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Temperature Control System for an Electrochemical Voltage Source

Background of the invention

The present invention relates to a temperature control system for an electrochemical

voltage source.

For the efficient use of such voltage sources it is advantageous for the temperature to
not exceed or fall below specific temperature values. This is because, generally
speaking, performance declines at low temperatures. On the other hand, if
temperatures are too high, this can have possible detrimental effects on the voltage
source or its environment. Such temperature control system is known for example as
disclosed by EP2451004A1 and EP2249428A2.

It is well known to insulate batteries or to heat them using sheet-like heating elements.

However, it is still difficult to achieve precise and homogeneous temperature control.

Subject matter of the invention

To solve this problem a technical concept having the features of Claim 1 is suggested.
Further advantageous embodiments can be derived from the further claims and

subsequent description.

Further details of the invention will be explained in the following description and in the
claims. These explanations are intended to make the invention understandable. They
are, however, only of an exemplary nature. It goes without saying that any one or
several of the described features can be omitted, modified or supplemented within
the scope of the invention as defined by independent claims. The features of different

embodiments can, of course, also be combined in any way.

What is crucial is that the concept of the invention is implemented in its essence. If a
feature is to be implemented at least in part, this implies that the feature is
implemented in full or essentially in fuil. Here, “essentially” means, in particular, that
implementation enables achievement of the desired effect to a recognizable extent.
This can mean, in particular, that the respective feature is implemented to at least
50%, 90%, 95% or 99%. If a minimum amount is specified, it goes without saying that

the implementation of more is not excluded. If the number of components is specified
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as at least one, this, in particular, also comprises embodiments with two, three or any
other plurality of components. Whatever is specified for one object, can be used for
the majority or for the entirety of all other equivalent objects. If not otherwise specified,

intervals include their beginning and ending points.

In the following reference is made to the drawings, wherein:

Fig. 1 is a side and partially cutaway view of a vehicle with an electrochemical

voltage source;

Fig. 2 is a perspective view from above of an electrochemical voltage source with
a temperature control system, displayed with its cover removed and some

of the individual cells removed;

Fig. 2a is a perspective view from above of a flow system of the temperature

control system of Fig. 2, partially opened;

Fig. 3a is a perspective view of a temperature control module in a housing with the
outer dimensions of an individual cell and a temperature control

component arranged therein, partially opened;

Fig. 3b shows a second embodiment of a temperature control module with two
temperature control components, accommodated in a common housing in
the form of an individual cell, with an upstream air conduit in the form of a

second, empty adjacent individual cell; and

Fig. 4 is a top plan view of the voltage source of Fig. 2 with a package of
individual cells, wherein some of the individual cells have been replaced

by temperature control modules in accordance with Figs. 3 a and b.

Description of the invention

The present invention can, in particular, be used as a voltage source for a vehicle
200 in accordance with Fig. 1. A vehicle comprises any system for transporting
people or goods, such as for example, by road, water, rail and air, in particular, cars,

ships and automotive vehicles.
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An electrochemical voltage source 1 according to Figs. 1, 2 and 4, supplies electricity
to an electrical load. Such a load could be, in particular, an electric drive motor, an
electric starter motor or an emergency power generator. Examples of electrochemical
voltage sources are batteries, accumulators, fuel cells or similar electrochemical
energy storage systems. Voltage sources of this type can have various shapes, such
as for example, cylindrical, or in this case, in the shape of a rectangular
paralielepiped.

An electrochemical voltage source 1 comprises at least one individual cell 6 to
produce an electric voltage. Preferably a plurality of individual cells are provided. The
voltage available overall can be increased by electrically connecting the cells in
series. The individual cells are preferably rectangular parallelepipeds and arranged
adjacently in one or more rows 16. Air gaps 60 are preferably formed between the
individual cells, in particular between the rows 16 formed by the cells.

Preferably, the voltage source 1 is provided with a housing 2. A housing is a means
for enclosing the one or more individual cells 6 to prevent electrical voltage from
being unintentionally applied to the environment and to protect the individual cells
from moisture and pollution. Preferably, there is a non-destructive way of opening the
housing. For this purpose, it is preferably provided with a cover (removed in Fig. 2
and 4). Preferably, housing 2 is hermetically sealed in operation. Depending on the
operating mode, however, a fluid flow with suitably temperature-controlled air can be
introduced into housing 2 and exhaust air can be removed. The housing is preferably

made of plastic, in particular a fiber-reinforced synthetic resin.

The voltage source 1 comprises at least one temperature control system 3. The
object of the temperature control system is to increase, decrease or maintain the
temperature of the voltage source, or to homogenize the temperature within the
voltage source. For this purpose the temperature control system preferably
introduces heat into the voltage source, transports heat to the outside or distributes it
inside. A temperature control system 3 can therefore comprise a heating means 43, a
cooling means 47, an flow-through means 4, or other tempering components 75, or
can be formed therefrom. To increase operational safety through redundancy or to
simplify the complexity of the device, it is also possible to arrange several
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temperature control systems 3 in a voltage source, preferably at point or axis

symmetrical positions to each other.

Preferably the voltage source 1 is formed such that a fluid 5, or a space for passing a
fluid through, is at least provided at predefined intervals. The fluid 5 is preferably air.
Water-based systems or cooling agent from refrigeration machines are also

conceivable.

Preferably, a temperature control system 3 comprises at least one flow-through
means 4. In this case, flow-through means refers to a means specifically used for
changing the composition or the flow of a fluid 5 in a particular surface or spatial area
near to or inside the voltage source. At least parts of a flow-through means 4 are
preferably located close to the individual cells 6, for example along the interface
between the individual cells 6 and a wall of the housing 2. Preferably, flow-through

means 4 also comprises air gaps 60 between the individual cells.

Preferably, flow-through means 4 is provided with at least one fluid guiding means 45.
A fluid guiding means in this context refers to a means for directing air from an area
inside or outside of the voltage source to a fluid moving device or vice versa, in
particular, in at least one direction between a zone to be temperature-controlled and
a fluid moving device or along a zone to be temperature-controlled. A fluid guiding
means comprises, for example, a tube, a conduit made of hard plastic, an elongated
cavity in a wall of the voltage source housing or a flexible and/or elastic sheathing,
the flow cross section of which remains at least partiaily open for a fluid flow even
under mechanical load. For this purpose, a suitable collapse-preventing means 62 is
preferably provided. Examples of a suitable collapse-preventing means are studs or
web-like profiles in a sheathing, or series-connected articulated conduit sections of

hard plastic, as shown in Fig. 2 a.

Preferably the voltage source comprises several fluid guiding means. One or more of
which are formed, for example, as conduit elements conforming to the dimensions of
the individual cells. A conduit can, for example, have the same size as an individual
cell. It can, however, also comprise the area of an individual cell, only partially filled

by a fluid moving device 44 arranged therein.
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Preferably, a fluid guiding means 45 comprises one or more passage holes 46. They
become preferably either larger and/or more numerous as the distance from the fluid
moving device increases. In this way homogeneous air flow over the entire length of
the fluid guiding means 45 can be ensured, even though fluid pressure decreases as

the distance from the fluid guiding means increases.

Preferably, the passage openings are arranged to be positioned at least partially in
alignment with air gaps 60 between the individual cells 6. By these means, a fluid 5
can be efficiently transported into the inside of the voltage source 1 or a fluid can be

extracted from inside the voltage source.

Preferably, at least one flow-through means 4 comprises at least one fluid moving
device 44 for temperature control of the voltage source 1. A fluid moving device is
understood to be a device used to apply kinetic energy to a fluid in order to move the
fluid from one place within the voltage source to another place within the voltage
source, or to exchange fluid between the interior of the voltage source and its
environment. Preferably, they include flow machines with blade wheels, in particular
fans, preferably radial fans. In the case of liquids, flow machines with radially

expelling blade wheels are particularly suitable.

A fluid moving device 44 preferably has a flat design, to enable one or more fluid
moving devices 44 to fit into the housing of an individual cell to form a temperature
control module or to be arranged space-savingly at or in the wall of housing 2.
Preferably, the structural height of the fluid moving device is approximately one to
five times the wall thickness of housing 2, preferably double the wall thickness at

most.

Preferably, at least one fluid moving device 44 is arranged at the end face of the
rectangular-parallelepiped or cylindrical voltage source. This enables the voltage
source to be temperature-controlled from all sides with only short distances. In this
case, the fluid moving device is preferably attached to or integrated into housing 2.
Alternatively or additionally, at least one fluid moving device 44 can be arranged
inside the voltage source, for example as a plug-in component in a space provided

for an individual cell.
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A fluid moving device is preferably manufactured of plastic, at least in part, in order to
keep weight low. To increase thermal stability, however, it can be advantageous for it
to be at least partially manufactured of metal. This applies, in particular, to the blade

wheel and the housing.

If the fluid moving device 44 comprises a blade wheel, which should advantageously
be arranged in a rotation plane perpendicular to one of the rotation axes of the
battery. Particularly preferred is a rotation plane perpendicular to the longitudinal axis
of the voltage source. In axially expelling flow machines, the fluid can thué be
distributed without substantial lateral deviation. In the case of flow machines with an
at least partial radial expulsion of fluid, a fully enveloping distribution around the
voltage source and its respective individual cells can be achieved easily and

homogeneously.

If a fluid moving device 44 is arranged in place of individual cells inside the voltage
source, the rotation axis of the fluid moving device is preferably perpendicular to the
base of the individual cells. In this way, the largest possible blade wheel diameter

within the cell dimensions can be achieved.

A construction with few components suitably requires only one single fluid moving
device 44 per voltage source. It can, however, be advantageous to provide several
fluid moving devices in one voltage source, to reduce flow distances and flow

resistance.

Preferably, at least one fluid moving device 44 is associated with at least two fluid
guiding means 45, one of which is preferably connected to the intake side and the
other to the output side of the fluid moving device 44. By these means, it is possible
for the fluid moving device 44 to take air in from a larger area and to distribute the
intake air in a different place over a larger area again. A fluid moving device 44
together with two fluid guiding means 45 forms a first flow system 41. The fluid
moving device 44 is thus coupled with an intake means 51, 51’ to transport fluid 5 for
temperature control to voltage source 1 and with a return means 52, 52’ for extracting

fluid 5 following temperature control of voltage source 1.
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Several flow systems of this type can be arranged in one voltage source. Thus, for
example, several flow systems are arranged parallel to the base of the voltage
source and parallel one above the other between the housing 2 and the individual
cells 6, as shown in Fig. 2 on the left. In this way, an efficient flow can be achieved in
the space between the block of individual cells 6 and the housing 2 of the voltage

source 1.

Preferably, at least two fluid guiding means 45 are arranged on at least one intake
side of a fluid moving device 44, and at least two fluid guiding means are provided on
the output side of the fluid moving device 44, as shown in Fig. 2 on the right. What is
meant here is that, regardless of whether a common connection area exists, at least
one branch is provided at which the transported fluid flow is separated or combined.
Preferably, the fluid guiding means are arranged such that the fluid guiding means
are alternately connected to the output and intake sides. This applies to their
arrangement inside the voltage source or on the circumference of the voltage source.
In this way homogeneous uniform mixing can be achieved, for example, by
generating diagonally intersecting fluid flows. This type of system integrates the two
flow systems described above, wherein in this case one single fluid moving device

fulfills the task of at least one further fluid moving device with the use of just one fan.

Preferably the temperature control system comprises at least one heating means 43.
In the simplest case it is a heat source. Preferably, it is combined with a flow-through
means. The heat source can be a resistive heater, the warm side of a Peltier element,
a fan heater or a hot air flow supplied from outside the voltage source 1. The heating
means can be either arranged centrally on a fluid moving device 44, for example as a
PTC heating module of a fan heater. It can, however, also be arranged in or along a
fluid guiding means 45, for example as shown in Fig. 2 a in the form of a heating wire
which is helically wound around the fluid guiding means. Preferably, a heating means
is only arranged in a fluid guiding means if the guiding means at least intermittently

has to supply fluid to the voltage source 1.

Preferably, the temperature control system 3 comprises at least one cooling means
47. In the simplest case, is is a heat sink. It is preferably combined, however, with a

flow-through means. The cooling means can be, for example, the cold side of a



(21) JP 2013-145741 A 2013.7.25

Peltier element, the expanded air of a compressor, or the heat absorbing end of a

heat pipe.

Preferably, the housing of the voltage source comprises at least one heat passage
means 90. A heat passage means is understood to be a means enabling the easier
passage of heat energy between the inside of the voltage source and its environment
than is possible in any other area of the housing of voitage source 1. In the simplest
case, it can be one or more passages through which air can be exchanged between
the voltage source and the environment, for example by means of a fan. However, in
the case of voltage source housings that have to be completely, in particular,
hermetically sealed, to enable the transfer of heat energy through the walls of the
housing, heat conducting plates, heat exchangers, heat pipes, Peltier elements or the
like, can be provided in or on the housing of the voltage source. Part of the housing
wall could also be replaced by one of the mentioned components. If the heat
passage means comprises one or more Peltier elements, it is possible to adjust the
direction of the heat flow according to the situation. If the voltage source is to be
heated, the Peltier elements are energized so that their cold side faces the
environment and is warmed thereby. A fluid flow to be supplied to the voltage source
is directed past the warm side. If the voltage source is to be cooled, the Peltier
elements are switched over so that the cold side cools the inside of the voltage
source and, on the warm side, heat is dissipated to the environment of the voltage
source by means of radiation, convection or e.g. by means of a heat exchanger. It is
also conceivable to dissipate waste heat using compressed air from a compressor
with or without providing an opening in housing 2, as the temperature of expanding

air drops significantly.

Preferably, the temperature control system 3 comprises at least one temperature
control module 70. It is a module with at least one temperature control function,
arranged in the voltage source 1 in place of one or more individual cells 6. Thus,
changes to the housing of the voltage source 1 are not required. In addition, the
electrical contacts provided for the individual cells 6 can be used to supply power to
the temperature control modules and merely have to be connected up to a different
circuit. Replacement is also easily carried out in the event of a repair. To achieve the
most efficient distribution of air and power, preferably module slots are chosen for

this purpose that are located in corners, preferably opposing corners, or located
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centrally with respect to the overall cell arrangement. Preferably, temperature control
modules are mounted such, that an air flow results that circulates along the housing

wall of the voltage source 1, or partial air flows result around the individual cells 6.

Temperature control modules 70 are preferably integrated into a housing of a plug-in
module to enable insertion in the voltage source in the same way as the individual

cells.

A temperature control module 70 can be equipped with one, two or more fluid moving
devices. They can, in particular, be axial and/or radial fans. In the output direction, a
heating module with the outer dimensions of an individual cell is preferably arranged
in alignment with the outflow direction of the fluid moving device. This can be one or
more resistive heaters, in particular PTC heating elements, or cooling components
such as, for example, Peltier elements. Such a heating module 72 is preferably
provided with at least one air intake opening on the side facing the air moving module

and with at least one air output opening on the opposing side.

It can be provided that the temperature control modules 70 are arranged on opposing
sides of the voltage source 1. It can be provided that they are operated uniformly to
achieve a cumulative effect, in other words, both blowing air or both extracting air. It
can also be provided that they are at least temporarily operated in different manners,
to increase the efficiency of the entire system, such as for example, blowing air into
the voltage source or between the individual cells and extracting the input air in a

different place.

The fluid 5 thus circulates inside the voltage source 1 in one or more closed circuits
within a closed fluid circuit system. The component parts of the fluid circuit system,
i.e. the fluid and its walls, are arranged entirely within or directly on the voltage
source, preferably along the outer or inner side of the housing wall or within the walls

of the housing.

In the present exemplary embodiment, temperature control systems are only
provided at vertical walls of the voltage source. It is also possible, however,
additionally or alternatively, to provide corresponding temperature control systems or

temperature control components at the bottom or top of a voltage source.
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Temperature control modules can also optionally be provided or active in the voltage
source in addition to the temperature control systems at the walls or alternatively

thereto, for example to generate air flows near and along the bottom plate or the top.

A temperature control system according to the present invention can be operated in

various operating modes.

In a first operating mode, in a first operating phase, a fluid is sucked in at suction
point 54, 54’ by a fluid guiding means 45 operating as a return means 52, 52’ in the
area of the housing wall. The fluid transports undesirably temperature-controlied fluid
5 from air gaps 60 between the individual cells 6 away from the individual cells. In
this way, for example, undesirable heat energy can be efficiently removed also from
the interior of the voltage source. The fluid 5 then flows through the return means into
fluid moving device 44. From there, the fluid is fed to a fluid guiding means 45
operating as a feed means and is again supplied to the interior of the voltage source
through feed point 53, 53’. The feed point is preferably remote from the suction point.
Preferably, the suction point and the feed point are located on different sides of the
voltage source, preferably on opposing sides of the voltage source. A fluid flow in a

first direction is thus created between the suction point and feed point.

In a second operating phase the flow direction is reversed. That is, the feed means
becomes the suction means and the original suction means becomes the feed means.
As a result, the fluid flow inside the voltage source flows in reverse direction to the

original first flow direction.

Alternate switching back and forth between these two operating states ensures a
homogeneous temperature distribution in the inside of the voltage source. Suitable
time periods required for each operating phase are dependent on the dimensions of
the voltage source. In the case of standard car starter batteries and batteries for

electric vehicles, they are preferably between 5 and 15 minutes.

If the temperature inside the voltage source is to be not just homogenized but also
lowered, a cooling means 47 can be additionally connected to the flow-through
means 4. The cooling means extracts heat from the fluid 5 and transports it by means
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of heat conducting plates, heat exchangers, heat conducting pipes or Peltier

elements through the battery housing to the outside.

If the temperature of the voltage source 1 is to be increased, a heating means 43 can
be additionally connected, which heats the fluid 5 flowing through the flow-through
means 4. By these means, the heat input and its homogenous distribution into the
inside of the voltage source can be carried out much more efficiently than is possible

by only heating the housing from the outside.

In a second operating mode, as described above, a fluid is supplied to the voltage
source through a feed means in a first operating mode, and is transported back to a
fluid moving device by means of a return means. Preferably, the suction points and
feed points are selected in such a way that, in the first operating phase, a fluid flow is
created through the voltage source and in particular between the individual cells, with
directional components in at least two axial directions of the voltage source,
preferably from a first edge of the voltage source to a diagonally opposing second

edge of the voltage source.

In the second operating phase, the flow is not reversed in the feed or return means.
Instead, the two are switched off and a second flow system with a second feed
means and a second return means is put into operation. In this way, a fluid flow is
created inside the voltage source that differs from the first fluid flow in its direction,
spatial occurrence and distribution. This promotes a homogeneous distribution of

temperature inside the voltage source.

The second operating phase with an arrangement in accordance with the left side of
Fig. 2, the parallel arrangement of two separate flow systems, one on top of the other,
results in two fluid flows which are essentially planar, parallel to the arrangement

plane of the individual cells, but on different levels.

In arrangements in accordance with the right side of Fig. 2, the active suction and
feed means are located on different levels with respect to each other. By these
means, a fluid flow that is not parallel to the bottom is aiready created in the first
operating phase. In the second operating phase, the resulting second fluid flow in the

voltage source is inclined with respect to the fluid flow of the first operating phase.
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The flow direction of the first fluid flow is thus intersected by the preferable

positioning of the feed and suction openings on corresponding offset diagonal edges.

Alternatively or additionally, in a further operating state, temperature control modules
70 can be additionally connected. Fluid circulation between the individual cells is thus

promoted.

The following is advantageous for temperature control of electrochemical voltage

sources:

a) Generating a fluid flow by means of a fluid moving device 44.

b) Guiding temperature-controlled fluid 5 in or to the voltage source 1 and

simultaneously extracting the waste fluid 5 out of or from the voltage source 1.

C) Extracting or supplying heat from or to the fluid flow.

d) Moving a fluid 5 in one or more closed circuits arranged exclusively inside or

close to the circumference of the voltage source 1.

It can be provided that fluid moving devices are arranged on the same level as the
arrangement plane of the individual cells 6 and that they, at least partially, take in or
output fluid parallel to the arrangement plane of the energy storage cells. It can,
however, also be provided that temperature control systems or components are
arranged outside the plane of the individual cells and that they introduce or output
heat and/or fluid flows perpendicular to this plane. This enables the fluid flows to be

rapidly supplied to all the individual cells simultaneously.

It can also be advantageous to create a fluid flow between the individual cells which
is perpendicular to the arrangement plane, to redirect this fluid flow between the
energy cells and the housing walls in a plane flowing parallel to the bottom or top, to
then redirect this flow in the opposite direction via the vertical housing walls and to
condition it in any manner desired on the opposite side of the arrangement plane (i.e.
top or bottom) in order to then, once again, biow the conditioned air into the space

between the individual cells.
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The features of the subject invention are described as follows:

[1] A temperature control system (3) for an electrochemical voltage source (1),
characterized in that the temperature control system (3) comprises a fluid
moving device (44) for moving a fiuid (5) for controlling the temperature of the

voltage source (1).

[2] The temperature control system (3) according to above [1], characterized in
that the fluid moving device (44) is coupled to a feed means (51, 51°) for
supplying a fluid (5) to a voltage source (1) for temperature control, and is
coupled to a return means (52, 52’) for extracting the fluid (5) following

temperature control of the voltage source (1).

[3] The temperature control system (3) according to above [1] or [2], characterized
in that the temperature control system (3) comprises at least one temperature
control module (70), arranged within the voltage source (1) in place of an

individual cell (6), for carrying out at least one temperature control function.

[4] A voltage source (1), characterized in that it comprises at least one

temperature control system (3) according to any one of above [1] - [3].

[5] The voltage source (1) according to above [4], characterized in that it
comprises at least one closed fluid circuit system, and in that the components of
said fluid circuit system are entirely inside or directly adjacent to the voltage

source.

[6] A vehicle (200), characterized in that it is provided with a voltage source (1) or

a temperature control system (3) according to any one of above [1] - [5].

[71 A method of temperature-controlling an electrochemical voltage source (1),

comprising the following steps:

a) generating a fluid flow by means of a fluid moving device (44).
b) guiding the temperature-controlled fluid (5) in or to the voltage source (1)
and simultaneously extracting waste fluid (5) out of or from the voltage

source (1).
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[8] The method according to above [7], characterized by the additional step of:
c) extracting or supplying heat from or to the fluid flow.

[9] The method according to above [7] or [8], characterized by:
d) moving a fluid (5) in one or more closed circuits arranged exclusively

inside or close to the circumference of the voltage source (1).

List of reference numerals

1 electrochemical voltage source
2 housing

3 temperature control system
4 flow-through means

5 fluid

6 individual cell

16 rows

441 first flow system

42 second flow system

43 heating means

44 fluid moving device

45 fluid guiding means

46 passage hole

47 cooling means

51, 51 feed means
52, 52’ return means
53,53  feed points

54,54’  suction points

60 air gap

62 collapse-preventing means

70 temperature control module

72 heating module

75 temperature control component
90 heat passage means

100 handle of voltage source

200 vehicle
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Claims

A temperature control system (3) for an electrochemical voltage source (1),
characterized in that the temperature control system (3) comprises a fluid
moving device (44) for moving a fluid (5) for controlling the temperature of the

voltage source (1).

The temperature control system (3) according to claim 1, characterized in that
the fluid moving device (44) is coupled to a feed means (51, 51°) for supplying a
fluid (5) to a voltage source (1) for temperature control, and is coupled to a

return means (52, 52') for extracting the fluid (5) following temperature control of

the voltage source (1).

The temperature control system (3) according to any one of the preceding
claims, characterized in that the temperature control system (3) comprises at
least one temperature control module (70), arranged within the voltage

source (1) in place of an individual cell (6), for carrying out at least one

temperature control function.

A voltage source (1), characterized in that it comprises at least one

temperature control system (3) according to any one of the preceding claims.

The voltage source (1) according to claim 4, characterized in that it comprises
at least one closed fluid circuit system, and in that the components of said fluid

circuit system are entirely inside or directly adjacent to the voltage source.

A vehicle (200), characterized in that it is provided with a voltage source (1) or

a temperature control system (3) according to any one of the preceding claims.

A method of temperature-controlling an electrochemical voltage source (1),

comprising the following steps:

a) generating a fluid flow by means of a fluid moving device (44).
b) guiding the temperature-controlled fluid (5) in or to the voltage source (1)
and simultaneously extracting waste fluid (5) out of or from the voltage

source (1).
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8. The method according to claim 7, characterized by the additional step of:

c) extracting or supplying heat from or to the fluid flow.

9. The method according to claim 7 or 8, characterized by:
d) moving a fluid (5) in one or more closed circuits arranged exclusively

inside or close to the circumference of the voltage source (1).

Abstract

The present invention refers to a temperature control system (3) for an

electrochemical voltage source (1).

It is planned that the temperature control system (3) comprises a fluid moving device

(44) for moving a fluid (5) for controlling the temperature of the voltage source (1).

(Fig. 2)
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