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Abstract of disclosure

The invention relates to method for the manufacture of a cooling module
in the form of a body having an inner space for the reception of battery
cells, wherein the body has one or more cooling passages extending in
parallel to one another between an inlet region and an outlet region and 1s

formed at least partly from a length or from a plurality of lengths of a hol-

low section.
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Cooling module and method for the manufacture of a cooling module

The present application relates to a method for the manufacture of a cool-
ing module and to a corresponding cooling module for a battery module
composed of one or more cells, in particular having accumulators, in par-
ticular lithium ion cells, which are used for the formation of a traction bat-
tery and/or a traction battery module for vehicles having an electric drive
chain. Such battery modules can, for example, be used in electric vehicles,
hybrid vehicles with combustion engines or hybrid vehicles with fuel cells.
Through the modular assembly of a battery module in accordance with the
invention this can also be used for different purposes, for example, for sta-
tionary applications or small traction applications, such as e.g. in a

wheelchair.

In the not yet published PCT application of Akasol Engineering GmbH
having the official file reference PCT/EP2010/002525 a cooling module for
a battery module composed of a plurality of cells, in particular with accu-
mulators, in particular lithium ion cells, is described which are used for
the formation of a traction battery and/or a traction battery module for

vehicles having an electric drive chain.

A battery module system which is assembled from a plurality of like bat-

tery modules can, for example, be designed in order to cover a power
range having a content of energy of between 1 kWh and 400 kWh or more.
When, for example, a battery module system is designed for a continuous
power of 20 kW, peak powers of, for example, 100 kW can still be required

from the battery for acceleration purposes on a short term basis, whereby
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excellent acceleration values can be achieved. One can work with a charg-

ing power of 40 kW, for example, during charging operations.

The above stated values are purely exemplary, however, on the other
hand, represent values which can generally be achieved with commercially

avallable lithium ion batteries.

The cooling module in accordance with the above mentioned PCT applica-
tion should be of compact design and be thermically optimized and, in
particular be configured so that the operating temperature of the battery
module and/or the battery module system can be maintained within nar-
row boundaries 1n order to, if possible, avoid the local overheating of indi-
vidual cells, increased temperatures of one or more cells, or the operation

at too low a cell temperature.

In order to satisfy this object, a cooling module for a battery module com-
posed of a plurality of cells is provided in the mentioned PCT application
which is characterized in that the cooling module has cooling plates at at
least first and second oppositely disposed sides and is provided with heat
conducting connection plates extending between these two sides which
form compartments for receiving the cells therebetween, wherein the cool-

ing module 1s preferably approximately of the shape of a parallelepiped.

In the likewise not yet published German patent application of the Akasol
Engineering GmbH with the official file reference DE 10 2009 018 787.1 a
method for the manufacture of a cooling module for a rechargeable battery
1s provided, wherein the cooling module is approximately of the shape of a
parallelepiped and has a liquid cooling at at least three consecutive sides,
wherein an approximately rectangular sheet metal plate or an approxi-

mately rectangular region of a sheet metal strip is pressed in order to form
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a groove-like inlet region and a groove-like outlet region at two oppositely
disposed sides of the rectangle, as well as forming a plurality of grooves
extending at least substantially parallel to one another between the inlet
region and the outlet region. The rectangular shaped plate and/or the rec-
tangular shaped region of the strip is subsequently bent at at least two

positions in order to form two substantially rectangular corners.

Such a method can be easily reproduced in a production plant in a cost-
effective manner and indeed with very little material loss, whereby a series
production of cooling modules is possible economically in large numbers.
Through the use of sheet metal and/or aluminium or an aluminium alloy
as a starting material, a relatively stiff structure can be generated with
relatively thin sheet metal, for example having a thickness of approximate-
ly 1 mm, since the ribs not only serve for the cooling, but also for the stiff-
ening. Furthermore, the thin-walled design leads to a light weight cooling
module. The use of aluminium sheet metal promotes the reduction of

weight.

The operating temperature of the individual battery cells should, however,
not exceed a working range of e.g. 18° to 25°C, as otherwise the lifetime of
the individual battery cells of a battery module can be drastically reduced
in part. Due to the fact that in previous cooling modules the cooling sheet
metal parts where typically subsequently provided with coolant circuits in
order to realize the cooling of the battery cells, problems with regard to
cooling can arise since the thermal transfer of the coolant cannot always

be sufficiently ensured.

It 1s the object of the present application to provide an alternative method
for the manufacture of a modular cooling module and/or an alternative

design of a modular cooling module which likewise permits an excellent
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heat exchange between the battery cells and the coolant. Furthermore,
also for the alternative design, an extremely rational manufacture should

be ensured which can be carried out with little demand on material and at

small economic costs.

To satisty this object a method for the manufacture of a cooling module as
well as a cooling module in accordance with the independent claims is

provided.

Advantageous embodiments of the invention are described in the subordi-

nate claims, the description, and the figures.

In accordance with the invention a method for the manufacture of a cool-
ing module 1s provided in which method the cooling module is provided
with the shape of a body having an inner space for the reception of battery
cells, wherein the body has one or more cooling passages extending in
parallel to one another between an inlet region and an outlet region and is

formed at least partly from a length or from a plurality of lengths of a hol-

low section.

Such a method can be carried out cost-effectively in a reproducible man-
ner in a production plant and indeed with very little material loss, since
simple hollow sections can now be used which have a cooling passage and
which can be pre-manufactured in an independent prior work step to a
desired length and/or can be made in the desired length during the mass
production of cooling modules, whereby a series production of cooling

modules 1in large numbers is possible.

Through the use of e.g. aluminium or an aluminium alloy as a starting

material, a stiff structure can be formed with relatively thin wall thick-
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nesses of the hollow sections of approximately 0.5 to 5 mm, since the
walls of the hollow sections not only serve for the guidance of coolant, but
also for the stiffening of the cooling module. Furthermore, the thin walled
design leads to a light weight cooling module. The use of aluminium sheet
metal can promote the reduction of weight. Preferably light metals such as
e.g. aluminium or magnesium and/or their alloys, are used as starting
material for the hollow sections. Preferably materials are used which have

a high heat conductivity (e.g. aluminium, approximately 200 W /mK).

Hollow sections can be manufactured simply in an extrusion process.
Strands of metal and/or metal alloys can be extruded into a predefinable
shape 1n such a method at temperatures of approximately 700°C (alumin-
ium and it alloys) up to 1400°C (steel) in a semi-continuous process. The
shapes can have diameters of up to 400 mm and can be provided with
hollow spaces. The shape can be drawn to lengths of several 100 m as re-
quired. The finished section can, however, also be divided to a desired
length, e.g. by use of a saw ("flying saw"), as soon as an extruded section

has sufficiently solidified.

In a preferred embodiment, at least two hollow sections are used. These
are preferably configured to be connected to one another at their longitu-
dinal sides. Due to the fact that the hollow sections can be connected at
their longitudinal sides, a cooling module is additionally stiffened which

leads to an even more robust assembly.

Due to the fact that the cooling module is manufactured by at least two
hollow sections, a modular design of the cooling module can be achieved,
since a desired height of the cooling module can be achieved simply
through the selection of a predefinable number of hollow sections. This

means that different sizes of cooling modules can be manufactured simply
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in a production plant, since the same starting material can always be used
for the individual battery modules. The starting material is cut to a de-
sired length as required and can be varied in its height simply by the re-

quired number of hollow sections.

Preferably the hollow sections can be connected to one another by bonding
and/or by brazing and/or by welding and/or by pressing and/or by
screwing/clamping and/or by gripping and/or by means of clinching
and/or by means of a tongue and groove connection. Thereby a displace-
ment of the hollow sections relative to one another can be avoided in a
simple and cost-effective manner, and also a cohesion in a direction per-
pendicular to the longitudinal direction of the hollow sections can be en-

sured.

In a preferred embodiment, the body of the cooling module is approxi-
mately of the shape of a parallelepiped and has a liquid cooling at at least
three consecutive sides. The or each length of hollow section is bent at at

least two positions, preferably into a U-shape, in order to form at least two

typically substantially rectangular corners.

Alternatively, the hollow sections can also be bonded, brazed or welded to
one another at their abutting ends in a fluid conducting manner in order

to form a substantially rectangular cooling module.

As an alternative to this, consecutive hollow sections can be connected to
one another in a fluid conducting manner by means of arc elements in or-

der to form a substantially rectangular cooling module.

For all three aforementioned alternatives the cooling module has at least

three consecutive sides which each have a cooling passage. Thereby, one
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or more battery cells can be cooled from at least three sides. The inlet re-
gion and the outlet region can thereby be simply provided at a side of the
cooling module, preferably at the same side of the cooling module, where

the connections of the poles of the battery cells are provided.

Through the bending of the hollow section or through the connection of
hollow sections at their edges a cooling module in the shape of a parallele-
piped having at least three sides is formed, whereby the basic shape of the
body of a cooling module and/or a part of the cover of a cooling module is
manufactured in an economic manner. The rectangular shape enables the
use of the cooling module with rectangular battery cells as are manutac-

tured by default.

Preferably the lengths of hollow sections used can be bent prior to or after
their connection depending on the requirement and the number of the
lengths of hollow sections used. It can thereby be ensured on use of a plu-
rality larger lengths of hollow section that these are bent correctly, since it
1s more economic to bend these separately from a certain size of hollow
section (e.g. wall thickness of 2 2 mm) 1n order to minimize the discharge

of erroneously bent hollow sections.

Depending on the kind of hollow section it can, however, also be simpler

to combine individually bent hollow sections to a cooling module.

In a particularly preferred embodiment the cooling module having three
sides i1s subsequently provided with sheet metal connection plates. These
are attached to the hollow sections in a heat conducting manner at at
least two oppositely disposed sides of the cooling module and are prefera-
bly attached at three sides of the cooling module and form compartments

therebetween which are dimensioned for the reception of battery cells,
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wherein the sheet metal connection plates lie in parallel planes and the

cooling passages preferably run in parallel to the parallel planes.

Through the use of a sheet metal connection plate the battery cells, which
can be placed into a cooling compartment, can be cooled from at least one
of their large area sides. This enables an even more precise control of the
operating temperature of the individual battery cells, since these are now
cooled from their upper and/or lower sides. The cooling plates can, more-
over, lead to a stabilization of the cooling module. The connection of the
cells to a cooling structure takes place via pressing or through thin elec-

trically insulated heat conductible layers (e.g. adhesives, adhesive films).

Preferably, the sheet metal connection plates are inserted into guide
grooves which extend i1n the longitudinal direction of the lengths of hollow
section. After the installation the sheet metal connection plates can be at-
tached at the guide grooves by means of brazing, welding, bonding, fric-
tional forces or 1n a different manner, in order to ensure an even better
heat transfer between the hollow sections and the sheet metal connection
plates. However, also a heat transfer paste can be provided in or at the

groove which improves a heat exchange between the sheet metal connec-

tion plate and the hollow section.

In a preferred embodiment the length of hollow section has at least one
cooling wing, wherein the cooling wing 1s notched at positions at which the

lengths of hollow section are bent.

The cooling wings can thereby be provided in an extrusion step on the

manufacture of the hollow sections and thereby ensure an even better

heat transfer of the heat of the battery cells, which can be inserted into a
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cooling module 1n accordance with the invention, to the coolant which is

guided through the cooling passage(s).

In a particularly preferred embodiment a distributor is provided in the in-
let region, the distributor being arranged approximately perpendicular to
the individual cooling passages and distributing coolant into the individu-
al cooling passages during operation, and/or wherein a collector is provid-
ed 1n the outlet region, the collector being arranged approximately per-
pendicular to the cooling passages and receiving and guiding the coolant

from the individual cooling passage to an outlet.

The distributor can thus supply the individual cooling passages of the in-
dividual hollow sections with coolant in a simple manner and can thereby
ensure that the battery cells, which can be installed in the cooling module,
are cooled in a simple manner. The collector can collect the heated coolant

at a point and simply guide this away from the cooling passages.

The coolant can be guided from the collector to a heat exchanger in order
to be brought to the desired operating temperature before the coolant is
guided into the distributor (again). A coolant which is used in the automo-
tive industry is preferably used as a coolant, in particular a coolant for

aluminium components, such as e.g. an aluminium motor.

Preterably the distributor and/or the collector are welded, brazed, bonded
or attached in a different manner to the hollow section and/or to the hol-
low sections, for example, by means of a crimped connection and are in
particular additionally screwed to the hollow section and/or to the hollow
sections. Thereby a liquid-tight connection can be ensured between the
distributor and/or collector and the hollow section and/or the hollow sec-

tions, and a stabilizing effect can also be brought about at the inlet region
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and/or at the outlet region of the hollow sections. The distributor and/or
collector can be manufactured cost-effectively and rationally as plastic in-
jection molded parts, aluminium pressure die cast part or aluminium fine
cast parts and can thereby also lead to a further weight reduction of the
cooling module. Alternatively, the collector and/or the distributor can

likewise be manufactured as an extruded part.

In a preterred embodiment the finished cooling module or the hollow sec-
tions are post-treated by an anodic treatment method and/or a powder

coating method. The cooling module can also be provided e.g. with a col-
ored layer in order to protect this from dirt, e.g. road dirt, and to thereby
increase the lifetime of a cooling module. The protective layer can moreo-

ver take on the function of an electric insulation.

In accordance with the invention a cooling module is also provided, where-
in the cooling module has the shape of a body having an inner space for
the reception of battery cells, wherein the body has one or more cooling
passages extending in parallel to one another between an inlet region and
an outlet region and 1s manufactured at least partly from a length or from

a plurality of lengths of a hollow section.

For a cooling module which has at least one cooling wing the space which
1s formed between the cooling wings and the battery cells is filled with an
insert which can have one of the following functions: a heat conducting
function, a fire resistant function, and a mechanically supporting func-
tion. This insert can be laid into, bonded to, welded to, brazed to, or con-
nected to the battery cell and/or to the hollow section in a different man-

1NcCr.
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Preterably, the bent hollow section is stabilized by a support section, e.g. a

fiber-reinforced plastic tube, at the front ends of the cooling module.

In an embodiment of the cooling module the battery cell is electrically in-
sulated with regard to the hollow section at the support sections at the

hollow section, e.g. by means of a self-adhesive film or a coating.

The battery cells are in particular insulated in regions with respect to the
cooling module, e.g. at the cutouts of the cooling wings, in the corners at
the hollow section or with respect to the collector and/or the distributor

by insertion of electrically insulating strips, e.g. of plastic.

In accordance with the invention a hollow section is also provided which is
in particular suitable for the application in a method in accordance with
the invention and/or which can be used in a cooling module in accord-
ance with the invention. The hollow section has at least one passage for
guiding a coolant, a groove arranged at an outer side of a wall of the pas-
sage and a tongue arranged at the oppositely disposed outer side, with the

tongue and groove lying in a common plane.

In accordance with the invention a method for the manufacture of at least
one component of a cooling module in accordance with the invention is
also provided, with the component being manufactured as an extruded
section. This enables a particularly cost-effective assembly of the cooling
module. Typical components of a cooling module which can be manufac-
tured as extruded sections are a distributor, a collector, a support section,

or a hollow section.

The advantages which were explained in connection with the various em-

bodiments of the method in accordance with the invention are true in an
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analog manner for the adaptation of the cooling module in accordance

with the invention as well as for the hollow section in accordance with the

invention.

The invention will be described in detail in the following by means of em-

bodiments with reference to the drawing, in which are shown:

Fig. 1

Fig. 2A

Fig. 2B

Fig. 2C

Fig. 3A,3B

Fig. 4

Fig. 5

Fig. 6

a perspective illustration of a cooling module 1in accordance

with the invention;

a hollow section 1n accordance with the invention;

a U-shapedly bent hollow section in accordance with the 1n-

vention;

a section through the hollow section in accordance with the

invention of Fig. 2A in the plane A-A of the Fig. 2A;

perspective 1llustrations of hollow sections in accordance with

the invention;

an exploded view of a U-shapedly bent hollow section i1n ac-

cordance with the invention with inserted cooling plates;

a perspective illustration of the assembly of a cooling module

in accordance with the invention with associated battery cells;

an exploded view of a U-shapedly bent hollow section in ac-

cordance with the invention having cooling wings;
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Fig.7A-7TE sections of hollow sections in accordance with the invention

similar to the section of Fig. 2C in schematic form;

Fig. 8A, 8B perspective illustrations of cooling modules in accordance with

the invention;

Fig. 9A, 9B views from above of hollow sections in accordance with the

invention;

Fig. 10A, 10B views of connected hollow sections in accordance with the

Fig. 11

Fig. 12

Fig. 13

Fig. 14

Fig. 15A

Fig. 15B

invention;
an exploded illustration of a further U-shapedly bent hollow

section 1n accordance with the invention with an insert to be

inserted and battery cells;

a cooling module having two inserted battery cells;

a cooling module having four inserted battery cells;

a perspective illustration of the assembly of a further cooling
module 1in accordance with the invention having associated

battery cells;

a top view on a collector;

a section through the collector in accordance with the section-

al line A:A of Fig. 15B; and
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Fig. 16 a perspective illustration of a further cooling module in ac-

cordance with the invention.

Features having the same or a similar function will be provided with the
same reference numeral in the following and it is naturally understood
that the description which is provided for components or component func-
tions in connection with an embodiment are also true for other embodi-
ments in which the same reference numerals are used, unless something

1s said to the contrary.

The Fig. 1 shows a perspective illustration of a cooling module 10 in ac-
cordance with the invention. The cooling module 10 substantially has the
shape of a parallelepiped and has a distributor 12 in its inlet region and a
collector 14 1n its outlet region. The distributor 12 and the collector 14
each have a connection 16, 18 by means of which the coolant can be sup-
plied and/or removed. Six cooling passages 20 running in parallel to one
another extend between the distributor 12 and the collector 14. In order to
ensure the cooling of the individual battery cells 22 (see Fig. 4) which can
be inserted into the compartments 24 of the cooling module 10, six cooling

plates 26 extend substantially in parallel to the individual cooling passag-

es 20 1n the present example. The cooling plates 26 are introduced into
premanufactured grooves 28 of a hollow section 30. The cooling passages

20 are formed 1n the premade hollow section 30.

The Fig. 2A shows a side view of a hollow section 30 in which the groove
28 extends substantially along the center of the hollow section 30 in par-

allel to the longitudinal direction of the hollow section 30.

The Fig. 2B shows a top view onto the bent hollow section 30 of Fig. 2A.

The Fig. 2C shows a section along the sectional line A-A of the hollow sec-
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tion 30 of Fig. 2A. The hollow section 30 of Fig. 2C has a cooling passage
20, a screw hole 32 as well as the groove 28 which is provided between the
screw hole 32 and the cooling passage 20. At the upper and lower ends of
the longitudinal direction of the hollow section 30 a groove and a tongue
34, 36 can be seen which are configured to connect a plurality of hollow
sections 30 at their longitudinal sides to one another. Due to the fact that
the tongue 36 of the hollow section 30 is guided into the groove 34 of an

adjacent hollow section 30 a tongue and groove connection arises.

The Fig. 3A shows a perspective illustration of the hollow section 30 of the
Figs. 2A to 2C. The cooling passages 20, the groove 28, the tongue-and-

groove 34, 36 as well as the screw hole 32 can be recognized at the respec-

tive ends 38 of the hollow section 30.

The Fig. 3B shows a perspective illustration of a hollow section 30 which
has two hollow fluid passages 20 at its lateral sections 54. A planar wall
section 26 extends between the lateral sections 54. Hollow sections 30, as
are shown in Fig. 3B, can be stacked simply on top of one another and
can thereby form a cooling module 10 which has cooling passages 20 at at
least two sides. These can be respectively connected to a distributor 12
and/or to a collector 14 in a fluid-conducting manner. As an alternative to
this, at least one end of a cooling passage could also be connected by
means of an arc section 60 (Fig. 10B) or a connection plate, which each
have at least one cooling passage 20 to an end of the second cooling pas-
sage 20 1n a fluid-conducting manner so that such a cooling module 10

can also have a liquid cooling at at least three sides.

The Fig. 4 shows an exploded illustration of a hollow section 30 which is

U-shapedly bent. The U-shapedly bent hollow section 30 comprises a so-
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called cooling plate 26 which can be inserted into the groove 28 after the

bending of the hollow section 30.

Furthermore, the Fig. 4 shows two battery cells 22 which each have posi-
tive and negative connections 44, 46 and which can e.g. be battery cells
22 for a battery module 50 (see Fig. 5) of a traction battery (a so-called
electric vehicle battery). The U-shaped shape of the hollow section 30 is
matched to the shape of the battery cells 22 which should be provided in
the cooling module 10. This means that the hollow section 30 is bent such
that the complete length of the battery cell 22 and the width of the battery
cell 22 can be inserted into the individual compartments 24 of a cooling
module 10 without a problem; however, should still enable an assembly
man and/or a mechanic to connect the contacts 44, 46 of the individual

battery cells 22 to one another in order to provide a battery module 50

with the desired power.

After a hollow section 30 has been bent to a U-shape and the battery cells
22 have been inserted into their provided compartments 24, a plurality of
these hollow sections 30 can be combined, as can be seen from Fig. 5,
and, depending on the requirement, a cooling module 10 and/or a battery
module 50 can be provided having two and/or four and/or six, etc. of
such battery cells 22. Once the desired number of battery cells 22 have
been assembled in a cooling module 10 having the U-shaped hollow sec-
tions, a sealing material 52 is attached at the respective inlet and/or out-
let regions in order to manufacture a liquid-tight connection between the
inlet region and/or the outlet region of the hollow sections 30 and the dis-
tributor 12 and/or the collector 14. The distributor 12 and/or the collec-
tor 14 can additionally still be screwed by means of screws 48 so that no
or so little coolant as possible can exit at these connection points and/or

in that, if possible, no coolant can exit at these connection points.
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As can also be seen from Fig. 5, connection stubs 16, 18 for hoses (not
shown) can be respectively installed at the distributor 12 and/or collector
14. These can be an integral component of the distributor or collector, as
illustrated in Fig. 5, or bonded and/or screwed and/or welded thereto.
The distributor 12 and the collector 14 can be connected via a web and/or
a yoke (not shown) in order to provide the cooling module 10 with an in-
creased stiffness and in order to serve as a connection possibility for an
upper and/or lower finishing plate 56, 58 (see Fig. 8A and B). An upper
and/or lower finishing plate 56, 58 can be attached at the uppermost
and/or lowermost hollow section 30 of a connection module 10 generally
by means of the respective tongue and groove 34, 36 in order to protect

the lowermost and/or uppermost battery cell 22.

The battery cells 22 can also be inserted into the coolant compartments
24 of the cooling module 10 after the completion thereof. It is thereby
avoided that these are damaged on brazing and/or welding or bonding of

the distributor 12 or the collector 14.

The Fig. 6 shows an exploded view of an alternative hollow section 30
which 1s bent in U-shape. The U-shape of the bent hollow section 30 com-
prises so-called cooling wings 40 which can be manufactured in an extru-
sion process as a part of a hollow section 30 or which can be inserted pri-
or to the bending of the hollow section 30 as a sheet metal plate 40 into
the groove 28 of the hollow section 30 and which can be notched prior to
the bending to a U-shape of the hollow section 30 at the positions 42
where the shaping should take place.

The Fig. 7A shows a hollow section 30 in section similar to the section of

Fig. 2C. In this example, the hollow section 30 has four individual cooling
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passages 20, with a respective groove 28 being provided for the provision
of a cooling plate 26 and/or for the attachment of cooling wings 40 be-
tween the individual cooling passages 20. Depending on the requirement
one and/or two battery cells can be inserted between two neighboring
grooves 28 1n the example of Fig. 7. At the upper and lower ends of Fig. 7A

a respective tongue-and-groove connection 34, 36 can be seen.

The Fig. 7B shows a section similar to that of Fig. 7A. In this example a
simplified hollow section 30 can be seen which has a cooling passages 20.
At the upper and lower end of the hollow section 30 a groove and a tongue
34, 36 can be seen, which can be used to connect the hollow section 30 to
further hollow sections 30. The tongue and groove 34, 36 of connected
hollow sections 30 can form a tongue-and-groove connection in this re-
spect. In this connection the space which i1s formed between the connected
hollow sections 30 can be used as a groove 28 for the provision of cooling
plates 26 and/or cooling wings 40. This means that the width of a groove
28 can be determined by the length of a tongue 36 which is connected to a
groove 34 of an adjacent section 30 and/or the width of the groove 28 can

correspond to the depth of a groove 34 which is connected to a tongue 36

of an adjacent hollow section 30.

The Fig. 7C shows a further hollow section 30 in which two cooling pas-
sages 20 can be seen between the tongue-and-groove connection 34, 36.
Due to the fact that two different cross-sections of cooling passages 20 are
present 1in a hollow section 30, different flow velocities of the coolant are
present between individual cooling passages 20 of the hollow section 30.

The ditferent flow velocities can be used for a targeted heat discharge from
the battery cells 22.
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The Fig. 7D shows a further hollow section 30 in which a cooling wing 40
1s provided which can be directly provided in an extrusion process of the
hollow section 30. The hollow section 30 of Figs. 7A to 7D are bonded
and/or brazed to the respective collector 14 and/or distributor 12 after
the U-shaped bending and assembly into the desired battery module 50 in

order to manufacture a liquid-tight connection therebetween.

The Fig. 7E shows a further hollow section 30 in which two cooling pas-
sages 20 having different cross-sections are provided. A screw hole 32 is

provided between the cooling passages 20. A cooling wing 40 is also pro-

vided in the official letter 30 of Fig. 7E.

In this connection it should be noted that a hollow section 30 which can
be used 1n the present application must have at least one cooling passage.
Whether a groove 28 and/or a cooling wing 40 or a screw hole 32 or fur-
ther cooling passages are provided depends on the respective field of ap-
plications which 1s intended for the cooling module 10. Furthermore, the
cooling passage 20 can have a cross-section, which is e.g. round, oval,
rectangular, or have any other arbitrary geometric shape, as long as this
shape ensures a heat transfer from the battery cell to the coolant which i1s

guided 1n the cooling passage.

A hollow section 30 which i1s composed of a plurality of symmetric hollow
sections 30 which are connected by welding, brazing and/or bonding, and
has corresponding weld beads and/or brazing points or bonding points 62
(see Fig. 10A) or which are also connected by an angled tube 60 (see Fig.
10B) which 1s inserted into the cooling passages 20 by means of brazing
and/or welding and/or bonding can be used instead of a bent hollow sec-
tion 30. In this connection it would also be possible to provide a cooling

module 10 which is composed of two rows of hollow sections 30 which re-
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spectively have a separate distributor 12 and/or collector 14. The respec-
tive distributor 12 and/or collector 14 of such a cooling module 10 could
respectively be connected via a web and/or a yoke (not shown) in order to

provide the cooling module 10 with an increased stifiness.

The Figs. 8A and 8B respectively show a schematic exploded view of cool-
ing modules 10 1n accordance with the invention. At their upper and lower
ends a respective upper and/or lower finishing plate 56, 58 1s arranged at
the hollow sections 30. Such finishing plates 56, 58 can be provided for
each cooling module 10. In the example of Fig. 8A, a cooling module 10 is
shown which 1s formed from two U-shaped bent hollow sections 30. The
lower plate 58 has a surrounding tongue 36 and the upper plate 56 has a

surrounding groove 34.

In contrast to this, the Fig. 8B shows a cooling module 10 which has two
rows of hollow sections 30 in which the groove and tongue 34, 36 of the
individual rows are swapped in their position so that a left row of hollow
sections 30 has a groove 34 at this upper end and a right row of hollow
sections 30 has a tongue 36 at its upper end so that the same finishing

plate 56, 58 can complete the cooling module 10 at the lower and/or up-

per end of the two rows of hollow sections. Such a finishing plate 56, 58

has a groove 34 at an end of a side and a tongue 36 at the other end ot
this side.

The Fig. 9A and/or 9B respectively show a section of a hollow section 30
which 1s manufactured in an extrusion process directly with three sides in
order to form a three-sided cooling module 10. Whereas in the previously
described examples the cooling passages 20 were described and designed

such that the cooling passages 20 extend substantially in parallel to the
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width and the length of the individual battery cells 22, the Figs. 9A and 9B

show embodiments in which this is not necessarily the case.

Such a cooling module 10 can then have cooling passages 20 which ex-
tend perpendicular to the width and the length of the battery cells 22. In
this case the respective distributor 12 and/or collector 14 are connected
from above or below to the cooling module 10 having the shape of a paral-

lelepiped.

As an alternative to this, the hollow sections of Figs. 9A and 9B can also
be provided with sheet metal connection plates 24, 40 which extend in
parallel to the two outer rows of cooling passages 20 in order to form a
cooling module 10 which is bound it its height, but which can be changed
in its width and has cooling compartments 24. In this case the distributor
12 and/or the collector 14 are respectively attached at the sides of the

cooling module 10.

In order to manufacture a cooling module 10, one or more hollow sections
30 are cut to a desired length 1in a first step. This means that depending
on the size of the battery cell 22 which can used in a cooling module 10 a

hollow section 30 is cut so that three sides of a rectangular battery cell 22
are surrounded by the hollow section 30 after its bending. The hollow sec-
tions 30 are adapted in order to be stuck together at their longitudinal
sides either with further hollow sections 30 and/or with finishing plates
56, 58 which can be stuck from above or below onto the finished cooling
module 10 having the shape of a parallelepiped. In a second step the hol-
low section 30 or the hollow sections 30, or if a plurality of hollow sections
30 have been connected to one another, is/are bent into the desired U-
shape. However, all individual hollow sections 30 can initially also be bent

into the desired U-shape prior to these being connected to one another at
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their longitudinal sides. The hollow sections 30 can be connected by
means of bonding, brazing, welding, pressing, screwing, clamping or grip-

ping, and/or by means of a tongue-and-groove connection 34, 30.

After the reshaping of the hollow sections 30, cooling plates 26 can be 1n-
serted 1into the grooves 28 of the hollow section 30 at at least two opposite-
ly disposed sides and preferably at at least three sides of the cooling mod-
ule 10 and form compartments 24 therebetween which are dimensioned
for the reception of battery cells 22. In the event that the hollow sections
30 were designed with a cooling wing 40, these cooling wings 40 are
punched out and/or cut out at positions 42 where these should be bent
prior to the bending, so that a deformation of the material of the individual
cooling wings 40 can be avoided at the positions 42 and a cooling com-
partment 24 having the shape of a parallelepiped can thereby be ensured.
Once the desired height of the cooling module 10 has been achieved and
the battery cells 22 have been introduced into compartments 24 of a cool-
ing module 10, a distributor 12 and/or a collector 14 is/are provided at
the inlet region and/or the outlet region. As an alternative to this, the dis-
tributor and/or the collector can be connected to the hollow section or to
the hollow sections 30 prior to the introduction of the battery cells into the
compartments 24. These are attached approximately perpendicular to the
individual cooling passages 20. During operation, the coolant i1s guided
into the distributor 12 via a connection 16 and are distributed via the dis-
tributor into the individual cooling passages 20 and are subsequently col-
lected 1n the collector 14 and guided to an outlet 18. The collector 14
and/or the distributor 12 can be welded, brazed, bonded to the hollow
section 30 and/or to the hollow sections 30 or attached in a different
manner, for example by means of a crimped connection, and are particu-
larly prefterably additionally screwed to one another by means of screws

48. Once a cooling module 10 has been manufactured, this can be post-
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treated, e.g. in an anodizing process and/or in a powder coating process,

or the cooling module 10 can also simply be provided with a colored layer.

The hollow sections 30 of the present invention can be manufactured in
an extrusion process. Preferably metals having a high heat conductivity
are used as a material for the hollow sections 30, such as e.g. aluminium

(200 W /mK), carbon steel, magnesium, nickel, etc.

Geometric expressions, such e.g. above or below, are always used with
reference to a herein shown embodiment and its arrangement in the re-
spective figure. It 1s naturally understood that the embodiments can be
changed in their geometric position. Fig. 11 shows an exploded view of a
further U-shapedly bent hollow section 30 in accordance with the inven-
tion with an insert 64 to be inserted and two battery cells 22. The connec-
tions 44 at the battery cells 22 are provided with through holes in this ex-
ample, through which a contact to further battery cells 22 is enabled. The
insert 64 fills the space between two adjacent battery cells 22. In particu-
lar, the insert 64 satisfies one of the following functions: a heat-
conducting function, e.g. when the insert 64 is configured as a cooling
plate 26, a fire-resistant function and a mechanically supporting function.
Typically, the insert is either laid into, bonded to, welded to, brazed to, or

connected to the battery cell 22 and/or the hollow section 30 by means of

a further method.

The Fig. 12 and the Fig. 13 respectively show a cooling module 10 with
either two battery cells 22 or four battery cells 22 being provided in each
compartment formed by a hollow section, and the battery cells 22 being

equipped with connections 44 which are formed by through-holes.
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Fig. 14 shows a perspective illustration of the assembly of a further cool-
ing module 10 in accordance with the invention with associated battery
cells 22, while the Fig. 15A shows a top view onto a collector 14 in accord-
ance with Fig. 14. The Fig. 15B shows a section through the collector 14
in accordance with the sectional line A:A of Fig. 15B. The cylindrical

shaped connection 18 for a coolant can clearly be seen.

In this example, the collector 14 and/or the distributor 12 are made from
an extruded material, in particular from aluminium or an aluminium al-
loy. In order to manufacture the collector 14 and/or the distributor 12 af-
ter the extrusion step, the cylindrically shape of connection 16 and/or 18
1s milled, e.g. by means of a finger mill (not shown). Any arbitrary shaped
connector 16 and/or 18 can in principle be manufactured by means of a
suitable cutting tool at the collector 14 and/or distributor 12. Further-
more, the Fig. 14 shows two different types of connection stubs 68, 70
which are required in order to seal the hollow spaces of the collector 14

and/or distributor 12.

In the assembled state the screws 48 pass through the holes 49 in the dis-
tributor and through the corresponding holes in the seal 52 and in engage
in the cylindrical passages 32 in the hollow sections. These can be thread-
cutting screws 48 which clamp the distributor 12 and the seal 52 against
the end face of the cooling module and/or the hollow sections 30. Bores
51 are provided axially displaced and inclined with respect to the holes 49
which can be seen in the Figs. 15A and B which at their ends facing the
hollow sections 30 lie flush with the cooling passages of the hollow sec-
tions and the corresponding openings in the seal 52 and lead into the inlet
passages of the distributors 12 at their other end, this means into the
passage having the larger diameter which is supplied by the connection.

In this respect, the bores 51 pass through the more narrow distributor
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passage (this means the narrower longitudinal passage of the distributor
which brings about the actual distribution in the hollow sections 30). The
arrangement 1s the same for the collector 14, it is only attached in mirror
symmetry. The extruded section for the distributor 12 and the collector 14
1S, however, identical and this is also true for the seals 52. Hereby, an ex-

tremely rational manufacture can be achieved.

The reference numeral 67 represents an edge protection section which can

likewise be manufactured as an extruded section.

The closure stubs 68, 70 can be seen in the sectional drawing at the lower
end of the collector 14 and seal this towards the bottom. A further connec-

tion stub 68 can be seen at the upper end of the collector 14 and seals

this cooling passage towards the top.

The Fig. 16 shows a perspective illustration of a further cooling module 10
in accordance with the invention. In this cooling module 10 a plurality of

support sections 66 are provided which stabilize the cooling module 10 at
its forward end. The support section can e.g. be made of a fiber-reinforced

plastic tube 60.
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Patent Claims

A method for the manufacture of a cooling module (10) in the form
of a body having an inner space (24) for the reception of battery cells
(22), wherein the body has one or more cooling passages (20) ex-
tending 1in parallel to one another between an inlet region and an
outlet region and 1s formed at least partly from a length or from a

plurality of lengths of a hollow section (30).

A method in accordance with claim 1, wherein at least two hollow
sections (30) are used which are configured to be connected to one

another at their longitudinal sides.

A method 1n accordance with claim 2, wherein the hollow sections
(30} are connected to one another by bonding and/or by brazing
and/or by welding and/or pressing and/or screwing/clamping

and /or gripping and/or by means of clinching and/or by means of a

tongue and groove connection (34, 36).

A method 1n accordance with at least one of the preceding claims,
wherein the body of the cooling module (10) 1s approximately of the
shape of a parallelepiped and has a liquid cooling at at least three
consecutive sides, wherein the or each length of hollow section (30)

1s/are bent at at least two positions (42) preferably into a U-shape,

or wherein hollow sections (30) are bonded, brazed or welded to one
another at their abutting ends in a fluid conducting manner, or
wherein consecutive hollow sections (30) are connected to one an-
other in a fluid conducting manner by means of arc elements in or-
der to form at least two typically at least substantially rectangular

COrners.
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A method in accordance with claim 4, wherein, on the use of a plu-
rality of lengths of hollow sections (30), these are bent prior to or af-

ter their connection.

A method 1in accordance with at least one of the preceding claims,
wherein a cooling module (10) having three sides is subsequently
provided with sheet metal connection plates (26) which are attached
at at least two oppositely disposed sides of the cooling module (10)
in a heat conducting manner and are preferably attached at three
sides of the cooling module (10) and which form compartments (24)
between one another which are dimensioned for the reception of the
battery cells (22), wherein the sheet metal connection plates (26) lie
in parallel planes and the cooling passages (20) preferably run in

parallel to the parallel planes.

A method in accordance with at least one of the preceding claims,
wherein the sheet metal connection plates (26) are inserted into
guide grooves (28) extending in the longitudinal direction of the
length of hollow section (30); and/or wherein the sheet metal con-
nection plates are attached at the guide grooves (28) by brazing,

welding, bonding, frictional forces or in a different manner.

A method in accordance with at least one of the preceding claims,
wherein the length of hollow section (30) has at least one cooling
wing (40), wherein the cooling wing (40) 1s notched at positions (42)

at which the length of hollow section (30) is bent.

A method 1n accordance with at least one of the preceding claims,

wherein a distributor (12) is provided in the inlet region, the distrib-
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utor being arranged substantially perpendicular to the individual
cooling passages (20) and which distributes a coolant into the indi-
vidual cooling passages (20) during operation and/or wherein a col-
lector (14) 1s provided 1n the outlet region, the collector being ar-
ranged approximately perpendicular to the cooling passages (20)
and which receives and guides the coolant from the individual cool-

ing passages (20) to an outlet (18) during operation.

A method 1n accordance with at least one of the preceding claims,
wherein the distributor (12) and/or the collector (14) are attached to
the hollow section (30) and/or the hollow sections (30) by welding,
brazing, bonding or in a different manner, for example by a crimped
connection, and can 1n particular be additionally screwed to the hol-

low section (30) and/or the hollow sections (30).

A method 1n accordance with at least one of the preceding claims,
wherein the hollow section (30) 1s post-treated by an anodic treat-
ment method and/or a powder coating method or a different coating

method and 1s thereby electrically insulated and protected.

A cooling module (10) in the form of a body having an inner space
(24) for the reception of battery cells (22), wherein the body has one
or more cooling passages (20) extending in parallel to one another
between an inlet region and an outlet region and is formed at least

partly from a length or from a plurality of lengths of a hollow section
(30).

A cooling module (10) in accordance with claim 12, wherein at least

two hollow sections (30) are provided which are connected to one

another at their longitudinal sides.
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A cooling module (10) in accordance with claim 13, wherein the hol-
low sections (30) are connected to one another by bonding and/or
by brazing and/or by welding and/or pressing and/or screw-
ing/clamping and/or gripping and/or by means of clinching and/or

by means of a tongue and groove connection (34, 36).

A cooling module (10) in accordance w1th at least one of the preced-
ing claims 12 to 14, wherein the body of the cooling module (10) is
approximately of the shape ot a parallelepiped and has a liquid cool-
ing at at least three consecutive sides, wherein the or each length of
hollow section (30) 1s/are bent at at least two positions (42), prefer-
ably into a U-shape; or wherein hollow sections (30) are bonded,
brazed or welded to one another at their abutting ends in a fluid
conducting manner; or wherein consecutive hollow sections (30) are
connected to one another in a fluid conducting manner by means of
arc elements in order to form at least two typically at least substan-

tially rectangular corners.

A cooling module (10) in accordance with at least one of the preced-
ing claims 12 to 15, wherein a cooling module (10) having three
sides is provided with sheet metal. connection plates (26) which are
attached at at least two oppositely disposed sides of the cooling
module (10) in a heat conducting manner and are preterably at-
tached at three sides of the cooling module (10) and form compart-
ments (24) between one another which are dimensioned for the re-
ception of battery cells (22), wherein the sheet metal connection
plates (26) lie 1n parallel planes and the cooling passages (20) pref-

erably run in parallel to the parallel planes.
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A cooling module (10) in accordance with at least one of the preced-
ing claims 12 to 16, wherein the sheet metal connection plates (26)
are 1mserted 1into guide grooves (28) extending in the longitudinal di-
rection of the length of hollow section (30), and/or wherein the sheet
metal connection plates are attached at the guide grooves (28) by

brazing, welding, bonding, frictional forces or in a different manner.

A cooling module (10) 1n accordance with at least one of the preced-
ing claims 12 to 17, wherein the length of hollow section (30) has at
least one cooling wing (40), wherein the cooling wing (40) is notched

at positions (42) at which the length of hollow section (30) is bent.

A cooling module (10} 1n accordance with at least one of the preced-
ing claims 12 to 18, wherein a distributor (12) is provided in the in-
let region, with the distributor being arranged approximately per-
pendicular to the individual cooling passages (20) and distributing a
coolant into the individual cooling passages (20) during operation;
and/or wherein a collector (14) is provided in the outlet region, with
the collector being arranged approximately perpendicular to the

cooling passages (20) and receiving and guiding the coolant from the

individual cooling passages (20) to an outlet (18) during operation.

A cooling module (10) in accordance with at least one of the preced-
ing claims 12 to 19, wherein the distributor (12) and/or the collector
(14) are attached to the hollow section (30) or to the hollow sections
(30) by welding, brazing or bonding or in a different manner, for ex-
ample by a crimped connection and are in particular additionally

screwed to the hollow section (30) or to the hollow sections (30).
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A cooling module (10) in accordance with at least one of the preced-
ing claims 12 to 20, wherein the cooling module is anodized and/or

powder coated.

A cooling module in accordance with claim 18 or a claim dependent
thereon having at least one cooling wing (40), wherein the space
formed between the cooling wings and the battery cells (22) 1is filled
with an insert (64) which has one of the following functions: a heat
conducting function, a fire-resistant function, and a mechanically
supporting function; wherein the insert is laid into, bonded to, weld-
ed to, brazed to, or connected to the battery cell (22) and/or to the

hollow section (30) in a different manner.

A cooling module 1in accordance with at least one of the preceding
claims 12 to 22, wherein the bent hollow section (30) 1s stabilized by
a support section (66), e.g. a fiber-reinforced plastic tube (60), at the

front ends of the cooling module (10).

A cooling module in accordance with at least one of the preceding
claims 12 to 23, wherein the battery cells (22) are electrically insu-
lated in the support region at the hollow section (30) with respect to

the hollow section (30), e.g. by a self-adhesive foil or a coating.

A cooling module in accordance with at least one of the preceding

claims 12 to 24, wherein the battery cells (22) are insulated in re-
gions with respect to the cooling module (10), e.g. at the recesses ot
the cooling wings (40), in the edges at the hollow sections (30) or
with respect to the collector (12) and/or the distributor (14) by the

insertion of electrically insulating strips, e.g. of plastic.
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A hollow section (30), in particular for use in a method for the man-
ufacture of a cooling module (10) in accordance with the claims 1 to
11 or for use in a cooling module (10) in accordance with the claims
12 to 25 which has at least one coolant guiding passage (20), a
groove (34) arranged at an outer side of a wall of the passage (20),
and a tongue (36) arranged at the opposite outer side, wherein the

groove (34) and the tongue (36) lie in a common plane.

A hollow section (30) in accordance with claim 26, wherein the hol-

low section (30) has a guide groove (28) which is laterally arranged

with regard to the mentioned plane.

A hollow section (30) in accordance with claim 26 or claim 27,
wherein the hollow section (30) has a second passage (32) which is
configured to manufacture a connection between the hollow section

(30) and a component (12, 14) attachable thereto.

A hollow section (30) in accordance with at least one of the preced-
ing claims 26 to 28, wherein the hollow section (30) can be stacked

and 1s preferably made from an extruded material, in particular of

aluminium or an aluminium alloy.

A hollow section (30) in accordance with claim 26, wherein the hol-
low section (30) 1s composed of two lateral sections (54) having two

hollow fluid passages (20) and a wall section (26) formed

therebetween.

A method for the manufacture of at least one component of a cooling
module in accordance with the claims 12 to 25, wherein the compo-

nent 1s manufactured as an extruded section.
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32. A method in accordance with claim 31, wherein a distributor (12), a

collector (14), a support section or a hollow section (30) are manu-

factured as an extruded section.
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