wo 2017/097958 A1 [N I P00 R0 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

15 June 2017 (15.06.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/097958 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
HOIM 2/10 (2006.01) HOIM 10/658 (2014.01)
HOIM 10/615 (2014.01)

International Application Number:
PCT/EP2016/080389

International Filing Date:
9 December 2016 (09.12.2016)

Filing Language: English
Publication Language: English
Priority Data:

1521661.7 9 December 2015 (09.12.2015) GB

Applicant: JAGUAR LAND ROVER LIMITED
[GB/GB]; Abbey Road, Whitley, Coventry, Warwickshire
CV3 4LF (GB).

Inventor: NICHOLLS, Stephen; c¢/o Jaguar Land Rover,
Patents Department W/1/073, Abbey Road, Whitley, Cov-
entry, Warwickshire CV3 4LF (GB).

Agent: BORTON, Claire; c/o Jaguar Land Rover, Patents
Department W/1/073, Abbey Road, Whitley, Coventry,
Warwickshire CV3 4LF (GB).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: APPARATUS FOR PROVIDING A BARRIER BETWEEN BATTERY MODULES

41

FIG. 4

(57) Abstract: An apparatus for providing a barrier between modules of a battery in a vehicle wherein the apparatus comprises: a
thermally insulating material; and an intumescent material overlaying the thermally insulating material.



10

15

20

25

30

WO 2017/097958 PCT/EP2016/080389

APPARATUS FOR PROVIDING A BARRIER BETWEEN BATTERY MODULES

TECHNICAL FIELD

The present disclosure relates to an apparatus for providing a barrier between battery
modules in a vehicle and particularly, but not exclusively to an apparatus for providing a
barrier between modules of a battery in an electric vehicle arranged to contain and to
prevent the spreading of a thermal event between adjacent battery modules. Aspects of the
invention relate to an apparatus, a system and to a vehicle.

BACKGROUND

Batteries within electric vehicles (EV) or hybrid electric vehicles (HEV) conventionally
comprise a plurality of small modules. Each module consists of a build-up of multiple
electrical cells each comprising two conductive electrodes which are separated by a thin
separator. The sheets of electrodes and separator are arranged in stacks and then rolled up
or compressed to form a battery module.

Failure of modules of the battery can occur for a variety of reasons such as overcharging of

the battery or contaminations during manufacture.

If one module of a battery fails this can rapidly lead to short circuits to other modules of the
battery and large increases in temperature. This can lead to a thermal event within the
battery.

It is an aim of the present invention to address disadvantages associated with such battery

modules.

SUMMARY OF THE INVENTION

Aspects and embodiments of the invention provide an apparatus, a system and a vehicle as
claimed in the appended claims.
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According to an aspect of the invention, there is provided an apparatus for providing a
barrier between modules of a battery in a vehicle wherein the apparatus comprises: a
thermally insulating material; and an intumescent material overlaying the thermally insulating

material.

An advantage associated with the apparatus is that it acts as a good thermal insulator when
configured between neighbouring modules of a battery, thus preventing the propagation of a
thermal event between neighbouring battery modules. The thermal event may relate to a fire

or to an increase in temperature.

The intumescent material may completely cover the thermally insulating material. This
further improves the thermal insulation characteristics of the apparatus, in the event of a fire

or an increase in temperatures.

The thermally insulating material may be provided as a thin layer. This ensures that the
apparatus is lightweight and does not significantly increase the mass of the vehicle. This
also enables gaps to be provided between modules of the battery which may allow for

improved ventilation.

The thermally insulating material may comprise a fibre based insulator. This ensures that the
apparatus is lightweight and may also provide good insulation between modules of the
battery.

The apparatus may comprise a plurality of vertical sections arranged to be positioned
between modules of a battery. This enables an insulating barrier to be provided between
each of the different modules of the battery.

The apparatus may comprise a horizontal section arranged to overlay the modules of the
battery. This provides an insulating barrier between the battery and other parts of the
vehicle. This also provides insulation between modules of a battery.

The apparatus may comprise a gap between the vertical sections and at least part of the
horizontal section. The gap prevents over heating of the modules of a battery for example by
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allowing air flow between the modules of the battery, and pressure build up around the
modules of the battery.

The intumescent material may be arranged to seal the gap in response to a thermal event.
This provides thermal insulation between battery modules in response to a thermal event,
and helps to reduce the risk of the thermal event spreading between modules of the battery.

The apparatus comprises a side member arranged to extend along a side of a battery.
Where the apparatus includes vertical sections and a side member the apparatus may
comprise a gap between at least part of at least one of the vertical sections and at least part
of the side member. The gap prevents over heating of the modules of a battery, for example
by allowing air flow between the modules of the battery, and pressure build up around the
modules of the battery.

The intumescent material may be arranged to seal the gap in response to a thermal event.
This provides thermal insulation between battery modules in response to a thermal event,
and helps to reduce the risk of the thermal event spreading between modules of the battery.

The apparatus may form a closed wall around a module of a battery and the apparatus may
comprise a valve or a restrictor orifice. The valve or restrictor orifice allow for built up gases
to be expelled from around the module to a vent point via suitable means. The intumescent
material may be arranged to seal the valve or restrictor orifice to prevent any airflow
therethrough in response to a thermal event to help to reduce the risk of the thermal event
spreading between modules of the battery.

According to another aspect of the invention, there is provided a system comprising an
apparatus and a battery as described in the preceding paragraphs. This aspect of the
invention benefits from the same advantages as mentioned previously in relation to the

apparatus.

According to another aspect of the invention, there is provided a vehicle comprising an
apparatus as described in the preceding paragraphs.



10

15

20

25

30

WO 2017/097958 PCT/EP2016/080389

According to a further aspect of the invention there is provided an apparatus configured to
provide a thermally insulating barrier between modules of a battery in a vehicle.

According to still another aspect of the invention, there is provided an apparatus comprising
intumescent material arranged to be positioned between modules of a battery in a vehicle.

According to a further aspect of the invention, there is provided an apparatus for providing a
barrier between modules of a battery in a vehicle, wherein the apparatus comprises: a
thermally insulating means; and intumescent means overlaying the thermally insulating

means.

The thermally insulating means may comprise a thermally insulating material. The

intumescent means may comprise an intumescent material.

Within the scope of this application it is expressly intended that the various aspects,
embodiments, examples and alternatives set out in the preceding paragraphs, in the claims
and/or in the following description and drawings, and in particular the individual features
thereof, may be taken independently or in any combination. That is, all embodiments and/or
features of any embodiment can be combined in any way and/or combination, unless such
features are incompatible. The applicant reserves the right to change any originally filed
claim or file any new claim accordingly, including the right to amend any originally filed claim
to depend from and/or incorporate any feature of any other claim although not originally

claimed in that manner.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments of the invention will now be described, by way of example only,
with reference to the accompanying drawings, in which:

Fig 1 is a perspective illustration of a vehicle in accordance with an embodiment of the
invention;

Fig 2 is a perspective illustration of a portion of an apparatus, in accordance with an
embodiment of the present invention;

Fig 3 is a plan view illustration of an apparatus in accordance with an embodiment of the

present invention;
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Fig 4 is a perspective illustration of the apparatus of Figure 3; and
Fig 5 is a cross section illustration of the apparatus of Figures 3 and 4.

DETAILED DESCRIPTION

Examples of the present disclosure relate to an apparatus which may be configured to
provide a barrier between modules of a battery within a vehicle. For instance, some
examples relate to an apparatus which may be used to provide a barrier between modules of
a battery in a vehicle such as an electric vehicle (EV) or a hybrid electric vehicle (HEV).

Fig 1 illustrates an example vehicle 1 which may comprise apparatus according to examples
of the present disclosure. It is to be appreciated that the vehicle 1 of Fig 1 is provided as an
example and that examples of the disclosure may be provided in any vehicle provided with a
modular battery.

Figs 2 to 5 illustrate examples of the apparatus 3 for providing a barrier between modules 33
of a battery 31 within a vehicle 1. The apparatus 3 comprises: a thermally insulating material
5; and an intumescent material 7 overlaying the thermally insulating material 5.

Fig 2 illustrates a perspective view of a portion of an example apparatus 3, in accordance
with an embodiment. The example portion of Fig 2 could be used as a vertical section 35
which could be positioned between modules 33 of a battery 31, or a horizontal section 41,
which could be provided overlaying modules 33 of a battery 31.

The portion of the apparatus 3 comprises a thin layer of thermally insulating material 5. The
thin layer may have a thickness of the order of several millimeters.

The thermally insulating material 5 may comprise any material which has a low thermal
conductivity. In some examples, the thermally insulating material 5 may also be electrically
insulating so that the material also has a low electrical conductivity. The thermally insulating
material 5 may be a light weight material such that the apparatus 3 does not significantly
increase the mass of the vehicle 1. The thermally insulating material 5 may comprise a fibre
based material, a thermoplastic or any other suitable material.
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The thermally insulating material 5 may provide a substrate on which an intumescent
material 7 is provided. In the example of Fig 2, the thermally insulating material 5 is provided
as a flat or substantially flat substrate. It is to be appreciated that the thermally insulating
material 5 could be provided in other shapes in other example apparatus.

In the example apparatus 3 of Fig 2, the intumescent material 7 is provided as a coating
overlaying the thermally insulating material 5. The intumescent material 7 may be provided
as a thin coating on the surface of the insulating material 5. In some examples, the
intumescent material 7 may completely cover the surface of the thermally insulating material
5.

The intumescent material 7 may comprise any material, which is configured to expand when
heated. The intumescent material 7 may be inert at low temperatures so that an increase in
temperature due to normal operation of a battery does not cause the intumescent material 7
to expand. A low temperature may be a temperature at which the vehicle 1 and the battery
31 operate normally.

The intumescent material 7 may be arranged to expand in response to a thermal event. The
thermal event could be an increase in temperature to above a threshold. The threshold
temperature at which the intumescent material 7 expands may be selected to ensure that the
expansion of the intumescent material 7 occurs before the increase in temperature causes

failure of adjacent modules 33 of the battery 31.

The intumescent material 7 may comprise a water based material or an epoxy based

material or any other suitable intumescent material 7.

Fig 3 illustrates a plan view of an example apparatus 3. The apparatus 3 forms a system 39
with a battery 31. The apparatus 3 may comprise a plurality of portions as illustrated in Fig 2.
The portions are positioned between modules 33 of battery 31. In the example of Fig 3 the
battery 31 comprises seven modules 33. It is to be appreciated that any number of modules
33 could be provided in other examples of the disclosure.

In the example of Fig 3, the apparatus 3 comprises a plurality of vertical sections 35. Each of
the vertical sections 35 may comprise an intumescent material 7 overlaying a thermally

6
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insulating material 5. The intumescent material 7 may be provided on either side of the
thermally insulating material 5.

The vertical sections 35 are positioned between modules 33 of the battery 31. The vertical
sections 35 provide barriers between adjacent modules 33 of the battery 31.

The vertical sections 35 may be thinner than the gap between adjacent modules 33 of the
battery 31. This may enable an air gap to be provided between the vertical sections 35 and
the modules 33 of the battery 31.

In the example of Fig 3, the apparatus 3 also comprises side members 37. The side
members may extend along a side of the battery 31. The side members 37 may be coupled

to the vertical sections 35.

The side members 37 may also comprise an intumescent material 7 overlaying a thermally
insulating material 5. In some examples, the intumescent material 7 may only be provided on

the side of the side member 37 which is adjacent to the modules 33 of the battery 31.

In another example, the apparatus 3 may comprise a gap (not shown) between at least part
of the vertical sections 35 and at least part of the side members 37. The gap may prevent
over heating of the module 33 of the battery 31, and may also prevent pressure build up
around the module 33 of the battery 31. The intumescent material 7 may be arranged to fill
the gap in response to a thermal event. This may prevent the thermal event from spreading
between different modules 33 of the battery 31.

Fig 4 illustrates a perspective view of example apparatus 3. In the example of Fig 4 the
apparatus 3 comprises a plurality of vertical sections 35 and also a horizontal section 41.
The horizontal section 41 may be arranged to overlay modules 33 of the battery 31.

In the example of Fig 4, the horizontal section 41 also comprises an intumescent material 7
overlaying a thermally insulating material 5. The horizontal section 41 may be formed from
the same insulating material 5 and intumescent material 7 as the vertical sections 35.
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In the example of Fig 4, the horizontal section 41 is provided overlaying the vertical sections
35 so that the horizontal section is in contact with the vertical sections. In the example of Fig
4 there is no gap between the vertical sections 35 and the horizontal section 41. The
apparatus 3 may form a closed wall around the modules 33 of the battery 31. In such
examples one or more valves or restrictor orifices may be provided within the apparatus 3 to
allow for built up gases to be expelled and to prevent a build up of pressure.

In other examples, the apparatus 3 may comprise a gap (not shown) between at least part of
the vertical sections 35 and at least part of the horizontal section 41. The gap may prevent
over heating of the module 33 of the battery 31, and may also prevent pressure build up
around the module 33 of the battery 31. The intumescent material 7 may be arranged to fill
the gap in response to a thermal event. This may prevent the thermal event from spreading
between different modules 33 of the battery 31.

Fig 5 illustrates a cross section of the example apparatus 3 of Fig 4.

Fig 5 illustrates the apparatus 3 in a non-activated state. In the non-activated state the
apparatus 3 may be at an ambient temperature in which the intumescent material 7 is not
expanded. In this state the intumescent material 7 comprises a very thin coating. The
thickness of the intumescent material 7 may be much less than the thickness of the

insulating material 5.

In the example of Fig 5 the intumescent material 7 is provided on the surfaces of the
insulating material 5 that are adjacent to the modules 33 of the battery 31. The intumescent
material 7 is provided on either side of the vertical section 35 and on the underside of the
horizontal section 41.

In the non-activated state the apparatus 3 may maintain the temperature of the battery 31.
The battery 31 of an EV or HEV may have an optimum operating temperature range of
between 20 to 30°C. As the apparatus 3 is made of an insulating material 5, the insulating
material may keep the battery 31 at this operating temperature. For instance, if the vehicle 1
stops for a short period of time, the apparatus 3 will help to keep the battery warm. This may
increase the efficiency of the vehicle 1.
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In the activated state the apparatus 3 may prevent a thermal event from spreading between
modules 33 of a battery 31 and/or may increase the time it takes for a thermal event to
spread between adjacent modules 33 of a battery.

If the temperature rises above the activation temperature of the intumescent material then
the intumescent material 7 will expand to create a thermal barrier. In the activated state the
thickness of the intumescent material 7 may be larger than the thickness of the insulating
material 5. The expansion of the intumescent material 7 may restrict the conduction of heat
between adjacent modules 33 of the battery 31 which will help to prevent the thermal event
from spreading.

Therefore, the apparatus 3 also helps to improve the safety of the vehicle 1.

Within the context of the present disclosure it is to be understood that where a structural
feature has been described, it may be replaced by means for performing one or more of the
functions of the structural feature whether that function or those functions are explicitly or
implicitly described.

The term “comprise” is used in this document with an inclusive not an exclusive meaning.
That is any reference to X comprising Y indicates that X may comprise only one Y or may
comprise more than one Y. If it is intended to use ‘comprise’ with an exclusive meaning then
it will be made clear in the context by referring to “comprising only one...” or by using

“consisting”.

In this brief description, reference has been made to various examples. The description of
features or functions in relation to an example indicates that those features or functions are
present in that example. The use of the term “example” or “for example” or “may” in the text
denotes, whether explicitly stated or not, that such features or functions are present in at
least the described example, whether described as an example or not, and that they can be,
but are not necessarily, present in some of or all other examples. Thus “example”, “for
example” or “may” refers to a particular instance in a class of examples. A property of the
instance can be a property of only that instance or a property of the class or a property of a
sub-class of the class that includes some but not all of the instances in the class. It is
therefore implicitly disclosed that a features described with reference to one example but not

9
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with reference to another example, can where possible be used in that other example but
does not necessarily have to be used in that other example.

Although embodiments of the present invention have been described in the preceding
paragraphs with reference to various examples, it should be appreciated that modifications
to the examples given can be made without departing from the scope of the invention as

claimed.

Features described in the preceding description may be used in combinations other than the
combinations explicitly described.

Although functions have been described with reference to certain features, those functions
may be performable by other features whether described or not.

Although features have been described with reference to certain embodiments, those
features may also be present in other embodiments whether described or not.

Whilst endeavoring in the foregoing specification to draw attention to those features of the
invention believed to be of particular importance it should be understood that the Applicant
claims protection in respect of any patentable feature or combination of features
hereinbefore referred to and/or shown in the drawings whether or not particular emphasis
has been placed thereon.

10
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CLAIMS

1. An apparatus for providing a barrier between modules of a battery in a vehicle,
wherein the apparatus comprises:
a thermally insulating material; and

an intumescent material overlaying the thermally insulating material.

2. An apparatus as claimed in claim 1, wherein the intumescent material completely

covers the thermally insulating material.

3. An apparatus as claimed in any preceding claim, wherein the thermally insulating
material is provided as a thin layer.

4, An apparatus as claimed in any preceding claim, wherein the thermally insulating
material comprises a fibre based material.

5. An apparatus as claimed in any preceding claim, wherein the apparatus comprises a
plurality of vertical sections arranged to be positioned between modules of a battery.

6. An apparatus as claimed in any preceding claim, wherein the apparatus comprises a
horizontal section arranged to overlay modules of a battery.

7. An apparatus as claimed in claim 6 when dependent from claim 5, wherein the
apparatus comprises a gap between at least part of at least one of the vertical sections and

at least part of the horizontal section.

8. An apparatus as claimed in claim 7, wherein the intumescent material is arranged to

seal the gap in the response to a thermal event.

9. An apparatus as claimed in any preceding claim, wherein the apparatus comprises a
side member arranged to extend along a side of a battery.

11
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10. An apparatus as claimed in claim 5, claim 7, claim 8 or any one of claims 6 and 9
when dependent from claim 5, wherein the apparatus comprises a gap between at least part
of at least one of the vertical sections and at least part of the side member.

11. An apparatus as claimed in claim 10, wherein the intumescent material is arranged to
seal the gap in the response to a thermal event.

12. An apparatus as claimed in any of claims 1 to 6 or 9, wherein the apparatus forms a
closed wall around a module of a battery and the apparatus comprises a valve or a restrictor
orifice.

13. An apparatus as claimed in claim 12, wherein the intumescent material is arranged to
seal the valve or restrictor orifice to prevent any airflow therethrough in response to a
thermal event.

14. A system comprising a battery and an apparatus as claimed in any preceding claim.

15. A vehicle comprising an apparatus as claimed in any one of claims 1 to 14.

16. An apparatus substantially as described herein, and/or as illustrated in any one of the
accompanying drawings.

17. A system substantially as described herein, and/or as illustrated in any one of the
accompanying drawings.

18. A vehicle substantially as described herein, and/or as illustrated in any one of the
accompanying drawings.

12
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