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An apparatus (20) comprises a battery arrangement (30) and a protective
arrangement (40), wherein the protective arrangement (40) comprises a first layer
(41), a second layer (42), a third layer (43) disposed between the first layer (41) and
the second layer (42), and acceleration sensors (61, 62), wherein the third layer (43)
has a layer volume that can be reduced under the effect of pressure, wherein the
acceleration sensors (61, 62) include at least one first acceleration sensor (61) and
at least one second acceleration sensor (62), wherein the at least one first
acceleration sensor (61) is disposed in contact with the first layer (41) and is
configured to generate and output a first sensor signal (S1G1) as a function of the
acceleration and wherein the at least one second acceleration sensor (62) is
disposed in contact with the second layer (42) and is configured to generate and
output a second sensor signal (SIG2) as a function of the acceleration in order to
enable detection of damage to the protective arrangement (40).
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Abstract

Apparatus comprising a protective arrangement

An apparatus (20) comprises a battery arrangement (30) and a protective
arrangement (40), wherein the protective arrangement (40) comprises a first layer
(41), a second layer (42), a third layer (43) disposed between the first layer (41) and
the second layer (42), and acceleration sensors (61, 62), wherein the third layer (43)
has a layer volume that can be reduced under the effect of pressure, wherein the
acceleration sensors (61, 62) include at least one first acceleration sensor (61) and
at least one second acceleration sensor (62), wherein the at least one first
acceleration sensor (61) is disposed in contact with the first layer (41) and is
configured to generate and output a first sensor signal (S1G1) as a function of the
acceleration and wherein the at least one second acceleration sensor (62) is
disposed in contact with the second layer (42) and is configured to generate and
output a second sensor signal (SIG2) as a function of the acceleration in order to
enable detection of damage to the protective arrangement (40).
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Apparatus comprising a protective arrangement

for a battery arrangement in a vehicle

The invention relates to an apparatus comprising a protective arrangement and a

battery arrangement and to a vehicle comprising such an apparatus.

DE 10 2018 221 331 A1 shows an apparatus for detecting mechanical damage to a
motor vehicle component, wherein two components which are electrically separated

from one another come into contact as a result of a deformation.

DE 10 2018 204 374 A1 shows a high-voltage battery comprising a detection
apparatus for damage, wherein the detection apparatus comprises a pressure
sensor for measuring the pressure in the battery housing.

DE 10 2017 212 273 A1 shows a detection apparatus comprising a sensor element,
which can be attached to a housing and outputs an electrical measured value.

DE 10 2014 017 990 A1 shows a battery comprising a sensor device, wherein the
sensor device comprises a chamber and a pressure sensor for measuring the gas

pressure in the chamber.

DE 10 2013 013 754 A1 shows a high-voltage battery comprising an acceleration
sensor by means of which mechanical shocks can be detected.

EP 2 725 651 B1 shows a secondary battery having a sensor apparatus, which
comprises a first sensor for detecting a movement of a battery cell and a second

sensor for detecting a movement of a battery housing.

The object of the invention is therefore to provide a new apparatus and a new
vehicle.

This object is achieved by the subject matters of the independent claims.
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An apparatus comprises a battery arrangement and a protective arrangement,
wherein the protective arrangement comprises a first layer, a second layer, a third
layer disposed between the first layer and the second layer, and acceleration
sensors, wherein the third layer has a layer volume that can be reduced under the
effect of pressure, wherein the acceleration sensors include at least one first
acceleration sensor and at least one second acceleration sensor, wherein the at
least one first acceleration sensor is disposed in contact with the first layer and is
configured to generate and output a first sensor signal as a function of the
acceleration and wherein the at least one second acceleration sensor is disposed in
contact with the second layer and is configured to generate and output a second
sensor signal as a function of the acceleration in order to enable detection of
damage to the protective arrangement. The layer structure with the acceleration
sensors in the first layer and in the second layer, together with the (partial)
decoupling by the compressible third layer, enables a comparatively accurate
prediction of the deformation or destruction of the protective arrangement and thus
also a good prediction of possible destruction of the battery arrangement.

According to a preferred embodiment, at least two first acceleration sensors and at
least two second acceleration sensors are provided, further preferably at least four of
each.

According to a preferred embodiment, the protective arrangement is plate-shaped. A
plate-shaped configuration facilitates protection of the battery arrangement and

enables good pressure distribution.

According to a preferred embodiment, the first layer and the second layer are non-
compressible or at least less compressible than the third layer. This increased the

diagnostic relevance of the measurements of the acceleration sensors.

According to a preferred embodiment, the protective arrangement is sealed against
moisture in at least one predetermined first region and the acceleration sensors are
at least partly disposed in said at least one predetermined first region in order to

enable protection against moisture.



10

15

20

25

30

545 473

According to a preferred embodiment, the protective arrangement is spaced apart
from the battery arrangement at least in some sections. The spacing produces a
special correlation between an effect on the protective arrangement and a resulting
effect on the battery arrangement, which is advantageous for the evaluation. It can in
particular be easier to decide whether or not there is a risk of damage to the battery
arrangement if there is slight damage to the protective arrangement. These

relationships can be studied in simulations or in actual tests.

According to a preferred embodiment, at least one cooling arrangement is disposed
at least in regions between the battery arrangement and the protective arrangement.
Such a cooling arrangement can serve to provide additional protection against
mechanical deformation of the battery arrangement due to the coolant.

The cooling arrangement is preferably configured as a cooling plate. Cooling plates

can easily be mounted on many different battery arrangements.

According to a preferred embodiment, the protective arrangement abuts the battery
arrangement at least in regions directly itself or via a spacer element. This makes it
possible to prevent the protective arrangement from experiencing strong acceleration

and striking the battery arrangement at a high relative speed.

According to a preferred embodiment, the battery arrangement comprises at least
two battery module housings. This facilitates handling during assembly.

According to a preferred embodiment, the third layer comprises at least one
substance from the group of substances consisting of:

- foam,

- gas,

- gas/liquid mixture,

- thermoplastic foam,

- elastomeric foam and

- rigid foam.



10

15

20

25

30

545 473

All of these substances or groups of substances contain gas, for example air or pure
carbon dioxide, and are thus compressible and lead to a partial decoupling between
the first layer and the second layer.

According to a preferred embodiment, the first layer comprises a first composite
material and the second layer comprises a second composite material. In
conjunction with the acceleration sensors, the use of a first composite material for
the first layer and a second composite material for the second layer has resulted in
an advantageous combination, which enables a comparatively accurate prediction of
the deformation or destruction of the protective arrangement and thus also a good

prediction of possible destruction of the battery arrangement.

According to a preferred embodiment,

- the first composite material,

- the second composite material, or

- the first composite material and the second composite material

are configured as fiber composite materials comprising first fibers. The first
composite material and the second composite material can be the same, but do not
have to be the same. The fibers advantageously enable a good prediction of damage
to the protective arrangement.

According to a preferred embodiment, the apparatus comprises an evaluation
device, wherein the evaluation device is configured to receive and evaluate the at
least one first sensor signal and the at least one second sensor signal. Such an
evaluation device enables a good evaluation with a high probability of success for
the result.

According to a preferred embodiment, the evaluation device is configured to
determine the degree of damage to the protective arrangement as a function of the
at least one first sensor signal and the at least one second sensor signal. Taking into
account the sensor signals from the first and from the second layer enables a higher

accuracy of the damage estimation than from one layer alone.
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According to a preferred embodiment, the evaluation device is configured to
calculate the difference between a first acceleration value of the at least one first
sensor signal and a second acceleration value of the at least one second sensor
signal in order to determine the degree of damage to the protective arrangement.
The difference enables a better categorization of the type of damage.

According to a preferred embodiment, the evaluation device is configured, over the
temporal progression

- of the at least one first sensor signal,

- of the at least one second sensor signal, or

- of the at least one first sensor signal and the at least one second sensor signal,

to determine a first time range in which an impact of the protective arrangement
against the battery arrangement occurs, and to determine the degree of damage as
a function of the information of said sensor signal or said sensor signals in said first
time range. It is easily possible to assess the impact or collision in this time range.
The damage to the battery arrangement can consequently be better estimated.

According to a preferred embodiment, at least two first acceleration sensors and at
least two second acceleration sensors are provided, and

- the information of the first sensor signals or

- the information of the second sensor signals

is used to determine the areal extent of the damage to the protective arrangement in
the first layer or in the second layer. The effect of damage on multiple spaced apart
acceleration sensors in the same layer gives a good indication of the type and
geometry of the colliding object.

A vehicle that is operated electrically or partially electrically comprises such an
apparatus. The apparatus makes it possible to make a good prediction as to whether
or not (potentially critical or non-critical) damage is present.

According to a preferred embodiment, the evaluation device is configured to carry
out a categorization as a function of the at least one first sensor signal and the at
least one second sensor signal, wherein the categorization comprises at least two
categories from the category group consisting of:
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- no action required,

- replacement of the protective arrangement required at the next service,

- visit to a workshop required,

- parking the vehicle required, and

- parking and immediately exiting the vehicle required.

These categories greatly increase the safety of the vehicle and its occupants.

According to a preferred embodiment, the vehicle comprises a communication
device and the evaluation device is configured to enable at least one output via the
communication device from the output group consisting of:

- output of information from the evaluation device to an output apparatus in the
vehicle,

- output of information from the evaluation device to a server of a workshop,

- output of information from the evaluation device to a server of a fire department,

- output of information from the evaluation device to a server of a police station, and
- output of information from the evaluation device to other road users.

These outputs can significantly increase safety for the occupants and for the

immediate surroundings.

According to a preferred embodiment, the vehicle comprises electrical leads to the
battery arrangement and a switching apparatus for interrupting said electrical leads,
and the evaluation device is configured to enable actuation of the switching
apparatus in order to enable disconnection of the battery arrangement in the event of
damage to the protective arrangement. On the one hand, this measure can reduce
or prevent further damage to the battery and, on the other hand, protect consumers.

Further details and advantageous further developments of the invention will emerge
from the design examples, which are described below and illustrated in the drawings
and are not to be construed as limiting the invention in any way, and from the
subclaims. It goes without saying that the features mentioned above and those yet to
be discussed below can be used not only in the respectively specified combination,
but also in other combinations or on their own, without leaving the scope of the
present invention. The figures show:
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Fig. 1, in a schematic cross-section, a design example of an apparatus comprising a
battery arrangement and a protective arrangement,

Fig. 2, in a schematic plan view, a design example of a layer of the protective

arrangement,

Fig. 3, in a three-dimensional illustration, another design example of the apparatus of
Fig. 1, and

Fig. 4, in a schematic illustration, a vehicle comprising the apparatus of Fig. 1.

Parts that are the same or have the same effect are provided with the same
reference signs in the following, and are usually described only once. The
descriptions of all of the figures build on one another in order to avoid unnecessary

repetitions.

Fig. 1 shows an apparatus 20 comprising a battery arrangement 30 and a protective

arrangement 40.

Such an apparatus 20 can preferably be used in a vehicle, wherein the protective
arrangement 40 forms an underbody protection of the vehicle, for example, which
protects the battery arrangement 30 in the event of an accident or damage caused
by a bollard.

The protective arrangement 40 comprises a first layer 41, a second layer 42, and a
third layer 43 disposed between the first layer 41 and the second layer 42. Further
intermediate layers can be provided between the first layer 41 and the second layer
42 in addition to the third layer 43.

First acceleration sensors 61 are disposed in contact with the first layer 41, and
second acceleration sensors 62 are disposed in contact with the second layer 42.
The acceleration sensors 61, 62 are thus positioned in the associated layer 41, 42 or
on the associated layer 41, 42, for example.
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The acceleration sensors 61 are connected to an evaluation device 90, for instance
via a signal lead 51, and are configured to generate a first sensor signal SIG1 as a
function of the acceleration at the respective acceleration sensor 61 and to output
said signal via the signal lead 51.

The acceleration sensors 62 are connected to the evaluation device 90, for instance
via a signal lead 52, and are configured to generate a second sensor signal SIG2 as
a function of the acceleration at the respective acceleration sensor 62 and to output
said signal via the signal lead 52.

The signal leads 51, 52 can also be configured as one common signal lead.

The evaluation device 90 is configured to receive and evaluate the sensor signals
SIG1, SIG2 of the acceleration sensors 61, 62 in order to determine the degree of
damage to the protective arrangement 40 and indirectly also to the battery
arrangement 30 as a function of the first sensor signals SIG1 and the second sensor
signals SIG2.

In the design example, the protective arrangement 40 is plate-shaped.

The first layer 41 preferably comprises a first composite material and the second
layer 42 preferably comprises a second composite material.

Composite materials consist of two or more combined materials. As a result of the
composite, the composite material has different material properties than its individual
components do. Depending on the geometry of the composite, a distinction is made,
for example, between:

- particle composite materials,

- fiber composite materials,

- layered composite materials,

- impregnated composite materials and

- structural composite materials.
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Preferably, fiber composite materials are used for the first layer 41 and for the
second layer 42 because tests have shown that fiber composite materials allow a
good correlation between damage to the protective arrangement 40 and damage to
the battery arrangement 30.

The protective arrangement 40 is preferably spaced apart from the battery
arrangement 30 at least in some sections and, in the design example, the protective
arrangement 40 is entirely spaced apart from the battery arrangement 30. The
spacing makes it easier to distinguish whether there is slight damage to the
protective arrangement 40 without damage to the battery arrangement 30, or
whether there is significant damage to the protective arrangement 40 and thus in all
likelihood also damage to the battery arrangement 30.

The third layer 43 has a layer volume which can be reduced under the effect of
pressure, i.e., it is compressible. This property can in particular be achieved in that
the third layer comprises a gas. The third layer 43 can be made of a foam, for
example; it can be configured as a thermoplastic foam, an elastomeric foam or a

rigid foam.

The first layer 41 and the second layer 42 are preferably largely incompressible, so
that the volume hardly changes when the pressure is increased and deformation can

occur.

The first layer 41 and the second layer 42 are preferably non-compressible or at
least less compressible than the third layer 43.

By evaluating the sensor signals SIG1, SIG2, the evaluation device 90 can use the
measurement result to characterize at which location and how severe the damage to
the protective arrangement 40 is.

In operation, the protective arrangement 40 protects the battery arrangement 30.

The protective arrangement 40 is preferably sealed against moisture in at least one
predetermined first region and the acceleration sensors 61, 62 are at least partly
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disposed in said at least one predetermined first region in order to enable protection
against moisture. The acceleration sensors 61, 62 can be injection-molded into the
associated layer 41, 42, for example, and thus protected, or they can be disposed on
the respective inner side of the associated layer 41, 42, whereby the first layer 41
together with the second layer 42 seals the interior space and thus protects the
acceleration sensors 61, 62.

Fig. 2 shows the inner side of the second layer 42 of the protective arrangement 40.
The acceleration sensors 62 are distributed over the second layer 42 and are each
connected to the signal lead 52.

The more acceleration sensors 62 are disposed on the second layer 42, the more
accurately the areal extent of the damage can be determined by the evaluation
device 90 in the event of damage. A large areal extent does not necessarily mean
that there is a large amount of damage, because the forces that occur in the case of
a bollard, for example, are distributed over a larger area than in a case of penetration

of an iron bar.

Fig. 3 shows another embodiment of the apparatus 20, in which the battery
arrangement 30 comprises two battery module housings 81, 82. In this case, the
battery module housings 81, 82 can preferably be screwed directly into the body of a
vehicle. The battery module housings 81, 82 are then preferably load-bearing. The
battery cells of the battery arrangement 30 and the electronics are not shown.

In the design example, cooling arrangements 70 are disposed at least in regions
between the protective arrangement 40 and the battery arrangement 30. The cooling
arrangements 70 are preferably configured as cooling plates. The protective
arrangement 40 is preferably in contact with the battery arrangement 30 in some
sections via spacer elements 48. The contact points defined by the spacer elements
48 in the design example are preferably located at positions at which a vertical
structure 83 of the battery arrangement 30 is provided. In the design example, the
vertical structure 83 is in the form of side walls of the battery arrangement 30. This
enables a good introduction of force in the event of a deformation of the protective
arrangement 40.

10
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As an alternative to the spacer elements 48, the protective arrangement 40 can
comprise projections that are in direct contact with or abut the battery arrangement
30.

The figure includes a schematic drawing of a bollard 95, which can exert a force from
below against the protective arrangement 40 and potentially lead to the destruction
of the protective arrangement 40 and/or the battery arrangement 30.

Fig. 4 schematically illustrates a vehicle 10 comprising an apparatus 20, a
communication device 12, an output apparatus 14, electrical leads 16 and a
switching apparatus 18. The electrical leads 16 are connected to the battery
arrangement 30 and, in the design example, electrically connect an electric motor 19
of the vehicle 10 to the battery arrangement 30. The switching apparatus 18 is
configured to enable an interruption of the electrical leads 16 for a main current of
the battery arrangement 30. The evaluation device 90 is configured to enable
actuation of the switching apparatus 18 in order to enable disconnection of the
battery arrangement 30 in the event of damage to the protective arrangement 40.

The switching apparatus 18 is configured in the form of contactors or electronic

switches, for example.

The evaluation device 90 is preferably configured to determine the degree of
damage to the protective arrangement 40 as a function of the at least one first
sensor signal SIG1 and the at least one second sensor signal SIG2. By evaluating
both sensor signals, the damage can be determined more accurately than if only the
first layer 41 or only the second layer 42 are considered.

The evaluation device 90 is preferably configured to calculate the difference between
a first acceleration value of the at least one first sensor signal SIG1 and a second
acceleration value of the at least one second sensor signal in order to determine the
degree of damage to the protective arrangement 40. The difference can be used as
an absolute value or with a sign. For example, the difference provides information as

to whether damping of the vibration or impact on the underside of the protective

11
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arrangement 40 by the third layer was possible or not. General vibrations of the
vehicle 10 moreover result in small differences, whereas a large difference can occur
if there is localized damage in the region of the protective arrangement 40. Limit
values for determining the degree of damage as a function of the difference and also
as a fundamental function of the sensor signals can be determined for the respective
vehicle type by means of tests or simulations.

Preferably, the evaluation device 90 is configured, over the temporal progression

- of the at least one first sensor signal SIG1,

- of the at least one second sensor signal SIG2, or

- of the at least one first sensor signal SIG1 and the at least one second sensor
signal SI1G2,

to determine a first time range in which an impact of the protective arrangement 40
against the battery arrangement 30 has occurred, and to determine the degree of
damage as a function of the information of said sensor signal SIG1, SIG2 or said
sensor signals SIG1, SIG2 in said first time range. The sensor signals SIG1 and
SIG2 have a temporal progression, and the impact of the protective arrangement 40
against the battery arrangement 30 leads to a deceleration and therefore a negative
acceleration of the protective arrangement 40. The corresponding time window can
thus be determined by the evaluation device 90, and the range of values in this time
window enables a good determination of the degree of damage to the battery
arrangement 30.

The evaluation device 90 is preferably configured to carry out a categorization as a
function of the at least one first sensor signal (SIG1) and the at least one second
sensor signal (S1G2), wherein the categorization comprises at least two categories
from the category group consisting of:

- no action required, in particular if everything is in order,

- replacement of the protective arrangement 40 required at the next service, e.g., in
the event of minor damage to the protective arrangement of 5% or 10%,

- visit to a workshop required, e.g., in the event of slight damage to the protective
arrangement 40 of 10% or 15% and/or suspicion of damage to the battery
arrangement 30,

12
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- parking the vehicle 10 required, e.g., in the event of more severe damage to the
protective arrangement 40 of at least 20% or 30% and

- parking and immediately exiting the vehicle 10 required, e.g., in the event of severe
damage to the protective arrangement of at least 35% of the surface area and
suspected critical damage to the battery arrangement 30.

The categorization preferably comprises at least three, four or five categories from

the category group.

The evaluation device 90 is preferably configured to enable at least one output via
the communication device 12 from the output group consisting of:

- output of information from the evaluation device 90 to an output apparatus 14 in the
vehicle, for example to a display or a speech generation apparatus,

- output of information from the evaluation device 90 to a server of a workshop, for
example provided by the vehicle manufacturer or a service provider,

- output of information from the evaluation device 90 to a server of a fire department,
- output of information from the evaluation device 90 to a server of a police station,
and

- output of information from the evaluation device 90 to other road users.

The communication device 12 preferably enables wireless data transmission.
Examples of wireless data transmission include the Bluetooth industry standard,
cellular mobile telephony, WLAN (Wireless Local Area Network) according to the Wi-
Fi specification, or other radio transmission in a frequency range intended for this
purpose.

Many variants and modifications are of course possible within the scope of the

present invention.

13
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Claims

1. Apparatus (20) comprising a battery arrangement (30) and a protective
arrangement (40), wherein the protective arrangement (40) comprises a first layer
(41), a second layer (42), a third layer (43) disposed between the first layer (41) and
the second layer (42), and acceleration sensors (61, 62), wherein the third layer (43)
has a layer volume that can be reduced under the effect of pressure, wherein the
acceleration sensors (61, 62) include at least one first acceleration sensor (61) and
at least one second acceleration sensor (62), wherein the at least one first
acceleration sensor (61) is disposed in contact with the first layer (41) and is
configured to generate and output a first sensor signal (S1G1) as a function of the
acceleration and wherein the at least one second acceleration sensor (62) is
disposed in contact with the second layer (42) and is configured to generate and
output a second sensor signal (SIG2) as a function of the acceleration in order to

enable detection of damage to the protective arrangement (40).

2. Apparatus (20) according to Claim 1, in which the protective arrangement (40) is
plate-shaped.

3. Apparatus (20) according to Claim 1 or 2, in which the first layer (41) and the
second layer (42) are non-compressible or at least less compressible than the third
layer (43).

4. Apparatus (20) according to any one of the preceding claims, in which the
protective arrangement (40) is sealed against moisture in at least one predetermined
first region and in which the acceleration sensors (61, 62) are at least partly disposed
in said at least one predetermined first region in order to enable protection against

moisture.

5. Apparatus (20) according to any one of the preceding claims, in which the
protective arrangement (40) is spaced apart from the battery arrangement (30) at
least in some sections, and in which at least one cooling arrangement (70) is
preferably disposed at least in regions between the battery arrangement (30) and the

14
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protective arrangement (40), wherein the cooling arrangement (70) is preferably
configured as a cooling plate.

6. Apparatus (20) according to any one of the preceding claims, in which the
protective arrangement (40) abuts the battery arrangement (30) at least in regions

directly itself or via a spacer element (48).

7. Apparatus (20) according to any one of the preceding claims, in which the battery
arrangement (30) comprises at least two battery module housings (81, 82).

8. Apparatus (20) according to any one of the preceding claims, in which the third
layer (43) comprises at least one substance from the group of substances consisting
of:

- foam,

- gas,

- gas/liquid mixture,

- thermoplastic foam,

- elastomeric foam and

- rigid foam.

9. Apparatus (20) according to any one of the preceding claims, in which the first
layer (41) comprises a first composite material and the second layer (42) comprises

a second composite material.

10. Apparatus (20) according to Claim 9, in which

- the first composite material,

- the second composite material, or

- the first composite material and the second composite material

are configured as fiber composite materials comprising first fibers.

11. Apparatus (20) according to any one of the preceding claims, comprising an
evaluation device (90), wherein the evaluation device (90) is configured to receive
and evaluate the at least one first sensor signal (SIG1) and the at least one second

sensor signal (SIG2).

15
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12. Apparatus (20) according to Claim 11, in which the evaluation device (90) is
configured to determine the degree of damage to the protective arrangement as a
function of the at least one first sensor signal (SIG1) and the at least one second
sensor signal (SIG2).

13. Apparatus (20) according to Claim 12, in which the evaluation device (90) is
configured to calculate the difference between a first acceleration value of the at
least one first sensor signal (SIG1) and a second acceleration value of the at least
one second sensor signal in order to determine the degree of damage to the

protective arrangement (40).

14. Apparatus (20) according to any one of Claims 11 to 13, in which the evaluation
device (90) is configured, over the temporal progression

- of the at least one first sensor signal (SIG1),

- of the at least one second sensor signal (S1G2), or

- of the at least one first sensor signal (SIG1) and the at least one second sensor
signal (SIG2),

to determine a first time range in which an impact of the protective arrangement (40)
against the battery arrangement (30) has occurred, and to determine the degree of
damage as a function of the information of said sensor signal (SIG1, SIG2) or said
sensor signals (SIG1, SIG2) in said first time range.

15. Apparatus (20) according to any one of Claims 11 to 14, in which at least two first
acceleration sensors (61) and at least two second acceleration sensors (62) are
provided, and in which

- the information of the first sensor signals (SIG1), or

- the information of the second sensor signals (S1G2)

is used to determine the areal extent of the damage to the protective arrangement
(40) in the first layer (41) or in the second layer (42).

16. Vehicle (10), which is operated electrically or partially electrically and comprises
an apparatus (20) according to any one of Claims 11 to 14.

16
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17. Vehicle (10) according to Claim 16, in which the evaluation device (90) is
configured to carry out a categorization as a function of the at least one first sensor
signal (SIG1) and the at least one second sensor signal (SIG2), wherein the
categorization comprises at least two categories from the category group consisting
of:

- no action required,

- replacement of the protective arrangement (40) required at the next service,

- visit to a workshop required,

- parking the vehicle (10) required, and

- parking and immediately exiting the vehicle required.

18. Vehicle (10) according to Claim 16 or 17, comprising a communication device
(12) and in which the evaluation device (90) is configured to enable at least one
output via the communication device (12) from the output group consisting of:

- output of information from the evaluation device to an output apparatus (14) in the
vehicle,

- output of information from the evaluation device to a server of a workshop,

- output of information from the evaluation device to a server of a fire department,

- output of information from the evaluation device to a server of a police station, and

- output of information from the evaluation device to other road users.

17
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I foljande bilaga finns en §versitining av patentkraven (ill svenska.
Observera att det é@r patentkravens lydelse pa engelska som giller.

A Swedish translation of the patent claims is enclosed. Please note
that only the English claims have legal effect.
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PATENTKRAV

Apparat (20) innefattande ett batteriarrangemang (30) och ett
skyddsarrangemang (40), varvid skyddsarrangemanget (40) innefattar ett
forsta skikt (41), ett andra skikt (42), ett tredje skikt (43) anordnat mellan
forsta skiktet (41) och det andra skiktet (42), och accelerationssensorer
(61, 62), varvid det tredje skiktet (43) har en skiktvolym som kan reduceras
under inverkan av tryck, varvid accelerationssensorerna (61, 62)
inkluderar atminstone en férsta accelerationssensor (61) och atminstone
en andra accelerationssensor (62), varvid den atminstone en forsta
accelerationssensorn (61) ar anordnad i kontakt med det forsta skiktet (41)
och ar konfigurerad att generera och mata ut en fOrsta sensorsignal (SI1G1)
som en funktion av accelerationen och varvid den atminstone en andra
accelerationssensor (62) ar anordnad i kontakt med det andra skiktet (42)
och ar konfigurerad att generera och mata ut en andra sensorsignal
(SIG2) som en funktion av accelerationen 6r att mojliggora detektering av
skada pa skyddsanordningen (40).

. Anordning (20) enligt patentkrav 1, i vilken skyddsanordningen (40) ar

platt-formad.

Anordning (20) enligt patentkrav 1 eller 2, i vilken det forsta skiktet (41)
och det andra skiktet (42) ar icke-komprimerbara eller atminstone mindre
komprimerbara an det tredje skiktet (43).

. Apparat (20) enligt nagot av féregaende patentkrav, i vilken

skyddsarrangemanget (40) ar tatat mot fukt i atminstone ett férutbestamt
férsta omrade och i vilket accelerationssensorerna (61, 62) atminstone
delvis &r anordnade i ndmnda atminstone ett férutbestamt férsta omrade

for att mojliggora skydd mot fukt.

Apparat (20) enligt nagot av féregaende patentkrav, i vilken
skyddsarrangemanget (40) ar atskilt fran batteriarrangemanget (30)
atminstone i vissa sektioner, och i vilket &tminstone ett kylarrangemang

(70) ar féretradesvis anordnat atminstone i omraden mellan
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batteriarrangemanget (30) och skyddsarrangemanget (40), varvid
kylarrangemanget (70) foretradesvis ar utformat som en kylplatta.

6. Anordning (20) enligt nagot av féregaende patentkrav, i vilken
skyddsarrangemanget (40) ligger an mot batteriarrangemanget (30)
atminstone i omraden direkt sjalv eller via ett distanselement (48).

7. Apparat (20) enligt nagot av féregaende patentkrav, i vilken
batteriarrangemanget (30) innefattar atminstone tva batterimodulhus (81,
82).

8. Apparat (20) enligt nagot av féregaende patentkrav, i vilken det tredje
skiktet (43) innefattar atminstone ett amne fran gruppen av amnen som
bestar av:

- skum,

- gas,

- gas/vatskeblandning,
- termoplastiskt skum,
- elastomerskum och

- styvt skum.

9. Apparat (20) enligt nagot av féregaende patentkrav, i vilken det férsta
skiktet (41) innefattar ett forsta kompositmaterial och det andra skiktet (42)
innefattar ett andra kompositmaterial.

10. Apparat (20) enligt krav 9, i vilken
- det forsta kompositmaterialet,
- det andra kompositmaterialet, eller
- det forsta kompositmaterialet och det andra kompositmaterialet ar
konfigurerade som fiberkompositmaterial innefattande forsta fibrer.

11. Apparat (20) enligt nagot av féregaende patentkrav, innefattande en
utvarderingsanordning (90), varvid utvarderingsanordningen (90) ar
konfigurerad att ta emot och utvéardera den atminstone en forsta
sensorsignalen (SIG1) och den atminstone en andra sensorsignalen
(SIG2).
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12. Anordning (20) enligt patentkrav 11, i vilken utvarderingsanordningen (90)

ar konfigurerad att bestdmma graden av skada pa skyddsanordningen
som en funktion av den atminstone en férsta sensorsignalen (SIG1) och

den atminstone en andra sensorsignalen (S1G2).

13. Anordning (20) enligt patentkrav 12, i vilken utvarderingsanordningen (90)

ar konfigurerad att berakna skillnaden mellan ett forsta accelerationsvarde

hos den atminstone en férsta sensorsignalen (SIG1) och ett andra
accelerationsvarde hos den atminstone en andra sensorsignalen for att

faststélla graden av skada pa skyddsanordningen (40).

14. Anordning (20) enligt nagot av patentkraven 11 till 13, i vilken
utvarderingsanordningen (90) ar konfigurerad Gver det tidsmassiga
forloppet

- av den atminstone en férsta sensorsignalen (SIG1),
- av den atminstone en andra sensorsignalen (SIG2), eller

- av den atminstone en férsta sensorsignalen (SIG1) och den atminstone
en andra sensorsignalen (S1G2),

for att bestamma ett foérsta tidsintervall inom vilket en stét av
skyddsarrangemanget (40) mot batteriarrangemanget (30) har intraffat,

och att bestdmma graden av skada som en funktion av informationen fran

namnda sensorsignal (SIG1, SIG2) eller namnda sensorsignaler (SI1G1,
SIG2) i namnda forsta tidsintervall.

15. Apparat (20) enligt nagot av patentkraven 11 till 14, i vilken atminstone tva

férsta accelerationssensorer (61) och atminstone tva andra

accelerationssensorer (62) tillhandahalls, och i vilken
- informationen fran de férsta sensorsignalerna (SIG1), eller
- informationen fran de andra sensorsignalerna (SIG2)

anvands for att bestdmma omradesomfattningen av skadan pa
skyddsarrangemanget (40) i det forsta skiktet (41) eller i det andra skiktet
(42).
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16.Fordon (10), som drivs elektriskt eller delvis elektriskt och innefattar en

anordning (20) enligt nagot av patentkraven 11 till 14.

17.Fordon (10) enligt patentkrav 16, i vilket utvarderingsanordningen (90) ar

18.

konfigurerad att utféra en kategorisering som en funktion av den
atminstone en forsta sensorsignalen (S1G1) och den dminstone en andra
sensorsignalen (S1G2), varvid kategoriseringen omfattar minst tva
kategorier fran kategorigruppen bestaende av:

- ingen atgard kravs,

- byte av skyddsanordningen (40) kravs vid nasta service,
- besOk vid en verkstad kravs,

- parkering av fordonet (10) kravs, och

- parkering och omedelbart lamnande av fordonet kravs.

Fordon (10) enligt patentkrav 16 eller 17, innefattande en
kommunikationsanordning (12) och i vilken utvarderingsanordningen (90)
ar konfigurerad att méjliggéra atminstone en utmatning via
kommunikationsanordningen (12) fran utmatningsgruppen bestaende av:
- utmatning av information fran utvarderingsanordningen till en
utmatningsapparat (14) i fordonet,

- utmatning av information fran utvarderingsanordningen till en server i en
verkstad,

- utmatning av information fran utvarderingsanordningen till en server hos
en brandkar,

- utmatning av information fran utvarderingsanordningen till en server pa
en polisstation, och

- utmatning av information fran utvarderingsanordningen till andra

trafikanter.
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Fig. 1

Fig. 2
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Fig. 3
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