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SECONDARY CELLS AND BATTERIES CONTAINING  
ALKALINE OR OTHER NON-ACID ELECTROLYTES –  
SAFETY REQUIREMENTS FOR PORTABLE SEALED  
SECONDARY CELLS,  AND FOR BATTERIES MADE  

FROM THEM,  FOR USE IN  PORTABLE APPLICATIONS –  
 

Part 2:  Li th ium  systems 
 

FOREWORD 

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

I n ternational  Standard  I EC  621 33-2  has  been  prepared  by subcommittee  21 A:  Secondary 
cel l s  and  batteries  con tain ing  a lka l ine  or other non -acid  e lectrol ytes,  of I EC techn ical  
committee  21 :  Secondary cel ls  and  batteries.   

Th is  fi rst ed i tion  cancels  and  replaces  the  second  ed i tion  of I EC  621 33  publ ished  in  201 2.  I t  
consti tu tes  a  techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fo l lowing  s ign i fi can t techn ica l  changes  wi th  respect to  
I EC 621 33: 201 2 :  

– separation  of n ickel  systems  in to  a  separate  Part  1 ;  

– i nclus ion  of coin  ce l l  requ i rements;  
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– update  of assembly of cel l s  i n to  batteries  (5. 6);  

– mechan ical  tests  [vibration ,  shock]  (7. 3. 8 . 1 ,  7 . 3 . 8. 2) ;  

– i nsertion  of I EC  TR 6291 4  wi th in  the  B ibl iography.  

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

FDIS  Report  on  voti ng  

21 A/620/FDIS  21 A/628/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 .  

The  fol l owing  d i fferent practices  of a  l ess  permanen t nature  exist i n  the  coun tries  i nd icated  
below.  

7. 3. 9 :  Design  evaluation  – Forced  in ternal  short-ci rcu i t  test on l y appl ies  to  Korea,  J apan ,  
Swi tzerland  and  France.   

A l i s t  of a l l  parts  of the  I EC 621 33  series,  publ ished  under the  general  t i tl e  Secondary cells 
and batteries containing alkaline or other non-acid electrolytes – Safety requirements for 
portable sealed secondary cells,  and for batteries made from them,  for use in  portable 
applications ,  can  be  found  on  the  I EC  websi te.   

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

 

IMPORTANT – The  'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore  print  th is  document using  a  
colour printer.  
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SECONDARY CELLS AND BATTERIES CONTAINING  
ALKALINE OR OTHER NON-ACID ELECTROLYTES –  
SAFETY REQUIREMENTS FOR PORTABLE SEALED  
SECONDARY CELLS,  AND FOR BATTERIES MADE  

FROM THEM,  FOR USE IN  PORTABLE APPLICATIONS –  
 

Part 2:  Li th ium  systems 
 
 
 

1  Scope 

This  part of I EC 621 33  speci fies  requ irements  and  tests  for the  safe  operation  of portable  
sealed  secondary l i th i um  cel l s  and  batteries  con tain ing  non-acid  e lectrol yte,  under i n tended  
use  and  reasonabl y foreseeable  m isuse.  

2  Normative references  

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

I EC 60050-482: 2004,  International Electrotechnical Vocabulary – Part 482: Primary and 
secondary cells and batteries (avai l able  at  h ttp: //www.electroped ia. org)  

I EC 61 960,  Secondary cells and batteries containing alkaline or other non-acid electrolytes – 
Secondary lithium cells and batteries for portable applications 

I SO/IEC Gu ide  51 ,  Safety aspects – Guidelines for their inclusion in  standards  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms and  defin i tions  g i ven  i n  I EC  60050-482,  
I SO/IEC Gu ide  51  and  the  fol l owing  appl y.  

3. 1   
safety 

freedom  from  unacceptable  risk  

3.2   
ri sk 

combination  of the  probabi l i ty of occurrence  of harm  and  the  severi ty of that harm  

3.3   
harm  

physical  i n j ury or damage to  the  heal th  of people  or damage  to  property or to  the  environment  

3.4   
hazard  

poten tia l  source  of harm  
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3.5   
in tended  use  
use  of a  product,  process  or service  i n  accordance wi th  speci fications,  i nstructions  and  
in formation  provided  by the  suppl ier 

3.6   
reasonably foreseeable  misuse  
use  of a  product,  process  or service  i n  a  way wh ich  i s  not i n tended  by the  suppl ier,  bu t wh ich  
may resu l t  from  read i l y pred ictable  human  behaviour 

3.7   
secondary cel l  
basic  manufactured  un i t  provid ing  a  source  of e l ectrical  energy by d i rect  convers ion  of 
chem ical  energy,  that consists  of e lectrodes,  separators,  e lectrol yte,  container and  term inals ,  
and  that i s  designed  to  be  charged  e lectrica l l y 

3.8   
secondary battery 
assembly of secondary cel l (s)  wh ich  may i nclude  associated  safety and  con trol  ci rcu i ts  and  
case,  ready for use  as  a  source  of e l ectrica l  energy characterized  by i ts  vol tage,  s i ze,  term inal  
arrangement,  capaci ty and  rate  capabi l i ty 

Note  1  to  en try:  I ncl udes  s i ng le  cel l  batteri es.  

3.9   
l eakage  

unplanned ,  vis ib le  escape of l iq u id  e lectrol yte  

3. 1 0   
venting  
release  of excessive  in ternal  pressure  from  a  cel l  or battery i n  a  manner i n tended  by design  to  
preclude  ruptu re  or explosion  

3. 1 1   
rupture  
mechan ical  fa i l u re  of a  cel l  con tainer or battery case  induced  by an  i n ternal  or external  cause,  
resu l ting  i n  exposure  or spi l l age  bu t not ej ection  of materia ls  

3. 1 2   
explosion  
fai l ure  that occurs  when  a  ce l l  conta iner or battery case  opens  violentl y and  major 
components  are  forcibl y expel led  

3. 1 3   
fi re  

em ission  of fl ames  from  a  ce l l  or battery 

3. 1 4   
portable  battery 

battery for use  i n  a  device  or appl i ance  wh ich  i s  conven ientl y hand -carried  

3. 1 5   
portable  cel l  

cel l  i n tended  for assembly i n  a  portable  battery 

3. 1 6   
l i th ium  ion  polymer cel l  

cel l  us ing  gel  pol ymer e lectrol yte  or sol i d  pol ymer e lectrol yte,  not  l i qu id  electrol yte  
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3. 1 7   
rated  capacity 
capaci ty value  of a  cel l  or battery determ ined  under speci fi ed  cond i tions  and  declared  by the  
manufacturer 

Note  1  to  en try:  The  rated  capaci ty i s  the  q uan ti ty of e l ectri ci ty C
5  Ah  (ampere-hours)  decl ared  by the  

manufacturer wh ich  a  s i ng le  cel l  can  de l i ver when  d i scharged  at  the  reference  test  current  of 0 , 2  I
t
 A to  a  speci fi ed  

fi nal  vol tage,  after charg i ng ,  s tori ng  and  d i scharg ing  under speci fi ed  cond i ti ons.  

[SOURCE:  I EC 60050-482: 2004,  482-03-1 5,  mod i fied  – Note  1  to  entry has  been  added . ]  

3. 1 8   
reference  test  current   
It  
charge  or d ischarge  curren t expressed  as  a  mu l ti p le  of It  A,  where  It  A =  C5  Ah /1  h ,  as  defi ned  
i n  I EC 61 434,  and  based  on  the  rated  capaci ty (C5  Ah)  of the  cel l  or battery 

3. 1 9   
upper l im i t  charging  vol tage  
h ighest charg ing  vol tage  i n  the  cel l  operating  reg ion ,  wh ich  is  speci fi ed  by the  cel l  
manufacturer 

3.20   
maximum  charg ing  current  
maximum  charg ing  curren t i n  the  cel l  operati ng  reg ion ,  wh ich  i s  speci fi ed  by the  cel l  
manufacturer 

3.21   
coin  cel l  
button  cel l  
coin  battery 

smal l  round  cel l  or battery i n  wh ich  the  overal l  he igh t i s  l ess  than  the  d iameter  

Note  1  to  en try:  I n  Eng l i sh ,  the  term  “coin  cel l ”  or “coin  battery”  i s  used  for l i th i um  batteries  on l y wh i l e  the  term  
“bu tton  cel l ”  or “bu tton  battery”  i s  on l y used  for non- l i th i um  batteries.  I n  l anguages  other than  Eng l i sh ,  the  terms 
“coin ”  and  “bu tton”  are  often  used  i n terchangeably,  regard less  of the  e l ectrochem ical  system .  

[SOURCE:  I EC 60050-482: 2004  482-02-40,  mod i fied  — The  term  “coin  battery”  has  been  
added ,  and  the  NOTE “ I n  practice  terms,  the  term  coin  i s  used  exclus ivel y for non-aqueous  
l i th ium  ce l ls . ”  has  been  replaced  wi th  Note  1  to  en try. )]  

3.22   
cyl indrical  cel l  

cel l  wi th  a  cyl i ndrica l  shape  in  wh ich  the  overal l  he ight i s  equal  to  or greater than  the  d iameter  

[SOURCE:  I EC 60050-482: 2004,  482-02-39]  

3.23   
prismatic cel l   

cel l  having  the  shape of a  paral le lepiped  whose faces  are  rectangu lar  

Note  1  to  en try:  Pri smatic  cel ls  may be  provi ded  wi th  e i ther a  ri g i d  metal  case  or fl exi b le  l am inate  fi lm  case.  

[SOURCE:  I EC  60050-482: 2004,  482-02-38,  mod i fied  −  The  source  term  is  "prismatic"  (ad j . ) .  
I n  the  defin i tion ,  "qual i fi es  a  ce l l  or a  battery"  has  been  replaced  wi th  "ce l l " .  N ote  1  to  en try 
has  been  added . ]  
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3.24  
cel l  b lock 
paral lel  connection  
arrangement of cel l s  or batteries  wherein  a l l  the  pos i ti ve  term inals  and  a l l  the  negative 
term inals ,  respective l y,  are  connected  together 

[SOURCE:  I EC  60050-482: 2004,  482-03-39,  mod i fied  — The  term  "ce l l  b lock"  has  been  
added . ]  

3.25   
functional  safety 
part of the  overal l  safety that depends  on  functional  and  physica l  un i ts  operating  correctl y i n  
response to  their i nputs  

[SOURCE:  I EC 60050-351 : 201 3,  351 -57-06]  

3.26   
end-of-d ischarge  vol tage  
final  vol tage  

speci fied  vol tage  of a  battery at wh ich  the  battery d ischarge  is  term inated  

[SOURCE:  I EC  60050-482: 2004,  482-03-30,  mod i fied  — The  terms  "cut-off vol tage"  and  "end-
poin t  vol tage"  have  been  deleted . ]  

4 Parameter measurement tolerances  

The overal l  accuracy of con trol l ed  or measured  values,  re lative  to  the  speci fied  or actual  
parameters,  shal l  be  wi th in  these  to lerances:  

a)  ±  1  %   for vol tage;  

b)  ±  1  %   for cu rrent;  

c)  ±  2  °C   for temperature;  

d )  ±  0 , 1  %   for time;  

e)  ±  1  %   for d imension ;  

f)  ±  1  %   for capaci ty.  

These  to lerances  comprise  the  combined  accuracy of the  measuring  i nstruments,  the  
measurement techn iques  used ,  and  a l l  other sources  of error i n  the  test procedure.  

The  detai l s  of the  i nstrumentation  used  shal l  be  provided  i n  any report of resu l ts .   

5 General  safety considerations  

5.1  General  

The safety of secondary cel l s  and  batteries  requ i res  the  cons ideration  of two  sets  of appl ied  
cond i ti ons:  

1 )  i n tended  use;   

2)  reasonabl y foreseeable  m isuse.   

Cel ls  and  batteries  shal l  be  so  des igned  and  constructed  that they are  safe  under cond i ti ons  
of both  i n tended  use  and  reasonabl y foreseeable  m isuse.  I t  i s  expected  that ce l l s  or batteries  
subj ected  to  m isuse  may fa i l  to  function  fol l owing  such  experience.  They shal l  not however 
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present  s ign i fican t hazards.  I t  may a lso  be  expected  that ce l l s  and  batteries  subj ected  to  
i n tended  use  shal l  not  on l y be  safe  bu t sha l l  conti nue  to  be  functional  i n  a l l  respects .   

Poten tia l  hazards  wh ich  are  the  subject of th is  document are:  

•  fi re,  

•  burst/explos ion ,  

•  l eakage  of cel l  e lectrol yte,  

•  ven ting ,  

•  burns  from  excess ivel y h igh  external  temperatures,  

•  rupture  of battery case  wi th  exposure  of i n ternal  components.  

Conform i ty wi th  5. 2  to  5. 7  for cel ls  and  batteries  other than  coin  cel l s ,  wi th  an  i n ternal  

res istance  greater than  3  Ω ,  i s  checked  by i nspection ,  by the  tests  of Clauses  7 ,  and  i n  
accordance  wi th  the  appropriate  standard  (see  Clause  2  and  Table  1 ) .  The  i n ternal  res istance  
is  to  be  measured  i n  accordance wi th  Annex D.  

5.2  Insu lation  and  wiring  

The i nsu lation  res istance  between  the  pos i ti ve  term inal  and  external l y exposed  metal  surfaces  

of the  battery exclud ing  e lectrica l  con tact surfaces  shal l  be  not l ess  than  5  MΩ  at  500  V DC 
when  measured  60  s  after applying  the  vol tage.   

I n ternal  wiring  and  i nsu lation  shou ld  be  sufficien t to  wi thstand  the  maximum  anticipated  
curren t,  vol tage  and  temperature  requ irements .  The  orientation  of wi ring  shou ld  be  such  that  
adequate  clearances  and  creepage d istances  are  main tained  between  conductors.  The  
mechan ical  in tegri ty of i n ternal  connections  shou ld  be  sufficient to  accommodate  cond i tions  of 
reasonabl y foreseeable  m isuse  ( i . e .  solder a lone  i s  not cons idered  a  re l iable  means  of 
connection . ) .  

5.3  Venting  

Battery cases  and  ce l l s  sha l l  i ncorporate  a  pressure  re l i ef mechan ism  or shal l  be  so  
constructed  that they wi l l  re l i eve  excessive  i n ternal  pressure  at a  value  and  rate  that wi l l  
preclude  rupture,  explos ion  and  sel f- i gn i ti on .  I f encapsu lation  is  used  to  support cel ls  wi th in  
an  ou ter case,  the  type  of encapsu lant and  the  method  of encapsu lation  shal l  ne i ther cause  
the  battery to  overheat during  normal  operation  nor i nh ib i t  pressure  re l ief.  

5.4  Temperature,  vol tage  and  current  management  

The des ign  of batteries  shal l  be  such  that abnormal  temperature-ri se  cond i ti ons  are  
prevented .  Batteries  shal l  be  des igned  to  be  wi th in  temperature,  vol tage  and  current l im i ts  as  
speci fied  by the  cel l  manufacturer.  Batteries  shal l  be  provided  wi th  speci fications  and  
charg ing  i nstructions  for equ ipment manufacturers  so  that speci fied  chargers  are  designed  to  
main ta in  charg ing  wi th in  the  temperature,  vol tage  and  current  l im i ts  speci fied .   

5.5  Terminal  contacts  

The s ize  and  shape  of the  term inal  con tacts  shal l  ensure  that they can  carry the  maximum  
an ticipated  curren t.  External  term inal  con tact surfaces  shal l  be  formed  from  conductive  
materia ls  wi th  good  mechan ical  streng th  and  corros ion  res istance.  Term inal  con tacts  shal l  be  
arranged  so  as  to  m in im ize  the  risk of short-ci rcu i t.  
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5.6  Assembly of cel l s  in to  batteries  

5.6. 1  General  

Each  battery shou ld  have  an  i ndependent control  and  protection  for current,  vol tage,  
temperature  and  any other parameter requ ired  for safety and  to  main tain  the  ce l l s  wi th in  the ir 
operati ng  reg ion .  However th is  protection  may be  provided  external  to  the  battery such  as  
wi th in  the  charger or the  end  devices.  I f protection  i s  external  to  the  battery,  the  manufacturer 
of the  battery shal l  provide  th is  safety re levant i n formation  to  the  external  device  
manufacturer for implementation .   

I f there  is  more  than  one  battery housed  i n  a  s ing le  battery case,  each  battery shou ld  have  
protecti ve  ci rcu i try that can  maintain  the  ce l l s  wi th in  the ir operating  reg ions .  

Manufacturers  of cel ls  shal l  speci fy curren t,  vol tage  and  temperature  l im i ts  so  that the  battery 
manufacturer/des igner may ensure  proper des ign  and  assembly (see  Annex A) .  

Batteries  that  are  des igned  for the  se lective  d ischarge  of a  portion  of thei r series  connected  
cel ls  shal l  i ncorporate  ci rcu i try to  prevent operation  of cel ls  ou ts ide  the  l im i ts  speci fied  by the  
cel l  manufacturer.  

Protecti ve  ci rcu i t components  shou ld  be  added  as  appropriate  and  consideration  g i ven  to  the  
end-device  appl ication .  The  manufacturer of the  battery shou ld  provide  a  safety anal ys is  of 
the  battery safety ci rcu i try wi th  a  test  report i nclud ing  a  fau l t anal ys is  of the  protection  ci rcu i t  
under both  charg ing  and  d ischarg ing  cond i tions  confi rm ing  the  compl iance.  

5.6.2  Design  recommendation    

The vol tage  of each  cel l ,  or each  ce l lb lock consisti ng  of paral l el -connected  p lu ral  ce l ls ,  shou ld  
not exceed  the  upper l im i t of the  charg ing  vol tage  speci fied  i n  Table  2 ,  excepting  the  case  
where  the  portable  e lectron ic  devices  or s im i lar devices  have  the  equ iva lent function .  

The  fol l owing  shou ld  be  cons idered  at the  battery l evel  and  by the  device  designer.   

•  For the  battery consisting  of a  s ing le  cel l  or a  s i ng le  cel l b lock,  i t  i s  recommended  that the  
charg ing  vol tage  of the  cel l  does  not exceed  the  upper l im i t of the  charg ing  vol tage  
speci fied  i n  Table  2 ;  

•  For the  battery consis ting  of series-connected  p lu ral  s i ng le  cel l s  or series-connected  p lu ral  
ce l l b locks,  i t  i s  recommended  that the  vol tages  of any one  of the  s i ng le  cel l s  or s i ng le  
cel l b locks  does  not exceed  the  upper l im i t of the  charg ing  vol tage,  speci fied  i n  Table  2 ,  by 
mon i toring  the  vol tage  of every s ing le  ce l l  or the  s i ng le  ce l lb locks.  

•  For the  battery consisting  of series-connected  p lu ral  s i ng le  cel l s  or series-connected  p lu ral  
ce l l b locks,  i t  i s  recommended  that charg ing  i s  stopped  when  the  upper l im i t  of the  
charg ing  vol tage  is  exceeded  for any one  of the  s ing le  ce l l s  or s i ng le  cel l b locks  by 
measuring  the  vol tage  of every s ing le  ce l l  or the  s i ng le  cel lb locks.  

•  For batteries  cons isting  of series-connected  ce l l s  or cel l  b l ocks,  nom inal  charge  vol tage  
shal l  not  be  counted  as  an  overcharge  protection .  

•  For batteries  consisti ng  of series-connected  cel ls  or cel l  b locks,  cel l s  shou ld  have  closel y 
matched  capaci ties,  be  of the  same design ,  be  of the  same chem istry and  be  from  the  
same manufacturer.  

•  I t  i s  recommended  that the  ce l l s  and  ce l l  b l ocks  shou ld  not be  d ischarged  beyond  the  cel l  
manufacturer’s  speci fi ed  final  vol tage.  

•  For batteries  cons isting  of series-connected  cel l s  or ce l l  b locks,  ce l l  ba lancing  ci rcu i try 
shou ld  be  i ncorporated  in to  the  battery management system .  
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5.6.3  Mechan ical  protection  for cel ls  and  components  of batteries  

Mechan ical  protection  for cel ls ,  ce l l  connections  and  control  ci rcu i ts  wi th in  the  battery shou ld  
be  provided  to  preven t damage as  a  resu l t of i n tended  use  and  reasonabl y foreseeable  
m isuse.  The  mechan ical  protection  can  be  provided  by the  battery case  or i t  can  be  provided  
by the  end  product  enclosure  for those  batteries  i n tended  for bu i l d i ng  i n to  an  end  product.   

The  battery case  and  compartments  hous ing  cel l s  shou ld  be  des igned  to  accommodate  ce l l  
d imensional  to lerances  during  charg ing  and  d ischarg ing  as  recommended  by the  cel l  
manufacturer.   

For batteries  i n tended  for bu i l d ing  i n to  a  portable  end  product,  testi ng  wi th  the  battery 
i nsta l led  wi th in  the  end  product shou ld  be  cons idered  when  conducting  mechan ical  tests.  

5.7  Qual i ty plan  

The manufacturer shal l  prepare  and  implement a  qua l i ty p l an  that defines  procedures  for the  
i nspection  of materia ls ,  components ,  cel l s  and  batteries  and  wh ich  covers  the  whole  process  
of producing  each  type  of cel l  or battery.  Manu facturers  shou ld  understand  thei r process  
capabi l i ties  and  shou ld  i nsti tu te  the  necessary process  controls  as  they re late  to  product 
safety.  

5.8  Battery safety components  

See  Annex F .  

6 Type test and  sample  size 

Tests  are  made  wi th  the  number of cel l s  or batteries  speci fi ed  i n  Table  1  us ing  cel l s  or 
batteries  that are  not more  than  s ix months  o ld .  The  i n ternal  res istance  of coin  ce l l s  shal l  be  
measured  i n  accordance  wi th  Annex D.  Coin  cel l s  wi th  i n ternal  res istance  l ess  than  or equal  

to  3  Ω  shal l  be  tested  i n  accordance wi th  Table  1 .  Un less  otherwise  speci fied ,  tests  are  

carried  ou t  i n  an  ambien t temperature  of 20  °C  ±  5  °C.   

NOTE  Test  cond i ti ons  are  for type  tests  on l y  and  do  not  imply that  i n tended  use  i ncl udes  operati on  under these  
cond i ti ons.  S im i l arl y,  the  l im i t  of s i x months  i s  i n troduced  for cons istency and  does  not  imply that  battery safety i s  
reduced  after s i x months.  
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Table  1  – Sample  size  for type  tests   

Test  Cel l  a,  d  Battery 

7. 2. 1  Con ti nuous  charge  5  – 

7 . 2 . 2   Case  stress  – 3  

7 . 3. 1   External  short-ci rcu i t  5  per temperature  – 

7 . 3. 2   External  short-ci rcu i t  – 5  

7 . 3. 3   Free  fa l l  3  3  

7 . 3. 4   Thermal  abuse  5  per temperature  – 

7 . 3. 5   Crush   5  per temperature  – 

7 . 3. 6   Overcharge   – 5  

7 . 3. 7   Forced  d i scharge  5  – 

7 . 3. 8   Mechan ica l  

– 

 

 –  7 . 3 . 8. 1  Vi bration  3  

 – 7 . 3 . 8. 2  Mechan ical  shock  3  

7 . 3. 9   Forced  i n ternal  short  b,  c  5  per temperature  – 

D . 2   Measurement of the  i n ternal  AC resi stance  for coi n  
cel l s  

3  – 

a   Excl udes  coin  cel l s  wi th  an  i n ternal  res i stance  g reater than  3  Ω .   

b   Country speci fi c  test:  on l y requ i red  for l i s ted  coun tries.  

c   Not  appl i cable  to  coi n  and  l i th i um  i on  pol ymer cel l s .  

d  For tests  requ i ri ng  charge  procedu re  of 7 . 1 . 2  (procedure  2 ):  5  cel l s  per temperatu re  are  tested   

 

The safety anal ys is  of 5. 6. 1  shou ld  i denti fy those  components  of the  protection  ci rcu i t that are  
cri tical  for short-ci rcu i t,  overcharge  and  overd ischarge  protection .  When  conducting  the  short-
ci rcu i t  test,  consideration  shou ld  be  g i ven  to  the  s imu lation  of any s ing le  fau l t  cond i ti on  that i s  
l i kel y to  occur i n  the  protecti ng  ci rcu i t that wou ld  affect the  short-ci rcu i t  test.  

7 Specific requirements  and  tests  

7. 1  Charg ing  procedures  for test purposes  

7. 1 . 1  F irst  procedure  

This  charg ing  procedure  appl ies  to  subclauses  other than  those  speci fi ed  i n  7 . 1 . 2 .  

Un less  otherwise  stated  i n  th is  document,  the  charg ing  procedure  for test  purposes  i s  carried  

ou t in  an  ambien t temperature  of 20  °C  ±  5  °C,  us ing  the  method  declared  by the  
manufacturer.  

Prior to  charg ing ,  the  battery shal l  have  been  d ischarged  at 20  °C  ±  5  °C  at  a  constan t curren t 
of 0 , 2  It  A down  to  a  speci fi ed  fi nal  vol tage.  

7. 1 .2  Second  procedure  

This  charg ing  procedure  appl ies  on l y to  7. 3 . 1 ,  7 . 3 . 4,  7 . 3. 5,  and  7. 3 .9 .  

After stabi l i zation  for 1  h  and  4  h ,  respective ly,  at ambien t temperature  of h i ghest test  
temperature  and  lowest test  temperature,  as  speci fied  in  Table  2 ,  cel ls  are  charged  by us ing  
the  upper l im i t charg ing  vol tage  and  maximum  charg ing  current,  u n ti l  the  charg ing  curren t i s  
reduced  to  0 , 05  It  A,  us ing  a  constant  vol tage  charg ing  method .  
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Table  2  – Cond ition  of charg ing  procedure  

Upper l im i t   
charg ing  vol tage  

Maximum  charg ing  
curren t 

Charg ing  temperatu re  
upper l im i t  

Charg ing  temperatu re  
lower l im i t 

Speci fi ed  by the  
manufacturer of cel l s /cel l  

Speci fi ed  by the  
manufacturer of cel l s  

Speci fi ed  by the  
manufacturer of cel l s  

Speci fi ed  by the  
manufacturer of cel l s  

 

See F igures  A. 1  and  A. 2  for an  example  of an  operating  reg ion  for charge  and  d ischarge.  See  
Table  A. 1  for a  l i st  of l i th i um  ion  chem istries  and  examples  of operati ng  reg ion  parameters.  

Warning :   THESE  TESTS  USE  PROCEDURES WHICH  MAY RESULT IN  HARM  IF  ADEQUATE  
PRECAUTIONS  ARE  NOT TAKEN.  TESTS  SHOULD  ONLY BE  PERFORMED BY QUALIFIED AND  
EXPERIENCED TECHNICIANS  USING  ADEQUATE  PROTECTION .  TO  PREVENT BURNS,  
CAUTION  SHOULD BE  TAKEN  FOR THOSE  CELLS  OR BATTERIES  WHOSE  CASES  MAY 
EXCEED 75  °C  AS  A RESULT OF  TESTING.  

 

7.2  In tended  use  

7.2. 1  Continuous  charg ing  at  constant  vol tage  (cel l s)  

a)  Requ i rement 

A conti nuous  charge  at constan t vol tage  shal l  not  cause  l eakage,  fi re  or explos ion .  

b)  Test 

Fu l l y charged  cel ls  are  subj ected  for 7  days  to  a  charge  using  the  charg ing  method  for 
curren t and  standard  vol tage  speci fi ed  by the  cel l  manufacturer.  

c)  Acceptance cri teria  

No  fi re,  no  explosion ,  no  l eakage.  

7.2.2  Case stress  at h igh  ambient temperature (battery)  

a)  Requ i rement 

I n ternal  components  of batteries  shal l  not be  exposed  during  use  at h i gh  temperature.  
Th is  requ irement on l y appl ies  to  batteries  wi th  a  mou lded  case.  

b)  Test 

Fu l l y charged  batteries,  accord ing  to  the  fi rst procedure  i n  7 . 1 . 1 ,  are  exposed  to  a  
moderate l y h i gh  temperature  to  evaluate  case  i n tegri ty.  The  battery i s  p laced  i n  an  a i r 

ci rcu lating  oven  at a  temperature  of 70  °C  ±  2  °C.  The  batteries  remain  i n  the  oven  for 7  h ,  
after wh ich  they are  removed  and  a l l owed  to  return  to  room  temperature.  

c)  Acceptance  cri teria   

No  physical  d is tortion  of the  battery case  resu l ti ng  in  exposure  of i n ternal  protecti ve  
components  and  cel ls .  

7.3  Reasonably foreseeable  misuse  

7.3. 1  External  short-ci rcu i t  (cel l )  

a)  Requ irements  

Short-ci rcu i ting  of the  posi ti ve  and  negative  term inals  of the  cel l  at h igh  temperature  shal l  
not cause  fi re  or explosion .  

b)  Test 

Fu l l y charge  each  ce l l  accord ing  to  the  second  procedure  i n  7 . 1 . 2.  Store  i n  an  ambient  

temperature  of 55  °C  ±  5  °C.  After stabi l i zation  for 1  h  to  4  h  and  wh i l e  s ti l l  i n  an  ambient 

temperature  of 55  °C  ±  5  °C,  the  ce l l  i s  short-ci rcu i ted  by connecting  the  posi ti ve  and  

negative  term inals  wi th  a  tota l  external  res istance  of 80  mΩ  ±  20  mΩ .  The  cel l  remains  on  
test for 24  h  or unti l  the  surface  temperature  decl i nes  by 20  %  of the  maximum  
temperature  rise,  wh ichever is  the  sooner.  
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c)  Acceptance cri teria  

No  fi re,  no  explosion .  

7.3.2  External  short-ci rcu i t  (battery)   

a)  Requ irements  

Short-ci rcu i ting  of the  posi ti ve  and  negative  term inals  of the  battery shal l  not cause  fi re  or 
explos ion .  

b)  Test 

A fu l l y charged  battery accord ing  to  the  procedure  i n  7 . 1 . 1  i s  s tored  in  an  ambient 

temperature  of 20  °C  ±  5  °C.  The  battery i s  then  short-ci rcu i ted  by connecting  the  posi ti ve  

and  negative  term inals  wi th  a  tota l  external  res istance  of 80  mΩ  ±  20  mΩ .  The  battery 
remains  on  test for 24  h  or un ti l  the  case  temperature  of battery decl i nes  by 20  %  of the  
maximum  temperature  ri se,  wh ichever is  the  sooner.  However,  i n  case  of a  rapid  decl ine  
i n  the  short-ci rcu i t  current,  the  battery shou ld  remain  on  test for an  add i ti onal  one  hour 
after the  curren t reaches  a  l ow end  steady state  cond i ti on .  Th is  typica l l y refers  to  a  
cond i ti on  where  the  per cel l  vol tage  (series  ce l l s  on l y)  of the  battery is  be low 0, 8  V and  i s  
decreasing  by l ess  than  0, 1  V i n  a  30-m in  period .  

A s i ng le  fau l t  i n  the  d i scharge  protection  ci rcu i t  shou ld  be  conducted  on  one  to  four 
(depend ing  upon  the  protection  ci rcu i t)  of the  fi ve  samples  before  conducting  the  short-
ci rcu i t test.  A s i ng le  fau l t appl ies  to  protecti ve  component parts  such  as  MOSFET (meta l  
oxide  sem iconductor fi e l d -effect trans istor) ,  fuse,  thermostat or pos i ti ve  temperature  
coefficien t (PTC)  therm istor.  

NOTE  Examples  of s i ng le  fau l t  cond i ti ons  i n  the  d i scharge  protection  ci rcu i t  can  i ncl ude  shorti ng  over a  
d i scharge  MOSFET or over a  fuse  or other protection  device.  Protection  devices  found  to  meet  the  
requ i rements  of app l i cabl e  component  s tandards  such  as  those  ou tl i ned  i n  Annex F  or e l ectron ics  ci rcu i ts  
eval uated  for functional  safety are  not  subj ect  to  s i ng l e  fau l t  cond i ti ons.   

c)  Acceptance cri teria  

No  fi re,  no  explosion .   

7.3.3  Free  fal l  

a)  Requ i rements  

Dropping  a  ce l l  or battery (for example,  from  a  bench  top)  sha l l  not cause  fi re  or 
explosion .  

b)  Test 

Free  fal l  test i s  conducted  at an  ambien t temperature  of 20  °C  ±  5  °C,  by us ing  cel ls  or 
batteries  that are  charged  to  a  fu l l y charged  s tate,  i n  accordance wi th  the  fi rst procedure  
i n  7 . 1 . 1 .  Each  cel l  or battery i s  d ropped  three  times  from  a  he igh t of 1 , 0  m  onto  a  flat  
concrete  fl oor or meta l  fl oor.  The  cel ls  or batteries  are  d ropped  so  as  to  obtain  impacts  i n  
random  orien tations.  After the  test,  the  ce l l  or battery shal l  be  pu t on  rest for a  m in imum  
of 1  h  and  then  a  visual  i nspection  shal l  be  performed .  

c)  Acceptance cri teria  

No  fi re,  no  explosion .  

7.3.4  Thermal  abuse (cel ls)  

a)  Requ irements  

An  extremely h igh  temperature  shal l  not cause  fi re  or explos ion .  

b)  Test 

Each  fu l l y charged  cel l ,  accord ing  to  the  second  procedure  in  7 . 1 . 2 ,  i s  pl aced  in  a  gravi ty 

or ci rcu lating  a i r-convection  oven ,  i n  an  ambien t temperature  of 20  °C  ±  5  °C,  for 1  h .  The  

oven  temperature  is  ra ised  at a  rate  of 5  °C/m in  ±  2  °C/m in  to  a  temperature  

of 1 30  °C  ±  2  °C.  The  cel l  remains  at th is  temperature  for 30  m in  before  the  test i s  
term inated .  

c)  Acceptance  cri teria  
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No  fi re,  no  explosion .  

7.3.5  Crush  (cel l s)  

a)  Requ irements  

Severe  crush ing  of a  cel l  shal l  not  cause  fi re  or explosion .  

b)  Test 

Each  fu l l y charged  ce l l ,  charged  accord ing  to  the  second  procedure  at  the  upper l im i t 
charg ing  temperature  i n  7 . 1 . 2 ,  i s  immed iate l y transferred  and  crushed  between  two fl at 
surfaces  i n  an  ambien t temperature.  The  force  for the  crush ing  is  appl i ed  by a  device  

exerting  a  force  of 1 3  kN  ±  0 , 78  kN .  Once  the  maximum  force  has  been  appl ied ,  or an  
abrupt vol tage  drop  of one-th i rd  of the  ori g inal  vo l tage  has  been  obtained ,  the  force  i s  
re leased .  

A cyl i nd rical  or prismatic cel l  i s  crushed  wi th  i ts  l ong i tud ina l  axis  para l l e l  to  the  fl at  
surfaces  of the  crush ing  apparatus.  Test  on l y the  wide  s i de  of prismatic cel ls .  

A coin  ce l l  sha l l  be  crushed  by appl ying  the  force  on  i ts  fl at  surface.  

c)  Acceptance cri teria  

No  fi re,  no  explosion .  

7.3.6  Over-charging  of battery 

a)  Requ i rements  

Charg ing  for l onger periods  than  speci fied  by the  manufacturer shal l  not cause  fi re  or  
explos ion .  

b)  Test 

The  test sha l l  be  carried  ou t i n  an  ambien t temperature  of 20  °C  ±  5  °C.  Each  test battery 
shal l  be  d ischarged  at a  constan t curren t of 0 , 2  It  A,  to  a  fi nal  d ischarge  vol tage  speci fied  
by the  manufacturer.  Sample  batteries  shal l  then  be  charged  at a  constan t current 
of 2 , 0  It  A,  us ing  a  supply vol tage  wh ich  i s :  

•  1 , 4  times  the  upper l im i t  charg ing  vol tage  presented  i n  Table  A. 1  (bu t not to  exceed  
6, 0  V)  for s i ng le  ce l l /cel l  b lock batteries  or 

•  1 , 2  times  the  upper l im i t  charg ing  vol tage  presented  i n  Table  A. 1  per ce l l  for series  
connected  mu l ti -cel l  batteries,  and  

•  su fficient to  main tain  a  curren t of 2 , 0  It  A throughou t the  duration  of the  test or unti l  the  

suppl y vol tage  i s  reached .  

A thermocouple  shal l  be  attached  to  each  test battery.  

For batteries  wi th  a  case,  the  temperature  shal l  be  measured  on  the  battery case.  The  test 
shal l  be  continued  unti l  the  temperature  of the  ou ter case  reaches  steady state  cond i tions  
( l ess  than  1 0  °C  change  i n  a  30-m in  period)  or returns  to  ambient.  

c)  Acceptance cri teria  

No  fi re,  no  explosion .  

7.3.7  Forced  d ischarge  (cel ls)  

a)  Requ irements  

A ce l l  sha l l  wi thstand  polari ty reversal  wi thout causing  fi re  or explos ion .  A protecti ve  
device  i n  a  battery or system  can  be  adopted .  

b)  Test 

Discharge  a  s ing le  ce l l  to  the  l ower l im i t d ischarge  vol tage  speci fi ed  by the  cel l  
manufacturer.  

The  d ischarged  cel l  i s  then  subjected  to  a  forced  d ischarge  at 1  It  A to  the  negative  va lue  
of the  upper l im i t charg ing  vol tage.  The  tota l  d uration  for the  forced  d ischarge  testing  is  
90  m in .  
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I f the  d ischarge  vol tage  reaches  the  negative  value  of upper l im i t charg ing  vol tage  wi th in  
the  testing  duration ,  the  vol tage  shal l  be  main ta ined  at  the  negative  va lue  of the  upper 
l im i t  charg ing  vol tage  by reducing  the  cu rrent  for the  remainder of the  testing  duration .  
(Case  1  of F igure  1 )  

I f the  d ischarge  vol tage  does  not reach  the  negative  value  of upper l im i t charg ing  vol tage  
wi th in  the  testi ng  duration ,  the  test shal l  be  term inated  at the  end  of the  testi ng  duration .  
(Case  2  of F igure  1 )  

c)  Acceptance cri teria  

No  fi re,  no  explosion .  

  

NOTE  The  cu rves  shown  i n  F i gu re  1  are  j ust  examples  as  the  cu rves  (except the  hori zontal  segment)  may not  be  
l i near or s trai gh t.  

Figure 1  – Forced  d ischarge  time chart  

7.3.8  Mechan ical  tests  (batteries)  

7.3.8.1  Vibration   

a)  Requ i rements  

Vibration  encountered  during  transportation  and  use  shal l  not cause  l eakage,  fi re  or 
explos ion .   

b)  Test 

Test batteries,  fu l l y charged  i n  accordance wi th  the  charg ing  procedure  of 7. 1 . 1 ,  shal l  be  
fi rm ly secured  to  the  p latform  of the  vibration  mach ine  wi thou t d is torti ng  them  in  such  a  
manner as  to  fa i thfu l l y transm i t the  vibration .  Test batteries  shal l  be  subjected  to  
s i nusoida l  vibration  accord ing  to  Table  3 .  Th is  cycle  shal l  be  repeated  1 2  times  for a  tota l  
of approximatel y 3  h  for each  of th ree  mutual l y perpend icu lar mounting  pos i ti ons.  One  of 
the  d i rections  shal l  be  perpend icu lar to  the  term inal  face.  

c)  Acceptance cri teria  

No  fi re,  no  explosion ,  no  rupture,  no  l eakage  or venti ng .  

IEC  
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Table  3  – Cond itions  for vibration  test  

Frequency range  
(Hz)  

Ampl i tudes  
Duration  of logari thmic 

sweep cycl e  
(7  Hz  – 200  Hz  – 7  Hz)  

Axis  
Number of 
cycl es  

from  to      

f
1
 =  7  Hz  f

2
 A1  =  1  g

n
 

Approximatel y 1 5  m in  

X 1 2  

f
2
 f

3
 S  =  0 , 8  mm  Y 1 2  

f
3
 f

4
 =  200  Hz  A2  Z  1 2  

and  back to  f
1
 =  7Hz  Total  36  

NOTE  Vibration  ampl i tude  i s  the  maximum  absolu te  val ue  of d i spl acement  or accel erati on .  For example,  a  
d i splacement  ampl i tude  of 0 , 8  mm  corresponds  to  a  peak-to-peak d i spl acement  of 1 , 6  mm .  

Key 

f
1
,  f

4
 l ower and  upper frequency 

f
2
,  f

3
 cross-over frequencies  

– f
2
 ≈ 1 7, 62  Hz  

– f
3
 ≈ 49, 84  Hz  

A1 ,  A2  acceleration  ampl i tude  

– A2  =  8  g
n
  

S  d i splacement ampl i tude  

 

7.3.8.2  Mechan ical  shock 

a)  Requ i rements  

Shock encountered  during  transportation  and  use  shal l  not cause  l eakage,  fi re  or 
explos ion .  Th is  test s imu lates  rough  hand l i ng  during  transport and  use.  

b)  Test procedure  

Test batteries ,  fu l l y charged  i n  accordance wi th  the  charg ing  procedure  of 7. 1 . 1 ,  shal l  be  
secured  to  the  testing  mach ine  by means  of a  rig i d  mount wh ich  wi l l  support a l l  mounting  
surfaces  of each  test battery.  Each  test battery shal l  be  subj ected  to  three  shocks  in  each  
d i rection  of three  mutual l y perpend icu lar mounting  pos i ti ons  of the  battery for a  tota l  of 
1 8  shocks.  For each  shock,  the  parameters  g iven  i n  Table  4  sha l l  be  appl i ed .  

c)  Acceptance cri teria  

There  shal l  be  no  leakage,  no  ven ting ,  no  ruptu re,  no  explosion  and  no  fi re  during  th is  
test.  

Table  4 – Shock parameters  

 Waveform  Peak acceleration  Pu lse  duration  Number of shocks  
per hal f axis  

Batteries  Hal f s i ne  1 50  g
n
 6  ms  3  

 

7.3.9  Design  evaluation  – Forced  in ternal  short-circu i t  (cel ls)  

a)  Requ i rements  

A forced  in ternal  short-ci rcu i t test for cyl i ndrical  ce l ls  and  prismatic ce l l s  sha l l  not cause  a  
fi re .  Cel l  manufacturers  shal l  keep a  record  to  meet the  requ irements .  A new design  
evaluation  shal l  be  conducted  by the  cel l  manufacturer or a  th i rd  party tes t house.  

NOTE  Th is  i s  a  coun try speci fi c  test,  wh ich  i s  on l y appl i cab l e  to  France,  J apan ,  Korea  and  Swi tzerland  and  i s  
not  requ i red  on  l i th i um  i on  pol ymer cel l s .  
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b)  Test 

The  forced  i n ternal  short-ci rcu i t  test i s  performed  i n  a  chamber accord ing  to  the  fol lowing  
procedure.  

1 )  Number of samples  

Th is  test sha l l  be  carried  ou t on  fi ve  l i th ium  i on  cel l s  per test temperature .   

2)  Charg ing  procedure  

i )  Cond i tion ing  charge  and  d ischarge   

The  sample  shal l  be  charged  at  20  °C  ±  5  °C  accord ing  to  the  manufacturer’s  

recommendation .  The  sample  is  then  d ischarged  at 20  °C  ±  5  °C,  at a  constan t 
curren t of 0 , 2  It  A,  down  to  the  fi nal  vol tage  speci fi ed  by the  manufacturer.  

i i )  Storage  procedure  

The  test cel l  shal l  be  stored  for 1  h  to  4  h  at an  ambient temperature  as  speci fi ed  i n  
Table  5 .  

i i i )  Ambient  temperature  

Table  5  – Ambient temperature  for cel l  test  a  

Test i tem  Test at  l owest test temperature  

°C  

Test at h ighest test temperature  

°C 

b)  2 )  i i )  1 0  ±  2  45  ±  2  

b)  2 )  i v)  1 0  ±  2  45  ±  2  

b)  3 )  i )  A  5  ±  2  50  ±  2  

b)  3 )  i i )  A  1 0  ±  5  45  ±  5  

a   The  test  i s  conducted  us ing  cond i ti ons  i n  Table  2 .  

 

i v)  Charg ing  procedure  for forced  i n ternal  short  test   

The  test cel l  sha l l  be  charged  at an  ambient temperature  as  speci fied  i n  Table  5,  at  
the  upper l im i t  charg ing  vol tage  at the  constant curren t speci fi ed  by the  
manufacturer.  When  the  upper l im i t charg ing  vol tage  is  reached ,  conti nue  charg ing  
at  constant  vol tage  unti l  the  charge  curren t d rops  to  0, 05  It  A.  

3)  Pressing  the  wind ing  core  wi th  n ickel  particle  

A temperature-control l ed  chamber and  specia l  press  equ ipment are  needed  for the  
test.   

The  moving  part of the  press  equ ipment shal l  be  able  to  move  at constan t  speed  and  
to  be  stopped  immed iately when  an  i n ternal  short-ci rcu i t i s  detected .  

i )  Preparation  for the  test  

A The  temperature  of the  chamber is  con trol l ed  as  speci fied  i n  Table  5.  Sample  
preparation  gu idance is  provided  i n  C lause  A.5  and  in  F igure  A. 6  and  
F igu re  A. 9.  Put the  a lum in ium  lam inated  bag  wi th  the  wind ing  core  and  n ickel  

particle  i n to  the  chamber for 45  m in  ±  1 5  m in .   

B  Remove  the  wind ing  core  from  the  sealed  package and  attach  the  term inals  for 
vol tage  measurement and  the  thermocouple(s)  for temperature  measurement 
on  the  surface  of the  wind ing  core.  Set the  wind ing  core  under the  pressure  
equ ipment making  sure  to  l ocate  the  poin t of p l acement of the  n ickel  particle  
under the  pressing  j i g .   

To  prevent evaporation  of e l ectrol yte,  fi n ish  the  work wi th in  1 0  m in  from  
removing  the  wind ing  core  from  the  chamber for temperature  cond i tion ing  to  
closing  the  chamber door where  the  equ ipment i s  l ocated .  

C  Remove  the  i nsu lati ng  sheet and  close  the  chamber door.   
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i i )  I n ternal  short-ci rcu i t  

A Confi rm  that the  wind ing  core  surface  temperature  i s  as  defined  in  Table  5 ,  and  
then  start the  test.  

B  The  bottom  surface  of the  moving  part of the  press  equ ipment ( i . e .  pressing  j i g )  

i s  made of n i tri l e  rubber or acryl i c res in ,  wh ich  i s  pu t on  the  1 0  mm  ×  1 0  mm  
sta in less  steel  shaft.  Detai ls  of the  press ing  j i gs  are  shown  in  F igure  2 .  The  
n i tri le  rubber bottom  surface  is  for a  cyl i ndrical  ce l l  test.  For a  prismatic cel l  

test,  5  mm  ×  5  mm  (2  mm  th ickness)  acryl ic  res in  i s  pu t on  the  n i tri l e  rubber.   

The  fixture  i s  moved  down  at a  speed  of 0 , 1  mm/s,  mon i toring  the  ce l l  vol tage.  
When  a  vol tage  drop  caused  by the  in ternal  short-ci rcu i t i s  detected ,  stop  the  
descent immed iate l y and  keep the  pressing  j i g  i n  the  pos i tion  for 30  s ,  and  then  
re lease  the  pressure.  The  vol tage  is  mon i tored  at  a  rate  of more  than  1 00  times  
per second .  I f the  vol tage  drops  more  than  50  mV compared  to  the  i n i ti al  
vol tage,  an  i n ternal  short-ci rcu i t  has  been  determ ined  to  have  occurred .  I f the  
force  of the  press  reaches  800  N  for a  cyl i nd rica l  cel l  or 400  N  for a  prismatic  
cel l  before  the  50  mV vol tage  drop,  s top  the  descent immed iatel y .  

Cyl i nd ri cal  

D imensions  i n  m i l l imetres  

 

Prismatic 

Dimensions  i n  m i l l imetres  

 

Figure 2  – J ig  for pressing  

c)  Acceptance cri teria  

No  fi re.  Record  the  force  when  an  in ternal  short-ci rcu i t  occurs  i f there  was  no  fi re.  

8 Information  for safety 

8. 1  General  

The use,  and  particu larl y abuse,  of portable  sealed  secondary l i th ium  cel ls  and  batteries  may 
resu l t  i n  the  creation  of hazards  and  may cause  harm .  Manufacturers  of secondary cel l s  shal l  
ensure  that i n formation  is  provided  abou t current,  vo l tage  and  temperature  l im i ts  of the ir 
products .  Manufacturers  of batteries  shal l  ensure  that  equ ipment manufacturers  and ,  i n  the  
case  of d i rect sales ,  end-users  are  provided  wi th  i n formation  to  m in im ize  and  m i tigate  
hazards.   

IEC  

1 0  

Hardness:  A60  
( I SO  761 9-1 , Type  A)  

N i tri l e  rubber 

(t  =  2 )  

1 0  

IEC  

Acryl i c  res i n  (5  ×  5 ,  t  =  2 )  

1 0  

Pu t  two  l ayer of polyim ide  
tape  to  the  coi l   

N i tri l e  rubber 

(t  =  2 )  

1 0  
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I t  i s  the  equ ipment manufacturer’s  responsibi l i ty to  i n form  end-users  of the  potentia l  hazards  
aris ing  from  the  use  of equ ipment con tain ing  secondary ce l l s  and  batteries.  Systems anal yses  
shou ld  be  performed  by device  manufacturers  to  ensure  that a  particu lar battery des ign  
prevents  hazards  from  occurring  during  use  of a  product.  As  appropriate,  any in formation  
re lating  to  hazard  avoidance  resu l ting  from  a  system  anal ys is  shou ld  be  provided  to  the  end  
user.   

Gu idance  i s  provided  in  I EC  TR 621 88  on  the  design  and  manufacture  of portable  batteries,  
and  non-exhaustive  l i sts  of good  advice  are  provided  for i n formation  i n  Annexes  B  and  C.  

Conform ity can  be  checked  by exam ination  of manufacturer's  documentation .  

Do  not a l l ow ch i l d ren  to  replace  batteries  wi thou t adu l t  supervis ion .  

8.2 Smal l  cel l  and  battery safety in formation  

Smal l  cel l s  and  batteries  and  equ ipment us ing  smal l  cel l s  and  batteries  are  to  be  provided  
wi th  i n formation  regard ing  ingestion  hazards.  Smal l  ce l l s  and  batteries  that may pose  an  
i ngestion  hazard  are  those  that can  fi t  wi th in  the  l im i ts  of the  ingestion  gauge  
shown  i n  F igure  3 .   

The  fol lowing  warn ing  l anguage is  to  be  provided  wi th  the  i n formation  packaged  wi th  the  smal l  
ce l l s  and  batteries  or equ ipment us ing  them :  

•  Keep  smal l  ce l ls  and  batteries  wh ich  are  cons idered  swal l owable  ou t of the  reach  of 
ch i l d ren .   

•  Swal lowing  may l ead  to  burns,  perforation  of soft t issue,  and  death .  Severe  burns  can  
occur wi th in  2  h  of i ngestion .  

•  I n  case  of i ngestion  of a  ce l l  or battery,  seek med ical  ass istance  promptl y.  

Dimensions in  millimetres 

 

NOTE  Th is  gauge  defi nes  a  swal l owable  component and  i s  d efi ned  i n  I SO  81 24-1 .  

Figure 3  – Ingestion  gauge  

9  Marking   

9. 1  Cel l  marking  

Cel ls  sha l l  be  marked  as  speci fied  i n  I EC 61 960,  except coin  cel l s .  Coin  cel ls  whose  external  
surface  area  is  too  smal l  to  accommodate  the  markings  on  the  ce l l s  shal l  show the  
des ignation  and  polari ty.   
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By agreement between  the  cel l  manufacturer and  the  battery and /or end  product  
manufacturer,  component cel ls  used  i n  the  manufacture  of a  battery need  not be  marked .  
However,  the  ce l l  marking  can  be  i nd icated  wi th  the  battery,  the  i nstructions  and /or the  
speci fications.   

Conform ity i s  checked  by i nspection .  

9.2  Battery marking  

Batteries  shal l  be  marked  as  speci fied  i n  I EC  61 960,  except for coin  batteries .  Coin  batteries  
whose external  surface  area  is  too  smal l  to  accommodate  the  markings  on  the  batteries  shal l  
show the  designation  and  polari ty.  Batteries  shal l  a lso  be  marked  wi th  an  appropriate  caution  
statement.   

Term inals  shal l  have  clear polari ty marking  on  the  external  su rface  of the  battery.  

Exception :  Batteries  wi th  keyed  external  connectors  des igned  for connection  to  speci fic end  
products  need  not be  marked  wi th  polari ty markings  i f the  des ign  of the  external  connector 
prevents  reverse  polari ty connections.  

Conform ity i s  checked  by i nspection .  

9.3  Caution  for ingestion  of smal l  cel l s  and  batteries  

Coin  cel ls  and  batteries  i denti fied  as  smal l  batteries  accord ing  to  8. 2  shal l  i nclude  a  cau tion  
statement regard ing  the  hazards  of i ngestion  i n  accordance wi th  8. 2.   

When  smal l  cel l s  and  batteries  are  i n tended  for d i rect sa le  i n  consumer-replaceable  
appl ications,  cau tion  for i ngestion  shal l  be  g iven  on  the  immed iate  package.   

Conform i ty i s  checked  by i nspection .  

9.4 Other information  

The fol lowing  in formation  shal l  be  marked  on  or suppl ied  wi th  the  battery:  

•  s torage  and  d isposal  i nstructions;  

•  recommended  charg ing  i nstructions.  

Conform i ty i s  checked  by exam ination  of markings  and  manufacturer's  documentation .  

1 0  Packaging  and  transport 

Packag ing  for coin  cel l s  shal l  not be  smal l  enough  to  fi t  wi th in  the  l im i ts  of the  i ngestion  
gauge  of F igure  3.  

Refer to  Annex E  for i n formation  regard ing  packag ing  and  transport.  
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Annex A 
(normative)  

 
Charging  and  d ischarging  range of 

secondary l i th ium  ion  cel ls  for safe  use  

A.1  General  

Annex A supplements  the  descriptions  i n  both  the  main  part and  annexes.  I t  consti tu tes  a  part  
of th is  document.  

A.2  Safety of l i th ium  ion  secondary battery 

I n  order to  ensure  the  safe  use  of l i th ium  ion  secondary batteries,  manufacturers  who des ign  
and  produce  l i th ium  i on  secondary cel l s  or batteries  shal l  s trictl y observe  the  requ irements  
wh ich  are  speci fied  i n  th is  document.  I n  case  of a  d i fferen t upper l im i t charg ing  vol tage  
( i . e .  other than  for systems as  noted  in  Table  A. 1 ) ,  i t  may be  appropriate  to  ad just the  upper 
l im i t  charg ing  vol tage  and  upper l im i t  charg ing  temperatures  accord ing l y to  fu l fi l  the  cri teria  of 
the  tests.  

A.3  Consideration  on  charging  vol tage  

A.3. 1  General  

The charg ing  vol tage  shal l  be  appl ied  for secondary cel ls  so  as  to  promote  the  chem ical  
reaction  during  charg ing .  However,  i f the  charg ing  vol tage  is  too  h i gh ,  excess ive  chem ical  
reaction  or s ide  reactions  occur,  and  the  battery becomes  thermal l y unstable.  ( I t  may 
overheat and  thermal  runaway may occur. )  Consequentl y,  i t  i s  most importan t that the  
charg ing  vol tage  never exceeds  the  va lue  wh ich  i s  speci fied  by the  battery manufacturer.  On  
the  other hand ,  battery manufacturers  shal l  veri fy the  safety of secondary cel l s ,  wh ich  are  
charged  at  the  speci fied  charg ing  vol tage.   

A.3.2  Upper l im it  charg ing  vol tage  

A.3.2. 1  General  

Li th ium  ion  secondary batteries  wh ich  employ l i th ium  cobal t oxide  as  the  pos i ti ve  acti ve  
materia l  and  carbon  as  the  negative  materia l  are  commonl y used .  I n  th is  battery,  the  upper 
l im i t  charg ing  vol tage,  as  defined  in  Table  A. 1  i s  speci fi ed  based  on  the  cel l  manufacturer’s  
speci fications  wi th  an  example  va lue  of 4 , 25  V for the  l i th ium  ion  cel l  wh ich  is  a  perm iss ible  
upper l im i t charg ing  vol tage  from  a  safety viewpoint.  F igure  A. 1  i l l ustrates  the  basic operati ng  
reg ion  for charg ing .   

A.3.2.2  Explanation  of safety viewpoint  

When  a  l i th i um  ion  battery is  charged  at a  h igher vol tage  than  the  upper l im i t  charg ing  
vol tage,  excess  amount of l i th ium  ion  is  de- in tercalated  from  the  pos i ti ve  e lectrode  acti ve  
materia l  and  i ts  crysta l l i ne  structure  tends  to  col l apse.  As  a  resu l t,  i t  becomes  easy to  
generate  oxygen  and  metal l ic  l i th ium  deposi ts  on  the  carbon  su rface,  wh ich  i s  employed  as  
the  negative  materia l .  

I n  these  cond i ti ons,  when  an  i n ternal  short-ci rcu i t occurs ,  thermal  runaway can  more  easi l y 
occur than  when  said  battery i s  charged  under the  speci fied  cond i ti on .   
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Consequen tl y,  l i th i um  ion  secondary battery shou ld  never be  charged  at a  h igher vol tage  than  
th is  recommended  upper l im i t  charg ing  vol tage.  A su i table  protection  device  shal l  a lso  be  
provided ,  by assum ing  the  possib le  fa i l u re  of charge  con trol  by the  charger.  

For al ternating  current of over 50  kHz,  wh ich  assumes  ri pp le,  the  above  statements  are  not 
appl icable,  s i nce  l i th i um  i on  in  the  battery does  not respond  to  i t.  

 

Figure A. 1  – Representation  of l i th ium  ion  cel ls   
operating  region  for charg ing  

Table  A. 1  – Examples  of operating  reg ion  charging  parameters  

Cel l  type  
Posi tive  
electrode  

E lectrol yte  
Negative  
el ectrode  

Upper l im i t charg ing  
vol tage  

Recommended  
temperatu re  range   

(T
2
 to  T

3
)  

Li th i um  i on  
cel l  

L i th i um  
trans i ti on  
metal  (n i ckel ,  
cobal t,  
manganese,  
etc. )  oxi de  

Non -aqueous  
sol u ti on  wi th  
l i th i um  sal t  

Carbon  Speci fi ed  by the  cel l  
manufacturer 
(Example:  4 , 25  V/cel l )  

Speci fi ed  by the  cel l  
manufacturer 
(Example:  1 0  °C  to  45  °C)  

Ti n  based  
Compound  

Speci fi ed  by the  cel l  
manufacturer 
(Example:  4 , 25  V/cel l )  

Speci fi ed  by the  cel l  
manufacturer 

Ti tan ium  
oxi de  

Speci fi ed  by the  cel l  
manufacturer 
(Example:  2 , 85  V/cel l )  

Speci fi ed  by the  cel l  
manufacturer 

L i th i um  i ron  
phosphate  

Carbon  Speci fi ed  by the  cel l  
manufacturer 
(Example:  3 , 80  V/cel l )  

Speci fi ed  by the  cel l  
manufacturer 

L i th i um  i on  
pol ymer cel l  

L i th i um  
trans i ti on  
metal  (n i ckel ,  
cobal t,  
manganese,  
etc. )  oxi de  

Gel  po lymer 
wi th  l i th i um  
sal t  

Carbon  Speci fi ed  by the  cel l  
manufacturer 
(Example:  4 , 25  V/cel l )  

Speci fi ed  by the  cel l  
manufacturer 
(Example:  1 0  °C  to  45  °C)  

 

A.3.2.3  Safety requ irements,  when  d i fferent upper l imi t  charg ing  vol tage is  appl ied  

I t  i s  sometimes  necessary that upper l im i t charg ing  vol tages  d i fferen t from  the  values  noted  i n  
Table  A. 1  be  appl ied  for a  l i th ium  ion  cel l .  Examples  are  as  fol lows:  

Schematic operating region of Li-ion  cel l  

Cel l  temperature (surface)  

T1  
T2  T3  T4  

C
h
a
rg
in
g
 v
o
lt
a
g
e
 

Upper l im i t  charg i n g   
Vol tage  (Vc)    

Operati n g  reg i on   (vol tage)  

T1  to  T2   Low temperatu re  range   

Operating reg i on  (cu rren t)  

Maximum  charg i n g  cu rren t  (Ic)  

C
h
a
rg
in
g
 c
u
rr
e
n
t 

T2  to  T3   Standard  temperature range  
T3  to  T4   H igh  temperature range  

IEC 
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•  pos i ti ve  active  materia l ,  other than  l i th i um-cobal t-oxide  is  employed ;  

•  ratio  of the  capaci ty of the  pos i ti ve  e lectrode  and  the  negative  e lectrode  i s  changed  from  
the  des ign  viewpoin t.  

When  an  upper l im i t charg ing  vol tage  d i fferent from  the  values  noted  i n  Table  A. 1  i s  to  be  
appl ied  for l i th ium  i on  secondary ce l l s ,  tests  that  are  speci fied  in  7 . 2  to  7. 3  sha l l  be  conducted  
by using  ce l l s  wh ich  are  charged  under the  d i fferen t upper l im i t charg ing  vol tage.  Also,  
re levant documents  expla in ing  reasons  for the  change of upper l im i t  charg ing  vol tage  shal l  be  
kept so  that sa id  d i fferent  vol tage  can  be  used  as  the  new upper l im i t  charg ing  vol tage.  

Examples  of the  documents  expla in ing  reasons  of the  change  of upper l im i t charg ing  vol tage  
are  as  fo l l ows:  

a)  test resu l ts  wh ich  veri fy that the  stabi l i ty of the  crysta l l ine  s tructure  of the  posi ti ve  acti ve  
e lectrode  materia l  when  the  ce l l  i s  charged  at  a  vol tage  h i gher than  the  va lues  speci fi ed  i n  
Table  A. 1  i s  equ iva lent to  or h i gher than  that when  the  cel l  i s  charged  at the  speci fied  
values;  

b)  test resu l ts  wh ich  veri fy that the  acceptance of l i th i um  in to  the  negative  acti ve  e lectrode  
materia l  when  the  cel l  i s  charged  at  a  vo l tage  h igher than  the  va lues  speci fied  i n  
Table  A. 1  i s  equ ivalen t to  or h igher than  that when  the  cel l  i s  charged  at the  speci fied  
va lues;  

c)  test resu l ts  wh ich  veri fy that the  ce l l s  charged  at new upper l im i t charg ing  vol tage  (h igher 
than  the  values  speci fi ed  in  Table  A. 1 )  are  tested  by the  test methods  at the  upper l im i t of 
h igh  temperature  range  and  necessary requ i rements  are  met;  

d )  test resu l ts  wh ich  veri fy that the  cel l s  charged  at a  vol tage  l ower than  the  values  speci fied  
i n  Table  A. 1  are  tested  by the  test methods  at the  upper l im i t of h igh  temperature  range  
and  necessary requ i rements  are  met;  

A.4  Consideration  of temperature  and  charging  current 

A.4. 1  General  

Charg ing  produces  a  chem ical  reaction  and  is  affected  by temperature.  The  amount of s ide  
reaction  or the  cond i ti on  of charge  products  i s  dependent on  temperature  even  when  the  
same upper l im i t  charg ing  vol tage  and  charg ing  curren t are  employed .  

Consequen tl y,  i t  i s  necessary that one  or both  of the  upper l im i t  charg ing  vol tage  and  
maximum  charg ing  curren t shal l  be  reduced  at  both  the  l ow temperature  range  and  h igh  
temperature  range.  These  cond i ti ons  are  cons idered  to  be  more  severe  than  the  standard  
temperature  range  from  a  safety viewpoint.  

F igu re  A. 1  shows  a  bas ic operating  reg ion  under wh ich  typica l  l i th i um  i on  batteries  can  be  
safe l y charged .  

A.4.2  Recommended  temperature range  

A.4.2. 1  General  

With in  the  s tandard  temperature  range  secondary ce l l s  can  be  charged  at  both  the  upper l im i t 
of charg ing  vol tage  and  the  maximum  charg ing  curren t wh ich  i s  speci fi ed  from  a  safety 
viewpoint.   

The  upper l im i t of the  test temperature  and  the  l ower l im i t of the  test temperature  are  
speci fied  as  the  h ighest l im i t and  the  l owest l im i t  of standard  temperature,  respectivel y.  For 
example,  the  recommended  temperature  range  of some l i th i um  ion  batteries  wh ich  employ 
l i th ium-cobal t-oxide  as  the  posi ti ve  active  material  and  carbon  as  the  negative  materia l  i s  
speci fied  as  1 0  °C  to  45  °C.  
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A.4.2.2  Safety consideration  when  a  d i fferent  recommended  temperature range i s  
appl ied  

I n  some secondary cel ls ,  a  d i fferen t  recommended  temperature  range  other 
than  1 0  °C  to  45  °C  i s  appl ied  due  to  the  d i fference of thermal  s tabi l i ty of the  e lectrol yte  and  
other factors.  When  a  new recommended  temperature  range  is  appl i ed ,  tests  that are  
speci fied  i n  7 . 2  to  7. 3  shal l  be  conducted  by us ing  cel ls  wh ich  are  charged  at the  d i fferent test  
temperature.  Also,  re levant documents  expla in ing  reasons  of the  change  of test temperature  
shal l  be  kept so  that d i fferen t temperature  can  be  used .  

Examples  of the  documents,  explain ing  reasons  of the  change  of test temperature  are  as  
fol lows:  

a)  test resu l ts  wh ich  veri fy that the  stabi l i ty of the  crystal  structure  of the  pos i ti ve  acti ve  
e lectrode  materia l ,  when  the  ce l l  i s  charged  at the  new upper l im i t of test temperature,  
h igher than  45  °C  (h ighest l im i t  of the  standard  temperature  range  for typica l  l i th ium  ion  
cel ls) ,  i s  equ iva lent to  or h igher than  that when  the  cel l  i s  charged  at 45  °C;  

b)  test resu l ts  wh ich  veri fy that the  cel l s ,  charged  at the  new upper l im i t of test temperature  
(h igher than  45  °C  +  5  °C)  and  by us ing  the  upper l im i t charg ing  vol tage,  are  tested  by the  
test methods  speci fi ed  i n  7 . 2  to  7 . 3 ;   

c)  test resu l ts  wh ich  veri fy that the  acceptance  of l i th i um  in to  the  negative  acti ve  materia l ,  
when  the  cel l  i s  charged  at the  new lower l im i t  of test temperature,  l ower than  1 0  °C,  i s  
equ ivalent  to  or h i gher than  that  when  the  ce l l  i s  charged  at  1 0  °C;  

d )  test resu l ts  wh ich  veri fy that the  cel ls ,  charged  at  the  new lower l im i t of test temperature  
( l ower than  1 0  °C  to  5  °C)  and  by us ing  the  upper l im i t of charg ing  vol tage,  are  tested  by 
the  test methods  speci fied  i n  7. 2  to  7 . 3 .   

A.4.3  H igh  temperature  range  

A.4.3. 1  General  

I n  the  h i gh  temperature  range  the  temperature  i s  h igher than  i n  the  standard  temperature  
range.  Wi th in  the  h i gh  temperature  range,  charg ing  i s  perm iss ib le  by charg ing  at a  lower 
vol tage  than  the  upper l im i t charg ing  vol tage  wh ich  is  speci fied  for the  s tandard  temperature  
range.  

A.4.3.2  Explanation  of safety viewpoint  

When  l i th i um  ion  is  charged  at a  h igher temperature  at  the  same cond i ti on  as  that  for the  
standard  temperature  range,  a  l arger amount of l i th i um  is  de- i n tercalated  from  the  posi ti ve  
e lectrode  acti ve  materia l .  S i nce  the  i ncrease  i n  the  amount of l i th i um  de- in tercalated  l eads  to  
deterioration  of the  stabi l i ty of the  crystal l i ne  structure,  the  safety performance  of the  battery 
tends  to  decrease.  

Also  the  temperatu re  d i fference between  the  h igh  temperature  range  and  that at wh ich  
thermal  runaway occurs  i s  re lati vel y smal l .  Consequentl y,  i n  case  there  i s  an  accident such  as  
an  i n ternal  short-ci rcu i t,  i t  i s  eas ier for the  battery to  reach  said  temperature.  

As  a  resu l t,  charg ing  cond i tions  are  d i fferen tl y speci fied  i n  the  h igh  temperature  range,  as  
fol lows.  

•  When  the  surface  temperature  of the  l i th i um  ion  cel l  i s  h i gher than  the  upper l im i t of the  
test temperature,  a  d i fferen t charg ing  cond i ti on  wh ich  i s  specia l l y speci fi ed  for the  h igh  
temperature  range  i s  appl ied .  

•  When  the  surface  temperature  of the  l i th i um  ion  ce l l  i s  h i gher than  the  upper l im i t  of the  
h igh  temperature  range,  sa id  battery shal l  never be  charged  under any charg ing  current.  
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A.4.3.3  Safety considerations  when  specifying  charg ing  cond itions  in  the  h igh  
temperature  range  

Charg ing  cond i ti ons  i n  the  h i gh  temperature  range  are  sometimes  speci fied  based  on  the  
thermal  stabi l i ty of the  e lectrol yte  and  other factors .  When  charg ing  cond i tions  in  the  h i gh  
temperature  range  are  to  be  speci fi ed ,  test ce l l s  shal l  be  charged  under these  cond i tions  and  
tested  by the  test methods  speci fied  i n  7 . 2  to  7. 3.   

A.4.3.4  Safety considerations  when  specifying  a  new upper l im it  in  the  h igh  
temperature  range  

I n  some cases,  a  d i fferent upper l im i t  i n  the  h igh  temperature  range,  other than  that shown  i n  
F igure  A. 1  i s  appl ied  due  to  the  d i fference  of thermal  stabi l i ty of pos i ti ve  e lectrode  active  
materia l  and  other factors.  When  a  new upper l im i t i n  the  h i gh  temperature  range  is  to  be  
adopted ,  tests  that are  speci fied  i n  7 . 2  to  7 . 3  sha l l  be  conducted .  Also,  re levant documents  
expla in ing  reasons  of the  change of h igh  temperature  range  shal l  be  kept so  that the  d i fferent  
h igh  temperature  range  can  be  used .  

Examples  of the  documents  expla in ing  reasons  of the  change  of h i gh  temperature  range  are  
as  fol lows:  

a)  test resu l ts  wh ich  veri fy that the  s tabi l i ty of the  crysta l l ine  s tructure  of the  pos i ti ve  acti ve  
e lectrode  materia ls ,  when  the  cel l  i s  charged  at  the  new upper l im i t  of the  h i gh  
temperature  range,  i s  equ ivalen t to  or h igher than  that when  the  cel l  i s  charged  at the  
h ighest  l im i t  of the  present h igh  temperature  range;  

b)  test resu l ts  wh ich  veri fy that the  cel l s  charged  at the  new upper l im i t of the  h igh  
temperature  range  +  5  °C,  when  tested  by the  methods  speci fied  i n  7 . 2  to  7 . 3 ,  meet the  
requ irements .   

A.4.4  Low temperature  range  

A.4.4. 1  General  

I n  the  l ow temperature  range,  the  temperature  i s  lower than  that i n  the  standard  temperature  
range.  I n  the  l ow temperature  range,  charg ing  of the  battery i s  perm issib le  by chang ing  one  or 
both  of the  upper l im i t  of charg ing  vol tage  and  maximum  charg ing  curren t  wh ich  are  speci fi ed  
for the  s tandard  temperature  range.  

A.4.4.2  Explanation  of safety viewpoint  

When  a  l i th i um  ion  battery i s  charged  i n  the  l ow temperature  range,  the  mass  transfer rate  
decreases  and  the  l i th i um  ion  insertion  rate  i n to  the  negative  e lectrode  active  materia l  
becomes  low.  Consequentl y,  metal l ic l i th i um  is  easy to  deposi t  on  the  negative  e lectrode  
surface.  I n  th is  cond i ti on ,  the  battery becomes  thermal l y unstable  and  may overheat and  l ead  
to  thermal  runaway.  

Also,  in  the  l ow temperature  range,  the  acceptance of l i th ium  ion  i s  h igh ly depends  on  the  
temperature.  Consequentl y,  i n  a  l i th ium  ion  battery wh ich  cons ists  of mu l ti -ce l ls  of a  series  
connection ,  the  acceptance of l i th ium  ion  by these  ce l l s  can  be  d i fferen t  due  to  temperature  
d i fferences.  I n  th is  case,  sufficient safety may not be  ensured .  

As  a  resu l t,  charg ing  cond i tions  are  d i fferentl y speci fied  i n  the  l ow temperature  range,  as  
fol l ows.  

•  When  the  surface  temperature  of l i th i um  ion  cel ls  i s  l ower than  the  lower l im i t  of test  
temperature,  d i fferen t charg ing  cond i ti ons  wh ich  are  specia l l y speci fied  for the  low 
temperature  range  are  appl i ed .  

•  When  the  surface  temperature  of l i th ium  ion  cel l s  i s  l ower than  the  lower l im i t  of the  l ow 
temperature  range,  the  battery shal l  never be  charged  under any charg ing  curren t.  
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A.4.4.3  Safety considerations,  when  specifying  charg ing  cond itions  in  the  low 
temperature  range  

Charg ing  cond i tions  in  the  l ow temperature  range  are  sometimes  speci fi ed  based  on  des ign  
factors ,  such  as  the  acceptance of l i th i um  in to  the  negative  e lectrode  acti ve  materia l .  When  
charg ing  cond i tions  i n  the  l ow temperature  range  are  to  be  speci fied ,  test ce l l s  shal l  be  
charged  under these  cond i tions  and  tested  by the  test methods  speci fied  i n  7. 2  to  7 . 3  and  
meet the  requ i rements.  

A.4.4.4  Safety considerations  when  specifying  a  new lower l im it  in  the  low 
temperature  range  

I n  some cases,  a  d i fferent lower l im i t i n  the  low temperature  range  other than  that shown  i n  
F igure  A. 1  i s  appl ied .  Th is  may be  due  to  the  d i fference of acceptance  of l i th i um  in to  the  
negative  e lectrode  acti ve  materia l  and  other factors .  When  a  new l ower l im i t  i n  the  low 
temperature  range  i s  to  be  adopted ,  tests  that are  speci fied  i n  7 . 2  to  7 . 3  sha l l  be  conducted  
and  the  requ irements  met.  Also,  relevant documents  expla in ing  the  reasons  of the  change  of 
the  l ow temperature  range  shal l  be  kept.  

Examples  of the  documents  explain ing  reasons  of the  change of low temperature  range  are  as  
fol l ows:  

a)  test resu l ts  wh ich  veri fy that  the  acceptance  of l i th ium  in to  the  negative  e lectrode  acti ve  
materia l  when  the  ce l l  i s  charged  at the  new lower l im i t of the  l ow temperature  range  is  
equ ivalent to  or h igher than  when  the  cel l  i s  charged  at the  l owest l im i t  of the  present low 
temperature  range;   

b)  test resu l ts  wh ich  veri fy that the  ce l l s  charged  at the  new l ower l im i t  of the  l ow 
temperature  range  −  5  °C  when  tested  by the  methods  speci fied  i n  7 . 2  to  7 . 3  meet the  
requ i rements .   

A.4.5  Scope of the  appl ication  of charg ing  current  

The charg ing  current,  as  speci fied  i n  the  above,  i s  not appl ied  to  an  a l ternating  current of over 
50  kHz,  wh ich  assumes  ri pp le  and  other effects,  s i nce  l i th i um  ion  batteries  do  not respond  to  
such  effects.  (Ripple  curren ts  over 50  kHz are  acceptable. )  

A.4.6  Consideration  of d ischarge  

A.4.6. 1  General  

Figu re  A. 2  i l l ustrates  the  general  operating  reg ion  for d ischarg ing  for a  l i th i um  ion  cel l .  
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Figure A.2  – Representation  of l i th ium  ion  cell  operating region for discharging  

A.4.6.2  F inal  d ischarge  vol tage  and  explanation  of safety viewpoint  

The  cel l  shou ld  not  be  d ischarged  beyond  the  manufacturer’s  speci fied  fi nal  d ischarge  
vol tage.  I f a  cel l  i s  d ischarged  beyond  the  fi nal  d ischarge  vol tage,  the  col lector metal  may 
leach  from  the  negative  e lectrode  and  deposi t l ocal l y during  charg ing .  Th is  deposi tion  may 
grow toward  the  pos i ti ve  e lectrode  and  cause  an  i n ternal  short-ci rcu i t or l i q u id  l eakage.   

I f the  battery vol tage  becomes lower than  the  speci fied  fi na l  d ischarge  vol tage,  con tinued  
charg ing  of the  cel l  shou ld  be  avoided .  

A.4.6.3  Discharge current and  temperature  range   

During  d ischarg ing ,  the  h ighest  d ischarg ing  temperature  shou ld  not be  exceeded .  I f the  
temperature  i s  over the  h ighest d ischarge-start temperature  before  d ischarg ing ,  d ischarg ing  
shou ld  not be  started .  During  d ischarg ing ,  the  maximum  d ischarg ing  curren t shou ld  not be  
exceeded .  

A.4.6.4  Scope of appl ication  of the  d ischarg ing  current  

The d ischarg ing  curren t as  speci fied  above  does  not appl y to  al ternating  curren t components  
(ripple,  etc. )  at  50  kHz or greater where  l i th ium  i ons  do  not  react i ns ide  of the  cel l .  

A.5  Sample preparation  

A.5. 1  General  

I n  order to  provide  more  i n formation  regard ing  the  sample  preparation  for test  7 . 3. 9,  the  
fol l owing  add i ti onal  detai l s  are  provided .   

A.5.2  Insertion  procedure for n ickel  particle  to  generate  i n ternal  short  

The i nsertion  procedure  i s  carried  ou t at 20  °C ±  5  °C and  below −25  °C dew poin t.  
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A.5.3  Disassembly of charged  cel l  

Remove wind ing  core  (assembled  e lectrode/separator,  ro l l ,  and  coi l )  from  the  charged  ce l l  
(see  F igure  A. 6  and  F igu re  A.9) .  

A.5.4  Shape of n ickel  particle  

The  shape of the  n ickel  particle  shal l  be  as  shown  i n  F igu re  A. 3.  

Dimensions:  Heigh t:  0 , 2  mm;  Th ickness:  0 , 1  mm ;  L  shape (Ang le:  90°  ±  1 0° ):  1 , 0  mm  for each  
si de  wi th  5  %  to lerance.  Materia l :  more  than  99  %  (mass  fraction )  pure  n ickel .  

Dimensions in  millimetres 

 

Figure  A.3  – Shape  of n ickel  particle  

A.5.5  Insertion  of n ickel  particle  in  cyl indrical  cel l  

A.5.5. 1  Insertion  of n ickel  particle  in  winding  core  

a)  I nsertion  of n ickel  particle  between  posi ti ve  (active  materia l )  coated  area  and  negative  
(acti ve  material )  coated  area  for cyl i ndrica l  ce l l .  (see  F igure  A. 4).  

1 )  I f ou ter turn  of pos i ti ve  substrate  i s  a lum in ium  foi l ,  cu t off foi l  a t the  d i vi d ing  l i ne  
between  alum in ium  foi l  and  active  materia l ,  i n  order to  make the  short-ci rcu i t test  
between  the  posi ti ve  active  materia l  and  the  negative  acti ve  materia l .  

2)  I nsert  n ickel  particle  between  posi ti ve  active  material  and  separator.  The  a l i gnment of 
the  n ickel  particle  shal l  be  as  shown  in  F igure  A. 4.  Pos i ti on  of the  insertion  of the  
n ickel  particle  shal l  be  20  mm  from  the  edge  of the  cu t a lum in ium  foi l .  D i rection  of 
L-shaped  corner i s  towards  the  d i rection  of wind ing .  

 

Figure A.4  – N ickel  particle  i nsertion  posi tion  between  posi tive  and  negative  
active  material  coated  area  of cyl indrical  cel l  

b)  I nsertion  of n ickel  particle  between  pos i ti ve  a l um in ium  foi l  (uncoated  area)  and  negative  
(active  material )  coated  area  for cyl i ndrical  ce l l .  
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When  alum in ium  foi l  of pos i ti ve  e lectrode  i s  exposed  at ou ter tu rn  and  the  a lum in ium  foi l  i s  
facing  the  coated  negative  active  material ,  the  fol l owing  procedure  shal l  be  used .  

1 )  When  a lum in ium  foi l  of posi ti ve  e lectrode  i s  exposed  at ou ter turn ,  cu t  off the  
a lum in ium  foi l  1 0  mm  from  the  d i vid ing  l i ne  between  al um in ium  foi l  and  acti ve  materia l .  

2)  I nsert  N i  particle  between  a l um in ium  foi l  and  separator.  The  a l i gnment of n ickel  
particle  shal l  be  as  shown  i n  F igure  A. 5.   

Posi tion  of the  insertion  of n ickel  particle  shal l  be  at 1 , 0  mm  from  the  edge  of the  
coating  of posi ti ve  acti ve  materia l  on  a l um in ium  foi l .  

 

Figure  A.5  – N ickel  particle  i nsertion  posi tion  between  posi tive   
alumin ium  foi l  and  negative  active  material  coated  area of cyl indrical  cel l  
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Figure A.6  – Disassembly of cyl indrical  cel l  
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A.5.5.2  Marking  the  posi tion  of the  n ickel  particle  on  both  ends  of the  winding  core  
of the  separator 

The procedure  i s  as  fol lows.  

a)  P lace  i nsu lati ng  sheet between  the  separator that i s  facing  the  n ickel  particle  and  the  
negative  e lectrode  to  protect against  short-ci rcu i ts .   

b)  Manual l y rol l  back the  e l ectrodes  and  separator keeping  the  n ickel  particle  i n  p lace  and  
appl y adhes ive  tape  to  the  wind ing  core.   

c)  Mark pos i tion  of the  n ickel  particle  across  the  wind ing  core.   

d )  Put  wind ing  core  in  a  pol yethylene  bag  wi th  seal ing  zipper and  seal  i t.  Pu t the  
pol yethylene  bag  i n to  a lum in ium  lam inated  bag  to  prevent  from  drying  ou t.   

Remark:  Procedure  shal l  be  completed  wi th in  30  m in .  

A.5.6  Insertion  of n ickel  particle  in  prismatic  cel l  

a)  Prior to  inserting  the  n ickel  particle,  i nsert an  i nsu lati ng  sheet between  the  negative  
e lectrode  and  the  separator that i s  be low the  n ickel  particle  and  the  negative  electrode,  as  
shown  i n  F igure  A. 7,  to  protect  against short-ci rcu i t.  

b)  I nsertion  of n ickel  particle  i n  wind ing  core.  

1 )  I nsertion  of n ickel  particle  between  posi ti ve  (acti ve  materia l )  coated  area  and  negative  
(active  material )  coated  area  for prismatic  cel l  (see  F igure  A.9) .  

i )  I nsert n ickel  particle  between  posi ti ve  (acti ve  materia l )  coated  area  and  separator 
or between  separator and  negative  (acti ve  materia l )  coated  area.  I n  case  of 
a lum in ium  cel l  case,  i nsert n ickel  particle  between  posi ti ve  (acti ve  material )  coated  
area  and  separator.  

i i )  I nsert n ickel  particle  between  posi ti ve  active  materia l  and  separator.  The  a l i gnment 
of the  n ickel  particle  shal l  be  as  shown  i n  F igure  A.7.  N ickel  particle  i s  set a t the  
cen tre  (d iagonal l y)  of the  wind ing  core.  D i rection  of n ickel  particle  L-shape corner 
is  towards  the  d i rection  of wind ing .  

 

Figure A.7  – N ickel  particle  i nsertion  posi tion  between  posi tive  and  negative  
(active  material )  coated  area  of prismatic  cel l  

2)  I nsertion  of n ickel  parti cle  between  pos i ti ve  a l um in ium  fo i l  (uncoated  area)  and  
negative  (acti ve  materia l )  coated  area  for prismatic ce l l .  When  al um in ium  foi l  of 
pos i ti ve  e lectrode  is  exposed  at ou ter turn  and  the  a l um in ium  foi l  i s  facing  the  coated  
negative  acti ve  materia l ,  the  fol l owing  test shal l  be  performed .  
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i )  When  the  a l um in ium  foi l  of pos i ti ve  e lectrode  i s  exposed  at  ou ter turn  and  the  
a lum in ium  foi l  i s  facing  the  coated  negative  acti ve  materia l ,  i nsert n ickel  particle  
between  a lum in ium  foi l  and  separator.   

i i )  The  a l i gnment of n ickel  particle  shal l  be  as  shown  i n  F igure  A. 8.  N ickel  particle  i s  
set at the  centre  of the  flat wind ing  core  surface.  D i rection  of n ickel  
particle  L-shape  corner i s  towards  the  d i rection  of wind ing .  

 

Figure  A.8  – N ickel  particle  i nsertion  posi tion  between  posi tive  alumin ium   
foi l  and  negative  (active  material )  coated  area of prismatic  cel l  

i i i )  Manual l y rol l  back the  e lectrodes  and  separator keeping  the  n i ckel  particle  i n  p l ace  
and  appl y adhesive  tape  to  the  wind ing  core.   

i v)  Mark the  pos i ti on  of n ickel  particle  across  the  wind ing  core.   

v)  Put two l ayers  of pol yim ide  tape  (1 0  mm  wid th ,  25  µm  th ickness)  at the  marking  
pos i tion .  

vi )  Put wind ing  core  in to  a  pol yethylene  bag  wi th  seal i ng  zipper and  seal  i t.  Pu t the  
pol yethylene  bag  i n to  a lum in ium-lam inated  bag  to  prevent from  drying .   

Remark:  Procedure  shou ld  be  completed  wi th in  30  m in .  
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Figure  A.9  – Disassembly of prismatic  cel l s  

A.6  Experimental  procedure of the forced  internal  short-circui t  test 

A.6. 1  Material  and  tools  for preparation  of n ickel  particle  

The necessary material  and  tools  requ ired  for th is  preparation  are  l i s ted  below.   

a)  a  n ickel  p iece:  Prepare  n ickel  p late  (soft temper;  I SO  6208,  NW2200  (N i  99 , 0)  or 

NW2201  (N i  99, 0-LC)  0 , 1 0  mm  ±  0 , 01  mm  th ick made in to  a  p iece  05,0
03,0

20,0 +

−
mm wide  and  

2 , 00  mm  ±  0 , 30  mm  long  by s l i t  process ing  or using  a  punch ing  press;  

b)  stereom icroscope;  
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c)  cu tter kn i fe;   

d )  g lass  s l i des  (2  s l i des:  1  mm  or th icker wi th  square  corners) ;  

e)  g raph  paper (1  mm  square);  

f)  storage  con ta iner for n ickel  particles .  

A.6.2  Example  of a  n ickel  particle  preparation  procedure  

The fol lowing  steps  are  to  be  undertaken .  

a)  P lace  graph  paper on  the  s tage  of the  stereom icroscope and  focus  the  m icroscope  on  the  
l ines  of the  graph  paper.  

b)  Wh i le  l ooking  through  the  m icroscope,  p lace  the  n ickel  p iece  paral lel  to  a  l ine  of the  g raph  
paper.  The  n ickel  p iece  shou ld  be  placed  horizontal l y,  wi th  i ts  0 , 20  mm  s ides  extend ing  
downward  perpend icu larly from  and  i ts  2 , 00  mm  sides  runn ing  paral l el  to  the  l i ne  on  the  
graph  paper.  

c)  P lace  a  g lass  s l ide  vertical l y over the  l eft ha l f (1 , 0  mm)  of the  n ickel  piece.  Use  a  l i ne  of 
the  graph  paper as  a  gu ide  to  posi ti on  the  edge  of the  g lass  s l i de.  

d )  Wh i le  hold ing  the  g lass  s l i de  i n  pl ace  wi th  your fingers,  fo l d  and  ra ise  the  right  
ha l f (1 , 0  mm)  of the  n ickel  p iece  us ing  a  cu tter.  

e)  P lace  the  other g lass  s l i de  to  the  ri ght of the  n i ckel  p iece  to  sandwich  the  ra ised  part.  
S l ightl y press  the  ri ght s l i de  against the  ra ised  part so  that the  n ickel  p iece  is  ben t to  an  
ang le  of 90° .  

f)  Store  the  completed  n ickel  particles  i n  a  storage  conta iner to  prevent them  from  being  
deformed  before  the  test.  

NOTE  The  completed  n i ckel  parti cl es  can  a l so  be  obtained  by us i ng  a  press  mach ine.   

Figure  A. 1 0  shows the  n i ckel  materia l  after fo ld ing  to  a  n ickel  particle .  

Dimensions in  millimetres 

 

Figure A. 1 0  – Dimensions  of a  completed  n ickel  particle  

A.6.3  Posi tion ing  (or placement)  of a  n ickel  particle  

The  fo l l owing  represen ts  some recommendations  on  the  way to  p lace  n ickel  particle.   

a)  I n  the  case  that n ickel  particle  cannot be  placed  i n  the  pos i tion  as  described  i n  
Clause  A. 5,  the  pos i tion  can  be  changed .  
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b)  For a  prismatic ce l l ,  a  n ickel  particle  may be  p laced  i n  a  fl at area.  However,  i t  shal l  be  
pos i tioned  i n  the  centre  of the  pressurized  surface.  I f i t  i s  d i fficu l t  to  p l ace  a  n ickel  particle  
under the  most ou ts ide  l ayer,  i t  may be  p laced  under an  i nside  layer as  shown  i n  
F igu re  A. 1 1 .  

c)  A n ickel  particle  shal l  not be  p laced  in  an  area  where  the  pos i ti ve  acti ve  materia l  has  
become detached  from  the  al um in ium  foi l .  I f the  materia l  has  become detached  i n  the  
speci fied  area,  p l ace  the  n ickel  particle  i n  another area  where  the  posi ti ve  acti ve  materia l  
exists ,  where  the  posi ti on  can  be  pressed  wi th  the  cen tre  of the  pressuring  j i g .  

d )  The  pos i ti on  of n ickel  particle  may be  determ ined  by the  cel l  manufacturer and  the  test  
agent.  

 

Figure A. 1 1  – Posi tion ing  of the  n ickel  particle  when  
i t  cannot be  placed  in  the  specified  area  

A.6.4  Damaged  separator precaution  

The  sample  for evaluation  shal l  not be  used  when  a  separator i s  damaged  during  preparation  
e. g .  separator i s  torn .   

When  a  separator i s  damaged ,  e. g .  the  membrane  i s  ruptured ;  the  ce l l  shal l  not be  used  as  a  
sample  for evaluation .  

A.6.5  Caution  for rewind ing  separator and  electrode  

During  rewind ing  of the  core  to  orig ina l  posi ti on  by pu l l i ng  the  posi ti ve  e lectrode,  negative  
e lectrode  and  separator,  pay attention  to  avoid  l oosen ing  the  wound  core.   

F igu re  A. 1 2  be low shows  an  example  of cyl i ndrical  ce l l .  

 

Figure A. 1 2  – Cyl indrical  cel l  
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A.6.6  Insu lation  fi lm  for preventing  short-circu i t  

To preven t short-ci rcu i t  before  the  test,  i t  i s  recommended  to  i nsert  an  i nsu lation  fi lm  of a  
th ickness  of 25  µm  or l ess.  

A.6.7  Caution  when  d isassembl ing  a  cel l  

The fol lowing  represen ts  some recommendations  on  the  way to  d isassemble  the  cel l .   

a)  Cel ls  shou ld  be  d isassembled  i n  an  open-type  dry chamber or a  d ry room ,  where  the  

temperature  i s  20  °C  ±  5  °C  and  the  dew poin t  temperature  is  below −25  °C.  

b)  Be  carefu l  not to  short-ci rcu i t  ce l ls  d uring  d isassembl ing .  For example,  u se  tools  whose  
edges  are  made of ceram ic or i nsu lated .  Take  g reat care  to  d isassemble  seal ing  area  of 
ce l l s  i n  particu lar.  

c)  There  are  many d i fferent cel l  structures,  so  i t  i s  recommended  to  check wi th  the  
manufacturer for the  most appropriate  s tructure  and  part where  a  short-ci rcu i t may eas i l y 
happen .   

d )  Cel ls  short-ci rcu i ted  during  d isassembl i ng  shou ld  not be  used  for the  fol lowing  test.  

A.6.8  Protective  equ ipment for safety 

Long  s leeved  protecti ve  cloth ing ,  protecti ve  g lasses,  a  mask and  g loves  shou ld  be  worn .  

A.6.9  Caution  in  the  case  of fi re  during  d isassembl ing  

The fol l owing  represen ts  some recommendations  on  the  way to  manage a  fi re.   

a)  To  prevent fi re  spread ing ,  unnecessary fl ammable  materials  shou ld  not be  p laced  i n  the  
work area.  

b)  Take  countermeasures  to  prevent the  cel l  con tents  scattering  when  cel l s  catch  fi re .  For 
example,  a  fi re  protection  cloth  or sand  shou ld  be  avai lab le  i n  the  work area,  and  the  gas  
shou ld  be  exhausted  effecti vel y.  

A.6. 1 0  Caution  for the  d isassembl ing  process  and  pressing  the electrode core  

The fol lowing  represen ts  some recommendations  on  the  way to  hand le  the  wound  core .   

a)  P lace  one  wound  core  i n  one  zip-lock pol yethyl ene  bag ,  and  then  p lace  them  in  one  
a lum in ium  lam inated  bag .  To  m in im ize  vaporization  of the  e lectrol yte,  use  bags  as  smal l  
as  poss ib le.  For example,  use  a  pol yethylene  bag  of 

1 00  mm  (wid th)  ×  1 40  mm  (height)  ×  0 , 04  mm  (th ickness)  and  an  a lum in ium  lam inated  bag  

of 1 20  mm  (wid th )  ×  1 80  mm  (height)  ×  0 , 1 1  mm  (th ickness).  

b)  Carry ou t the  work from  cel l  d isassembl ing  to  p lacing  i n  the  a lum in ium  l am inated  bag  
wi th in  30  m in .  

c)  The  storage  period  i n  the  a l um in ium  lam inated  bag  shou ld  not exceed  1 2  h .  

1 )  The  wound  core  shou ld  be  p laced  on  the  testi ng  mach ine  wi th in  2  m in  after taking  ou t 
the  wound  core  from  the  bags.  

2)  When  the  temperature  of the  wound  core  reaches  the  testi ng  temperature,  start  
pressurizing .   

3)  When  the  test i s  conducted  at a  h igh  temperature,  to  m in im ize  vaporization  of the  
e lectrol yte,  i t  i s  des irable  to  start pressurizing  wi th in  3  m in  after p l acing  the  wound  
core  on  the  testing  mach ine.  When  the  test i s  conducted  at a  l ow temperature,  i t  i s  
desi rable  to  s tart  the  test  wi th in  1 0  m in .  

A.6. 1 1  Recommended  specifications  for the  pressing  device  

The l ocus  of the  servo-motor press  moves  l i nearl y,  however a  h ydrau l i c press  mechan ism  
does  not.  When  the  i n ternal  short-ci rcu i t occurs,  the  pressing  device  shal l  stop  immed iate l y by 
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detecti ng  the  cel l  vol tage  drop.  The  servo-motor press  can  stop  immed iate l y;  however,  the  
hydrau l ic press  cannot.  Therefore,  the  servo-motor press  is  recommended  for the  press ing  
device.  

The  recommended  speci fications  of the  servo-motor press  are  shown  i n  Table  A. 2.  

Table  A.2  – Recommended  speci fications  of a  pressing  device  

I tem  
Speci fications  i n  
IEC  621 33: 201 2  

Recommendation  

Pressuri zi ng  method  －  Servo-motor press  

Press  speed  0 , 1  mm/s  (0 , 1  ±  0 , 01 )  mm/s  

Posi ti on  s tabi l i ty after pressuri zi ng  －  ± 0, 02  mm  

Maximum  pressuri zi ng  capabi l i ty  

Cyl i nd ri cal :  

1  000  N  or more  
(recommended  press  capabi l i ty  
to  ach ieve  the  speci fi cation  i n  
l eft  col umn)  

800  N  max.  

Pri smatic:  

400  N  max.  

Pressure  measuring  method  －  D i rectl y measured  wi th  a  l oad  cel l  

Pressure  measuring  period  －  5  ms  or l ess  

Time  to  stop  pressure  head  after 
50  mV del ta  i s  detected  

－  1 00  ms  or l ess  

 

Figure  A. 1 3  shows the  p lots  of the  d is tance  from  the  start poin t  of the  press ing  devices.  
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Figure  A. 1 3  – Distance  /  time  ratio  of several  types  of pressing  devices  
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Annex B  
(informative)  

 
Recommendations  to equipment manufacturers   

and  battery assemblers  

The fol lowing  represents  a  typical ,  bu t non-exhaustive,  l i s t  of good  advice  to  be  provided  by 
the  manufacturer of secondary cel l s  and  batteries  to  equ ipment manufacturers  and  battery 
assemblers.  

a)  Do  not d ismantle,  open  or shred  cel l s.  Batteries  shou ld  be  d ismantled  on l y by tra ined  
personnel .  Mu l ti -cel l  battery cases  shou ld  be  designed  so  that they can  be  opened  on l y 
wi th  the  a i d  of a  tool .  

b)  Compartmen ts  shou ld  be  des igned  to  prevent  easy access  to  the  batteries  by young  
ch i l d ren .  

c)  Do  not short-ci rcu i t a  ce l l  or battery.  Do  not store  cel l s  or batteries  haphazard l y in  a  box or 
d rawer where  they may short-ci rcu i t  each  other or be  short-ci rcu i ted  by conductive  
materia ls .  

d )  Do  not remove a  cel l  or battery from  i ts  ori g i na l  packag ing  un ti l  requ ired  for use.  

e)  Do  not expose cel ls  or batteries  to  heat or fi re.  Avoid  storage  i n  d i rect sun l igh t.  

f)  Do  not subj ect cel l s  or batteries  to  mechan ica l  shock.  

g )  I n  the  event of a  cel l  l eaking ,  do  not a l l ow the  l i qu id  to  come i n to  contact  wi th  the  skin  or 
eyes.  I f contact has  been  made,  wash  the  affected  area  wi th  copious  amounts  of water 
and  seek med ical  advice.  

h )  Equ ipment shou ld  be  designed  to  proh ibi t  the  i ncorrect i nsertion  of cel ls  or batteries  and  
shou ld  have  clear polari ty marks.  Always  observe  the  polari ty marks  on  the  ce l l ,  battery 
and  equ ipment and  ensure  correct use.  

i )  Do  not m ix cel ls  of d i fferen t manufacture,  capaci ty,  s i ze  or type  wi th in  a  battery.  

j )  Seek med ical  advice  immed iatel y i f a  cel l  or battery has  been  swal lowed .  

k)  Consu l t the  cel l  or battery manufacturer on  the  maximum  number of cel l s  wh ich  may be  
assembled  i n  a  battery and  on  the  safest way i n  wh ich  cel ls  may be  connected .  

l )  A ded icated  charger shou ld  be  provided  for each  equ ipment.  Complete  charg ing  
i nstructions  shou ld  be  provided  for a l l  secondary ce l l s  and  batteries  offered  for sale.  

m )  Keep cel l s  and  batteries  clean  and  dry.  

n )  Wipe  the  cel l  or battery term inals  wi th  a  cl ean  dry cloth  i f they become d i rty.  

o)  Secondary cel l s  and  batteries  need  to  be  charged  before  use.  Always  refer to  the  cel l  or 
battery manufacturer’s  instructions  and  use  the  correct charg ing  procedure.  

p)  Do  not main tain  secondary ce l l s  and  batteries  on  charge  when  not  i n  use.  

q )  After extended  periods  of storage,  i t  may be  necessary to  charge  and  d ischarge  the  cel ls  
or batteries  several  t imes  to  obtain  maximum  performance.  

r)  Reta in  the  ori g inal  ce l l  and  battery l i terature  for fu ture  reference.  

s)  When  d ispos ing  of secondary ce l ls  or batteries,  keep ce l l s  or batteries  of d i fferen t  
e lectrochem ical  systems separate  from  each  other.  
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Annex C  
(informative)  

 
Recommendations  to the  end-users  

The fol lowing  represents  a  typical ,  bu t non-exhaustive,  l i s t of good  advice  to  be  provided  by 
the  equ ipment manufactu rer to  the  end-user.  

a)  Do  not d ismantle,  open  or shred  secondary cel ls  or batteries .  

b)  Keep  batteries  ou t of the  reach  of ch i ld ren  

Battery usage  by ch i l d ren  shou ld  be  supervised .  Especial l y keep smal l  batteries  ou t of 
reach  of smal l  ch i l d ren .   

c)  Seek med ical  advice  immed iate l y i f a  cel l  or a  battery has  been  swal lowed .  

d )  Do  not expose cel l s  or batteries  to  heat or fi re .  Avoid  storage  i n  d i rect  sun l igh t.  

e)  Do  not short-ci rcu i t a  cel l  or a  battery.  Do  not  store  cel l s  or batteries  haphazard l y i n  a  box 
or d rawer where  they may short-ci rcu i t  each  other or be  short-ci rcu i ted  by other meta l  
obj ects .  

f)  Do  not remove a  cel l  or battery from  i ts  orig inal  packag ing  un ti l  requ i red  for use.  

g )  Do  not subj ect  cel ls  or batteries  to  mechan ica l  shock.  

h )  I n  the  event of a  cel l  l eaking ,  do  not a l l ow the  l i qu id  to  come i n  contact wi th  the  skin  or 
eyes.  I f contact has  been  made,  wash  the  affected  area  wi th  copious  amounts  of water 
and  seek med ical  advice.  

i )  Do  not use  any charger other than  that speci fical l y provided  for use  wi th  the  equ ipment.  

j )  Observe  the  p lus  (+)  and  m inus  (−)  marks  on  the  cel l ,  battery and  equ ipment and  ensure  
correct use.  

k)  Do  not use  any cel l  or battery wh ich  i s  not des igned  for use  wi th  the  equ ipment.  

l )  Do  not m ix ce l l s  of d i fferen t manufactu re,  capaci ty,  s i ze  or type  wi th in  a  device.  

m )  Always  purchase  the  battery recommended  by the  device  manufacturer for the  equ ipment.  

n )  Keep ce l l s  and  batteries  clean  and  d ry.  

o)  Wipe  the  cel l  or battery term inals  wi th  a  clean  dry cloth  i f they become d i rty.  

p)  Secondary cel l s  and  batteries  need  to  be  charged  before  use.  Always  use  the  correct 
charger and  refer to  the  manufacturer’s  i nstructions  or equ ipment manual  for proper 
charg ing  instructions.  

q )  Do  not l eave  a  battery on  prolonged  charge  when  not i n  use.  

r)  After extended  periods  of storage,  i t  may be  necessary to  charge  and  d ischarge  the  cel l s  
or batteries  several  t imes  to  obta in  maximum  performance.  

s)  Retain  the  ori g ina l  product l i terature  for fu ture  reference.  

t)  Use  the  ce l l  or battery on l y i n  the  appl ication  for wh ich  i t  was  i n tended .  

u )  When  possib le,  remove the  battery from  the  equ ipment when  not i n  use.  

v)  D ispose  of properl y.  
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Annex D  
(normative)  

 
Measurement of the  internal  AC   

resistance for coin  cel ls  

D.1  General  

Annex D  provides  a  method  for measuring  the  i n ternal  resistance  of a  coin  ce l l  to  determ ine  i f 
testing  accord ing  to  Table  1  i s  requ ired .   

D.2  Method  

a)  Requ i rement  

To  measure  the  i n ternal  res istance  of a  coin  cel l  to  determ ine  i f the  cel l ’s  i n ternal  

res istance  i s  l ess  than  or equal  to  3  Ω  and  the  testing  per Table  1  i s  requ ired .   
See  Clause  6 .  

b)  Test 

A sample  s i ze  of th ree  coin  ce l l s  i s  requ ired  for th is  measurement.  

Step  1  – The  ce l l s  sha l l  be  charged ,  i n  an  ambient temperature  of 20  °C  ±  5  °C,  us ing  the  
method  declared  by the  manufacturer.  

Step  2  −  The  ce l ls  sha l l  be  s tored ,  i n  an  ambient temperature  of 20  °C  ±  5  °C,  for not l ess  
than  1  h  and  not more  than  4  h .  

Step  3  – The  measurement of i n ternal  AC  resistance  shal l  be  performed  as  noted  below.  

The  a l ternating  r.m .s.  vol tage,  Ua ,  shal l  be  measured  when  appl ying  to  the  cel l  an  

a l ternating  r.m .s.  current,  Ia ,  a t the  frequency of 1 , 0  kHz ±  0 , 1  kHz for a  period  of 1  s  to  
5  s .  

The  i n ternal  AC  res istance,  Rac,  i s  g i ven  by:   

a

a
ac

I

U
R =  [Ω ]  

where  

Ua  i s  the  a l ternating  r.m .s.  vol tage;  

Ia  i s  the  a l ternating  r.m . s.  curren t.  

NOTE  1  The  a l ternati ng  cu rren t i s  selected  so  that  the  peak vol tage  stays  bel ow 20  mV.  

NOTE  2  Th i s  method  wi l l  measure  the  impedance  wh ich ,  i n  the  range  of frequency speci fi ed ,  i s  approximately  
equal  to  the  res i stance.  

NOTE  3  Connections  to  the  battery term inal s  are  made  i n  such  a  way that  vol tage  measurement con tacts  are  
separate  from  contacts  used  to  carry cu rren t.  

c)  Acceptance cri teria  

Coin  cel ls  wi th  an  i n ternal  res istance  of l ess  than  or equal  to  3  Ω  are  subj ected  to  the  
testing  accord ing  to  Clause  6  and  Table  1 .  Coin  cel ls  wi th  an  i n ternal  resistance  greater 

than  3  Ω  requ i re  no  further testing .  
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Annex E  
(informative)  

 
Packaging  and  transport 

The goal  of packag ing  of secondary ce l ls  and  batteries  for transport i s  to  prevent  
opportun i ti es  for short-ci rcu i t,  mechan ica l  damage and  poss ib le  i ngress  of moisture.  The  
materia ls  and  packag ing  des ign  shou ld  be  chosen  so  as  to  prevent the  development of 
un in tentional  e lectrical  conduction ,  corros ion  of the  term inals  and  i ngress  of envi ronmental  
con tam inan ts.  

L i th ium  i on  cel ls  and  batteries  are  regu lated  by the  I n ternational  C ivi l  Aviation  
Organ ization  ( ICAO),  the  I n ternational  Ai r Transport Association  ( I ATA),  the  I n ternational  
Mari time Organ ization  ( IMO)  and  other government agencies.  

Regu lations  concern ing  i n ternational  transport of secondary l i th ium  batteries  are  based  on  the  
UN  Recommendations  on  the  Transport of Dangerous  Goods.  Testing  requ irements  are  
defined  in  the  UN  Manual  of Tests  & Cri teria.  As  regu lations  are  subj ect to  change,  the  l atest 
ed i tions  shou ld  be  consu l ted .  

For reference,  transportation  tests  are  a lso  g i ven  i n  I EC  62281 .  
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Annex F  
(informative)  

 
Component standards  references  

Components  re l i ed  upon  for safety of the  battery shou ld  comply wi th  thei r appropriate  
component standard  i f appl icable.  See  Table  F . 1  for some component standards  that may 
appl y to  battery components .  

Table  F . 1  – Component standard  references  

Component  IEC  standard  reference  

Fuse  I EC 601 27  (a l l  parts),  Miniature fuses  

PTC device  I EC 60738-1 ,  Thermistors – Directly heated positive temperature coefficient – Part 1 :  Generic 
specification  

Thermal  l i nk  I EC 60691 ,  Thermal-links – Requirements and application guide  

FET I EC 60747-8,  Semiconductor devices – Discrete devices – Part 8:Field-effect transistors  

 


