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Temperature control device for tempering a battery, in particular of a motor

vehicle

The present invention relates to a temperature control device for controlling tem-
pering a battery, in particular of a motor vehicle, and a battery arrangement with
such a temperature control device. The invention further relates to a motor vehicle

with such a battery arrangement.

Rechargeable battery systems for electric vehicles with a purely electric drive and
for hybrid vehicles and vehicles with fuel cell drive are the subject of current re-
search. At present, in the said types of vehicle, lithium-ion batteries are preferably
used, which are distinguished by a high energy density and an only slightly
marked, undesired memory effect. The capability of a rechargeable battery to reli-
ably supply the consumers present in the motor vehicles with electrical energy
depends to a considerable extent on the thermal conditions prevailing in the envi-
ronment of the battery. This is because both the electrochemical processes occur-
ring in the battery in the provision and also in the receiving of electrical energy —
in the sense of recharging - are greatly dependent on the operating temperature
of the battery. Investigations of various lithium-ion-based battery systems have
shown, for instance, that below a critical temperature, for instance in the region of
approximately 0°C, the electrical energy density made available by the battery
decreases greatly compared with higher operating temperatures. Below the criti-

cal temperature, in addition damage to the Li-ion cell can occur during charging.

Consequently, the provision of thermally well-defined environmental conditions is
of considerable importance for an efficient and interference-free operation of said
batteries in the motor vehicle. With regard to the considerable temperature fluctu-
ations occurring under normal operating conditions in the operation of the motor

vehicle, this means that these must be compensated by suitable temperature con-
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trol devices coupled thermally with the battery, in order to keep the environmental
temperature of the battery, and hence also the temperature of the battery itself,
within a predetermined temperature interval. Such a device must be able, on the
one hand, to increase the environmental temperature of the immediate environ-
ment of the battery, if the latter assumes a value which lies below the permissible
temperature range. On the other hand, the possibility must also be provided to re-
duce the environmental temperature, if the latter upwardly exceeds said tempera-

ture interval.

The invention is based on the problem of providing a temperature control device
for tempering a battery, which is distinguished by effective thermal coupling with

the battery which is to be heated or respectively to be cooled.

The said problems are solved according to the invention by the subject of the in-
dependent claims. Preferred embodiments are the subject of the dependent

claims.

Accordingly, the basic idea of the invention is to equip a temperature control de-
vice for a battery with an electric heating module, which is prefabricated or re-
spectively preassembled as a structural unit and is subsequently glued into a re-
cess present in a heat transmission component. This permits a particularly simple,
preferably mechanical assembly of the electric heating module on the heat trans-
mission component. The adhesive connection, essential to the invention, between
the electric heating module and the heat transmission component brings about a
stable mechanical fixing of the heating module in the heat transmission compo-
nent which, in addition, is to be produced in a cost-efficient manner. The use of a
suitable adhesive, particularly a silicone glue layer, in addition involves a highly
effective thermal contact of the electric heating module with the heat transmission
component and therefore with the battery which is to be temperature-controlled.

The heat transmission part therefore functions as a highly effective thermal inter-
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face between the heating module and the battery which is to be temperature-
controlled. In addition, the heat transmission component acts as a thermal inter-
face between the battery which is to be tempered and a cooling device which is
able to be flowed through by a coolant. After the installation of the electric heating
module in the heat transmission component, the cooling device is mounted on the

heat transmission component.

A temperature control device according to the invention comprises a cooling de-
vice, able to be flowed through by a coolant, for cooling the battery, an electric
heating module for heating the battery and a heat transmission component for the
thermal coupling of the cooling device and of the electric heating module to the
battery which is to be temperature-controlled. According to the invention, at least
one recess is present in the heat transmission component, into which recess the
heating module is received and is fastened to the heat transmission component

by means of an adhesive connection.

In a preferred embodiment, the recess is arranged on a first side, in particular on
an upper side or underside, of the heat transmission component. The heating
module received in the recess terminates flush with the first side. This means that
said first side is constructed so as to be substantially flat. The cooling device can
therefore lie in a planar manner against the first side of the heat transmission
component, which leads to an improved thermal contact of the heat transmission

component with the cooling device.

In an advantageous further development, a second side, lying opposite the first
side, in particular an underside or upper side, of the heat transmission component
is constructed so as to be substantially flat for planar abutment on the battery
which is to be temperature-controlled. In this way, a good thermal coupling can be
achieved of the battery which is to be temperature-controlled with the temperature

control device, and the required installation space can be kept small.
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In a further preferred embodiment, the heating module comprises a carrier part
constructed in a grid-like manner with at least two receiving elements, in which re-
spectively an electric heating device is arranged. Such a carrier part allows the
electric heating module to be equipped with two or more heating devices which
can be pre-mounted on the carrier part. This measure considerably simplifies the

assembly of the temperature-control device.

Particularly expediently, the respective heating device can be inserted into an ap-
erture present in the receiving element and can be glued to the carrier part. This
permits a particularly advantageous pre-assembly with regard to manufacturing
technique of the electric heating devices and of the carrier part to the electric
heating module, which can then be inserted as a structural unit into the recess

present in the heat transmission component.

In an advantageous further development, the carrier part has at least two longitu-
dinal struts and at least two transverse struts, extending transversely, in particular
at a right angle, to the longitudinal struts and connecting these with one another.
In this variant, the at least two receiving elements are formed by the longitudinal
or transverse struts of the carrier part. Particularly preferably, the longitudinal and
transverse struts are formed integrally to one another, so that a separate mount-
ing of the individual longitudinal and transverse struts to the carrier part can be

dispensed with.

Particularly expediently, the at least one heating device can be constructed in
longitudinal shape and has along the transverse strut or longitudinal strut a longi-
tudinal side, the length of which is at least five times, preferably at least ten times,
most preferably at least twenty times the length of a transverse side extending

transversely to the transverse or respectively longitudinal strut.
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To reduce the structural space requirement, it is recommended to realize the elec-
tric heating device in a flat construction. For this, it is proposed to dimension the
outer dimensions of the heating device such that in a direction perpendicularly in
longitudinal direction defined by the longitudinal side and also to the transverse
direction defined by the transverse side, the heating device has an overall height
which is at most one tenth of the length of the longitudinal side. A variant in which
the overall height is at most one twentieth of the length of the longitudinal side is

particularly preferred.

In a further preferred embodiment, the carrier part has a first and a second elec-
tric conduction path for the electrical connecting of the electric heating module
with a plus or respectively minus pole of an electrical energy source. The two
electric conduction paths are at least partially surrounded by a covering of an
electrically insulating material. Preferably, the electrically insulating material is a
plastic. The regions of the carrier part in which the two electric conducting paths
are to be contacted electrically with the electric heating devices can remain ex-
empted from the covering. In this variant, the carrier part serves not only for re-
ceiving the electric heating elements, but also provides the electrical connection,
necessary for the operation of the electric heating devices, with an external elec-
trical energy source. A costly separate electrical wiring of the electric heating de-

vices can be dispensed with in this variant.

Particularly expediently, an electrical connection with a plug element is construct-
ed on one of the transverse or longitudinal struts. In this embodiment, a provision
of a separate electrical connection, involving considerable additional manufactur-
ing expenditure can be dispensed with. The electrical connection can also be
constructed in the manner of a strut, in particular a longitudinal or transverse strut.
Said electrical connection can be formed integrally on the carrier part comprising
longitudinal and transverse struts. The electrical connection can project outwards

from one of the longitudinal or transverse struts of the carrier part. By means of
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the electrical connection, the two electric conduction paths are able to be con-

nected with the plus or respectively minus pole of the electrical energy source.

For the electrical connection of the heating devices to the two electric conduction
paths, each heating device has an upper and a lower electrically conductive con-
tact plate for the electrical contacting of the heating device with the electrical en-
ergy source. Between the two contact plates, at least two PTC heating elements
are arranged at a distance and adjacent to one another. Alternatively to the PTC
heating elements, other suitable heating elements can also be used. In this vari-
ant, the upper contact plate serves for the production of an electrical connection
between the PTC heating elements and the first electric conducting path, and the
lower contact plate for the production of an electrical connection between the PTC

heating elements and the upper electric conducting path or vice versa.

In another preferred embodiment, an electrical insulation of an electrically insulat-
ing material is arranged respectively in the recess present in the heat transmis-
sion part in a sandwich-like manner between the heat transmission part and the
respective electric heating device. In this way, an undesired electric short-circuit
can be ruled out between the electrically conductive lower contact plate and the
heat transmission component, typically of an electrically conductive material —

preferably of a metal.

A further preferred embodiment, in which the electrical insulation is constructed as
a ceramic plate as a insulated layer is particularly simple to produce and therefore
is associated with particularly low manufacturing costs. For the construction in
plate form, other suitable materials, in particular suitable plastics, can also be

used.

Particularly expediently, the electrical insulation can be fastened by means of an

adhesive connection on the lower contact plate of the heating device and/or on



WO 2016/188714 PCT/EP2016/059891

the heat transmission part. Particularly preferably, the electrical insulation, con-

structed as a ceramic plate, is glued into the recess present in the heat transmis-
sion component. Such an adhesive connection is able to be realized in a techni-
cally simple manner and permits a stable fixing of the electrical insulation on the

heat transmission component.

In a further preferred embodiment, a protective layer is present at least in certain
areas on the first side of the heat transmission unit. This protective layer covers
the electric heating module received in the recess. In this way, the electric heating

module can be protected effectively against contamination and moisture.

Particularly preferably, the protective layer is formed in a gel-like manner. For ex-
ample, a dielectric tough gel can be used. Such a gel can be applied on the first
side in a simple manner in the course of the assembly of the temperature control

device.

In a further preferred embodiment, the heat transmission part consists of a metal
or comprises a metal. A heat transmission component of metal is easy to process,
so that in particular the recess can be introduced in a simple manner into the heat
transmission component. Furthermore, metals have a high thermal conductivity,
which permits a high degree of thermal coupling of the heat transmission compo-

nent with the battery which is to be temperature-controlled.

The invention further relates to a battery arrangement for a motor vehicle. The
battery arrangement has a battery, comprising a battery housing, in particular a
Li-ion battery. The previously presented temperature control device is coupled
with this battery. For the purpose of such a thermal coupling, the battery housing
lies in a planar manner against the heat transmission component of the tempera-

ture control device.
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Finally, the invention comprises a motor vehicle with at least one such battery ar-

rangement.

Further important features and advantages of the invention will emerge from the
subclaims, from the drawings and from the associated figure description with the

aid of the drawings.

It shall be understood that the features mentioned above and to be explained in
further detail below are able to be used not only in the respectively indicated
combination, but also in other combinations or in isolation, without departing from

the scope of the present invention.

Preferred example embodiments of the invention are illustrated in the drawings
and are explained in further detail in the following description, wherein the same
reference numbers refer to identical or similar or functionally identical compo-

nents.

There are shown, respectively diagrammatically

Fig. 1 an example of a temperature control device according to the inven-
tion,
Fig. 2 in an exploded illustration, the temperature control device of Figure

1 in a perspective view and without cooling device,

Fig. 3 the temperature control device of Figure 2 in an installed state,

Fig. 4 a heating device of the heating module in a cross-section.
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Figure 1 shows in a rough diagrammatic illustration the structure of a temperature
control device 1 according to the invention for tempering of a battery 5 having a
battery housing 9. The temperature control device 1 and the battery 5 together
form a battery arrangement 25. The temperature control device 1 has a cooling
device 2 for cooling the battery 5, an electric heating module 3 for heating the bat-
tery 5 and a heat transmission component 4 for the thermal coupling of the cool-
ing device 2 and of the electric heating module 3 to the battery 5 which is to be
temperature-controlled. The heat transmission part 4 preferably consists of a met-
al or comprises a metal. In a variant, another suitable material with high thermal
conductivity can also be used for the heat transmission component 4. A recess 6
is present in the heat transmission component 4, in which recess the electric heat-
ing module 3 is received and fastened to the heat transmission component 4 by
means of an adhesive connection 27. A recess 6 is present on a first side 7 of the
heat transmission component 4, which in the example is an upper side of the heat
transmission component 4 with respect to a position of use of the temperature
control device. In a variant not shown in the figures, the first side 7 can be an un-
derside of the heat transmission component 4. The electric heating module 3 is

received in the recess 6.

According to Figure 1, a second side 8 lying opposite the first side 7, in the exam-
ple of Figure 1 an underside of the heat transmission component 4, is constructed
so as to be substantially flat, so that a battery housing 9 of the battery 5 which is
to be temperature-controlled can lie in a planar manner against the second side 8
of the heat transmission component 4. In this way, a high degree of thermal cou-
pling can be achieved between the battery 5 and the heat transmission compo-
nent 4. The cooling device 2 is constructed for flowing through by a coolant. For
this, it can have a suitable duct structure which is not illustrated in further detail in
the figures. Such a duct structure can be realized by means of suitably configured
tubular bodies and can have one or more distributors, collectors, deflectors and

collectors, by means of which the coolant can be distributed to the tubular bodies,
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deflected after flowing through and after again flowing through collected from the

tubular bodies again for directing out of the temperature control device.

Figures 2 and 3 illustrate the temperature control device 1 of Figure 1 in a per-
spective view and without cooling device 2. Figure 2 shows the temperature con-
trol device for better intelligibility of its structure in an exploded illustration. As
Figure 3 shows, the heating module 3 received in the recess 6 terminates flush
with the first side 7, so that the cooling device 2, as illustrated diagrammatically in
Figure 1, can lie in a planar manner against the first side 7 of the heat transmis-
sion component 4. This results in a high degree of coupling between the cooling

device 2 and the heat transmission component 4.

In accordance with Figures 2 and 3, the heating module 3 comprises a carrier part
10, in particular constructed in a grid-like manner, which is preferably constructed
in a grid-like manner. In the example of Figures 2 and 3, the carrier part 10 has
two longitudinal struts 11 and three transverse struts 12, which are connected with
one another transversely to the longitudinal struts 11 and two adjacent longitudi-
nal struts 11. In variants of the example, both the number of longitudinal struts 11
which are present and also the number of transverse struts 12 which are present
can vary. Each transverse strut 12 is constructed as a receiving element 24 for
receiving an electric heating device 13 of the heating module 3. The electric heat-
ing devices 13 can be constructed as a PTC heating element 16 or can comprise
several PTC heating elements 16, and are constructed in a plate-like manner,
which facilitates the realizing of the temperature control device 1 in a flat con-

struction.

As the exploded illustration of Figure 2 clearly demonstrates, in the example sce-
nario of Figures 2 and 3, the three electric heating devices 13 which are present

are inserted into respective apertures 14 present in the transverse struts 12. This
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enables a good thermal contact of the electric heating device 13 with the heat

transmission component 4.

Figure 4 shows in diagrammatic illustration the structure of an electric heating de-
vice 13 with an electric heating module 3, installed in the heat transmission com-
ponent 4, in a cross-section. It can be seen from Figure 4 that the electric heating
device 13 has a lower and an upper electrically conductive contact plate 15a, 15b
for the electrical contacting of the heating device 13 with an electrical energy
source. The PTC heating elements 16 can be arranged in a sandwich-like manner
as well as adjacent and at a distance from one another between the two contact
plates 15a, 15b.

In accordance with Figure 2, the carrier part 10 has a first and a second electric
conduction path 17a, 17b for the electrical connecting of the electric heating mod-
ule 3 with the plus or respectively minus pole of an electrical energy source. The
two conduction paths 17a, 17b are indicated in Figure 2 only diagrammatically by
dashed lines and can be realized in the manner of a flexible electric cable or a rig-
id current bar, respectively of an electrically conductive material, preferably a
metal. The carrier part 10 has in sections a covering 18 of an electrically insulat-
ing material, in particular of a plastic, which surrounds the two conduction paths
17a, 17b for electrical insulation with respect to the environment. “In sections”
means here that the two electric conduction paths are exposed in individual re-
gions, i.e. are not surrounded by the covering 18 of plastic. These regions serve
for the electrical contacting of the two conduction paths 17a, 17b with the lower or
respectively upper contact plate 15a, 15b and therefore with the PTC heating el-
ements 16 of the electric heating device 13. Said regions are designated in Figure

2 by the reference number 19a or respectively 19b.

As Figure 2 clearly demonstrates, an electrical connection 20 is constructed with

a plug element 21 on one of the three transverse struts 12 — in a variant, this can
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also be a longitudinal strut 11. By means of the electrical connection 20, the two
electric conduction paths 17a, 17b can be electrically connected with the plus or

respectively minus pole of the external electrical energy source.

In order to rule out an electric short-circuit between the lower electric contact plate
15a and the PTC heating elements 16 and the heat transmission component 4, an
electrical insulation of an electrically insulating material is arranged in the recess
6, present in the heat transmission component 4, respectively in a sandwich-like
manner between the heat transmission part 4 and the respective lower contact

plate 15a of the heating device 13.

The three electrical insulations 22 shown in Figure 2 can be constructed as a ce-
ramic plate, as shown, or else, alternatively thereto, as an insulated layer. In the

example of the figures, the electrical insulations 22 are glued into the recesses 6,
i.e. are fastened by means of the adhesive connection 27 (cf. Fig. 1 and 4) on the

heat transmission part 4.

However, a protective layer 23, present in certain areas on the first side 7 of the
heat transmission unit 4, is indicated diagrammatically in Figure 3, which protec-
tive layer covers the heating module 3, received in the recess 6, for protection

against moisture. The protective layer 23 is preferably formed in a gel-like man-

ner.

The terms “upper side” and “underside” of the heat transmission component 4 and
“lower contact plate 15a” and “upper contact plate 15b” refer to a possible position
of use, for instance in the use of the temperature control device 1 in a motor vehi-
cle. It is clear that the temperature control device 1 can also be arranged with a
different orientation, for example such that the component designated here as

“lower contact plate 15a” can also be arranged in the motor vehicle beneath the
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upper contact plate 15b. Of course, a lateral installation position is also not ruled

out.

*kkkk
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Claims

1. A temperature control device (1) for tempering of a battery (5),

- with a cooling device (2) able to be flowed through by a coolant for cooling the
battery, an electric heating module (3) for heating the battery (5) and a heat
transmission component (4) for the thermal coupling of the cooling device (2)
and the electric heating module (3) to the battery which is to be temperature-
controlled,

- wherein in the heat transmission component (4) a recess (6) is present, in
which the electric heating module (3) is received and fastened to the heat

transmission component (4) by means of an adhesive connection (27).

2. The temperature control device according to Claim 1,
characterized in that
the recess (6) is arranged on a first side (7), in particular an upper side or un-
derside, of the heat transmission component (4) and the electric heating mod-
ule (3), received in the recess (6), terminates flush with the first side (7),
wherein the cooling device (2) lies in a planar manner against the first side (7)

of the heat transmission component (4).

3. The temperature control device according to Claim 2,
characterized in that
a second side (8), lying opposite the first side (7), in particular an underside
or an upper side, of the heat transmission component (4) is constructed so as
to be substantially flat for planar abutment against the battery (5) which is to

be temperature-controlled.
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4. The temperature control device according to one of the preceding claims,
characterized in that
the electric heating module (3) comprises a carrier part (10), constructed in a
grid-like manner, with at least two receiving elements (24), in which respec-

tively an electric heating device (13) is arranged.

5. The temperature control device according to Claim 4,
characterized in that
the respective heating device (13) is inserted into an aperture (14) present in

the respective receiving element (24), and is glued to the carrier part.

6. The temperature control device according to Claim 4 or 5,
characterized in that
the carrier part (10) has a least two longitudinal struts (11) and at least two
transverse struts (12) extending transversely to the longitudinal struts (11)
and connecting these with one another, wherein the at least two receiving el-
ements (24) are formed by the at least two longitudinal and/or transverse
struts (11, 12).

7. The temperature control device according to one of Claims 4 to 6,
characterized in that
the carrier part (10) has a first and a second electric conduction path (17a,
17b) for the electrical connecting of the electric heating module (3) with the
plus or respectively minus pole of an electrical energy source, wherein the
two electric conduction paths (17a, 17b) are surrounded at least partially by a

covering (18) of an electrically insulating material, in particular of a plastic.

8. The temperature control device according to Claim 6 or 7,

characterized in that



WO 2016/188714 PCT/EP2016/059891

10.

11.

12.

16

on one of the transverse or longitudinal struts (11, 12) an electrical connection
(20) with a plug element (21) is constructed, by means of which the two elec-
tric conduction paths (17a, 17b) are able to be connected with the plus or re-

spectively minus pole of the electrical energy source.

The temperature control device according to one of Claims 4 to 8,
characterized in that

each electric heating device (13) has a lower and an upper, respectively elec-
trically conductive contact plate (15a, 15b) for the electrical contacting of the
electric heating device (13) with the electrical energy source,

wherein between the two contact plates (14a, 15b) at a distance and adjacent

to one another at least two PTC heating elements (16) are arranged.

The temperature control device according to Claim 9,

characterized in that

an electrical insulation (22) of an electrically insulating material is arranged in
the recess (6), present in the heat transmission part (4), in a sandwich-like
manner between the heat transmission part (4) and the respective electric
heating device (13), in particular the lower contact plate (15a) of the electric

heating device (13).

The temperature control device according to Claim 10,
characterized in that
the electrical insulation (22) is constructed as a ceramic plate or as an insu-

lated layer.

The temperature control device according to Claim 10 or 11,

characterized in that
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14.

15.

16.

17.

17

the electrical insulation (22) is fastened by means of the adhesive connection
(27) on the lower contact plate (15a) of the electric heating device (13) and/or

on the heat transmission part (4).

The temperature control device according to one of Claims 2 to 12,
characterized in that

on the first side (7) of the heat transmission unit (4) at least in certain areas a
protective layer (23) is present, which covers the electric heating module (3),

received in the recess (6), for protection against moisture.

The temperature control device according to Claim 13,
characterized in that

the protective layer (23) is formed in a gel-like manner.

The temperature control device according to one of the preceding claims,
characterized in that

the heat transmission part (4) consists of a metal or comprises a metal.

A battery arrangement (25) for a motor vehicle,

with a battery (5) having a battery housing (9), in particular a Li-ion battery,
with a temperature control device (1), coupled thermally with the battery (5),
according to one of the preceding claims, wherein the battery housing (9) lies
in a planar manner on the heat transmission component (4), in particular on

its second side (8), for the formation of the thermal coupling.

A motor vehicle with at least one battery arrangement (25) according to Claim
16.

*kkkk
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