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Title: A SAFETY DEVICE FOR A VEHICLE

Description of Invention

THIS INVENTION relates to a safety device for a vehicle, and in particular

relates to an arrangement for retracting an air-bag once it has been inflated.

It has been previously proposed to provide a pedestrian air-bag to protect a
pedestrian in the event of a vehicle being involved in a substantially head-on
collision with the pedestrian. The pedestrian air-bag generally inflates to cover
at least the lower portion of the windscreen and the left and right A-pillars of

the vehicle, to cushion the impact of the pedestrian striking these components.

While pedestrian air-bags of this type can be effective in preventing or
reducing pedestrian injuries, one problem associated with air-bags of this type
is that the air-bag, when inflated, can obscure some or all of the driver’s view
of the road ahead of the vehicle. It is therefore useful to improve the driver’'s
visibility through the windscreen once the air-bag is no longer needed,
particularly if the vehicle has not yet reached a halt. It is also generally
desirable, once the accident or crash event is finished, for the air-bag to be
removed from the windscreen so that the vehicle can be driven to a garage for

the pedestrian air-bag to be completely removed and/or reset.

Aside from pedestrian protection air-bags, it can also be desirable to retract
other air-bags, such as internal driver/passenger protection air-bags, after they

have been deployed.

It is an object of the present invention to provide an improved air-bag retraction

mechanism.
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Accordingly, one aspect of the present invention provides a safety
arrangement for a vehicle, comprising: an air-bag module having an inflatable
air-bag, the air-bag being configured to occupy an initial position following
inflation thereof; an inflator adapted to deliver gas into the interior of the air-
bag to inflate the air-bag; an active venting arrangement movable between a
closed configuration and an open configuration, and which, in the open
configuration, opens a gas flow passage between the interior of the air-bag
and the exterior of the air-bag, thus allowing gas to escape from the air-bag; a
moving arrangement adapted to move the air-bag from its initial position
following inflation of the air-bag; and a driving arrangement which, when
triggered, moves the active venting arrangement from the closed position to
the open position and also triggers the moving arrangement to remove the air-

bag from its initial position.

Advantageously, the driving arrangement comprises a source of pressurised

gas.

Preferably, the active venting arrangement is connected to receive gas from

the source of pressurised gas.

Conveniently, the active venting arrangement comprises a component which is
driven from an initial position to a final position by the pressurised gas, to
move the active venting arrangement from the closed configuration to the open

configuration.

Advantageously, the moving arrangement is connected to receive pressurised

gas from the source of pressurised gas.

Preferably, the moving arrangement comprises one or more flexible elements

which are attached to the air-bag.
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Conveniently, the or each flexible element is drawn inwardly into another
component of the moving arrangement when the moving arrangement is

activated.

Advantageously, the air-bag is a pedestrian protection air-bag.

Preferably, the air-bag is a driver or passenger protection air-bag.

Conveniently, the safety arrangement further comprises a control unit which is
adapted to generate a first trigger signal at a first time to inflate the air-bag,
and a second ftrigger signal at a second time to trigger the driving

arrangement, the second time being later than the first time.

Advantageously, the first trigger signal is generated if it is determined that an

impact or accident is occurring or is likely to occur.

Preferably, the second trigger signal is generated when it is determined that

the air-bag is no longer required.

Conveniently, the second trigger signal is generated at a predetermined length

of time after the first trigger signal.

Advantageously, the driving arrangement comprises a hydraulic, solenoid or

pyrotechnic system.

Another aspect of the present invention provides a vehicle containing a safety

arrangement according to any of the above.

In order that the present invention may be more readily understood,
embodiments thereof will now be described, by way of example, with reference

to the accompanying drawings, in which:
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Figure 1 is a schematic view of components of an air-bag arrangement

embodying the present invention;

Figure 2 shows a retractor suitable for use with the air-bag arrangement of

figure 1; and

Figures 3 and 4 show the air-bag arrangement of figure 1 in various stages of

use.

With reference firstly to figure 1, components of an air-bag arrangement 1 are
shown schematically. The air-bag arrangement 1 is provided beneath the rear
end 2 of a vehicle bonnet 3, near the bottom edge of the vehicle’s windscreen
4. In certain embodiments the air-bag arrangement is mounted directly to the

bonnet 3 itself.

The air-bag arrangement 1 comprises an air-bag module 5, including a
housing 6 having a lower wall 7 and upstanding side walls 8. An air-bag 9 is
folded tightly within the housing 6, and is attached at its edges, by seals 10, to
the upper edges of the side walls 8 of the housing 6. It will therefore be
understood that the air-bag 9 and housing 5 comprise a hybrid air-bag, in

which a unitary space 11 is enclosed within the air-bag 9 and housing 5.

A first gas generator 12 is provided to generate gas, which may flow through a
conduit passing through the lower wall 7 of the housing 6 to a diffuser 13
which is located within the housing 6. A venting door 14 is provided in the
lower surface 7 of the housing 6. The venting door 14 is connected, at its
edges 15, to the lower wall 7, so that, in its closed position, the venting door 14
forms part of the lower wall 7 and gas cannot escape from the housing 6
through the venting door 14. The connections at the edges 15 of the venting

door 14 are, however, formed to be relatively weak.
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The venting door 14 may pivot around a central pivot axis 16, for instance by

means of a pivot pin (not shown) passing through the venting door 14.

A second gas generator 17 is also provided. Like the first gas generator 12,
the second gas generator 16 is adapted to generate pressurised gas when it is

triggered.

The second gas generator 17 is connected to a first gas conduit 18, which is
connected to a cylinder 19. A piston 20 is located within the cylinder 19, and is
adapted to be driven from a distal end of the cylinder 19 when pressurised gas
is delivered to the cylinder 19. The cylinder 19 is arranged so that, when the
piston 20 is driven from the distal end of the cylinder 19, the piston 20 will

strike one side of the venting door 14.

The second gas generator 17 is also connected to a second gas conduit 31,
which is connected to a retractor 32. Two tethers 21 are attached to external
regions of the air-bag 9, as will be described in greater detail below, and are
connected to the retractor 32. The retractor 32 is adapted, when pressurised

gas is delivered to it, to draw the tethers 21 into the retractor 32.

In practical embodiments a cover would likely be placed over the top of the air-
bag module 5 in its initial state. In the figures this cover has been omitted for

the purposes of clarity, however.

The first and second gas generators 12, 17 are connected to one or more
vehicle control units (not shown), which are operable to trigger the first and

second gas generators 12, 17 when required.

A schematic view of one potential design of retractor 32 is shown in figure 2.

The retractor 32 comprises a generally cylindrical, hollow tube 22 which has
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an inlet conduit 23 at one end. An elongate drive member 24, whose length is
slightly less than half of the total length of the tube 22, is provided within the
tube 22 and is initially located with its rear end 25 close to the inlet conduit and

its front end 26 close to the centre of the tube 22.

A pair of opposing apertures 27 are formed though the tube 22 at or near the
middle of its length. The tethers 21 pass through a first one of the apertures
27, across the internal diameter of the tube 22, and out of the other of the

apertures 27, where they are both fixed to a fixing point 28.

When the retractor 32 is to be activated, pressurised gas is delivered into the
interior of the tube 22 through the inlet conduit 23. This results in high gas
pressure behind the rear end 25 of the drive member 24, and the drive
member 24 therefore moves forwardly towards the far end 29 of the tube 22.
As it does so the two tethers 21 are wrapped around the front end 26 of the
drive member 24, and are drawn rapidly into the tube 22. It will be understood
that, if the drive member 24 travels a sufficient distance that its front end 26
lies near the far end 29 of the tube 22, then each of the tethers 21 will be
drawn into the tube 22 by a length approximately equal to twice the length | of

the drive member 24.

A skilled person would appreciate that many other retraction mechanisms,
powered by compressed gas, are possible and may be used with the present

invention.

Use of the air-bag arrangement 1 will now be described.

When vehicle sensors detect that a collision with a pedestrian is occurring, or
is likely to occur, the first gas generator 12 is triggered in the first instance.
High pressure gas is delivered into the interior of the housing 6 through the

diffuser 13, inflating the air-bag 9. The air-bag 9 rapidly inflates upwardly to
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cover at least a lower portion of the windscreen 4, and the rear edge 2 of the
bonnet 3 may be lifted upwardly as this occurs. At this stage the second gas

generator 17 is not triggered.

After a time it is determined that the air-bag 9 no longer needs to remain
deployed. This may be because a certain length of time has elapsed following
the triggering of the air-bag 9, or because a certain length of time has elapsed
since a collision with a pedestrian (in preferred embodiments this length of
time may be between 100 and 300 ms), or any other criteria that might be

applicable.

When this determination is made, the second gas generator 17 is triggered.
Pressurised gas is delivered from the second gas generator 17, through the
first gas conduit 18 to the cylinder 19. The piston 20 will be driven upwardly,
contacting the underside of the venting door 14 and causing the venting door
14 to pivot around its pivot axis16, breaking the connections at the edges15 of
the venting door 14 as this occurs. This will open a gas flow path 30 allowing
gas to escape from the interior of the container 6, in turn allowing the air-bag 9

to deflate rapidly.

Compressed gas from the second gas generator 17 will also pass through the
second gas conduit 19 to the retractor 32, causing the two tethers 21 to be
drawn rapidly into the retractor 32. These tethers 21 will therefore drag the air-
bag 9 downwardly towards the retractor 32, and hence away from the
windscreen 4, completely or partially removing the air-bag 9 from the
windscreen 4 so that the view of the driver of the vehicle is unobstructed (or

less obstructed) by the air-bag 9.

In preferred embodiments of the invention some or all of the tethers 21 are

attached to regions of the air-bag 9 which, when the air-bag 9 if inflated, are at
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or near the top of the air-bag 9, so that the air-bag 9 is drawn downward

effectively when the retractor 32 is activated.

Turning to figure 5, components of a further embodiment of the invention are
shown schematically. A pedestrian protection air-bag 33 is shown in an
inflated state. The air-bag 33 has a main portion 34, which is positioned to
cover a lower region of a vehicle’s windscreen (not shown), and left and right
side portions 35, which are positioned to cover the A-pillars of the vehicle (not

shown).

A venting trunk 36 protrudes from the lower edge 37 of the main portion 34,

and has an open end 38, thus providing a gas flow path from the interior of the
air-bag 33 to its surroundings. However, the open end 38 is initially closed by a
clamp 39, which holds the sides of the open end 38 together and prevents gas

from escaping through the gas flow path.

A retractor 40 is provided at a central region of the air-bag 33. Two tethers 41
are connected to the retractor and to peripheral regions of the air-bag 33,
passing through a guide 42 as they do so. Only two tethers 41 are shown in
figure 3, but the skilled reader will understand that any suitable number of

tethers may be provided.

A pyrotechnic gas generator 43 is provided, and as the skilled reader will
understand, this may be activated to generate large quantities of gas rapidly.
In this specification, the use of gas generators comprising sources of
compressed gas and pyrotechnic charges are described, and it should be
understood that these two types of gas generator (and indeed any other
suitable type of gas generator) may be used with embodiments of the
invention. When a pyrotechnic gas generator is used, gas is usually produced

very rapidly under high pressure, and has the potential to damage
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components. For this reason it may be preferable to use regulating nozzles to

direct the gas produced by a pyrotechnic gas generator.

The pyrotechnic gas generator 43 is connected to supply gas, when activated,
to the clamp 39. The clamp 39 is adapted to open when pressurised gas is
supplied to it, and this may be achieved, for example, by providing a retaining
pin which holds two opposing sides of the clamp together, which is driven out
of position by a jet of the pressurised gas, or by a piston which is driven by the
pressurised gas. The skilled reader will readily appreciate how this may be

achieved.

A conduit 44 is provided to transport pressured gas from the clamp 39 to the
retractor 40. The retractor 40 comprises a spring which is pre-loaded, and
which is held in the pre-loaded state by a retaining mechanism (not shown),
such as a retaining pin. A spindle (not shown) is provided within the retractor

40, and is adapted to be driven rotationally by the spring.

When pressurised gas is provided to the retractor 40 through the conduit 44,
the retaining mechanism is released. This may be achieved, as discussed
above, by arranging for the retaining pin to be driven out of position by a jet of
the pressurised gas, or by a piston which is driven by the pressurised gas.
Once again the skilled reader will readily be able to appreciate alternative

ways in which this may be effected.

When the retaining mechanism is released, the spring drives the spindle to
rotate, and as this occurs the tethers 41 are wound onto the spindle, thus
drawing the peripheral regions of the air-bag 33 towards the retractor 40, and

at least partially removing the air-bag 33 from the vehicle’s windscreen.

It will therefore be understood that, when the pyrotechnic gas generator 43 is

activated, pressurised gas will flow through the clamp 39, releasing the clamp
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39, and then to the retractor 40, causing the retractor 40 to draw in the tethers
41. It should be understood that the clamp 39 and retractor 40 need not be
activated in this order, and pressurised gas could flow to the retractor 40 first,

and then to the clamp 39, or indeed to the clamp 39 and retractor separately.

In general, the power to drive a retractor may be provided by the pressurised
gas that is delivered to the retractor, or may be provided by stored energy, for
example in a spring element, that is released by a mechanism that is triggered
by the pressurised gas. Either type of retractor may be used in embodiments

of the invention.

It will be appreciated that providing a single gas generator 17 which is
connected to an active venting arrangement 19,20 for the air-bag 9, as well as
to a retractor 32 connected to the air-bag 9, will allow the air-bag 9 to be
quickly and effectively retracted. The deflation and retraction of the air-bag 9
are likely to be required at the same moment, and using a single source of
compressed gas to drive both of these processes reduces the overall number
of components and ensures that the active venting and retraction of the air-

bag 9 happen at the same time, thus reducing the possibility of timing errors.

As mentioned above there are many types of active ventilation and retraction
systems which can be driven by the delivery of compressed gas, and any of

these may be used with the present invention.

While the discussion above focuses on a gas generator to drive the active
ventilation and retraction of the air-bag 9, the invention is not limited to this,
and any suitable system may be used to drive these components. For
instance, it is envisaged that hydraulic, solenoid or pyrotechnic systems may
be used to drive both the active ventilation and retraction systems, and a
skilled person will readily understand how each of these types of system may

be used.
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In this specification the term “driving arrangement” refers to a single force-
generating system that operates the active venting and retraction system, and
does not refer, for example, to an arrangement of two gas generators, one

each of which operates the active ventilation and retraction systems.

It will be appreciated that the present invention provides a robust and flexible
system which will find utility with many different types of air-bag, both external
pedestrian protection air-bags and internal driver/passenger protection air-

bags.

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 components.

The features disclosed in the foregoing description, or the following claims, or
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
attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.
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CLAIMS:

1. A safety arrangement for a vehicle, comprising:

an air-bag module having an inflatable air-bag, the air-bag being
configured to occupy an initial position following inflation thereof;

an inflator adapted to deliver gas into the interior of the air-bag to inflate
the air-bag;

an active venting arrangement movable between a closed configuration
and an open configuration, and which, in the open configuration, opens a gas
flow passage between the interior of the air-bag and the exterior of the air-bag,
thus allowing gas to escape from the air-bag;

a moving arrangement adapted to move the air-bag from its initial
position following inflation of the air-bag; and

a driving arrangement which, when triggered, moves the active venting
arrangement from the closed position to the open position and also triggers the

moving arrangement to remove the air-bag from its initial position.

2. A safety arrangement according to claim 1, wherein the driving

arrangement comprises a source of pressurised gas.

3. A safety arrangement according to claim 2, wherein the active venting

arrangement is connected to receive gas from the source of pressurised gas.

4. A safety arrangement according to claim 3, wherein the active venting
arrangement comprises a component which is driven from an initial position to
a final position by the pressurised gas, to move the active venting arrangement

from the closed configuration to the open configuration.

. A safety arrangement according to any of claims 2 to 4, wherein the
moving arrangement is connected to receive pressurised gas from the source

of pressurised gas.
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6. A safety arrangement according to claim 5, wherein the moving
arrangement comprises one or more flexible elements which are attached to

the air-bag.

7. A moving arrangement according to claim 6, wherein the or each
flexible element is drawn inwardly into another component of the moving

arrangement when the moving arrangement is activated.

8. A safety arrangement according to any preceding claim, wherein the

air-bag is a pedestrian protection air-bag.

9. A safety arrangement according to any one of claims 1 to 7, wherein the

air-bag is a driver or passenger protection air-bag.

10. A safety arrangement according to any preceding claim further
comprising a control unit which is adapted to generate a first trigger signal at a
first time to inflate the air-bag, and a second trigger signal at a second time to

trigger the driving arrangement, the second time being later than the first time.

11. A safety arrangement according to claim 10, wherein the first trigger
signal is generated if it is determined that an impact or accident is occurring or

is likely to occur.

12. A safety arrangement according to claim 10 or 11, wherein the second
trigger signal is generated when it is determined that the air-bag is no longer

required.

13. A safety arrangement according to claim 12, wherein the second trigger
signal is generated at a predetermined length of time after the first trigger

signal.
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14. A safety arrangement according to any preceding claim, wherein the

driving arrangement comprises a hydraulic, solenoid or pyrotechnic system.

15. A vehicle containing a safety arrangement according to any preceding

claim.
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