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For most Li-ion batterles used in EVs their temperature specrﬂcatlon IS =
normally as follows:

Operating temperature: - 20°Ct0 60°C
Charging temperature: 0 °C to 45 °C

‘Storage temperature : -1 0°Ctod5°C

They can achreve their rated capacity at 20~25°C and their capamty W|Il drop
~10% for every increase of 10 °C.

During winter, when temperatures can-easily_ fall below 0 °C, it will be difficult
or totally impossible for charging.

- During other seasons, under continuous high current charge/ diecharge, the

battery working temperature can easily reach 60 °C, making it difficult for
discharging. Higher temperatures can also cause battery degradation,

- shortened service life, or present safety hazards.

The specific characteristics of Li-ion cells require well-adapted and well-
designed battery temperature management and control systems.

In the subsequent paragraphs, for simplification, the word ‘cooling’ will -
represent heat exchange, be it cooling or heating, and the word ‘coolant’ will
represent a liquid that has anti-freeze, non-flammable, non-corrosive and anti-
fungal properties for heat exchange of the battery cells, be it for ‘cooling or
heating.
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wel | .- desi gned battery terrperature managemen'ip pg“ngj I n the
subsequent paragraphs, for sinplification, the word "cooling w I |
represent heat exchange, be it cooling or heating, and the word 'cool ant'
will repr es%maékso&lé;,s},}ggp ;@ﬁgga@ freeze, non-flammable, non-corrosive
and anti - fungal proper xchange of the battery cells, be it
for cooling or heating. = PCT/SG20111000029 Drawbacks of existing battery

packs Pr eserftreeR{}-dgubRERTY RASkK areHanstruried Pl cPRIEAIHI adwiker bhbatternunber  of
bat t ery noduheduless@abh modulesconsisting bf seyerd cellsveanakctedklde byasieahed si de by

'side. -The. r%éﬁlﬁs'tﬁattcgﬁ’sf inQRé Eéntbf‘ofté'é%g Ui afr Srféqne@ﬁmsﬁla fror €

L N, nor.e cul't eat ange | sting
. battery coo|”F?Hjt%‘Pd?‘?f&?@*ﬁ@tr’}&ﬁt% r@é‘ﬁgl st of the battery nodules sitting
©-on or attached to a heat sink (a fllat nmetal’ plate) that is cooled by a
~ coolant- | oofExisTing battemixmolisy soletidrisatormblty mlsntngthefbbttenyen@aUIe§ | ow, .and the

g{) 1; |e.Ctn i vg?fessﬁtm@ompéua&feaqea%lgvs.ak t|mé1§Ir6Iat@ th%@&fboméd reg\cle' 532 :ge
t he: cogl ant Ei-]%ranﬁofrxﬁ Ttﬁ@&’rap/%%gs %rﬁgﬁat %ﬁ'&g L??fé:éé{\f/}' 19 IOWI ‘g "

€ 1 om nodul e
to nodul e, &feEF "fet’i'eé%lsl POOE\AHHEE AN ﬁ”laH@agé’ﬁﬁa%deu'GFW%\f%ﬁhe regi ons may

have di fferem)hngaeﬂmta%lsn dige hedt sinkatars genherallyethicktandheaup doe tootheool each
- ggll_ ltt WO WoBlaheRab! Theﬂreaulbetth@wn@efdtuféfsml difFBY P6th infdule B iriddui&nd Vol ure.
nsi st ency ery inportan
for its durﬁcgp?? ?é" éNtﬁanﬁeggrﬁgscgﬁ A&ér@nﬁﬁgﬁhéﬁ{a& @?glamgiﬂﬁced and
assenbl ed- i ergpgr Yres-Jf ieat ginks were fa be uged to sook each Gel, ibwpdresuliect it s
consi st ency adpattennpack with Wprecttcabwelghtmnda\laluree of each cell. Tenperature E
changes can affect the cell s'--internal resi stance,  and changes to internal c
resi Stance ol ferldyAaahliihin/d1eabRE Al bABPBRIILS @%ggﬁanﬁpre exi stence -
of a tenper g en S6 ot es of cell
ageing. T os PR aeiﬁﬁsq foRess Qnﬁsmen%e"gmﬁ Pofilpd eadassembia bt he
failure of anteibage R‘?@k$ the pely dacterthatda able tpraé‘eetntsmesusmcyeayd pack is
conpr oni sed uniformbity is eid tenmemtunetcﬁrehchﬂ keitl Temperdtiiret shapgéecan Hrdckery packs.
used in EVs tag 6e|%0m?érﬁé1'r8§§'taﬁ¥e HACRaAGS WEhEHal rRRERBIA Ry ems for the

| gﬁ; g;y nggé 8 %e ogﬁ%ﬁqesrature &ang% he eglstehce/ oft a {gua'rlperar}gre € pover and

gradient between cells will cause different rates of cell ageing, resulting in
certain cells having shorter lifespans. With the failure of a single cell, the

- operation of the entire battery pack is compromised as all cells are interlinked
to work together. '

. Battery pécks used in EVs are constrained by space and weight, so cooling
systems for the battery packs must be compact and lightweight, yet meeting
the power and energy capacity requirements. '



PCT/'SG2011/ 000029 .A nore conpact, |ightweigh l, | (W pOVer -
battery pack sol ution Based on: the above obst réjﬂgﬁw‘“@‘@hﬂ and worked
out a unique battery pack cooling apparatus suitable for EV requirenents.

Al though the design belowis i ntended for applications in an EV and is a

. pr oof - of - coRc ' not and wil |l
not limt or HRPE e - Al es, and
~structure for other appllcatlons The foIIOW| ng draW| ngs formpart of this
descrlptlon Fig. 1/31 is a large-format |aminated battery cell (100Ah,
3.7V); Fig. Bh3dd bﬁtr% ao%veebgenztmttew.eaelnhsw&%waﬁ? Gk BferPS) Fi g

s .an end clip;

éfgl I6/53(11 ?nBéé ﬂ"ﬁ% pg{q% us %ugta%lesfgf% '%ugimggts A@%%tg é g&¥8"end pl at e:

- Flg 8/31 i s ?ﬁw'%mwn%j* f@rw"s?ttoa\ﬁ in B &V a1d3s ajpsoef-gfrceneent defber sheet ;

: realistic application in an EV, it does not and will not limit or affect the claims
“about lts novel concept, prrncrples and structure for other applications.

The foIlowmg drawings form part of this descnptlon
Fig. 1/31 is a large- -format laminated battery cell (100Ah, 3. 7V)
Fig. 2/31is a 2S- cell (2 battery cells connected in serres)
Fig. 3/31 is a small clip;.
Fig. 4/31 is a big clip;
Fig. 5/31 is an end clip;
Fig. 6/31 is a cooling duct plate;
Flg 7131 |s a cooling duct, end plate;
“Fig. 8/31 |s the coohng grid array; -
"Fig. 9/31 is a front rubber sheet;
Fig. 10/31 is a front cover,
Fig. 11/31 is a front cover.with front rubber sheet
Fig. 12/31 is a back rubber sheet;
Fig. 13/31 is a back cover;
Fig. 14/31 is a back cover with back rubber sheet;
Fig. 15/31 is a bottom plate;
Fig. 16/31 is a side plate;
Fig. 17/31 is an empty battery box;
Fig. 18/31 is a battery box with multiple 2S-cells;
Fig. 19/31 is a detail view-C of Fig. 18/31;
Fig. 20/31 is a detail view-D of Fig. 18/31;
‘Fig. 21/31 is a top cover; -
Fig. 22/31 is a battery pack box;
Fig. 23/31 is flow direction diagram;
Fig. 24/31 is cooling grid array front view with front rubber sheet:
Fig. 25/31 is a detail view-A & C of Fig. 24/31;
Fig. 26/31 is cooling grid array back view with back rubber sheet;
Fig. 27/31'is a detail view-A of Fig. 26/31; _ -
Fig. 28/31 is cooling grid array top view with front and back rubber sheet cut-
out space; _
Fig. 29/31 is a front vrew-B of Fig. 28/31 to show coolant ﬂow drrectlon at front -
rubber sheet cut-out space



Fig. 10/31 is a front cover: Ft_'g. 11/31 is rubber
sheet; Fig. 12/31 is a back rubber sheet; H?@ﬁﬂ@%@?%ver Fig. |
14/ 31 is a back cover w th back rubber sheet, Fig. 15/31is a bottom pl at e;
Fig. 16/31 is a side plate; Fig. 17/31 is an enpty battery box; Fig. 18/31
" 1 R PO AR iy
t op ‘cover %‘?%‘ cyt-guk Stp@F&? ack box; Fig. 23/31 is fI ow direction
di agram Fi d:'Q M/%hlsmsdei@bwewdb §E of Rigr28/31 tostow/caniantifiow dineotian atubber
sheet; Fig. bb&b&ﬁldwﬁd@t@b&r viewA & C of Fig. 24/31; Fi 9. 26/ 31 |s

. 'cool | ng grrd array back vi ew vmth back rubber sheet _

) Fb'r the batte'ry cell type ahd 'cell' specifications I haVe selected laminated
cells Compared to cyhndrrcal cells, laminated cells have lower lnternal
resrstance and therefore lower heat generation upon chargrng and
discharging. Also, it has a higher energy / power densrty Because of its flat
geometry and higher exposed surface area, it is easier for heat exchange to
take place. ' :

I have designed the batterfy pack to have 86 pieces of large-format’ Iam_inated
cells (100Ah, 3.7V, as shown in Fig. 1/31). The battery cells are connected by
means of a novel clip system outlined below, which provrdes for electrrcal
_connectrvrty under space constrarnts -

Two cells a_re' connected f'acé-to-face in series (Fig. 2/31), with one of the.
terminals connected to the opposite terminal of the other cell, by a small clip
(Fig. 3/31). This will be one 2S-cell. Both sides of the 2S-cell will be in contact
with the cooling duct plate (Fig. 18/31) for heat exchange.

2S-cells are connected in series, with the terminals of each 2S-cell in identical
orientation. A big clip (Fig. 4/31) connects the terminals between each 2S-cell,

- straddling the cooling duct plate (detail-D of Fig. 18/31), which is between the
two 2S-cells once they are inserted into place.

End clips (Fig. 5/31) are used at the positive terminal of the first cell of the first
2S-cell (Fig. 20/31), and the negative terminal of the last cell of the last 2S-
cell, for connection to main power cables. All clips are made of metallic
materials with electrical conductivity.

This will achieve the voitage (320V) and energy capacity (32kWh) for purely
electric driving for a range of 120~150km (the range of 90% of daily urban
commuters).

‘To lower the cost of the battery pack box, extruded aluminum al'loy
construction will be used for the box construction plates wherever possible.



Fig..27/31 is a detail viewA of Fig. 26/31; g grld
array top view with front and back rubber sh@%égéﬁlizgéﬁu 29/ 31 is
a front viewB of Fig. 28/ 31 to show cool ant flow direction at front rubber
sheet cut-out space, PCT/ SGZOll/ 000029 Fig. 30/31 is a back viewC of Fig.
. 28/ 31 to sho ant fI ect| sheet cut - out space;
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The front rubber sheet has narrow cut-outs on its left and right (with different
layouts for the left and right narrow cut-outs) and wide cut-outs for the rest.
The narrow cut-out will open out to two flow ducts laterally (1x2 or 2x2
configuration) while the wide cut-out will open out to four flow ducts (1x4
configuration) (Fig. 24/31 and Fig. 25/31). The narrow cut-outs exist in two
configurations, namely the large narrow cut-out and the small narrow cut-out
(Fig 25/31). The large narrow cut-outs can open out to four flow ducts (2x2
_configuration), while the small narrow cut-outs can open out to two flow ducts
(1x2 configuration). The back rubber sheet has only wide cut-outs throughout
(Fig. 26/31 and Fig. 27/31). This arrangement of cut-outs will facilitate the
directional change of the coolant flow (Fig. 28/31 to Fig. 31/31). The rubber
sheets also have the function of sealing the space between flow ducts.

The novel structure of the apparatus, having a cooling grid array, a front cover
with a front rubber sheet having a special cut-out pattern and a back cover
with a back rubber sheet having a special cut-out pattern, is what allows the
coolant to flow in a path that results in even and effective cooling throughout
the apparatus, at the same tlme keepmg the- apparatus compact and
Itghtwelght



To I?ovx)er the cost of the batter'y pack box, ' y.
construction will be used for the box construgTige%?g mg er - o
possi ble. PCT/ SG2011/000029 Fig. 6/31 depicts the cooling duct plate. The
di vided hollow fl ow ducts are for the coolant to pass through and for heat

exchange to frialien BliapRIMNFSWY, bPardPofel é&tab%%d?m@&% Réth BEeca‘ﬁ%]' i ng duct
plates are i S 6etﬁ #o th coollng duct end plates cut-out slot (Fig.
7131), result{; ﬁé i e%e qq??ﬁ YSout si de surface. Frl ction Stir Weld (FSW

~will be used to FrEQe caveranth fend epoljngi dict end piatengnust he aderinpiosf jeint) r egul ar
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sheet. (Fig. 9/31)3"9\&b Y‘°’§| a?n the recess of the front cover (Fig. 10/31).
The final configuration, as viewed fromthe side where the rubber sheet is,

i's Shown i n THeondtidibn of bR ﬁ}%q:lé ?w&fe hb@)@l% shbiAin g/ A3 11 sit in the

recess .of the back- cover (Fig. e final confrguration, as viewed
fromthe: si r ubher sheet is showmn in Fig. 14/31. The
cut -out pat %“’ﬂw%fs '1‘?"8 eegﬁraseﬁtggkn Fh?o‘iP@Fe%H%W@“éfPQac%th‘@HﬂFty
di ff-erent. Tihales fEmﬂ&/m)bmth thedaying af neressany insulationtsheets antisphedrs and ri ght
-'(WIt th fll f;eraﬁﬂghé auiinéiction Bf thilfdilebi sAB@nticpd dgaie%eﬂbéd%boqta S)ff‘”d \é\ndte
cut-outs fon 0 ow ducts
lateral ly ( th %rrﬁgﬁézq J?? gﬁ%@& M‘%jtcwﬁH(%Ct' %Ené’g%geggé %“[‘1 ‘m open out
to four. flow ducts (1x4 configuration) (Fig. 24/31 and Fig. 25/31). The _
narrow cut - diedorgpar (Fig. 21/@1):'@ﬁﬁf$|Qj§ﬁ'@atlcenmcwmmdqtetdﬁMBahgealsarrow 3 o
cut - out and egbppedwiith vasiouovockets-iketa {2 DCZohRddtion FoEtht AMS d“r%fnow cut-outs - -
can_open OUtpo%rES’éHet%@Y\deéﬁﬁ%uQ% eﬁﬂfﬁélf raf%toI ﬂ)be uﬁd Z n'aII narrow - .

cut-outs cal rﬂg&{@génﬁ e back

0 _
ubber sheetIEAd e@ﬂ?@caﬁa@eﬂpeﬁa@ 1o % Smake g, 27/ 31).
Thi s ar r angdiRAsY fefplegraodratay aperationadihianydt\é -t he directional change of the
coolant flow (Fig. 28/31 to Fig. 31/31). The rubber sheets al so have the.

.Ilﬁgc; :Oggr g{ wmhlt dIPrubBEr se bﬁ;/r %év?e%égWhg Eovef Bfd E}%Vﬁ‘altte bgerur e of
rubber sheet %ﬁ%\?gx) qgstg eerg Fegﬂ% c%ﬁetp ﬁdgé(si)a‘@' b@cﬂﬂe’ Gallth a back

" rubber sheet"atﬁﬁ\ﬁnﬁ S‘éresﬂé@béﬁ OEEVW'C%'Qf‘tern is what allows the cool ant

to flowin a path that results in even and effective cooling throughout the

appar at us, g L3 SeHBws!theBcHERRICTOW mh@emmt.ﬁ&ecwm@n@aﬂaw}ght wei ght.
oo ion neg)ﬁgt??ryéb& IF%P Sﬁedd‘;'?a\é\%h%éssﬁéié ﬂﬁ@g?‘f%ﬂ?’e' ike ﬁf’ﬂ?ff“aecover with

connecti on
front cooli ﬁﬁf’rﬂﬁ‘?ﬂts h gt vq fiaysdugle The lagatiops gbtne;fiomducts are
depicted in Fig. 24/31 to Fig. 27/31. With the connection of both the front and

back cover with their respective rubber sheets, the flow of the coolant will be
able to change direction at the rubber sheet cut-out space. How the front
rubber sheet is able to change the flow direction is depicted in Fig. 29/31, and
how the back rubber sheet is able to change direction is depicted in Fig.
30/31. Fig. 31/31 shows the flow direction at the bottom flow duct layer.



- Back cover with back cooling duct end plat: | - Qof ~j oi nt)
Bottom plate (Fig. 15/31) with front & back ?oéﬁlli%(;ﬁf'léq@mge Two si de
plates (Fig. 16131) with front. & back cooling duct end plate and bottom
plate. The construction of the final enpty battery box is shown in Fig.
17/ 31. After Cth 2S5-cells have been inserted in the spaces between the
cool i ng duct ‘M(FI g. 18/31), with the laying of necessary insulation
‘sheets and spacers ‘and the connection of the small, big and end clips (as

5 descri bed above), battery managenent system ( BVB) connectl ons and cabl es

can be | ai d. Tiﬁ@%pfpai%t@/@rab(éi'ogaar %éﬂa}\t t'aae%cﬁ'rﬂfnﬁ JJ‘%&H ccommodate a

. BMS.. iI's aI varl s sac connection for
" the - BIVB a nil %Ct g&a%segf "ét”yé'ha sf ﬂQBLFsX &@Pr‘rtl%a?% f ‘al so can be
equipped wthaté?f&t@f‘él@nhém%tfﬁ %Qf@‘l)’ant connector at the cool ant inlet and
outlet. Al these make it easy for plug-and-play operation w th any EV.
Wth-a top r s@@b ( battery-
box secured ghgwtaltenerrts&htt?ah%&%rtrflé%%kb(gw@gpy Eﬁcclzid?box Of% If}.l g% will be
an | P65-rat ed “énctosure, -suitable for appl i cation. Flg 23/ 31 shows the
schematic fl B&/dmertsmsc,aé%tah%tmmt\ﬁlée%m h@%émm array in the battery
pack. For sinpllflcatlon the single cylindrical pipe-like structure

3 gprgtsggtsnt iiRe ba& fack WQight H;l%t armfmth@wtb@étﬁf?i% Qg?ﬁ gtlvhdtjﬁtesf?:)ﬁt
) i i |
i Eé&mt WR H vcé’? tr QE)er sﬁ\gg?@ %ﬁl"f]@ bl Wt(?f t he cool ant

© and back cové ecti v
. W |1 be. abl e"? Bméﬁﬁ%@f d13r7 O-H)e&? spaelfi¢aligpe wilhpoahle damegtit space. “How t he

- front- rubber reshigements inblast EY aphmlent? he flow direction is depicted in Fig.

. 29/31, and hOM/the back rubber sheet is abl-e to’ change direction is:
depicted in Fig. 30/31. Fig. 31/31 shows the fl ow direction at the bottont
f1 ow. duct Ia'er /SGQ 11/ 00029 Concl usion -This- apparatus is able to
carry. “cool ant® el |l evenly, effectively and efficiently
in a sinple design, extendlng the |ifespan of the battery and enhancing its
saf ety.

The present-day EV battery packs are produced by the various carmakers in
a variety of forms. This results in higher costs from a lack of economies of
scale, and no interchangeability of batteries between cars from different
manufacturers.

If battery packs were standardized, it would be able to be easily adapted to fit
different vehi'cles The state grid can possibly produce a standardized battery
pack rather than the carmakers themselves and there are benefrts to be
reaped in a number of ways:

Centralized facilities for producing, charging and maintaining battery packs
will result in economies of scale, giving cost savings to both consumers and
producers. Battery packs can be charged at power stations during off-peak
hours and delivered to petrol kiosks. In place of filling up petrol, consumers
can merely replace their batteries at petrol kiosks, leaving their flat batteries to
be picked up and charged by the state grid. This will also extend the range of
EVs. '

With a central charging facility delivering fully-charged battery packs to petrol
kiosks, governments need not spend money to build charging stations at
different locations, resulting in substantial savings. Also, consumers need not



The total weight of the battery pack (Fig g .
coolant, is 350kg. Its dinensions are L= 1031nﬁl§%muﬁmgﬁ The
battery pack is Iightweight but strong, with a voltage of 320V, energy
capacity of 32kWh, energy to weight ratio of -91Wi/ kg, and an energy to
vol ume rati Q/v&f'y aa&?wyéemz ifty SR Fiei R il danBRiedBlsGnd QiaflPe! -
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- their flat batteries to be pi cked up and charged by the state grid. This
‘Wi Il also extend the range of EVs. Wth a central charging facility
delivering fully:charged. battery packs to petrol kiosks, governnents need
" not spend" money .t o buil d charging stations at different |ocations, :
resulting in substantial savings. Also, consuners need not '
PCT/ SG2011/ 000029 worry about the serviceabili ty and mai nt enance of ther r
batteries, as the state grid wi'll handl e these. This approach wi |l reduce
the price of EVs: dramatically:’ ‘and hence pronote market growth. Carnekers
only need to design future cars to be able to accormpdate a standard
battery pack. The concept and structure of this power battery pack cool ing
apparatus can also apply to other future inplenentati ons and applications
requi ring conpact and |ightweight battery packs, or applications requiring
effective cooling systens under space constraints.



PCT/ S&2011/ 000029 d ai ns The enbodi nents of h an
exclusive property or privilege is clainmed aﬁEMQﬁ/QDW .

- power battery pack cooling apparatus, conprising: a cooling grid array
wher ¢ heat exchange take place, 'a front cover (having a cooling inlet and
out | et ‘which enables the coolant to flow into and out of the cooling
apparat us) with an attached front r dethaimsheet which facilitates the flow
and the change of direction of the coolant through the spaces created by
the cut - outsThe exsmkimentsof et inventioatit amrredarbemdtuslw)b&ipesheebnmgeh
facil'itates fshaaifledvaraad defisechsfojewsif direction of the 'coolant through
 the spaces created by the cut-outs. 2. A cli p systemfor electrical

_ connect|V|ty ‘between battery cells, cornprising: big C|IpS whi ch provi de
el ectrical. conmecAlp‘éwbybmryvpgék &mngsppﬁla{@ a@,ﬁmng:ool i ng. duct pl ates,
smal | clips which provide el ectrical connectivity within a single 2S-cel | -

. between the two b@bb@fngscﬁﬂ'drlsa,y\rﬂféﬂeﬁéaﬂ&c%%g‘ehaﬁé Sb@étached to the positive
termnal of the first and the negative termnal of the |ast 2S-cell

for connection to, fFBthd@@?"ﬁfavﬁ@@ &dting inlet and outlet which enables the
coolant to flow into and out of the cooling apparatus) with an attached
front rubber sheet which facilitates the flow and the change of direction
of the coolant through the spaces created by the cut-outs,

‘a back cover wrth an attached back rubber sheet which facilitates the
~ flow and the. change of direction of the coolant through the spaces
; created by the cut-outs. : . _

2A c||p system for electncal connectrvrty between battery cells
compnsmg

big clips which provide electrical connectivity between two 2S-cells
across cooling duct plates,

small clips which provide electrical connectivity within a single 2S-cell -
between the two battery cells,

- end clips which are attached to the positive terminal of the first 2S-cell
and the negative terminal of the last 2S-cell for connection to main -
power cables. '



