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(57) Abstract: There is disclosed a safety ar-
rangement in a motor vehicle (1) having a
battery(4). The arrangement is designed to
protect the battery (4) from damage in the
event that the vehicle (1) is involved in an ac-
cident, as is particularly suitable for electric
vehicles or so-called hybrid motor vehicles.
The arrangement incorporates an inflatable
unit (8) which comprises: a substantially rigid
wall member (9) and a flexible layer (17) of
sheet material secured to one another to de-
fine an inflatable chamber (27) between said
wall member and said flexible layer. The wall
member (9) is mounted in spaced relation to
the battery(4), and the flexible layer (17) is
interposed between the wall member (9) and
the battery(4), such that inflation of said
chamber(27), for example by a gas generator
or the like,is effective to urge said flexible
layer (17) towards said battery(4).
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A Safety Arrangement for Protecting a Battery in a Motor Vehicle

The present invention relates to a safety arrangement for a motor vehicle. More particularly,
the invention relates to a safety arrangement for a motor vehicle having a battery such as, for

example, an electric vehicle or a so-called hybrid motor vehicle.

In view of increasing concerns over the environmental impact of motor vehicles powered by
internal combustion engines, there is now increased interest and importance in providing so
called “cleaner’ motor vehicles which produce less pollution in the form of gases which are
deemed harmful to the environment. Accordingly, it is becoming more and more common to
provide motor vehicles which are powered electrically, at least during periods of their
operation. For example, it has been proposed to provide electric vehicles which are driven by

a large electrical motor drawing its power from a rechargeable battery.

It has also been proposed to provide so-called “hybrid” motor vehicles which typically
combine a small, efficient and “clean” internal combustion engine with an electric motor.
Hybrid vehicles of this type are configured to be driven by the electric motor whenever
possible or convenient, but are driven by the internal combustion engine when the propulsive
power offered by the motor is insufficient to meet the instant performance demand, for
example because the demand simply exceeds the performance limits of the motor, or
because the battery from which the motor draws its power contains insufficient charge. In
such an arrangement, the motor typically draws its electric power from a large capacity
rechargeable battery arranged to charge from an alternator connected to the engine when
the combustion engine is running. However, it has also been proposed to provide electric-
drive arrangements in which the motor draws its electric power from a series of high-capacity
capacitors rather than from an electrochemical battery as such. The term “battery” as used
in this patent specification is therefore intended to refer to any suitable electrical energy
storage device including, but not limited to, an electrochemical battery, a capacitor, a super-

capacitor etc.

As will be appreciated, electrically powered vehicles and so-called hybrid vehicles of the
general type described above therefore require relatively large batteries in order to provide
sufficient electrical power for the propulsive motor. Accordingly, such batteries are typically
configured to be very high voltage (typically approximately 300V) and to store a very

significant amount of electrical energy (typically between 2 — 10 kWh), and as such represent
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a significant electrical hazard, particularly in the event of the vehicle being involved in a
crash, or an internal short-circuit occurring within the battery. Additionally, batteries of a type
suitable for use in electric or hybrid vehicles presently contribute very significantly to the
overall cost of the vehicle. For example, it is not uncommon for the battery unit of such a
vehicle to account for 10-30% of the total cost of the vehicle. It is therefore desirable to
protect the battery unit from damage in the event that the vehicle is involved in an accident,

thereby facilitating less-expensive repair of the vehicle.

Itis common to locate the relatively large battery of an electric or hybrid motor vehicle in the
region of the vehicle’s floor pan, where its large size can be most readily accommodated and
where its mass is kept relatively low so as not to adversely affect the overall centre of gravity
of the vehicle. Also, because many such batteries are relatively large, they can often occupy
a significant portion of the width of the vehicle. This means that, during a crash, impact with
an external object may result in an intrusion into the battery compartment and localised
penetrative damage to the battery, which can result in a significant risk of explosion, fire or

electrocution.

There is therefore a need for a safety arrangement which addresses these risks.

It is an object of the present invention to provide an improved safety arrangement for a motor

vehicle having a battery.

Whilst the invention described herein is particularly suitable for use in vehicles having a large
capacity battery to power a propulsive motor, it should be noted that the application could
also be used in a motor vehicle with a relatively small capacity battery provided to start an

internal combustion engine.

According to a first aspect of the present invention, there is provided a safety arrangement
for protecting a battery in a motor vehicle from damage in the event that the vehicle is
involved in an accident, the arrangement incorporating an inflatable unit comprising: a
substantially rigid wall member and a flexible layer of sheet material secured to one another
to define an inflatable chamber between said wall member and said flexible layer; the wall
member being mounted in spaced relation to the battery, and the flexible layer being
substantially interposed between the wall member and the battery, such that inflation of said

chamber is effective to urge said flexible layer towards said battery.
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According to another aspect of the invention, there is provided a safety arrangement in a
motor vehicle having a battery, the arrangement incorporating an inflatable unit comprising: a
substantially rigid wall member and a flexible layer of sheet material secured to one another
to define an inflatable chamber between said wall member and said flexible layer; the wall
member being mounted in spaced relation to the battery, and the flexible layer being
substantially interposed between the wall member and the battery, such that inflation of said

chamber is effective to urge said flexible layer towards said battery.
Preferably, said wall member is mounted to a structural part of the motor vehicle.

Conveniently, said wall member is mounted to a side sill of the motor vehicle, generally

adjacent the battery.

The wall member is preferably formed of metal. In a preferred arrangement, the wall

member is formed from metal plate.
Advantageously, the wall member is plastically deformable

Preferably, the safety arrangement is configured such that in the absence of any movement
of said wall member towards said battery, a gap is defined between the flexible layer and the

battery upon inflation of said chamber
Advantageously, said gap is no more than § mm across.

Conveniently, the safety arrangement is configured such that deformation or movement of
said wall member towards the battery is effective to close said gap such that the flexible

member impinges on at least part of the battery.
Preferably, the flexible layer is formed from woven fabric material.

Advantageously, the safety arrangement comprises a pair of said inflatable units, the units

being arranged on opposite sides of the battery.

Conveniently, the safety arrangement comprises two said pairs of inflatable units, the units of
one pair being arranged along respective sides of the vehicle, and the units of the other pair

being arranged at the front and back of the battery respectively.

Preferably, each said unit of one pair is connected between the two units of the other pair.
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Advantageously, the safety arrangement comprises a plurality of said inflatable units

arranged in an array around the battery so as to substantially enclose the battery.

Preferably, the motor vehicle is an electric or hybrid vehicle configured to draw propulsive

power from said battery.

The safety arrangement preferably comprises at least one inflator, such as a gas generator
or the like, configured to inflate the or each said unit upon receipt of an actuating signal from

a crash sensor.

So that the invention may be more readily understood, and so that further features thereof
may be appreciated, embodiments of the invention will now be described by way of example

with reference to the accompanying drawings in which:

Figure 1 is a schematic illustration showing an electric or hybrid vehicle in a collision with

another vehicle;

Figure 2 is a transverse cross-sectional view showing a sill region of the vehicle structure,

adjacent the vehicle’s battery;

Figure 3 is a view corresponding generally to that of figure 2, but which shows a safety

arrangement in accordance with an embodiment of the present invention;
Figure 4 is a perspective illustration showing a wall member of the safety arrangement;
Figure 5 is a perspective illustration showing a flexible layer of sheet material;

Figure 6 is a vertical cross-sectional view showing the wall member of figure 4 and the

flexible layer of figure 5 secured together;

Figure 7 is an enlarged perspective view of an end region of the wall member, mounted to

the sill of a motor vehicle and fitted with the flexible layer;

Figure 8 is a vertical cross-sectional view taken through the end of the arrangement

illustrated in figure 7;

Figure 9 is a schematic vertical sectional view showing actuation of the safety arrangement

adjacent the battery;
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Figure 10 is a schematic horizontal sectional view showing the safety arrangement following

deformation from a crash;

Figure 11 is a schematic perspective view, showing a safety arrangement in accordance with

another embodiment of the present invention;

Figure 12 is a schematic horizontal sectional view showing part of the safety arrangement of

figure 11 in combination with a battery; and

Figure 13 is a view corresponding generally to that of figure 12, but which shows the safety

arrangement in an actuated condition.

Referring now in more detail to Figure 1, there is illustrated an electric or hybrid motor vehicle
1 in an oblique side impact collision with another motor vehicle 2. In particular, it will be seen
that the other motor vehicle 2 is shown colliding with the electric or hybrid vehicle 1 such that

impact occurs in the lower side region of the vehicle 1, as indicated generally at 3.

The electric or hybrid motor vehicle 1 incorporates a relatively large propulsive battery 4
which is mounted in the floor region of the vehicle 1, and preferably is mounted immediately
beneath the inner floor 5 of the vehicle, as illustrated more clearly in Figure 2. As will be
appreciated by those with skill in the art, the chassis structure of the vehicle 1 is generally
configured so as to comprise a pair of side sills 6 (only one of which is illustrated in Figure 2),
each side sill 6 running along a respective side of the motor vehicle and representing a
structural component of the vehicle chassis. As illustrated in Figure 2, the battery 4 is
typically located between the two spaced apart side sills 6, and due to its size is spaced from
the side sills only by a relatively small gap 7. As will thus be appreciated, in the event of a
side impact collision of the type illustrated schematically in Figure 1, the side sill 6 may
become dented or otherwise deformed by impact with the colliding vehicle 2, and so may
move towards and possibly into contact with the vehicle battery 4. Intrusion of the sill
structure 6 into the housing of the battery 4 can be extremely dangerous for the reasons

already discussed generally above.

Turning therefore to consider Figure 3, there is illustrated a region of the side structure of the
motor vehicle chassis, the motor vehicle 1 being provided with a safety arrangement in
accordance with the present invention in order to offer an increased level of protection to the

vehicle battery 4 in the event of a crash such as a side impact crash of the type illustrated in
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Figure 1. More particularly, the safety arrangement incorporates an inflatable unit 8 whose
general position is illustrated schematically by dashed line in Figure 3. The inflatable unit 8 is
configured for inflation upon detection of an impending or actual crash situation in order to
offer an increased level of protection for the battery 4 in a manner which will be described in

more detail below.

The inflatable unit 8 comprises a substantially rigid wall member 9, the preferred
configuration of which is illustrated schematically in Figure 4. The illustrated wall member 9
has a generally elongate and rectangular configuration, having a pair of relatively short end
edges 10, a relatively long top edge 11 and a relatively long bottom edge 12 of substantially
equal length to the top edge 11. The wall member 9 is preferably formed from relatively thick
metal plate. For example, it is envisaged that the wall member could be formed from steel
plate, such as so-called High Speed Steel (HSS), or Ultra High Speed Steel (UHSS).
Alternatively, the wall member could be formed of aluminium plate, or indeed from other
convenient alloys. It is proposed that the metal plate will have sufficient thickness to
withstand typical crash loads during deformation without buckling locally. Simply by way of
example, it is envisaged that in an arrangement having a wall member 9 formed from UHSS

plate, it may have a thickness of approximately 0.8mm.

Along the central region of the top and bottom edges 11, 12, there is provided a respective
elongate channel 13. The channels 13 are open at both ends and are preferably formed
integrally with the metal plate of the wall member 9, for example by bending or folding the
sheet metal from which the wall member is fabricated. However, it is to be appreciated that
the channels could be formed integrally via extrusion, particularly, for example, in the case

that the wall member is formed from aluminium or an alloy thereof.

As illustrated in Figure 4, each channel 13 defines an elongate inner recess 14, each recess
14 being open at its ends, but also being open along a narrow elongate slot 15 defined

generally adjacent the respective edge 11, 12 of the wall member.

The wall member 9 defines a pair of generally planar end regions 16 at opposite ends of the

wall member, between the end edges 10 and the ends of the channels 13.

An inflator G, which preferably takes the form of a gas generator of a type known per se, is
mounted to the wall member 9. In the particular arrangement illustrated in figure 4, the

inflator is mounted in a generally central position, between the two channels 13. However, it



10

15

20

25

30

WO 2011/059374 PCT/SE2010/051113

is to be appreciated that in variants of the invention the inflator G could be mounted in

alternative positions.

Figure 5 illustrates a flexible layer 17 which is formed from sheet material such as, most
preferably, woven fabric (coated or uncoated) or other convenient textile material. The
flexible layer 17 is generally elongate in form, having a length L which is generally
comparable to the overall length of the wall member 9, but which has a width W which is
significantly larger than the height of the wall member 9 as defined by the end edges 10.
Each long side edge 18 of the flexible layer 17 is provided with an elongate sleeve 19 within
which are provided respective elongate fixing rods 20. Each fixing rod 20 has a length which
is substantially equal to or slightly less than the channels 13 provided on the wall member 9.
The fixing rods 20 are illustrated in Figure 5 having been inserted into respective sleeves 19

such that each rod 20 is located in a generally central position within the respective sleeve.

The flexible layer 17, together with its associated fixing rods 20 is secured to the wall
member 9 by inserting each fixing rod 20 into a respective channel 13 of the wall member 9
in a sliding manner such that the fixing rods 9 will become accommodated within the
recesses 14. As illustrated in Figure 6, the edge regions 21 of the flexible layer 17, generally
adjacent the fixing rods 20 are thus received within respective slots 15 such that the main
bulk of the flexible layer 17 may be gathered up, for example by being rolled or otherwise
packaged into a compact package 22 which can be accommodated and received within the

space defined between the two channels 13.

As will be appreciated, following insertion of the fixing rods 20 into the respective channels
13 in the manner described above and illustrated schematically in Figure 6, the end regions
of the flexible member 17 will be loose and unconnected to the wall member 9. The end
regions of the flexible member 17 are thus then tightly clamped against the planar end
regions 16 of the wall member 9 via respective clamping plates 23 (only one of which is
shown in Figure 7). Each clamping plate 23 is secured to a respective end region 16 of the
wall member 9 via a convenient fixing arrangement such as, for example, a plurality of fixing
rivets 24 (illustrated most clearly in Figure 8) which are inserted through respective mounting
apertures 25 formed through the clamping plate 23. The rivets 24 are punched through the
fabric of the flexible layer 17 which is trapped between the end region 16 of the wall member

9 and the clamping plate 23.
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Following fabrication of the inflatable unit 8 in the manner described above, the unit 8 may
then be mounted to the side sill 6 of the motor vehicle as illustrated in Figures 6 and 7.
However, as illustrated in Figure 8, it is envisaged that the rivets 24 or other convenient
fixtures which are used to secure the clamping plates 23 to the end regions 16 of the wall
member may also be used to mount the inflatable unit 8 to the side sill 6 of the motor vehicle.
For example, as illustrated in Figure 8, the rivets 24 may continue through the end regions 16
of the wall member so as to subsequently extend through respective mounting apertures 26

formed in the side sill 6.

As will be appreciated, when the flexible member 17 is secured to the wall member 9 in the
manner described above, an inflatable chamber 27 is defined between the wall member 9

and the flexible layer 17.

Figure 9 illustrates the inflatable unit 8 mounted in position against the side sill 6 of the motor
vehicle, the side sill 6 being spaced from the vehicle battery 4. Figure 9 actually illustrates
the inflatable unit 8 following actuation of the safety arrangement such that the gas generator
G has been actuated upon receipt of an actuating signal from a crash sensor so as to
generate a large volume of inflating gas within the inflatable chamber 27. As will be seen,
because the inflatable unit 8 is mounted in position such that the flexible layer 17 is
substantially interposed between the wall member 9 and the battery 4, inflation of the
inflatable chamber 7 is thus effective to urge the flexible member 17 towards the battery 4 as

the initially packed package 22 unfolds during inflation.

As also illustrated in Figure 9, as the pressure within the inflatable chamber 27 builds, the
side edge regions 21 of the flexible layer 17, which run generally adjacent the sleeves 19 and
hence also the fixing rods 20, are pulled through the elongate slots 15 such that the fixing
rods 20 are pulled tightly against the slots 15, thus effectively sealing the slots in a

substantially gas-tight manner.

Figure 9 illustrates the safety arrangement of the present invention immediately following
actuation, and hence inflation of the inflatable unit 8. In this condition, which is illustrated
prior to any movement or deformation of the side sill 6 of the motor vehicle, the flexible layer
17 is preferably spaced from the vehicle battery 4 by a small gap 28. The gap is preferably

of the order of 5 mm or less.
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Inflation of the inflatable element 8 in the manner described above provides a pressurised
cushion of gas generally adjacent the battery 4, between the battery 4 and the structural side
sill 6 of the motor vehicle. Figure 10 illustrates, in horizontal cross-section, the situation at a
later stage during a side impact collision involving the motor vehicle 1. In this condition, the
colliding vehicle 2 has caused significant deformation to the side structure 6 of the motor
vehicle. Because the wall member 9 is formed of metal plate, although it is substantially rigid
it is nevertheless plastically deformable when subjected to severe forces such as those
which might occur in a side impact collision. The wall member 9 is thus able to deform,
thereby absorbing a significant proportion of the energy arising from the accident situation,
and preventing intrusion of the buckled sill 6 into the vehicle battery 4. The resulting
deformation of the wall member 9 serves to close the initial gap 28 between the flexible layer
17 and the battery 4 and so the flexible layer 17 impinges on the side region of the battery 4
and thus conforms to the profile of the battery. The inflated cushion created by the inflation
of the chamber 27 thus serves to distribute the forces arising from the crash more evenly

within the inflatable unit 8.

Turning now to consider Figures 11 to 13, there is illustrated an alternative embodiment of
the present invention which comprises four inflatable units 8, each of which has a
configuration generally similar to that described above. In this arrangement, the inflatable
units 8 are arranged in a generally square array around a central battery 4 so as to
substantially enclose the battery when viewed from above. More particularly, it will be seen
that the arrangement effectively comprises two pairs of inflatable units, the units 8 of one pair
being arranged along respective sides of the vehicle and hence adjacent respective sides of
the battery, whilst the units 8 of the other pair are arranged at the front and back of the
battery respectively. More particularly, it can be seen that each inflatable unit 8 is configured
such that one of its end regions 16 is bent through 90° and is secured in a clamping manner
to an adjacent planar end region 16 of the neighbouring unit. In this manner, the bent end
region 16 of one unit 8 can effectively replace the clamping plate 23 of the embodiments
described above with reference to Figures 3 to 10, and thus effectively serves to clampingly

secure an end region of the flexible layer 17 of the neighbouring unit 8 in position.

Figure 12 illustrates two neighbouring inflatable units connected together in the manner
described above, each being illustrated in its unactuated condition prior to inflation.

Conversely, Figure 13 illustrates the arrangement following actuation and so shows the
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respective units in an inflated condition such that their flexible layers 17 have been urged

towards the vehicle battery 4.

Whilst the invention has been described above with reference to specific embodiments of the
present invention, it should be appreciated that various modifications or alterations can be
made without departing from the scope of the claimed invention. For example, it is
envisaged that the gas generator G could comprise a deflagrating chords or the like, which

may be affixed to the wall member 9.

When used in this specification and claims, the terms “comprises” and “comprising” and
variations thereof mean that the specified features, steps or integers are included. The terms

are not to be interpreted to exclude the presence of other features, steps or integers.

The features disclosed in the foregoing description, or in the following claims, or in the
accompanying drawings, expressed in their specific forms or in terms of a means for
performing the disclosed function, or a method or process for obtaining the disclosed results,
as appropriate, may, separately, or in any combination of such features, be utilised for

realising the invention in diverse forms thereof.

While the invention has been described in conjunction with the exemplary embodiments
described above, many equivalent modifications and variations will be apparent to those
skilled in the art when given this disclosure. Accordingly, the exemplary embodiments of the
invention set forth above are considered to be illustrative and not limiting. Various changes
to the described embodiments may be made without departing from the spirit and scope of

the invention.



10

15

20

25

WO 2011/059374 PCT/SE2010/051113
11

CLAIMS

1. A safety arrangement for protecting a battery (4) in a motor vehicle (1) from damage
in the event that the vehicle (1) is involved in an accident, the arrangement incorporating an
inflatable unit (8) comprising: a substantially rigid wall member (9) and a flexible layer (17) of
sheet material secured to one another to define an inflatable chamber (27) between said wall
member (9) and said flexible layer (17); the wall member (9) being mounted in spaced
relation to the battery (4), and the flexible layer (17) being substantially interposed between
the wall member (9) and the battery (4), such that inflation of said chamber (27) is effective to

urge said flexible layer (17) towards said battery (4).

2. A safety arrangement according to claim 1, wherein said wall member (9) is mounted

to a structural part (6) of the motor vehicle (1).

3. A safety arrangement according to claim 2, wherein said wall member (9) is mounted

to a side sill (6) of the motor vehicle (1), generally adjacent the battery (4).

4. A safety arrangement according to any preceding claim, wherein the wall member (9)

is formed of metal.

5. A safety arrangement according to claim 4, wherein the wall member (9) is formed

from metal plate.

6. A safety arrangement according to any preceding claim, wherein the wall member (9)

is plastically deformable.

7. A safety arrangement according to any preceding claim, configured such that in the
absence of any movement of said wall member (9) towards said battery (4), a gap (28) is
defined between the flexible layer (17) and the battery (4) upon inflation of said chamber
(27).

8. A safety arrangement according to claim 7, wherein said gap (28) is no more than 5
mm across.
9. A safety arrangement according to claim 7 or claim 8, configured such that

deformation or movement of said wall member (9) towards the battery (4) is effective to close

said gap (28) such that the flexible member (17) impinges on at least part of the battery (4).
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10. A safety arrangement according to any preceding claim, wherein the flexible layer

(17) is formed from woven fabric material.

11. A safety arrangement according to any preceding claim comprising a pair of said

inflatable units (8), the units (8) being arranged on opposite sides of the battery (4).

12. A safety arrangement according to claim 11, comprising two said pairs of inflatable
units (8), the units (8) of one pair being arranged along respective sides of the vehicle (1),
and the units of the other pair being arranged at the front and back of the battery (4)

respectively.

13. A safety arrangement according to claim 12, wherein each said unit (8) of one pair is

connected between the two units (8) of the other pair.

14. A safety arrangement according to any preceding claim, comprising a plurality of said
inflatable units (8) arranged in an array around the battery (4), so as to substantially enclose
the battery (4).

15. A safety arrangement according to any preceding claim, wherein the motor vehicle (1)

is an electric or hybrid vehicle configured to draw propulsive power from said battery (4).
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