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(57) ABSTRACT

In a method for producing a battery module having a plurality
of battery cells, a module housing of the battery module is
provided in a first step. A core assembly is introduced into the
module housing, wherein a cavity, which is to be provided in
a cured casting compound, is defined by a respective core of
the core assembly. The casting compound is then introduced
into the module housing. After the casting compound has
been allowed to cure and the core assembly has been removed
from the module housing, an electrode assembly, which is
associated with the respective battery cell, is arranged in the
cavity which is formed in the cured casting compound.

18

\
\
\

DTN

N

v

2

12

ST




US 2016/0218328 Al

Jul. 28,2016 Sheet 1 of 2

Patent Application Publication

/12
16
Fig.1

22

.
W/éﬁ |

22 22

Fig.2

30 30

2
R

Fl H 2
1.4 K 4 3,4
b //J//#/fyfm///wﬂ,’///.i P2

H
{
Z
1E;

ol

28 28

28

Fig.4



US 2016/0218328 Al

Jul. 28,2016 Sheet 2 of 2

Patent Application Publication

N

— /
[ o - v
N ////////////

.W/ﬁ/g {

o

bt

// m?f/fffllfflff ¥
/\ =

58 J\\
-"

V//Ag

35 36

?/ /V.///

. I 3 ey B NN ‘) e
AR T ,’,a Ty '.,(

= - ESSSSSSSINNA
i!m.uuhﬂ.ﬂu .. ; . e
. S Jovoens bow N \ f
: . 2 .l - yd
7))

Fig.7




US 2016/0218328 Al

METHOD FOR PRODUCING A BATTERY
MODULE, AND BATTERY MODULE

DESCRIPTION

[0001] The invention relates to a method for producing a
battery module having a plurality of battery cells. Further-
more, the invention relates to a battery module having a
plurality of battery cells.

[0002] Battery modules are used to provide high-voltage
batteries for electric vehicles and hybrid vehicles and include
each a plurality of battery cells. Normally, the battery cells in
such a battery module are electrically connected with each
other and subjected to a compressive force which prevents
bulging of walls of cell housings of the individual battery
cells. In such battery modules, prismatic battery cells are
oftentimes used and arranged side-by-side so as to be electri-
cally connectable with one another in a simple manner. Since
the prismatic battery cells usually have cell housings of metal,
it is necessary to electrically insulate the battery cells from
each other. In certain operating modes, provision is further
made for a thermal insulation between the battery cells. Plas-
tics are oftentimes used for electrical and thermal insulation.
[0003] When using plastic parts as separating elements
between the individual battery cells, also referred to as spac-
ers, many individual parts are required for the construction of
battery modules with a plurality of battery cells. This is rela-
tively complicated.

[0004] DE 10 2010 038 862 A1 describes a method for the
production of a battery module, in which a plurality of battery
cells are initially provided, and then the battery cells are
electrically interconnected by cell connectors. Thereafter, a
plastic housing of the battery module is manufactured by
encapsulating the individual battery cells with plastic. As a
result, gaps between the battery cells are filled with plastic
using an injection molding process, and a sheath is produced
which surrounds the battery cells in their entirety during the
injection molding process. Thus, a single-piece plastic sheath
is formed which delimits the battery module to the outside as
housing. Only the connections or terminals of the battery
module project out from the plastic sheath so as to be acces-
sible from outside.

[0005] Such a method is difficult to implement, when the
battery cells must be subjected to a compressive force in order
to prevent bulging of the cell housings. In a situation in which
the battery cells are pressed against each other, it is difficult to
introduce plastic into the gaps between the battery cells. In
addition, curing of the plastic material becomes difficult, as
this requires long curing times. Heating for accelerating cur-
ing is not feasible, since the battery cells should not be
exposed to a corresponding increase in temperature.

[0006] Furthermore, DE 20 2010 004 637 describes a lead-
acid battery, as used as starter battery in motor vehicles. The
lead-acid battery includes a plastic housing with several
chambers which are formed or delimited by intermediate
walls. Lead plates are arranged in the chambers as electrodes.
Subsequently, the plastic housing is closed with a lid which is
preferably formed as an injection-molded part. Electrolyte is
then filled via feed openings, provided in the lid, into the
battery so that it can be charged and discharged. Preferably,
the housing and the lid are made of a pressure-resistant and
impact-resistant plastic material, such as polypropylene.
[0007] Object of the present invention is to provide both an
improved method for producing a battery module and an
improved battery module.
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[0008] This object is attained by a method having the fea-
tures of patent claim 1 and by a battery module having the
features of patent claim 9. Advantageous embodiments with
useful refinements of the invention are set forth in the depen-
dent claims.

[0009] The method according to the invention for produc-
ing a battery module having a plurality of battery cells
includes a plurality of steps. Initially, a module housing ofthe
battery module is provided. A core assembly is placed in the
module housing, with each core of the core assembly defining
a cavity to be provided in a cured casting compound. Subse-
quently, the casting compound is introduced into the module
housing. The casting compound is then allowed to cure.
Thereafter, the core assembly is removed from the module
housing. Finally, an electrode assembly, which is associated
to the respective battery cell, is disposed in the cavity that has
formed in the cured casting compound.

[0010] This is based on the recognition that aluminum typi-
cally used to form the housing of a battery cell can be replaced
by plastic, with the walls to separate the battery cells from one
another being formed by the cured casting compound. As a
result, the need for the aluminum housing can be eliminated,
resulting in cost benefits and weight benefits. In addition, the
number of used components and manufacturing steps are
significantly reduced in comparison to a method, in which the
individual battery cells are compressed via interposition of
plastic parts and arranged in a module housing.

[0011] Furthermore, the module housing to be provided
anyway as form for pouring in the casting compound, forms
then a boundary wall of the battery module. As the casting
compound cures in the module housing, a particularly com-
pact battery module can be provided, as the casting com-
pound joins with the module housing.

[0012] Preferably, the module housing forms walls of the
battery module to absorb forces applied by the electrode
assemblies during operation of the battery. The electrode
assemblies have a tendency to expand. The reason for this is
the presence of electrochemical reactions encountered in the
electrode assemblies during charging and discharging of the
battery cells. When battery cells with aluminum housings are
involved, the walls of the aluminum housing and a compres-
sive force applied from outside upon a package of aluminum
housings ensure that the walls cannot bulge.

[0013] In the present case, however, it is the module hous-
ing itself which prevents expansion of the electrode assem-
blies during operation. The module housing is designed suf-
ficiently stable and solid, so as to be able to absorb the lateral
forces encountered in the battery cells. Thus, a dimensional
stability of the battery module is ensured, which is in particu-
lar of great importance when arranging the battery module in
a vehicle.

[0014] A further advantage has been found, when the cast-
ing compound is heated and/or subjected to high-energy
radiation, as it is allowed to cure. Such methods for acceler-
ating curing of the casting compound can now easily be used,
since the sensitive electrode assemblies are not yet located in
the cavities to be formed in the casting compound.

[0015] Furthermore, as the casting compound is allowed to
cure, it can be subjected to mechanical stress to impart the
desired properties. Also exposure to such mechanical stress is
limited in a situation in which the electrode assemblies have
already been placed in the cavities.

[0016] According to a further advantageous configuration
of the invention, at least one lid element, connected to the
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electrode assembly, closes the cavity receiving the electrode
assembly. Thus, the electrode assembly is well shielded from
external impacts. In addition, the realization ofa cell housing,
formed by the cured casting compound in cooperation with
the lid element, for each battery cell is particularly easy and
economical to accomplish.

[0017] A reliable sealing of the respective battery cells can
be realized, when the lid element is bonded and/or welded to
the walls that are formed by the cured casting compound and
delimit the respective battery cells from one another. In par-
ticular, when using a heat-curable thermosetting plastic as
casting compound, bonding of the lid element with the walls
has been found to be beneficial. Conversely, when using a
thermoplastic material as casting compound, welding also
enables particularly well a realization of a hermetically sealed
connection between the lid element and the walls.

[0018] Itis furthermore advantageous, when an electrolyte
is introduced into the respective battery cell after the elec-
trode assembly has been arranged in the cavity. This is based
on the recognition that the tendency of the electrode assembly
to expand is established only as a result of chemical reactions,
for which the electrolyte has to be present in the battery cells.
By filling the electrolyte into the respective battery cell only
after arrangement of the electrode assembly in the respective
cavity, the electrode assembly can therefore be introduced
into the cavities in a particular reliable manner.

[0019] Preferably, the electrode assembly is formed by a
coil and/or a package of diverter elements coated with anode
material and cathode material, and the anode material is
formed by separators that separate it from the cathode mate-
rial. Such coils or packages represent a particularly large
chemically active surface with compact dimensions. The
package can have for this purpose folds in particular.

[0020] Finally, it has proven to be advantageous, when a
lithium-ion battery is formed by the battery module. Accord-
ingly, the individual battery cells are designed as lithium-ion
cells, as used in particular for battery modules of high-voltage
batteries for electric vehicles and hybrid vehicles. Such a
battery module is capable to provide high voltages and high
currents, while keeping weight comparably low.

[0021] The battery module according to the invention
includes a plurality of battery cells and a module housing
which receives a cured casting compound. Arranged in
receiving spaces formed by the cured casting compound is
hereby an electrode assembly associated to the respective
battery cell. Such a battery module is characterized by a
particularly simple production with a small number of parts.

[0022] The advantages described for the method according
to the invention and preferred embodiments also apply to the
battery module according to the invention, and vice versa.

[0023] Features and feature combinations as mentioned in
the description above, and the features and feature combina-
tions mentioned hereinafter in the description of the figures
and/or shown alone in the figures, are applicable not only in
the particular combination indicated but also in other combi-
nations or alone, without departing the scope the invention.
Thus, also configurations are included by the invention and
considered as disclosed, which are not explicitly shown or
described in the figures, but follow and can be realized
through separated feature combinations from the described
embodiments.
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[0024] Further advantages, features and details of the
invention become apparent from the claims, the following
description of preferred embodiments, and with reference to
the drawings. It is shown in:

[0025] FIG. 1 a first step in the production of a battery
module in which an empty module housing of the battery
module is provided;

[0026] FIG. 2 the placement of a core assembly into the
module housing, with cores of the core assembly defining
cavities in a plastic part to be produced;

[0027] FIG. 3 the pouring of a casting compound into the
module housing with accommodated core assembly;

[0028] FIG. 4 the cured casting compound in the module
housing to form the plastic part;

[0029] FIG. 5 the insertion of a cell coil with lid and electric
pole in a cavity provided in the cured casting compound;
[0030] FIG. 6 the battery module after introduction of the
other cell coils with respective lid in the other cavities; and
[0031] FIG. 7 thefilling of the individual battery cells of the
battery module with an electrolyte.

[0032] With reference to FIG. 1, a first step S10 can be
exemplified in the production of a battery module 10 shown in
FIG. 7 in the final state. In the first step S10, an empty module
housing 12 is provided, which has here a bottom 14 and side
walls 16. This module housing 12 forms a wall of the finished
battery module 10 (see FIG. 7). The module housing 12 is
sufficiently stable so as to be able to absorb forces encoun-
tered in the battery module 10. These forces, which act in
particular on the side walls 16 of the module housing 12, are
caused by the chemical reactions which take place in indi-
vidual battery cells 18 of the battery module 10, when the
battery module 10 provides a voltage.

[0033] Inasecondstep S12 (see FIG. 2), a core assembly 20
is placed in the module housing 12 and includes a multiplicity
of cores 22. These cores 22 provide the negative form of
electrode assemblies 24 of the individual battery cells 18 (see
FIG. 6).

[0034] Inanextstep S14 (see FIG. 3), a casting compound
26 is poured into the module housing 12, while the core
assembly 20 remains in the module housing 12. The casting
compound 26 is formed by a plastic, which fills the cavities,
not occupied by the core assembly 20 and in particular by the
cores 22, in the module housing 12.

[0035] Subsequently, the casting compound 26 is allowed
to cure. In view of the absence of electrode assemblies 24 in
the cavities that are left behind by the cores 22 in the cured
casting compound 26, processes can find application, when
the casting compound 26 is allowed to cure, that are incom-
patible for the electrode assemblies 24. For example, curing
of the casting compound 26 can thus be accelerated by
increasing the temperature or introduction of energy-rich
radiation.

[0036] After the casting compound 26 has cured, the core
assembly 20 is removed again from the module housing 12
(see step S16 in FIG. 4). Thus, the cavities 28 remain in the
cured casting compound 26 for the electrode assemblies 24,
which correspond in shape and dimensions to those of the
cores 22 of the core assembly 20. The cured casting com-
pound 26 thus forms walls 30, which in the finished battery
module 10 separate the individual battery cells 18 from one
another (see FIG. 7).

[0037] The module housing 12 thus forms not only outer
walls of the battery module 10, but provides at the same time
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the mold, in which the casting compound 26 is poured. As it
cures, the casting compound 26 is joined with the module
housing 12.
[0038] Inanextstep S18, illustrated in FIG. 5, the electrode
assemblies 24 are placed into the respective cavities 28. The
electrode assemblies 24 include, when the battery cell 18 is
formed as lithium-ion cell, respective conductor sheets which
are coated with the chemically active material of the anode
and the cathode, with an electrically insulating separator
being disposed between the cathode material and the anode
material. Since the electrodes are wound or folded in this
electrode assembly, such an electrode assembly 24 is also
referred to as cell coil or cell package.
[0039] Each electrode assembly 24 is connected here also
to alid 32. Protruding from this lid 32 are the electric poles 34
of' the respective battery cell 18. By interconnecting the elec-
tric poles 34, of which FIG. 5 shows only one schematically,
the amperage, provided by the battery module 10 and the
voltage provided by the battery module 10 can be adjusted as
desired. Thus, several battery modules 10 can be used to form,
for example, vehicle batteries for electric vehicles and hybrid
vehicles, which are configured as high-voltage batteries. The
cavity 28 is closed, after insertion of the electrode assembly
24 into the cavity 28, by bonding or welding the lid 32 to the
walls 30 which separate the battery cells 18 from each other.
[0040] FIG. 6 depicts a further step S20 in the manufacture
of'the battery module 10, wherein all lids 32 close the respec-
tive cavities 28. Accordingly, the individual lids 32 of the
respective battery cells 18 form a more or less continuous lid
unit, from which only the poles 34 of the individual battery
cells 18 protrude.
[0041] Referringto FIG. 7, there is shown a further step S22
in which an electrolyte 36 is introduced through correspond-
ing fill openings, provided in each lid 32, into the respective
battery cell 18. Only after filling the battery cells 18 with the
electrolyte 36 is it possible for electrochemical reactions to
occur in order to ensure that the battery module 10 is able to
store electric energy and to release it. After the battery cells 18
have been filled with the electrolyte 36, also lateral forces
build up in the battery cells 18 and are absorbed by the module
housing 12 of the battery module 10.

1.-9. (canceled)

10. A method for producing a battery module, comprising:

introducing a core assembly in a module housing;

pouring a casting compound into the module housing;

allowing the casting compound to cure;
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removing the core assembly from the module housing so
that each core of the core assembly leaves behind a
cavity in the cured casting compound;

placing an electrode assembly in the cavity, thereby defin-

ing a battery cell, with the casting compound forming a
delimiting wall of the battery cell associated to the elec-
trode assembly.

11. The method of claim 10, wherein the module housing
forms walls of the battery module to absorb forces applied by
the electrode assemblies during operation of the battery mod-
ule.

12. The method of claim 10, wherein the casting compound
is heated and/or subjected to high-energy radiation and/or
exposed to mechanical stress, as the casting compound is
allowed to cure.

13. The method of claim 10, further comprising connecting
at least one lid element to the electrode assembly for closing
the cavity which receives the electrode assembly.

14. The method of claim 13, wherein the lid element is
bonded and/or welded to the wall formed by the cured casting
compound and separating the battery cell from another bat-
tery cell.

15. The method of claim 10, further comprising placing an
electrolyte into the battery cell after the electrode assembly
has been placed in the cavity.

16. The method of claim 10, wherein the electrode assem-
bly is formed by a coil and/or a package of conductor ele-
ments coated with anode material and cathode material, with
the anode material being separated from the cathode material
by separators.

17.The method of claim 16, wherein the package has folds.

18. The method of claim 10, wherein the battery module
forms a lithium-ion battery.

19. A battery module, comprising

aplurality of battery cells, each having an electrode assem-

bly in the form of a coil and/or a package of conductor
sheets coated with a cathode material and an anode
material, with the anode material being separated from
the cathode material by electrically insulating separa-
tors;

a module housing; and

a cured casting compound made of plastic and received in

the module housing, said casting compound having
receiving spaces configured to receive the electrode
assemblies in one-to-one correspondence and forming a
delimiting wall of each of the battery cells.
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