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IMPACT ABSORBING AIRBAG INFLATOR

INVENTORS:
BRIAN BOGGESS

GRANT FOREMAN
AND

SKYE MALCOLM

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates generally to motor vehicles, and in

particular the present invention relates to an impact absorbing airbag module.

2. Description of Related Art

[0002] In order to meet current safety regulations, most modern motor
vehicles include some form of supplemental restraint system. These systems often
include an airbag. Airbags are generally contained in a housing with a suitable inflator.
This complete system is sometimes referred to as an airbag module. During an impact,
the inflator quickly releases compressed gasses to inflate the airbag, which is deployed by
the gasses. In the deployed condition, airbags are designed to cushion the impact
experienced by the driver or passengers.

[0003] While airbag systems can be helpful during some types of collisions,
there are some other collisions where the motor vehicle may have difficulty passing
certain government mandated crash test requirements because passengers or drivers may

impact the airbag module itself. These collisions generally occur at low speeds or low
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impact impulses where airbags are not designed to deploy. In these types of collisions,
occupant impact with airbag modules can cause compliance problems with government
mandated crash tests. To avoid this, the following airbag systems have been proposed.

[0004] U.S. patent number 6,312,008 to Neag and assigned to
DaimlerChrysler Corporation is directed to an energy absorbing bracket for an airbag
system. Neag discloses a side airbag that is deployed with generally less force than a
frontal airbag. The airbag module of Neag includes an energy absorption bracket 40 with
upper downstanding leg 46 and lower downstanding leg 48. These downstanding legs are
designed to bend when the airbag module experiences an impact.

[0005] U.S. patent number 6,296,277 to Bittinger et al. and assigned to
Chrysler Corporation is directed to a passenger restraint system with a crush zone. The
‘277 patent teaches crush zones 32 and 34 disposed on end caps 16 that are designed to
absorb the impact of a passenger’s knees during a collision. However, the end caps 16 of
Bittinger are not part of the airbag.

[0006] U.S. patent number 6,279,942 to Bossenmaier et al. and assigned to
DaimlerChrysler Corporation is directed to a deformable air bag housing. The ‘942
patent provides a good background discussion of deformable air bag housings and notes
that prior deformable air bag housings presented sharp corners or edges after
deformation. These sharp corners could tear or snag a deploying air bag. The ‘942
patent discloses a deformable airbag housing that is designed to minimize damage to the
airbag during inflation. To accomplish this, the ‘942 patent discloses a slot 15 that runs
nearly the entire width of side cover 8. Slot 15 divides side cover 8 into two parts 16 and
17 as shown in cross-sectional views A-A and B-B. Upper part 16 includes a slightly
bent lower edge that allows upper part 16 to slide outward of lower part 17 as side cover
8 deforms.

[0007] The following patents disclose air bag modules with collapsible side
walls. Generally, some feature or provision is provided so that a portion of the side wall
is weakened and assists in promoting deformation of the side wall at that weakened

region.
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[0008] U.S. patent number 5,791,684 to Repp et al. and assigned to Morton
International and Chrysler Corporation teaches an air bag canister with grooves of
various cross-sectional shapes. U.S. patent number 5,533,747 to Rose and assigned to
Morton International discloses the use of slots 40 to provide a weakened region. Rose
also teaches a “zigzag” shaped side walls 28 and 30. U.S. patent number 5,405,163 to
Amamori et al. and assigned to Tanaka Corporation teaches a side wall that includes
stress concentration portions 61 to assist the air bag container in deforming. Finally,
referring to Figures 16 and 17, related art air bag inflator module 2000, designed to use a
cylindrical inflator 2008, includes walls 2002 and 2004 with perforations 2006. These
perforations 2006 can assist air bag inflator module 2000 in deforming.

[0009] While the related art teaches a variety of features that can be used to
reduce the severity of an impact with an airbag module, none of the references teaches an
airbag module that is easy to design and manufacture, that is easy to tune and configure
for different motor vehicles, different locations and different types of collisions, and an

airbag module that can reduce the possibility of tearing an airbag during deployment.
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SUMMARY OF THE INVENTION

[0010] An impact absorbing airbag module is disclosed. The invention can be
used in connection with a motor vehicle. The term “motor vehicle” as used throughout
the specification and claims refers to any moving vehicle that is capable of carrying one
or more human occupants and is powered by any form of energy. The term motor
vehicle includes, but is not limited to cars, trucks, vans, minivans, SUV’s, motorcycles,
scooters, boats, personal watercraft, and aircraft.

[0011] In one aspect, the invention includes an inflatable restraint module
configured for mounting in an interior of a motor vehicle comprising: a chassis retaining
an inflator, and connected to a mounting system; the chassis including a forward side
wall, a first lateral side wall, a second lateral side wall, and a rear side wall; wherein the
forward side wall is disposed at an angle with respect to the first lateral side wall; the
forward side wall including a forward deforming zone disposed between an upper portion
of the forward side wall and a lower portion of the forward side wall; and wherein the
forward deforming zone includes a first angled portion and a second angled portion.

[0012] In another aspect, the upper portion of the forward side is generally
more rigid than the forward deforming zone.

[0013] In another aspect, wherein a first bend is disposed between the upper
portion of the forward side and the first angled portion, and a second bend is disposed
between the first angled portion and the second angled portion.

[0014] In another aspect, a plurality of holes are disposed on the second bend.

[0015] In another aspect, the first lateral side wall includes a first lateral upper
portion and a first lateral deforming zone.

[0016] In another aspect, the first lateral deforming zone is located in a
similar vertical position as the forward deforming zone.

[0017] In another aspect, the second lateral side wall includes a second lateral

upper portion and a second lateral deforming zone.
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[0018] In another aspect, the first lateral deforming zone, the second lateral
deforming zone and the forward lateral deforming zone are located in substantially the
same plane.

[0019] In another aspect, the invention includes an inflatable restraint module
configured for mounting in an interior of a motor vehicle comprising: a chassis retaining
an inflator, and connected to a mounting system; the chassis including a first wall and a
second wall, angled with respect to the first wall; the first wall including a first deforming
zone with first and second ends; the second wall including a second deforming zone with
first and second ends; and wherein the first end of the first side wall is adjacent to the first
end of the second side wall; and wherein the first end of the first side wall has a generally
similar axial position with respect to the chassis as the first end of the second side wall.

[0020] In another aspect, the second side wall includes a generally straight
deforming zone.

[0021] In another aspect, the second side wall includes a deforming zone
including an angle.

[0022] In another aspect, one wall is generally rigid.

[0023] In another aspect, an upper portion of the first wall is generally more
rigid than the first deforming zone.

[0024] In another aspect, an upper portion of the second wall is generally
more rigid than the second deforming zone.

[0025] In another aspect, the first deforming zone and the second deforming
zone are located in substantially the same plane.

[0026] In another aspect, the plane is generally normal with respect to an axis
of the chassis.

[0027] In another aspect, the plane is generally angled with respect to an axis
of the chassis.

[0028] In another aspect, the first deforming zone includes a first bend
disposed between an upper portion of the first wall and a first angled portion, and a

second bend is disposed between the first angled portion and a second angled portion.
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[0029] In another aspect, the first deforming zone includes a third bend
disposed between a lower portion of the first wall and the second angled portion.

[0030] Other systems, methods, features and advantages of the invention will
be, or will become, apparent to one with skill in the art upon examination of the
following figures and detailed description. It is intended that all such additional systems,
methods, features and advantages be included within this description, be within the scope

of the invention, and be protected by the following claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The invention can be better understood with reference to the following
drawings and description. The components in the figures are not necessarily to scale,
emphasis instead being placed upon illustrating the principles of the invention.
Moreover, in the figures, like reference numerals designate corresponding parts
throughout the different views.

[0032] FIG. 1 is a schematic diagram of a preferred embodiment of a motor
vehicle interior;

[0033] FIG. 2 is a cut-away schematic view of a preferred embodiment of a
passenger side portion motor vehicle interior;

[0034] FIG. 3 is a front isometric view of a preferred embodiment of an
airbag chassis;

[0035] FIG. 4 is a rear isometric view of a preferred embodiment of an airbag
chassis;

[0036] FIG. 5 is a schematic diagram of a preferred embodiment of a
deformation zone;

[0037] FIG. 6 is a schematic diagram of a preferred embodiment of a
deformed deformation zone;

[0038] FIG. 7 is a schematic diagram of a preferred embodiment of an airbag
chassis;

[0039] FIG. 8 is a schematic diagram of a preferred embodiment of an airbag
chassis;

[0040] FIG. 9 is a schematic diagram of an alternative embodiment of an
airbag chassis;

[0041] FIG. 10 is a schematic diagram of an isometric view of a preferred
embodiment of an airbag chassis;

[0042] FIG. 11 is a schematic diagram of a side view of a preferred

embodiment of an airbag chassis;
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[0043] FIG. 12 is a schematic diagram of an isometric view of a preferred
embodiment of an airbag chassis in a deformed condition;

[0044] FIG. 13 is a schematic diagram of a side view of a preferred
embodiment of an airbag chassis in a deformed condition;

[0045] FIG. 14 is a schematic diagram of an isometric view of a preferred
embodiment of an airbag chassis;

[0046] FIG. 15 is a schematic diagram of an isometric view of a preferred
embodiment of an airbag chassis in a deformed condition;

[0047] FIG. 16 is a schematic diagram of a front view of a related art airbag
chassis; and

[0048] FIG. 17 is a schematic diagram of a side view of a related art airbag

chassis.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0049] FIG. 1 is a schematic diagram of a motor vehicle interior 100. Motor
vehicle interior 100 includes a driver side 102 and a passenger 104. Instrument panel 106
is disposed in motor vehicle interior 100 in a position generally forward of the driver and
passenger. Instrument panel 106 spans across motor vehicle interior 100.

[0050] FIG. 2 is a schematic cross-sectional view of the passenger side
portion 108 of instrument panel 106. Disposed proximate passenger side portion 108 of
instrument panel 106 is a Supplemental Restraint System (SRS) module 202. SRS
module 202 includes an upper mounting system 204 that associates SRS module 202 with
passenger side portion 108 of instrument panel 106. SRS module 202 also includes a
chassis 206 that retains or holds an inflator 208 and a lower mounting system 210. In a
preferred embodiment, inflator 208 is a disk-type inflator. A hypothetical impact 212 is
also shown in FIG. 2. Hypothetical impact 212 represents a possible impact location on
passenger side portion 108 of instrument panel 106.

[0051] Figures 3 and 4 are enlarged forward and rear isometric views of SRS
module 202. Lower mounting system 210 can be seen in FIG. 3. In a preferred
embodiment, SRS module 202 is associated with cross member 308 of the motor vehicle.
Preferably, a pair of mounting legs are used to attach SRS module 202 to cross member
308. In an exemplary embodiment, the mounting legs are attached to a mounting bracket
306 that is then attached to cross member 308. As shown in FIG. 3, SRS module 202
includes a first mounting leg 302 and a second mounting 304. Preferably, first mounting
leg 302 is laterally spaced from second mounting leg 304.

[0052] Preferably, second mounting leg 304 includes a collapsible portion 310
and a cantilever portion 312. Preferably collapsible portion 310 is generally straight or
upright from mounting bracket 306 to chassis 206. Collapsible portion 310 can include
one or more perforations. These perforations can help to facilitate the collapse of second

mounting leg 304 in the event of a collision. Preferably cantilever portion 312 is angled
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with respect to collapsible portion 310. In the exemplary embodiment shown in FIG. 3,
cantilever portion 312 is normal to collapsible portion 310.

[0053] Cantilever portion 312 is attached to mounting bracket 306, and helps
to support SRS module 202. Any kind of mechanical connection can be used. In the
preferred embodiment, cantilever portion 312 includes a whole or aperture to receive a
mechanical fastener that is used to attach cantilever portion 312 to mounting bracket 306.

[0054] Preferably, cantilever portion 312 includes one or more bends as
shown in FIG. 3 that terminate with forward retaining flange 314. Preferably forward
retaining flange 314 engages forward wall 320 of chassis 206. Preferably first mounting
leg 302 is constructed in a similar manner as second mounting leg 304. The principles
and features of second mounting leg 304 can be applied to first mounting leg 302. In the
exemplary embodiment shown in FIG. 3, first mounting leg 302 is preferably a mirror
image of second mounting leg 304. Like second mounting leg 304, first mounting leg
302 includes a collapsible portion 316. Preferably collapsible portion 316 terminates in a
lateral retaining flange 318 that is configured to engage first lateral side wall 330 of
chassis 206. Second mounting leg 304 preferably includes a similar lateral retaining
flange 402 (see FIG. 4) on collapsible portion 310.

[0055] Chassis 206 is preferably formed of one or more walls. In the
embodiment shown in Figures 3 and 4, chassis 206 includes a forward wall 320, first
lateral side wall 330, second lateral side wall 340 and rear wall 350. Forward wall 320
includes an upper portion 322, a lower portion 324 and a deforming zone 326 disposed
between upper portion 322 and lower portion 324. Similarly, first lateral side wall 330
includes a first upper portion 332, a first lower portion 334, and a first lateral deforming
zone 336 disposed between first lateral upper portion 332 and first lateral lower portion
334. Preferably, second lateral side wall 340 is constructed in a manner similar to first
lateral side wall 330, and includes second upper portion 342, second lower portion 344,
and second deforming zone 346 disposed between second upper portion 342 and second

lower portion 344.
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[0056] Chassis 206 is preferably designed to deform or collapse during an
impact. This helps to absorb energy from a passenger impact, which in turn, can reduce
injuries to the passenger. Preferably chassis 206 is designed to collapse during an
intermediate impact. That is, an impact that is severe enough to cause a passenger to
contact instrument panel 106 (see FIG. 2) but is not severe enough to cause SRS module
202 to deploy an airbag. The various deforming zones disposed about chassis 206 assist
chassis 206 in collapsing or deforming during an impact.

[0057] Referring to Figures 5 and 6 which are enlarged views of deforming
zone 326, FIG. 5 shows the condition of deforming zone 326 prior to an impact, while
FIG. 6 shows deforming zone 326 after an impact. Preferably deforming zone 326
includes a folded or bent shape. In a preferred embodiment shown in FIG. 5, deforming
zone 326 includes a generally fan-folded shape.

[0058] As shown in FIG. 5, deforming zone includes first bend 502, first
angled portion 504, second bend 506, and second angled portion 508. A third bend 510
is disposed between second angled portion 508 and lower portion 324. In the
embodiment shown in FIG. 5, the various bends and angled portions form a triangular
fan-fold shape. Some embodiments include provisions to modulate, control or adjust the
deformation along one or more of the bends 502, 506, and/or 510. In some embodiments,
holes are disposed along one or more of the bends 502, 506, and/or 510 to provide the
ability to adjust the deformation characteristics.

[0059] In some embodiments, holes 512 are disposed on second bend 506.
This optional feature can be used to modulate or control the bending or deforming
characteristics of deforming zone 326. In some embodiments, holes 512 are laterally
spaced and along second bend 506. The number, density, size and/or shape of holes 512
can be varied as needed. In some cases, additional holes or larger holes are provided.
This can allow deforming zone 326 to bend or deform under lighter or smaller loads.

[0060] FIG. 6 shows the condition of forward wall 320 after an impact and
after a deformation. As shown in FIG. 6, the angled portions have folded and upper

portion 322 has been moved closer to lower portion 324 than prior to impact as shown in
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FIG. 5. The angle of second bend 506 has been decreased, and in some cases, the angle
of second bend 506 is nearly zero, resulting in contact between first angled portion 504
and second angled 508. In other words, the fan-folded shape of FIG. 5 can be nearly
flattened as shown in FIG. 6 in some embodiments and during some types of impact.
This can also result in a reduction of the vertical height of deforming zone 326 as shown
in FIG. 6.

[0061] The number, arrangement, design and location of deforming zones can
be varied to achieve desired deformation or impact absorbing characteristics. The design
and initial shape of a deforming zone can be modified in a number of ways. Referring to
FIG. 5 as an example, first bend 502, second bend 506 and/or third bend 510 can all be
adjusted or selected to vary the deformation characteristics. Also, the size of first angled
portion 504 and/or second angled portion 508 can also be adjusted or selected to vary the
deformation characteristics. In some embodiments, first angled portion 504 is of a
different size than second angled portion 508. In other words, there is no requirement
that the angled portions be similar, they can be dissimilar or asymmetrical.

[0062] Regarding the arrangement, location and number of deforming zones,
in some embodiments, a deforming zone is provided on one of the walls of a chassis. In
other embodiments, more than one wall of an airbag inflator chassis includes a deforming
zone. And in other embodiments, all of the walls of an airbag inflator chassis include a
deforming zone.

[0063] In those embodiments where more than one wall includes a deforming
zone, the deforming zones on adjacent walls can be located to provide certain impact
absorbing characteristics. In some cases, an airbag inflator chassis is designed to deform
in a certain controlled manner and at a certain predetermined load. By carefully selecting
the location, size and design of the various deforming zones associated with an airbag
inflator chassis, the deformation of the airbag inflator chassis can be better controlled. In
some cases, the chassis is designed to deform at a certain angle, in other cases, the chassis

is designed so that the chassis achieves a predetermined shape or condition after
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deformation. The following embodiments illustrate ways in which the deforming zones
can be arranged to achieve various different deformation characteristics.

[0064] FIG. 7 is an embodiment of chassis 702 with a number of deforming
zones 704, 706 disposed about a periphery of chassis 702. First deforming zone 704 is
disposed on first side wall 710 and second deforming zone 706 is disposed on front wall
712. Chassis 702 can also preferably include additional deforming zones. In the
embodiment shown in FIG. 7, third deforming zone 708 is disposed on second side wall
714. In this embodiment, chassis 702 is generally designed to deform so that the upper
portion of chassis 702 above the deforming zones 704, 706 and 708 moves closer to the
lower portion of chassis 702 below the deforming zones.

[0065] In order to allow chassis 702 to deform in the desired manner, one end
of one of the deforming zones is located at a similar vertical location as one end of an
adjacent deforming zone. Considering the example embodiment shown in FIG. 7, first
deforming zone 704 includes first end 722 and second end 724. Second deforming zone
706 includes first end 726 and second end 728. In some embodiments, the ends of two
adjacent deforming zones are generally aligned with respect to the axial direction of
chassis 702.

[0066] In FIG. 7, it can be observed that first end 722 of first deforming zone
704 has an axial position that is similar to the axial position of first end 726 of second
deforming zone 706. Axially aligning the ends of two adjacent deforming zones can be
used to control the deformation characteristics of chassis 702. In the embodiment shown
in FIG. 7, the aligned ends of first deforming zone 704 and second deforming zone 706
helps the corner defined by first side wall 710 and front wall 712 to deform under a
predetermined load.

[0067] In some embodiments, rear wall 716 may include a deforming zone.
However, in other embodiments, rear wall 716 does not include a deforming zone. In the
embodiment shown in FIG. 7, rear wall 716 does not include a deforming zone.

[0068] It can be observed in the embodiment shown in FIG. 7, that the various

deforming zones 704, 706 and 708 are disposed in a certain pattern in relation with one
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another. In the embodiment shown in FIG. 7, it can be observed that the deforming zones
704, 706 and 708 are disposed on a common plane 718. This common plane 718 is
generally parallel to the plane defined by the upper opening 720 of chassis 702. Common
plane 718 can also be described as being normal or perpendicular to a central vertical axis
of chassis 702.

[0069] FIG. 8 shows an alternative embodiment where a first deformation
zone 804 is angled with respect to second deformation zone 806. In some embodiments,
opposite walls can include similar deformation zones. Thus, in some embodiments,
second side wall 814 can include a deformation zone that is similar to second
deformation zone 806 of first side wall 810. And, similarly, rear wall 816 can include
deformation zone 820 that is similar to first deformation zone 804 disposed on front wall
812. It can be observed that the various deformation zones are disposed on a common
plane 818. In the embodiment shown in FIG. 8, common plane 818 is not normal to a
central axis of chassis 802 and is instead angled with respect to the central axis of chassis
802. The deformation zones shown in FIG. 8 may allow chassis 802 to deform at an
angle.

[0070] FIG. 9 shows another embodiment of a chassis 902. In this
embodiment, first deforming zone 904 is disposed on first side wall 910 and second
deforming zone 906 is disposed on front wall 912. As shown in FIG. 9, first deforming
zone 904 is generally linear; however, second deforming zone 906 is not linear. Second
deforming zone 906 includes a bend 920 along its length. This bend 920 can provide
non-linear deformation characteristics for chassis 902 and allow chassis 902 to deform in
irregular ways. In some cases, irregular deformation is desired. Also, as disclosed
above, walls opposite to the ones shown in FIG. 9 can include similar deforming zones.

[0071] Figures 10-13 demonstrate the deformation characteristics of an
embodiment of chassis 702 shown in FIG. 7. Two possible embodiments are disclosed in
FIG. 7. In one embodiment, rear wall 716 includes a deforming zone, and in another
embodiment, rear wall 716 does not include a deforming zone. Figures 10-13

demonstrate the deforming characteristics of the embodiment where rear wall 716 does
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not include a deforming zone. Rear wall 716 is thus relatively rigid in the axial direction
as compared to the other walls of chassis 702. Figures 10 and 11 show chassis 702 in its
undeformed state and Figures 12 and 13 show chassis 702 in its deformed state.

[0072] Rigid rear wall 716 generally does not deform while the remaining
walls deform under load. This arrangement of rigid and deforming walls allows chassis
702 to deform at an angle as shown in Figures 12 and 13.

[0073] Another embodiment of an SRS module 1400 is shown in FIG. 14.
FIG. 14 is an enlarged forward isometric view of SRS module 1400. Preferably, a pair of
mounting legs are used to attach SRS module 1400 to the vehicle. As shown in FIG. 14,
SRS module 1400 includes a first mounting leg 1402 and a second mounting 1404.
Preferably, first mounting leg 1402 is laterally spaced from second mounting leg 1404.

[0074] Preferably, second mounting leg 1404 includes a collapsible portion
1410 and a cantilever portion 1412. Preferably collapsible portion 1410 is generally
straight or upright from chassis 1406. Collapsible portion 1410 can include one or more
perforations. These perforations can help to facilitate the collapse of second mounting
leg 1404 in the event of a collision. Preferably cantilever portion 1412 is angled with
respect to collapsible portion 1410. In the exemplary embodiment shown in FIG. 14,
cantilever portion 1412 is normal to collapsible portion 1410.

[0075] Cantilever portion 1412 helps to support SRS module 1402. Any kind
of mechanical connection can be used. In the preferred embodiment, cantilever portion
1412 includes a whole or aperture to receive a mechanical fastener that is used to attach
cantilever portion 1412 to the vehicle.

[0076] Preferably, cantilever portion 1412 includes one or more bends as
shown in FIG. 14 that terminate with forward retaining flange 1414. Preferably forward
retaining flange 1414 engages forward wall 1420 of chassis 1406. Preferably first
mounting leg 1402 is constructed in a similar manner as second mounting leg 1404. The
principles and features of second mounting leg 1404 can be applied to first mounting leg
1402. In the exemplary embodiment shown in FIG. 14, first mounting leg 1402 is

preferably a mirror image of second mounting leg 1404. Like second mounting leg 1404,
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first mounting leg 1402 includes a collapsible portion 1416. Preferably collapsible
portion 1416 terminates in a lateral retaining flange 1418 that is configured to engage
first lateral side wall 1430 of chassis 1406. Second mounting leg 1404 preferably
includes a similar lateral retaining flange on collapsible portion 1410.

[0077] Chassis 1406 is preferably formed of one or more walls. In the
embodiment shown in FIG. 14, chassis 1406 includes a forward wall 1420, first lateral
side wall 1430, second lateral side wall 1440 and rear wall 1450. Forward wall 1420
includes an upper portion 1422, a lower portion 1424 and a deforming zone 1426
disposed between upper portion 1422 and lower portion 1424. Similarly, first lateral side
wall 1430 includes a first upper portion 1432, a first lower portion 1434, and a first lateral
deforming zone 1436 disposed between first lateral upper portion 1432 and first lateral
lower portion 1434. Preferably, second lateral side wall 1440 is constructed in a manner
similar to first lateral side wall 1430, and includes second upper portion, second lower
portion, and second deforming zone disposed between second upper portion and second
lower portion.

[0078] Chassis 1406 is preferably designed to deform or collapse during an
impact. This helps to absorb energy from a passenger impact, which in turn, can reduce
injuries to the passenger. Preferably chassis 1406 is designed to collapse during an
intermediate impact. That is, an impact that is severe enough to cause a passenger to
contact instrument panel 106 (see FIG. 2) but is not severe enough to cause SRS module
1400 to deploy an airbag. The various deforming zones disposed about chassis 1406
assist chassis 1406 in collapsing or deforming during an impact.

[0079] As shown in FIG. 14, deforming zone 1426 located along forward wall
1420 includes first bend 1449, first angled portion 1451, second bend 1452, second
angled portion 1453, and third bend 1456. Fist bend 1449 is disposed between upper
portion 1422 and first angled portion 1451. Second bend 1452 is disposed between first
angled portion 1451 and second angled portion 1453. Third bend 1456 is disposed
between second angled portion 1453 and lower portion 1424 of chassis 1406. In the

embodiment shown in FIG. 14, the various bends and angled portions form a triangular
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fan-fold shape. Additionally, in the embodiment shown in FIG. 14, deforming zone
1436 located along first lateral side wall 1430 also includes first bend 1470, first angled
portion 1471, second bend 1472, second angled portion 1473, and third bend 1476. Fist
bend 1470 is displaced between upper portion 1436 and first angled portion 1471.
Second bend 1472 is displaced between first angled portion 1471 and second angled
portion 1473. Third bend 1476 is displaced between second angled portion 1473 and
lower portion 1434 of chassis 1406. In the embodiment shown in FIG. 14, the various
bends and angled portions form a triangular fan-fold shape.

[0080] As disclosed above, some embodiments include holes or perforations
disposed in or around one or more deforming bones. Also, these holes can be placed
along one or more bends associated with a particular deforming zone. In some cases,
holes are disposed along every bend of a deforming zone. In the embodiment shown in
FIG. 14, elongated holes 1460 are disposed on first bend 1449, second bend 1452, and
third bend 1456. Elongated holes 1461 are also disposed on first bend 1470, second bend
1472, and third bend 1476. This optional feature can be used to modulate or control the
bending or deforming characteristics of first deforming zone 1426 and second deforming
zone 1436. In some embodiments, first elongated holes 1460 and second elongated holes
1461 are laterally spaced. The number, density, size and/or shape of first elongated holes
1460 and second elongated holes 1461 can be varied as needed. In some cases,
additional holes or larger holes are provided. This can allow first deforming zone 1426
and second deforming zone 1436 to bend or deform under lighter or smaller loads. In a
preferred embodiment, deforming zone 1436 does not span the entire width of first lateral
side wall 1430.

[0081] In addition to the various elongated holes, some embodiments may
include vertical hole 1458 located on first lateral side wall 1430. Vertical hole 1458 is
disposed along a direction generally normal to second elongated holes 1461 and generally
vertical with respect to chassis 1406. Vertical hole 1458 may allow chassis 1406 to
deform only partially. Vertical hole 1458 can also be used to define the end of first
deforming zone 1436. Thus, the portion of first lateral side wall 1430 disposed rearward
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of vertical hole 1458 is generally not configured to deform in the same way as the portion
of first lateral side wall 1430 containing first deforming zone 1436.

[0082] This feature, in addition to the restriction of deforming zone 1436 to
less than the full width of first lateral side wall 1430, may be useful as it allows chassis
1406 to deform partially, but allows a portion of chassis 1406 to remain in tact.
Government regulations require a specified zone around the passenger in which any
object placed within that zone cannot impart more than a specified load to a passenger in
the case of impact. By allowing chassis 1406 to deform partially, the portion of chassis
1406 which is contained within the regulated zone is deformable so as not to impart more
than the allowable load to a passenger during an impact. The region of chassis 1406
outside of this regulated zone can remain in tact and does not need to be deformable.

[0083] Second lateral side wall 1440 preferably contains the same features
included in first lateral side wall 1430, and the features would be a mirror image of the
features of first lateral side wall 1430.

[0084] FIG. 15 shows the condition of SRS module 1400 after an impact and
after a deformation. In particular, FIG. 15 shows the condition of forward wall 1420, and
first lateral side wall 1430 after an impact and after a deformation. As shown in FIG. 15,
the angled portions have folded and along forward wall 1420, and upper portion 1422 has
been moved closer to lower portion 1424 than prior to impact. Along first lateral side
wall 1430, upper portion 1432 has been moved closer to lower portion 1434 than prior to
impact. The angles of first bend 1449, second bend 1452, and third bend 1456 have been
decreased, and in some cases, the angles of first bend 1449, second bend 1452, and third
bend 1456 are nearly zero, resulting in contact between first angled portion 1451 and
second angled portion 1453. In other words, the fan-folded shape of deforming zone
1426 can be nearly flattened as shown in FIG. 15 in some embodiments and during some
types of impact. This can also result in a reduction of the vertical height of deforming
zone 1426 as shown in FIG. 15.

[0085] FIG. 15 also shows the condition of first lateral side wall 1430 after an
impact and after a deformation. Along first lateral side wall 1430, upper portion 1432

18



WO 2007/121221 PCT/US2007/066397

has been moved closer to lower portion 1434 than prior to impact. The angles of first
bend 1470, second bend 1472, and third bend 1476 have been decreased, and in some
cases, the angles of first bend 1470, second bend 1472, and third bend 1476 are nearly
zero, resulting in contact between first angled portion 1471 and second angled portion
1473. In other words, the fan-folded shape of deforming zone 1436 can be nearly
flattened as shown in FIG. 15 in some embodiments and during some types of impact.
This can also result in a reduction of the vertical height of deforming zone 1436 as shown
in FIG. 15.

[0086] In this embodiment, deforming zone 1436 does not result in similar
deformation of the rear portion of first lateral side wall 1430. Because of vertical hole
1458 the portion of first lateral wall 1430 disposed between vertical hole 1458 and the
edge of first lateral wall 1430 closest to rear wall 1450 is either not deformed or
deformed differently after impact. The second lateral side wall will generally deform in a
manner similar to first lateral side wall 1430.

[0087] The number, arrangement, design and location of deforming zones can
be varied to achieve desired deformation or impact absorbing characteristics. The design
and initial shape of a deforming zone can be modified in a number of ways. Referring to
FIG. 14 as an example, first bend 1449, second bend 1452 and/or third bend 1456 can all
be adjusted or selected to vary the deformation characteristics. Also, the size of first
angled portion 1451 and/or second angled portion 1453 can also be adjusted or selected
to vary the deformation characteristics. In some embodiments, first angled portion 1451
is of a different size than second angled portion 1453. In other words, there is no
requirement that the angled portions be similar, they can be dissimilar or asymmetrical.

[0088] Regarding the arrangement, location and number of deforming zones,
in some embodiments, a deforming zone is provided on one of the walls of a chassis. In
other embodiments, more than one wall of an airbag inflator chassis includes a deforming
zone. And in other embodiments, all of the walls of an airbag inflator chassis include a

deforming zone.
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[0089] In those embodiments where more than one wall includes a deforming
zone, the deforming zones on adjacent walls can be located to provide certain impact
absorbing characteristics. In some cases, an airbag inflator chassis is designed to deform
in a certain controlled manner and at a certain predetermined load. By carefully selecting
the location, size and design of the various deforming zones associated with an airbag
inflator chassis, the deformation of the airbag inflator chassis can be better controlled. In
some cases, the chassis is designed to deform at a certain angle, in other cases, the chassis
is designed so that the chassis achieves a predetermined shape or condition after
deformation. The following embodiments illustrate ways in which the deforming zones
can be arranged to achieve various different deformation characteristics.

[0090] While various embodiments of the invention have been described, the
description is intended to be exemplary, rather than limiting and it will be apparent to
those of ordinary skill in the art that many more embodiments and implementations are
possible that are within the scope of the invention. Accordingly, the invention is not to
be restricted except in light of the attached claims and their equivalents. Also, various

modifications and changes may be made within the scope of the attached claims.
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WHAT IS CLAIMED IS:

1. An inflatable restraint module configured for mounting in an interior of a motor
vehicle comprising:

a chassis retaining an inflator, and connected to a mounting system;

the chassis including a forward side wall, a first lateral side wall, a second lateral
side wall, and a rear side wall,;

wherein the forward side wall is disposed at an angle with respect to the first
lateral side wall;

the forward side wall including a forward deforming zone disposed between an
upper portion of the forward side wall and a lower portion of the forward side wall; and

wherein the forward deforming zone includes a first angled portion and a second

angled portion.

2. The inflatable restraint module according to claim 1, wherein the upper portion of

the forward side is generally more rigid than the forward deforming zone.

3. The inflatable restraint module according to claim 1, wherein a first bend is
disposed between the upper portion of the forward side and the first angled portion, and a

second bend is disposed between the first angled portion and the second angled portion.

4. The inflatable restraint module according to claim 3, wherein a plurality of holes

are disposed on the second bend.

5. The inflatable restraint module according to claim 1, wherein the first lateral side

wall includes a first lateral upper portion and a first lateral deforming zone.

6. The inflatable restraint module according to claim 5, wherein the first lateral

deforming zone is located in a similar vertical position as the forward deforming zone.
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7. The inflatable restraint module according to claim 5, wherein the second lateral

side wall includes a second lateral upper portion and a second lateral deforming zone.

8. The inflatable restraint module according to claim 7, wherein the first lateral
deforming zone, the second lateral deforming zone and the forward lateral deforming

zone are located in substantially the same plane.

9. An inflatable restraint module configured for mounting in an interior of a motor
vehicle comprising:

a chassis retaining an inflator, and connected to a mounting system;

the chassis including a first wall and a second wall, angled with respect to the first
wall,

the first wall including a first deforming zone with first and second ends;

the second wall including a second deforming zone with first and second ends;
and

wherein the first end of the first side wall is adjacent to the first end of the second
side wall; and wherein the first end of the first side wall has a generally similar axial

position with respect to the chassis as the first end of the second side wall.

10.  The inflatable restraint module according to claim 9, wherein the second side wall

includes a generally straight deforming zone.

11.  The inflatable restraint module according to claim 9, wherein the second side wall

includes a deforming zone including an angle.

12. The inflatable restraint module according to claim 9, wherein one wall is

generally rigid.
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13. The inflatable restraint module according to claim 9, wherein an upper portion of

the first wall is generally more rigid than the first deforming zone.

14. The inflatable restraint module according to claim 13, wherein an upper portion of

the second wall is generally more rigid than the second deforming zone.

15. The inflatable restraint module according to claim 9, wherein the first deforming

zone and the second deforming zone are located in substantially the same plane.

16. The inflatable restraint module according to claim 15, wherein the plane is

generally normal with respect to an axis of the chassis.

17. The inflatable restraint module according to claim 15, wherein the plane is

generally angled with respect to an axis of the chassis.

18. The inflatable restraint module according to claim 9, wherein the first deforming
zone includes a first bend disposed between an upper portion of the first wall and a first
angled portion, and a second bend is disposed between the first angled portion and a

second angled portion.
19. The inflatable restraint module according to claim 18, wherein the first deforming
zone includes a third bend disposed between a lower portion of the first wall and the

second angled portion.

20. The inflatable restraint module according to claim 18, wherein a plurality of holes

are disposed on the second bend.
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