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(54) THERMALLY DECOUPLED BATTERY CELL GROUPS

(57) A battery cell assembly (10) comprises a plural-
ity of mechanically interconnected battery cells (12);
wherein the battery cells (12) are separated into groups
(14), which are electrically connected in parallel and are
thermally coupled with each other via housing surfaces
(20) of battery cells (12) of the same group (14); and

wherein the groups (14) of electrically parallel connected
battery cells (12) are electrically connected in series with
each other and are thermally isolated from each other
via an isolating member (22), which is arranged between
different groups (14).
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Description

FIELD OF THE INVENTION

[0001] The invention relates to the field of packaging
of battery cells. In particular, the invention relates to a
battery cell assembly.

BACKGROUND OF THE INVENTION

[0002] Electric vehicles, such as electric railway vehi-
cles, electric busses and electric cars, may be equipped
with a battery storage system, which stores the energy
necessary for driving the vehicle and/or auxiliary func-
tions, such as operating the air conditioning. The energy
and power of a single battery cell is often too low for
practical applications. Battery cells usually need to be
connected in series and/or in parallel in order to increase
the voltage and/or the current of the battery storage sys-
tem and, thus, in order to increase the energy and power
of the battery storage system.
[0003] However, a parallel connection of battery cells
may be complicated by the fact that the internal resist-
ance of a battery cell decreases strongly with increasing
temperature. By consequence, losses in parallel-con-
nected battery cells may be distributed very unevenly:
As soon as one battery cell becomes hotter, its internal
resistance decreases and, thus, current shifts from the
colder to the hotter battery cell. In this way, the losses in
the hotter battery cell increase even further and the bat-
tery cell becomes even hotter in turn.
[0004] CN 104014491 A considers a matching of pa-
rameters of parallel connected battery cells.
[0005] US 2013 0 115 506 A1 describes a thermal con-
tact between neighboring stacks of prismatic lithium ion
cells by using graphite heat spreader with good thermal
conductivity only in lateral direction.
[0006] US 2006 0 134 514 A1 refers to a method for
transporting heat from the middle of a battery assembly
using sheets with good lateral and bad normal conduc-
tivity.
[0007] DE 10 2012 112 294 A1 shows pouch cells ar-
ranged next to each other, with graphite sheets between
them in order to thermally insulate neighboring cells and
have good heat conduction to an external heat sink.

DESCRIPTION OF THE INVENTION

[0008] It is an objective of the invention to provide a
battery cell assembly with a long lifetime.
[0009] This objective is achieved by the subject-matter
of the independent claims. Further exemplary embodi-
ments are evident from the dependent claims and the
following description.
[0010] The invention relates to a battery cell assembly.
The battery cell assembly or battery model may be used
in a battery energy storage system, in particular in a bat-
tery storage system for high-power applications, such as

transportation or power quality. The battery cell assembly
may be integrated into an electric car, an electric bus, an
electric tram and/or an electric railway vehicle.
[0011] According to an embodiment of the invention,
the battery cell assembly comprises a plurality of me-
chanically interconnected battery cells. A battery cell may
be a device, which comprises a housing, in which chem-
icals, such as Li-ion chemistries, and components for
electrochemical storing energy are arranged. The battery
cells may be Li-ion battery cells.
[0012] The housing or parts thereof also may provide
electric contacts for electrically interconnecting the bat-
tery cell with electrical conductors.
[0013] The housings of the battery cells also may be
mechanically interconnected with each other. For exam-
ple, the battery cells all may be attached to a common
frame, which supports the battery cells.
[0014] The battery cells of the battery cell assembly
may have a prismatic housing, i.e. may be prismatic cells.
A prismatic cell may have 6 substantially flat housing
surfaces. A prismatic cell may have its electrical contacts
on one side.
[0015] The battery cells of the battery cell assembly
may have a cylindrical housing, i.e. may be cylindrical
cells. A cylindrical cell may have a cylindrical housing
surface and two circular housing surfaces. The electrical
contacts of the cylindrical cell may be provided on two
opposite circular housing surfaces.
[0016] The battery cells of the battery cell assembly
may be pouch cells having a flexible housing. For exam-
ple, a pouch cell may be provided by two foils intercon-
nected at their borders. The electrical contacts of a pouch
cell may protrude from a border of the pouch.
[0017] It has to be noted that the battery cell assembly
may comprise a mixture of prismatic cells, cylindrical cells
and pouch cells. In general, all types and/or formats of
battery cells may be used for the battery cell assembly.
[0018] According to an embodiment of the invention,
the battery cells are separated into groups, which are
electrically connected in parallel and are thermally cou-
pled with each other via housing surfaces of battery cells
of the same group. A group of battery cells may be defined
in such a way that the battery cells are connected in par-
allel and that the battery cells are thermally coupled with
each other via their housings. Such a group may be seen
as subassembly of the battery cell assembly. Parallel
connected battery cells may be electrically connected via
their positive electrical contacts and via their negative
electrical contacts.
[0019] A housing surface may be an outer side of the
housing, which may be flat or curved. Thermally coupled
housing surfaces are surfaces which are in contact di-
rectly or via a thermally conducting material, such that
heat can be transferred between the housings.
[0020] According to an embodiment of the invention,
the groups of electrically parallel connected battery cells
are connected in series with each other and are thermally
isolated from each other via an isolating member, which
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is arranged between different groups. The groups of bat-
tery cells that are connected in series may be thermally
decoupled from each other. This may be achieved by
using a thermally isolating interface material. The isolat-
ing member may be a foil of thermally isolating material
and/or a plate of thermally isolating material.
[0021] The isolating member may be arranged be-
tween surfaces of battery cells of different groups. The
surfaces of battery cells of different groups, which are
thermally coupled, may face each other.
[0022] The isolating member also may be arranged be-
tween surfaces provided by the groups. Such a surface
may be provided by a group housing, in which the battery
cells of the group are arranged and/or a material, in which
the battery cells of a group are potted. The surfaces of
battery cells of different groups may face each other. The
surfaces of groups, which are thermally decoupled by
the thermally isolating member, may face each other.
[0023] For connecting a group of battery cells with a
further group of battery cells in series, a positive electrical
contact of one of the groups may be connected with a
negative electrical contact of the other group.
[0024] Thermally coupled may mean that an interface
between the housing surfaces has a heat transfer coef-
ficient of more than 100 W/ (m2 K). Thermally isolated
may mean that an interface between the housing surfac-
es has a thermal conductivity of less than 50 W/ (m2 K).
[0025] Since the battery cells of a group, i.e. parallel
connected battery cells, are thermally coupled, temper-
ature differences between the paralleled battery cells
may be minimized. The battery cells may be thermally
coupled as well as possible, e.g., by connecting the sur-
faces of the cells to each other or by connecting them to
a common heat spreader. When one of the battery cells
heats up, it also heats up the other battery cells of the
group and an internal resistance of the battery cells may
stay the same. This may avoid diversion in cell temper-
atures as described above.
[0026] The groups of battery cells, which are connect-
ed in series, are thermally isolated from each other. Bat-
tery cell temperatures in series-connected battery cells
may be automatically balanced by additional losses in
colder battery cells. A balancing mechanism exists which
will equilibrate the temperatures of battery cells connect-
ed in series. In particular, since a total current through
the battery cell assembly may be externally defined,
colder battery cells connected in series with hotter battery
cells may experience higher losses due to higher internal
resistance. By consequence, the colder battery cells may
heat more strongly than the hotter battery cells. Thermal-
ly isolating series connected groups of cells furthermore
may help to avoid chain reactions during thermal runa-
way.
[0027] With the battery cell assembly, an effort to
match parallel connected battery cells may be reduced.
Furthermore, a cooling circuit connected to the battery
cell assembly need not be designed as symmetrical as
possible. A derating of the battery cells during design

may be reduced and battery cells may be used more
efficiently. This all may reduce cost for designing, man-
ufacturing and/or maintaining the battery cell assembly.
Additionally, a lifetime of the battery cell assembly may
be increased.
[0028] According to an embodiment of the invention,
housing surfaces of battery cells of the same group,
which face each other, directly contact each other. Di-
rectly connected may mean that no material, such as air,
is present between the housing surfaces. A direct contact
may be formed as a pressure contact.
[0029] According to an embodiment of the invention,
a thermally conducting interface material is provided be-
tween housing surfaces of battery cells of the same
group. A contact between housing surfaces may be
formed using a thermally conducting interface material,
such as glue and/or paste. A thermally conducting inter-
face material may be a layer, which is smaller than 1 mm,
such as 0. 1 mm.
[0030] According to an embodiment of the invention,
a thermally conducting member is provided between
housing surfaces of battery cells of the same group. The
thermally conducting member may be flexible, such as
a foil, or rigid, such as a block of material. A contact be-
tween housing surfaces may be formed with thermally
conducting sheet or block of material. A thermally con-
ducting member may be made of a solid material and/or
may be thicker than 0.1 mm.
[0031] According to an embodiment of the invention,
the thermally conducting member is compressible. The
thermally conducting member may be made of foam
and/or rubber.
[0032] For example, the thermally conducting member
may have thermal conductivity of more than 1 W/ (m K)
and a thickness of 1 mm. Thermally coupling paralleled
battery cells using a compressible, thermally conducting
sheet or block of material may allow for expansion of the
battery cells during operation.
[0033] On the other hand, a thermally isolating member
and/or material of the same thickness may have thermal
conductivity of less than 0.1 W/ (m K).
[0034] According to an embodiment of the invention,
battery cells of the same group are immersed in a ther-
mally conducting material. The battery cells may be im-
mersed into the thermally conducting material in a liquid
phase. The thermally conducting material then may or
may not cure.
[0035] The battery cells of a group may be potted using
a thermally conducting potting material. The potting ma-
terial may be solid or gelatinous.
[0036] According to an embodiment of the invention,
the thermally conducting material is solid. In such a way,
the thermally conducting material also may provide a me-
chanical support for the battery cells.
[0037] According to an embodiment of the invention,
the thermally conducting material is paste-like. In such a
way, the thermally conducting material may account for
an expansion of the battery cells during operation.
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[0038] According to an embodiment of the invention,
battery cells of the same group are interconnected via
their housing surfaces with a heat spreader plate, which
does not interconnect battery cells of different groups. A
heat spreader plate may be a block of material, which is
thermally conducting and/or which may be connected
with a cooling and/or heating device. More than two bat-
tery cells may be interconnected with the heat spreader
plate.
[0039] It has to be noted that the housing surfaces may
be thermally coupled to the heat spreader plate as de-
scribed above to another housing surface.
[0040] The housing surfaces of the battery cells may
be in direct contact with the common heat spreader plate.
The direct contact may be formed as a pressure contact.
Also, the housing surfaces may be in contact with the
heat spreader plate using a thermally conducting inter-
face material such as glue or paste.
[0041] The housing surfaces of the battery cells may
contact the common heat spreader plate using a ther-
mally conducting member, for example in the form of a
sheet, block and/or compressible block of material.
[0042] It may be that the heat spreader plate has an
anisotropic thermal conductivity and/or has a better ther-
mal conductivity in the direction in which the battery cells
are mounted as compared to a parallel direction. The
heat spreader plate may be a metallic body, which has
isotropic thermal conductivity.
[0043] According to an embodiment of the invention,
the heat spreader plate comprises and/or is interconnect-
ed with a heating and/or cooling plate comprising con-
ducts for a cooling fluid. A heating and/or plate may be
a plate through which a cooling fluid for cooling and/or
heating the battery cells is conveyed.
[0044] The heat spreader plate may comprise the con-
ducts and/or may be the cooling and/or heating plate.
The groups of parallel connected battery cells may be in
thermal contact with a plate for cooling/heating of the
battery cells. Alternatively, the heat spreader plate may
be in thermal contact with the cooling and/or heating
plate.
[0045] According to an embodiment of the invention,
the heat spreader plate is arranged between housing sur-
faces of battery cells, which face each other. Two battery
cells may be arranged on opposite sides of the heat
spreader plate.
[0046] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The subject-matter of the invention will be ex-
plained in more detail in the following text with reference
to exemplary embodiments which are illustrated in the
attached drawings.

Fig. 1 schematically shows a top view of a battery

cell assembly according to an embodiment of the
invention.

Fig. 2 schematically shows a top view of a battery
cell assembly according to a further embodiment of
the invention.

Fig. 3 schematically shows a top view of a battery
cell assembly according to a further embodiment of
the invention.

Fig. 4 schematically shows a cross-sectional side
view of a battery cell assembly according to a further
embodiment of the invention.

Fig. 5 schematically shows a cross-sectional side
view of a battery cell assembly according to a further
embodiment of the invention.

Fig. 6 schematically shows a cross-sectional side
view of a battery cell assembly according to a further
embodiment of the invention.

Fig. 7 schematically shows a top view of a battery
cell assembly according to a further embodiment of
the invention.

[0048] The reference symbols used in the drawings,
and their meanings, are listed in summary form in the list
of reference symbols. In principle, identical parts are pro-
vided with the same reference symbols in the figures.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0049] Fig. 1 shows a battery cell assembly 10 com-
posed of battery cells 12, which are assembled into two
groups 14.
[0050] As shown, the battery cells 12 may be prismatic
cells, i.e. may have a prismatic housing 16. Furthermore,
the battery cells 12 have electrical contacts 18 on their
top side. The battery cells 12 of one group 14 are elec-
trically connected in parallel. The groups 14 are electri-
cally connected in series.
[0051] In Fig. 1 and the following figures, the battery
cells 12 all may be mechanically connected with each
other via a common frame, a press frame, a common
assembly board, etc. It also may be that the battery cells
12 are attached directly to each other via gluing and/or
with further means, such as screws, bolts, etc. As a fur-
ther possibility, the battery cells 12 may be mechanically
interconnected with each other via further components,
such as thermal conducting members and thermal iso-
lating members as described above and below.
[0052] In Fig. 1, the battery cells 12 of each group 14
are in direct contact via a side surface 20 of their housings
16. In such a way, the battery cells 12 of a group 12 are
thermally coupled and their internal resistance is equal-
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ized via coupled temperatures.
[0053] The groups 14 of battery cells 12 are thermally
isolated from each other with a thermally isolating mem-
ber 22, which may be a thermally isolating foil, plate or
block of thermally isolating plastics material. The ther-
mally isolating member 22 may be arranged between two
surfaces 20, which face each other. In such a way, the
temperature of different groups 14 may be different
and/or does not equalize between groups 14.
[0054] It may be that a thermally conducting interface
material 24, such as thermally conducting glue or paste,
is provided between the surfaces 20 of contacting battery
cells 12 of a group 14.
[0055] Fig. 2 shows a further battery cell assembly 10,
which is designed like the one of Fig. 1, except that a
thermally conducting member 26 is provided between
surfaces 20 of the battery cells 12 of one group 14. The
thermally conducting member 26 may be a thermally con-
ducting foil, a thermally conducting plate, a thermally con-
ducting block, etc.
[0056] It may be that the thermally conducting member
26 is in contact to the surfaces 20 via a thermally con-
ducting interface material 24, such as glue or paste.
[0057] It further may be that the thermally conducting
member 26 is compressible, such as thermally conduct-
ing foam and/or thermally conducting rubber.
[0058] Fig. 3 shows that the battery cells 12 of one
group 14 may be at least partially immersed and/or potted
into a thermally conducting material 28. The thermally
conducting material 28 may be solid, liquid or paste-like.
[0059] In the case of a solid thermally conducting ma-
terial 28, the battery cells 12 may be potted into the ma-
terial 28 to form a group 14 and then assembled to the
battery cell assembly 10.
[0060] In the case of a liquid or paste-like thermally
conducting material 28, the material 28 may be provided
in a group housing 30, in which also the battery cells 12
are accommodated. The group housing 30 may be made
of a thermally conducting material and may support the
thermal coupling of the battery cells 12. Also, the group
housing 30 may be made of a thermally isolating material
and may be used as thermally isolating material thermally
decoupling the groups 14 from each other.
[0061] As shown in Fig. 3, the battery cells 12 may be
cylindrical cells. However, also prismatic cells or pouch
cells may be used.
[0062] The cylindrical battery cells 12 have a cylindrical
housing 32 with a cylindrical side surface 20 and a circular
top and bottom surfaces. One of the electrical contacts
18 is provided at the top surface. The other electrical
contact 18 is provided at the bottom surface. The battery
cells 12 of one group may be arranged, such that they
are aligned in parallel and/or their contacts 18 of the same
polarity face to the same direction. The groups 14 may
be aligned to each, such that electrical contacts 18 of the
same polarity of different groups 14 face to opposite di-
rections. This may facilitate a series connection of groups
14.

[0063] Fig. 4 shows a battery cell assembly 10 similar
to the one of Fig. 3, where the battery cells 12 are pouch
cells with a flexible pouch 34 as housing. Each pouch 34
may comprise two foils that are attached to each other
at a border. The foils and/or the pouch 34 may be made
of a thermally conducting material. The two foils provide
side surfaces 20, which are used for thermally coupling
the battery cells 12. On a top side of the battery cell 12,
the electrical contacts 18 protrude from the pouch 34.
[0064] The pouch cells 12 may be at least partially or
completely immersed in a liquid or paste-like thermally
conducting material 28, since they tend to change their
volume during operation.
[0065] Fig. 4 also shows that a separate cooling and/or
heating plate 36 may be attached and/or in thermal con-
tact with each group 14 of battery cells 12. The cooling
and/or heating plate 36 comprises conducts 38 for a fluid,
which transfers heat into the cooling and/or heating plate
36 and/or which removes heat from the cooling and/or
heating plate 36. In such a way, the groups 14 of battery
cells 12 may be individually cooled and/or heated.
[0066] It also may be possible that a cooling and/or
heating plate 36 is used for more than one group 14 or
for all groups 14.
[0067] The cooling and/or heating plate 36 may be at-
tached to a group housing 30 as shown in Fig. 4, to a
block of thermally conducting material 28, for example,
as in Fig. 3 and/or directly to the housings 16, 32 of the
battery cells.
[0068] Fig. 5 shows that a cooling and/or heating plate
36 may be used as thermally conducting member 26 be-
tween battery cells 12 of a group 14. The cooling and/or
heating plate 36 may be arranged between surfaces 20
of the battery cells 12, which face each other.
[0069] It may be that the corresponding battery cells
12 are mechanically interconnected via the cooling
and/or heating plate 36. It may be that a thermally con-
ducting interface material 24 is provided between the cor-
responding battery cell 12 and the cooling and/or heating
plate 36, such as glue or paste.
[0070] Fig. 6 shows that a heat spreader plate 40 may
be used for thermally coupling battery cells 12 of a group
14. The heat spreader plate 40 may be arranged between
surfaces 20 of the battery cells 12, which face each other.
It may be that the corresponding battery cells 12 are me-
chanically interconnected via the heat spreader plate 40.
It may be that a thermally conducting interface material
24 is provided between the corresponding battery cell 12
and the heat spreader plate 40, such as glue or paste.
[0071] The heat spreader plate 40 may have an ani-
sotropic thermal conductivity, wherein the thermal con-
ductivity into a direction towards the battery cells 12 is
higher than into an orthogonal direction.
[0072] The cooling and/or heating plate 36 of Fig. 5
may be seen as a heat spreader plate 40 and/or also
may have an anisotropic thermal conductivity. The heat
spreader plate 40 may be seen as a thermally conducting
member 26.
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[0073] Fig. 6 furthermore shows that a heat spreader
plate 40 may be in thermal contact with a cooling and/or
heating plate 36, for example a cooling and/or heating
plate 36 as described with respect to Fig. 4.
[0074] Fig. 7 shows that a heat spreader plate 40 may
thermally couple more than 2 battery cells 12. Pairs of
battery cells 12 may be arranged at opposite sides of the
heat spreader plate 40 and/or side by side along one side
of the heat spreader plate 40.
[0075] It may be that battery cells 12 on one side of
the heat spreader plate 40 are thermally coupled with
each other via a further housing surface 20, for example
directly, via a thermally conducting interface material 24
and/or a thermally conducting member 26.
[0076] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art and practising the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality. A single processor or controller or other unit
may fulfil the functions of several items recited in the
claims. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage. Any reference signs in the claims should not
be construed as limiting the scope.

LIST OF REFERENCE SYMBOLS

[0077]

10 battery cell assembly
12 battery cell
14 group of battery cells
16 prismatic housing
18 electrical contact
20 housing surface
22 thermally isolating member
24 thermally conducting interface material
26 thermally conducting member
28 thermally conducting material
30 group housing
32 cylindrical housing
34 pouch
36 cooling and/or heating plate
38 conducts
40 heat spreader plate

Claims

1. A battery cell assembly (10),

wherein the battery cell assembly (10) comprises a
plurality of mechanically interconnected battery cells
(12);
wherein the battery cells (12) are separated into
groups (14), which are electrically connected in par-
allel and are thermally coupled with each other via
housing surfaces (20) of battery cells (12) of the
same group (14);
wherein the groups (14) of electrically parallel con-
nected battery cells (12) are electrically connected
in series with each other and are thermally isolated
from each other via an isolating member (22), which
is arranged between different groups (14).

2. The battery cell assembly (10) of claim 1,
wherein housing surfaces (20) of battery cells (12)
of the same group (14), which face each other, di-
rectly contact each other.

3. The battery cell assembly (10) of claim 1 or 2,
wherein a thermally conducting interface material
(24) is provided between housing surfaces (20) of
battery cells (12) of the same group (14).

4. The battery cell assembly (10) of one of the previous
claims,
wherein a thermally conducting member (26) is pro-
vided between housing surfaces (20) of battery cells
(12) of the same group (14).

5. The battery cell assembly (10) of claim 4,
wherein the thermally conducting member (26) is
compressible.

6. The battery cell assembly (10) of one of the previous
claims,
wherein battery cells (12) of the same group (14) are
immersed in a thermally conducting material (28).

7. The battery cell assembly (10) of claim 6,
wherein the thermally conducting material (28) is sol-
id.

8. The battery cell assembly (10) of claim 6,
wherein the thermally conducting material (28) is
paste-like.

9. The battery cell assembly (10) of claim of one of the
previous claims,
wherein battery cells (12) of the same group (14) are
interconnected with a heat spreader plate (40), which
does not interconnect battery cells (12) of different
groups (14).

10. The battery cell assembly (10) of claim 8,
wherein the heat spreader plate (40) comprises
and/or is interconnected with a heating and/or cool-
ing plate (36) comprising conducts (38) for a cooling
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fluid.

11. The battery cell assembly (10) of claim 8 or 9,
wherein the heat spreader plate (40) is arranged be-
tween housing surfaces (20) of battery cells (12),
which face each other.

12. The battery cell assembly (10) of one of the previous
claims,
wherein the isolating member (22) comprises a foil
of thermally isolating material.

13. The battery cell assembly (10) of one of the previous
claims,
wherein the isolating member (22) comprises a plate
of thermally isolating material.

14. The battery cell assembly (10) of one of the previous
claims,
wherein the battery cells (12) have a prismatic hous-
ing (16); or
wherein the battery cells (12) have a cylindrical hous-
ing (32); or
wherein the battery cells (12) are pouch cells having
a flexible housing (34).
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