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I N TE RN ATI ON AL E LE CTROTE CH N I C AL COM M I S S I O N  
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SECONDARY LITHIUM-ION CELLS FOR THE PROPULSION  

OF ELECTRIC ROAD VEHICLES –  
 

Part  4:  Candidate al ternative test  methods 
for the  in ternal  short  ci rcu i t  test  of IEC 62660-3  

 
FORE W ORD  

1 )  Th e  I n t e rn at i o n al  E l e ctro te ch n i cal  C o m m i s s i o n  ( I E C )  i s  a  wo rl d wi d e  o rg a n i z at i o n  fo r  s tan d ard i z at i o n  co m p ri s i n g  
al l  n ati o n al  e l e ct ro te c h n i cal  c o m m i tte e s  ( I E C  N ati o n al  C o m m i tt e e s ) .  Th e  o b j e c t  o f  I E C  i s  to  p ro m o t e  
i n t e rn at i o n a l  c o - o p e rat i o n  o n  a l l  q u e s ti o n s  co n ce rn i n g  s t an d a rd i z at i o n  i n  th e  e l e c tri c al  an d  e l e c tro n i c  f i e l d s .  To  
th i s  e n d  an d  i n  ad d i t i o n  t o  o t h e r acti vi t i e s ,  I E C  p u bl i s h e s  I n t e rn at i o n al  S t an d a rd s ,  Te ch n i c al  S p e c i f i c at i o n s ,  
Te c h n i cal  R e p o rt s ,  P u b l i cl y  Avai l abl e  S p e ci f i cati o n s  ( P A S )  an d  G u i d e s  ( h e re afte r re fe rre d  to  as  “ I E C  
P u bl i c at i o n ( s ) ” ) .  Th e i r  p re p a rat i o n  i s  e n tru s te d  t o  te ch n i c al  co m m i tt e e s ;  an y I E C  N at i o n al  C o m m i tt e e  i n te re s t e d  
i n  t h e  s u b j e ct  d e al t  wi t h  m ay p art i ci p ate  i n  th i s  pre p arat o ry wo rk.  I n t e rn ati o n al ,  g o ve rn m e n t al  an d  n o n -
g o ve rn m e n tal  o rg an i z at i o n s  l i a i s i n g  wi t h  t h e  I E C  al s o  p art i ci pate  i n  t h i s  pre pa rat i o n .  I E C  c o l l a b o rate s  cl o s e l y  
wi t h  th e  I n t e rn ati o n al  O rg an i z ati o n  fo r  S t an d ard i z ati o n  ( I S O )  i n  acc o rd an c e  wi t h  co n d i t i o n s  d e te rm i n e d  b y  
ag re e m e n t  b e t we e n  t h e  t wo  o rg an i z at i o n s .  

2 )  Th e  fo rm al  d e ci s i o n s  o r  ag re e m e n t s  o f  I E C  o n  te ch n i c al  m at te rs  e xp re s s ,  as  n e arl y  as  p o s s i b l e ,  a n  i n t e rn at i o n al  
co n s e n s u s  o f  o p i n i o n  o n  t h e  re l e van t  s u b j e ct s  s i n c e  e ac h  te ch n i c al  co m m i tt e e  h as  re p re s e n tati o n  fro m  al l  
i n t e re s t e d  I E C  N at i o n al  C o m m i tt e e s .   

3 )  I E C  P u b l i cat i o n s  h a ve  t h e  fo rm  o f  re co m m e n d ati o n s  fo r  i n t e rn at i o n al  u s e  an d  a re  acc e p t e d  b y  I E C  N ati o n al  
C o m m i tt e e s  i n  t h at  s e n s e .  W h i l e  al l  re as o n a bl e  e ffo rts  are  m ad e  to  e n s u re  t h at  t h e  t e ch n i cal  co n t e n t  o f  I E C  
P u bl i c at i o n s  i s  ac cu rat e ,  I E C  can n o t  be  h e l d  re s p o n s i b l e  fo r  t h e  way i n  wh i c h  th e y are  u s e d  o r fo r  a n y  
m i s i n te rp re t ati o n  b y an y e n d  u s e r.  

4)  I n  o rd e r to  p ro m o t e  i n t e rn at i o n al  u n i fo rm i t y,  I E C  N at i o n al  C o m m i tt e e s  u n d e rt ake  to  ap p l y I E C  P u b l i cati o n s  
tran s p are n tl y t o  t h e  m a xi m u m  e xte n t  p o s s i bl e  i n  th e i r  n a t i o n al  an d  re g i o n a l  p u bl i cati o n s .  An y d i ve rg e n c e  
be t we e n  an y I E C  P u b l i c at i o n  a n d  th e  co rre s po n d i n g  n at i o n al  o r re g i o n al  pu b l i cat i o n  s h a l l  be  c l e arl y  i n d i cate d  i n  
th e  l at te r.  

5 )  I E C  i t s e l f  d o e s  n o t  p ro vi d e  a n y at te s tati o n  o f  c o n f o rm i t y.  I n d e p e n d e n t  ce rt i f i cati o n  b o d i e s  pro vi d e  co n fo rm i t y  
as s e s sm e n t  s e rvi ce s  an d ,  i n  s o m e  are as ,  acce s s  to  I E C  m arks  o f  co n fo rm i ty.  I E C  i s  n o t  re s p o n s i bl e  fo r  an y  
s e rvi c e s  carri e d  o u t  b y i n d e p e n d e n t  ce rt i f i cat i o n  b o d i e s .  

6 )  Al l  u s e rs  s h o u l d  e n s u re  t h at  th e y h ave  th e  l ate s t  e d i t i o n  o f  t h i s  pu bl i c at i o n .  

7)  N o  l i a bi l i t y  s h al l  att ac h  t o  I E C  o r  i ts  d i re c to rs ,  e m p l o ye e s ,  s e rvan t s  o r ag e n ts  i n cl u d i n g  i n d i vi d u al  e xpe rts  an d  
m em be rs  o f  i ts  te ch n i c al  co m m i tt e e s  an d  I E C  N at i o n al  C o m m i tt e e s  fo r  an y p e rs o n al  i n j u ry ,  pro pe rty  d am ag e  o r  
o th e r d am ag e  o f  an y n at u re  wh at s o e ve r,  wh e th e r d i re ct  o r  i n d i re ct,  o r fo r co s ts  ( i n c l u d i n g  l e g al  fe e s )  a n d  
e xp e n s e s  ari s i n g  o u t  o f  th e  p u b l i c at i o n ,  u s e  o f,  o r  re l i an c e  u p o n ,  th i s  I E C  P u b l i cati o n  o r  an y o th e r I E C  
P u b l i cati o n s .   

8 )  Att e n ti o n  i s  d ra wn  t o  t h e  N o rm ati ve  re f e re n ce s  c i te d  i n  th i s  pu bl i cati o n .  U s e  o f  t h e  re fe re n c e d  p u b l i c at i o n s  i s  
i n d i s p e n s a b l e  fo r  t h e  co rre ct  ap pl i cat i o n  o f  t h i s  p u bl i c at i o n .  

9 )  Att e n ti o n  i s  d ra wn  t o  th e  po s s i b i l i t y  th at  s o m e  o f  th e  e l e m e n ts  o f  th i s  I E C  P u b l i cati o n  m ay b e  t h e  s u b j e ct  o f  
p at e n t  ri g h t s .  I E C  s h al l  n o t  be  h e l d  re s p o n s i b l e  fo r  i d e n t i fyi n g  an y o r  a l l  s u ch  pat e n t  ri g h ts .  

Th e  m ai n  tas k o f  I E C  te c h n i c al  co m m i tte e s  i s  to  p re p are  I n te rn ati o n al  S tan d ard s .  H o we ve r,  a 
te c h n i c al  c o m m i tte e  m ay pro p o s e  th e  pu b l i c ati o n  o f  a  Te ch n i cal  R e p o rt  wh e n  i t  h as  c o l l e cte d  
d ata o f  a  d i ffe re n t  ki n d  fro m  th at  wh i c h  i s  n o rm al l y p u bl i s h e d  as  an  I n te rn ati o n al  S tan d ard ,  fo r  
e xam p l e  " s tate  o f  th e  art" .  

I E C  TR  6 2 6 6 0 - 4,  wh i c h  i s  a  Te ch n i cal  R e po rt,  h as  b e e n  p re p are d  b y I E C  te ch n i cal  c o m m i tte e  
2 1 :  S e co n d ar y ce l l s  an d  batte ri e s .  
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Th e  te x t  o f  th i s  Te c h n i cal  R e p o rt  i s  b as e d  o n  th e  fo l l o wi n g  d o cu m e n ts :  

E n q u i ry d raft  R e p o rt  o n  vo t i n g  

2 1 /8 9 1 /D T R  2 1 /8 9 9 /R V C  

 
Fu l l  i n fo rm ati o n  o n  th e  vo ti n g  f o r th e  ap pro val  o f  th i s  T e c h n i cal  R e p o rt  c an  b e  fo u n d  i n  th e  
re p o rt  o n  vo ti n g  i n d i c ate d  i n  th e  ab o ve  tab l e .  

Th i s  d o cu m e n t  h as  b e e n  d rafte d  i n  acc o rd an ce  wi th  th e  I S O /I E C  D i re c ti ve s ,  P art  2 .  

A l i s t  o f  al l  p arts  i n  th e  I E C  6 2 6 6 0  s e ri e s ,  p u bl i s h e d  u n d e r  th e  g e n e ral  t i t l e  Secondary lithium-
ion cells for the propulsion of electric road vehicles,  c an  be  fo u n d  o n  th e  I E C  we bs i te .  

Th e  co m m i tte e  h as  d e ci d e d  th at  th e  co n te n ts  o f  th i s  d o c u m e n t wi l l  re m ai n  u n ch an g e d  u n ti l  th e  
s tab i l i t y d ate  i n d i cate d  o n  th e  I E C  we bs i te  u n d e r " h ttp : //we bs to re . i e c. c h "  i n  th e  d ata re l ate d  to  
th e  s p e c i f i c  d o cu m e n t.  At  th i s  d ate ,  th e  d o c u m e n t  wi l l  b e   

•  re co n fi rm e d ,  

•  wi th d rawn ,  

•  re p l ac e d  b y a re vi s e d  e d i ti o n ,  o r  

•  am e n d e d .  

A b i l i n g u al  ve rs i o n  o f  th i s  p u bl i cati o n  m a y be  i s s u e d  at  a  l ate r d ate .  

 

IMPORTANT – The 'colour inside'  l ogo  on  the  cover  page of  th is  publ ication  ind icates 
that  i t  contains  colours  which  are  considered  to  be  usefu l  for  the  correct  
understand ing  of  i ts  contents.  Users shou ld  therefore prin t  th is  document  using  a  
colour prin ter.  
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I N TROD U CTI O N  

I E C  6 2 6 6 0 - 3  pro vi d e s  th e  te s t  pro c e d u re s  an d  acce p tan ce  cri te ri a  fo r  s afe t y p e rf o rm an ce  o f  
s e co n d ary l i th i u m - i o n  ce l l s  an d  c e l l  b l o cks  u s e d  fo r pro p u l s i o n  o f  e l e ctri c  ve h i cl e s  ( E V)  
i n cl u d i n g  b atte r y e l e c tri c  ve h i c l e s  ( B E V)  an d  h yb ri d  e l e c tri c  ve h i c l e s  ( H E V) .  I E C  6 2 6 6 0 - 3  
s pe c i f i e s  th e  i n te rn al  s h o rt  c i rc u i t  te s t  to  s i m u l ate  an  i n te rn al  s h o rt  c i rc u i t  o f  a  c e l l  c au s e d  b y 
th e  co n tam i n ati o n  o f  c o n d u c ti ve  parti c l e ,  b as e d  o n  I E C  6 2 6 1 9 .  B e cau s e  t h e  te s t  m e th o d  
bas e d  o n  I E C  6 2 6 1 9  re q u i re s  o p e n i n g  o f  th e  ce l l  an d  care  to  be  take n ,  th e  i n d u s tr y n e e d s  
al te rn ati ve  te s t  m e th o d s  th at  co u l d  al s o  b e  ap pl i e d  u n d e r  c e rtai n  c o n d i t i o n s .  Th i s  d o cu m e n t 
pro vi d e s  c an d i d ate s  o f  al te rn ati ve  te s t  pro ce d u re s .  

N O TE  Th i s  t e s t  i s  to  be  c o n d u ct e d  i n  a  f ac i l i ty  s u i ta b l e  t o  co n tai n  t h e  p o te n ti al  fo r  h a z a rd o u s  re ac ti o n s  u p  t o  an d  
i n c l u d i n g  a n  e xpl o s i o n  an d  wi t h  s taff  t rai n e d  t o  m an ag e  th e  ri s ks .  
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SECONDARY LITHIUM-ION CELLS FOR THE PROPULSION  
OF ELECTRIC ROAD VEHICLES –  

 
Part  4:  Candidate al ternative test  methods 

for the  in ternal  short  ci rcu i t  test  of IEC 62660-3  
 
 
 

1  Scope 

Th i s  P art  o f  I E C  6 2 6 6 0  pro vi d e s  th e  te s t  d ata o n  th e  c an d i d ate  al te rn ati ve  te s t  m e t h o d s  fo r  
th e  i n te rn al  s h o rt  c i rc u i t  te s t  acco rd i n g  to  6 . 4 . 4 . 2 . 2  o f  I E C  6 2 6 6 0 - 3 : 2 0 1 6 .  Th e  i n te rn al  s h o rt  
ci rcu i t  te s t  i n  th i s  d o c u m e n t  i s  i n te n d e d  to  s i m u l ate  an  i n te rn al  s h o rt  c i rc u i t  o f  a  ce l l  cau s e d  b y 
th e  co n tam i n ati o n  o f  c o n d u cti ve  parti cl e ,  an d  to  ve r i f y th e  s afe t y p e rfo rm an ce  o f  th e  ce l l  u n d e r 
s u ch  co n d i t i o n s .  

Th i s  d o cu m e n t i s  ap p l i cab l e  to  th e  s e co n d ar y l i th i u m - i o n  c e l l s  an d  c e l l  b l o cks  u s e d  f o r 
pro p u l s i o n  o f  e l e ctri c  ve h i c l e s  ( E V)  i n c l u d i n g  batte r y e l e ctri c  ve h i c l e s  ( B E V)  an d  h yb ri d  
e l e ctri c  ve h i c l e s  ( H E V) .  

N O TE  Th i s  d o c u m e n t  d o e s  n o t  co ve r c yl i n d ri cal  ce l l s .  

2 Normative references 

Th e  fo l l o wi n g  d o cu m e n ts  are  re fe rre d  to  i n  th e  te xt  i n  s u ch  a  wa y th at  s o m e  o r al l  o f  th e i r  
co n te n t  c o n s ti tu te s  re q u i re m e n ts  o f  th i s  d o cu m e n t.  F o r  d ate d  re fe re n ce s ,  o n l y th e  e d i t i o n  
ci te d  app l i e s .  Fo r u n d ate d  re fe re n ce s ,  th e  l ate s t  e d i t i o n  o f  th e  re f e re n ce d  d o cu m e n t ( i n c l u d i n g  
an y am e n d m e n ts )  ap pl i e s .  

I E C  6 2 6 1 9 : 2 0 1 7 ,  Secondary cells and batteries containing alkaline or other non-acid 
electrolytes – Safety requirements for secondary lithium cells and batteries,  for use in 
industrial applications 

I E C  6 2 6 6 0 - 3 : 2 0 1 6 ,  Secondary lithium-ion cells for the propulsion of electric road vehicles – 
Part 3: Safety requirements 

3 Terms and  defin i tions  

Fo r th e  pu rp o s e s  o f  th i s  d o cu m e n t,  th e  te rm s  an d  d e fi n i t i o n s  g i ve n  i n  I E C  6 2 6 6 0 - 3  ap p l y.  

I S O an d  I E C  m ai n tai n  te rm i n o l o g i cal  d atab as e s  fo r u s e  i n  s tan d ard i zati o n  at  th e  fo l l o wi n g  
ad d re s s e s :  

•  I E C  E l e ctro pe d i a:  avai l ab l e  at  h ttp : //www. e l e ctro pe d i a. o rg / 

•  I S O O n l i n e  bro ws i n g  p l atfo rm :  avai l ab l e  at  h ttp : //www. i s o . o rg /o b p.  

4 General  provisions for al ternative test  

Th e  i n te rn al  s h o rt  c i rc u i t  te s t  i s  s pe c i fi e d  i n  6 . 4. 4. 2 . 1  o f  I E C  6 2 6 6 0 - 3 : 2 0 1 6 .  Th e  o th e r te s t  
m e th o d s  to  s i m u l ate  th e  i n te rn al  s h o rt  c i rcu i t  o f  c e l l  c au s e d  b y th e  co n tam i n ati o n  o f  
co n d u cti ve  p art i c l e  m a y be  s e l e c te d  i f  th e  fo l l o wi n g  cri te ri a are  s ati s fi e d ,  an d  ag re e d  b e twe e n  
th e  cu s to m e r an d  th e  s u p p l i e r:  

http://www.electropedia.org/
http://www.iso.org/obp
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a)  Th e  c as e  d e f o rm ati o n  s h al l  n o t  affe ct  th e  s h o rt  c i rcu i t  e ve n t  o f  ce l l  th e rm al l y o r  e l e c tri cal l y.  
Th e  e n e rg y s h al l  n o t  be  d i s p e rs e d  b y an y s h o rt  c i rcu i t  o th e r th an  th e  i n te re l e c tro d e  s h o rt  
ci rc u i t.  

b)  O n e  l a ye r i n te rn al  s h o rt  ci rcu i t  b e twe e n  po s i ti ve  an d  n e g ati ve  e l e c tro d e  s h al l  b e  s i m u l ate d  
( targ e t) .  

c)  Appro x i m ate l y th e  s am e  s h o rt  c i rc u i te d  are a as  th at  o f  7. 3 . 2  b)  o f  I E C  6 2 6 1 9 : 2 0 1 7  s h al l  b e  
s i m u l ate d .  

d )  Th e  s h o rt  c i rc u i te d  l o cati o n s  i n  th e  c e l l  s h al l  b e  th e  s am e  as  d e s cri b e d  i n  6 . 4 . 4 . 2 . 1  o f  
I E C  6 2 6 6 0 - 3 : 2 0 1 6 .  

e)  Th e  te s t  s h al l  b e  re p e atab l e  ( s e e  Tab l e  1  o f  I E C  6 2 6 1 9 : 2 0 1 7) .  

Th e  d e tai l e d  te s t  co n d i t i o n s  an d  p aram e te rs  o f  an  al te rn ati ve  te s t  s h al l  b e  ad j u s te d  be f o re  th e  
te s t  acc o rd i n g  to  th e  ag re e m e n t  be twe e n  th e  c u s to m e r an d  th e  c e l l  m an u factu re r,  s o  th at  th e  
ab o ve  cri te ri a  c an  be  s ati s f i e d .  Th e  te s t  re s u l t  s h al l  b e  e val u ate d  b y th e  d i s as s e m b l y o f  th e  
ce l l ,  X- ra y o bs e rvati o n ,  e tc.  

I f  th e  te s t  re s u l t  s h o ws  m o re  th an  o n e  l a ye r  i n te rn al  s h o rt  c i rcu i t ,  o r  l arg e r  s h o rt  c i rcu i te d  are a,  
th e  te s t  m a y b e  d e e m e d  as  val i d  al te rn ati ve  te s t,  pro vi d e d  th at  th e  acce p tan c e  cri te ri a i n  
6. 4. 4 . 3  o f  I E C  6 2 6 6 0 - 3 : 2 0 1 6  are  s ati s f i e d .  Th e  fai l u re  i n  an  al te rn ati ve  te s t  d o e s  n o t  m e an  th e  
fai l u re  i n  th e  te s t  acc o rd i n g  to  6 . 4. 4. 2 . 1  o f  I E C  6 2 6 6 0 - 3 : 2 0 1 6 ,  be c au s e  th e  te s t  co n d i t i o n  o f  
th e  al te rn ati ve  te s t  m a y b e  m o re  s e ve re  th an  th e  p re s cri b e d  cri te ri a.  

N O TE  I n  c as e  t h e  i n t e rn al  s h o rt  c i rc u i t  c an n o t  b e  s i m u l ate d ,  t h e  t e s t  i s  i n val i d  a n d  t h e  te s t  d at a a re  re p o rt e d .  

5 Al ternative test  method  

5. 1  Al ternative  test  method  descript ion  

5. 1 . 1  General  

Th i s  s u bcl au s e  d e s cri b e s  th e  te s t  m e th o d  o f  th e  i n d e n tati o n  i n d u ce d  i n te rn al  s h o rt  ci rcu i t  te s t  
as  a  c an d i d ate  o f  al te rn ati ve  te s t  m e th o d s  i n  C l au s e  4.  Tab l e  1  pro vi d e s  th e  re co m m e n d e d  
te s t  s p e ci f i cati o n s  o f  th e  te s t.  

Table  1  – Recommended  test  speci fi cations  

I tem  Recommendation  

Te s t  t e m p e ratu re  ( t e m p e rat u re  o f  th e  te s t  b e n ch  an d  ce l l )  2 5  ° C  ±  5  ° C  

S tate  o f  ch arg e  ( S O C )  o f  t h e  c e l l  M a xi m u m  S O C  s pe ci f i e d  b y th e  ce l l  m an u fac tu re r  

P re s s  s p e e d  0 , 1  m m /s  o r l e s s  

P re s s  s p e e d  accu rac y  ±  0 , 0 1  m m /s  

P o s i t i o n  s t ab i l i t y  afte r  p re s s u ri z i n g  ±  0 , 0 2  m m  

M a xi m u m  p re s s u ri z i n g  ca pab i l i t y  1  0 0 0  N  o r m o re  

P re s s u re  m e as u ri n g  m e t h o d  D i re ct l y  m e as u re d  wi t h  a  l o ad  ce l l  

P re s s u re  m e as u ri n g  p e ri o d  5  m s  o r  l e s s  

Te m p e rat u re  m e as u ri n g  pe ri o d  1  s  o r  l e s s  

Vo l t ag e  m e as u ri n g  p e ri o d  5  m s  o r  l e s s  

Ti m e  to  s t o p  th e  i n d e n t e r afte r  vo l t a g e  d ro p  i s  d e t e ct e d  1 0 0  m s  o r  l e s s  

 

5. 1 .2  Test  preparation  and  test  set-up  

5. 1 .2.1  Cel l  preparation  

Fo r f l at  o r  p o u ch  ce l l ,  n o  pre p arati o n  i s  n e e d e d .  
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Fo r pri s m ati c  c e l l  wi th  h ard  cas i n g ,  cas i n g  co u l d  be  th i n n e d  o r re m o ve d  b y an  ap pro pri ate  
m e th o d  re c o m m e n d e d  b y th e  c e l l  m an u factu re r.  Th i n n i n g  o r  re m o val  o f  cas i n g  s h o u l d  b e  
co n d u cte d  be f o re  th e  c h arg i n g  o f  c e l l  an d  S OC  ad j u s tm e n t.  Th i s  o pe rati o n  s h o u l d  b e  
co n d u cte d  taki n g  al l  th e  s afe t y m e as u re s  n e e d e d .  

5. 1 .2.2  Test  setup  

Th e  ce l l  s h o u l d  b e  h e l d  i n  a  m an n e r  n o t  to  m o ve  d u ri n g  th e  te s t .  Th e  ce l l  s h o u l d  b e  
e l e c tri cal l y i s o l ate d  fro m  te s t  b e n ch .  

A f l at  o r  p o u ch  ce l l  re q u i re s  a  f i x ati o n  d e vi ce .  F i g u re  1  an d  F i g u re  2  s h o w e x am pl e s  o f  th e  
f i xati o n  d e vi ce .  

 

Figure 1  – Example of  test  setup 1  

 

Figure 2  – Example of  test  setup 2  

5. 1 .2.3  Indenter  device  

5. 1 .2.3.1  General  

Two  t yp e s  o f  i n d e n te r d e vi c e ,  as  d e f i n e d  i n  5 . 1 . 2 . 3 . 2  an d  5 . 1 . 2 . 3 . 3  are  pro p o s e d  i n  th i s  
al te rn ati ve  te s t  m e th o d .  

5. 1 .2.3.2  Type 1 :  3  mm  ceramic  nai l  

Typ e  1  i n d e n te r i s  a  c e ram i c n ai l  h avi n g  a  d i am e te r  o f  3  m m  ±  0 , 2  m m .  Th e  an g l e  o f  th e  n ai l  
t i p  s h o u l d  b e  4 5 °  ±  3 ° .  F i g u re  1  s h o ws  an  e xam p l e  o f  th e  c e ram i c n ai l ' s  o ri e n tati o n  to  th e  ce l l  
e l e c tro d e  l a ye rs  d u ri n g  th e  pre s s .  

IEC  

C e l l  R u b b e r s h e e t  

B ake l i te  

IEC  

C e l l  

R e s tra i n t  

I n d e n te r  

P re s s  e q u i pm e n t  

Lo a d  ce l l  

6  m m  n o n wo ve n  f i be rg l as s  

( co m p re s s e d  to  3  m m )  

3  m m  P TF E  
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5.1 .2.3.3  Type 2:  1  mm  ceramic  nai l  wi th  N i  t ip  

T yp e  2  i n d e n te r i s  a  ce ram i c n ai l  h avi n g  a  d i am e te r  o f  1  m m  ±  0 , 1  m m  wi th  a  n i cke l  ( N i )  t i p  o f  
0 , 3 5  m m  i n  h e i g h t.  Th e  an g l e  o f  th e  N i  n ai l  t i p  s h o u l d  be  b e twe e n  2 8 °  an d  45 ° .  S e e  F i g u re  3  
an d  F i g u re  4.  

A ce ram i c  n ai l  wi th  a N i  t i p  i s  s u i tab l e  fo r  a  pri s m ati c  c e l l  wi th  a  h ard  c as i n g  an d  a f l at  o r  
po u c h  c e l l .  

Th e  te s t  u s i n g  th e  T yp e  1  i n d e n te r  i s  n o t  ap p l i cab l e  to  th e  ce l l s  o f  wh i c h  th e  c as i n g  i s  u s e d  as  
a p art  o f  th e  e l e ctro d e s .  I f  th e  c as i n g  i s  re m o ve d ,  th i s  te s t  m a y be  ap p l i cab l e .  

D i m e n s i o n s  i n  m i l l i m e t re s  

 

Figure 3  – Example of  ceramic  nai l  wi th  Ni  t ip  

 

Figure 4  – Example of  ceramic nai l  wi th  N i  t ip  test  

5. 1 .3  Test  execution  

Th e  te s t  s h o u l d  b e  c o n d u cte d  as  fo l l o ws :  

a)  P re p are  th e  ce l l  i n  acco rd an ce  wi th  5 . 1 . 2 . 1 .  

IEC  

IEC  

ø 1  ± 0 , 1  

0
,3

5
 ±

0
,0

5
 

7
0

 

3 0 °  
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b)  Ad j u s t  th e  S OC  o f  th e  c e l l  i n  acco rd an ce  wi th  5 . 3  o f  I E C  6 2 6 6 0 - 3 : 2 0 1 6 ,  at  th e  m ax i m u m  
SO C  s pe c i f i e d  b y th e  c e l l  m an u factu re r.  

c)  Fi x  th e  c e l l  to  th e  te s t  s e tu p i n  acco rd an ce  wi th  5 . 1 . 2 . 2 .  Th e  i n d e n te r  d e vi c e  s h o u l d  b e  
s e l e c te d  acco rd i n g  to  5 . 1 . 2 . 3 ,  b as e d  o n  th e  ag re e m e n t  be twe e n  th e  cu s to m e r  an d  th e  
s u p p l i e r.  Th e  i n d e n te r  s h o u l d  b e  pl ac e d  p e rp e n d i cu l ar  to  th e  e l e ctro d e  l aye rs  o f  th e  c e l l .  
Th e  ce l l  o r  th e  i n d e n te r s h o u l d  m o ve  al o n g  th i s  p e rp e n d i cu l ar  axi s .  Th e  i n d e n tati o n  
l o cati o n  s h o u l d  b e  th e  s am e  as  I E C  6 2 6 6 0 - 3 : 2 0 1 6 .  

d )  P re s s  th e  i n d e n te r  to  th e  ce l l ,  o r  pre s s  th e  c e l l  u p  to  th e  i n d e n te r,  wi th  a c o n s tan t  ve l o c i t y 
o f  l e s s  th an  0 , 1  m m /s .  D i s p l ace m e n t  o f  th e  i n d e n te r s h o u l d  b e  s to pp e d  wh e n  a  vo l tag e  
d ro p  o f  at  l e as t  5  m V i s  d e te cte d .  I t  i s  acc e p tab l e  to  u s e  a  vo l tag e  d ro p o f  l e s s  th an  5  m V 
i f  a  h i g h  accu rac y vo l tag e  m e te r i s  u s e d  an d  th e  actu al  s h o rt  l o c ati o n  can  be  co n fi rm e d  
wi th  an  i n s p e cti o n  o f  th e  i n te rn al  s h o rt  l o cati o n  afte r th e  te s t.  Th e  accu rac y o f  th e  vo l tag e  
m e te r s h o u l d  be  re p o rte d .  I f  th e  vo l tag e  d ro p  o f  at  l e as t  5  m V i s  n o t  d e te c te d  u n t i l  th e  
i n d e n te r i s  d e pre s s e d  to  h al f  th e  th i ckn e s s  o f  a  ce l l ,  th e  te s t  s h o u l d  be  s to p p e d  an d  
co n s i d e re d  as  i n val i d ,  an d  th e  te s t  s h o u l d  b e  co n d u cte d  o n c e  ag ai n .  

e)  Afte r  th e  i n d e n tati o n  s to ps ,  th e  i n d e n te r  s h o u l d  re m ai n  i n  p l ac e  u n ti l  th e  e n d  o f  th e  
o bs e rvati o n  p e ri o d .  D u ri n g  th e  te s t,  th e  c e l l  vo l tag e ,  th e  fo rce  o f  th e  pre s s ,  th e  
d i s p l ace m e n t  o f  th e  pre s s  an d  th e  te m pe ratu re  o f  th e  c e l l  s h o u l d  b e  re co rd e d .  Th e  ce l l  
te m pe ratu re  s h o u l d  b e  m e as u re d  o n  th e  s u rfac e  o f  th e  ce l l ,  at  a  d i s tan ce  o f  l e s s  th an  
2 5  m m  fro m  th e  c e n tre  o f  th e  i n d e n tati o n .  S am pl i n g  t i m e  fo r  vo l tag e  an d  pre s s u re  
re co rd i n g  s h o u l d  b e  5  m s o r l e s s .  S am p l i n g  t i m e  fo r  o th e r param e te rs  re co rd i n g  s h o u l d  b e  
1  s  o r  l e s s .  

5.1 .4  Acceptance  cri teria  

D u ri n g  th e  te s t  an d  wi th i n  1  h  o f  o bs e rvati o n ,  th e  ce l l  s h o u l d  e x h i b i t  n o  e vi d e n ce  o f  f i re  o r  
exp l o s i o n .  
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Annex A 
( i n fo rm ati ve )  

 
Test data  

A.1  General  

Th i s  an n e x  pro vi d e s  i n fo rm ati o n  o n  th e  re s u l t  o f  te s ts  co n d u c te d  acco rd i n g  to  C l au s e  5 ,  an d  
o f  re l e van t  c o m pari s o n  te s ts .  

Th e  re pro d u c i bi l i t y o f  e ach  te s t  re s u l t  i s  c o n f i rm e d  o n  s e ve ral  c e l l  d e s i g n s .  Fu rth e r  te s t  d ata 
n e e d  to  be  e val u ate d  wi th  c e l l s  th at  fai l e d  th e  te s t  i n  6 . 4 . 4. 2 . 1  o f  I E C  6 2 6 6 0 - 3 : 2 0 1 6 ,  e tc.  

A.2  Test  data  

A.2. 1  Test  resu l ts  

Tabl e  A. 1  s h o ws  th e  re s u l t  o f  i n te rn al  s h o rt  ci rcu i t  te s ts  o n  s e ve ral  t yp e s  o f  ce l l s ,  u s i n g  th e  
i n d e n te rs  i n  5 . 1 . 2 . 3 ,  an d  o th e r  t yp e s  o f  i n d e n te rs  fo r  c o m pari s o n .  Th e  fo rce d  i n te rn al  s h o rt  
ci rc u i t  ( FI S C )  te s t  i n  6 . 4 . 4. 2 . 1  o f  I E C  6 2 6 6 0 - 3 : 2 0 1 6  i s  al s o  c o n d u cte d  as  c o m pari s o n  te s t.  

Al l  ce l l s  i n  Tab l e  A. 1  e xh i b i te d  n o  e vi d e n ce  o f  f i re  o r  e xp l o s i o n ,  an d  m e t  th e  acce ptan ce  
cri te ri a i n  5 . 1 . 4 .  

I n  m o s t  o f  th e  te s ts  e xce pt  F I S C  te s t,  th e  n u m be r  o f  s h o rt  ci rcu i te d  l a ye rs  i s  l arg e r th an  o n e  
l a ye r,  an d  al s o  vari e s  am o n g  th e  s am e  ce l l s .  

Fu rth e r d ata o f  e ach  te s t  are  s h o wn  i n  A. 2 . 2 .  
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Table  A. 1  – In ternal  short  ci rcu i t  test  resu l ts  

Test  
No.  

I ndenter  type 
or  FISC 

Cel l  Chemistry 
or  Capaci ty 

or  Appl i cation  
(HEV/PHEV/BEV)  

Type of  cel l  
and  case 
th ickness  

Press  
speed  

Target  
vol tage 
drop  for  
i ndenter 
stop  

Test  resu l t  

Vol tage 
drop  at  
i ndenter 
stop  

Temp.  ri se  Number of  
short  

ci rcu i ted  
l ayers  

Pass-  
Fai l  

Optional  
i n fo.  

Fig .  No.  

     m m /s  m V m V ° C      

1 - 1  F I S C d  
A H C a /M N C b ,  5  Ah ,  

H E V 
p ri s m ati c  0 , 1  5  5  <  1  + e : 2 ,  − f: 2  P as s   A. 1  

1 - 2  0 , 1  5  3  4  + : 1 ,  − : 2  P as s   A. 2  

1 - 3  0 , 1  5  1 2  <  1  + : 1 ,  − : 2  P as s   A. 3  

2 - 1  Typ e  2  0 , 1  5  7  2 3  + : 4 ,  − : 4  P as s   A. 4  

2 - 2  Typ e  2  B  S C c/M N C ,  5  A h ,  
H E V 

p ri s m ati c  0 , 1  5  6  3 5  + : 5 ,  − : 5  P as s   A. 5  

2 - 3  0 , 1  2  2  2  + : 3 ,  − : 3  P as s   A. 6  

3 - 1  
ø 1  al l  ce ram i c  

n ai l  

A  H C /M N C ,  5  Ah ,  
H E V 

p ri s m ati c  1 , 0  2 5  2 0  2 0  + : 7 ,  − : 6  P as s   A. 7  

3 - 2  Typ e  2  1 , 0  2 5  3 0  1 9  + : 8 ,  − : 8  P as s   A. 8  

4  
ø3  ce ram i c  

n ai l  +  N i  t i p  

0 , 1  2  2 , 4  0 , 9  + : 2 ,  − : 3  P as s   A. 1 0  

5 - 1  0 , 1  5  1 3 , 4  7, 5  + : 3 ,  − : 4  P as s   A. 1 1  

5 - 2  0 , 1  2 0  2 1 , 4  2 1 , 4  + : 8 ,  − : 8  P as s   A. 1 2  
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Test  
No.  

I ndenter  type 
or  FISC 

Cel l  Chemistry 
or  Capaci ty 

or  Appl i cation  
(HEV/PHEV/BEV)  

Type of  cel l  
and  case 
th ickness  

Press  
speed  

Target  
vol tage 
drop  for  
i ndenter 
stop  

Test  resu l t  

Vol tage 
drop  at  
i ndenter 
stop  

Temp.  ri se  Number of  
short  

ci rcu i ted  
l ayers  

Pass-  
Fai l  

Optional  
i n fo.  

Fig .  No.  

     m m /s  m V m V ° C      

6 - 1  Typ e  2  C  B E V  po u ch  0 , 0 1  2  2  49  + : 4 ,  − : 4  P as s  
 

A. 1 3  

6 - 2  3  0 , 3  + : 2 ,  − : 2  P as s  
 

6 - 3  1 2  0 , 1  + : 1 ,  − : 2  P as s  
 

6 - 4  6  4 7  + : 1 ,  − : 1  P as s   

6 - 5  3  5 2  + : 3 ,  − : 3  P as s   

7 - 1  Typ e  2  D  H E V po u ch  0 , 0 1  2  1 0   + : 3 ,  − : 3  P as s   A. 1 4  

7 - 2  4   + : 3 ,  − : 4  P as s   

7 - 3  6  3 4  + : 3 ,  − : 4  P as s   

7 - 4  1 0  4 3  + : 3 ,  − : 4  P as s   

7 - 5  6  3 1  + : 2 ,  − : 3  P as s   

8 - 1  
ø3  al l  ce ram i c  

n ai l  +  2 0 °  
an g l e  

C  B E V po u c h  0 , 0 1  2  1  47  + : 5 ,  − : 5  P as s   A. 1 5  

8 - 2  1  5 3  + : 5 ,  − : 6  P as s   

8 - 3  1  41  + : 4 ,  − : 4  P as s   

8 - 4  Typ e  1  2  3 2  + : 4 ,  − : 5  P as s   

8 - 5  Typ e  1  1  3 1  + : 3 ,  − : 3  P as s   
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Test  
No.  

I ndenter  type 
or  FISC 

Cel l  Chemistry 
or  Capaci ty 

or  Appl i cation  
(HEV/PHEV/BEV)  

Type of  cel l  
and  case 
th ickness  

Press  
speed  

Target  
vol tage 
drop  for  
i ndenter 
stop  

Test  resu l t  

Vol tage 
drop  at  
i ndenter 
stop  

Temp.  ri se  Number of  
short  

ci rcu i ted  
l ayers  

Pass-  
Fai l  

Optional  
i n fo.  

Fig .  No.  

     m m /s  m V m V ° C      

9 - 1  
ø3  al l  ce ram i c  

n ai l  +  2 0 °  
an g l e  

D  H E V po u c h  0 , 0 1  2  5  2 6  + : 2 ,  − : 2  P as s   A. 1 6  

9 - 2  7  3 6  + : 2 ,  − : 3  P as s   

9 - 3  6  3 1  + : 2 ,  − : 3  P as s   

9 - 4  Typ e  1  5  3 0  + : 2 ,  − : 3  P as s   

9 - 5  Typ e  1  9  71  + : 3 ,  − : 3  P as s   

1 0 - 1  F I S C  C  B E V  po u c h  0 , 0 1  2  2  <  1  + : 1 ,  − : 1  P as s   A. 1 7  

1 0 - 2  F I S C  D  H E V  po u c h  0 , 0 1  2  2  <  1  + : 1 ,  − : 1  P as s   A. 1 8  

1 1 - 1  F I S C  E  g ra p h i t e /M N C  
2 1 , 5 Ah ,  P H E V g  

pri s m at i c  
0 , 7  m m  

0 , 0 1  2  3 , 1  -  + : 0 ,  − : 1  P as s  n o  s m o ke  A. 1 9  

1 1 - 2  F I S C  F  g ra ph i t e /N C A h  
5  Ah ,  H E V 

pri s m ati c  
0 , 5  m m  

0 , 0 1  2  1 , 9  -  + : 0 ,  − : 1  P as s  n o  s m o ke  A. 2 0  

1 2 - 1  
ø 1  ce ram i c  

n ai l  +  N i  t i p  
( 45 ° ,  1  m m )  

E  g ra p h i t e /M N C  
2 1 , 5 Ah ,  P H E V  

p ri s m ati c  
0 , 7  m m  

0 , 0 1  2  7 , 4  -  + : 2 ,  − : 2  P as s  n o  s m o ke  A. 2 1  

1 2 - 2  
ø3  ce ram i c  

n ai l  +  N i  t i p  
( 45 ° ,  1  m m )  

0 , 0 1  2  8 , 2  -  + : 2 ,  − : 2  P as s  n o  s m o ke  A. 2 2  

1 2 - 3  Typ e  2  ( 3 0 ° )  0 , 0 1  2  9 , 6  -  + : 2 ,  − : 2  P as s  n o  s m o ke  A. 2 3  
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Test  
No.  

I ndenter  type 
or  FISC 

Cel l  Chemistry 
or  Capaci ty 

or  Appl i cation  
(HEV/PHEV/BEV)  

Type of  cel l  
and  case 
th ickness  

Press  
speed  

Target  
vol tage 
drop  for  
i ndenter 
stop  

Test  resu l t  

Vol tage 
drop  at  
i ndenter 
stop  

Temp.  ri se  Number of  
short  

ci rcu i ted  
l ayers  

Pass-  
Fai l  

Optional  
i n fo.  

Fig .  No.  

     m m /s  m V m V ° C      

1 2 - 4  
ø3  ce ram i c  

n ai l  +  N i  t i p  
( 3 0 ° ,  1  m m )  

E  g ra p h i t e /M N C  
2 1 , 5 Ah ,  P H E V  

p ri s m ati c  
0 , 7  m m  

0 , 0 1  2  2 , 1  -  + : 1 ,  − : 2  P as s  n o  s m o ke  A. 2 4  

1 2 - 5  
ø3  ce ram i c  

n ai l  +  N i  t i p  
( 45 ° ,  1  m m )  

0 , 1  2  2  3 6 2  -   P as s  s m o ke A. 2 5  

1 2 - 6  0 , 0 0 1  2  8 , 5  -  + : 1 ,  − : 2  P as s  n o  s m o ke  A. 2 6  

1 2 - 7  
ø3  ce ram i c  

n ai l  +  N i  t i p  
( 6 0 ° ,  1  m m )  

0 , 0 1  2  2  3 9 1  -   P as s  s m o ke A. 2 7  

1 3  
ø3  ce ram i c  

n ai l  +  N i  t i p  
( 3 0 ° ,  1  m m )  

F  g ra p h i t e /N C A  
5  Ah ,  H E V 

pri s m at i c  
0 , 5  m m  

0 , 0 1  2  5 2  -  + : 1 ,  − : 2  P as s  n o  s m o ke  A. 2 8  

1 4- 1  
ø3  ce ram i c  

n ai l  +  N i  t i p  
( 45 ° ,  1  m m )  

G  g ra p h i t e /M N C  an d  
LM O i  
6 0  Ah ,  P H E V  

pri s m at i c  
0 , 8 5  m m  

0 , 0 1  2  1  3 6 4  -  + : 0 ,  − : 0  F ai l  f i re  A. 2 9  

1 4- 2  pri s m at i c  
0 , 3  m m  

0 , 0 1  2  1  45 5  -  + : 0 ,  − : 0  F ai l  f i re  A. 3 0  

1 4- 3  Typ e  2  ( 3 0 ° )  p ri s m ati c  
0 , 0 5  m m  

0 , 0 1  2  9 , 0  -  + : 0 ,  − : 0  P as s  n o  s m o ke  A. 3 1  

1 4- 4  pri s m at i c  
0  m m  

0 , 0 1  2  2 , 0  -  + : 7 ,  − : 8  P as s  n o  s m o ke  A. 3 2  

1 4- 5  pri s m at i c  
0 , 0 5  m m  

0 , 1  2  2 , 0  -  + : 4 ,  − : 4  P as s  n o  s m o ke  A. 3 3  
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Test  
No.  

I ndenter  type 
or  FISC 

Cel l  Chemistry 
or  Capaci ty 

or  Appl i cation  
(HEV/PHEV/BEV)  

Type of  cel l  
and  case 
th ickness  

Press  
speed  

Target  
vol tage 
drop  for  
i ndenter 
stop  

Test  resu l t  

Vol tage 
drop  at  
i ndenter 
stop  

Temp.  ri se  Number of  
short  

ci rcu i ted  
l ayers  

Pass-  
Fai l  

Optional  
i n fo.  

Fig .  No.  

     m m /s  m V m V ° C      

1 5 - 1  Typ e  1  H  g rap h i t e /M N C  

3 7  Ah ,  P H E V 

po u ch  0 , 0 1  5  2 , 0  2 6 , 4  + : 1 2 ,  − : 1 2  P as s  n o  s m o ke  A. 3 4 a  

1 5 - 2  0 , 0 1  5  5 , 0  1 3 , 4  + : 8 ,  − : 8  P as s  n o  s m o ke  A. 3 4 b  

1 5 - 3  0 , 0 1  5  3 , 0  3 6 , 5  + : 4,  − : 4  P as s  n o  s m o ke  A. 3 4 c  

1 5 - 4  0 , 0 1  5  5 , 0  5 2 , 8  + : 9 ,  − : 9  P as s  n o  s m o ke  A. 3 4 d  

1 5 - 5  0 , 0 1  5  5 , 0  2 5 , 0  + : 6 ,  − : 6  P as s  n o  s m o ke  A. 3 4 e  

1 6 - 1  Typ e  2  0 , 0 1  5  4, 0  2 7, 7  + : 9 ,  − : 9  P as s  n o  s m o ke  A. 3 5 a  

1 6 - 2  0 , 0 1  5  5 , 0  3 6 , 3  + : 5 ,  − : 5  P as s  n o  s m o ke  A. 3 5 b  

1 6 - 3  0 , 0 1  5  2 , 0  2 4, 8  + : 4,  − : 4  P as s  n o  s m o ke  A. 3 5 c  

1 6 - 4  0 , 0 1  5  4, 0  2 3 , 8  + : 7,  − : 7  P as s  n o  s m o ke  A. 3 5 d  

1 6 - 5  0 , 0 1  5  3 , 0  2 6 , 6  + : 6 ,  − : 6  P as s  n o  s m o ke  A. 3 5 e  

a  H ard  carb o n  

b  L i th i u m  m an g an e s e  n i cke l  co b al t  o xi d e  

c  S o ft  carb o n  

d  F o rc e d  i n t e rn al  s h o rt  c i rcu i t  te s t  ( I E C  6 2 6 6 0 - 3 : 2 0 1 6 ,  6 . 4 . 4 . 2 . 1 )  

e   P o s i t i ve  e l e c tro d e  

f  N e g ati ve  e l e ct ro d e  

g  P l u g - i n  h yb ri d  e l e ct ri c  ve h i cl e  

h  N i cke l - co b al t - al u m i n i u m  

I  Li t h i u m  m an g an e s e  ac i d  
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A.2.2  Data of  each  test  

A.2.2. 1  Tests  on  cel l  A and  cel l  B  

A.2.2. 1 . 1  FISC  test  resu l t  on  cel l  A  

Th e  te s ts  1 - 1 ,  1 - 2  an d  1 - 3  i n  Tab l e  A. 1  are  co n d u c te d  acco rd i n g  to  6 . 4 . 4. 2 . 1  o f  
I E C  6 2 6 6 0 - 3 : 2 0 1 6 ,  wi th  th re e  s am pl e s  o f  c e l l  A  ( H C /M N C ,  5  Ah ,  fo r  H E V ap p l i cati o n ) .  Th e  
te s t  d ata  are  s h o wn  i n  F i g u re  A. 1 ,  F i g u re  A. 2 ,  F i g u re  A. 3 ,  an d  Tab l e  A. 1 .  Fi g u re  " a"  o f  e ach  
fi g u re  s h o ws  th e  vo l tag e  an d  te m p e ratu re  c h an g e  o f  c e l l  wi th i n  1  h ,  an d  " b "  i s  th e  m ag n i f i e d  
f i g u re  s h o wi n g  th e  vo l tag e  ch an g e  wh e n  th e  s h o rt  ci rc u i t  o cc u rs .  

   

Fi gure  A. 1 a  Figure  A. 1 b  

S O U R C E :  J a p an  Au t o m o bi l e  R e s e a rch  I n s ti t u t e  ( J AR I )  ac q u i re d  t h e s e  d at a u n d e r t h e  P ro j e ct  fo r  th e  P ro m o t i o n  o f  
N e w E n e rg y I n fras t ru ct u re  D e ve l o p m e n t  i n  F Y 2 0 1 4 ,  e n t ru s te d  b y Ag e n cy fo r N atu ral  R e s o u rce s  a n d  E n e rg y /  
M i ts u b i s h i  R e s e a rc h  I n s t i tu te ,  I n c.  

Figure A. 1  – Vol tage and  temperature  of  test  1 -1  

  

Fi gure A.2a  Figure  A.2b  

S O U R C E :  J a pan  Au to m o b i l e  R e s e a rch  I n s t i tu t e  ( J AR I )  ac q u i re d  th e s e  d ata u n d e r t h e  P ro j e c t  fo r  t h e  P ro m o ti o n  o f  
N e w E n e rg y I n fras tru ctu re  D e ve l o pm e n t  i n  F Y 2 0 1 4,  e n t ru s t e d  b y Ag e n cy fo r  N at u ral  R e s o u rce s  a n d  E n e rg y /  
M i t s u b i s h i  R e s e a rch  I n s ti t u t e ,  I n c.  

Figure A.2  – Vol tage and  temperature  of  test  1 -2  
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Fi gure A.3a  Figure  A.3b  

S O U R C E :  J a pan  Au to m o b i l e  R e s e a rch  I n s t i tu t e  ( J AR I )  ac q u i re d  th e s e  d ata u n d e r t h e  P ro j e c t  fo r  t h e  P ro m o ti o n  o f  
N e w E n e rg y I n fras tru ctu re  D e ve l o pm e n t  i n  F Y 2 0 1 4,  e n t ru s t e d  b y Ag e n cy fo r  N at u ral  R e s o u rce s  a n d  E n e rg y /  
M i t s u b i s h i  R e s e a rch  I n s ti t u t e ,  I n c.  

Figure A.3  – Vol tage and  temperature  of  test  1 -3  

A.2.2. 1 .2  Tests  wi th  type 2  indenter  

Th e  te s ts  2 - 1 ,  2 - 2  an d  2 - 3  i n  Tab l e  A. 1  are  co n d u cte d  acc o rd i n g  to  C l au s e  5  u s i n g  t yp e  2  
i n d e n te r,  o n  two  t yp e s  o f  ce l l s :  c e l l  A  an d  c e l l  B  ( S C /M N C ,  5  Ah ,  fo r  H E V ap p l i c ati o n ) .  Te s t  
d ata are  s h o wn  i n  F i g u re  A. 4 ,  F i g u re  A. 5 ,  F i g u re  A. 6  an d  Tab l e  A. 1 .  Th e  s h o rt  ci rcu i t  
ph e n o m e n a o f  te s t  2 - 1  an d  te s t  2 - 2  we re  m o re  s e ve re  th an  FI S C  te s t  i n  A. 2 . 2 . 1 . 1 .  Te s t  2 - 3  
was  s to p pe d  at  th e  vo l tag e  d ro p o f  2  m V,  an d  ac h i e ve d  al m o s t  th e  s am e  re s u l t  as  th e  FI S C  
te s t.  

 

 

Fi gure A.4a  Figure  A.4b  

Figure A.4  – Vol tage and  temperature  of  test  2-1  
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Fi gure A.5a  Figure  A.5b  

Figure A.5  – Vol tage and  temperature  of  test  2-2  

  

Fi gure A.6a  Figure  A.6b  

Figure A.6  – Vol tage and  temperature  of  test  2-3  

A.2.2. 1 .3  Comparison  tests  of  ceramic  nai ls  wi th  or  wi thout  Ni  t ip  

Th e  te s ts  3 - 1  an d  3 - 2  i n  Tab l e  A. 1  are  co n d u cte d  o n  ce l l  A  u s i n g  t yp e  2  i n d e n te r an d  th e  
1  m m - d i am e te r  ce ram i c  n ai l  wi th o u t  N i  t i p.  Th e  te s t  e n d  co n d i t i o n  was  th e  vo l tag e  d ro p o f  
2 0  m V.  Th e  te s t  d ata are  s h o wn  i n  F i g u re  A. 7,  F i g u re  A. 8  an d  Tab l e  A. 1 .  Th e  re s u l ts  o f  bo th  
te s ts  are  al m o s t  th e  s am e  i n  th e  pre s e n c e  o r  abs e n c e  o f  N i  t i p .  
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Fi gure A.7a  Figure  A.7b  

Figure A.7  – Vol tage and  temperature  of  test  3-1  

  

Fi gure A.8a  Figure  A.8b  

Figure A.8  – Vol tage and  temperature  of  test  3-2  

A.2.2. 1 .4  Comparison  of  i ndenters wi th  d i fferent  s ize  

Th e  te s t  4  i n  Tab l e  A. 1  i s  co n d u cte d  o n  c e l l  A u s i n g  a 3  m m - d i am e te r  ce ram i c n ai l  wi th  N i  t i p  
as  s h o wn  i n  F i g u re  A. 9 .  Th e  i n d e n te r was  au to m ati cal l y s to p p e d  wh e n  th e  vo l tag e  d ro p  o f  
2  m V o r  m o re  was  d e te cte d .  Th e  te s t  d ata are  s h o wn  i n  F i g u re  A. 1 0  an d  Tab l e  A. 1 .  
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D i m e n s i o n s  i n  m i l l i m e t re s  

 

Figure A.9  – ø3 mm  ceramic  nai l  wi th  N i  t ip  

 
 

Fi gure A. 1 0a  Figure  A. 1 0b  

S O U R C E :  J a pan  Au to m o b i l e  R e s e a rch  I n s ti t u t e  ( J AR I )  ac q u i re d  t h e s e  d ata u n d e r t h e  P ro j e ct  fo r  t h e  P ro m o ti o n  o f  
N e w E n e rg y I n fras tru ctu re  D e ve l o p m e n t  i n  F Y 2 0 1 4,  e n t ru s t e d  b y Ag e n cy fo r  N atu ral  R e s o u rc e s  a n d  E n e rg y /  
M i t s u b i s h i  R e s e a rch  I n s ti t u t e ,  I n c.  

Figure A. 1 0  – Vol tage and  temperature  of  test  4  

A.2.2. 1 .5  Comparison  of  test  stop  cond i tion  

Th e  te s ts  5 - 1  an d  5 - 2  i n  Tab l e  A. 1  are  co n d u cte d  o n  ce l l  A,  u s i n g  a 3  m m - d i am e te r ce ram i c  
n ai l  wi th  N i  t i p,  an d  wi th  d i ffe re n t  te s t  s to p  co n d i t i o n s  o f  vo l tag e  d ro p.  Acc o rd i n g  to  5 . 1 . 3 ,  th e  
i n d e n te r s h o u l d  b e  s to p pe d  wh e n  at  l e as t  5  m V vo l tag e  d ro p i s  d e te cte d .  Th e  te s t  5 - 1  i n  
Fi g u re  A. 1 1  was  s to pp e d  wh e n  5  m V vo l tag e  d ro p  was  d e te cte d ,  an d  th e  te s t  5 - 2  i n  
Fi g u re  A. 1 2  was  s to ppe d  wh e n  2 0  m V vo l tag e  d ro p was  d e te cte d .  Th e  d ata  o f  b o th  te s ts  s h o w 
th at  th e  i n te rn al  s h o rt  c i rcu i t  o f  fe we r l a ye rs  c an  be  s i m u l ate d  wh e n  th e  te s t  i s  s to p p e d  at  
s m al l e r vo l tag e  d ro p .  
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Fi gure A. 1 1 a  Figure A. 1 1 b  

S O U R C E :  J a pan  Au t o m o b i l e  R e s e a rch  I n s t i tu t e  ( J AR I )  ac q u i re d  th e s e  d ata u n d e r t h e  P ro j e c t  fo r  t h e  P ro m o ti o n  o f  
N e w E n e rg y I n fras tru c tu re  D e ve l o pm e n t  i n  F Y 2 0 1 4 ,  e n t ru s t e d  b y Ag e n cy fo r  N at u ral  R e s o u rce s  a n d  E n e rg y /  
M i t s u b i s h i  R e s e a rch  I n s t i tu te ,  I n c.  

Figure A. 1 1  – Vol tage and  temperature  of  test  5-1  

  

Fi gure A. 1 2a  Figure A. 1 2b  

S O U R C E :  J a pan  Au t o m o b i l e  R e s e a rch  I n s t i tu t e  ( J AR I )  ac q u i re d  th e s e  d ata u n d e r t h e  P ro j e c t  fo r  t h e  P ro m o ti o n  o f  
N e w E n e rg y I n fras tru c tu re  D e ve l o pm e n t  i n  F Y 2 0 1 4 ,  e n t ru s t e d  b y Ag e n cy fo r  N at u ral  R e s o u rce s  a n d  E n e rg y /  
M i t s u b i s h i  R e s e a rch  I n s t i tu te ,  I n c.  

Figure A. 1 2  – Vol tage and  temperature  of  test  5-2  

A.2.2.2  Tests  on  cel l  C  and  cel l  D  

A.2.2.2.1  Test  wi th  type 2  indenter  

Th e  te s ts  fro m  6 - 1  to  6 - 5  i n  Tab l e  A. 1  are  co n d u cte d  acco rd i n g  to  C l au s e  5  u s i n g  t yp e  2  
i n d e n te r o n  C e l l  C  ( p o u c h  ce l l  f o r  B E V ap p l i cati o n ) .  Th e  vo l tag e  d ata are  s h o wn  i n  
Fi g u re  A. 1 3 .  

Th e  te s ts  fro m  7- 1  to  7- 5  i n  Tab l e  A. 1  are  co n d u cte d  acco rd i n g  to  C l au s e  5  u s i n g  t yp e  2  
i n d e n te r o n  C e l l  D  ( p o u ch  ce l l  fo r  H E V app l i cati o n ) .  Th e  vo l tag e  d ata are  s h o wn  i n  
Fi g u re  A. 1 4 .  
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Th e  re s u l ts  o f  co m pari s o n  te s t  acco rd i n g  to  6 . 4 . 4 . 2 . 1  o f  I E C  6 2 6 6 0 - 3 : 2 0 1 6  ( FI S C )  are  al s o  
s h o wn  as  te s ts  1 0 - 1  an d  1 0 - 2  i n  Tab l e  A. 1 ,  an d  F i g u re s  A. 1 3 ,  A. 1 4,  A. 1 8  an d  A. 1 9 .  I n  
co m pari s o n  wi th  th e  FI S C  te s t,  th e  te s ts  6  an d  7  re s u l te d  i n  h i g h e r  val u e  i n  vo l tag e  d ro p ,  
te m pe ratu re  ri s e ,  an d  n u m be r o f  s h o rt  c i rcu i te d  l aye rs .  

 

Figure A. 1 3  – Vol tage data  of  tests  6  

 

Figure A. 1 4  – Vol tage data  of  tests  7  

A.2.2.2.2  Test  wi th  Type 1  indenter  and  comparison  wi th  d i fferent  nai l  t i p  ang le  

Th e  te s ts  fro m  8 - 1  to  8 - 5  i n  Tab l e  A. 1  are  c o n d u cte d  o n  ce l l  C ,  acc o rd i n g  to  C l au s e  5  u s i n g  
t yp e  1  i n d e n te r an d  a  ce ram i c  n ai l  wi th  3  m m  d i am e te r an d  2 0 °  an g l e .  Th e  vo l tag e  d ata are  
s h o wn  i n  F i g u re  A. 1 5 .  

Th e  te s ts  fro m  9 - 1  to  9 - 5  i n  Tab l e  A. 1  are  c o n d u cte d  o n  ce l l  D ,  acc o rd i n g  to  C l au s e  5  u s i n g  
t yp e  1  i n d e n te r an d  a  ce ram i c  n ai l  wi th  3  m m  d i am e te r an d  2 0 °  an g l e .  Th e  vo l tag e  d ata are  
s h o wn  i n  F i g u re  A. 1 6 .  

Th e  te s t  d ata s h o w th at  th e  d i ffe re n c e  i n  n ai l  t i p  an g l e  h as  l i tt l e  i m pact  o n  th e  te s t  re s u l ts ,  at  
l e as t  fo r  c e l l  C  an d  c e l l  D .  
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I n  c o m pari s o n  wi th  th e  F I S C  te s t,  th e  te s ts  8  an d  9  re s u l te d  i n  h i g h e r  val u e  i n  vo l tag e  d ro p,  
te m pe ratu re  ri s e ,  an d  n u m be r o f  s h o rt  c i rcu i te d  l aye rs .  

 

Figure A. 1 5  – Vol tage data  of  tests  8  

 

Figure A. 1 6  – Vol tage data  of  tests  9  

A.2.2.2.3  FISC  test  resu l ts  on  cel l  C  and  cel l  D  

Th e  te s ts  1 0 - 1  an d  1 0 - 2  i n  Tabl e  A. 1  are  c o n d u c te d  acc o rd i n g  to  6 . 4 . 4. 2 . 1  o f  
I E C  6 2 6 6 0 - 3 : 2 0 1 6 ,  wi th  o n e  s am pl e  o f  c e l l  C  an d  ce l l  D .  Th e  vo l tag e  d ata are  s h o wn  i n  
Fi g u re  A. 1 7  an d  F i g u re  A. 1 8 .  
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Figure A. 1 7  – Vol tage data  of  tests  1 0-1  

 

Figure A. 1 8  – Vol tage data  of  tests  1 0-2  

A.2.2.3  Tests  on  cel l  E  and  cel l  F  

A.2.2.3.1  FISC test  resu l t  

Th e  te s ts  1 1 - 1  an d  1 1 - 2  i n  Tabl e  A. 1  are  c o n d u cte d  acc o rd i n g  to  6 . 4 . 4. 2 . 1  o f  
I E C  6 2 6 6 0 - 3 : 2 0 1 6 ,  wi th  ce l l  E  ( g rap h i te /M N C ,  2 1 , 5  Ah ,  f o r  P H E V ap p l i cati o n )  an d  ce l l  F  
( g rap h i te /N C A,  5  Ah ,  f o r  H E V ap p l i cati o n ) ,  re s pe c ti ve l y.  Th e  vo l tag e  d ata are  s h o wn  i n  
Fi g u re  A. 1 9  an d  F i g u re  A. 2 0 .  F i g u re  " a"  o f  e ac h  f i g u re  s h o ws  th e  vo l tag e  c h an g e  o f  ce l l  wi th i n  
50 0  s ,  an d  " b "  i s  th e  m ag n i fi e d  f i g u re  s h o wi n g  th e  vo l tag e  c h an g e  wh e n  th e  s h o rt  c i rc u i t  
occu rs .  

B o th  c e l l s  p as s e d  th e  ac ce p tan c e  cri te ri a.  N u m be r o f  s h o rt  c i rc u i te d  l a ye rs  i n  b o th  te s ts  i s  n o  
po s i t i ve  e l e ctro d e  an d  o n e  n e g ati ve  e l e ctro d e .  
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F i gure A. 1 9a  Figure A. 1 9b  

Figure A. 1 9  – Vol tage data  of  test  1 1 -1  

  

Fi gure  A.20a  Figure A.20b  

Figure A.20  – Vol tage data  of  test  1 1 -2  

A.2.2.3.2  Tests  wi th  type 2  indenter and  comparison  of  i ndenters wi th  d i fferent  size  

Th e  te s ts  fro m  1 2 - 1  to  1 2 - 7  i n  Tab l e  A. 1  are  co n d u c te d  o n  ce l l  E  acco rd i n g  to  C l au s e  5  u s i n g  
t yp e  2  i n d e n te r  an d  d i ffe ren t  s i z e s  o f  ce ram i c  n ai l s  wi th  N i  t i p .  Th e  vo l tag e  d ata are  s h o wn  
fro m  F i g u re  A. 2 1  to  F i g u re  A. 2 7.  Th e  i n d e n te rs  are  c e ram i c  n ai l s  h avi n g  a d i am e te r o f  1  m m  
an d  3  m m ,  wi th  a  N i  t i p  o f  0 , 3 5  m m  o r  1  m m  i n  h e i g h t.  Th e  an g l e  o f  th e  N i  t i p  i s  3 0 ° ,  4 5 °  o r  
6 0 ° .  P re s s  s p e e d  vari e s  f rom  0 , 0 0 1  m m /s  to  0 , 1 m m /s .  

Th e  te s t  1 3  i n  Tab l e  A. 1  i s  co n d u c te d  o n  c e l l  F,  acco rd i n g  to  C l au s e  5  u s i n g  a  ce ram i c  n ai l  
h avi n g  a  d i am e te r  o f  3  m m  wi th  a N i  t i p  o f  1  m m  i n  h e i g h t,  an d  3 0 °  an g l e .  Th e  vo l tag e  d ata  
are  s h o wn  i n  F i g u re  A. 2 8 .  
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Fi gure  A.21 a  Figure A.21 b  

Figure A.21  – Vol tage data  of  test  1 2-1  

  

Fi gure  A.22a  Figure A.22b  

Figure A.22  – Vol tage data  of  test  1 2-2  

  

Fi gure  A.23a  Figure A.23b  

Figure A.23  – Vol tage data  of  test  1 2-3  
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F i gure A.24a  Figure A.24b  

Figure A.24  – Vol tage data  of  test  1 2-4  

 
 

Fi gure A.25a  Figure  A.25b  

Figure A.25  – Vol tage data  of  test  1 2-5  

  

Fi gure  A.26a  Figure A.26b  

Figure A.26  – Vol tage data  of  test  1 2-6  
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Fi gure  A.27a  Figure  A.27b  

Figure A.27  – Vol tage data  of  test  1 2-7  

  

Fi gure  A.28a  Figure A.28b  

Figure A.28  – Vol tage data  of  test  1 3  

A.2.2.4  Tests  on  cel l  G  

Th e  te s ts  fro m  1 4- 1  to  1 4- 5  i n  Tab l e  A. 1  are  co n d u cte d  o n  c e l l  G  ( g rap h i te /M N C  an d  LM O,  
6 0  Ah ,  wi th  co pp e r  p l ate  be twe e n  c as e  an d  ro l l e d  e l e ctro d e s ,  fo r  P H E V ap p l i cati o n )  acco rd i n g  
to  C l au s e  5  u s i n g  t yp e  2  i n d e n te r an d  a ce ram i c n ai l  h avi n g  a d i am e te r o f  3  m m  wi th  a N i  t i p  
o f  1  m m  i n  h e i g h t,  an d  4 5 °  an g l e .  Th e  c e l l  cas e s  are  th i n n e d ,  an d  var y fro m  0  m m  to  0 , 8 5  m m .  
P re s s  s p e e d  i s  0 , 0 1  m m /s  o r  0 , 1  m m /s .  Th e  vo l tag e  d ata  are  s h o wn  i n  Fi g u re  A. 2 9 ,  F i g u re  
A. 3 0 ,  F i g u re  A. 3 1 ,  F i g u re  A. 3 2  an d  Fi g u re  A. 3 3 .  

Th e  te s t  re s u l ts  d i ffe re d  d e pe n d i n g  o n  th e  cas e  th i ckn e s s .  I n  te s ts  1 4- 1  an d  1 4- 2 ,  wh e re  th e  
cas e  i s  re l ati ve l y th i ck,  th e  ce l l s  e x h i b i te d  f i re .  F u rth e r,  i n  te s ts  fro m  1 4- 1  to  1 4- 3 ,  th e  s h o rt  
ci rc u i t  o ccu rre d  o n l y b e twe e n  th e  c as e  an d  th e  co p pe r pl ate  b e twe e n  cas e  an d  ro l l e d  
e l e c tro d e s ,  an d  n o  l a ye r  was  s h o rt  c i rc u i te d .  

I n  te s ts  fro m  1 4- 3  to  1 4- 5 ,  wh e re  th e  c as e  i s  re l ati ve l y th i n ,  an d  t yp e  2  i n d e n te r i s  u s e d ,  th e re  
was  n o  f i re  an d  n o  s m o ke ,  wh i l e  th e  n u m be r o f  s h o rt  c i rcu i te d  l a ye rs  d i ffe re d .  
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Fi gure  A.29a  Figure A.29b  

Figure A.29  – Vol tage data  of  test  1 4-1  

 
 

  

Figure  A.30a  Figure  A.30b  

Figure A.30  – Vol tage data  of  test  1 4-2  

  

Fi gure  A.31 a  Figure A.31 b  

Figure A.31  – Vol tage data  of  test  1 4-3  
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Fi gure  A.32a  Figure A.32b  

Figure A.32  – Vol tage data  of  test  1 4-4  

  

Fi gure  A.33a  Figure A.33b  

Figure A.33  – Vol tage data  of  test  1 4-5  

A.2.2.5  Tests  on  cel l  H  

A.2.2.5.1  Tests  wi th  Type 1  i ndenter  

Th e  te s ts  fro m  1 5 - 1  to  1 5 - 5  i n  Tab l e  A. 1  are  co n d u c te d  o n  ce l l  H  ( g rap h i te /M N C ,  3 7  Ah  fo r  
P H E V ap p l i cati o n )  acco rd i n g  to  C l au s e  5  u s i n g  Typ e  1  i n d e n te r.  Th e  te s t  d ata are  s h o wn  i n  
Fi g u re  A. 3 4 .  
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Fi gure  A.34a  Figure A.34b  

  

Fi gure  A.34c  Figure  A.34d  

 

Figure A.34e  

Figure A.34  – Vol tage data  of  tests  1 5  

A.2.2.5.2  Tests  wi th  Type 2  i ndenter  

Th e  te s ts  fro m  1 6 - 1  to  1 6 - 5  i n  Tab l e  A. 1  are  co n d u c te d  o n  ce l l  H  ( g rap h i te /M N C ,  3 7  Ah  fo r  
P H E V ap p l i cati o n )  acco rd i n g  to  C l au s e  5  u s i n g  Typ e  2  i n d e n te r.  Th e  te s t  d ata are  s h o wn  i n  
Fi g u re  A. 3 5 .  
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Fi gure  A.35a  Figure A.35b  

  

Fi gure  A.35c  Figure A.35d  

 

Figure A.35e  

Figure A.35  – Vol tage data  of  tests  1 6  
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