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INFLATABLE KNEE AIRBAG HAVING TWO CHAMBERS
SEPARATED BY AN INTERNAL TETHER

Technical Field

[0001] The present disclosure relates generally to the field of automotive
protective systems. More specifically, the present disclosure relates to inflatable
knee airbag cushion assemblies.

Brief Description of the Drawings

[0002] The present embodiments will become more fully apparent from the
following description and appended claims, taken in conjunction with the
accompanying drawings. Understanding that the accompanying drawings depict
only typical embodiments, and are, therefore, not to be considered to be limiting of
the disclosure’s scope, the embodiments will be described and explained with
specificity and detail in reference to the accompanying drawings.

[0003] FIG. 1 is a top elevation view of a panel of material from which a portion of
an airbag cushion may be formed, which in turn, comprises a portion of an airbag
assembly.

[0004] FIG. 2 is an exploded perspective view of a portion of an airbag assembly,
wherein the panel of material of FIG. 1 has been folded into the configuration of an
inflatable knee airbag.

[0005] FIG. 3 is a perspective view of the inflatable knee airbag components of
FIG. 2 after the components have been assembled.

[0006] FIG. 4 is a cutaway top perspective view of the inflatable knee airbag
assembly of FIG. 3.

[0007] FIG. 5 is a cutaway bottom perspective view of the inflatable knee airbag
assembly of FIG. 3.

[0008] FIG. 6 is a cross-section view of the inflatable knee airbag assembly of
FIG. 3.

[0009] FIG. 7A is a top elevation view components of an internal tether of the
inflatable knee airbag assembly of FIG. 3.

[0010] FIG. 7B is a top elevation view of the components of the internal tether of
FIG. 7A, after the components have been partially assembled.

[0011] FIG. 8 is a perspective view of the internal tether of the inflatable knee

airbag assembly of FIG. 3 after the tether has been assembled.
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[0012] FIG. 9 is a perspective view of the inflatable knee airbag assembly of FIG.
3 after the airbag has been inflated.
[0013] FIG. 10 is a cross-section view of the inflated knee airbag assembly of
FIG. 9.
[0014] FIG. 11 is a top elevation schematic of an inflation gas flow pattern that
may be dictated by the configuration of the depicted inflatable knee airbag assembly.
[0015] FIG. 12 is a cutaway perspective view of the inflatable airbag assembly of
FIG. 11.

Detailed Description of Preferred Embodiments

[0016] It will be readily understood that the components of the embodiments as
generally described and illustrated in the figures herein could be arranged and
designed in a wide variety of different configurations. Thus, the following more
detailed description of various embodiments, as represented in the figures, is not
intended to limit the scope of the disclosure, as claimed, but is merely representative
of various embodiments. While the various aspects of the embodiments are
presented in drawings, the drawings are not necessarily drawn to scale unless
specifically indicated.

[0017] The phrases “connected to,” “coupled to” and “in communication with”
refer to any form of interaction between two or more entities, including mechanical,
electrical, magnetic, electromagnetic, fluid, and thermal interaction. Two
components may be coupled to each other even though they are not in direct contact
with each other. The term “abutting” refers to items that are in direct physical contact
with each other, although the items may not necessarily be attached together.

[0018] Inflatable airbag systems are widely used to minimize occupant injury in a
collision scenario. Airbag modules have been installed at various locations within a
vehicle, including, but not limited to, the steering wheel, the instrument panel, within
the side doors or side seats, adjacent to roof rail of the vehicle, in an overhead
position, or at the knee or leg position. In the following disclosure, “airbag” may refer
to a knee airbag, an inflatable curtain airbag, overhead airbag, front airbag, or any
other airbag type.

[0019] Inflatable knee airbags are typically installed in a lower portion of the
steering column, instrument panel, under a glove box, and/or under a seat of a
vehicle. During installation, the airbags are rolled, folded, or both, and are retained
in the packaged state behind a cover. During a collision event, vehicle sensors
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trigger the activation of an inflator, which rapidly fills the airbag with inflation gas.
Thus the airbag rapidly changes confirmations from the packaged configuration to an
expanded, extended, and deployed configuration.

[0020] FIG. 1 is a top elevation view of a panel of material 101 from which a
portion of an airbag cushion may be formed. Panel 101 comprises a sheet of fabric
that may comprise a woven nylon material, or any other material that is well known in
the art. Panel 101 may comprises a substantially rectangular shape or may also be
said to have an “I” or “H” shape. A middle portion 102 may have a reduced width
compared to the end portions. Before being formed into an “I” or “H” shape, panel of
material 101 may comprise a rectangular piece of material from which portions may
be cut to yield the reduced width of middle portion 102. The pieces removed from
panel 101 may be used to form an internal tether that may be employed within an
inflatable airbag cushion. Various apertures may be formed in panel of material 101
before or after the panel is configured as an inflatable knee airbag. In the depicted
embodiment, the panel has two apertures 118 that will comprise atmospheric vents
when panel of material 101 is configured as an inflatable knee airbag and two
apertures 119 that will comprise inflator apertures.

[0021] FIG. 2 is an exploded bottom perspective view depicting panel 101 after
first and second tether portions 130 and 140 have been cut from the panel to form
reduced width middle portion 102 and after the panel has been folded such that it is
in a configuration that can form an inflatable knee airbag 110. Inflatable knee airbag
110 may comprise an upper portion 111, a lower portion 112, a first face 113, a
second face 114, and atmospheric vents 118.

[0022] Upper portion 111 of inflatable knee airbag 110 is the portion of the airbag
that is closest to the headliner of a vehicle when the airbag is in a deployed state.
Lower portion 112 is below upper portion 111 when inflatable knee airbag 110 is in a
deployed state, and is closest to a floor of the vehicle. Also, lower portion 112 may
comprise the portion of inflatable knee airbag 110 that is coupled to an inflator and/or
airbag housing. The term “lower portion” is not necessarily limited to the portion of
inflatable knee airbag 110 that is below a horizontal medial plane of the inflatable
knee airbag, but may include less than half, more than half or exactly half of the
bottom portion of the inflatable knee airbag. Likewise, the term “upper portion” is not
necessarily limited to the portion of inflatable knee airbag 110 that is above a
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horizontal medial plane of the airbag, but may include less than half, more than half
or exactly half of the top portion of the airbag.

[0023] First face 113 may comprise the face of inflatable knee airbag 110 that is
closest to an occupant, which airbag 110 is intended to cushion. Second face 114 is
opposite front face 113, and may comprise the face of inflatable knee airbag 110 that
is furthest from an occupant, which airbag 110 is intended to cushion. Atmospheric
vents 118 are located at predetermined locations on inflatable knee airbag 110.
[0024] A length and/or width of knee airbag 110 may be varied according to
different embodiments. For example, width W41 may be from about 400mm to about
900mm; length Ly may be from about 300mm to about 700mm; and W, may be from
about 200mm to about 600mm. Width W5 of middle portion 102 may comprise from
about 50% to about 80% of the width W of inflatable knee airbag 110. By way of
example, and not of limitation, in one embodiment, W4 is 680mm, L is 503.5mm,
and Wy is 430mm.

[0025] An internal tether, 120 may be formed from a first tether portion 130 and a
second tether portion 140, each of which may be cut from panel of material 101,
depicted in FIG. 1 herein. As such, first and second tether portions 130 and 140
may comprise a woven nylon material or any other suitable material known in the art.
First and second tether portions 130 and 140 are configured to be coupled together
to form internal tether 120. First tether portion 130 may comprise a chamber to
chamber vent aperture 131, a flange 132, and a body portion 133. Second tether
portion 140 may comprise a flange portion 142 and a body portion 143. Flanges 132
and 142 may be formed by folding opposing longitudinal edges of body portions 133
and 143. One skilled in the art will recognize that because first and second tether
portions 130 and 140 comprise non-rigid pieces of fabric, before the tether portions
are coupled together and coupled to a inflatable knee airbag, the tether portions may
not comprise the shapes as depicted in FIG. 2 and FIG. 8. Likewise, before being
coupled to an inflatable knee airbag, first and second tether portions 130 and 140
may not comprise flange portions 132 and 142.

[0026] FIG. 3 is a bottom perspective view of a portion of airbag assembly 100,
wherein first and second tether portions 130 and 140 have been coupled to inflatable
knee airbag 110 and a perimeter seam 103 has been formed by stitching. After the
first and second tether portions 130 and 140 have been cut from panel of material
101, the panel may be folded at middle portion 102 to form a fold. When panel 101
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is folded, first face 113 and second face 114 are brought in close proximity such that
the planes of the first and second faces are in a substantially parallel orientation. In
this configuration, middle portion 102 may be said to comprise a fold, a folded middle
portion, or a folded lower portion 112. Folded lower portion 112 may comprise one
or more discrete folds, or the fold may comprise a more general “U” shape.

[0027] Once membrane 101 is folded, a perimeter seam 103 may be formed via
stitching such that the first and second faces 113 and 114 are coupled together.
Perimeter seam 103 may be configured such that it is airtight, or such that the seam
is not airtight. For clarity in depicting various structures and characteristics of
assembly 100, in FIGS. 3-5, cushion 110 is shown without the perimeter being sewn
together such that first and second faces 113 and 114 are touching. Prior to
perimeter seam 103 being sewn, internal tether 120 may be inserted between the
first and second faces 113 and 114 and coupled to inflatable knee airbag 110 via
flanges 132 and 142. Stitching 104 and 106 may be employed to attach flanges 132
and 142 to first and second faces 113 and 114. Stitching 104 and 106 may comprise
the same type of stitching, and in some embodiments, one contiguous seam of
stitching may be employed to attach internal tether 120 to airbag 110. After being
folded and stitched together along the perimeter, it may be said that panel of material
101 of FIG. 1 has been configured as an inflatable knee airbag 110.

[0028] After internal tether 120 has been integrated within airbag 110 and
perimeter seam 103 has closed the airbag, the airbag can be said to comprise a first
inflatable chamber 116 and a second inflatable chamber 117. First inflatable
chamber 116 is partially defined by perimeter seam 103, tether 120 and portions of
first and second faces 113 and 114 that are located outside tether 120. Second
inflatable chamber 117 is partially defined by tether 120 and portions of first and
second faces 113 and 114 that are located inside tether 120. Atmospheric vents 118
may be formed in second face 114 of inflatable knee airbag 110 such that inflation
gas may be vented out of inflatable chambers 116 and 117. During deployment,
airbag 110 is configured such that second face 114 is oriented away from an
occupant; therefore, atmospheric vents 118 are on an opposite side of the airbag
from an occupant.

[0029] As will be appreciated by those skilled in the art, a variety of types and
configurations of airbag cushion membranes can be utilized without departing from
the scope and spirit of the present disclosure. For example, the size, shape, and
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proportions of the cushion membrane may vary according to its use in different
vehicles or different locations within a vehicle. Also, the cushion membrane may
comprise one or more pieces of any material well known in the art, such as a woven
nylon fabric. Additionally, the airbag cushion may be manufactured using a variety of
techniques such as one piece weaving, “cut and sew”, or a combination of the two
techniques. Further, the cushion membrane may be manufactured using sealed or
unsealed seams, wherein the seams are formed by stitching, adhesive, taping, radio
frequency welding, heat sealing, or any other suitable technique or combination of
techniques.

[0030] One skilled in the art will also recognize that a variety of types, number,
and configurations of second chambers can be employed without departing from the
sprit of the present disclosure. For example, more than one internal inflatable
chamber may be formed within the first inflatable chamber. The first inflatable
chamber may also be called a “larger” chamber or an “outer” chamber. The term
‘outer” may not imply that the chamber is separate from the inner chamber on all
sides and faces. The second inflatable chamber may be said to be a “nested”
chamber, an “embedded” chamber, or a chamber than is “surrounded” by another
chamber. The term “surrounded” may not imply that the nested chamber is
completely encompassed within the outer chamber; as described herein, the nested
chamber may share one or more sides, panels of material, or faces with the outer
chamber. Further the inflatable airbag may comprise more than two chambers. For
example, in one such embodiment, the inflatable airbag comprises three chambers,
wherein the airbag has two nested chambers. The configuration of the two nested
chambers can be such that the one of the two nested chambers is located within the
other, such that one of the nested chambers is nested within the other nested
chamber. Alternatively, the two nested chambers may not be nested with respect to
each other.

[0031] FIG. 4 depicts a bottom perspective view of a portion of inflatable knee
airbag assembly 100, wherein the upper portion of inflatable knee airbag 110 has
been cutaway. Internal tether 120 is formed from first and second tether portions
130 and 140 and the tether portions are coupled to first and second faces 113 and
114 of airbag 110 via flanges 132 and 142. A chamber to chamber vent 131 may be
formed in body portion 133 of first tether portion 130. Chamber to chamber vent 131
allows inflation gas to flow from first inflatable chamber 116 to second inflatable
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chamber 117. Therefore, in the depicted embodiment, first inflatable chamber 116
may be said to be in fluid communication with second inflatable chamber 117 and
the atmosphere via vent 118.

[0032] Chamber to chamber vent 131 may comprise a diameter D4 from about
5mm to about 45mm. In one embodiment, chamber to chamber vent 131 comprises
a diameter Dy of 25mm. Atmospheric vents 118 may each comprise a diameter D,
of from about Omm to about 50mm. In one embodiment, atmospheric vents 118
each comprise a diameter D2 of 25mm. One skilled in the art will recognize that the
diameters and shapes of the chamber to chamber vent and the atmospheric vents
may vary from those described herein for use with different sized airbags. Further,
the diameters of the vents may be varied to tune the deployment and cushioning
performance of the airbag. Also, in some embodiments, only one atmospheric vent
may be used. Further, in some embodiments, more than one chamber to chamber
vent may be used.

[0033] FIG. 5 is a top perspective view of a portion of inflatable knee airbag
assembly 110, wherein the upper portion 111 of inflatable knee airbag 110 has been
cutaway. Inflator apertures 119 may be formed on lower portion 112 of airbag 110,
and are configured to aid in coupling an inflator to airbag 110. In the depicted
embodiment, inflator apertures are formed on first face 113. Chamber to chamber
vent 131 is located on first tether portion 130 of tether 120. Chamber to chamber
vent 131 is located on a side that opposes lower portion 112 and inflator apertures
119. In some embodiments, one or more layers of one or more heat resistant fabrics
may be coupled near the inflator attachment area of the airbag. The heat resistant
fabric may comprise a plain woven fiberous material with a silicone coating, wherein
the fiberous strands in the fabric comprise E-glass, S-glass, or S2-glass grades of
fiberglass. If present, the silicone coating may be applied to one side of the fabric
and the fabric oriented within the airbag such that the silicone coated side faces the
inflator. Additionally, the airbag may have perimeter seam reinforcements and/or
reinforcement material and/or stitching at the inflator apertures.

[0034] One skilled in the art wil recognize that a variety of types and
configurations of heat resistant materials and coatings, as well as reinforcements
may be employed without diverging from the spirit of the present disclosure. For
example, the material need not be plain woven, but may have a more random fiber

orientation. Also, the heat resistant material may comprise one or more of a variety

70175996.1 0061174-00107 7



WO 2011/008916 PCT/US2010/042070

of different fibers such as para-aramid synthetic fibers that are sold as Kevlar brand
fibers, carbon, hemp, nylon, and polyester. Further, the heat resistant coating may
comprise one or more materials such as neoprene, urethane, phenolic materials,
and other flexible epoxies. In some embodiments, the reinforcement material and
the heat resistant material may comprise the same material.

[0035] FIG. 6 is a cross-sectional view of a portion of inflatable knee airbag
assembly 100, wherein for clarity, the airbag is depicted with perimeter seam 103 in
an open configuration such as in FIG. 3. As described above, airbag 103 has an
upper portion 111, at which a portion of perimeter seam 103 can be seen; a lower
portion 112 defining a fold; a first face 113; and a second face 114. Inflator
apertures 119 are formed in lower portion 112 of first face 113. The internal tether is
formed from first and second tether portions 130 and 140. A height, H4 of each of
the first and second tether portions 130 and 140 may be in a range from about
15mm to about 300mm. One skilled in the art will recognize that the height of each
of the tether portions may vary from each other. Also, the heights of the tether
portions may vary from embodiment to embodiment of the inflatable knee airbag
assembly described herein. Also, as the heights of the tether portions partially
define the height (or inflated depth) and the volume of the airbag and especially the
second inflatable chamber when inflated, the height of the tether portions is a
tunable feature to alter deployment and cushioning characteristics of the airbag.
[0036] Each of the tether portions 130 and 140 is coupled to the first and second
faces 113 and 114 at flange portions 132 and 142. Flange portions 132 and 142
may comprise lengths L, and Ls, respectively, wherein L, and Ls may each comprise
a length in a range from about 5mm to about 25mm. One skilled in the art will
recognize that the length of each of the flange portions may be the same for each
tether portion, and that the length of the flange portions may vary along an
attachment point of the flange to the airbag. The flanges 132 and 142 may be
coupled to the first and second faces 113 and 114 via stitching 104 and 106.

[0037] Chamber to chamber aperture 131 is located on an upper portion 111 side
of tether 120 such that inflation gas may flow between first inflatable chamber 116
and second inflatable chamber 117. In one embodiment, chamber to chamber
aperture 131 may comprise a one way valve such that inflation gas may pass from
first inflatable chamber 116 to second inflatable chamber 117, but not vice versa.
Tether 120 forms a second inflatable chamber 117 that is defined by first and second
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tether portions 130 and 140 as well as the portions of first and second faces 113 and
114 that are located within the first and second tether portions. An atmospheric vent
118 may be formed in a portion of second face 114 that is located between first and
second tether portions 130 and 140 such that inflation gas may be passed from
second chamber 117 to outside airbag 110.

[0038] FIG. 7A depicts first and second tether portions 130 and 140 from a top
elevation view. As described above, the internal tether may be formed from pieces
of material cut from a panel of material from which the inflatable knee airbag can be
formed. In another embodiment, the internal tether comprises a single piece of
material. Each of the first and second tether portions 130 and 140 have body
portions 133 and 143. The tether flanges, described herein, may be located along
side portions of the tether portions. Chamber to chamber aperture 131 is located on
first tether portion 131.

[0039] FIG. 7B depicts first and second tether portions 130 and 140 from a top
elevation view after the tether portions have been coupled together via stitching 123.
Tether portions 130 and 140 are coupled such that chamber to chamber vent 131 is
not covered. Chamber to chamber vent 131 may be formed prior to first tether 130
portion being coupled to second tether portion 140, or vent 131 may be formed after
the internal tether has been formed from first and second tether portions. In the
depicted embodiment, stitching 123 is configured as a box stitch. The internal tether
may continue to be formed via the free ends 134 and 144 of first and second tether
portions 130 and 140 being brought adjacent each other and stitched together, as
depicted in FIG. 8.

[0040] One skilled in the art will appreciate that a plurality of types, number, and
configurations of tethers and tether portions may be employed without departing
from the spirit of the present disclosure. For example, the internal tether may be
formed from a single piece of material that is not derived from the same panel of
material from which the airbag is formed, as depicted in FIG. 1, herein. The
inflatable knee airbag may employ a plurality of internal tethers, which form a
plurality of inflatable chambers. Further, the inflatable knee airbag may employ one
or more internal tethers that do not form nested inflatable chambers.

[0041] FIG. 8 is a perspective view of internal tether 120 of assembly 110,
wherein the tether is formed from first tether portion 130 and second tether portion
140 that have been coupled together at stitching 123. Body portions 133 and 143
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partially define the second inflatable chamber, and the heights of the body portions
partially define the inflated depth and volume of the inflatable knee airbag. Chamber
to chamber vent 131 is formed in first tether portion 130. Internal tether 120 may be
oriented within an inflatable knee airbag such that chamber to chamber vent 131 of
first tether portion 130 is on an upper side of the internal tether and second tether
portion 140 is on a lower side 122 of the internal tether. Flanges 132 and 142 are
depicted in a predetermined orientation, wherein the flanges are all oriented toward
upper side 121 of tether 120.

[0042] In the depicted embodiment, internal tether 120 may be said to comprise a
trapezoid, such as an isosceles trapezoid, wherein upper side 121 may be called a
first base, and lower side 122 may be called a second base. Upper side 121 and
lower side 122 are generally parallel. In the depiction of FIG. 8, first base 121 has a
greater length than second base 122. Lower side 122 of internal tether 120 is closer
to an inflator than upper side 121 and lower side 122 has a smaller width than a
maximum width of the internal tether 120. For example, in the depicted embodiment,
lower side 122 has a smaller width than upper side 121, which defines a maximum
width of internal tether 120.

[0043] In another embodiment, the internal tether may be said to comprise a
substantially triangular shape, wherein its upper side appears just like upper side
121 and it has an apex instead of a lower side 122. The corners of an internal tether
that has three or more sides may be sharp corners instead of the rounded corners
that are depicted in FIG. 8. In an additional embodiment, the internal tether
comprises a circle. In another embodiment, the internal tether comprises an oval. If
the internal tether is circular or has a symmetric oval shape, then the maximum width
will not be found at one of the sides, but rather at a middle portion.

[0044] FIG. 9 depicts a bottom perspective view of a portion of inflatable knee
airbag assembly 100, wherein inflatable knee airbag 110 is in an inflated state. In
the depiction, second face 114 is upward, first face 113 is downward, folded lower
portion 112 is distal to a viewer, and upper portion 111 is proximal to the viewer.
Internal tether 120 partially defines a second inflatable chamber 117 that has a
reduced height or inflated depth compared to first inflatable chamber 116.
Atmospheric vents 118 allow inflation gas to exit inflatable knee airbag 110.

[0045] FIG. 10 is a cross-sectional view of inflatable knee airbag assembly 110,
similar to FIG. 6, except in FIG. 10, airbag 110 is depicted as being inflated. Inflator
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150 is coupled to airbag 110 and housing 160 via the inflator apertures (not visible).
Airbag 110 comprises a first inflatable chamber 116 and a second inflatable chamber
117 that is partially defined by first and second tether portions 130 and 140. In an
inflated state, airbag 110 is configured such that second inflatable chamber 117 may
have an inflated height (or inflated depth) H, that is smaller than an inflated height Hs
of first inflatable chamber 116. As such, second inflatable chamber 117 may be
described as a reduced-depth inflatable chamber. One skilled in the art will
recognize that the events of deployment, inflation, and cushioning of an occupant are
not static, and as such, the shape and heights of airbag 110 depicted in FIGS. 9-10
are for illustrative purposes only. Also, chamber to chamber aperture 131 and
atmospheric vents 118 allow a total volume of inflation gas within airbag 110 and
relative volume of inflation gas between the first and second inflatable chambers 116
and 117 to vary, such that the depiction of FIG. 10 may only be accurate for a short
duration during airbag inflation without interaction with an occupant.

[0046] FIG. 11 is a top cross-sectional view of inflatable knee airbag assembly
100 that depicts an inflation gas flow pattern that is dictated by the configuration of
assembly 100. In response to predetermined conditions, inflator 150 is anchored to
a portion of housing 160, and may generate and/or release inflation gas, which may
cause airbag 110 to change configurations from a folded and/or rolled configuration
to an extended configuration. During airbag 110 deployment, inflation gas may
generally travel from lower portion 112 to upper portion 111, wherein the inflation gas
travels along a periphery of airbag 110 within first inflatable chamber 116. Internal
tether 120 is located in a predetermined location and is in a predetermined
orientation such that inflation gas travels around lower portion 122 towards upper
portion 121. The inflation gas may then enter second inflation chamber 117 via
chamber to chamber aperture 131.

[0047] One skilled in the art will recognize that a variety of shapes and
configurations of tethers may be employed to form one or more nested chambers.
Further, one skilled in the art will recognize that the embedded chamber need not be
freestanding within the outer, or larger, chamber. In addition to being coupled to the
first and second faces of the airbag, the nested inflatable chamber may share one or
more side portions with the larger chamber. For example, the wider upper side of
the nested chamber (at reference number 121 in FIG. 11) may be formed by the
perimeter of the upper portion of the inflatable knee airbag (at reference number 111
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in FIG. 11). In such an embodiment, the chamber to chamber vents can be
relocated to side portions or the lower side of the nested chamber. In such
embodiments, the gas flow patter depicted in FIG. 11 may be altered.

[0048] Any methods disclosed herein comprise one or more steps or actions for
performing the described method. The method steps and/or actions may be
interchanged with one another. In other words, unless a specific order of steps or
actions is required for proper operation of the embodiment, the order and/or use of
specific steps and/or actions may be modified.

[0049] Reference throughout this specification to “an embodiment” or “the
embodiment” means that a particular feature, structure or characteristic described in
connection with that embodiment is included in at least one embodiment. Thus, the
quoted phrases, or variations thereof, as recited throughout this specification are not
necessarily all referring to the same embodiment.

[0050] Similarly, it should be appreciated that in the above description of
embodiments, various features are sometimes grouped together in a single
embodiment, figure, or description thereof for the purpose of streamlining the
disclosure. This method of disclosure, however, is not to be interpreted as reflecting
an intention that any claim require more features than those expressly recited in that
claim. Rather, as the following claims reflect, inventive aspects lie in a combination
of fewer than all features of any single foregoing disclosed embodiment. Thus, the
claims following this Detailed Description are hereby expressly incorporated into this
Detailed Description, with each claim standing on its own as a separate embodiment.
This disclosure includes all permutations of the independent claims with their
dependent claims.

[0051] Recitation in the claims of the term “first” with respect to a feature or
element does not necessarily imply the existence of a second or additional such
feature or element. It will be apparent to those having skill in the art that changes
may be made to the details of the above-described embodiments without departing
from the underlying principles of the invention. Embodiments of the invention in
which an exclusive property or privilege is claimed are defined as follows.

70175996.1 0061174-00107 12
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Claims

1. An inflatable knee airbag comprising:
an airbag cushion comprising a plurality of inflatable chambers,

wherein one of the inflatable chambers is nested within an outer
inflatable chamber,

wherein the airbag cushion has an upper portion and a lower portion,

wherein the nested inflatable chamber is partially defined by an internal
tether,

wherein during inflation, the airbag cushion is configured to receive
inflation gas from an inflator and to direct the inflation gas such that the
inflation gas is split by a lower side of the nested inflatable chamber such that
the inflation gas travels around the nested inflatable chamber to a periphery of
the outer inflatable chamber and then converges on an upper side of the
nested inflatable chamber.

2. The inflatable knee airbag of claim 1, wherein the internal tether
comprises a chamber to chamber vent that is configured such that inflation gas may
travel from the outer inflatable chamber to the nested inflatable chamber.

3. The inflatable knee airbag of any of the preceding claims, wherein the
internal tether comprises a first tether portion and a second tether portion that are
coupled together.

4. The inflatable knee airbag of claim 3, wherein the first tether portion is
located on an upper side of the internal tether such that the chamber to chamber
vent is also located on an upper side of the internal tether.

5. The inflatable knee airbag of any of the preceding claims, wherein the
internal tether limits an inflatable depth of the nested inflatable chamber such that
the nested inflatable chamber has a reduced inflatable depth compared to the outer
inflatable chamber.

6. The inflatable knee airbag of any of the preceding claims, wherein the
internal tether comprises a shape that is one of a triangular shape, a trapezoidal
shape and an isosceles trapezoidal shape.

7. The inflatable knee airbag of any of the preceding claims,

wherein the outer inflatable chamber is defined by a first face and a

second face that are coupled together along a perimeter,

70175996.1 0061174-00107 13
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wherein the internal tether is coupled to both of the first and second
faces.

8. The inflatable knee airbag of claim 7, wherein the internal tether
comprises a first flange and a second flange, and wherein the first flange is attached
to the first face of the inflatable knee airbag and the second flange is attached to the
second face.

9. The inflatable knee airbag of any of the preceding claims, wherein the
internal tether further comprises a lower side that is closer to an inflator than the
upper side, and wherein the lower side has a smaller width than a maximum width of
the internal tether.

10. The inflatable knee airbag of any of the preceding claims, wherein the
airbag comprises a folded portion that comprises an inflator attachment portion.

11.  The inflatable knee airbag of any of the preceding claims, wherein the
nested inflatable chamber comprises an atmospheric vent that is configured such
that inflation gas may exit the nested chamber to outside the inflatable knee airbag.

12. The inflatable knee airbag of any of the preceding claims, wherein
during inflation, the outer inflatable chamber is partially inflated before the inflation
gas enters the nested inflatable chamber.

13. A method of making an inflatable knee airbag, wherein the method
comprises the steps of:

providing a panel of a flexible material;

removing a first portion of material from a middle portion of the single panel of
material;

removing a second portion of material from an opposite side of the middle
portion of the single panel of material, such that the single panel of material
comprises opposing end portions separated by a middle portion that has a narrower
width relative to the end portions;

folding the single panel of material at the reduced width middle portion such
that the single panel of material defines a first face and a second face, wherein the
first face lies on top of and parallel to the second face;

attaching the first portion of material and the second portion of material
together to form an internal tether,

positioning the internal tether between the first face and the second face;

forming a chamber to chamber vent in the internal tether;

70175996.1 0061174-00107 14
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forming an inflatable chamber by coupling the internal tether to the first face
and the second face; and

forming another inflatable chamber by coupling together the first and second
faces along a perimeter of the first and second faces.

14.  The method of claim 13, further comprising the steps of forming a first
flange and a second flange in the internal tether;

15.  The method of claim 14, further comprising the steps of attaching the
first flange to the first face and attaching the second flange to the second face,
wherein edges of the flange are oriented away from the folded middle portion.

16. The method of any of the preceding claims, further comprising the step
of forming an atmospheric vent in a predetermined location on the second face such
that the atmospheric vent is in fluid communication the inflatable chamber that is

formed by coupling the internal tether to the first face and the second face.

70175996.1 0061174-00107 15
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