P17255 TI TLE Expl osi on- Proof Non- Aqueous El ectrol yte Secondary Battery .and
*Met hod of Setting Rupture Pressure 5 FI.ELD- OF THE | NVENTI ON The present
j-hivention relates to an expl osi on- proof non-aqueous el ectrol yte secondary
-battery adaptable to |ithium secondary batteries and the like. 10

BACKGROU THE I NVENTION I n recent years there has been a rapid progress
in portable“and cordl ess desi'gns of el ectroni c equi pment such as

audi o- V|sual eqU|pnent and personal THHHIt ers. As the power source of these
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hi gh-capacr ty al kal i ne storage bq{ﬂlﬁh—bﬁesgmg l'ithiumion.secondary
batteries are suitable. Furthernore, as a.result of an'effort of devel oping
seal ed type . versions with a high energy density and superior |oad '

char acterpﬁfmot‘eﬁqtmogon aqueous el ectrolyte secondary batteries are
in wide use as the power source of portabl-e equipnent including watches and
camer as. - 20 The preselbinventianrelates toam eqdoaonrerqqfeonﬁqugqug elestrobydrar y
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t he charger overcharge, or misuse. For instance, an abnornal reacti-on due
‘to ove C oses the eIectronte or active

mat er1 %ﬁ%ﬁﬁ‘gﬁrpiﬁ&&r%c.: Mg@gvol ution inside the battery and an
excessive 25 '%%&%'tgf&ir@ﬁﬁwlﬁhs%eﬂb phﬁ fog e¥sm'i§drtabh:lﬁ1dreﬁﬁﬂé§§ this type
of batteries has to dafe been provided wth the fol |l owm ng expl osi on- proof

‘mechani sr’rﬂeSTE&t‘Jflel;ﬁthPWCteﬂélP suches awlipvisugl equinmpent and persen e increases
beyond a g&ﬁg&@ﬁd ‘ﬁéltﬂg ﬁfce'o?gf&%edlﬁ?&xeﬁlaﬁoﬁ ofXEledfdlytsl th the

internal preSsure is pr sse tomar ecilon t he- |nternal pressure
(the direerganic sélventitypesliqwid olectrolyte) sacondeay basterics as e:presme@ by ¥a¥@us, t her eby
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stage of ogcyrrence, of. ove char short. GLIE and st g the -
“abnor el AAUSH FHSTEY deosily j’ﬂa charaetetis Fﬁe%ﬁﬁétwgtqografgg&edr%perat ure or
battery i pleefrbigte secoRbY muéﬁes fue i RdeisBas e posver solires bbpdrtable cui t current

can be 35 control “ﬁd and safe of the battery is secur ed. The battery
st r uct ur e cgnipmeatgludng yaich qséP Ngera& 943,497 is valuable in that - it

provi dgs- a conmenghakith tHe8énth &besfaeétrmhbe&dnamfytﬁatwrypa ehasicsichanger nal |y
agai nst overcharge. The_ gas evoI ution mechani sm whi ch actlvatfefs t he cut off
devi ce dep@ﬂ@g)ower generating elements inside the battery takes place in the event allure of

applied eqmpment including the charger, overcharge, or misuse. For instance, an
abnormal reaction due to overcharge or short circuit decomposes the electrolyte or
 active matenals, thus causing unusual gas evolution inside the battery and an excessive
25  internal pressure of the battery. For this reason this type of batteries has to date been
orovided with the following explo_sion-proof mechanism. That is, in the event the
battery internal pressure increases beyond a desfg’ned value, a vent member that has
' been exerted with the internal pressure is pressed toward the direction of the internal -
pressure (the direction of diffusion of the internal pfessu_re) and deformed, thereby
.30  causing rupture of a thin portion of electrically conducting member or Separation of the
weld between the vent member and the electrically conducting member thus cutting off
the electric current in the initial stage of occurrence of overcharge or short circuit and -
| stopping the abnormal reaction. As a result, an increase in the battery temperature or. |
battery internal pressure due to charging current or short-circuit current can be

35 - controlled and safety of the battery is secured..



on” tthe vol t.age and tenperature of the battery and on tinme. The speed of gas
evolution 5 is not constant; it increases w th increasing vol tage and '
t€nperature of the battery. It is of special significance to note in actual
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SUMMARY OF THE lNVENTION _
| In order to achieve the above object, the present invention provides a
structure in which a sealing part includes a pair of upper and lower vent plates

30 mechamcally and electrically coupled with each other, the mechanical coupllng
between the pair of upper and lower vent plates being broken in the event the mtemal
pressure of the battery case increases beyond a predetermined value thus cutting off the
~ electric current, and, in the event the internal pressure of the battery case further
mcrease_s beyond a pre_determmcd value an easy-to-break portion formed on the upper

35 . vent plate ruptures so that the gas inside the battery case be released to outside. Here



|ncludes a,pair of upper and | ower vent- plates nechanlcally and
_»electrlcally coupled with each ot her, t he- mechani cal coupl i ng betmeen the
pai r of -upper and | ower vent pl ates belng broken in the ‘event the internal
-pressure of the battery case increases- beyond a predeterm ned val ue thus

cutti f [ '

ot t he ObaleahBERERb iG] B mochRfica) ublife (RKF 0 hl Balt B b and 23517 e

easy-t o- lnvmkrempiatesmﬂmkemﬂsiselmahmnnmahatlt/dem-easbsaasethespmmlvolgmeo that the
de the batt. b | t tsid t

Bort on | GoquBRMBLat of e DARY JarEsee 200 tirupti hiessust of fhe BBCREPGR b

pressure gbrtihiof thefipeeivént plald BRer at aRaRetil the rafgd 18200 kefemf.e of the
easy-to-rupture ortlon of "t he upper .vent plate by at [east 163§lgf/cn{err]

and t h® caul ki ng Wh%@@nﬂlemfﬁﬁ zéentmnmrewée%wﬁ&hyamwtlschsaeie gher t han
the upper pH%E’Bc%Ocﬁ ?}Qﬁoﬂi@é ?%vﬁee? ﬁlgfes}ﬂe@h Tylad'e !&&%ﬁspo”'on

formed on sur ery case by~ at | east 10 kgf/cm.
Accor di ng cbupledtmthleadeotﬂas thel menhanmalemuphmg betweerf thepait of uppearsanddowenof non-

Govi co”t 0P eRHRF br bl B o Bt e B N e BN ety

and cert aibgyohd a”prbdt&ermiﬂé& vaanie huecunting off thdéleetricennent, agl, nmﬂpenvaﬂm thei n

nor nal . use or ora e%ﬁh n el evated tenperature, ,and |ch |s ree from
t he d&ﬂgermtﬁlf“ %5 At RSk At ¥ Y PFevi ces
and super iggdy -totbré&f firtion forined gﬁ,\tﬁenﬁppét véﬁt@)ldté hﬂituﬁﬁg’,maeth aﬁﬁsiees of the
gas di scharge capacity as a result-“of-—-abandofment—or t hrown n 0 e of
‘the batterthe amnacaseb@rpéeasedmt&mt Alsnenease'sterwpturﬁ/mrtlpetﬁ ¢ieBs a

met hod of Fpife us
secondaryt%@%%g% tlrnc Eﬁ?‘ﬁgﬂag % %%sg;ﬁ}: 189 elggeglr of upper

and | ower thasrthe pipiure :prf(ssm of tlmrﬂaey—:@-mpauh portioal dfyhtampee Nwtplate byky coupl ed

W th ch ot l, co [ of upper
and | dner 1Gh TS heeRL S ik SRuRREANERY srORlo O SRHES B B Bl ©) | VPPC
event the tha:ﬁ the nppeminﬁs eﬁuhe nqiture presstuerof thzeaeeey%mmpamqrbﬂhmyfmﬂed on the

pr edet er mi figd e | al, pressure of the battery
case subsé’(?ﬁf@ﬁ’tﬁ aeejc?f[tﬁggath% 3’@&‘&@%&2’ cH"rzedeterm ned val ue, and
easy-to-rupture PREsMER th @i @by dedckibed RiveAtio Alsafd) aidexplosion-preof tus

rel easing-the gas inside the battery case to, outsi t he upture
pressure AJUGHSSecondaryhatteryis E‘Eﬂ“@éd@@hﬁ %B%RBE@W‘&‘;% ‘Hltﬁb'gldF“S‘F Ypper and

| over 2gentcuindtdtBelbitibal (Bfndtfion RAfkih AR baltOrydRiet eea? aAd chiBnty A thedvero! uMe
occupancy ratio of the battery increases, wherein the relationship between

“the spat i #f oyeicherge vhile pemaipingineperaiie mmr@al li@r%f stprage Hanelgyetéde pressure
of ‘the | Ovt@ﬁlpe/rgg‘ﬁe %&Bﬁn&f‘rs%fz?@n“ﬁgdg g&‘ bmﬁgﬂglcbﬂﬁuﬁﬁbﬁ‘ﬁﬁ@ ‘the pair
an ken 0

of the upper ower vent plates 1s n set as shown in the.
f ol | owi ng:opimizatidpafisafetydsivices and:mqpaqmp safety in the event of evolutiorpef@ gaspr essur e

(% fi GUT G5 LS g? Ele gag 2hscharge capacrty as'a r%gélf 5’% aeoa{'tllmnflerﬂ '8k ﬁﬁo&vﬁw&dfn%f f )
25. of the battery

BRIEF DESCRIPTION OF THE DRAWINGS
F1g 1 is a vertical cross-sectronal view of an explosion-proof battery inan
" exemplary embodiment of the present invention. '

30 Fig. 2 is a bottom view of the battery.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodlments of the present invention are descnbed in the

following with reference to drawings. F1g 1 is a vertical cross-sectional view of an -

35 explosmn_-proof lithium secondary battery in an exemplary embodiment of the present
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stamp. The thin portion 2b has a rupture strength such that it ruptures when the
battery internal pressure reaches a predetermined value, and the rupture strength is set
. at a value lower than the rupture strength of the thin portion 1b of the upper vent

member 1. | _ . '

.25 The central portions of each of the upper vent member 1 and the lower vent ’
member 2 are welded to form a bonded part S, and the upper vent member 1 and the
lower vent member 2 are electricafly connected only throuéh the bbhded part S. - ‘ The . g
PTC device 4 is a positive temperature coefficient resistance element the electncal
resistance of whlch drastically increases when a predetermmed temperature range is

30 exceeded by passagc of an electric current in excess of a prede;ermmed value.

Next, a brief description of a battéry obtained by sealing the-openi:ig of the
battery case 7 with the above described explosion-proof seal plate will be given.  First,
in inserting the explosion-proof seal piate into the battery case 7 having a thin portiori
7b on the bottom, a lead member 8 taken out from one of the electrodes (usually

35  positive electrode) of an electrode group 10 housed irisifle the battery case 7 is



5a, and a netal case 6 made of al uminumfor receiving and securing each of
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portion.. The electric current of this battery flows fromthe el ectrode |
group 10 hhreathing) hole 6a ruptures, and by the pressure received through the ruptured part the

upper vent member 1 is deformed upward by the flip of the concave portion la
25  triggering rupture of the thin portion 2b of the lowér vent member 2 by shearing. Asa
result, the portion enéi_:_:cled by the thin portion 2b of the lower vent 'mcn_lber 2is
removed aiway from the lower vent member 2 together with the ﬁpper vent member 1,
thus the upper vent member 1 and the lower vent member 2 which_havé been
- electrically conducting only through the bonded part S are sépéfatéd, thus cutting off .
30  the electric current. . .' S _ I'
In the event the battery internal pressure further continues to increase due to
evolution of a large volume of gas and the battery internal pressure reachesa
. predgter'mined value established based on the rupture strehgth of the thin portion 1b of
the upper vent member 1, the thin portion 1b ruptures open and the filled gasis
35  discharged to outside of the battery through the discharge holes 5a. | |

5 .
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st rengt h welumegatio phthe emptyspaes inthe totel spaoreoccupicd bydhrbattety, (namplyy theof ' t he

thin portj : . nber 2 | hecei.ves the b ery
nternal - SPRe 8B Gnslifitne 8 Skt Eerdlbl Hémaul B 17208 S e ot C” o
by Ej he pr haxdngam;gnrgipresﬁuﬂcﬁf@h@lm:ﬂchﬁeﬂtummbﬁrd $aitt3-1hh%ﬂlm12?§i designatedenber 1
is deforr u rd,by. the Lp t he concave port tr ering
oot ol€" oA, ABaEe naYint A Sprtafofind diturag ratp 0t apd uiBg el B ns
resul t, thaviR@arapiregieisifel sTdhdlowel QehtthdinbiR2idePit L3 REf/dniPSs e EHateqe Nt
menber 2 is renoved away fromthe | ower vent nenber 2 together with the

\way ( .
upper ‘venfZndRisry having aspatial vole ocpapancyEataef 9% apdiusinga seahplate ent nenber -
2 which h | ot irﬁl&[.] loYe ) : rt S
are separ g?‘gn, ﬁ??;bt}g}e .u%{sﬁéﬂé??- 30 Vt%te e %t%ﬁeg%%ﬁgﬂ&liﬁaﬁ@é@gm the -
battery i ASen halterp having aspatial vplwmeensupaney satiooofi 8% andwsinglaeeal plae/ol ut i on- of

a lar 9 Vﬂgﬂggsg{lg}gl%}r%gﬁé&%h@fbye?Q -tiﬂ?éqggé}a) seP%tessf-'ié gggcg@f;ges a

pr edet er m ned™ S I shed based . on e rupture’ ngth of the thin
portion | designatédeAdzpbatteryelmvimgarkpatiall yoluine octipangyoratio ofi 7¥andusingraes open

and the fille s.i s 35 discharged .t o outsi de ,of .t he tery through the

di schar ge 8?1% P gaéqualmgsa TUptyrg Pressurk \?g ﬁfe loper B‘%ﬁ% fsmper %Fg‘r‘% Qlﬁ%m a

* cont i nues desigriatgl Abya baierehadn dtiabvdlaine dchupafiératia lof preeadwisthgiaaches the

rupture str %\ﬂth of. the ?ﬁi n %?tﬁtl) 7h of 'thep bo)f{agmoof th éflt.g[zery case

7. the t hSFL %‘?Wﬁﬂ%rwnﬁlﬂm u%ﬁgﬁ!%%ﬁwefﬁ@tmqm@a_. ggxsatPsMceh Caitjed to

out si de Oﬂeéi%fatétﬁAS,edn\d-a Battery having a sgatialWil8me vtéupdhdycatio BAS%emdesingl to A7
0

having the aboye structure were fabricated as follows. A battery having a

spatial vaistalPlale Bayinga junture Ricsspis; of she lomiervent serabes 2 setat 18rikefieplice i n
the total issd&@aﬁéﬁ%ﬂ?i ed by the battery (nanely, the space not constituting
a power generation elenent), of 15-20% and using a seal plate having a

rupture pressur eAlo, exmplevrstangular battoriss F120 F&weae fabricated by sattifgthe] is
des '9 na}t egupture pressure of the lower vent member 2 as follows. A battery having a spatial

- 25 volume occupancy ratio of 15-20% and using a seal plate having a ruptﬁre pressure of
the Jower vent member 2 set at 2-5 kgf'/cr-n2 is designated F1, a battery having a spatial
- volume occupancy ratio of 10-14% and using a seal plate héving a rupture pressﬁré of
the lower vent member 2 set at 3-7 k'gf/cr.n2 is designated F2, a battery having a spatial -
| - volume occupancy ratio of 7-9% and usiﬁg a seal plate having a rupture pressure of the
30 lower vent member 2 set at 4-7 kgf/cm® is designated F3, a battery having a spatial
volume occupancy ratio of 6%_a1id usmg a seal plate having a rupture pressure of the
lower vent member 2 sef at 4-9 kgf/cm? is designated F4, and a battery héving a spatial
~ volume occupancy ratio of 5% and using a seal plate having a rupture pressure of the
lower vent member 2 set at 6-10 kgf/cm? is designated F5. Here, the rupture pressure

35 (operating pressure) of the thin porﬁon is measured by gas pressurization.



10" "Al, a battery having a spatial volume occupancy ratio of 10-14% and

-usi ng a.seal” plate having a rupture pressure of the |ower vent:nenber 2 set-
at 4-13 kgf/cnferr] is designated A2, . a battery having a spatial vol une
-occupancy ratio of 9% and using a seal plate having a rupture. pressure of

the | over vent Rl ofovafihafle o6 Ao tald REHRlr et aLANAuTH, flowa D2l ery

havi ng a.spatial” vol une occupancy’ T at- séal plate 15
havi ng a inu¢st of thepe bateriee arzfdestribeld dusite foHowingenber 2 set at 5.5-13
kgf/cnferr] is designated A4, a battery having a spatial volunme occupancy
ratio of 7% and using a seal plate having a rupture pressure of the |ower
vent ne'nt)(q?()%ﬁggrggttes?;- 13 kgf/cnferr] is designated A5, a battery having a
spatial volune occupancy ratigo of 6% and using a seal plate having a

rupt ude pressur Thgfoverehargstest is,a tost assyming oyercharggunderan yagontelled, 1] i s 20

desi gnat e . - ac [ ¢ spat - ARGV LAl Of 5%-
andI gs i ng&éﬁg ‘&%as“g'i‘ g? @%@_\%‘éﬁeg’\f lrﬂu{é'cgth%rr% P'p rng‘J'ssl}%r{tgé gﬁ&tcﬁ g’f P%\?\‘g ﬁgl;l/%sﬁ{ﬂege nber .2
set at 13théSeskyhs objeevad] iAs chaxpamptive eslamiples Af eylindeiralrbatterigsca battegyi| ar '

batteries  Fl. to F5 werne fabricated..by | he rupture pre re of the
Cower . verteving bumial Vs AebiRtT R or 15 obdhd g L Feal PRHERRY, 0, U

0;3 cu Ea_n' ft Yrup@iré pregéurd ﬁf) ﬂﬁ‘l’gﬁaﬂvm meglbgr ieﬁ atpB atgﬂcr(i}?aisidaﬁgﬂ;atgwlszlw e Er essure
of the | ower vent nenber set at 2- f | esi'gnate “a battery
havi ntP a R3ttery baving, spatial kelyme ACGuRaney 9%@0%%?11‘%0 W%&?Fﬁjlﬁfagceal- pl ate
having a pauph £ﬁ1p@tg€%g&§1ﬁe%ff thdBwePVEHt n¥ediber TREPA 4%k ghBin? AldeSighatkdf / crnierr]

i s designated F2, oattery having a spatial_ volunme occupancy ratio of 7-9%
‘and usi ngBa askatlerphaving » spatial velumgoconangy rmtionf §%tnd wringzvseal phaker  vent

menber 2 gk ' i“%'q‘% , l@‘c{he j a .
spati al v%f}u““néI£ 5“3%[}8 ncsélﬂr;[é)t?:i%é lg?v% %&/égn us??%gsggatslga p a%’%d. v?tﬁg a
r upt ur'e pBasandracbatteryt eyingaspatiabvelume woerpaficyratioaf 5% dusingmageal platei s

desi gnated F4 Y FAV ' ' _ bl Az io of 5% :
and o ngrayitsa kiR el EISWREy B RN 2 abCa B afl BABSORR ' T 1L %)
set at 6-B@. kgf/cn2 is designated F5. Here, the rupture pressure 35 S
(operating pressyr of the.thin portjon is asured S .pressuri zation.
Results of over cﬁﬁ%@‘i‘%‘ﬁa}lde‘]‘w&ﬁ@&t’t"& ﬁﬁ%‘?ﬁggpgreg%g@é%%g »8and fire
throw - battdreEivifd a bpRie volaticaddeasaney CatibSTalSL 0% ahd udihiga &l plwvd ng. (1)
Overcharge test: 5 - The overcharge test is tgst ,assum r%glr

over char gBaviRgi Funipre presshieraftheloves Hentimes %@dﬁtg«@a&@m o designaied @k the
charggy. IIBStte'i'Sr Rhvifg Qfspﬁi’eﬁ RoRimd &uﬁﬁ{c&%ﬁ@& Af4%ranihSink@skaljfdte Obser ved.

As conparative” exanples of cylindrical "batteries, a bat er%q havi ng_a

spatial vbavinga septuisprespurenfithe lower sentonsmaber 286t sl kefiadis designatedd32.ng a

fopture PhEaIY Bafhe b Bt A BT EUuBRIE) iiFor G ol uliBg LA PERERAVig R

desi gnat e attery having a“spatia une-occupancy ra
10- 14% anduphetepgessurs @ thedowee véntwenpes 2rsepatliOckgficed is designated ke, pader vent

Valome. 2 BlleaRlbootia AT Bl denSiRY PR G R RS Gl et SPac o

25  rupture pressure of the lower vent member 2 set at 11 kgf/cm® is designated G5 .

Table 1 shows results of overcharge test of the example batteries of the present

invention and comparative examples.

30
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- -18 deS|gnated B3, and a battery having a spatlal
- 5% and using a seal

~menber 2 set at 16 kgf/cnferr]
conpar at |1fa%gi<arrpl es of rectangul ar batteries,
vol ume occupancy ratio of 15-20%and using a seal

h‘aw ng a rupture pressure of the |ower vent rrenber 2 set at 15 kgf/cn{ err]

pl ate 15

- pressur e Cylintitieal bateeies vent nenber 2 set at. 6 kgf/cnjerr]

20  a. partery having a spatijal._vol une occupancywvﬁ}l 0 off 7-14% and using a
seal plate having a rupture preSpaiabveleme heg | opgy mumi rmanyve,%hﬁgs 8
kgflcnf ¢rr] i s Batietydyret ed G2, aO%P@GYSAtlhav ﬁte?ﬂ?é’sk v a figisupancy
ratio of 6% and usi ng a seal pI ate We)\/l ng g B res< : wer
vent ne lum. |2 set—at-1T10—kpf+opt e Iis 1:@ UBZI gllgtc — G ] Vizgg
‘a spatial vol une occhparey—+afe—6 aReHSHRre o Seat—phate-ang
rupture|pressure of phe$eweri vent er 2 set %Lﬁ_l_k-giL&M S
desi gnafed G5.. Tabl e[ 1 shdws fesult 9 of ovelcharBelBest qdf tHY M0
batteri ¢s oOExdniplespr esentAdnvepti on ad conplar at iSve- Bxanplles. BO1H¥b 7
Table 11 Cylindrical |batAgriep Spatial vol unme 7 -1Bower |ventQ pEOer
Overcharge Battery type oCcupancy rati o q.R4pturg pr. -
ignition rati-o (% A Q‘:g t5— A 1933_11145 tt qgﬁgg?wu'AZ
10 - 14 f—- 413 —O01-FO0—AS 9 -13
0/ 100 Etanpl es a4 Bl 1520~ | 135 5 hg 97/100 g/hoo a5
7 - Comparative- 13 B2 | o/ 1Hb- I 14¢ 93/100 g { 14
0/ 100 A7  examples |5 B3 - | @3 - 15 15 0/100 B194/100 . |15 -
20 - 13 B4 97/ 100 Gynparatjve - 16 B2 96/100 - [4
14 - 93 7100 exanpl es B3 . b _ 15
94/ 100 B4 5 16 96/ 100 Rect angul ar
bat t er i esR&giguRt bateliesTe Lower '
' : Soatial 1 Lower
: : pana volume vent member . Overcharge
Battery typn occupancy ratio rupture pressure ignition ratio
) (epfio®) |
F1 - 15-20 2-5 0/100
F2 10.- 14 _3-7 0/100 _
_Examples F3 7-9 4-7 0/100
' F4 6 4-9 0/100 -
F5 5 6-10 . 0/100
. G1 15-20 6 97/100
Comparative G2 7-14 8 95 /100
. examples G4 6 10 - 92/100
G5 5 11 - 94/100

10

15

vol unme occupancy rati o of
‘having a rupture pressure of the | ower vent
is designated B4. On the other hand, as
a battery having a spati al

plate having a rupture -

i s desi gnated G,

~ From the résults of Table 1, it can be seen that while the comparative
example cyhndncal batteries B1-B4 and rectangular batteries G1-G5 had ignited, none '

of the cylmdncal batteries A1-A7 and rectangular batteries F1-F5 of examples of the

- present invention have reached the state of igniting, - With the comparative example

 batteries B1-B4 and G1-G5, the tirning of cutting off the electrical connection for an

‘electric current was delayed as the rupture pressure of the lower vent member 2 was

~ high, and decomposition of the electrolyte continued, resulting in an increase in the -

battery internal pressure and continued rise in the battery temperature.

‘The battery

thermal runaway start temperature was eventually reached thus releasing Oxygen- .

containing gas and endlng in

ignition.



vent "rrer?b,er, Overcharge Battery type ' occupancy rat i'_o_ (9

“pupt ure-pressure ignitonratio F1 15 - 20 . 2 -5
~0/100 F2 "10- 14 -3 - 7 -~ 0/100 Exanples ° F3
7-9 | 4 -7 0/ 100 F4 6 . 4-9
0/ 100 F5 : P ' - 10 . 15 -
9T o On the other hand,gyith each o2 e S3mple bagteries Rl fandF1-Fs ot - 17,
8 the préent in¥€lionxanpptéfum ruptureGtessure for each respéetive sgatial volume 10
92/ 100 G5 ' 4/ 1005 Fromthe

resul ts oPCCHRFRGY r§uo F?SSQS"SH Sf}@ngé%mpﬁlgtojf\ﬁﬁmng oﬁ«@ecggwi seanectien framy| o

eyl ndri clecthidichftéhtRashbvEldeidd! cCbaRGNY, B tichiaPamishaferijtanigl| ! ed,
none of the cylindrical batteries Al-A7 and rectangul ar. battéries F1-F5 of
exanplies WAS nerer pracheddue tawentinusd rises/in thebaieeyiinternalpressereandi gni ting. Wth

the compafeaioku AR el Reulihald Shiseh BL-B4 and GL-G5, the timi ng of
cutting off “the electrical connecthon for an electric current was del ayed
-as the rupture pressure of the | ower vent nmerber 2 was high, and - ' :

deconposi }4 of e el ectrol yt ontinued, resulting in an increase in the
battery i{‘?t)%ﬁﬁvaﬁte% @?S{ﬁ%é‘eéﬁ’dy%gﬁ% nued rise in the battery tenperature.

~The battery therThd eleviiedMRynpetatire stopdgeatstisy Rsiid StoRy 8 Bhtety iva BsEThed thus
rel e_ais ng ,oxygen- 15 cgnt ai ni ng %as_ and ending in.i &?FIGT'I on. 8 "On the
ot her a_nﬁ‘, itﬁt qvgB for} e etatis At dhebatteny aftes thetest js “’Pﬁ!»Fé_Spf ‘the
bresent | egpira@ib exafp!drEylidrival birérits, S b Ha0ing SApRIAITBRAR | ve spati al
vol unme occupancy rati 0 has been set and the tfmng-of "cutting off o
el ectri caPceupaniydatio af 1520%rand usingra ssakplate bavinga suptureqressuteanfdhe lower

Conseque it médifer Z\GE VS K IAHAR 0 HIRA'CY, U fiedhy nafffE o IR (DRRRTCD Ue L0

continued rises rnth pressur erature thus never
_resul t i ngo¢awpangyi ratio of 10-23 %Eindusingc: sealgiste Abving astptnregressestof tHhlower

el ev d- e St t,est, LS test to store a battery in a
gstertc Yot Rn oy 35 besighabd L patiey 1AViRe 8 sl SPHmA &1 ¢ e
test is obesmpaney raie of O9midaisinger seulaphine daviaf a gyptieressale dTahd PWwees, a
battery havi r;lg s&g{eial v ur;e.gccupgqc rﬁtio f 15-20% and using a seal
pl ate havV?ﬂj_ e’ﬁ‘?ﬁﬁ_ Eatp"f]égé‘?ﬂ ds gt I(éné_ N narBaBepa yelumg >
kgf /cnf er 6écuf5n@eﬁﬁaaﬁ_smn@hsh@ RhE Flat¢ hivivls B Juptuitiitdsate of the IFRepCCUPANCY
ratio of 10-14% and ‘using a seal plate having a rupture pressure of the
1 ower vent member 2 set at 5 kgf/cm®is designated C4, a battery having a spatial volume

20  occupancy ratio of 7% and using a seal plate having a rupture pi'essure of the lower

vent member 2 set at 6 kgf/cm? is designated C5, a battery having a spatial volume

occupancy ratio of 6% and using a seal plate having a rupture pressure of the lower
vent member 2 set at 8 kgf/cm? is designated C6, and a battery having a spatial volume
occupancy ratio of 5% and using a seal plate having' a rupture pfessure of the 10§ver
25 vent member 2 set at 12 kgf/cm? is designated C7 _
| Furthermore, as comparative examples of réctangular batteries, a battery
having a spatial volume occupancy ratio of 15-20% and using a seal plate having a
i'uptufe pressure of the lower vent mémber 2 set at 1 kgf/cm?is desigﬂated H1, a battery
hairing a spatial volume occupancy ratio of 7-14% and uSing a seal plate having a
30 rupture pressure of the lower vent member 2 set at 2 kgf/cm? is deSign’ated ‘H2,- a battery
' having a spatial volume occupancy ratio of 6% and using a seal plate having a rupture
pressure of the lower vent member 2 set at 3 kgf/em’ is designated H4, and a battery
having a spatial volume occupancy ratio of 5% and using a seal plate havihg a rupture
 pressure of the lower vent member 2 set at 5 kgf/cm? is designated HS. Table 2 shows



15 vent -menber 2 set at 3 kgf/cn{'err] is designated C2, a battery having
rasspatial. volune occupancy ratio of 9% and using a seal

is

pl ate having a
rupture pressure of the |ower vent nenber 2 set at 4 kgf/cnferr]

"desi gnated C3, a battery having a spatial volune occupancy ratio of 8% and

using a
at 5 kgf

) el o Pl

avi ng

AR ST S b P

‘menber

i

2 set-

vol une 20

occupancy imention aiid dorparativesixample tattediespl at e havi ng a rupture pressure of.

i s designated C5, a battery
having a spatial volume occupancy ratio of 6% and using a seal plate having
a rupturembrssure of the lower vent nmenber 2 set at 8 kgf/cnferr] is

the | ower vent nenber 2 set at 6 kgf/cnferr]

cutting off _electriéal conduction in the batteries and not performing as batteries, no

erroneous current cutoff operation of seal plates took place with the example batteries -

_ A1-A7 and F1-F5 of the present invention. In this test, as a result of exposing

10

desi gnated C6, and.a battery having a spatial volune occupancy ratio of 5%
and us? ng Ylindecal balferief o having a rupture. pressure of the lower 25 vent -

- menber- 2| set at 12 kgf/cnierr Iﬁ dﬁsi nated C7. Lbwért hernpre,_.as o
conpar atj ve exapgpl es_of rectang Pafal Uy i ks, vent Bfnb& Y havilf?émé’fspm I al
vol une ofccupancyHe5¥ VB® of ~15- POSFARIH LAYy h sfpiire pledu pvi FEOEOR ot yir e
pressurel of the lower vent nepber 20 bt at [l kg 3y r] seueat ed Hi,
a batterly having a sgatiay vOlUME pecypancy|ratlg_qf 7- 14p6 ang ;7760 "9 3 seal
pl ate hayVing a 30 I’L'pT'UE—pTEb-bUI -'[,QEJIAHIC owet 4\/_il3t menpet 1 at] 2
kgf /cniefr] is designategtH—rtabattery—havrg—a—spatial M—%e—&pﬁncy
rati o of| 6% and usi ng—a—ééa-l_pl_at_e_hgvi'ng alrupt ﬁr"cl.ér'\r esslre 1000 - pwer
vent menper Examples at |3 k@ cnjlerr] i& desighat ed-$#413and h ba@/ 30§ haVing a
spati al ol ume occupgncyAbati ¢ of 5% and us| ng a7sdal plafe hayiloQ a -
rupture pressure -of tlhe JAgwer [vent ngnber 2| set @t-13 kgf/pniegylons _
desi gnated H5. Tabl e |2 shgws regults of eI eigalfgj-.terrp'erag}aﬁgostor age
test of gxampre bartgriegof (he PIESEHT i[l\/-EIILiUIQdIId COMPATGELS EX npl e
batteries. Table 2. § mi g el b%%-t—.eﬁ'-ss ~Spati-atl—volpre eyer
Rati o of| vent menber [Battgry—ype—— opcupancy ratio 92/100
erroneous ((finparative " YPrube pressure 9vgficnferr])chrrent | cut98H/F10R;

15 - 20 | examples 3 |- 1€4 ® / 100[A2 - 5 10 -93Y400 |
4 - 13 0/1Q0 Ags 79 6 5-11394/100 0/
100 .Exanpl es AL C6 8 8 5.5 -[113977100 |0/100
A5 : 7 7 - 43 GH100 Ab 6 '
9 - 14 071100 EZ : i 5 12 3= 199/100 —
0/ 100
Rectangular batteries
_ Spatial volume _ Lowerb . Ratio of
Battery types occupancy ratio vent member ~ erroneous
. (%) rupture pressure current cutoff
_ . (kef/cm?). IR
F1 15-20 ' 2- g 0/100
‘F2 10-14 3-7 0/100
Examples F3 7-9 4-7. 0/100
F4 6 _4-9 0/100
F5 .5 6-10 - 0/100
H1 15-20 1 ~92/100
Comparative “H2 - 7-14 2 95/100
~ examples - H4 6. -3 97/100
' HS - 5 5 94 /100
It can be seen from Table 2 that, while erroneous current cutoff operation of
10  seal plates took place with the comparative example batteries C1-C7 and H1-HS5 thus



e 15 - 20 2 _' 96/ 100 C2 10 - 14

-3 .. 7 92/100 C3 9 . 4 _ 98/ 100
Conpar ati ve o7} 8. 5 93 / 100

« exanples C5 94/ 100 CG ' E
6. _ _
12 - batteries tggu F ie%ate& IF%er{atu ea?f sgagt %‘? @g&%&é{sugeprgﬁ a‘l‘e vol une T Lower

Rati o of ewapuraﬁmmfethe Bquikimllectrbyypeard volume ex ﬁ@lﬁd)e evelv gas With ... -

| 109' 14 electnc current ?Was e&oneously cutoff E&aﬂ&%@iﬁ%ﬂﬁe Bﬁ:ssure of the 16\3er vent . g
0/ 100 5F5 member 2 of the se@l plate was low.: On thg othel band, with the emrgpjg bafferies - - 15 |
- 20 ) 1 7 -
14 Al A7 and F1'F5 of the present ngt%{}ﬂ)%c il E?‘ﬁﬂe)ﬁﬁon for theﬂéctnc current -
3 was nod efrhfdbusly cutoff because the fupture pressure had been sebat an optimum 94/ 100
It can be een. from Ta erronequs .curr. ut,of f operation -
of 10 celfeRiaival B ecsprort st Vol R T o B B e oo C1- 7

and Hi- HEresxhtsslteuﬁ bé S@nahd:, Witk bhttéries that areduedidedwith ahiegplleeibhqrro@&ealnd not
erles no erroQneous current: cutof f "operation, of seal

per f or m as h
platd t dgk fa@‘b 3 ReFD B0 an SREPETIHPIE; PESURITCleRS iR1cach Iespeative he present

| nvent.i orgpatisl vollirie b&ahancyatio, rvﬂﬁlé'tﬁe ltof 8PSk Bferdfds befoRAehRIonSE the an
el evated ter‘rperature of 8 [err] , the internal pressure rose due-ta.

evapor at i kattenr initheevent of excessixs: Qvstohargeatha cutoff devics,doasnotmperate while ey ol ving
gas. ‘Wt lectrical -
connecti %&#%stﬁ@%@ﬁr?&l‘eyﬁe& Fémmjg%hggd&%%tﬁé t%lbgﬂgml[gjs?*g l%hea? ause the :
rupt ur e peonyentionabbatteries anﬂmrthaéugh ﬁlrabrhqrdaabefabﬁcateﬂe seal plate was |ow.
Ont other hand, with the exanple batteries Al-A7 and F1-F5 of the '
pr esent invention, el ectrical connection for the electric current. was not
err oneous(3y Fiutlabiv-inaestuse the rupture pressure had been set at an optinum

 The fire throw-in test is a test assuming incineration after disposal of
batteries, where a battery is burnt in a combustion furuace using charcoal or wood.
_ Status of the battery after the test is observed. In the example batteries Al-A7 of the
20. present invention, the rupture pressure of the upper vent member 1, the rupture
| pressure of the thin portion of the bottom of the case, and the caulking withstand
pressure of the sealing part of the seal plate were respectively set at 18-24 kgf/cm?, 40-
60 kgf/cm?, and 70—90 kgffem?® As comparati\re exemples, batteries D1-D7 were
fabricated of which the spatial volume occupancy ratio and the rupture pressure of the
25  lower vent member 2 were the same as those of example batteries A1-A7, the rupture
- pressure of the upper vent member 1 of the seal plate had been set at 18-24 kgf/cm?, the
* rupture pressure of the thin portion of the bottom of the case had been set at 17 kgf/cm?,
and the caulking withstand pressure of the seéling pert of the seal plate had been set at
' 70’-90 kgf/cm?; 'comperative batteries E1-E7 were fabricated of which the rupture '
30 pressure of the upper vent member 1 had been set at 18-24 kgf/cm?, the'rupture
pressure of the thin portion of the bottom of the case had been set at 40-60 kgf/cm?, and
the caulking withstand pressure of the sealing part of the seal plate had béen set at 30
kgf/cm®. Table 3 shows the results of fire throw-in test of the example batteries of the
present invention and the comparative example batteries. |
35
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value relative to each respective spatial volume occupancy ratio. Fromthe

- above r.esul t's,

an expl osi on-proof seal 10

- pressure relative to each respective spati al

it can be seen that,

wWth batteries that are provided with

pl ate whi ch has been set to an optinmumrupture

vol ume occupancy ratio, while

the cutof i dew ce operates before ignition of the battery in the event of =

excessi v,
at an el
- convent i
(3) Fireg
i ncinerd

evated tenperature,.
onal batteries and
thronBetery 89e: The
tion after disposal
conmbustijon_furnace using_ch
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rupture pressure of the 25

ower vent

vel y

“menber 2 were the sane as those of exanple batteries Al-A7, the rupture

pressure of the j
kgf/cn%err], theﬂ

R be b B Tafe 330, o R oot RSB el

at

18- 24
t'he

case had D73k nettexpldodiois/thafupture preaste bh thethinl portin off the boaod aftlessur e of

the sealing part of the seal plate had been set at 70-90 kogf/cnlerr];
Conpar at | PABR o YaIOReT Ban dlf Do Press S BF upr it REmPELbdf s
pressure @keditif adRgarinoeitk it RAktery iiR¢hal Efb@éhré olvisd tot8mpdraliaé tiseder r], the
‘rupture pressure of the thin portion of the bottomof the case had been set.

at 40-60

_ ithe batieridye to oyprehange apd Other Fegsams: theteacquisedan insianes iy which the
part qf thpin3RRionbrahEvbiasn BESBa

results of fire throwin test of .t

i nvent i on barthe rupture ofithgrupperentgmberl palytof thessal plgte.  Thisonay causepper

~Rupture

Battery type

leakggé’“‘t'hg gqll.}ilﬁl Fgetlelj:rtljélﬁg le\é%g t‘g%[ﬁ?‘gé rr?f anperrglr%gagﬂé
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pressure testwas comtuctedem severakwaluey of iyt diffefeace between fheghptord presspye of
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70 - 90
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Al

member 1 by at least 16 kgf/cm?. _ _
On the contrary, it is to be noted that comparative batteries E1-E7 exp_loded._

th e o 2 R e gt of g casd

15 O/al@sult itowas! fosnd prefetable fhiat the ruptife presidre of the édbe-bofOm thin

tonf thin pdr_tLi?ﬁp " A0

30

--portibn be set higher than the upper limit of the rupture pressure of the upper vent

' This is because when a battery was thrown into fire, rapid chemical reaction took place

20

inside the battery accompanying sudden evoli;tion_of a gas inside the battery owing"to

unusual heating. ~ As a result of evolution of a gas in excess of the gas discharge.

capaéity through the rupture of the upper vent member 1 disposed on the seal plate, the

battery internal pressure suddenly increased beyond the caulking withstand pressure of -

the sealing part thus leading to an explo’sion. Consequently, a test was conducted by

setting different values as the difference between the rupture pressure of the case

bottom thin portion and the caulking withstand pressure of the sealing part, from which

it was found preferable to set the rupture pressure of the case bottom thin portion lower

than the lower limit of the caulking withstand pressure of the se;ﬂihg par_t'by"

 substantially 10 kgf/cm®.
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(Note) Spatial volunme occupancy rati.o and | ower vent nenber rupture .
~pressure-of *D1- D7 and El-E7 are the same as those of Al-A7 5 1t
can be seen from Table 3 that, though the conpar ative exanple batteries
.D1-D7 did not explode, as the ru'pt'ure pressure of the thin portion of ‘the

bottom of the baphRigoriaIantife RSl bR O I EpRISH A6 afane, upper

vent nmenber 1, in ncrease int ttery | nt er hal
pressur e ool regch the siatepfreaploding: i Jtds o«bnaehﬁabtmﬂhaEwhemﬂle batterpimemdhr ge and-

ot her reasons, there rre A nc tion of
bt hot £ oBafure SRS B GRE fholin 18 1. s bclitbE olchiact BB ApRBE L O O
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. cause | eaka the |i ectrolyte leadjng t ilure,of an equi pnent.
Accord5ngF‘?‘Elbfz'a?“t1'6%"(*“’9«6%%l d’&ﬂlﬁfé’ Bl ylume of gﬁ"f“\%%“é gl?"’%ﬁﬁé‘“ﬂ’ BE&rence

bet ween t Qﬁpaﬁﬂ?EWWed) g%f?lgén@{% wﬁi}?erfb?ﬁ@& thre %h Hﬁrﬂﬂe of thea6k BAtdNT thd ur e

pressure of" the case n-portion. a‘result, it was found
pr ef er abl gortiea; smestmgrshatrpeonﬂ sefting ef@pwmnoapeesmﬂwﬂ&qanﬁowlhpon be set

~ hi gher th [ r f nt
memper 1 s SRR schifl ol sldid HECHIFCPEATAUAE ut o5 WRRBRIIEC,

t hat corrpdrsehargetdamitsldeofeﬂxelﬁﬁttﬁi expl oded. This is because when a battery

Wast own i nto |dc Jeaction to ce .20 side the -

batte accorrpanéqthﬁ E EB‘H ?éi‘ﬁg‘ég‘}‘ﬁfs ésﬁ%ﬁhttg?vnovm ng to

unusual heRkciritGurrest i cﬁ@ﬂw mpfureupdha eh€}Atofupturé portion (emspmmﬁ)‘ 26 6f gas .

di scharge capacity throug I&gp rupture of the uppe nt rrenb 1 dj sposed
on the sedlelowsr Eemtnl*f’é“ll?a?'tlﬁ GveRiEhE Mternalpe g{ﬂagﬁthF?ﬁ? beyond

the caul KighgedtkdriitieaR@lde, AR SHuemAS mhi'Be E&ﬁig'di'&l fiRhithdt ikSedsp-tsligifureo an

expl osi on. "Consequently, a test was conducted by 25 setting different

val ues as portiondbris aptformed en thedaweneent membes 2angddhe pendsd pamt S rea%léeSbot t om

thin rti g B [ t, from
wni chiit (B BRI uE BT AR, ¥ ARPBTARAN riin POTIEEIAPRRE | TTOT
bot t om t hivenipuembenil dnglthe easysn-rupturd postion provndedcdn llhh botternlof ﬂw@aﬁﬁeuhst and

B her - handesa 8 e 3BhRR-R AR ofy ol R Wit hdnk Wi RSB ER 7038 o, (Tt "
‘reach t he showh én thie ezempplacy exgbodimentshut alsodiywakioas dthat cosfigorations.bat tery

internal pressure increased by being throwm into fire, gas discharge took
pl ace through rupture of the upper vent nenber 1 before the caul king

wi t hst2gnd mmmmp&phmgpmmng part 5 had been reached, and in the

-event a vol une of gas in.excess of , s dj scharge C faCIt evol ved, gas
di schar ge was pefqh PHSERtIRYSHHGA PRV PRIOE BOR-89HeRhor ¢ i on,
suggest i NGebdhhry®: wﬁi@ﬁ‘H é?ﬂlﬁ;edr“hﬁl Qpélé&hbﬁﬁn%t%%ﬁiﬁ&eﬁ&\ﬁf éutﬁﬁ troll ed

t he sequence of . ga i scharg al l oned. the evol ved gas i nside e _

battery t®Eeledtipalyconmoctinn wgtélm the&attgwmﬂmaf@tu@né gertaipty in the event Fof
' overcharge whlle remaining inoperable in normal use or storage at an elevated

25 temperature, and wh1¢h is free from the danger of explosmn and supenor in safety by
| combination and optimization of explosmn-proof devices in the event of evolution of a
gas in excess of the gas discharge capacity under a wide range of conditions including.-

~ abandonment and throwing into fire of the battery.
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6 - I n the above exenpl ary enbodl rrent - aIthough gm

~such that an el ectric current is cutoff by rupture of th ﬂ!’ le,ﬂ
portlon (thin portion) 2b of -the | ower vent nember 2 in the ceventu

.~internal pressure of the battery case 7 exceeds a predeterm ned val ue, t he

'structurewfﬁx-rli AAAMEY 1§d such that the easy-to-rupture portion 2b is not
formed on the lower vent nenber. 2 and the bonded part S.ruptures 15 t hus

cutting off the Lukmethod Oﬁlssmpgﬂmumgssmqf@pteupbsmmqﬁmopﬂﬁwmd on the

of Pehe baseeTapey baterd Hienlalfe £ 85k al tRbviac Fih b o of bper 868 1dwerlf. 10 LT
~portions platesifvent ineasbess) enethamicilhearmdetemically co edwishrvactbomerammdw vari ous’

~ot her on |gur tions | NDUSTR, L ,AP LI CAT The resent on
provi cé’?é‘% ‘Eﬂ‘(ef)‘r% P"HBH F 'S‘feso‘&P{“e‘? th chis

_equi pped &mﬁ %afraalet‘é‘ctﬁéenfdﬁtt@mt:eeeﬁt%ém@h@ﬁmq)ees&ﬁeo@utbhumcsﬁef el ectrical =~
connection within-the battery with safety a certai nty in"the event of

over char gincygasedbeyend p predgtermined valiec andiinthe ereent thednternal P@F%‘Q%O%*the an

ona Super pitert SESIAa Gy XN ladch el | b RARIPARE o EafiBL O O

devi ces i mptire pertiont forhedomthettpper vént glagamphnesai:ime@e&ihgtth&gagansldh thehar ge "
- capacjty er a W de range nd|t|on5|n abandonpent and : :
T oty BRIGY el BRsiRLARLRE SRR rb0R AN AR ™ ) g
of setti nyetiweph v4i@ pRir©f apper anl IMeIG)eﬂt pl&te@hplﬁﬁ@haﬂiﬂ&naetuedaﬁemmsndary o
battery i g?l Ud@‘ﬂ% seal | ngqé Bé'gﬂ\él ded with pair of upper and |ower
‘vent pl at °ﬁ§ﬁ% AU b?“?ﬂd“‘@?aéﬁﬁ ‘rically coupled with each
other, wherein tﬁeﬂ{@%ﬁ&ﬁﬂﬂﬁﬁketﬁﬂglﬁiphﬁg E&&%Gﬂaﬁ@tﬂoﬁ@d proof norBGuicoas d | over
vent pI ates ruptures thus cuttin g 1 an electric current in, the event the
b

i nternal pgleetelytescepndarypbaticsy of whexeinstha relatjenshipdepvecadhespatiabd val ue,

and iqst hg puand f ntly -
further |ncr easeﬁhﬁﬁ%%ﬂﬁbggﬁﬁf?ﬂﬁ(ﬁg%mgﬁﬁeﬁggsﬁ%fstﬁ?ﬁe%%ﬁﬂas ortion -
formed on at whichyheemechamicabcaupling botweea she paisofithe uppsr ragd laveer yemt plates ue t he -
battery c%ge( B%a?“ée g{aasszmg’f‘ﬁneh“bﬁtow .pressure at whi ch the mechani cal -
coupl i ng BRTE SRS ST palT of upper an & ower vent. pl ates ruptures has been
set to decrease as the spatial volune occupancy ratio of ‘the battery

i ncreases, wherein the relationship between the spatial volunme occupancy
-ratio of fhe battery and the rupture pressure-of the Tower. vent plate at
whi ch20he smiaamlﬁaéo&@pmbyﬁgobet ween the paRnpte,fep&ésmrupper' and | ower vent . .

plates-is brgken has et as shovvnlnthe | 1 owi n tial volune
occupancy: r 6% g“fesm‘m Rupt ure presshed ﬁgrrrwr“g@dp nded of f)
(kgf/cnferr], figures rounded off) - Cylindncal_battery , Rectangular battery
15-20 311 . - 2.5
25 ' 10-14 . . 4-13 L '3.-7
o 9 5-13 4.7
8 55-13 4T
7 7-13 . 4.7
. 6 S 9-14 . 4-9°
30 5

13-15 . 6-10

3. The method of setting rupture pressure of an explosion-proof non-aqueous
electrolyte secondary battery of Claim 1 or Claim 2, wherein the ruptufe pressure of the

35  easy-to-rupture portion of the upper vent plate has been set in the range 18-24 kegf/em?
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3279 S 5-13 "

-5.5-13 _ 4-7 7 : 7-13

4-7°6 | 4. An explosion- : batt %ﬁdm -
13-15 ' °xp osrgn 6oo£noﬂa ‘Al??é’sr?%t Holgteeecosnélta{y nageélulp'fure pressure

. a;] an ex {)Eﬁﬁmgwmﬂdwd)mthqm aalllpperramﬂ;lm\eemnbpidm mebmt callyapd Cl aim.1,
erein Qr p] u er
~vent plat 51%&%9%\!%@1@&{&&# e%fha&qlé '52 nl’(eé’ ;u@%#g&pﬁmgé) eRnee?lARé Ba?r p|e |
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ruptures thus cutting off_ an electric cturrent i'n the event the internal. :
pressure bPYQIld@ pradeterminedivalue e easydequptaseqoation formedor theiupper Vet ue, and in

the event , S 3k ¢ dél% i thE 595 m%f&@ tllé%attt%fsyy aﬁ@&:%u?{i@éﬁﬂ&'ﬁ{}tﬂugml{” her

i ncreased? eyo a prede ué "an ea o-rupture porti of med on .
t he upper pwessure }hhabeenrsepaamrrhng tujhe nmltlmlsofrsgttmg euEjare pressmd(as chémedin ery

case out.si de ressure’ has been 14 = -set according:to
t he né@ho&ltgm Stoﬁﬂﬂmrhﬁglﬂﬁ% p?e *as clainmed in either-one of Caim1l.
or I2 OI4 An FSpAﬁexpmsrbﬁqm%ﬁmnﬂq%m@wfecebméf seebndagy Battwflgl&mdrﬂgad tery

i ncludi ng a_seali oVi with a pair of an upper, an r.vent -
pl at es neé?ﬂmgd‘éftlfg @ﬂe& %’E‘é@tw |4mpPpp AWE Yont Rlates Wmcalift?\gﬁel n the
‘mechani Ca'ele%ﬁiﬂﬁll%'e&l &!Wﬁﬁ%aéll‘@th@@’w}hefefin HiRRAEChaMEal BUSling ehvedd tBE Biir
ruptures thus cutting off the el eétric current in the event the |nternal.

pressure Of uppgr asﬁﬂqwryfeebeleteis meptures dnsicuttingefhthp elegwicaurenida thaeveat and in
- th t th
e eysnt t%é;@gerﬁagﬁ&?%rget i L {eﬂﬁ:réﬁ@é& ﬁég&nt giedéehﬁﬁqu%mutyarl 4Rt her

i ncrease erm ne ue an ea rupture portion fornmed o
't he upper theeuenpthgtinternapprgsswe ofithe baww@asmbsdqaelglysfurthm idereased battery

t | bot t |
o face bl pRRl-ARaER Sl 8 cH Lo B b k3 RRATE Gt D' LO™
| east 16 lpgitém;ﬂurlasgiusreleimg Ihlagasrmsﬂe the batterypéasé focoutsifié,and . aplemlystm e of t hfe

t o- t
on agqueodibuitasarfid {Brtud of e HoRRE! sutlact offthebery sase hRBE BirsSist pc hr o
pr ess@oe @Ev&ﬂi@lﬁﬁgsét@treuﬂtwwm gher fhan BRChpper il opictraptugelr face of the

battery case is in the range 40-60 err The expl osi on- pr oof
non- aq ueod’é"'st‘é‘l1 :a%ﬂ SRS 838%&091%‘?@@? gI’RPF "]@!“eﬂ?ﬁ? 4
~ 6. The explosion-proof non-aqueous electrolyte secondary battery of Clarm 5,

'wherem the rupture pressure of the easy-to-rupture portion formed on the bottom
surface of the battery case is in the range 40-60 kgf/em? |
25 - 7. The explosron-proof non-aqueous electrolyte secondary battery of Clalm 5
| or Claim _6, wherein the caulk_mg withstand pressure of the sealing part has been.set at
least 10 kgf/cm? higher than the upper limit of the rupture pressure of the ezts'y—te-
 rupture portion formed on the bottom surface of the battery case. o
8. The explosion-proof non-aqueous electrolyte secondary battery of Claim 7,
30  wherein the caulking withstand pressure of the sealing part is in the range 70-90
kgf/cm '
9. The explosion-proof non-aqueous electrolyte secondary battery of Claim 4,
.wherem an easy-to-rupture portion is formed on the bottom surface of the battery .ease
and the rupture pressure of said easy-to-rupture portion has been set at least. 16 kgf/cm?
.
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of O ai m 6, V\,her ei n.the caul ki ng W t hstand pressure t has
~ been set-at”|east 10 kgf/cnferr] higher than the uppﬂ“l“mll m"“[lmum[rpture
p'ressure of the easy-to-rupture portion forned on the*bottom surfsace of
- battery case. 7. The expl osi on-proof non-aqueous el ectrol yte secondary
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east 16 §0A&ainne huphicd denlod o ticliisy DAt o Forded onhé béteomar essur e of

t he :easy-to- rupture portion aqf the upper vent plate. 9. The
expl ost onsysfase of therbatteryecssesisdn thetangs 4060 kefigmfar y bat t ery of Claims8,
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case. 15 e expl osi on-proof non us elegtr te ondary
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