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(57) ABSTRACT

A protective unit is provided for a battery module of a
high-voltage battery of a motor vehicle for electrically
insulating cell housings of prismatic battery cells of the
battery module, which battery cells are stacked to form a cell
stack. A cell-contacting system of the battery module inter-
connects the battery cells by electrically connecting cell
terminals of the battery cells. The protective unit includes a
pre-formed intermediate layer made of an electrically insu-
lating material, which intermediate layer can be applied to a
side of the cell stack having the cell terminals and can be
arranged between the side of the cell stack having the cell
terminals and the cell-contacting system. The intermediate
layer has a number of cut-outs which corresponds to the
number of cells terminals. The cut-outs are provided for the
feeding through of the cell terminals when the intermediate
layer is applied to the cell stack.
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PROTECTIVE UNIT FOR A BATTERY
MODULE OF A HIGH-VOLTAGE BATTERY,
BATTERY MODULE, AND HIGH-VOLTAGE

BATTERY

BACKGROUND AND SUMMARY OF THE
INVENTION

[0001] The invention relates to a protective unit for a
battery module of a high-voltage battery of a motor vehicle
for electrically insulating cell housings of prismatic battery
cells, stacked to form a cell stack, of the battery module and
a cell-contacting system of the battery module that inter-
connects the battery cells by electrically connecting cell
terminals, that is to say positive poles and negative poles, of
the battery cells. The invention also relates to a battery
module and to a motor vehicle.

[0002] The present concern is rechargeable high-voltage
batteries or high-voltage storage batteries for electrically
propelled motor vehicles, for example electric vehicles or
hybrid vehicles. The high-voltage batteries normally com-
prise a plurality of battery cells interconnected to form
battery modules. The battery cells may be prismatic battery
cells, for example, each having a metal cell housing, wherein
the battery cells are stacked to form cell stacks and are
connected up to one another by means of a cell-contacting
system. To this end, cell terminals routed out of the cell
housings on one side of the cell stack are electrically
connected to one another in accordance with a predeter-
mined configuration.

[0003] In the event of the intrusion of a foreign body, for
example during a crash or accident involving the motor
vehicle in which a bodywork of the motor vehicle and, as a
result, the battery cells are deformed, the battery cells can
become damaged. This damage to the battery cells can lead
to a cell-internal short, which in turn can lead to a thermal
runaway of the battery cells and hence to a fire in the
high-voltage battery. In this regard, DE 10 2008 059 971 Al
discloses a battery having a plurality of individual cells and
also a cold plate arranged on the pole side of the individual
cells and an electronic unit. At least one of these battery
components arranged on the pole side is surrounded by an
electrically insulating protective layer. For example, at least
one of the battery components may, to that end, be encap-
sulated with the material forming the protective layer.
[0004] Itisan object of the present invention to provide an
alternative solution for how a high-voltage battery for a
motor vehicle can be protected particularly easily and inex-
pensively from a thermal runaway of battery cells of the
high-voltage battery.

[0005] This object is achieved according to the invention
by a protective unit, a battery module, and a high-voltage
battery having the features according to the respective
independent patent claims. Advantageous embodiments of
the invention are the subject of the dependent patent claims,
the description and the figures.

[0006] A protective unit according to the invention for a
battery module of a high-voltage battery of a motor vehicle
is used for electrically insulating cell housings of prismatic
battery cells, stacked to form a cell stack, of the battery
module, and a cell-contacting system of the battery module
that interconnects the battery cells by electrically connecting
cell terminals of the battery cells. The protective unit has a
preformed intermediate layer made from an electrically
insulating material, which intermediate layer is able to be
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put onto a side of the cell stack that has the cell terminals and
is therefore able to be arranged between the side of the cell
stack that has the cell terminals and the cell-contacting
system in a nondestructively detachable manner. The inter-
mediate layer has a number of cutouts, corresponding to a
number of cell terminals, for routing through the cell ter-
minals when the intermediate layer is put onto the cell stack.
[0007] The invention additionally relates to a battery mod-
ule for a high-voltage battery of a motor vehicle, having at
least one cell stack comprising prismatic battery cells, a
cell-contacting system for making contact with cell termi-
nals of the battery cells, and at least one protective unit
according to the invention, wherein the intermediate layer is
arranged between the side of the cell stack that has the cell
terminals and the cell-contacting system.

[0008] The prismatic battery cells each have a flat paral-
lelepipedal cell housing that is formed from an electrically
conductive material, for example from aluminum. The cell
housings have housing walls in the form of a housing base,
a housing cover, a housing front wall, a housing rear wall
and two housing side walls. One of the housing walls, for
example the housing cover, has cell terminals or cell poles
arranged on it, which are electrically connected to a galvanic
element inside the cell housing. The battery cells can be
stacked in a stack direction to form the at least one cell stack,
wherein the side of the cell stack that has the cell terminals
(the cell terminal side or pole side for short) is formed by the
housing walls of the cell housings with the cell terminals, for
example. The cell terminals extend in particular in two
parallel rows, oriented in the stack direction, over the
rectangular cell terminal side of the cell stack.

[0009] To interconnect the battery cells in accordance with
a predetermined configuration, the cell terminals of the
battery cells can be electrically connected to one another by
means of the cell-contacting system. The cell-contacting
system has an electrically insulating frame, e.g. a plastic
frame, on which cell connectors are arranged and held, for
example. When the frame is arranged on the cell terminal
side of the cell stack, the cell connectors are placed on the
cell terminals of the battery cells such that they connect the
cell terminals in accordance with the predetermined con-
figuration.

[0010] To prevent the cell-contacting system from moving
in the event of an accident-related intrusion such that the cell
connectors touch the electrically conductive cell housings
and therefore cause a short between the battery cells, there
is provision for the protective unit. The protective unit
comprises the preformed intermediate layer, which is
formed from an electrically insulating material, preferably
an electrically insulating plastic. The intermediate layer is a
substantive element or molded body, for example a flat
insulating mat, that is able to be arranged on the cell terminal
side of the cell stack by placing it on as a whole and without
changing its physical state, and in particular is also able to
be detached from the cell terminal side again nondestruc-
tively. The intermediate layer is therefore not a sealing
compound or coating.

[0011] The intermediate layer has the cutouts, the number
and shape of which correspond to the cell terminals. The
cutouts may thus be rectangular openings through which the
cell terminals of rectangular cross section are routed when
the intermediate layer is arranged onto the cell terminal side.
The intermediate layer thus covers only that region of the
cell terminal side of the cell stack that is formed by the
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electrically conductive housing walls, but not the cell ter-
minals themselves. In particular, external dimensions of the
rectangular intermediate layer correspond to external dimen-
sions of the side of the cell stack that has the cell terminals,
so that, in the state arranged on the cell terminal side of the
cell stack, the intermediate layer completely covers the
region of the cell terminal side that is formed by the housing
walls of the cell housings. Thus, in the state in which the
intermediate layer is arranged on the pole side, only surfaces
of the cell terminals are then visible.

[0012] After the intermediate layer has been arranged on
the cell terminal side of the cell stack, the cell-contacting
system is arranged on the intermediate layer. The interme-
diate layer thus separates the region of the cell terminal side
of'the cell stack that is formed by the electrically conductive
housing walls and the cell connectors of the cell-contacting
system. The intermediate layer can thus advantageously
prevent an electrical connection between the cell housings
and the cell connectors in the event of a deformation of the
high-voltage battery, since the cell connectors touch only the
electrically nonconductive intermediate layer, but not the
cell housings, in the event of deformation-related slippage.
Additionally, a preformed intermediate layer of this kind can
be manufactured easily and in large numbers.

[0013] There may be provision for the intermediate layer
to be in the form of an electrically insulating perforated plate
or a perforated film. By way of example, the intermediate
layer may be in the form of a plastic plate, which is
particularly robust. Alternatively, the intermediate layer may
be in the form of the film, which can be produced with a
particularly small layer thickness and therefore has a low
installation space requirement.

[0014] It is found to be advantageous if the intermediate
layer has a number of openings, corresponding to a number
of degassing openings of the battery cells, that are able to be
arranged flush with the degassing openings of the battery
cells when the intermediate layer is arranged on the side of
the cell stack that has the cell terminals. The degassing
openings are arranged in a housing wall of the cell housings
of the battery cells, in particular between the cell terminals.
Through these degassing openings, which are sealed in
gas-tight fashion by a bursting membrane in a normal state
of the battery cells, it is possible for a hot gas formed in the
cell housing in the event of damage to the battery cell to
escape. The openings in the intermediate layer can extend in
a row over the intermediate layer between the two rows with
the cutouts for the cell terminals. In the state in which the
intermediate layer is arranged on the cell terminal side, the
openings are arranged flush with the degassing openings. As
such, the hot gas escaping from the cell housing can escape
via the openings in the intermediate layer.

[0015] In a development of the invention, the protective
unit has a heat-resistant protective mat that is secured to the
intermediate layer and that is able to be arranged so as to
pass over the degassing openings of the battery cells when
the intermediate layer is arranged on the side of the cell stack
that has the cell terminals. In particular, the heat-resistant
protective mat is in strip-shaped form and extends over a
length of the intermediate layer. Preferably, the heat-resis-
tant protective mat is formed from a glass fiber material or
glass fiber composite material. The heat resistance of the
protective mat means that it is resistant to the high tempera-
tures of the hot gas and is therefore not destroyed by the hot
gas. By way of example, the strip-shaped protective mat can
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cover the row with the openings in the intermediate layer
and prevent the high-voltage battery from starting to burn in
the event of the hot gas emerging from the cell housing.
Additionally, the protective mat shields adjacent parts, such
as the cell-contacting system or adjoining battery cells, from
high temperatures and therefore prevents a thermal runaway
of the battery cells.

[0016] The invention additionally relates to a high-voltage
battery for a motor vehicle, having at least one battery
module according to the invention. The high-voltage battery
is in particular in the form of a rechargeable traction battery
for an electrically propellable motor vehicle.

[0017] The embodiments presented with reference to the
protective unit according to the invention, and the advan-
tages of said embodiments, apply accordingly to the battery
module according to the invention and to the high-voltage
battery according to the invention.

[0018] Further features of the invention will emerge from
the claims, the figures and the description of the figures. The
features and combinations of features cited in the description
hereinabove and the features and combinations of features
cited in the description of the figures hereinbelow and/or
shown in the figures alone are usable not only in the
particular indicated combination but also in other combina-
tions or on their own.

[0019] The invention will now be explained in more detail
on the basis of a preferred exemplary embodiment and with
reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic exploded view of a first
embodiment of a battery module according to the invention.
[0021] FIG. 2 is a schematic exploded view of a second
embodiment of a battery module according to the invention.
[0022] In the figures, elements that are the same and that
have the same function are provided with the same reference
signs.

DETAILED DESCRIPTION OF THE DRAWINGS

[0023] FIG.1and FIG. 2 show exploded views of a battery
module 1 for a high-voltage battery, not shown here, of an
electrically propelled motor vehicle. The battery module 1
here has two cell stacks 2 comprising prismatic battery cells
3 stacked against one another in a stack direction S. The cell
stacks 2 here are arranged beside one another at right angles
to the stack direction S. Each cell stack 2 here is surrounded
by a cell module frame 4. The cell module frame 4 has two
pressure plates 5, only one of which is shown here, which
are arranged on two opposite sides of the cell stack 2 in the
stack direction S. To clamp the battery cells 3 inside the cell
stack 2, the pressure plates 5 are connected to one another
by means of tie rods 6, which are arranged on side regions
of'the cell stack 2 that are opposite at right angles to the stack
direction S.

[0024] The battery cells 3 have cell housings 7 made from
an electrically conductive material, for example aluminum,
and cell terminals 8, 9, which are arranged on a housing wall
of the cell housing 7, here on a housing cover 10. The
housing covers 10 and the cell terminals 8, 9 of a cell stack
2 here form a cell terminal side 11 of the cell stack 2. The
cell terminals 8 may be positive poles of the battery cells 3
and the cell terminals 9 may be negative poles of the battery
cells 3, for example. The cell terminals 8, 9 here extend in
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the stack direction S in two rows running parallel to one
another. To interconnect the battery cells 3 in accordance
with a predetermined configuration, the cell terminals 8, 9 of
the battery cells 3 are electrically connected to one another
by means of a cell-contacting system 12. Here, three adjoin-
ing battery cells 3 of a cell stack 2 are each connected in
parallel and the parallel connections are connected in series.
To this end, the cell-contacting system 12 has an electrically
insulating support in the form of a frame 13, which holds
electrically conductive cell connectors 14. When the frame
13 is arranged on the cell terminal side 11 of the cell stack
2, the cell connectors 14 are placed on the cell terminals 8,
9 such that the predetermined configuration is obtained.

[0025] In the event of an accident involving the motor
vehicle, the battery module 1 may now be deformed. The
deformation can result in the cell-contacting system 12
moving or being deformed relative to the cell terminal side
11 and therefore in the cell connectors 14 no longer being
arranged on the cell terminals 8, 9. In order to prevent the
cell connectors 14 from touching the electrically conductive
housing covers 10, the battery module 1 has a protective unit
15. The protective unit 15 has a preformed intermediate
layer 16 or insulating mat made from an electrically insu-
lating material. The intermediate layer 16 can be a plastic
film or plastic plate, for example. The intermediate layer 16
has cutouts 17 that correspond to the cell terminals 8, 9.
When the intermediate layer 16 is put onto the cell terminal
side 11 of the cell stack 2, the cell terminals 8, 9 are routed
through the cutouts 17 and the intermediate layer 16 is
arranged on the electrically conductive housing covers 10 of
the battery cells 3. After the intermediate layer 16 has been
arranged on the cell terminal side 11 of the cell stack 2, the
cell-contacting system 12 can be put onto the intermediate
layer 16. If the cell-contacting system 12 now moves relative
to the cell terminal side 11, the cell connectors 14 touch only
the electrically insulating intermediate layer 16. An
unwanted electrical connection to the electrically conductive
cell housings 7 of the battery cells 3 is prevented.

[0026] In the embodiment of the battery module 1 shown
in FIG. 1, the intermediate layer 16 additionally has open-
ings 18 that correspond to degassing openings 19 of the
battery cells 3. Through the degassing openings 19, hot gas
can escape from the cell housing 7 in the event of an
emergency degassing of the battery cells 3. In the fault-free
state of the battery cells 3, the degassing opening 19 is
covered by a bursting membrane that seals the cell housing
7 in gas-tight fashion. In the event of damage, the bursting
membrane tears on account of the internal pressure rising in
the cell housing 7 and clears the degassing opening 19. In the
state in which the intermediate layer 16 is arranged on the
cell terminal side 11, the openings 18 are arranged flush with
the degassing openings 19. The hot gas can therefore escape
via the degassing openings 19 of the cell housings 7, the
openings 18 in the intermediate layer 16 and holes 20 in the
frame 13 of the cell-contacting system 12 into a receiving
space of a battery housing in which the battery module 1 is
arranged.

[0027] In the embodiment of the battery module 1 shown
in FIG. 2, the protective unit 15 has a heat-resistant protec-
tive mat 21, which is in strip-shaped form here. The pro-
tective mat 21 here is integrated in the intermediate layer 16
and arranged between the two rows with the cutouts 19. The
protective mat 21 covers the openings 18 and is therefore
placed in the region of the degassing openings 19. The
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protective mat 21 is formed from a glass fiber composite
material, for example. The protective mat 21 protects cur-
rent-carrying components of the high-voltage battery from
the hot gas and additionally prevents fire and flames from
leaving the battery housing.

LIST OF REFERENCE SIGNS

[0028] 1 battery module
[0029] 2 cell stack

[0030] 3 battery cell

[0031] 4 cell module frame
[0032] 5 pressure plate
[0033] 6 tie rod

[0034] 7 cell housing

[0035] 8 cell terminal
[0036] 9 cell terminal
[0037] 10 housing cover
[0038] 11 cell terminal side
[0039] 12 cell-contacting system
[0040] 13 frame

[0041] 14 cell connector
[0042] 15 protective unit
[0043] 16 intermediate layer
[0044] 17 cutouts

[0045] 18 openings

[0046] 19 degassing openings
[0047] 20 holes

[0048] 21 protective mat
[0049] S stack direction.

1.-10. (canceled)

11. A protective unit for a battery module of a high-
voltage battery of a motor vehicle for electrically insulating
cell housings of prismatic battery cells of the battery mod-
ule, which are stacked to form a cell stack, and a cell-
contacting system of the battery module that interconnects
the battery cells by electrically connecting cell terminals of
the battery cells, comprising:

a preformed intermediate layer made from an electrically
insulating material, which intermediate layer is place-
able onto a side of the cell stack that has the cell
terminals so as to be arranged between the side of the
cell stack that has the cell terminals and the cell-
contacting system, wherein

the intermediate layer has a number of cutouts, corre-
sponding to a number of cell terminals, through which
the cell terminals are routed when the intermediate
layer is placed onto the cell stack.

12. The protective unit according to claim 11, wherein

external dimensions of the intermediate layer form a
rectangle and correspond to external dimensions of a
rectangular side of the cell stack that has the cell
terminals, so that, in the state arranged on the side of
the cell stack that has the cell terminals, the interme-
diate layer completely covers a region of the side that
is formed by housing walls of the cell housings.

13. The protective unit according to claim 11, wherein

the intermediate layer is formed from an electrically
insulating plastic.

14. The protective unit according to claim 11, wherein

the intermediate layer is an electrically insulating perfo-
rated plate or perforated film.

15. The protective unit according to claim 11, wherein

the intermediate layer has a number of openings, corre-
sponding to a number of degassing openings of the
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battery cells, that are able to be arranged flush with the
degassing openings of the battery cells when the inter-
mediate layer is arranged on the side of the cell stack
that has the cell terminals.

16. The protective unit according to claim 11, further

comprising:

a heat-resistant protective mat secured to the intermediate
layer and able to be arranged so as to pass over
degassing openings of the battery cells when the inter-
mediate layer is arranged on the side of the cell stack
that has the cell terminals.

17. The protective unit according to claim 16, wherein

the heat-resistant protective mat is in strip-shaped form
and extends over a length of the intermediate layer.

18. The protective unit according to claim 17, wherein

the heat-resistant protective mat is formed from a glass
fiber material.

19. The protective unit according to claim 16, wherein

the heat-resistant protective mat is formed from a glass
fiber material.

20. A battery module for a high-voltage battery of a motor

vehicle, comprising:

at least one cell stack comprising prismatic battery cells;

a cell-contacting system for making contact with cell
terminals of the battery cells; and

a protective unit according to claim 11, wherein

the intermediate layer is arranged between the side of the
cell stack that has the cell terminals and the cell-
contacting system.

21. A high-voltage battery for a motor vehicle comprising

at least one battery module according to claim 20.
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