  

6.7  Electrical  properties  

6.7.1  Effect of water immersion  on  volume resistivi ty 

6.7.1 . 1  General  

The  method  g iven  i n  I EC  60093  shal l  be  used .  I f I EC  60093  i s  not appl icable  for the  materia l  
under test,  then  the  fol l owing  method  may be  used .  

NOTE  I EC  60093  wi l l  be  repl aced  by I EC  62631  i n  the  fu tu re.  U sers  are  encouraged  to  i nvesti gate  the  s tatus  of 
s tandard i sati on  of I EC  62631  and  the  possi b i l i ty of appl yi ng  the  s tandard .  Members  of I SO  and  I EC  mai n tai n  
reg i sters  of cu rren tl y val i d  I n ternati onal  S tandards.  

6.7.1 .2  Equ ipment 

The  fol lowing  equ ipment shal l  be  used :  

•  any commercial l y avai l able  tera-ohmmeter wi th  an  accuracy of ±1 0  %;  

•  a  metal  cyl inder to  be  used  as  vol tage  e lectrode  (top  e lectrode)  of at l east 60  mm  
d iameter having  a  mass  to  provide  a  pressure  on  the  specimen  of abou t 0 , 01 5  MPa;  

•  two  conducting  rubber d isks  having  the  same d iameter as  the  top  e lectrode  and  of 3  mm  

to  5  mm  th ickness  wi th  a  maximum  resistance  of 1  000  Ω ,  and  wi th  a  Shore  A hardness  of 
65  to  85;  

•  a  metal  cyl inder having  the  same  d iameter as  the  top  e lectrode  and  of abou t 70  mm  
height;  

•  (a  bottom  e lectrode).  

6.7.1 .3  Test specimen  

The  specimen  shal l  be  i n  the  form  of a  d isk or a  square  wi th  a  d iameter or an  edge  leng th  
exceed ing  the  d iameter of the  top  e lectrode  by at l east 1 0  mm.  The  th ickness  shal l  not exceed  
3  mm  and  the  flat  surfaces  shal l  be  i n  paral le l .  Three  specimens  shal l  be  prepared .  

NOTE  The  specimen  can  be  cast  between  p l ates ,  wi th  a  wound  p iece  of enamel l ed  round  wi nd i ng  wi re  u sed  as  a  
spacer.  

6.7.1 .4  Procedure 

The  test set-up  shal l  consist  of the  specimen  placed  between  the  two  metal  cyl i nders  wi th  the  
rubber d isks  as  i n terven ing  layers.  For an  example  of the  complete  test arrangement,  see  
F igure  1 .  The  d . c.  test vol tage  shal l  be  ad justed  to  provide  an  electrical  fi e ld  strength  of not 
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more  than  1  000  V/mm.  The  specimen  shal l  be  tested  before  and  after immersion  i n  
demineral ized  water.  Un less  otherwise  speci fied ,  the  temperature  of the  water shal l  be  

(23  ±  2 )  °C  and  the  time  of immersion  shal l  be  (1 68  ±  1 )  h  (seven  days).  After immersion  in  
water the  test set-up  shal l  be  made  immed iately after removing  the  specimen  from  the  water 
and  blotti ng  i t  between  fi l ter papers  to  remove  excessive  water.  The  resistance  measurement 

shal l  be  taken  (1 5  ±  1 )  m in  after the  test set-up  i s  made.  The  read ing  shal l  be  taken  (60  ±  5)  s  
after e lectri fication .  I n  the  case  where,  for example,  the  d iameter of the  top  e lectrode  i s  
60  mm,  resisti vi ty shal l  be  calcu lated  as:   

ρ  =  (2 , 83  ⋅  R)/d 

where   

ρ   i s  the  resistivi ty (Ωm);   

d   i s  the  specimen  th ickness  (mm);   

R   i s  the  measured  resistance  (Ω) .   

For a  d i fferen t d iameter D  of the  top  e lectrode,  replace  the  factor 2 , 83  by:   

2 , 83  D2  / 3  600  wi th  D  i n  m i l l imetres.   

6.7.1 .5  Resu lt 

Three  specimens  shal l  be  tested  and  the  kind  of preparation ,  the  d iameter of the  e lectrodes,  
the  d imensions  of the  test specimen ,  the  test vol tage  used ,  and  the  th ree  resu l ts  before  and  
after immersion  i n  water shal l  be  reported ,  a long  wi th  reference  to  the  standard  appl ied .  The  
resu l ts  shal l  con tain  volume  resistance  and  volume  resisti vi ty.  

6.7.2  Dielectric  d issipation  factor (tan  δ)  and  relative  permi ttivi ty (εr)  

6.7.2 .1  General  

The  method  g iven  i n  I EC  60250  shal l  be  used .  I f I EC  60250  i s  not appl icable  for the  materia l  
under test,  then  the  fol lowing  method  may be  used .  

NOTE  I EC  60250  wi l l  be  repl aced  by I EC  62631  i n  the  fu tu re.  U sers  are  encouraged  to  i nvesti gate  the  s tatus  of 
s tandard i sati on  of I EC  62631  and  the  possi b i l i ty of appl yi ng  the  s tandard .  Members  of I SO  and  I EC  mai n tai n  
reg i sters  of cu rren tl y val i d  I n ternati onal  S tandards.  

6.7.2 .2  Equ ipment 

Any commercia l l y avai lable  and  adequate  impedance-meter may be  used ,  i nd icating  the  
d ie lectric d issipation  factor ( tan  δ)  and  the  re lative  permi ttivi ty (εr) .  

6.7.2 .3  Test specimen  

A test specimen  i n  accordance  wi th  6 . 7 . 1 . 3  shal l  be  used .  

6.7.2 .4 Procedure 

The  top  electrode  shal l  have  a  d iameter of at l east 40  mm  and  may or may not be  surrounded  
by a  sh ie ld  e lectrode.  The  bottom  electrode  shal l  have  a  d iameter exceed ing  the  d iameter of 
the  top  electrode  by at l east 20  mm  and  shal l  be  appl ied  concentrical l y to  the  upper e lectrode.  
The  e lectrodes  shal l  be  provided  by brush ing  a  conductive  d ispersion  such  as  g raph i te  or 
s i l ver,  or by applying  a  metal  fo i l  of a  th ickness  of not more  than  0 , 005  mm,  made  to  adhere  
wi th  a  d rop  of o i l ,  or by any other equal ly su i table  procedure.  Un less  otherwise  speci fied ,  the  

test shal l  be  carried  ou t at (23  ±  2 )  °C  wi th  a  s inusoidal  test vol tage  at a  frequency of 1  kHz.  
The  connections  to  the  specimen  shal l  be  i n  accordance  wi th  the  i nstruction  manual  of the  
testing  device.  
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6.7.2 .5  Resu lt  

Two specimens  shal l  be  tested .  The  kind  of preparation  and  the  d imensions  of the  test 
specimen ,  the  test temperature,  the  e lectrodes  employed ,  the  test vol tage  and  frequency 
used ,  and  the  two  resu l ts  shal l  be  reported  along  wi th  reference  to  the  standard  appl ied .  The  
report shal l  con tain  the  d ie lectric d issipation  factor and  the  re lative  permi ttivi ty.  

6.7.3  Breakdown  vol tage  and  electric  strength  

6.7.3. 1  General  

Breakdown  vol tage  shal l  be  measured  by using  IEC  60243-1 .  I f I EC  60243-1  i s  not appl icable  
to  the  materia l  under test,  Clauses  4  and  6  may be  amended  as  below.  

6.7.3.2  Electrodes  

The  electrode  arrangement shal l  be  the  bal l -to-plate  type.  The  h igh-vol tage  e lectrode  shal l  

consist  of a  pol ished  steel  bal l  wi th  a  rad ius  of (3  ±  0 , 000  5)  mm  for ri g id  material ,  and  

(1 0  ±  0 , 000  5)  mm  for flexib le  material .  Pol ished  steel  bal l s  wi th  a  surface  roughness  of l ess  
than  0 , 001  mm  as  used  i n  bal l  bearings  (class  I I I )  are  easi l y avai lable  and  have  been  found  

adequate  for the  purpose.  The  earth  e lectrode  shal l  be  a  p late  wi th  a  d iameter of (75  ±  1 )  mm  

and  wi th  rounded  edge  of a  rad ius  of (3  ±  0 , 1 )  mm.  For the  complete  test arrangement for 
fl exible  material ,  see  F igure  2 .  I n  the  case  of rig id  materia l ,  the  upper electrode  and  the  
specimen  shal l  be  as  shown  i n  F igure  3 .  

NOTE  1  The  ba l l - to-pl ate  e l ectrode  arrangement  g i ves,  compared  to  a  p l ate-to-pl ate  set,  a  s l i g h tl y i ncreased  fi e l d  
strength  depend ing  on  the  rad i us  of the  bal l  e l ectrode  and  the  th i ckness  of the  specimen .   

EXAMPLE  For a  rad i us  of 1 0  mm  and  a  th i ckness  of 0 , 1  mm,  the  i ncrease  i n  fi e l d  s treng th  compared  to  that  of 
p l ate-to-pl ate  arrangement i s  abou t  1 0  % .  

NOTE  2  I f a  round  cyl i nd ri cal  g l ass  con tai ner of su ffi ci en t s i ze  i s  used  to  accommodate  the  test  set-up  and  the  
fl u i d  wi th  the  earth  e l ectrode  at  the  bottom  of i t,  such  a  con ta i ner makes  i t  poss ib l e  to  observe  vi sual l y the  process  
when  the  vo l tage  i s  appl i ed .  I t  a l so  permi ts  the  earth  connecti on  and  the  fl u i d  suppl y th rough  the  bottom  e l ectrode,  
wi th  a  fl u i d  overfl ow at  the  top  of the  con ta i ner,  see  F i gu re  2 .  I f an  e l evated  test  temperatu re  i s  requ i red ,  such  an  
arrangement a l l ows  the  fl u i d  to  be  used  for heati ng  pu rposes.  

6.7.3.3  Test specimen  

6.7.3.3. 1  General  

The  th ickness  of that part  of the  specimen  wh ich  i s  subject to  breakdown  shal l  not exceed  
1  mm.  The  th ickness  of any two  of the  specimens  of one  set shal l  not vary by more  than  
1 0  %.  

NOTE  I t  i s  genera l l y found  that  the  e l ectri c  streng th  for cu red  reacti ve  compounds  wi th  a  g l ass  transi ti on  
temperatu re  above  80  °C  i s  from  50  kV/mm  to  1 00  kV/mm  and  can  be  even  more,  for i n stance,  for hot  cu ri ng  
cycl oal i phati c  epoxi de  based  compounds.  Consequen tl y,  testi ng  specimens  of a  th i ckness  of s i gn i fi can tl y more  
than  1  mm  and  wi th  an  e l ectrode  arrangement  of,  for i n stance,  25/75  mm  as  speci fi ed  i n  I EC  60243-1 ,  can  requ i re  
vol tage  l evel s  above  200  kV.  Th i s  can  l ead  to  cond i ti ons  where  fl ashover or parti a l  fl ashover wi th  subsequen t 
breakdown  ou ts i de  the  e l ectrode  area  cannot be  avoi ded .  

6.7.3.3.2  Rig id  material  

The  specimen  shal l  form  a  cyl ind rical  rod  of cast compound  wi th  a  d iameter of abou t 30  mm  
and  wi th  a  l eng th ,  i n  m i l l imetres,  twice  the  assumed  numerical  value  of breakdown  vol tage  in  
ki l ovol ts.  Th is  rod  shal l  con tain  a  central  l ead  wi re  wi th  a  steel  bal l  attached  to  i t  at  one  end  
and  apart from  the  other end  completely embedded  i n  the  casting  compound .  

After the  mou ld  i s  removed ,  that end  of the  specimen  wh ich  i s  close  to  the  bal l  e lectrode  shal l  
be  g round  to  the  speci fied  th ickness,  then  pol ished  and  coated  wi th  a  conductive  layer,  for 
i nstance  a  d ispersion  of g raph i te  or s i l ver,  wh ich  serves  as  the  earth  e lectrode.  During  
g rind ing  the  th ickness  shal l  be  con trol led  by means  of a  permeameter type  device  cal ibrated  
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i n  th ickness.  For an  example  of the  specimen  set-up,  see  Figure  4 .  Th is  set-up  can  be  
accommodated  i n  a  g lass  con tainer as  i n  F igure  2 .  

NOTE  For casti ng ,  a  g l ass  tube  can  serve  as  a  mou l d  wi th  the  l ead  wi re  and  the  bal l  e l ectrode  properl y cen tred  
by adequate  means.  A p i ece  of wel d i ng  wi re  of,  for i nstance,  3  mm  d iameter can  serve  as  a  l ead  wi re,  wi th  one  end  
sol dered  to  the  ba l l  e l ectrode.  

After testing ,  the  cured  compound  i s  removed  at  the  poin t of breakdown  to  a l low 
measurement of the  space  between  the  pol ished  surface  and  the  bal l  e lectrode.  The  space  
shal l  be  measured  by means  of a  m icrometer probe,  and  reported  as  th ickness.  

6.7.3.3.3  Flexible  material  

A specimen  i n  accordance  wi th  6 . 7 . 1 . 3  shal l  be  used .  

6.7.3.4 Procedure 

The  rate  of i ncrease  of the  vol tage  shal l  be  not more  than  500  V/s.  Un less  otherwise  

speci fied ,  the  test temperature  shal l  be  (23  ±  2 )  °C.  The  test shal l  be  carried  ou t wi th  the  
specimen  and  the  e lectrodes  in  a  d ie lectric fl u i d ,  wh ich  i s  ci rcu lated  and  main tained  at the  
speci fied  test temperature.  Un less  otherwise  speci fied ,  unused  mineral  i nsu lating  oi l  
accord ing  to  I EC  60296,  or unused  syn thetic organ ic ester accord ing  to  I EC  61 099,  shal l  be  
employed .  

6.7.3.5  Resu lt 

Five  specimens  shal l  be  tested .  The  type  and  method  of preparation  of the  specimen  and  i ts  
d imensions,  the  test temperature,  the  rad ius  of the  bal l  e l ectrode,  the  type  of d ie lectric fl u id  
used  and  the  fi ve  resu l ts  shal l  be  reported ,  a long  wi th  reference  to  the  standards  appl ied .  The  
resu l ts  shal l  contain  the  th ickness  of the  specimen  at the  poin t of breakdown,  the  breakdown  
vol tage  and  the  e lectric strength .  

6.7.4 Proof tracking  index (PTI )  

The  method  g iven  i n  Clause  1 0  of I EC  601 1 2 :2003  shal l  be  used .  Three  specimens  shal l  be  
tested  wi th  a  proof vol tage  as  speci fied  in  the  re levant speci fication  sheet,  or as  agreed  upon  
between  suppl ier and  purchaser.  The  kind  of preparation  and  the  d imensions  of the  specimen ,  
as  wel l  as  the  three  resu l ts  of PTI ,  shal l  be  reported .  The  resu l ts  shal l  con tain  the  proof 
vol tage  appl ied  and  the  number of d rops  obtained .  

6.7.5  Electrolytic corrosion  

The  visual  method  g iven  i n  I EC  60426  shal l  be  used .  Three  specimens  shal l  be  tested .  The  
three  resu l ts  of e lectrolytic corrosion  shal l  be  reported .  
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1 .  spray bottl e  5 .  water basi n  

2 .  dem ineral i zed  water 6 .  tap  water 

3 .  fl exi b l e  tube  7 .  measuri ng  cyl i nder 

4 .  fi xtu re  8 .  s tand  

Figure  1  – Test apparatus  for curing  in  presence  of water test 
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Figure  2  – Test set-up for volume resistivi ty 
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Figure  3  – Example  of electrode  arrangement for flexible  cured  compound  
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Figure  4  – Example  of electrode  arrangement for rig id  cured  compound  
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Annex A  
( informative)  

 
Health  and  safety 

The  manufacturer shal l  make  avai lable  on  request the  MSDS for each  component,  i n  order to  
enable  the  purchaser to  transport,  use  and  d ispose  of the  components  and  thei r packag ing  i n  
a  safe  manner,  i n  re levant l anguages.  

Further relevant i n formation  concern ing  heal th  and  safety l i nked  to  i nstal lation  cond i tions  shal l  
be  made  avai lable  on  request.  
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