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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
F IXED ELECTRIC DOUBLE-LAYER CAPACITORS  

FOR USE IN  ELECTRIC AND ELECTRONIC EQUIPMENT –  
 

Part 1 :  Generic specification  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci fi 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 Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l 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 onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi 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 i s 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  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  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  responsi 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 ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i 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 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 ib i 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  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC  62391 -1  has  been  prepared  by I EC  techn ical  comm ittee  40:  
Capaci tors  and  res istors  for e l ectron ic equ ipment.  

Th is  second  ed i ti on  cancels  and  replaces  the  fi rst  ed i ti on  publ ished  i n  2006  and  consti tu tes  a  
techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fol l owing  s i gn i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  enhancement of the  scope  to  incl ude  e lectric  (h igh  power)  appl ication ;  

b)  implementation  of Annex Q,  replacing  Clause  3  in  the  fi rst ed i tion ;  

c)  i n  add i ti on ,  m inor revis ions  re lated  to  tab les,  fi gures  and  references.  
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The  text of th is  s tandard  i s  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

40/2393/FDIS  40/241 5/RVD  

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

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/I EC D irectives,  Part 2 .  

A l i s t  of a l l  parts  of I EC  62391  under the  general  t i tl e  Fixed electric double-layer capacitors for 
use  in  electric and electronic equipment can  be  found  i n  the  I EC websi te .  

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

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

 

IMPORTANT – The  'colour inside'  l ogo  on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore print  th is  document using  a  
colour printer.  
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FIXED ELECTRIC DOUBLE-LAYER CAPACITORS  
FOR USE IN  ELECTRIC AND ELECTRONIC EQUIPMENT –  

 
Part 1 :  Generic specification  

 
 
 

1  Scope 

This  part  of I EC 62391  appl i es  to  fixed  e lectric  double- layer capaci tors  (hereafter referred  to  
as  capaci tor(s))  main l y used  in  d . c.  ci rcu i ts  of e lectric  and  e lectron ic  equ ipment.  

Th is  part of I EC  62391  establ ishes  standard  terms,  i nspection  procedures  and  methods  of test 
for use  in  sectional  and  detai l  speci fications  of e lectron ic  components  for qual i ty assessment 
or any other purpose.  

2  Normative references  

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

I EC 60027  (a l l  parts) ,  Letter symbols to  be  used in  electrical technology 

I EC 60050  (a l l  parts) ,  International Electrotechnical Vocabulary 

IEC 60062,  Marking codes for resistors and capacitors 

IEC 60063,  Preferred number series for resistors and capacitors 

IEC 60068-1 : 201 3,  Environmental testing – Part 1 :  General and guidance  

IEC 60068-2-1 : 2007,  Environmental testing – Part 2-1 : Tests – Tests A: Cold 

IEC 60068-2-2 : 2007,  Environmental testing – Part 2-2: Tests – Tests B: Dry Heat 

I EC 60068-2-6: 2007,  Environmental testing – Part 2-6:  Tests – Test Fc:  Vibration (sinusoidal)  

IEC 60068-2-1 4: 2009,  Environmental testing – Part 2-14:  Tests – Test N:  Change of 
temperature  

IEC 60068-2-20:2008,  Environmental testing – Part 2-20:  Tests – Test T: Test methods for 
solderability and resistance to soldering heat of devices of with  leads 

IEC 60068-2-21 : 2006,  Environmental testing – Part 2-21:  Tests – Test U:  Robustness of 
terminations and integral mounting devices 

IEC 60068-2-45: 1 980,  Environmental testing – Part 2-45: Tests – Test XA  and guidance: 
Immersion in  cleaning solvents   

Amendment 1 : 1 993)  
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IEC 60068-2-54:2006,  Environmental testing – Part 2-54:  Tests – Test Ta:  Solderbility 
testing of electronic components by the wetting balance method 

IEC 60068-2-58:201 5,  Environmental testing – Part 2-58: Tests – Test Td: Test methods for 
solderability,  resistance to  dissolution  of metallization  and to  soldering heat of surface 
mounting devices (SMD)  

IEC 60068-2-69:2007,  Environmental testing – Part 2-69: Tests – Test Te: Solderability 
testing of electronic components for surface mounting devices (SMD)  by the wetting balance 
method 

IEC 60068-2-78:201 2,  Environmental testing – Part 2-78: Tests – Test Cab: Damp heat,  
steady state  

I EC 60294: 201 2,  Measurement of the dimensions of a  cylindrical component with axial 
terminations 

I EC 6061 7  (a l l  parts) ,  Graphical symbols for diagrams 

IEC 60695-1 1 -5,  Fire hazard testing – Part 11-5: Test flames – Needle-flame test method – 
Apparatus,  confirmatory test arrangement and guidance  

IEC 6071 7: 201 2,  Method for the determination of the space required by capacitors and 
resistors with unidirectional terminations 

IEC 61 1 93-2,  Quality assessment systems – Part 2:  Selection  and use of sampling plans for 
inspection of electronic components and packages 

3 Terms and  defin i tions  

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

3. 1   
type  
group  of components  having  s im i l ar design  featu res  and  manufacturing  techn iques,  enabl ing  
them  to  be  cons idered  together,  e i ther for qual i fication  approval  or for qual i ty conformance  
i nspection  

Note  1  to  en try:  I n  some cases,  components  described  i n  several  d etai l  speci fi cations  may be  cons idered  as  
belong i ng  to  the  same  type.  

[SOURCE:  I EC  60384-1 : 2008,  2 . 2. 39  – mod i fied ,  the  remark on  "s ing le  deta i l  speci fication "  
was  deleted  from  the  defin i tion  and  the  Note  was  rephrased . ]  

3.2   
style  

subd ivis ion  of a  type,  general l y based  on  d imensional  factors  

Note  1  to  en try:  A styl e  may i ncl ude  severa l  vari an ts,  general l y of a  mechan ical  order.  

3.3   
class  
classi fication  of the  capaci tor by the  capaci tance  value  and  the  i n ternal  res istance  value  
depend ing  upon  the  appl ication  
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3.4   
fami ly 
<electron ic components>  group  of components  wh ich  predom inantl y d i splays  a  particu lar 
phys ica l  attribu te  and/or fu l fi l s  a  defi ned  function  

3.5   
subfami ly  
<electron ic components>  group  of components  wi th in  a  fam i l y manufactured  by s im i lar 
technolog ical  methods  

3.6   
d .c.  capacitor 

capaci tor des igned  essentia l l y for appl ication  wi th  d i rect vol tage  

Note  1  to  en try:  A d . c.  capaci tor may not  be  su i table  for use  on  a . c.  suppl i es .  

3.7   
nominal  capacitance  
CN  

des ignated  capaci tance  value  usual l y i nd icated  on  the  capaci tor  

3.8   
category temperature  range  
range  of ambien t temperatures  for wh ich  the  capaci tor has  been  des igned  to  operate  
continuous l y 

Note  1  to  en try:  Th i s  i s  g i ven  by the  l ower and  upper category temperature.  

3.9   
lower category temperature  
min imum  ambien t  temperature  for wh ich  a  capaci tor has  been  des igned  to  operate  
con tinuous l y 

3. 1 0   
upper category temperature  
h ighest  ambient  temperature  includ ing  i n ternal  heating  i n  wh ich  a  capaci tor i s  des igned  to  
operate  continuous l y 

[SOURCE:  I EC 61 881 -3: 201 2,  3 . 1 7 ,  mod i fied  – The  note  to  entry has  been  deleted . ]  

3. 1 1   
rated  temperature  
maximum  ambien t temperature  at  wh ich  the  rated  vol tage  may be  conti nuousl y appl ied  

3. 1 2   
rated  vol tage  
UR  

maximum  d . c.  vo l tage  or peak value  of pu lse  vol tage  wh ich  may be  appl ied  con tinuous l y or 
repeti ti vel y to  a  capaci tor at  any temperature  between  the  l ower category temperature  and  the  
rated  temperature  

3. 1 3   
category vol tage  
UC  

maximum  vol tage  wh ich  may be  appl ied  con tinuousl y to  a  capaci tor at  i ts  upper category 
temperature  
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3. 1 4   
temperature  derated  vol tage  
maximum  vol tage  that may be  appl ied  conti nuousl y to  a  capaci tor when  i t  i s  at  any 
temperature  between  the  rated  temperature  and  the  upper category temperature  

Note  1  to  en try:  I n formation  on  the  vol tage/temperature  dependence  at  temperatu res  between  the  rated  
temperatu re  and  the  upper category temperatu re  i s  g i ven  i n  the  detai l  speci fi cati on .  

3. 1 5   
surge  vol tage  ratio  
quotient of the  maximum  instan taneous  vol tage  wh ich  may be  appl ied  to  the  term inations  of 
the  capaci tor for a  speci fied  time at  any temperature  wi th in  the  category temperature  range  
and  the  rated  vol tage  or the  temperature  derated  vol tage,  as  appropriate  

Note  1  to  en try:  The  number of t imes  per hou r that  th i s  vol tage  may be  appl i ed  i s  speci fi ed  i n  the  detai l  
speci fi cation .  

3. 1 6   
rated  ripple  vol tage  
r.m . s.  va lue  of the  maximum  al l owable  a l ternating  vol tage  at a  speci fied  frequency 
superimposed  on  the  d . c.  vo l tage  at  wh ich  the  capaci tor may be  operated  continuousl y at a  
speci fied  temperature  

Note  1  to  en try:  The  sum  of the  d i rect  vol tage  and  the  peak value  of the  a l ternati ng  vol tage  appl i ed  to  the  
capaci tor does  not  exceed  the  rated  vol tage  or temperature  derated  vol tage,  as  appl i cable.  

3. 1 7   
reverse vol tage  
<polar capaci tors>  vol tage  appl ied  to  the  capaci tor term inations  i n  the  reverse  polari ty 
d i rection  

3. 1 8   
rated  ripple  current  
r.m .s.  value  of the  maximum  al l owable  al ternating  current  of a  speci fi ed  frequency,  at wh ich  
the  capaci tor may be  operated  con tinuousl y at  a  speci fied  temperature  

3. 1 9   
time constant  

product of the  i n ternal  resistance  ( includ ing  ci rcu i t  res istance)  and  the  capaci tance  

Note  1  to  en try:  The  time  constant  i s  normal l y expressed  i n  seconds.  

3.20   
in ternal  resistance  
res istance  component i n  an  equ ivalent  series  ci rcu i t  of capaci tance  and  res istance  of a  
capaci tor 

Note  1  to  en try:  The  i n ternal  res i stance  i s  g i ven  i n  ohms  (Ω ).  

3.21   
IR drop  
vol tage  d rop  between  the  capaci tor term inals  that i s  generated  at  the  s tart of d ischarge  and  
quanti fi ed  by the  product of the  d ischarge  curren t and  the  in ternal  res istance  of the  capaci tor  

3 . 22   
maximum  temperature  of a  capaci tor 

temperature  at the  hottest poin t  of i ts  external  surface  

Note  1  to  en try:  The  term inati ons  are  considered  as  a  part  of the  external  su rface.  
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3.23   
min imum temperature  of a  capacitor 
temperature  at the  coldest poin t  of the  external  su rface  

Note  1  to  en try:  The  term inati ons  are  considered  to  be  part  of the  externa l  su rface.  

3.24  
m in imum storage temperature  
min imum  ambien t temperature  wh ich  the  capaci tor shou ld  wi thstand  i n  the  non-operati ng  
cond i ti on  wi thout  damage  

3.25   
maximum  storage  temperature  
maximum  ambien t temperature  wh ich  the  capaci tor wi thstands  i n  the  non-operati ng  cond i tion  
wi thout  damage  

[SOURCE:  I EC 60384-1 : 2008,  2 . 2. 1 1 ]  

3.26   
temperature  characteristic of capacitance  
maximum  reversib le  variation  of capaci tance  produced  over a  g iven  temperature  range  wi th in  
the  category temperature  range  

Note  1  to  en try:  The  term  characteri zi ng  th i s  property appl i es  main l y to  capaci tors  of wh ich  the  variati ons  of 
capaci tance  as  a  function  of temperature,  l i near or non-l i near,  cannot  be  expressed  wi th  precis ion  and  certain ty.  

Note  2  to  en try:  The  temperature  characteri sti c  of capaci tance  i s  normal l y expressed  as  a  percentage  of the  
capaci tance  rel ated  to  a  reference  temperature  of 20  °C.  

3.27   
visible  damage  

vis ib le  damage  wh ich  reduces  the  usabi l i ty of the  capaci tor for i ts  i n tended  purpose  

3.28   
leakage  current  
value  of the  current that fl ows  through  a  capaci tor after a  charge  for a  fixed  period  of t ime  

Note  1  to  en try:  Leakage  cu rren t i s  g i ven  i n  amperes  (A).  

3.29   
maintain  vol tage  
sel f d ischarge  
vol tage  held  wh i le  being  l eft for a  fixed  period  of time under no  load  after a  charge  for a  fixed  
period  of t ime  

3.30   
temperature  ri se  
<capaci tor>  i ncrease  of temperature  of the  capaci tor relati ve  to  the  ambient temperature  
resu l ting  from  the  l osses  i n  the  capaci tor due  to  operation  under charge  and /or d ischarge  
cond i ti ons  

3.31   
insu lated  capacitor 
capaci tor i n  wh ich  a l l  term inations  of a  section  may be  ra ised  to  a  potentia l  d i fferen t (bu t  not  
l ess  than  the  rated  vol tage)  from  that of any conducting  surface  wi th  wh ich  the  case  is  l i able  
to  come i n to  contact  i n  normal  use  
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3.32   
un insu lated  capacitor 
capaci tor i n  wh ich  one  or more  of the  term inations  of a  section  cannot be  ra ised  to  a  potentia l  
d i fferent (but not l ess  than  the  rated  vol tage)  from  that of any conducting  surface  wi th  wh ich  
the  case  is  l i able  to  come i n to  con tact i n  normal  use  

3.33   
surface mount capaci tor 
fixed  capaci tor whose smal l  d imensions  and  nature  or shape  of term inations  make i t  su i table  
for use  i n  hybrid  ci rcu i ts  and  on  prin ted  boards  

3.34  
passive  flammabi l i ty  

flammabi l i ty caused  by external  heati ng  of the  component  

Note  1  to  en try:  Pass i ve  fl ammabi l i ty can  be  caused  by fl ames  for example.  

3.35   
active  flammabi l i ty  

flammabi l i ty (sel f- ign i ti on )  caused  by i n ternal  heati ng  of the  component 

Note  1  to  en try:  Acti ve  fl ammabi l i ty can  be  caused  by sparki ng  d ue  to  i nsu ffi cien t  i n ternal  con tact  for example.  

3.36   
category of passive flammabi l i ty  

category g i ven  by the  maximum  burn ing  time after a  speci fi ed  time of fl ame appl ication  

3.37   
mass  

mass  of the  capaci tor wi th  a l l  fi xed  parts  

3.38   
volume 

volume of the  capaci tor body exclud ing  term inations  

4 General  i tems  

4.1  Un i t  and  symbols  

Un i ts,  g raph ica l  symbols ,  l etter symbols  and  term inology shal l ,  whenever poss ible,  be  taken  
from  the  fol lowing  documents:  

– I EC 60027;  

– I EC 60050;  

– I EC 6061 7;  

– I SO 80000-1 .  

When  fu rther i tems  are  requ i red  they shou ld  be  derived  i n  accordance  wi th  the  princip les  of 
the  publ ications  l i sted  above.  

4.2  Preferred  values  and  class  

4.2. 1  General  

The preferred  values  appropriate  to  the  subfam i ly shal l  be  prescribed  i n  the  sectional  
speci fication .  

NOTE  I t  i s  not  possib le  to  speci fy the  preferred  val ues  of ra ted  vol tage  due  to  the  nature  of the  capaci tor.  
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4.2.2  Preferred  values  of nominal  capaci tance  

The preferred  values  of nom inal  capaci tance  shal l  be  taken  from  the  R series  speci fi ed  i n  
IEC 60063.  

4.2.3  Class  

The  class  of the  capaci tor sha l l  be  cl ass i fi ed  accord ing  to  capaci tance  and  in ternal  resistance  
(appl ication) .  See  Annex A for detai l s .  

4.3  Marking  

4.3. 1  General  

The  identi fication  cri teria  and  other i n formation  to  be  marked  on  the  capaci tor and/or 
packag ing  shal l  be  i nd icated  i n  the  sectional  speci fication .  

The  order of marking  priori ty for smal l  s i ze  capaci tors  shal l  be  speci fi ed  i n  the  deta i l  
speci fication .  

4.3.2  Coding  

When  cod ing  is  used  for capaci tance  va lue,  to lerance or date  of manufacture,  the  method  
shal l  be  se lected  from  those  g iven  i n  I EC  60062.  

4.4  Qual i ty assessment procedures  

See  Annex Q.  

5 Tests  and  measurement 

5.1  General  

The sectional  and/or b lank detai l  speci fication  shal l  i nd icate  the  tests  to  be  made,  wh ich  
measurements  are  to  be  made before  and  after each  test or subgroup  of tests,  and  the  
sequence  in  wh ich  they shal l  be  made.  The  s tages  of each  test  shal l  be  carried  ou t i n  the  
order wri tten .  The  measuring  cond i tions  shal l  be  the  same for i n i tia l  and  final  measurements .  

I f national  speci fications  wi th in  any qual i ty assessment system  include  methods  other than  
those  speci fied  i n  the  above  speci fications,  they shal l  be  fu l l y described .  

L im i ts  g iven  in  a l l  speci fications  are  absolu te  l im i ts.  The  pri ncip le  to  take  measurement  
uncertain ty i n to  account i s  g i ven  in  Annex F.  

5.2  Test and  measurement  requ irements  

5.2. 1  Test condi tions  

Un less  otherwise  speci fi ed ,  a l l  tests  shal l  be  made  under standard  atmospheric  cond i tions  for 
testing  as  g i ven  in  I EC 60068-1 : 201 3,  4 . 3.  

– temperature   :  1 5  °C  to  35  °C;  

– re lative  hum id i ty :  25  %  to  75  %;  

– a i r pressure   :  86  kPa  to  1 06  kPa.  

5.2.2  Measurement condi tions  

Un less  otherwise  speci fi ed ,  a l l  measurements  shal l  be  made  under s tandard  atmospheric 
cond i ti ons  for testing  as  g i ven  i n  I EC  60068-1 : 201 3,  4 . 3  wi th  fo l lowing  exception :  
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– temperature:   20  °C  ±  2  °C.  

Al l  measurements  shal l  be  made after thermal  equ i l ibri um  is  accompl ished ,  see  5. 2. 4.  

5.2.3  Vol tage  treatment  

The capaci tor shal l  be  charged  up  to  UR  and  be  held  for 30  m in  by means  of a  d . c.  source.  

The  capaci tor shal l  be  d i scharged  through  a  su i table  d ischarge  device.  

5.2.4  Thermal  treatment  

The capaci tors  shal l  be  stored  at the  temperature  speci fi ed  i n  5 . 2. 2  for a  t ime sufficien t to  
a l l ow the  enti re  capaci tor to  reach  th is  temperature  ( thermal  equ i l ibrium ,  see  Annex C) .  

5.3  Drying  

Un less  otherwise  speci fied  i n  the  detai l  speci fication ,  the  capaci tor sha l l  be  cond i tioned  for 

96  h  ±  4  h  by heating  in  a  ci rcu lating  a i r oven  at a  temperature  of 55  °C  ±  2  °C  and  a  re lative  
hum id i ty not exceed ing  20  %.  

The  capaci tor shal l  then  be  al l owed  to  cool  in  a  des iccator us ing  a  su i table  desiccant,  such  as  
activated  a l um ina  or s i l i ca  gel ,  and  shal l  be  kept therein  from  the  time of removal  from  the  
oven  to  the  beg inn ing  of the  speci fied  tests.  

5.4  Visual  examination  and  check of d imensions  

5.4. 1  Visual  examination  

The cond i ti on ,  workmansh ip  and  fi n ish  shal l  be  satisfactory,  as  checked  by visual  exam ination .  

Marking  shal l  be  l eg ib le,  as  checked  by visual  exam ination  and  shal l  conform  to  the  
requ irements  of the  detai l  speci fication .  

5.4.2  Dimensions  (gauging)  

The d imensions  i nd icated  in  the  detai l  speci fication  as  being  su i table  for gaug ing  shal l  be  
checked ,  and  shal l  comply wi th  the  values  prescribed .  

When  appl icable,  measurements  shal l  be  made  i n  accordance  wi th  I EC  60294  or I EC  6071 7.  

5.4.3  Dimensions  (detai l )  

Al l  d imensions  prescribed  i n  the  detai l  speci fication  shal l  be  checked  and  shal l  comply wi th  
the  va lues  prescribed .  

5.5  Measurement method  1  for capacitance and  in ternal  resistance  (constant current 
d ischarge)  

5.5. 1  Basic  circu i t  for measuring  

The capaci tance  and  the  i n ternal  res istance  shal l  be  measured  by us ing  the  constan t current  
charg ing  and  d ischarg ing  methods.  The  bas ic ci rcu i t  for measurement i s  g i ven  in  F igure  1 .  
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Key 

I
CC

 constan t-cu rrent  

U
CV

 constan t-vol tage  

A  d . c.  ammeter 

V d . c.  vol tage  recorder 

S  changeover swi tch  

Cx capaci tor under test  

     constan t cu rren t d i scharger 

a)  power suppl y for constant  cu rrent  charg i ng-  

b)  power suppl y for constant  vol tage  charg i ng -  

Figure 1  −  Basic ci rcu i t  for measuring  

5.5.2  Measuring  equ ipment 

The measuring  equ ipment shal l  be  capable  of constan t curren t charg ing ,  constan t vol tage  
charg ing ,  constant current  d ischarg ing ,  and  con tinuous  measurement  mon i toring  of the  
curren t and  the  vol tage  between  the  capaci tor term inals  as  a  function  of d ischarg ing  time as  
shown  i n  F igure  2 .  The measuring  equipment shal l  be able to set and  measure the current and  the 

voltage with  the accuracy equal  to ±1  % or less.  

The  power suppl y shal l  provide  constan t charge  curren t for the  capaci tor charge  wi th  95  %  
efficiency,  and  setti ng  function  of the  constan t vol tage  charge  duration .  The  constan t current 
d ischarger shal l  provide  constant d ischarg ing  curren t as  speci fi ed  i n  Table  1  or Table  2 ,  
respective l y.  The  d . c.  vol tage  recorder shal l  be  capable  of conducting  measurements ,  and  i t  
sha l l  record  wi th  a  5  mV resolu tion  and  sampl ing  rate  of 1 00  ms  or l ess.  

IEC 

Power suppl y 

a)  

b)  

ICC  

UCV  

V 

A 

S  

+  
Cx  
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Key 

U
R
 rated  vol tage  (V)  

U
1
 ca l cu lation  start  vol tage  (V)  

U
2
 ca l cu lation  end  vol tage  (V)  

∆U
3
 vol tage  d rop  (V)  

T
CV

 constan t vol tage  charg i ng  d u ration  (m in )  

Figure 2  – Vol tage–time characteristics  between  capacitor terminals  
in  capacitance  and  in ternal  resistance  measurement  

5.5.3  Measuring  procedure  

5.5.3. 1  General  

The measurement shal l  be  carried  ou t by analys ing  vol tage-time  characteristics  between  
capaci tor term inals.  

The  measuring  method  shal l  be  e i ther i n  accordance  wi th  5. 5. 3 . 2  or 5 . 5 . 3. 3  correspond ing  to  
the  class  ( refer to  Annex A)  and  shal l  be  speci fi ed  i n  the  detai l  speci fication .  

Precond i tion ing  of vol tage  treatment as  i n  5. 2 . 3  and  thermal  treatmen t as  i n  5. 2 . 4  shal l  be  
carried  ou t,  and ,  i f speci fied  i n  the  detai l  speci fication ,  d rying  as  i n  5. 3  may be  carried  ou t 
before  measurement.  

The  vol tage  between  capaci tor term inals  shal l  be  measured  and  recorded  as  a  function  of 
time th roughout  the  measuring  procedure.  

5.5.3.2  Measuring  method  1 A (class  1 ,  2 ,  3  and  4)  

Un less  otherwise  speci fi ed  i n  the  detai l  speci fication ,  the  measuring  cond i tions  shal l  be  as  
shown  i n  Table  1 .  The  constan t charg ing  curren t (Icc)  sha l l  be  able  to  charge  the  capaci tor 
wi th  95  %  charg ing  efficiency and  i s  set  us ing  the  rated  vol tage  (UR)  and  the  nom inal  i n ternal  
res istance  (RN )  by  Icc  (=  UR  /38  RN ) .  The  constan t d ischarge  curren ts  are  set  for capaci tance  
measurement and  in ternal  res istance  respectively,  correspond ing  to  the  nom inal  capaci tance  
of the  capaci tor.  

The measuring  procedure  shal l  be  as  fo l lows:  

a)  the  capaci tor sha l l  be  charged  wi th  the  constant charg ing  curren t;  
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b)  when  the  outpu t vol tage  of the  power suppl y reaches  the  speci fied  va lue,  the  charg ing  of 
the  capaci tor sha l l  be  conti nued  wi th  the  constant  vol tage;  

c)  then  the  capaci tor shal l  be  d ischarged  through  the  constant current  d ischarger;  

d )  then  the  time  shal l  be  measured  from  the  start  of d ischarge  to  the  poin t at  wh ich  the  
vol tage  between  the  capaci tor term inals  becomes U1  and  U2 ,  respectivel y (see  F igure  2) .  

Table  1  – Measuring  condi tions  for measuring  method  1 A 

Measuring  condi tions  

Class  
Appl i cation  

C l ass  1  
Memory backup  

C l ass  2  
Energy storage  

C lass  3  
Power  

C lass  4  
I nstantaneous  

power  

Constan t current charg ing  
mA  

95  %  charg ing  effi ciency a  

Constan t vol tage charg ing  time 
min  

30  

Constan t d i scharge  current for 
capaci tance  measurement b  

mA  
1  ×  C

N
 0 , 4  ×  C

N
UR  4  ×  C

N
UR  40  ×  C

N
UR  

Constan t d i scharge  current for 
i n ternal  resi stance measurement c  

mA  
1 0  ×  C

N
 4  ×  C

N
UR  40  ×  C

N
UR  400  ×  C

N
UR  

U
1
 0, 8  ×  UR  

U2  0, 4  ×  UR  

For cl ass  3  and  cl ass  4 ,  measuring  method  1 B  may be  used .  

The  number of s i gn i fi can t fi gures  for the  d i scharge  cu rrent  val ue  of 1 0  A or l ess  shal l  be  one  d i g i t;  the  second  
d i g i t  of the  calcu lated  val ue  shou ld  be  rounded  down.  

The  number of s i gn i fi can t fi gu res  for the  d i scharge  cu rren t val ue  exceed ing  1 0  A shal l  be  two  d i g i ts ;  the  th i rd  d i g i t  
of the  calcu l ated  val ue  shou ld  be  rounded  down .  

NOTE  C
N
 i s  the  nom inal  capaci tance  i n  farad  (F)  and  UR  i s  the  rated  vol tage  i n  vol t  (V).  

a
 For the  general  concept of charg i ng /d i scharg ing  effi ciency,  see  Annex D.  

b
 I f ∆U3  exceeds  5  %  of the  charg i ng  vol tage  (0 , 05  ×  UR)  i n  the  i n i ti a l  characteri sti cs,  d i scharge  curren t val ue  

may be  reduced  by one  ha l f,  one  fi fth  or one  ten th .  

c
 I f ∆U3  exceeds  20  %  of the  charg ing  vol tage  (0, 2  ×  UR)  i n  the  i n i ti a l  characteri sti cs,  d i scharge  curren t val ue  

may be  reduced  by one  ha l f,  one  fi fth  or one  ten th .  

 

5.5.3.3  Measuring  method  1 B  (class  3 ,  4  and  5)  

Un less  otherwise  speci fied  i n  the  deta i l  speci fication ,  the  measuring  cond i tions  shal l  be  as  
shown  i n  Table  2 .  The  constan t charg ing  curren t  (Icc)  sha l l  be  able  to  charge  the  capaci tor 
wi th  95  %  charg ing  efficiency and  i s  set  us ing  the  rated  vol tage  (UR)  and  the  nom inal  i n ternal  
res istance  (RN )  by  Icc  (=  UR  /38  RN ) .  The  constant  d ischarge  curren t (Id )  sha l l  be  ab le  to  
d ischarge  the  capaci tor wi th  95  %  d ischarg ing  efficiency and  is  set us ing  the  rated  vol tage  
(UR)  and  the  nom inal  i n ternal  resistance  (Rn)  by Id  (=  UR  /40Rn) .  

The  measuring  procedure  shal l  be  as  fol lows:  

a)  the  capaci tor sha l l  be  charged  wi th  the  constant charg ing  curren t;  

b)  when  the  outpu t  vol tage  of the  power suppl y reaches  the  speci fied  va lue,  the  charg ing  of 
the  capaci tor sha l l  be  conti nued  wi th  the  constant  vol tage;  

c)  then  the  capaci tor sha l l  be  d ischarged  through  the  constant current d ischarger;  

d )  then  the  time shal l  be  measured  from  the  start  of d ischarge  to  the  poin t at  wh ich  the  
vol tage  between  the  capaci tor term inals  becomes  U1  and  U2 ,  respectivel y (see  F igure  2) .  
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Table  2  – Measuring  condi tions  for measuring  method  1 B  

Measuring  condi tions  

Class  
Appl i cation  

C lass  3  
Power  

C l ass  4  
I nstantaneous  power  

C l ass  5  
H igh  power  

Constan t current charg ing   
mA  

95  %  charg ing  effi ciency a  

Constan t vol tage charging  time 
min  

5  

Constan t current d i scharg ing  95  %  d i scharg ing  effi ci ency a  

U1  0, 8  ×  UR  

U2  0, 4  ×  UR  

For cl ass  3  and  cl ass  4 ,  measuring  method  1 A may be  used .  

The  number of s i gn i fi can t fi gu res  for the  d i scharge  cu rren t val ue  of 1 0  A or l ess  shal l  be  one  d i g i t;  the  second  
d i g i t  of the  calcu lated  val ue  shou ld  be  rounded  down .  

The  number of s i gn i fi cant  fi gu res  for the  d i scharge  curren t val ue  exceed ing  1 0  A shal l  be  two  d i g i ts ;  the  th i rd  d i g i t  
of the  calcu l ated  val ue  shou ld  be  rounded  down .  

a
 For the  general  concept of charg i ng /d i scharg ing  effi ciency,  see  Annex D.  

 

5.5.4  Calcu lation  methods  for capacitance  

5.5.4. 1  General  

The capaci tance  shal l  be  calcu lated  by the  s tra igh t  l i ne  approximation  method  or the  energy 
conversion  method .  

5.5.4.2  Straight l ine  approximation  method  (measuring  method  1 A)  

The capaci tance  C of a  capaci tor sha l l  be  ca lcu lated  by the  fol lowing  formu la:  

21

21cc

UU

ttI
C

−

−×
=

)(
 

where  

C  i s  the  capaci tance  of capaci tor (F);  

Icc  i s  the  d ischarge  current (mA);  

U1  i s  the  measuring  start  vol tage  (V) ;  

U2  i s  the  measuring  end  vol tage  (V);  

t1  i s  the  time at  wh ich  the  term inal  vol tage  of the  capaci tor reaches  the  value  U1  from  the  
start of the  d ischarge;  

t2  i s  the  time at  wh ich  the  term inal  vol tage  of the  capaci tor reaches  the  value  U2  from  the  
start of the  d ischarge.  
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5.5.4.3  Energy conversion  method  (measuring  method  1 B)  

The capaci tance  C of a  capaci tor shal l  be  ca lcu lated  by the  fol l owing  formu la:  

2
2

2
1

2

UU

W
C

−
=  

where  

C  i s  the  capaci tance  of the  capaci tor (F) ;  

W i s  the  measured  d ischarged  energy (J ) ,  from  start vo l tage  U1  to  end  vol tage  U2 ;  

U1  i s  the  measured  s tart  vol tage;  

U2  i s  the  measured  end  vol tage.  

5.5.5  Calcu lation  methods  for in ternal  resistance  

5.5.5. 1  General  

The in ternal  res istance  shal l  be  calcu lated  by the  l east square  i n ternal  res istance  calcu lation  
method  or the  i n tersection  l i ne  in ternal  res istance  ca lcu lation  method .  

5.5.5.2  Least  square  in ternal  resistance  calcu lation  method  (measuring  method  1 A)  

The i n ternal  res istance  R  of a  capaci tor sha l l  be  ca lcu lated  by the  fol l owing  formu la:  

d

3

I

U
R

∆
=  

where  

R i s  the  i n ternal  res istance  of the  capaci tor (Ω) ;  

Id  i s  the  d ischarge  current  (A);  

∆U3  i s  the  vol tage  drop  (V).  

NOTE  The  vol tage  d rop  i s  read  by d rawing  an  auxi l i ary l i ne  wh i l e  extend ing  the  stra ight  part  of the  t ime-varying  
vol tages  between  the  capaci tor term inal s  obtai ned  from  the  vo l tage  recorder shown  i n  F i gure  2 .  

5.5.5.3  In tersection  l ine  in ternal  resistance calcu lation  method  (measuring  method  
1 B)  

The i n ternal  res istance  R  of a  capaci tor sha l l  be  calcu lated  by the  fo l l owing  formu la:  

d

3

I

U
R

∆
=  

where  

R  i s  the  i n ternal  res istance  of the  capaci tor (Ω) ;  

Id  i s  the  d ischarge  current  (A);  

∆U3  i s  the  vol tage  drop  (V).  

Apply the  stra igh t- l ine  approximation  to  the  vol tage  d rop  characteristics  from  the  calcu lation  
start vol tage  (U1 )  to  the  calcu lation  end  vol tage  (U2)  by using  the  l east squares  method .  

Obtain  the  i n tercept (vol tage  va lue)  of the  s tra igh t l i ne  at the  d ischarge  s tart  t ime.  ∆U3  i s  the  
d i fference  of vo l tages  (V)  between  the  i n tercept vol tage  value  and  the  set value  of constant  
vol tage  charg ing  (V) .  
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5.5.6  Cond itions  to  be  prescribed  in  the  detai l  specification  

The detai l  speci fication  shal l  prescribe:  

a)  the  class i fication  of method ;  

b)  the  appl ied  vol tage  other than  the  rated  vol tage;  

c)  charg ing  time other than  30  m in  (see  Table  2)  or 5  m in  (see  Table  3);  

d )  constan t curren t d ischarge  value  other than  that i n  Table  2  or Table  3;  

e)  U1  and  U2  a t  the  time of d ischarge  vol tage  drop  other than  those  i n  Table  2  or Table  3 .  

5.6  Measurement method  2  for capacitance and  in ternal  resistance  

5.6. 1  Constant resistance charging  method  for capacitance measurement 

5.6. 1 . 1  Measuring  ci rcu i t  

Measurements  shal l  be  carried  ou t  using  the  measuring  ci rcu i t  shown  i n  F igure  3 .  

 

Key 

R  series  res i stance  

S  swi tch  

 d . c.  vol tmeter 

Cx capaci tor under test  

Figure  3  − Ci rcu i t  for constant  resistance  charg ing  method  

5.6. 1 .2  Measuring  method  

The measuring  procedure  shal l  be  as  fo l lows:  

a)  prior to  measurement,  short-ci rcu i t  between  capaci tor term inals  for 30  m in  or more  to  
ensure  d ischarge  su fficientl y;  

b)  set  the  value  of R  i n  such  a  way that the  time constant  τ  settles  at  60  s  to  1 20  s;  

c)  measure  the  time constant  τ  when  d . c.  vol tage  UR  i s  appl ied ,  and  calcu late  the  
capaci tance  value  by the  fol l owing  formu la:  

R
C

τ
=  

where  

C i s  the  capaci tance  (F) ;  

τ  i s  the  time  constan t:  charg ing  time up  to  0, 632  ×  U
R 
(s);  

R  i s  the  series  res istance  (Ω) .  

S 

V 

●  

●  

Constan t vol tage  
power suppl y 

Cx  

R 

+  

●  

IEC 

V 
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5.6. 1 .3  Cond itions  to  be  prescribed  in  the  detai l  specification  

The detai l  speci fication  shal l  prescribe:  

a)  the  appl ied  vol tage  other than  the  rated  vol tage;  

b)  the  series  res istance  R  when  the  time constan t i s  other than  60  s  to  1 20  s .  

5.6.2  AC  internal  resistance  measuring  method  

5.6.2 .1  Measuring  ci rcu i t  

Measurements  shal l  be  carried  ou t  us ing  the  measuring  ci rcu i t  shown  i n  F igure  4 .  

 

Key 

 osci l l ator 

 a. c.  ammeter 

 a. c.  vol tmeter 

Cx capaci tor under test  

Figure 4 −  Ci rcu i t  for a.c.  resistance  method  

5. 6.2 .2  Measuring  method  

The measuring  procedure  shal l  be  as  fol lows:  

a)  the  measuring  frequency shal l  be  1  kHz;  

b)  the  a . c.  current  shal l  be  from  1  mA to  1 0  mA;  

c)  the  i n ternal  resistance  Ra  of a  capaci tor shal l  be  ca lcu lated  by the  fo l l owing  formu la:  

I

U
R =

a
 

where  

Ra  i s  the  a . c.  i n ternal  res istance  (Ω) ;  

U i s  the  root-mean-square  va lue  of a. c.  vo l tage  (V);  

I i s  the  root-mean-square  va lue  of a. c.  curren t (A) .  

5.7  Leakage current  

5.7. 1  Measuring  method  

The measuring  procedure  shal l  be  as  fo l lows.  

●
  A 

 V 
Cx  

●  

+  

IEC 

A 

V 
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a)  Before  th is  measurement i s  carried  ou t,  the  capaci tors  shal l  be  fu l l y d ischarged .  The  
d ischarge  procedure  shal l  take  1  h  to  24  h  and  shal l  be  speci fied  in  the  deta i l  speci fication .  

b)  The  l eakage  current sha l l  be  measured ,  un less  otherwise  prescribed  in  the  detai l  
speci fication ,  us ing  the  d i rect  vol tage  (UR)  appropriate  to  the  test  temperature.  The  
e lectri fication  period  after maximum  30  m in  charge-up  time to  reach  95  %  of the  appl ied  
vol tage  shal l  be  selected  from  30  m in ,  1  h ,  2  h ,  4  h ,  8  h ,  1 2  h ,  24  h  or 48  h  and  shal l  be  
speci fied  i n  the  deta i l  speci fication .  

c)  A s teady source  of power such  as  a  regu lated  power suppl y shal l  be  used .  

d )  Un less  otherwise  speci fi ed  i n  the  detai l  speci fication ,  appl y the  vol tage  to  a  capaci tor 

through  a  protecti ve  resis tor of 1  000  Ω  or l ess.  

5.7.2  I tems  to  be  specified  in  the  detai l  specification  

The detai l  speci fication  shal l  speci fy the  fol l owing  i tems:  

a)  the  l eakage  cu rrent  l im i t at  a  reference  temperature  of 20  °C,  and  at other speci fied  
temperatures;  

b)  when  necessary,  the  correction  factor:  i f the  measurements  are  made at  a  temperature  
other than  20  °C,  bu t wi th in  the  range  of temperatures  covered  by the  s tandard  
atmospheric cond i ti ons  for testing ;  

c)  the  e lectri fication  time;  

d )  the  res istance  value  of protective  res istors  other than  1  000  Ω .  

5.8  Maintain  vol tage  

5.8. 1  Measuring  method  

The measuring  method  shal l  be  as  fol l ows  (see  F igure  5) .  

a)  Before  th is  measurement i s  carried  ou t,  the  capaci tors  shal l  be  fu l l y d ischarged .  The  
d ischarge  procedure  shal l  take  1  h  to  24  h  and  shal l  be  speci fied  i n  the  deta i l  speci fication .  

b)  Apply the  rated  vol tage  UR  d i rectl y to  the  capaci tor term inals,  wi thout us ing  a  protecti ve  

res istor.  Un less  otherwise  speci fied  by the  detai l  speci fications,  the  charg ing  time shal l  be  
8  h ,  i ncl ud ing  maximum  30  m in  charge-up  time to  reach  95  %  of the  appl ied  vol tage.  

c)  D isconnect the  capaci tor term inals  from  the  vol tage  source.  Un less  otherwise  speci fi ed  i n  
the  detai l  speci fication ,  the  capaci tor shal l  be  kept under standard  cond i tions  for 1 6  h ,  
24  h ,  48  h  or 96  h .  

d )  The  i n ternal  res istance  of the  d . c.  vol tmeter used  shal l  be  1  MΩ  or h i gher.  

 

Figure 5  − Maintain  vol tage test d iagram  

V
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5.8.2  Calcu lation  of vol tage  maintenance  rate  

The vol tage  maintenance  rate  A  shal l  be  calcu lated  by the  fo l lowing  formu la:  

1 00×=
R

end

U

U
A  

where  

A  i s  the  vol tage  main tenance rate  (%) ;  

Uend  i s  the  vol tage  between  open  capaci tor term inals  after 72  h  (TOC1  )  have  e lapsed  (V);  

UR  i s  the  rated  vol tage  (V) .  

5.8.3  Cond itions  to  be  prescribed  in  the  detai l  specification  

The detai l  speci fication  shal l  prescribe:  

a)  the  d ischarge  duration ;  

b)  an  appl ied  vol tage  other than  the  rated  vol tage;  

c)  a  charg ing  time other than  8  h ;  

d )  the  time  period  between  d isconnecting  the  capaci tor from  the  charg ing  vol tage  and  the  
measurement.  

5.9  Robustness  of terminations  

5.9. 1  Test Ua1  – Tensi le  

The capaci tors  shal l  be  subj ected  to  I EC  60068-2-21 ,  Test Ua 1 ,  as  appl icable.  

The  force  appl ied  shal l  be:  

– for term inations  other than  wi re  term inations:  20  N ;  

– for wire  term inations:  see  Table  3.  

Table  3  – Tensi le  force  

Nominal  cross-sectional  
area (S)  a  

mm 2  

Corresponding  d iameter (d)  
for ci rcu lar section  wi res  

mm 

Force  wi th  tolerance  

of ±1 0  %  

N  

S  ≤  0, 05  

0 , 05  <  S  ≤  0, 1  

0 , 1  <  S  ≤ 0, 2  

0 , 2  <  S  ≤ 0, 5  

0 , 5  <  S  ≤  1 , 2  

1 , 2  <  S  

d  ≤ 0, 25  

0 , 25  <  d  ≤  0, 35  

0 , 35  <  d  ≤  0, 5  

0 , 5  <  d  ≤  0, 8  

0 , 8  <  d  ≤ 1 , 25  

1 , 25  <  d  

1  

2 , 5  

5  

1 0  

20  

40  

a  For ci rcu l ar-section  wi res,  s tri ps  or p i ns,  the  nom inal  cross-sectional  area  i s  equa l  to  the  val ue  calcu lated  
from  the  nom inal  d imension (s)  g i ven  i n  the  detai l  speci fi cati on .  For s tranded  wi res ,  the  nom inal  cross-
sectional  area  i s  obtained  by taking  the  sum  of the  cross-sectional  areas  of the  i nd i vi dual  s trands  of the  
conductor speci fi ed  i n  the  deta i l  speci fi cation .  

 

5.9.2  Test Ub  – Bend ing  (hal f of the  sample)  

The capaci tors  shal l  be  subj ected  to  I EC  60068-2-21 ,  Test Ub,  as  appl icable.  

Method  1 :  Two consecutive  bends  shal l  be  appl ied  in  each  d i rection .  Th is  test shal l  not apply 
i f,  i n  the  deta i l  speci fication ,  the  term inations  are  described  as  ri g i d .  
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5.9.3  Test Uc  – Torsion  (remain ing  sample)  

The capaci tors  shal l  be  subj ected  to  I EC  60068-2-21 ,  Test Uc,  as  appl icable.  

Method  A,  severi ty 2  ( two successive  rotations  of 1 80°)  shal l  be  used .  

Th is  test  shal l  not  appl y i f i n  the  deta i l  speci fication  the  term inations  are  described  as  ri g i d  
and  to  components  wi th  un id i rectional  term inations  des igned  for pri n ted  wi ri ng  appl ications.  

5.9.4  Test Ud  – Torque (for terminations  with  threaded  studs  or screws  and  for 
in tegral  mounting  devices)  

The capaci tors  shal l  be  subj ected  to  I EC  60068-2-21 ,  Test Ud ,  as  appl icable.  

The  degree  of severi ty to  be  used  shal l  be  speci fi ed  i n  the  detai l  speci fication  (see  Table  4) .  

Table  4 – Torque  

Nominal  thread  d iameter 
mm  

2, 6  3  3, 5  4  5  6  8  

Torque  
Nm  

Severi ty 1  0, 4  0, 5  0, 8  1 , 2  2, 0  2, 5  5  

Severi ty 2  0, 2  0, 25  0, 4  0, 6  1 , 0  1 , 25  2 , 5  

 

5.9.5  Visual  examination  

After each  of these  tests ,  the  capaci tors  shal l  be  visual l y exam ined .  There  shal l  be  no  vis ib le  
damage.  

5.1 0  Resistance  to  soldering  heat  

5. 1 0. 1  Precondition ing  and  in i tial  measurement 

When  prescribed  by the  detai l  speci fication  the  capaci tors  shal l  be  d ried  us ing  the  method  of 
5. 3.  

The  capaci tors  shal l  be  measured  as  prescribed  i n  the  detai l  speci fication .  

5. 1 0.2  Test  

Un less  otherwise  stated  i n  the  deta i l  speci fication ,  one  of the  fo l l owing  tests  as  set  ou t i n  the  
same speci fication  shal l  be  appl ied .  

The  test cond i tions  shal l  be  defined  i n  the  detai l  speci fication .  

a)  For a l l  capaci tors  except those  of i tem  b)  and  c)  be low:  I EC  60068-2-20,  Test Tb,  
method  1  (solder bath).  

b)  For capaci tors  not designed  for use  i n  prin ted  boards,  bu t  wi th  connections  i n tended  for 
soldering  as  ind icated  by the  detai l  speci fication :  

1 )  I EC 60068-2-20,  Test Tb,  method  1  (solder bath) ;  

2)  I EC 60068-2-20,  Test  Tb,  method  2  (soldering  i ron ).  

c)  For surface  moun t capaci tors ,  I EC  60068-2-58,  reflow or solder bath  method .  

5. 1 0.3  Recovery 

The  period  of recovery shal l ,  un less  otherwise  speci fi ed  by the  detai l  speci fication ,  be  not  l ess  
than  1  h  or more  than  2  h ,  except for surface  mount capaci tors,  for wh ich  the  period  of 

recovery shal l  be  24  h  ±  2  h  be  carried  ou t by 5. 3 .  
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5.1 0.4  Final  inspection ,  measurements  and  requ irements  

For a l l  capaci tors,  except surface  moun t capaci tors,  the  fo l l owing  shal l  apply:  

– when  the  test has  been  carried  ou t,  the  capaci tors  shal l  be  visual l y exam ined ;  

– there  shal l  be  no  vis ib le  damage  and  the  marking  shal l  be  l eg ib le;  

– the  capaci tors  shal l  then  be  measured  as  prescribed  in  the  deta i l  speci fication .  

Surface  moun t capaci tors  shal l  be  visual l y exam ined  and  measured  and  shal l  meet  the  
requ i rements  as  prescribed  in  the  detai l  speci fication .  

5. 1 1  Solderabi l i ty 

5. 1 1 . 1  General  

Th is  test  shal l  not  be  appl icable  to  those  term inations  wh ich  the  deta i l  speci fication  describes  
as  not des igned  for so ldering .  

5. 1 1 .2  Precondition ing  

The detai l  speci fication  shal l  prescribe  whether ageing  i s  to  be  appl ied .  I f accelerated  ageing  
is  requ ired ,  one  of the  ageing  procedures  g i ven  i n  I EC 60068-2-20  shal l  be  appl ied .  

Un less  otherwise  stated  i n  the  detai l  speci fication ,  the  test shal l  be  carried  ou t wi th  non-
activated  fl ux.  

5. 1 1 .3  Capacitors  wi th  l eads  

5. 1 1 .3. 1  General  

Capaci tors  shal l  be  subjected  to  Test Ta  of I EC  60068-2-20  ei ther us ing  the  solder bath  
method  (method  1 ) ,  or the  soldering  i ron  method  (method  2)  as  prescribed  by the  detai l  
speci fication .  

When  the  solder bath  method  (method  1 )  i s  speci fi ed ,  the  fol lowing  requ i rements  appl y.  

5. 1 1 .3.2  Test condi tions  

Un less  otherwise  stated  i n  the  detai l  speci fication ,  one  of the  fol lowing  tests  as  set ou t i n  the  
same speci fication  shal l  be  appl ied .  

The  test cond i ti ons  shal l  be  defined  i n  the  detai l  speci fication .   

a)  For a l l  capaci tors  except those  of i tem  b)  and  c)  be low:  

1 )  I EC 60068-2-20,  Test Ta,  method  1  (solder bath)    

Depth  of immersion  (from  the  seating  p lane  or component body) :  
0
5,02

−  mm ,  us ing  a  

thermal  i nsu lating  screen  of 1 , 5  mm  ±  0 , 5  mm  th ickness;  

2)  I EC 60068-2-20,  Test Ta,  method  2  (soldering  i ron ) ;  

3)  I EC 60068-2-54.  

b)  For capaci tors  not des igned  for use  i n  prin ted  boards,  bu t  wi th  connections  i n tended  for 
soldering  as  ind icated  by the  detai l  speci fication :  

1 )  I EC 60068-2-20,  Test Ta,  method  1  (solder bath) ;  

Depth  of immersion  (from  the  seating  p lane  or component body) :  
0
5,05,3

−  mm ;  

2)  I EC 60068-2-20,  Test Ta,  method  2  (soldering  i ron ) .  

c)  For surface  moun t capaci tors :  
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1 )  I EC 60068-2-58,  reflow or so lder bath  method ;  

2)  I EC 60068-2-69,  so lder bath  or solder g lobu le  method .  

When  the  solder bath  method  i s  not appl icable,  the  deta i l  speci fication  shal l  define  the  test  
method ,  test cond i ti ons  and  the  requ i rements.  

5.1 1 .3.3  Final  inspection ,  measurements  and  requ i rements  

The term inations  shal l  be  exam ined  for good  ti nn ing  as  evidenced  by free  fl owing  of the  
solder wi th  wetting  of the  term inations.  

5.1 1 .4  Surface  mount capaci tors  

5. 1 1 .4. 1  General  

Capaci tors  shal l  be  tested  i n  accordance wi th  Test Td  of I EC 60068-2-58.  The  deta i l  
speci fication  shal l  prescribe  the  severi ty and  atti tude  to  be  used  for wetti ng ,  dewetti ng  or  
res istance  to  d issolu tion  of meta l l i zation .  

The  deta i l  speci fication  shal l  a lso  i nd icate  the  speci fic  areas  of the  specimen  to  be  exam ined  
after wetti ng .  

5. 1 1 .4.2  Final  inspection ,  measurements  and  requ irements  

The surface  moun t capaci tors  shal l  meet the  requ i rements  as  prescribed  i n  the  detai l  
speci fication .  

5.1 2  Rapid  change  of temperature  

5. 1 2. 1  In i tial  measurement  

The measurements  prescribed  i n  the  detai l  speci fi cation  shal l  be  made.  

5.1 2.2  Test  

The capaci tors  shal l  be  subj ected  to  Test  Na  of I EC 60068-2-1 4,  us ing  the  degree  of severi ty 
as  prescribed  i n  the  detai l  speci fication .  

5.1 2.3  F inal  inspection ,  measurements  and  requ i rements  

The capaci tors  shal l  be  visual l y exam ined .  There  shal l  be  no  vis ible  damage.  

5.1 3  Vibration  

5. 1 3. 1  In i tial  measurement  

The measurements  prescribed  i n  the  detai l  speci fi cation  shal l  be  made.  

5.1 3.2  Test  

The capaci tors  shal l  be  subj ected  to  Test Fc of I EC 60068-2-6,  us ing  the  mounting  method  
and  the  degree  of severi ty prescribed  i n  the  detai l  speci fication .  

When  speci fied  i n  the  detai l  speci fication ,  during  the  l ast  30  m in  of the  vibration  test  an  
e lectrical  measurement shal l  be  made  i n  each  d i rection  of movement to  check in term i ttent  
con tact,  or open-  or short-ci rcu i t.  

The  method  of measurement shal l  be  prescribed  i n  the  detai l  speci fication .  
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The  duration  of the  measurement shal l  be  the  time needed  for one  sweep of the  frequency 
range  from  one  frequency extreme to  the  other.  

5.1 3.3  Final  measurement  and  requ i rements  

After the  test,  the  capaci tors  shal l  be  visual l y exam ined .  There  shal l  be  no  vis ib le  damage.  
When  capaci tors  are  tested  as  speci fied  in  5. 1 7. 4,  the  requ irements  shal l  be  stated  i n  the  
detai l  speci fication .  

The  measurements  prescribed  i n  the  detai l  speci fi cation  shal l  then  be  made.  

5.1 4  Damp heat,  steady state  

5. 1 4. 1  In i tial  measurement  

The measurements  prescribed  i n  the  detai l  speci fi cation  shal l  be  made.  

5.1 4.2  Test  

The capaci tors  shal l  be  subj ected  to  Test Cab  of I EC  60068-2-78,  us ing  the  degree  of severi ty 
correspond ing  to  the  deta i l  speci fication .  

5.1 4.3  Final  measurement  

The measurements  prescribed  i n  the  detai l  speci fi cation  shal l  then  be  made.  

5.1 5  Endurance  

5. 1 5. 1  In i tial  measurements  

The measurements  prescribed  i n  the  detai l  speci fi cation  shal l  be  made.  

5.1 5.2  Test  

5. 1 5.2. 1  General  

I EC 60068-2-2 : 2007,  Test Bb,  sha l l  be  appl ied  wi th  the  fol l owing  exceptions:  

– capaci tors  may be  i nserted  i n  the  test  chamber at  any temperature  between  room  ambient 
temperature  and  the  speci fi ed  test temperature;  

– a  speci fi ed  vol tage  shal l  be  appl ied  to  the  capaci tor during  the  test,  bu t  the  vol tage  shal l  
not be  appl i ed  to  the  capaci tor before  i t  has  reached  the  chamber temperature.  

The  capaci tors  shal l  be  p laced  i n  the  test chamber i n  such  way that no  capaci tor i s  l ocated  
wi th in  5  mm  from  any other capaci tor.  

5.1 5.2.2  Test conditions  

The test cond i ti ons  shal l  be  as  fo l lows:  

a)  appl ied  vol tage  :  rated  vol tage;  

b)  test temperature  :  upper category temperature;  

c)  test duration   :  1  000  h  or as  speci fied  i n  the  deta i l  speci fication .  

5. 1 5.3  Final  measurement,  inspection  and  requ irements  

After the  speci fi ed  period ,  the  capaci tors  shal l  be  a l l owed  to  cool  to  standard  atmospheric  
cond i ti ons  for testi ng  and  where  speci fied  i n  the  deta i l  speci fication ,  the  capaci tors  shal l  be  
subj ected  to  recovery.  
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The  capaci tors  shal l  then  be  visual l y exam ined .  

The  measurements  prescribed  in  the  detai l  speci fi cation  shal l  then  be  carried  ou t.  A capaci tor 
shal l  be  cons idered  to  have  fa i led  when  the  requ i rements  of the  detai l  speci fication  during  or 
at  the  end  of the  test are  not satisfied .  

5. 1 6  Storage  

5. 1 6. 1  Storage at h igh  temperature  

5. 1 6. 1 . 1  In i tial  measurement  

The measurements  prescribed  i n  the  detai l  speci fi cation  shal l  be  made.  

5.1 6. 1 . 2  Test conditions  

The capaci tors  shal l  be  subjected  to  I EC 60068-2-2 :2007,  Test Bb,  u sing  the  fol lowing  
severi ties :  

– test temperature  :  upper category temperature;  

– test duration  :  96  h  ±  4  h .  

5. 1 6. 1 .3  Final  measurement 

After recovery for at  l east 1 6  h ,  the  measurements  prescribed  in  the  deta i l  speci fication  shal l  
be  made.  

5. 1 6.2  Storage at low temperature  

5. 1 6.2. 1  In i tial  measurement  

The measurements  prescribed  i n  the  detai l  speci fi cation  shal l  be  made.  

5.1 6.2.2  Test conditions  

The capaci tors  shal l  be  subjected  to  I EC 60068-2-1 : 2007,  Test Ab.  The  capaci tors  shal l  be  
stored  at –40  °C  for e i ther a  period  of 4  h  after thermal  stabi l i ty has  been  reached ,  or for 1 6  h ,  
wh ichever is  the  shorter period .  

5. 1 6.2.3  Final  measurement  

After recovery for at  l east 1 6  h ,  the  measurements  prescribed  in  the  detai l  speci fication  shal l  
be  made.  

5.1 7  Characteristics  at  h igh  and  low temperature  

5. 1 7. 1  General  

The capaci tors  shal l  be  subj ected  to  the  procedures  of the  d ry heat and  cold  test  ( 5. 1 7. 3  and  
5. 1 7. 4  respectivel y)  wi th  the  fol lowing  detai ls .  

5. 1 7.2  Test procedure  

The degree  of severi ty for these  tests  shal l  be  the  same as  for the  d ry heat and  cold  tests.  
Tests  at  i n termed iate  temperatures  may be  prescribed  by the  detai l  speci fi cation .  

The  measurements  prescribed  i n  the  detai l  speci fi cation  shal l  be  made.  
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5.1 7.3  Dry heat  

The capaci tors  shal l  be  subj ected  to  I EC 60068-2-2: 2007,  Test Bb,  for 1 6  h ,  us ing  the  degree  
of severi ty of the  upper category temperature,  as  prescribed  in  the  deta i l  speci fication .  

Wh i le  sti l l  at  the  speci fi ed  h igh  temperature  and  at  the  end  of the  period  of h i gh  temperature,  
the  measurements  prescribed  i n  the  detai l  speci fication  shal l  be  made.  

5. 1 7.4  Cold  

The  capaci tors  shal l  be  subj ected  to  I EC  60068-2-1 : 2007,  Test Ab,  for 2  h ,  us ing  the  degree  
of severi ty of the  lower category temperature,  as  prescribed  in  the  detai l  speci fication .  

Wh i le  sti l l  at  speci fied  low temperature  and  at  the  end  of the  period  of l ow temperature,  the  
measurements  prescribed  i n  the  detai l  speci fication  shal l  be  made.  

5. 1 7.5  Final  measurement and  requ irements  

The  capaci tors  shal l  not  exceed  the  l im i ts  prescribed  i n  the  detai l  speci fication .  

5.1 8  Component solvent resistance  

5. 1 8. 1  In i tial  measurements  

The  measurements  prescribed  i n  the  deta i l  speci fication  shal l  be  made.  

5.1 8.2  Test  

The  components  shal l  be  subjected  to  I EC 60068-2-45: 1 980,  Test XA,  wi th  the  fol lowing  
detai ls :  

a)  solvent to  be  used  :  2-propanol ;  

b)  solvent  temperature  :  23  °C  ±  5  °C,  un less  otherwise  speci fi ed  i n  the  detai l   
   speci fication ;  

c)  cond i ti on ing  :  Method  2  (wi thout  rubbing) ;  

d )  recovery time  :  2  h  or more  (see  Annex C) ,  u n less  otherwise  s tated  i n   
   the  detai l  speci fication .  

5. 1 8.3  Requi rements  

The  measurements  prescribed  i n  the  detai l  speci fication  shal l  then  be  carried  ou t  and  the  
speci fied  requ irements  shal l  be  met.  

5. 1 9  Solvent  resistance  of marking  

5. 1 9. 1  Test  

The components  shal l  be  subjected  to  I EC 60068-2-45: 1 980,  Test XA,  wi th  the  fol l owing  
detai l s :  

a)  solvent  to  be  used  :  2 -propanol ;  

b)  solvent temperature  :  23  °C  ±  5  °C;  

c)  cond i ti on ing  :  method  1  (wi th  rubbing) ;  

d )  rubbing  materia l  :  cotton  wool ;  

e)  recovery time :  not appl icable,  un less  otherwise  s tated  i n  the  detai l  speci fication .  
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5.1 9.2  Requ irements  

After the  test,  the  marking  shal l  be  l eg ib le.  

5.20  Passive  fl ammabi l i ty  

5.20. 1  Test procedure  

The capaci tors  shal l  be  tested  accord ing  to  the  fol l owing  procedure .  

a)  The  test shal l  be  carried  ou t accord ing  to  I EC 60695-1 1 -5.  

b)  The  capaci tor under test  shal l  be  held  i n  the  flame i n  the  pos i tion  wh ich  best promotes  
burn ing  ( i f th is  posi tion  i s  not g i ven  i n  the  detai l  speci fication ,  i t  shal l  be  evaluated  by pre-
testing).  Each  specimen  shal l  on l y be  exposed  once  to  the  flame.  

c)  The  smal lest,  a  med ium  ( i n  the  case  of more  than  four case  s i zes),  and  the  b iggest case  
s ize  shal l  be  tested .  Of each  case  s i ze,  th ree  specimens  of the  maximum  and  three  
specimens  of the  m in imum  capaci tance  shal l  be  tested ,  resu l ti ng  i n  s ix specimens  per 
case  s ize.  

For the  time  of exposure  to  fl ame and  burn ing  time,  see  Table  5.  I f appl icable ,  the  deta i l  
speci fication  shal l  speci fy the  category of pass ive  fl ammabi l i ty.  

5.20.2  Requirements  

The  bu rn ing  time  of any specimen  shal l  not  exceed  the  time speci fied  i n  Table  5 .  

Burn ing  d roplets  or g lowing  parts  fa l l i ng  down  shal l  not  i gn i te  the  ti ssue  paper.  

Table  5  – Severi ties  and  requ i rements  

Category of 
fl amma- 
bi l i ty 

Severi ti es  

F lame exposure  time,  i n  seconds,  for capaci tor volume ranges  a  

mm 3  

Maximum 
burn ing  
time 

s  volume  

≤ 250  
250  <  volume  

≤  500  

500  <  volume  

≤  1  750  

1  750  <  volume  

≤  1 2  000  

A 1 5  30  60  1 20  3  

B  1 0  20  30  60  1 0  

C  5  1 0  20  30  30  

a  Test  severi ti es  for capaci tor vo l umes  above  1 2  000  mm 3  are  u nder cons ideration .  

 

5.21  Pressure  rel ief ( i f appl icable)  

5.21 . 1  Test  

Un less  otherwise  speci fi ed  i n  the  deta i l  speci fication ,  d . c.  vol tage  of an  ampl i tude  necessary 
to  produce  a  current  of 1 0  mA/F  or more  shal l  be  appl i ed  to  the  capaci tor in  the  forward  
d i rection .  

5.21 .2  Requirements  

The pressure  rel ief device  shal l  open  i n  such  a  way as  to  avoid  any danger of explos ion  or fi re .  
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Annex A  
(normative)  

 
Classification  according  to  capaci tance  and  internal  resistance 

 

A.1  General  

This  annex describes  classi fication  of the  capaci tor,  accord ing  to  the  capaci tance  value  and  
i n ternal  res istance  value  depend ing  upon  the  appl i cation .  

A.2  Classification  by capaci tance and  internal  resistance  

Measurements  of capaci tance  and  i n ternal  res istance  by the  constan t  current d ischarge  
method  and  the  d . c.  resistance  method ,  respective l y requ ire  much  ( long)  measuring  time 
depend ing  on  the  product ratings  provided  that the  measuring  cond i ti ons  are  s tandard ized  
wi th  the  speci fici ty of these  measuring  methods.  Therefore,  i t  i s  necessary to  select efficien t 
measuring  cond i ti ons.  For th is  reason ,  the  fo l l owing  appl ication  class i fication  has  been  
considered ,  cl assi fying  i n to  four measuring  cond i ti ons  (see  F igure  A. 1 ).  

I n  the  meantime,  i t  has  been  suggested  that the  same d ischarge  curren t cond i tion  may be  
appropriate  for capaci tance  and  i n ternal  res istance  for every appl ication  of the  fi ve  c lasses.  
However,  cl ass i fication  was  made  in  terms  of accuracy i n  measurement.  Note  that the  same 
measuring  cond i tions  may be  used  for capaci tance  and  i n ternal  res istance  wi th in  the  scope of 
the  capaci tors  that can  obvious l y ach ieve  accurate  measurements .  

Class  1  (memory backup)  

This  class  i s  su i table  for those  capaci tors  wh ich  are  main l y used  for RAM  memory backup 

wi th  magn i tude  of d ischarge  current  from  nA to  µA.  The  characteristics  of the  capaci tors  for 
th is  appl ication  have  re lati ve l y l ow capaci tance  and  h igh  i n ternal  res istance.  

Class  2  (energy storage)  

This  cl ass  is  su i table  for those  energy s torage  capaci tors  wh ich  main l y requ ire  a  l ong  time 
operation  wi th  magn i tude  of d ischarge  curren t from  mA to  A.  The  capaci tors  for th is  
appl ication  have  h i gh  capaci tance  i n  characteri stics  wi thou t any cons ideration  of i n ternal  
res istance.  Th is  cl ass  hand les  h igher in ternal  resistance  compared  wi th  the  power appl ication  
i n  Class  3 .  

Class  3  (power)  

This  class  i s  su i table  for those  capaci tors  wh ich  are  main l y used  for d riving  motors,  requ i ri ng  
power wi th  magn i tude  of d ischarge  current from  mA to  A.  The  characteristics  of the  capaci tors  
for th is  appl ication  have  re lati ve l y h i gh  capaci tance  and  low i n ternal  res istance.  

Class  4  ( instantaneous  power)  

This  cl ass  i s  su i table  for the  appl ication  that requ i res  i nstan taneous  power (re lativel y l arge  
curren t)  even  wi th  a  short operating  time.  The  capaci tors  for th is  appl ication  have  low 
capaci tance  and  l ow i n ternal  resistance  i n  characteristics.  
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Class  5  (h igh  power)  

This  cl ass  i s  su i table  for the  appl ication  ( i . e .  au tomotive  and  ra i lway)  that requ ires  h igh  power 
(re lati ve l y l arge  current)  wi th  heavy du ty charge/d ischarge  cycles.  The  capaci tors  for th is  
appl ication  have  h igher capaci tance  value  and  l ower i n ternal  res istance  value  compared  to  
Class  3 .  

 

Figure A. 1  – Conceptual  rendering  orientated  by characteristics  in  each  classi fication  

Un less  otherwise  speci fi ed  in  the  detai l  speci fications,  e l ectrical  performance  and  measuring  
methods  shou ld  be  se lected  accord ing  to  Table  A. 1 ,  by the  above mentioned  class  re lated  to  
the  appl ication .  

Table  A. 1  – Electrical  performance  and  measuring  method  by class  

Measurement i tems  
Sub  

clause  
No.  

Class  

Class  1  Class  2  Class  3  Class  4  Class  5  

Capaci tance  

Constan t current 
d i scharge  
method  

5. 5  A A A A A 

Constan t 
resistance 

charg ing  method  
5. 6. 1  B  B  B  B  C  

I n ternal  
resistance  

AC  resistance  
method  

5. 6. 2  A B  B  B  C  

DC resistance 
method  

5. 5  C  A A A A 

Leakage current  5. 7  C  C  C  C  C  

Maintain  vol tage  5. 8  A C  C  C  C  

Selection  cl ass i fi cation  A:  use  as  a  s tandard ;  

B :  use  as  a  s impl i fi ed  method ;  

C:  use  when  necessary.  

Selection  cl ass i fi cation  shal l  be  speci fi ed  i n  the  detai l  speci fi cation .  For capaci tance,  see  Annex B .  

Class  4  
i nstan taneous  
power 

Class  3  
power  

Class  1  
memory  backup  

Class  2  
energy storage  

lo
w
  
←
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te
rn
a
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ta
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 →

  
h
ig
h
 

smal l   ←   Capaci tance   →   h i gh  

Class  5  
h i gh  power  
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Annex B  
(informative)  

 
Measuring  method  of capacitance and  low resistance 

by low frequency a.c.  method  (reference)  
 

B.1  General  

This  method  i s  su i table  for capaci tors  wi th  re lati vel y low i n ternal  res istance,  and  can  be  used  
as  a  shortcut method  to  reduce  the  measuring  time.  

B.2  Measuring  system  

The measuring  system  i ncludes  the  components  i n  F i gure  B . 1 .  The  system  that  replaces  th is  
method  for measuring  capaci tance  at  l ow frequency may be  used ,  as  fol lows:  

a)  generate  a  s i nusoidal  vo l tage  at the  speci fied  frequency wi th  a  frequency response  
anal yzer and  appl y the  vol tage  to  a  capaci tor via  a  poten tiostat;  

b)  detect  the  current  that  fl ows  through  the  capaci tor wi th  a  poten tiostat  (a  device  to  
au tomatical l y keep  the  e lectrode  potentia l  constan t),  and  convert i t  i n to  a  vol tage  value  to  
return  i t  to  the  frequency analyser;  

c)  obtain  the  impedance |Z|  and  phase  ang le  φ  from  the  vol tage  and  curren t of the  capaci tor 
to  be  measured .  

 

Figure B. 1  – Capaci tance measuring  system  by the low frequency a.c.  method  

B.3  Calculation  of capaci tance  

The ca lcu lation  of capaci tance  shal l  be  as  fol lows.  

a)  Calcu late  the  reactance  X by the  fo l l owing  formu la:  

X =  |Z|  ×  s in  φ  

where  

X i s  the  reactance (Ω) ;  

|Z|  i s  the  impedance  (Ω) ;  

φ i s  the  phase  ang le.  

b)  Use  the  calcu lated  reactance  to  calcu late  the  capaci tance  C  of the  capaci tor by the  
fol l owing  formu la:  

f

X
C

π2
=  

where  

C  i s  the  capaci tance  (F) ;  

π  i s  the  ci rcle  ratio;  

f i s  the  measuring  frequency (Hz) .  

Frequency response  
analyser 

Poten tiostat  Capaci tor 

IEC 
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B.4 Measuring  condi tions  

The measuring  cond i tions  shal l  be  as  fo l lows:  

a)  use  ei ther of the  measuring  frequencies  of 0 , 05  Hz,  0 , 1  Hz,  1  H z,  1 0  Hz or 1 00  Hz;  

b)  the  measuring  vol tage  shal l  be  3  %  or l ess  of the  rated  vol tage;  

c)  the  b ias  vol tage  shal l  be  50  %  to  95  %  of the  rated  vol tage;  i f no  doubt  ari ses  wi th  respect 
to  j udgment,  the  b ias  vol tage  may be  om i tted .  
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Annex C  
(informative)  

 
Thermal  equi l ibrium  time of capacitors  

 

C.1  General  

This  annex describes  the  thermal  equ i l ibri um  time  of capaci tors,  as  a  reference  in  determ in ing  
the  soaking  time for pre-treatmen t.  

C.2  Thermal  equi l ibrium  time of capaci tors  

Presum ing  that the  thermal  equ i l i brium  time,  wh ich  is  the  time requ ired  for the  cen tral  portion  
of a  capaci tor to  reach  the  temperature  d i fference from  the  external  temperature  wi th in  1  °C,  
i s  dependent on  the  external  d imensions  of the  capaci tor,  the  temperature  changes  i n  the  
cen tral  portions  of capaci tors  was  veri fi ed .  

The  resu l tant  data  were  obta ined  by veri fying  the  thermal  equ i l ibri um  time of the  cen tral  
portions  of capaci tors  that were  subj ected  to  a  certa in  environmenta l  temperature.  As  a  resu l t,  
i t  was  observed  that the  equ i l i brium  time  was  proportional  to  the  magn i tudes  of the  external  
d imensions  such  as  d iameter for cyl i ndrica l  capaci tors  and  th ickness  ( th innest s ide)  for cubic  
capaci tors.  F i gure  C. 1  shows  the  thermal  equ i l i bri um  times  of the  capaci tors  when  soaked  to  
normal  room  temperature  from  a  h i gh  temperature.  F i gure  C.2  shows  the  thermal  equ i l ibri um  
time of the  capaci tors  when  soaked  to  normal  room  temperature  from  a  l ow temperature.  I n  
these  fi gu res,  the  dotted  stra igh t l i nes  i nd icate  the  presumed  longest thermal  equ i l i bri um  time.  
I t  i s  advisable  to  use  these  dotted  s traight l i nes  as  soaking  time for pre-cond i tion ing .  
F i gure  C.3  shows  the  actual  measured  temperature  changes  i n  the  capaci tors ’  cen tral  
portions.  

 

Figure C. 1  – Thermal  equ i l ibrium  times  of capacitors  (from  85 °C  to  25  °C)  
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Figure C.2  – Thermal  equ i l ibrium  times  of capacitors  (from  −40  °C  to  25 °C)  

  

a)  From  85  °C  to  25  °C  b)  From  –40  °C  to  25  °C  

 

Figure C.3  – Capaci tor core  temperature  change with  respect to  time  
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Annex D  
(informative)  

 
Charging/discharging  efficiency and  measurement current 

 

D.1  General  

This  annex describes  the  general  concept regard ing  the  charg ing  and  d i scharg ing  efficiency 
and  measured  curren t,  wh ich  are  provided  i n  5 . 5. 3 .  

D.2  Charging  efficiency,  d ischarging  efficiency,  and  current 

Charge  Q  after charg ing  or d ischarg ing  for time  t  at a  constant  current  I,  s tored  energy W,  and  
energy L  l ost  by resistance  R  are  g iven  by Formu las  (D. 1 ) ,  (D. 2),  and  (D. 3) ,  respectivel y.  

 Q  =  It  (D.1 ) 

 
C

Q
W

2

2

=  (D.2)  

 
t

RQ
RtIL

2
2

==  (D.3) 

When  a  capaci tor i s  charged  or d ischarged  to  i ts  fu l l  capaci ty at a  constan t  current accord ing  
to  Formu la  (D. 2)  or (D . 3),  respectivel y,  the  energy efficiency Pc  for charg ing  or Pd  for 
d ischarg ing  is  g iven  by Formu la  (D . 4)  or (D . 5),  respectivel y,  where  R  i s  the  i n ternal  resistance  
and  C  i s  the  capaci tance  of the  capaci tor.  

 
RCt

t

LW

W
P

2
c

+
=

+
=  (D.4) 

 
t

RC
I

W

LW
P

2
–

–
d ==  (D.5)  

I n  th is  document,  the  efficiency for charg ing  or d ischarg ing  is  proposed  as  95  %  after 
cons idering  exothermal  effect and  time  consumption  for the  measurement.  The  time  t  requ ired  

for charg ing  at 95  %  efficiency i s  g iven  by Formu la  (D. 6)  derived  from  Formu la  (D .4) .  

 t  =  38RC  (D . 6)  

Charge  Q  stored  i n  a  capaci tor i s  g i ven  as  a  product of capaci ty C  and  charg ing  vol tage  U,  
thus  lead ing  to  Formu la  (D. 7).  Current  Ic  for 95  %  charg ing  i s  g i ven  by Formu la  (D. 8)  derived  

from  Formu las  (D. 1 ),  (D . 6),  and  (D. 7) .  

 Q  =  CU (D. 7)  

 
R

U
I

38
c =  (D. 8)  
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S im i larl y,  the  time t  needed  for 95  %  d ischarg ing  i s  g i ven  by Formu la  (D. 9)  derived  from  
Formu la  (C.5) ,  and  the  curren t  Id  needed  for 95  %  d ischarg ing  i s  g i ven  by Formu la  (D . 1 0).  

 t  =  40RC  (D. 9)  

 
R

U
I

40
d =  (D.1 0) 

Formu las  (D. 8)  and  (D . 1 0)  are  suggested  for determ in ing  the  value  of the  curren t for the  
charg ing  or d ischarg ing  test.  Once  the  value  of the  charg ing /d ischarg ing  curren t i s  determ ined ,  
the  maximum  output at the  target efficiency can  be  calcu lated .  
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Annex E  
(informative)  

 
Procedures  for setting  the measurement current of capaci tor 

with  uncertain  nominal  in ternal  resistance 
 

E.1  General  

This  annex describes  the  current  setting  procedures  provided  i n  5. 5. 3 .  

E.2  Current setting  procedures  for measurement of capaci tor 

When  the  nom inal  va lue  of i n ternal  res istance  of a  capaci tor i s  uncertain ,  the  curren t for the  
measurement of the  capaci tor wi th  95  %  charg ing  efficiency and  95  %  d i scharg ing  efficiency 
can  be  set accord ing  to  the  fol lowing  procedures.  

a)  Using  the  estimated  value  of the  i n ternal  res istance,  measure  the  time characteristic of 
the  vol tage  between  the  capaci tor term inals  accord ing  to  the  procedure  described  i n  5 . 5. 3  
and  then  ca lcu late  the  i n ternal  res istance  accord ing  to  the  description  i n  5 . 5.5 .  

b)  When  the  in ternal  res istance  i s  unpred ictable ,  i t  i s  recommended  to  temporari l y set  the  
charg ing  and  d ischarg ing  currents  as  30  A.  

c)  Using  the  i n ternal  res istance  value  ca lcu lated  by s tep  a)  above,  measure  the  time  
characteristic of the  vol tage  between  the  capaci tor term inals  accord ing  to  the  procedure  
described  i n  5 . 5. 3  and  ca lcu late  the  i n ternal  resistance  accord ing  to  the  description  i n  
5. 5. 5 .  

d )  Repeat the  above  procedures  unti l  the  d i fference between  the  calcu lated  i n ternal  
res istance  value  and  the  previous  value  becomes  l ess  than  1 0  %  of the  previous  value.  

However,  when  ∆U3  becomes  greater than  0 , 1UR,  fo l l ow procedures  a)  to  c)  wi th  a  smal ler 

curren t and  then  perform  the  measurements .  When  the  calcu lated  i n ternal  res istance  i s  a  
negative  value,  fo l l ow procedures  a)  to  c)  wi th  a  l arger curren t and  then  perform  the  
measurements .  

E.3  Example of setting  current for determining  capaci tor characteristics  

Table  E . 1  shows  examples  of setti ng  the  measurement current.  The  setti ng  was  performed  i n  
the  order of setti ng  cond i tions  shown  i n  Table  E. 1 .  

Table  E. 1  – Example of setting  current  for measurement of capacitor 

Setting  

condi tion  

In ternal  resi stance  value  
used  for setting  

mΩ  

Charg ing  
curren t  

A 

Discharg ing  
curren t  

A 

Calcu lated  
capaci tance  

F 

Calcu lated  
i n ternal  

resistance  
mΩ  

1  1 , 5  (Estimated )  47, 4  45, 0  1  297  4 , 6  

2  
4, 6  (Calcu l ated  wi th  the  resu l t  of 
No  1 )  

1 5, 4  1 4 , 7  1  351  5, 0  

3  
5, 0  (Calcu l ated  wi th  the  resu l t  of 
No.  2 )  

1 4 , 2  1 3 , 5  1  351  5, 0  
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Annex F  
(informative)  

 
Pol icy on  uncertainty of measurement and  inset l imits  

 

F.1  Objective  

Specifications  for e lectron ic components  g ive  the  parametric l im i ts  that define  the  
acceptabi l i ty of the  component.  These  l im i ts  do  not  take  i n to  account the  uncertain ty of 
measurement caused  by test and  measuring  equ ipment i naccuracies,  test methods,  
environmental  cond i tions  and ,  sometimes,  operator participation .  

The  purpose  of th is  annex i s  to  defi ne  pol icy on  the  calcu lation  of measurement uncertain ty 
and  i nsetting  l im i ts  to  ensure  un i form  implementation .  The  specia l  case  of ou tsetti ng  l im i ts  i s  
a lso  covered .  

F.2  Terms and  defin i tions  

For the  purposes  of th is  annex the  fol l owing  terms  and  defin i tions  appl y.  

F.2. 1  
uncertainty of measurement 
statement of the  l im i ts  of the  range  wi th in  wh ich  the  true  va lue  of the  measurement i s  
expected  to  l ie  i n  re lation  to  the  recorded  resu l t  wi th  a  defined  confidence  l evel  

F.2.2  
measuring  equ ipment 
al l  of the  i nstruments  wh ich  are  necessary i n  order to  carry ou t a  measurement  

Note  1  to  en try:  The  defi n i ti on  makes  i t  cl ear that  i tems  such  as  cables,  connectors,  hand lers ,  hand ler cards  or 
other fi xtu res  used  i n  con juncti on  wi th  a  measurement i n d icati ng  i nstrument  are  sub ject  to  the  requ i rements  of th i s  
pol i cy.  

F.2.3  
inset  l im i ts  
ti ghtened  l im i ts  resu l ti ng  from  an  a l l owance appl ied  to  the  speci fied  l im i ts  of a  parameter to  
take  i n to  account al l  i n fluence quan ti ti es  on  the  i nd ication  of a  measuring  i nstrument so  as  to  
ensure  that ou t of l im i t devices  are  not accepted  due  to  measurement errors  

F.2.4  
outset  l imits  
relaxed  l im i ts  resu l ti ng  from  an  a l l owance  appl ied  to  the  speci fi ed  l im i ts  of a  parameter to  take  
i n to  account a l l  i n fl uence quan ti ti es  on  the  i nd ication  of a  measuring  i nstrument so  as  to  
ensure  that i n  l im i t devices  are  not rej ected  due  to  measurement errors  

F.3  Calculation  of measurement uncertainty 

The assessment of uncertain ty of measurement of a  performance  requ irement can  be  broken  
down  i n to  three  s tages:  

a)   i denti fication  of poss ib le  error con tribu tions;  

b)   quanti fying  the  s i ze  of each  l i sted  contribu tion ;  

c)   ca lcu lati ng  the  total  uncertain ty of measurement.  
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F.4 Pol icy 

F.4. 1  A measurement uncertain ty va lue  shal l  be  ca lcu lated  for each  performance  
requ irement wh ich  i s  re lated  to  qual i fication  approval ,  capabi l i ty approval ,  technology 
approval ,  process  approval ,  screen ing ,  l ot-by- lot  and  period ic tests  as  defined  by the  
speci fications.  

F.4.2  Each  measurement uncerta in ty va lue  shal l  be  used  to  appl y an  i nset,  of a t l east th is  
va lue,  to  the  relevant speci fication  l im i ts  as  defined  i n  F . 4. 1 .  

F.4.3  Th is  i nset sha l l  be  appl ied  in  accordance  wi th  F . 5. 2  for qual i fication  approval ,  
capabi l i ty approval ,  technology approval  and  process  approval  and  F. 5. 3  for product  aud i t  
testing .  

F.4.4  Test  reports  and  test records,  compi led  to  show compl iance  wi th  qual i fication  approval ,  
capabi l i ty approval ,  screen ing ,  l ot-by- lot and  period ic tests  as  defined  by the  appl icable  
speci fications,  shal l  l i s t the  uncerta in ty value  for each  performance  requ irement.  

F.5 Calculation  of inset and  outset l imi ts  

F.5. 1  The  fundamental  princip le  i s  that the  l im i ts  shou ld  be  i nset from  the  speci fied  va lues  
by the  correspond ing  uncertain ty of measurement.  Th is  i ncreases  the  probabi l i ty that 
measurement resu l ts  wh ich  fa l l  wi th in  the  ti gh tened  l im i ts ,  i nclud ing  marg ina l  va lues,  are  
genu inel y wi th in  speci fication  l im i ts  such  that on l y tru l y conform ing  devices  are  accepted .  

The  exception  to  i nsetting  l im i ts  occurs  when  product  aud i t  tests  are  conducted .  I n  th is  
s i tuation ,  to  ensure  that,  as  far as  possib le,  uncertain ty of measurement does  not cause  good  
products  to  fa i l ,  an  aud i t  test  ou tsets  the  l im i ts.  Th is  i ncreases  the  possib i l i ty that  
measurement resu l ts  that fal l  ou ts ide  the  re laxed  l im i ts ,  i nclud ing  marg ina l  va lues,  are  
genu inel y ou ts ide  speci fication  l im i ts  such  that  on ly tru l y nonconform ing  devices  are  rejected .  

F.5.2  For a  component manufacturer the  upper speci fied  value  of a  parameter being  ‘x’ ,  the  
l ower speci fi ed  value  of the  parameter be ing  ‘ y’  and  the  uncerta in ty of measurement be ing  ‘a ’ ,  

the  “ i nset l im i ts”  for the  parameter are  (x-a)  and  (y+a).  

F.5.3  For an  aud i t test the  upper speci fied  value  of a  parameter being  ‘x ’ ,  the  l ower speci fied  
value  of the  parameter being  ‘ y’  and  the  uncerta in ty of measurement being  ‘b ’ ,  the  “ou tset 

l im i ts”  for the  parameter are  (x+b)  and  (y-b).  

The  smal ler the  uncertain ty of measurement,  the  l ower the  va lues  of ‘a ’  and  ‘b’  become and  
the  closer the  manufactu rer’s  and  the  aud i t  test’s  i nset/ou tset l im i ts  approach  the  speci fication  
l im i ts.  

F.6 Examples  

F.6. 1  General  

Setting  “ i nset  l im i ts”  and  “ou tset  l im i ts” .  

F.6.2  Example  1 :  Resistor measurement 

Speci fied  res istance  value:  1 00  Ω  ±  1 0  %  =  90  Ω  to  1 1 0  Ω  

Uncerta in ty of measurement ca lcu lated  to  be:  ±1 , 2  %  =  ±1 , 08  Ω  and  ±1 , 32  Ω  

I nset l im i ts:  91 , 08  Ω  to  1 08, 68  Ω  

Ou tset  l im i ts:  88 , 92  Ω  to  1 1 1 , 32  Ω  
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F.6.3  Example  2:  Resistor measurement 

I n i ti a l  measurement 1 05,00  Ω  

Speci fi ed  res istance  va lue  <0, 5  %  =  ±0, 53  Ω  

  =  1 04, 47  Ω  to  1 05, 53  Ω  

Uncertain ty of measurement calcu lated  to  be  ±0, 1  %  =  ±0, 1 0  Ω  and  ±0, 1 1  Ω  

I nset l im i ts:  1 04 ,57  Ω  to  1 05, 42  Ω  

Ou tset l im i ts  1 04 ,37  Ω  to  1 05, 64  Ω  

F.6.4  Example  3:  Transistor measurement (gain )  

Specified  l im i ts :   60  ≤  h21 E  ≤  80  

Uncertain ty of measuremen t ca lcu lated  to  be:  5  

I nset l im i ts:   65  to  75  

Outset  l im i ts:   55  to  85  

F.6.5  Example  4:  Comparison  between  in i tial  and  final  measurement resu l ts  

I n i ti a l  measurement:  1 02 , 05  µF  

Speci fied  to lerance:  Variation  at 1  %  

Uncertain ty of measurement calcu lated  to  be  0, 1  %  

I nset l im i ts:   1 01 , 1 3  µF  to  1 02 , 97  µF  

Outset l im i ts   1 00 ,93  µF to  1 03, 1 7  µF  
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Annex G  
(informative)  

 
Reference to  IEC 62391 -1 : 2006 

 

The drafting  of th is  standard  has  resu l ted  i n  a  new structure.  The  fol lowing  table  i nd icates  the  
new clause  and  subclause  numbers  wi th  respect to  the  I EC  62391 -1 : 2006  (fi rst ed i ti on) .  

IEC  62391 -1 : 2006  

fi rst  ed i ti on  

Clause/Subclause  

I EC  62391 -1 : 201 5  

th i s  ed i ti on  

Clause/Subclause  

Notes  

1  
1  Gerneral  and  scope  are  merged  i n to  one  

1 . 1  

1 . 2  2  I n  accordance  wi th  the  I SO/I EC Di recti ves,  Part  2  

2 . 1  4 . 1   

2 . 2  3  I n  accordance  wi th  I SO/IEC Di recti ves,  Part  2  

2 . 3  4 . 2   

2 . 4  4 . 3   

3  4 . 4   

4  5   

4 . 1  5. 1  

I n  accordance  wi th  the  change  of cl ause  numbers  
4 . 2  5. 2  

4 . 3  5. 3  

4 . 4  5. 4  

4 . 5  5 . 5,  5. 6  D ivi de  the  measuri ng  method  i n to  two  

4 . 6  5 . 5,  5. 6  D ivi de  the  measuri ng  method  i n to  two  

4 . 7  5. 7  

I n  accordance  wi th  the  change  of cl ause  numbers  

4 . 8  5. 8  

4 . 9  5. 9  

4 . 1 0  5. 1 0  

4 . 1 1  5. 1 1  

4 . 1 2  5. 1 2  

4 . 1 3  5. 1 3  

4 . 1 4  5. 1 4  

4 . 1 5  5. 1 5  

4 . 1 6  5. 1 6  

4 . 1 7  5. 1 7  

4 . 1 8  5. 1 8  

4 . 1 9  5. 1 9  

4 . 20  5. 20  

4 . 21  5. 21  
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Annex Q 
(normative)  

 
Qual i ty assessment procedures  

 

Q.1  General  

Q.1 .1  Overview 

When  th is  s tandard ,  and  any re lated  s tandards  are  used  for the  purpose  of a  fu l l  qua l i ty 
assessment system  compl iance  wi th  Clauses  Q. 5 ,  Q.6  or Q. 1 4  i s  requ i red .  

When  such  s tandards  are  used  ou tside  qual i ty assessment systems  for purposes  such  as  
design  proving  or type  testi ng ,  the  procedures  and  requ irements  of Q. 5. 1  and  Q.5. 3  b)  may be  
used ,  bu t,  i f used ,  the  tests  and  parts  of tests  shal l  be  appl i ed  i n  the  order g iven  i n  the  test  
schedu les.  

Before  components  can  be  qual i fi ed  accord ing  to  the  procedures  of th is  annex,  the  
manufacturer shal l  obta in  the  approval  of h is  organ ization  i n  accordance  wi th  the  provis ions  of 
the  speci fi ed  qual i ty assessment system  ( i f any).  

The  methods  that are  avai l able  for the  approval  of components  of assessed  qual i ty and  wh ich  
are  covered  by the  fo l lowing  subclauses,  are:  

– qual i fication  approval ;  

– capabi l i ty approval ;  

– technology approval .  

For a  g i ven  subfam i l y of componen ts,  separate  sectional  speci fications  for qual i fication  
approval  and  capabi l i ty approval  are  necessary and  capabi l i ty approval  i s  therefore  avai lable  
on l y when  a  re levant  sectional  speci fication  has  been  publ ished .  

Q.1 .2  Appl icabi l i ty of qual i fication  approval  

Qual i fication  approval  i s  appropriate  for a  standard  range  of components  manufactured  to  
sim i lar design  and  production  processes  and  conform ing  to  a  publ ished  deta i l  speci fication .  

The  programme of tests  defined  i n  the  detai l  speci fication  for the  appropriate  assessment and  
performance levels  appl i es  d i rectl y to  the  componen t range  to  be  qual i fied ,  as  prescribed  i n  
Clause  Q.5  and  the  re levant sectional  speci fication .  

Q.1 .3  Appl icabi l i ty of capabi l i ty approval  

Q.1 .3 . 1  General  

Capabi l i ty approval  i s  appropriate  when  components  based  on  common  design  ru les  are  
fabricated  by a  group  of common  processes.  I t  i s  particu larl y appropriate  when  components  
are  manufactured  to  a  user's  speci fic  requ i rements.  

Under capabi l i ty approval ,  detai l  speci ficati ons  fa l l  i n to  the  fol lowing  three  categories.  

Q.1 .3.2  Capabi l i ty qual i fying  components  (CQCs) ,  includ ing  process  val idation  test  
veh icles  

A detai l  speci fication  shal l  be  prepared  for each  CQC.  I t  shal l  i denti fy the  purpose  of the  CQC 
and  i nclude  a l l  re levant  test  severi ti es  and  l im i ts.  
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Q.1 .3.3  Standard  catalogue  components  

When  the  manufacturer requ ires  a  component approved  under the  capabi l i ty approval  
procedure,  a  capabi l i ty approval  detai l  speci fication  complying  wi th  the  b lank detai l  
speci fication  ( i f any)  shal l  be  wri tten .  

Q.1 .3.4  Customer specific  components  

The  content  of the  detai l  speci fication  (often  known  as  a  customer detai l  speci fication  (CDS))  
shal l  be  by agreement accord ing  to  the  speci fied  qual i ty assessment system  ( i f any).  

Further in formation  on  these  detai l  speci fications  i s  g i ven  i n  the  re levant  sectional  
speci fication .  

Approval  i s  g i ven  to  a  manufacturing  faci l i ty on  the  bas is  of va l idated  des ign  ru les ,  processes  
and  qual i ty control  procedures  and  the  resu l ts  of tests  on  capabi l i ty qual i fying  componen ts,  
i ncl ud ing  any process  va l i dation  test veh icles .  See  Clause  Q.6  and  the  re levant  sectional  
speci fication  for fu rther i n formation .  

Q.1 .4  Appl icabi l i ty of technology approval  

Technology approval  i s  appropriate  when  the  complete  technolog ica l  process  (des ign ,  
process  rea l i zation ,  product  manufacture,  test and  sh ipment)  covers  the  qual i fication  aspects  
common  to  a l l  componen ts  determ ined  by the  technology.  

Q.2  Primary stage of manufacture  

The primary stage  of manufacture  shal l  be  speci fi ed  i n  the  sectional  speci fi cation .  

Q.3 Subcontracting  

I f subcontracti ng  of the  primary stage  of manufacture  and /or subsequent stages  i s  employed  i t  
sha l l  be  i n  accordance wi th  the  speci fied  qual i ty assessment system  ( i f any).  

The  generic or sectional  speci fication  may 

– e i ther forbid  th is  subcon tracti ng  on  techn ica l  grounds,  or  

– where  i t  i s  cons idered  necessary,  i nclude  any specia l  requ irements,  for example  for 
speci fied  success ive  stages  to  be  performed  by the  same manufacturer,  or 

– perm i t the  subcontracting  unreserved l y.  

Q.4 Structural ly simi lar components  

The  grouping  of structura l l y s im i l ar components  for qual i fication  approval  testing  or for qual i ty 
conformance  testi ng  under qual i fication  approval ,  capabi l i ty approval  or technology approval  
sha l l  be  prescribed  i n  the  re levant sectional  speci fication .  

Q.5 Qual i fication  approval  procedures  

Q.5.1  El ig ibi l i ty for qual i fication  approval  

Qual i fication  approval  may be  granted  on l y to  a  manufacturer who  has  been  gran ted  
manufacturer's  approval  and ,  add i tional l y,  the  requ i rements  of th is  annex.  These  approvals  
may be  carried  ou t i n  para l l e l ,  a l though  qual i fication  approval  shal l  not be  gran ted  i n  advance 
of manufacturer's  approval .  
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Q.5.2  Appl ication  for qual i fication  approval  

The manufacturer shal l  comply wi th  the  speci fi ed  qual i ty assessment system  ( i f any) .  

Q.5.3  Test procedure  for qual i fication  approval  

One of the  fol l owing  procedures  shal l  be  used .  

a)  The  manufacturer shal l  produce  test  evidence  of conformance  to  the  speci fication  
requ i rements  on  three  inspection  lots  for l ot-by- lot i nspection  taken  i n  as  short  a  time  as  
poss ib le ,  and  on  one  lot  for period ic i nspection .  No  major changes  i n  the  manufacturing  
process  shal l  be  made i n  the  period  during  wh ich  the  i nspection  lots  are  taken .  

b)  Samples  shal l  be  taken  from  the  l ots  i n  accordance wi th  I EC 61 1 93-2.  Normal  i nspection  
shal l  be  used ,  bu t  i f the  sample  s i ze  g i ves  acceptance  on  zero  non -conformances,  
add i tional  specimens  shal l  be  taken  to  meet the  sample  s i ze  requ irements  to  g i ve  
acceptance  on  one  non-conform ing  i tem .  

c)  The  manufacturer shal l  produce test evidence to  show conformance  to  the  speci fication  
requ i rements  on  the  fixed  sample  s i ze  test schedu le  g iven  i n  the  sectional  speci fication .  

d )  The  specimens  taken  to  form  the  sample  shal l  be  se lected  at random  from  curren t 
production  or as  agreed .  

e)  For the  two  procedures,  the  sample  s i zes  and  the  number of perm issib le  non-
conformances  shal l  be  of comparable  order.  The  test cond i tions  and  requ irements  shal l  be  
the  same.  

Q.5.4  Granting  of qual i fication  approval  

Qual i fication  approval  shal l  be  gran ted  when  the  procedures  in  accordance wi th  the  speci fied  
qual i ty assessment system  ( i f any)  have  been  completed  satisfactori l y.  

Q.5.5  Maintenance  of qual i fication  approval  

Qual i fication  approval  shal l  be  main tained  by regu lar demonstration  of compl iance  wi th  the  
requ irements  for qual i ty conformance  (see  Q. 5.6) .  

Q.5.6  Qual i ty conformance  i nspection  

The b lank detai l  speci fication(s)  associated  wi th  the  sectional  speci fication  shal l  prescribe  the  
test schedu le  for qual i ty conformance i nspection .  Th is  schedu le  shal l  a lso  speci fy the  
grouping ,  sampl ing  and  period ici ty for the  lot-by-lot and  period ic  i nspection .  

Operation  of the  swi tch ing  ru le  for reduced  inspection  in  Group C  is  perm i tted  i n  a l l  subgroups  
except endurance.  

Sampl ing  p lans  and  i nspection  levels  shal l  be  selected  from  those  g i ven  in  I EC  61 1 93-2 .  

I f requ i red ,  more  than  one  schedu le  may be  speci fied .  

Q.6 Capabi l i ty approval  procedures  

Q.6.1  General  

Capabi l i ty approval  covers  

– the  complete  design ,  materia l  preparation  and  manufacturing  techn iques,  i nclud ing  con trol  
procedures  and  tests;  

– the  performance l im i ts  cla imed  for the  processes  and  products ,  that i s ,  those  speci fi ed  for 
the  capabi l i ty qual i fying  components  (CQCs)  and  process  con trol  parameters  (PCPs) ;  
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– the  range  of mechan ical  structu res  for wh ich  approval  i s  gran ted .  

For a  general  overview of capabi l i ty approval ,  see  F igure  Q. 1 .  

 

Figure  Q.1  – General  scheme for capabi l i ty approval  

Q.6.2  El ig ibi l i ty for capabi l i ty approval  

The manufacturer shal l  comply wi th  the  requ i rements  of the  speci fi ed  qual i ty assessment 
system  ( i f any).  

Q.6.3  Appl ication  for capabi l i ty approval  

The manufacturer shal l  comply wi th  the  requ i rements  of the  speci fied  qual i ty assessment 
system  ( i f any),  and  wi th  the  requ irements  of the  re levant sectional  speci fication .  

Q.6.4  Description  of capabi l i ty  

The capabi l i ty shal l  be  described  in  a  capabi l i ty manual  i n  accordance  wi th  the  speci fied  
qual i ty assessment system  ( i f any),  and  the  requ irements  of the  re levant  sectional  
speci fication .  The  manual  shal l  i nclude  or make reference  to  the  fol lowing  as  a  m in imum :  

– a  general  i n troduction  and  description  of the  technolog ies  involved ;  

– aspects  of customer l i a ison  i nclud ing  provis ions  of des ign  ru les  ( i f appropriate)  and  
ass istance  to  customers  i n  the  formu lation  of thei r requ irements ;  

– a  deta i l ed  description  of the  des ign  ru les  to  be  used ;  

– the  procedure  for checking  that  the  des ign  ru les  are  compl ied  wi th  for the  re levan t 
component technology manufactured  to  a  detai l  speci fication ;  

– a  l i st  of a l l  materia ls  used ,  wi th  reference to  the  correspond ing  purchasing  speci fications  
and  goods  inward  inspection  speci fications;  

– a  fl ow chart  for the  tota l  process,  showing  qual i ty control  poin ts  and  perm i tted  rework 
l oops  and  con tain ing  references  to  a l l  process  and  qual i ty control  procedures;  

– a  declaration  of processes  for wh ich  approval  has  been  sought i n  accordance wi th  the  
requ i rements  of the  relevant sectional  speci fication ;  

Component  range  

Select  CQCs  
(Q. 6. 5. 1 )  

Commence  process  
con trol  

Prepare  CQC test  Prog ram  
(Q. 6. 6)  

Prepare  con trol  p l an  
(Q. 6. 1 0. 3)  

Prepare  CQC deta i l  
speci fi cation  
(Q. 6. 5. 1 )  

Process  con trol  Lot-by-lot  test  

I N I TIAL  
CAPABI LI TY APPROVAL 

(Q. 6. 1 0)  

Select  PCPs  
(Q. 6. 1 0. 2)  

Veri fi cation  of 
l im i ts  

(Q. 6. 1 0. 4)  
IEC 
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– a  declaration  of l im i ts  for wh ich  approval  has  been  sought i n  accordance  wi th  the  
requ i rements  of the  relevant sectional  speci fication ;  

– a  l i st  of CQCs  used  to  assess  the  capabi l i ty,  wi th  a  general  description  of each ,  supported  
by a  detai led  table  showing  where  the  declared  l im i ts  of capabi l i ty are  demonstrated  by a  
particu lar CQC design ;  

– detai l  speci fication  for each  CQC;  

– a  detai l ed  con trol  p l an  i nclud ing  PCPs  used  to  con trol  processes,  wi th  a  general  
description  of each  PCP and  showing  the  re lation  between  a  g i ven  PCP and  the  re lated  
properties  and  performance of the  fin ished  component;  

– gu idance  on  the  appl ication  of structura l  s im i lari ty i n  sampl ing  for qual i ty conformance  
testing .  

Q.6.5  Demonstration  and  veri fication  of capabi l i ty  

Q.6.5. 1  General  

The manufacturer shal l  demonstrate  and  veri fy the  capabi l i ty in  accordance wi th  the  speci fi ed  
qual i ty assessment system  ( i f any),  and  the  requ i rements  of the  re levant  sectional  
speci fication  wi th  the  fol lowing  detai l s :  

Q.6.5.2  CQCs for demonstrating  capabi l i ty 

The manufacturer shal l  agree  wi th  the  CB  on  the  process  qual i fying  parameters  and  the  range  
of capabi l i ty qual i fying  components  wh ich  are  necessary to  demonstrate  the  capabi l i ty range  
speci fied  i n  the  capabi l i ty manual .  

The  demonstration  shal l  be  made  by testing  the  agreed  range  of CQCs,  wh ich  shal l  be  
des igned ,  manufactured  and  the  process  parameters  control led  i n  accordance  wi th  the  
capabi l i ty manual .  The  CQCs  shal l  comply wi th  the  fol l owing  requ irements :  

a)  The  range  of CQCs  used  shal l  represent  a l l  the  l im i ts  of the  declared  capabi l i ty.  The  
CQCs  shal l  be  chosen  to  demonstrate  mutual l y atta inable  combinations  of l im i ts.  

b)  The  CQCs  shal l  be  one  of the  fol l owing :  

– components  specia l l y designed  to  demonstrate  a  combination  of l im i ts  of capabi l i ty,  or  

– components  of des igns  used  in  general  production ,  or  

– a  combination  of both  of these,  provided  the  requ irements  of a)  are  met.  

When  CQCs  are  des igned  and  produced  sole l y for capabi l i ty approval ,  the  manufactu rer shal l  
use  the  same des ign  ru les ,  materia ls  and  manufacturing  processes  as  those  appl ied  to  
re leased  products .  

A detai l  speci fication  shal l  be  prepared  for each  CQC and  shal l  have  a  speci fic front page  
format.  The  deta i l  speci fication  shal l  i denti fy the  purpose  of the  CQC and  shal l  i ncl ude  al l  
re levant stress  l evels  and  test l im i ts.  I t  may refer to  i n ternal  control  documentation  wh ich  
speci fies  production  testing  and  record ing  i n  order to  demonstrate  control  and  main tenance of 
processes  and  l im i ts  of capabi l i ty.  

Q.6.5.3  Lim its  of capabi l i ty 

The l im i ts  of capabi l i ty shal l  be  described  i n  the  re levant  sectional  speci fication .  

Q.6.6  Programme for capabi l i ty approval  

I n  accordance  wi th  the  speci fied  qual i ty assessment system  ( i f any) ,  the  manufacturer shal l  
prepare  a  programme for the  assessment of the  declared  capabi l i ty.  Th is  programme shal l  be  
so  designed  that each  declared  l im i t  of capabi l i ty i s  veri fied  by an  appropriate  CQC.  
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The  programme shal l  i ncl ude  the  fo l lowing :  

– a  bar chart  or other means  of showing  the  proposed  timetable  for the  approval  exercise;  

– detai ls  of a l l  the  CQCs  to  be  used  wi th  references  to  their detai l  speci fications;  

– a  chart  showing  the  featu res  to  be  demonstrated  by each  CQC;  

– reference  to  the  control  p l ans  to  be  used  for process  control .  

Q.6.7  Capabi l i ty approval  test  report  

I n  accordance  wi th  the  speci fied  qual i ty assessment system  ( i f any) ,  a  capabi l i ty approval  test 
report sha l l  be  issued .  The  report  shal l  meet the  speci fic requ i rements  for the  capabi l i ty 
approval  test  report and  shal l  conta in  the  fol l owing  i n formation :  

– the  issue  number and  date  of the  capabi l i ty manual ;  

– the  programme for capabi l i ty approval  i n  accordance  wi th  Q. 6. 6;  

– a l l  the  test resu l ts  obta ined  during  the  performance of the  programme;  

– the  test methods  used ;  

– reports  on  actions  taken  i n  the  event of fa i l u re  (see  Q.6. 1 0. 2).  

The  report  shal l  be  s igned  by the  des ignated  management representati ve  (DMR)  as  a  true  
statement of the  resu l ts  obtained  and  subm itted  to  the  body,  des ignated  i n  the  national  ru les ,  
wh ich  is  responsible  for the  granting  of capabi l i ty approval .  

Q.6.8  Abstract of description  of capabi l i ty  

The  abstract i s  i n tended  for formal  publ ication  after capabi l i ty approval  has  been  gran ted .  

The  abstract shal l  i ncl ude  a  concise  description  of the  manufacturer's  capabi l i ty and  g i ve  
sufficient in formation  on  the  technology,  methods  of construction  and  range  of products  for 
wh ich  the  manufacturer has  been  approved .  

Q.6.9  Modifications  l i kely to  affect the  capabi l i ty approval  

Any mod i fications  l ikel y to  affect the  capabi l i ty approval  sha l l  satisfy the  requ i rements  of the  
speci fied  qual i ty assessment system  ( i f any) .  

Q.6.1 0  In i tial  capabi l i ty approval  

Q.6.1 0 .1  General  

The approval  i s  gran ted  when  

– the  selected  range  of CQCs has  col lectivel y sati sfied  the  assessment requ i rements  of the  
CQC detai l  speci fications,  wi th  no  nonconform ing  i tem  a l lowed ;  

– the  control  p l an  has  been  fu l l y implemented  i n  the  process  control  system .  

Q.6.1 0 .2  Procedure  in  the  event of fai lu re  

See  the  speci fied  qual i ty assessment system  ( i f any) ,  wi th  the  fol l owing  detai ls .  

I n  the  event  of the  fa i lu re  of the  specimens  to  meet the  test  requ irements,  the  manufactu rer 
shal l  state  h is/her i n tention  to  fo l l ow one  of the  actions  described  i n  a)  and  b)  below:  

a)  to  mod i fy the  proposed  scope  of the  capabi l i ty;  

b)  to  conduct an  i nvestigation  to  establ ish  the  cause  of fa i l u re  as  being  e i ther  

– fai l u re  of the  test i tse l f,  for example,  test  equ ipment fa i lu re  or operator error,  

or 
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– des ign  or process  fa i l u re.  

I f the  cause  of fa i l u re  i s  establ ished  as  a  fa i l u re  of the  test i tse l f,  then  e i ther the  specimen  
wh ich  apparen tl y fa i l ed  or a  new one,  i f appropriate,  shal l  be  returned  to  the  test schedu le  
after the  necessary corrective  action  has  been  taken .  I f a  new specimen  i s  to  be  used ,  i t  shal l  
be  subj ected  to  al l  of the  tests  i n  the  g i ven  sequence of the  test schedu le(s)  appropriate  to  the  
apparen tl y fa i l ed  specimen .  

I f the  cause  of fa i lu re  is  establ ished  as  a  des ign  or process  fa i l u re,  a  test programme shal l  be  
carried  ou t to  demonstrate  that  the  cause  of fa i l u re  has  been  erad icated  and  that a l l  correcti ve  
measures,  i nclud ing  documentation ,  have  been  carried  ou t.  When  th is  has  been  accompl ished ,  
the  test sequences  i n  wh ich  the  fa i l u re  has  occurred  shal l  be  repeated  i n  fu l l  us ing  new CQCs.  

After the  action  is  complete  the  manufacturer shal l  send  a  report,  and  shal l  i nclude  a  copy i n  
the  capabi l i ty approval  test report (see  Q.6. 7).  

Q.6.1 0 .3  General  p lan  for the  selection  of PCPs and  CQCs  

Each  manufacturer shal l  prepare  a  process  fl ow chart,  based  on  the  example  g iven  i n  the  
re levant  sectional  speci fication .  For a l l  the  process  s teps  i ncluded  i n  th is  fl ow chart,  the  
manufacturer shal l  i ncl ude  the  correspond ing  process  controls.  

Controls  shal l  be  denoted  by the  manufacturer as  shown  i n  the  example  i n  the  re levant  
sectional  speci fication .  

Q.6.1 0 .4  Process  control  test plans  

The test p l ans  shal l  form  part of the  process  control  system  used  by the  manufacturer.  When  
statistical  process  control  (SPC)  is  used ,  implementation  shal l  be  i n  accordance wi th  SPC  
bas ic  requ i rements.  The  SPC plans  represent  mandatory con trols  at process  nodes.  

For each  process  s tep  where  production  equ ipment i s  employed ,  the  manufacturer shal l  
mon i tor the  process  parameters  at  regu lar in terva ls  and  compare  the  read ings  to  the  control  
and  action  l im i ts  wh ich  he/she  wi l l  establ ish .  

Q.6.1 0 .5  Test p lans  for CQCs  demonstrating  l im i ts  of capabi l i ty 

Test p lans  for CQCs  for the  demonstration  of l im i ts  of capabi l i ty sha l l  be  prescribed  i n  the  
re levant  sectional  speci fi cation .  

Q.6.1 1  Granting  of capabi l i ty approval  

Capabi l i ty approval  shal l  be  g ranted  when  the  procedures  in  accordance wi th  the  speci fi ed  
qual i ty assessment system  ( i f any),  have  been  completed  satisfactori l y and  the  requ i rements  
of the  re levant  sectional  speci fication  have  been  met.  

Q.6.1 2  Maintenance  of capabi l i ty approval  

Capabi l i ty approval  sha l l  be  main tained  by complying  wi th  the  requ i rements  of the  speci fi ed  
qual i ty assessment system  ( i f any) ,  and  wi th  the  requ i rements  declared  i n  the  capabi l i ty 
manual  fo l lowing  the  schedu le  of main tenance  g iven  in  the  re levant  sectional  speci fication .  

Add i tional l y,  the  fol l owing  deta i l s  appl y.  

a)  Capabi l i ty approval  remains  val i d  wi thou t retesting  for two years.  

b)  The  programme for the  retesting  of CQCs  shal l  be  defined  by the  manufacturer.  For 
process  control ,  the  manufacturer shal l  establ ish  a  control  system .  An  example  of a  
con trol  programme chart  may be  g i ven  i n  the  sectional  speci fication .  For veri fying  l im i ts  of 
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capabi l i ty,  the  manufacturer shal l  ensure  that a l l  the  test p l ans  of Q. 6. 1 0. 5  wh ich  are  
re levant  to  h is  capabi l i ty approval  are  repeated  at  l east every two years.  

c)  Qual i ty conformance  inspection  of components  for del i very may be  used  to  support the  
maintenance of capabi l i ty approval  where  re levant.  I n  particu lar,  where  the  manufacturer 
holds  qual i fication  approval  for a  range  of components  wh ich  are  manufactured  by the  
same processes  and  wh ich  a lso  fa l l  wi th in  the  l im i ts  of capabi l i ty for wh ich  he  holds  
capabi l i ty approval ,  process  con trol  test resu l ts  and  period ic  qual i ty conformance test 
resu l ts  aris ing  from  the  qual i fication  approval  may be  used  to  support the  maintenance  of 
capabi l i ty approval .  

d )  The  manufacturer shal l  ensure  that the  range  of CQCs remains  represen tative  of the  
products  released  and  i n  accordance  wi th  the  requ irements  of the  relevant sectional  
speci fication .  

e)  The  manufacturer shal l  main tain  production ,  so  that  

– the  processes  speci fied  i n  the  capabi l i ty manual ,  wi th  the  exception  of any agreed  
add i ti ons  or deletions  fol l owing  the  procedure  of Q. 6.9 ,  remain  unchanged ,  

– no  change  has  occurred  i n  the  p lace  of manufacture,  and  fina l  test,  

– no  break exceed ing  s ix  months  has  occurred  i n  the  manufacturer’s  production  under 
capabi l i ty approval .  

f)  The  manufacturer shal l  main ta in  a  record  of the  progress  of the  maintenance  of capabi l i ty 
programme so  that at  any time  the  l im i ts  of capabi l i ty wh ich  have  been  veri fied  and  those  
wh ich  are  awai ti ng  veri fication  in  the  speci fied  period  can  be  establ ished .  

Q.6.1 3  Extension  of capabi l i ty approval  

The manufacturer may extend  the  l im i ts  of h is  capabi l i ty approval  by carrying  ou t the  test p lan  
from  Q.6. 1 0 .5,  wh ich  re lates  to  the  type  of l im i t  to  be  extended .  I f the  proposed  extension  
refers  to  a  d i fferent type  of l im i t  from  those  described  i n  Q. 6. 1 0 .5,  the  manufacturer shal l  
propose  the  sampl i ng  and  tests  to  be  used  and  these  shal l  be  approved .  The  manufacturer 
shal l  a lso  establ ish  process  control  over any new processes  needed  for manufacture  to  the  
new l im i ts .  

An  appl ication  for an  extension  of capabi l i ty shal l  be  made i n  the  same way as  for the  orig inal  
approval .  

Q.6.1 4  Qual i ty conformance  i nspection  

The qual i ty conformance  test requ irements  are  g i ven  i n  the  deta i l  speci fication  and  shal l  be  
carried  ou t in  accordance  wi th  the  speci fied  qual i ty assessment system  ( i f any) .  

Q.7 Rework and  repair 

Q.7.1  Rework 

Rework as  defined  i n  the  speci fied  qual i ty assessment system  ( i f any) ,  shal l  not be  carried  ou t  
i f proh ib i ted  by the  re levant sectional  speci fication .  The  re levant sectional  speci fication  shal l  
state  i f there  is  a  restriction  on  the  number of occas ions  that  rework may take  p lace  on  a  
speci fic component.  

Al l  rework shal l  be  carried  ou t  prior to  the  formation  of the  i nspection  l ot offered  for i n spection  
i n  accordance  wi th  the  requ i rements  of the  detai l  speci fication .  

Such  rework procedures  shal l  be  fu l l y described  i n  the  relevan t documentation  produced  by 
the  manufacturer and  shal l  be  carried  ou t under the  d i rect control  of the  DMR.  Rework shal l  
not be  subcontracted .  
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Q.7.2  Repair 

Components  wh ich  have  been  repaired  as  defined  in  the  speci fi ed  qual i ty assessment system  
( i f any) ,  shal l  not be  re leased .  

Q.8  Release for del ivery 

Q.8.1  General  

Components  shal l  be  re leased  for del i very accord ing  to  Q. 5. 6  and  the  speci fied  qual i ty 
assessment system  ( i f any),  after the  qual i ty conformance i nspection  prescribed  i n  the  deta i l  
speci fication  has  been  carried  ou t.  

Q.8.2  Release  for del ivery under qual i fication  approval  before  the  completion  of 
Group B  tests  

When  the  cond i ti ons  of I EC 61 1 93-2 : 2007  for chang ing  to  reduced  i nspection  have  been  
satisfied  for a l l  Group  B  tests ,  the  manufacturer i s  perm i tted  to  re lease  components  before  the  
completion  of such  tests .  

Q.9  Certi fied  test records  of released  lots  

When  certi fi ed  test records  are  requested  by a  pu rchaser,  they shal l  be  speci fi ed  i n  the  detai l  
speci fication .  

NOTE  For capabi l i ty approva l ,  the  certi fi ed  test  records  refer on l y to  tests  carried  ou t  on  capabi l i ty q ual i fyi ng  
components.  

Q.1 0  Delayed  del ivery 

Components  he ld  for a  period  exceed ing  two  years  (un less  otherwise  speci fied  i n  the  
sectional  speci fication)  fo l lowing  the  re lease  of the  lot shal l ,  before  del i very,  be  re-exam ined  
for so lderabi l i ty and  e lectrical  characteristics  as  speci fi ed  in  the  detai l  speci fication .  

The  re-exam ination  procedure  adopted  by the  manufacturer's  DMR shal l  be  approved .  

Once a  l ot  has  been  sati sfactori l y re- inspected ,  i ts  qual i ty i s  reassured  for the  speci fi ed  period .  

Q.1 1  Al ternative test methods  

See  the  speci fied  qual i ty assessment system  ( i f any) ,  wi th  the  fol l owing  detai ls .  

I n  case  of d ispu te,  for referee  and  reference  pu rposes,  on l y the  speci fi ed  methods  shal l  be  
used .  

Q.1 2  Manufacture  outside the geographical  l imi ts  of IECQ CBs  

See  the  requ i rements  of the  speci fi ed  qual i ty assessment system  ( i f any) .  

Q.1 3  Unchecked  parameters  

Only those  parameters  of a  component wh ich  have  been  speci fied  i n  a  detai l  speci fication  and  
wh ich  were  subj ect  to  testi ng  shal l  be  assumed  to  be  wi th in  the  speci fi ed  l im i ts .  I t  cannot be  
assumed  that any unspeci fied  parameter wi l l  remain  unchanged  from  one  component to  
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another.  I f i t  i s  necessary,  for any reason ,  to  con trol  one  or more  add i tional  parameters ,  then  
a  new,  more  extens ive  speci fication  shal l  be  used .  

The  add i ti onal  test method(s)  shal l  be  fu l l y described  and  appropriate  l im i ts,  sampl i ng  p lans  
and  i nspection  l evels  speci fi ed .  

Q.1 4 Technology approval  procedures  

Q.1 4. 1  General  

Technology approval  of components  covers  the  complete  technolog ical  process.  I t  extends  
the  existi ng  concepts  – qual i fication  and  capabi l i ty approval  – by add ing  as  mandatory:  

a)  the  use  of in -process  con trol  methods,  for example,  SPC;  

b)  con tinuous  qual i ty improvement strategy;  

c)  mon i toring  the  overal l  technolog ies  and  operations;  

d )  procedural  fl exib i l i ty due  to  the  qual i ty assurance management system  and  market sector 
requ irements ;  

e)  the  acceptance of a  manufacturer’s  operational  documentation  to  provide  means  for rapid  
approval  or extension  of approval .  

Q.1 4.2  El ig ibi l i ty for technology approval  

The manufacturer shal l  comply wi th  the  speci fi ed  qual i ty assessment system  ( i f any) .  

Q.1 4.3  Appl ication  of technology approval  

The manufacturer shal l  comply wi th  the  speci fi ed  qual i ty assessment system  ( i f any).  

Q.1 4.4  Description  of technology 

The technology shal l  be  described  in  a  Technology Approval  Declaration  Document (TADD)  
and  a  Technology Approval  Schedu le  (TAS)  i n  accordance wi th  the  speci fi ed  qual i ty 
assessment system  ( i f any) .  

Q.1 4.5  Demonstration  and  veri fication  of the  technology 

The manufacturer shal l  demonstrate  and  veri fy the  technology in  accordance wi th  
the  speci fi ed  qual i ty assessment system  ( i f any) .  

Q.1 4.6  Granting  of technology approval  

Technology approval  sha l l  be  granted  when  the  procedures  i n  accordance  wi th  the  speci fied  
qual i ty assessment system  ( i f any)  have  been  completel y satisfied .  

Q.1 4.7  Maintenance  of technology approval  

Technology approval  shal l  be  main tained  by complying  wi th  the  requ i rements  of the  speci fied  
qual i ty assessment system  ( i f any).  

Q.1 4.8  Qual i ty conformance  i nspection  

The  qual i ty conformance  test and  requ irements  shal l  be  carried  ou t  i n  accordance  wi th  the  
detai l  speci fication  and  technology approval  schedu les.  
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Q.1 4.9  Fai lu re  rate  l evel  determination  

The determ ination  of fa i lu re  rate  l evel  and  certi fication  shal l  be  described  i n  the  deta i l  
speci fication .  

Q.1 4. 1 0  Outgoing  qual i ty l evel  

The defin i tion  shal l  be  agreed  between  customer and  manufacturer.  
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