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consumer adoption. Regulating the battery temperature during continuous
charge and discharge is a major challenge.

For most Li-ion batteries used in EVs, their temperature specification is
normally as follows:

Operating temperature: - 20 °C to 60 °C

Charging temperature: 0°Cto45°C

Storage temperature: -10°Cto 45 °C

They can achieve their rated capacity at 20~25°C and their capacity will drop
~10% for every increase of 10 °C.

During winter, when temperatures can-easily fall below 0 °C, it will be difficult

or totally impaossible for charging.

During other seasons, under continuous high current charge/ discharge, the
battery working temperature can easily reach 60 °C, making it difficult for

discharging. Higher temperatures can also cause battery degradatlon
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, nhon-corrosive and anti-
fungal properties for heat exchange of the battery cells, be it for cooling or
heating.
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operation of the entire battery pack is compromised as all cells are interlinked

to work together.

Battery packs 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.



A nore c'orrpact, | i ghtwei ght and | onger |asting power battery pack soluti.on
. Based on the above observations, | studied and worked out a unique battery
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redlistic application in an EV, it does not and will not limit or affect the claims

about its novel concept, principles, and structure for other applications.

The following drawings form part of this description,

Fig. 1/31 is a large-format laminated battery cell (100Ah, 3.7V);
Fig. 2/31 is a 2S-cell (2 battery cells connected in series);

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 piate;

Fig. 7/31 is a cooling duct end plate;

Fig. 8/31 is the cooling 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 view-B of Fig. 28/31 to show coolant flow direction at front
rubber sheet cut-out space;



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 pl at e;
Fig. 16/31 is a side plate; Fig. 17/31 is an enpty battery box; Fig. 18/ 31

Is a batter I I ], view C of
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sheet; Fig. 2oitdth fiew ductédyar! view A & C of Fig. 24/31;

For the battery cell type and cell specifications, | have selected laminated
cells. Compared to cylindrical cells, laminated cells have lower internal
resistance and therefore lower heat generation upon charging and
discharging Also, it has a higher energy / power density. Because of its flat
geometry and higher exposed surface area, it is easier for heat exchange to
take place.

| have designed the battery pack to have 86 pieces of large-format l[aminated
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 provides for electrical
connectivity under space constraints.

Two cells are connected face-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 voltage (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 alloy
construction will be used for the box construction plates wherever possible.



~ Fig. 26/31 is cooling grid array back view with back rubber sheet; Fig.
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The cut-out patterns of the front and back rubber sheets are slightly different.
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. 2'7/31). 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 through'out
the apparatus, at the same time keeping the apparatus compact and
lightweight.
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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 plate (nust be a | eak-proof joint)
_Bottomplate (Fig. 15/31) with front & back cooling duct end plate Two side
plates (Fig. 16/31) 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 cells have been inserted in the spaces between the

cool i ng ductg%ﬁggggﬂ . 18/31), with the laying of necessary insulation
sheets and spacers and the connection of the small, big and end clips (as
descri bed above), battery managenent system (BMS) connections and cabl es
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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

fl ow duct 'a)t‘%ésmlem%ﬁu?é !@qlémeﬂ'?;,@n@ppar atus is able to carry coolant to
each indivi dual~ ce eve ively and efficiently in a sinple
design, extending the lifespan of the battery and enhancing its safety. The
total weight of the battery pack (Fig. 22/31), including -13kg of cool ant,

i s 350kg. 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 vehicles. The state grid can possibly produce a standardized battery
pack rather than the carmakers themselves, and there are benefits 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 td
be picked up and charged by the state grid. This will also extend the range bf _
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



Its dinensions are L=1031mm W->509mm H=445mm The battery pack is
lightweight but strong, with a voltage of 320V, energy capacity of 32kWh,

- energy to weight ratio of -91Wh/ kg, and an energy to volune ratio of :
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stations at different |locations, resulting in substantial savings. Al so,
consuners need not worry about the serviceability and mai ntenance of their
batteries, as the state grid will handle these. This approach will reduce
the price of EVs dramatically and hence pronote market growth. Carmakers
only need to design future cars to be able to accombpdate a standard
battery pack. The concept and structure of this power battery pack cooling
apparatus can also apply to other future inplenentations and applications
requiring conpact and |ightweight battery packs, or applications requiring
effective cooling systens under space constraints.



Cl aims The enbodi nents of the invention in which an exclusive property or
_privilege is clained are as defined as follows: 1. A power battery pack
cool i ng apparatus, conprising: a cooling grid array where heat exchange
take place, a front cover (having a cooling inlet and outlet which enables
the coolant to flow into and out of e.cooling apparatus) with an attached
front rubber sheet which facilitates“4/@M$ow and the change of direction
of the cool ant through the spaces created by the cut-outs, a back cover
with an att aJH?@oBbean%mﬁubb#rth% hwentiothinokhictnen lexclasivs propertyl @vprivilege he
change of di reégimnad ae asidefioedphafallomsr ough the spaces created by the
cut-outs. 2. Aclip systemfor electrical connectivity between battery
cells, conmprising: big clips which provide electrical connectivity between
two 2S-cel | s act.ossponeobatigrygack cpbdlageppasated, lcomiprigisgwhi ch provi de
el ectrical connectivity within a single 2S-cell between the two battery
cells, end clips elwooinggrel ardayaehad Heat exobhapgstakepbadeer m nal of the first
2S-cell and the negative terminal of the last 2S-cell for connection to
mai n power cabl esa front cover (having a cooling 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 with 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.

2. A clip system for electrical connectivity between battery cells,
comprising:

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.



