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SINGLE STAGE DUAL CHAMBERED PASSENGER AIRBAG

CROSS-REFERENCE TO RELATED APPLICATIONS

This appiication claims the benefit of U, Provisional AppHeation Serial No.
61/861,045, filed on August |, 2013, the disclosore of which is incorporated herein by
reference in its entivety. This application alse claims pricrity to U.S. Application

Serial No. 14/450,187 having = filing date of Aogust 1, 2014,

BACKGROUND OF THE INVENTION

The present nvention relates a passenger airbag, which is filled with gas
during an emergency situation such as, for example, a fromal or side impact.

Current aitbag cushion designs may include multiple chambers and may
mcorporate an inter-chamber venting system that allows gas to flow from one
chamber to another. These cushions are configured to rapidly contact a vehicle
geeupant when inflated, o Hmit movement of the passenger head, neck and thovacic
regions. However, these cushion desigas do not differentiate between these different
regions with regard to the stiffhess or resistance of the various portions of the airbag
{0 contget with each region.

Research has shown that the masses of the various body portions contacting an
airbag differ greatly. For example, the mass ratio of the Thorax to Head & Neck

regions may range from between 5:1 to &1, depending on the sex of the indivichal,
Due to the differences in body part masses and the dynamics of contact between the
occupant and the cushion, it has proven difficult to design a multi-chamber airhag
which provides optinum protection for each portion of the body contacting the
aithag.

An additional challenge involves the use of a dual stage inflator. A dual stage

inflator is typieally emploved to provide sequential production of gas depending on
crash severity and depending on occupant size and/or position for example. A dual
stage inflator may be defined as containing two combustion chambers, a primary and
a secondary chamber, with each chamber when operated providing s first and second
stage of combustion. In general, the primary chamber is configured to ignite and
produce gases in the event of a crash event, The secondary chamber is provided to
affect a greater restrajut due to greater gas production should the neeupant be
recognized as being of greater weight and size, andfor, should the impending crash

severity be calvulated as requiring a greater or {aster restraint, Although effective in
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these regards, a dual stage inflator i relatively move expensive thas a single stage
inflator or one that enly includes a single combustion chamber with pne stage of
combustion. It would therefore be an improvement in the art to provide a solution
that mitigates the need for a dual stage inflator but still affords the protection provided
by a dual stage inflator.

Thus, a need exists for an airbag design which permits the stiffness or
resistance o cceupant impact provided by each portion of the airbag {0 be adjusted
according to the time elapsed from the inttation of airbag deployment, the size of the
oceapant, and/or the masses of different portions of the oecupant’s body comtacting an

associated portion of the atrhag.

SUMMARY OF THE INVENTION

In one aspect of the embodiments described herein, an airhag is provided

including at least one panel defining an inferior of the atrbag, and a divider positioned
in the interior so as to divide the interior into an upper chamber and 4 lower chamber.
A first valve mechanisw or valve assembly is operatively coupled to the divider for
restricting a flow of gases from the lower chamber into the upper chamber, The valve
mechanism is structured such that an actuation response time of the valve in
attenuating or impeding gas flow from the lower chamber into the upper chamber is
praportional to the pressure differential between the apper and lower chambers,

In another aspect of cortain embodiments described herein, those that at least
have a first valve assembly within the divider, an airbag is provided including at least
one panel defining a front side of the airbag structured io define a flat plane (P when
the airbag is in an inflated condition.

In another aspect of the embodiments of the described herein, an airbag is
provided including at least one panel defining an interior of the airbag and a divider
positioned in the interior so as to divide the interior info an upper chamber and a
lower chamber. The airbag is structured so as to deploy above a top of a head 700a of
a Hybrid HI 6-Year Olid Anthropomorphic Test Device, s the upper chamber inflates
in the fnitial stage of deplovment and when the head is positioned resting against or
proximate the vehicle instrument panel at a location specified as Position-? for
NHTSA Out of Posttion {QOF) testing in accordance with FMVSS Standard No. 208,

fn another aspect of certain evobodiments deseribed herein, an airbag s

provided including at loast one panel defining an interinr of the aitbag and a divider
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positioned in the loterior so as to divide the interior into an upper chamber and a
lower chamber, With reference to FIG. 16, the divider has at least one opening formed
therealong, the at least oue opening being positioned such that all edges of the at least
one opening reside within a zone {Z£3) bounded by a first vertical plane (P1) residing a
predetermined distance (1001} along the divider from an inflator side (100d) of the
airbag toward an oceupant contact side of the airbag, and a second vertical plane (P2)
passing through a location {1007) defined by a distance (D1) along the divider from a
seam {110a) connecting the divider (100} with the occupant side of the aivbag, after
asctivation of the airbag.

With regard to D as shows in the Figures, it has been found that when an
AFGS ATD contacts the frontal region 20 of the cushion 10, the head first contacts the
softer upper region defined by the upper chamber 102, thereby slowing the
momenturn of the head. The curvature in the divider 100, defined by the dimension
D1, broadens the upper chamnber 102, This has been found to ensure that the head
collides with the sofier opper region 102 rather than the relatively harder thoracic
region 104, It is believed that the improved kinematics of the AFOS ATD will result
in an improved airbag that enhances the safety of the aithag.

In another aspect of certain evbodiments described herein, an airbag is
provided including at least one panel defining an interior of the airbag, and a divider
posttioned in the inferior 5o as to divide the Interior into an upper chamber and a
tower chamber. The airbag is structured (o provide proportional restraing of g thoracic
region of a vehicle necupant after activation of the airbag.

In an additional aspect of the invention, an airbag as described above also
includes an upper chamber second vent assembly that provides venting of the
cushion’s upper chamber depending on eperational events.  As stated ghove and in
accordance with the present invention, so long as the pressure in the upper chamber ts
attenuated by contact of the upper chamber with the upper body or head of an
occupant, the gas pressure 1s Mased to How through the middie divider first valve
assembly mto the lower chamber, As the occupant kinematics favor an oceupant’s
torse contact with the lower charober of the airbag, alr pressure is thereby redivected
through the dividing panel’s first vent assembly into the upper chamber and the first
vatve assembly is occluded. As the upper chamber pressure increases, a second valve
member is shidably engaged with one or more venting orifices in the aitbag upper

panel, whereby the venting orifices are also occluded by a second valve member,
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thereby preventing venting of the airbag gas through the upper chamber venting
orifices.

In general, the present tnvention includes an airbag containing a divider that
forms a first chamber and g second chamber, wherein the divider contains a 8rst valve
assembly controlling the How of gas from the frst chamber to the second chamber.
The invention forther includes a second valve assembly within the first chamber that
is operatively dependent on the first valve assembly. The term “operatively
dependent” is undersiood to mean that the second valve assembly will be open or will
be closed based on a condition precedent of the fivst valve assembly. In the present
context, for exampie, the first valve assembly may attenuate or occhude gas flow from
the second chamber to the first chamber based on a pressure increase within the
second charaber. When that occurs, the second valve assembly is prompted to close
based on a resuliant increase in pressure within the Srst chamber. The dual valve
asserublies eliminate the need for a dual stage inflator, by providing a dynamic and

substantially sinnilar protection with gas produced from a single stage inflator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG T 18 a side view of a passenger~side airbag {in an inflated state) in
accordance with one embodiment of the present invention.

Fide. 2 ts a front view of the airbag of FIG. 1.

FIG. 3 15 a schematic perspective view of the airbag of FIG. 1, showing
slements of the airbag interior.

FIG. 4 13 a side view of the airbag of FIG. 1 mounted and deployed in a
vehicle in front of a scated passenger,

FIG 5 is a perspective view of the passenger-side airbag of FIGE. 1-4, shown
i ag inflated state and mounted in a vehicle,

FIG. & s a perspective view of a passenger-side aitbag in accordance with
another embodiment of the invention, shown in an inflated state and mounted in a
vehicle.

FIG. 7 1s a schematic view showing relative proportions of Anthropomarphic
Test Devices and relevant parameters used to define the desired positioning of the

divider within the airbag, in accordance with embodiments of the present invention.
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»-4

FIG. 8 is g side view of a Hybrid I 5th percentile female test
Antbropomorphic Test Device contacting a deploved airbag in accordance with
positioning of the divider within the airbag, in accordance with embodiments

FIG. G is a side view of g Hybrid 1 50th percentile male > Anthropomorphic
Test Device contacting a deployed airbag in accordance with positioning of the
divider within the airbag, in accordance with emhodiments

FIG. 1018 a side view of a vehicle passenger compartment showi mg a scated
’Mr&hmpnmorphic Test Device prior deployment of a vehicle aitbag.

FIGL 1T is the side view of FIG, 10 just afler the airbag has heen activated and
begins to deploy.

FIG. 12 s the side view of FIG, 11 afler additional time has clapsed after
airbag activation.

FIG. 13 is the view of FIG. 12 after full contact of the head and nock regions
ot the passenger with the airbag,

PG, 14 s the view of FIG. 13 after contact of the thoracic region of the
passenger with the seam of the leading edge of the aivbag divider panel.

FIG. 13 38 a dividing panel in plan view of an uninflated airbag showing a
fovation of a representative inter-chamber vent opening in the divider.

FIG. 16 18 a side view of a portion of the airbag shown in FIG. 15 in an
inflated state, showing a lfocation of the inter-chamber veniing, and showing the futial
stage of inflation of one embodiment of the airbag.

3

FIG. 16A is cross-sectional side view of the airbag embodiment shown in FIO,
16,

FIG. 16B is a magnified view of a portion of the cross-sectional side view
shown in FIG. 16A.

FIG. 17 is a side view of the aivbag of FIG. 16 showing a later stage of
mflation of the airbag

FIG. 1€ s a schematic view of an Anthropomorphic Test Device positioned in
Position-2 for NHTSA Out of Position testing under FMVSS Standard No. 208,

FIGSH. 19A and 198 are schematic cross-sectional side views of an airbag in
accordanece with an embodiment described hersin, showing a portion of the airbag

mntertor volume shared by the upper and lower chambers when the ba z is inflated.
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FIG. 2019 a side view of a 3 year-old Anthropomorphic Test Device in
positioned in Position-1 for NHTSA Out of Position testing under FMVSS Standard
No. 208, prior fo activation of a vehicle airhag,

FIG. 21 1s the side view of FIG. 20 after activation of 2 vehicla arbag,

FIG. 22 18 a view of a vehicle vccopant protection system imeorporating an
airbag in accordance with an embodiment of the present invention.

FIGL 23a 18 a view of one embodiment of a second valve assembly providing a
fuid communication between the exterior and interior of the awrbag, prior to actuation
of the girbag,

FIG. 23b is a view of the second valve assembly in FIG. 234, after actuation of
the airbag.

FIG. 24a is & top view of an alrbag containing a second valve assembly
enabling a fluid communication between the exterior and interinr of the airbag,
wherein the second valve assembly is shown in the closed position.

FIG. 24b is view of the airbag of FIG. 24a containing a first valve assembly
and a second valve assembly, prior to actuation of the airbag

FIG. 2d¢ is a view of the airbag of FIG. 24b, after actuation of the airbag.

FIG. Z5a1s a view of a second embodiment of a second valve assembly
providing a fluid communication between the exterior and interior of the abag, prior
{0 actuation of the airhag,

FH3. 25b is a view of the second valve assembly in FIG, 253, after actuation of

the airbag.

DETAILED DESCRIPTION

Embodiments of the present invention will be described below with reference
to the drawings. One of ordinary skill in the art will appreciate the various asy pects of
airbag design, construction and operation applicable to the embodiments of the
present invention deseribed herein. 1S, Pat. Nos. 6886857, T8S7347, R128124,
7,931,299, and 8322748, for example, describe many such aspects and are
incorporated herein by reference in their entirety, but not by way of limitation.

FIGSE. 1-4 are views of a passenger-side airhag 10 {in an inflated state)
secording te an embodiment of the present invention. The airbag embodiment shown

i FIGS. 1-4 is formed from three panels. Specifically, the arbag ts formed of a main
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panel 12, a right side {when viewing the airbag from a seated position) panel 14, and a
fefl side panel 16 opposite the right side panel 14. Bach of the side panels 14, 16 1s
generally plavar (when the aitbag 10 is not inflated). The main panel 12 connects the
feft and right panels and wraps around the airbag 10, As a result, the enfirety of the
right edge of the main panel 12 is connected along & seam 70 (e, g, by stitching,
sewing, or other sujtable means) to the vight panel 14 and the entivety of the left edge
of the main panel 12 is conmectad along a seam 72 (e g., by stitching, sewing, or other
suitable means} o the left panel 16,

The main panel 12 has both a front, impact side 20 and a rear, inflator side 22,
After wrapping around the airbag 10, ends of the main panel 12 are joined at the rear
mflator stde. In addition, the rear inflator side 22 has slits {not shown} which are sized
to receive an inflator {not shown), and may alse include holes (not shown} which are
sized to receive bolts {or other suitable fasteners) that are confi gured to secure the
atrbag 1 to the body of an astomobile (or other device). The “front side” of the
aithag or of main panel 12 is that portion of the airbag structured and positioned 0 as
to be impacted first by a vehicle occupant when the aitbag is activated.

Reterring to FIGS, 1-4, a divider 100 is stitched or otherwise suitably attached
along a perimeter thereof to interior surfaces of the main, lefl and 1 ght panels. It has
been found that this configuration may assist in pulling the sides in, or in maintaining
the orientation of the sides, to better maintain the desired sh wape of the airbag. The
divider 100 is gttached to the pane! interior surfaces along a seam 110 so as to restrict
gas flow between the divider and the panels to which it is attached. In a particular
embodiment, the divider 100 is attached 1o the panel intertor surfaces along seam 110
50 a8 to form a gas-tight seal between the divider and the panels to which it is
attached. Divider 100 divides the airbag interior into an upper chamber 102 and a
iower chamber 104,

fn the embodirents of the present invention, the inflated shapes of the aithag
H0 and divider 100 and the positions of the intersections hetween divider 100 and the
intertor portions of the panels 12, 14, 16 to which the divider is atisched are
configured so as to ensure that the head and neck regions {collectiv ely designated 302

for a Hybrid T Sth percentile female test AT 305, 402 for | Hybrid 1 S0th percentile
wale test AT 408, and 302 for a Hybrid 1 95th pereentile male test ATD 505, as
shown in FIG. 7} of passengers of varions sizes impact the bag along the exterior of

the upper chamber 102 of the bag {i.¢,, that the upper chamber 102 absorhs the Hmpact
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of the head and neck regions of the passenger). The configuration of the divider 100,
its positioning within the airbag, and the position of the portion 110a of the seam 110
attaching the divider leading edge 100a to the panel 17 enable the cushion to match
the forward movement of the relatively heavier thoracic regions {generally designated
304 1w ATD 305, 404 in ATD 405, and 504 in ATD 505) to the forward movement of
the refatively smaller and lighter head & neck regions 302, 402, 502,

Referring to FIGS. -4, in one example, edge 100a of divider 100 attached to
an interior surface of the front side 20 of main panel 12 defines a leading edge 1804 of

the divider 00, Leading edge 100a is atta d}ad to the main panel front side 20 slong
seam 1} and 1s configured such that the leading edge 100a and the portion 110a of
the seam 110 attaching the leading edge to the front side will reside below the neck
and head regions of any passenger contacting the airbag front side (more specifically,
within the zone Z shown in FIG. 7 and defined below), when the airbag mounted in
the vehicie and is fully inflated. In this configuration of the airbag, the passenger head
and veck regions will always contact the airbag along an exterior of the bag upper
chamber 102

In the particular embodiment shown in FIGS. 1-4, divider 100 is attached to
the inner surfaces of the airbag panels 12, 14, 16 5o as to form a curved surface 100h
having & downwardly angling portion 100c terminating in leading > edge 100a
connected to front side 20, However, the seams connecting the divider 100 1o the
main and side panels may have any locations and/or configurations necessary o
tacilitate attachvoent to the pane! 12 at the desired Iocation within zone 2 as deseribed
herein. For example, FIG. § shows the atrbag embodiment of FIGS. 1-4 i an inflated
state and mounted 1n a vehicle,

Referring to FIGS. 6 and 7, in the embodiments described herein, the divider
leading edge 100a is attached to the main panel along a seam 110 positioned 50 as o
reside within a zone 2 defined at a lower end 22 by the hip pivot 202 of a seated
Hybeid HI 5th female ATII 305, aud at an upper end 21 by the shoulder pives 206 of a
seated Hybrid HI 50th ATD 405, inclusive. These boundary positions and other
characteristics of all the test ATD s described herein are specified in 49 CFR Part
572, which is incorporated herein by reference jn its entirety, and which may be
tound, for exaniple, at "hitp//www.gpe. gov/fdsys/phg/CFR-201 1 ~title49-
voi7/pdCFR-201 1 -titled9-volT-part372.pdf". fn a particular embodiment, the hip

pivet 202 of the seated Hybrid 1 5th female AT resides at # vertical distance of
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3.30 inches above the porticn of the seat in contact with the AT 3, and the shoulder
pivol 206 of the seated Hybrid 11 50th male ATD resides af a distance of 1'7.5 inches
above the portion of the seat in contact with the ATD. Thus, the dirsension of the
zone £ s 14.2 inches,

It i3 noted that the hip ptvols of the seated ATD's 305, 405, and 503 are
collinear or at the same level, so that the hip pivot of the seated Hybrid [ 50th male
ATD 405 may be referrad 1o as 2027, This conumon boundary of the zone 7, may alac
serve as g reforence axis. Also, In this erabodiment, the portions of the hody located
above the respective shoulder pivots on AT s 305, 405 and 305 are considered to
define the respective head and neck regions of the ATV s, FIG. 8 shows contact
between the front er contact face of a deploved airhag 10 and the divider leading edge
seamt | 10a positioned as just desertbed, and a Hybrid 1 5th female ATD 305, FIG. ©
shows contact between a deployed airbag 10 of the same design shown in FIG. 8, and
a Hybrid I 50th wale ATD 405, It is seen that both of ATIY s 305 and 405 contact
the seam 110a connecting the divider leading edge 100a to the airbag main panel 12
within the zone 7 previoasly described.

In the embodiments of the present invention described herein, the varions
airbag elements are shaped and connected 1o cach other so that, when fully inflated,
the front side 20 of the bag aids in maintaining alignment of the head, neck, and
thoracic body regions slong a line L as shown in FIG. 4 dhring impact with the airbag
and after contact with the bag. It is desirable to maintain this alignment doring and
atter contact with the bag, so that the entire upper bod y of the passenger {Le., the
head, neck, and thoracic regions) effectively pivols sbout the hip axis of the
passenger, as shown in FIG. 4. To this end, as seen in FIG. 4, the bag is structured
such that the portions of the inflated bag front side 20 contacted by the passenger
form an essentially fat plane, indicated by the line P in the drawing. It is also
desirable that the line L along which these body regions lie be parailel with the plane
P during and after impact with the airhag, o aid in preventing differential motion of
the head/neck region and the thorax region e, a bending of the neck and head
regions relative to the thorax).

An inter-chamber venting system is provided to permit pas to flow from the
upper chamber 102 into the lower chamber 104, and also for controlling or restricting
backflow from the lower chamber 104 into the upper chamber 102, More generally, it

will be appreciated that the malti-valve assembl y presented in accordance with the
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invention essentially conirols flow between a fivst chamber and a second chamber, In
one embodiment the first chamber i3 the upper chamber 102 and the second chamber
is the Jower chamber 104, However, it will be appreciated that modifvin 2 the applied
ortentation of the airbag within the vebicle may of course change the characterization
of the chambers from an opper chamber to a fivst side chamber for example, and, from
a lower chamber to a second side chamber for example,

In one embodiment, a flow restriction valve 112 {shown schematically in the
drawings} is incorporated into or otherwise operatively coupled to divider 100 for
controlling flow between the upper and lower chambers. The valve is structured such
that an acteation response time of the valve in attenuating or wupeding gas flow from
lower chamber 104 into upper chamber 102 is proportional to the pressure differential
between the apper and lower chambers. The valve is also siroctured such that a
backilow rate of gases through the valve and into the upper chamber is proportional to
the pressure differential between the upper and lower chambers.

Valve 112 may have any of a number of structures suitable for controlling £as
flow in the airbag interior, in the manner described hersin, In one crbodiment, the
valve has the structure shown in ULS, Patent Application No. 61/862,491, the
disclosure of which is incorporated herein by reference. In another embodiment, the
valve has the structure shown in U.S. Patent Application No. 61/865,095, the
disclosure of which is alsoe incorporated herein by reference. The gas flow rate from
the upper chamber 102 into the lower chamber 104 may be controlled in a known
manner by controlling the valve siructure and dimensions.

Portions of one or more of panels 12, 14, 16 defining upper chamber 102
incorporate one or more vems {not shown) therein to release gas from the upper
chamber to the environment exterior of the airbag in a controlied manner during
contact between a passenger and the aitbag.

Operation of an airbag in accordance with an embodiment of the invention,
and movement of the vehicle ocoupant’s body prior to and dering contact with a
deploved atrbag are illustrated in FIG. 4.

FIGS, 10-14 show a typical deployment/passenger contact sequence using an
airhag in accordance with an embodiment of the present invention, FIGS. 8 and @
show portions of collision tests using ATE s 305 and 405, respectively, meeting the
specifications previously deseribed, after deployment of the airbags and stoppage of

passenger forward motion.
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Retferring to FIG, 14, prior to bag deplovment, an ATD 308, 403, 508 is seated
and airbag 1D {not shown) is operatively coupled to an associated gas generating
system or other inflation fluid source {not shown), in a manner known in the art. The
wtlation fluid source may be operatively coupled to a collision event sensor (not
show} that includes {or is in operative commuanivation with} a controller {not shown)
which signals activation of the sirbag system in the event of a collision. The airbag
and ifs associated inflation means are configured fo provide rapid inflation of the first
or second chamber of the airbag depending on the occupant kineratics as described
herein.

Referring now to FIGE. 11 and 12, when the system is activated, inflation gas
flows from the inflation flnid source futo upper chamber 102, rapidly inflating the
upper chamber to enable this chamber to intercept the forward-moving head and neck
regions as soon as possible, to aid in mininizing the momentum built up by the head
and neck regions. At this early stage of airhag inflation, the occupant seathelt may
tension to maintain the occupant’s lower thoracic region in the seat, Inflation gas then
flows from the upper chamber 102 through valve 112 into lower chamber 104 to
pressurize the lower chamber for supporting the occupant thoracic region when the
seatbelt tensioner releases. Referring to FIGS. 13 and 14, when the lower chamber is
filled, valve 112 actuates responsive to pressure in lower chamber 104 to attenuate or
restrict the flow of gas back into the upper chamber 102, Also, as seon in FIGS. &, 9,
13 and 14, contact between the ATEY s and the airbag leading edge 1004 occurs within
respective zones £ defined by the hip and shoulder joint locations on the bodies of the
ATEY's as previously described, Referring to FIGS. 4, 8,9, 13 and 14, it is seen that
the divider leading edge seam 110 comacts the passenger between the hip pivot 2027
of the passenger and the shoulder pivot 2067 of the passenger.

Referring to FIGS. 13 and 14, if the thorax region of 4 relatively larger,
heavier occupant impacts the portion of the airbag exierior enclosing the lower
chamber, the pressure in the lower chamber rises relatively rapidly, causing the valve
112 to actugte relatively quickly to restrict gas flow back into the upper chamber,
thereby maintaining a relatively higher pressure in the lower chamber. This higher
pressure stiffens the aitbag and helps to coshion and sbsorb the relatively preater masg
and resultant momentum of the heavier cecupant. However, if the thorax region of a
relatively smaller or lighter cccupant impacts the portion of the airbag exterior

enclosing the lower chamber, the pressure in the lower charnber rises relatively more



WO 2015/017841 PCT/US2014/049502
stowly, causing the valve 113 to actuate more slowly to restrict gas flow back into the
upper chamber, This enables the lower chamber pressure to fall to a relatively fower
fevel, causing the lower portion of the bag to be less stiff in cushioning and absorbing
the relatively smaller mass and resulfant ruomentom of the lghter occupant. As gases
are forced from the lower chamber into the upper chamber through the valve 112, the
lower chamber of the airbag continues to deflate and deflect so as 1o absorb energy.

In the same rmanuer, as the passenger head and neck regions 302, 402, 502
contact the airbag, gases received in the upper chamber from the inflator and gases
received through the valve via backflow from the lower chamber are vented to the bag
exterior through the upper chamber vents 106 (shown schematically in FIG. 1),
resulting in a reduction of upper chamber pressure and a “sofiening” of the bag front
surface over the upper chamber, responsive to contact with the passenger’s head and
neek regions. This softening alds in providing support sufficient to protect the
occupant’s head and neck region, while helping to minimize the contact forees
between the head/neck region and the airhag. The resistance provided by the bag to
forward motion of the head and neck regions by the upper chamber is relatively less
than the resistance provided to the thorax region by the lower chamber, due to the
relatively lesser mass and inertia of the head and neck region. In this manner,
proportional vestraint of the cecupant’s thorax is achieved (i.e., the degree of stiffness
or support is proportional to the mass and fnertis of the oeoupant).

However, if the thorax of the ocoupant is in greater contact with the airbag,
then as stated above, the valve 112 effectively closes due to a refatively quicker
pressure buildup in the lower chamber. In accordance with one aspect of multi- or
dual-valve assembly airbags ot the present invention {those airbags containing at least
one valve assembly 112 in the divider 100, and at least one second valve assembly
G006 10 a first chamber), the first or upper chamber then fills with gas at a relatively
quicker rate thereby extending the upper chamber to a fuller inflated state. When this
oceurs, and with reference to FIGS. 232-25b (further described below}, a second valve
assombly 800, identified by reference numerals in the 900°s, closes to prevent venting
of the upper chamber gases to the exterior of the airbag. Stated another way, a seconsd

valve 902 sewn into the upper chamber wall contains one or more holes 904, whershy
cach of the one or more holes 904 way be aligned with corresponding hole or
plurality of holes 106 v one of the airbag panels such as airbag panel 12, A tether

908 13 integrally or otherwise connected to the second valve 902, and is preferably
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sewn or otherwise attached to, or proximate to, the front side 280 of the panel 12, An
extending portion 910 of the tether 908 extends between the valve 902 and the front
side 20. As the airbag is activated and pressure begins to 811 the upper chamber, the
extending portion 910 of the tether 908 is exiended to its full length whereby the holes
904 of the valve 902 correspondingly move to close the valve 907, Ass result, upon
extension of the tether 808, the material of valve 902 then occludes the heles 106
thereby preventing the release of gas to the exierior of the airbag throogh the valve
902, A guide member 913 may be sewn to the upper pauel 12 and about the valve
802, within the atrbag, to orient the position of the valve 902, and to ensure that the
holes 904 and 106 remain aligned prior to activation of the girbag,

Accordingly, if the airbag pressure in the apper chamber hegins to accumulate
due to occlusion of the first valve 112, a substantially complete inflation of the upper
chamber resalts in an occlusion of the second valve assembly 900, or in the closing of
the second valve 902, It may therefore be stated that as fluid flow is mitigated or
eliminated between the upper chamber and the lower chamber of the airba 2, the
second valve 902 vperates to close off or attenuate fluid flow or fluid communication
between the interior of the airbag and the exterior of the airbag, and between ports
904 and 106. In general, as the first valve 112 attenuates or eliminates fow hetween
the upper chamber and the lower chamber, the second valve assembly 902 eliminates
tow through holes 108 by the flush interface of non-permeable airbag matertal 914 of
valve 902 against holes 106, Stated another way, as holes 904 are moved based on
extension of the tether 908, the resaltant increasing pressure in the upper chamber
biases the non-permeable material 914 against the gas exit orifices 106 thereby
preventing the escape or venting of gases to the exterior of the airbag.

In addition, hecause of valve 112, the lower chamber pressure 1s maintained at
an optimum level, thereby maintaining the firmness of the hag surfaces exterior of the
lfower chamber in response to contact with the passenger. This facilitates piveiing of
the passenger’s npper body about the hip axis and maimtenance of ali goment of the
thoracic and head and neck regions along axis L. Forthermore, the levels of restraint
or resistance to forward motion (L.e., the stiffhesses) provided by each of the upper
and lower chambers can be tuned or adjusted by appropriate modification of the valve
and vent design parameters.

In the manner described above, the airbag is structured o include g region of

refatively higher intemnal pressure for supporting a thoracic region of a vehicle
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occupant after airbag activation, and stractured to tnclude a region of relatively higher
interval pressure for supporting a head and neck region of a velicle occupant after the
airbag activation.

it has been found that passenger-side atrhags structured as described herein are
more efficient with regard to usage of inflation gas than other airbag designs, This
characteristic enables a relatively lower-output inflator or gas source to be osed to
inflate the ajrbag, rather than using a conventional dual-stage inflator, as the generated
gas 18 conserved through all phases of the occupant protection event.

As deseribed above, the airbag embodiments described herein provide restraing
to the ditferent body regions (head/neck and thorax} of the sccupant according to the
mass and inertia of each region. The stiffuess of the aitbag responsive to bodily
contact may be adjusted by modifving the flow characteristics of the valve 112
comnecting the upper and lower chambers. The stiffness of the lower chamber 104
may be reduced by wodifying the valve 112 so as to permit a relativel y greater
flowrate of gas back into the upper chamber 102 responsive to pressure exerted on the
tower chansber by the vehicle ocoupant. Conversely, the stiffhess of the lower
chamber 104 may be increased by modifyving the valve 112 s0 a8 to permit only a
relatively lower flowrate of gas back into the upper chamber 102 responsive o
pressure exerted on the lower chanber by the vehicle occupant.

in another example, the stiffness of the upper chamber 102 way be reduced by
modifving the upper chamber vents 50 as to permit a relativel v greater flowrate from
the upper chamber into the atmosphere responsive to pressure exerted on the apper
chamber by the vehicle vocupant. Conversely, the stiffness of the upper chamber 102
may be increased by modifying the upper chamber vents so as to permit only a
relatively lower flowrate from the upper chamber into the atmosphere FESPONSIve to
pressure exerted on the upper chamber by the vehicle occupant.

It has been found that passenger-side airbags stractured as described above are
especially effective i providing optimal cushion performance for both relatively
larger and relatively smaller occupants. This bag structare enables the airbag surfaces
to deflect responsive to contact with bot the heavier thoracic region and the smaller
and lighter head and neck region, 80 as to help mainiain body alignment along lue L

{(FIG. 4} during contact between the passenger and the airbag,
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I another aspect of certain of the embodiments described herein, and
particularty with regard to the smbodiments baving a valve assembly within the
divider, a volume ratio {VR} of the airbag may be defined as:

VR= \’?‘uppf:r / {vuppe:' + V‘oxv'cr}s

where Vipne 18 the volume of the upper charber 102 when fully inflated and Viwe 18
the volume of the lower chamber 104 when fally inflated. As a resuit of the
positioning of leading edge 1002 so as 1o reside in zone 7 as described herein, the
embodiments of the present invention define a range of ratios of the upper chamber
volume Vg when fully inflated to the total intertor airbag vohume (Vi + Viewer)
when fully inflated. In the embodiments described herein, the ran ge of desived volume
ratios i3 35% to 85% inclusive. Stated another way, the range of volume ratios of the

respeetive airbag may be governed by the following relation;

o/ {\’rzmpﬁ + Viower) T &3%

The governing equation for the volume ratio for dual-chambered atrhags in
accordance with single valve embodiments of the present invention is the ratic of the
upper chamber alone over the iotal of both upper and lower chanibers measured
simulianeously, using the Ping Pong Ball Volume Method.

The particular volume ratio selected for a given airbag apphication s
determined by such factors s the relative locations and dimensions of interior
features of the vehicle in which the airbag is to be used. These characteristios
determine the volume between the seated passenger, a windshield 210 and an
nstrument panel 212 {or other bag stowage location), for example, available for
deployment of the airbag. For example, a relatively smalier available deployment
space may require a relatively smaller airbag. In this case, the airbag vohane ratio
{Vipaer / { Vipper 7 Viewer )} miay need 10 be tatlored as described herein in order to
optimiize pecupant protection.

The structure of the divider 100 and the locations at which the divider is
attached to the maiu and side panels may be specified so as to provide a desired
volume ratio within the specified range. For exam ple, a relatively greater volume ratio

may be achieved by locating and securing the divider at a relatively lower position
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within the airbag interior, so thal the upper chamber volume is larger relative o the
total intertor volume of the bag. Conversely, a relatively lower volurne ratio may be
achieved by locating and securing the divider at a relatively higher position within the
airbag interior, so that the upper chamber vohane is smaller relative to the total
mntertor volume of the bag,

FIG. 6 shows an embodiment of the divider position within the airbag interior,
adjusted to provide a relatively greater volome ratio VR= VY appes # {Vapper T Vigwer) 1
this variation, the divider 100 is configured and attached to the interior surfaces of the
bag panels 50 as to form a depression 100k just behind the leading edge attachroent

{10a.

Referring to FIGS. 19A and 198, in & particular embodiment, i has also been
found that the divider 100 can be structured and attached to the from panel 12 and
side panels 14 and 16 such that the sam {Vipper T Yiewor} OF the volumes of the upper
and lower chambers 102 and 104 sfter attachment of the divider and when the atrbag
is in a fully inflated condition, is greater than the internal volurne Yoveran OF the airbag
{as defined by only panels 12, 14 and 16} without the divider attached and in 2 folly
inflated condition.

This is due to the upper chamber volume gy inchuding both a Vgee (as
measured when the upper and lower chambers have the same internal pressures,
represented as divider configuration 702 in FIG. 18A) and an additional volume AV,
which is the difference between Vipper and the expanded upper chamber volame
{represented as divider configuration 704 in FIG. 19A) produced when a pressure
differential between the chambers causes a net deflection of the divider 106 toward
tower chamber 104 (FIG. 19A). The effect described is also doe to the lower chamber
volume Vigwe including both a Vigee: {as messured when the upper and lower
chambers have the same jnternal pressures, represented as divider configuration 702
in FIG. 198) and an additional vohame AVL, which is the difference hetween Viowert
and the expanded lower chamber volume (represented as divider configuration 706 in
FIG. 198) produced when a pressure differential between the chambers causes a net
deflection of the divider 100 toward upper chamber 102 (FIG. 198). Thus, in this
ernbodiment, a sum of the volume V wpoer OF the npper chamber in a fully inflated

condition and the volume Viwe of the lower chamber in a fully inflated condition is
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greater than a fully inflated intemal volume Ve of the airbag without the divider
postiioned therein.

it has been found that a ratio { Vipper © Viewer¥ Ve having a value of ap to
1.2 may be provided by attaching a suitably configured divider to the onter airbag
pancls. Thus, the sum (AV gper + AV jowe ) M8y comprise ap to 20 percent of V. In

a particular embodiment, AVL = AV,

Retferring to FIGS. 15-17, in yet another embodiment, a valve mechanism 112
controls and provides a directional gas flow through one ar more openings 200
{Figare 13) formed in divider 100, Opening(s) 200 are provided to enable fluid
communication frony upper chamber 102 into lower chamber 104, It has heen found
that airbag performance afier activation and during filling is affected by the distance
{or distances) 100f of the opening(s) 200 from the inflator side 100d of the airbag {as
seent in FIG. 16a), and also by the distance {(or distances) of the opening{s} 200 from
the front or passenger side 100a of the airbag along an axis extending paraliel to the
fore-alt axis of the vehicle. More specifically, if leading od ge 200a of the openings
200 {or the leading edge of any opening, if multiple openings are used} s located
nearer to the occupant contact side of the cushion than a location 100 defined by g
distance 31 from the vecupant side {as measured from the seam connecting the
divider 100 with the font portion of main panel 12 and along a surface of the divider,
the airbag will have a tendency 1o pull excessively downward during inflation of the
upper chamber 102, thereby pulling the airbag out of the desived alignment with the
passenger’s body shown in FIG. 4, prior to contact betseen the passenger and the
inflating airbag.

Also, i a rear-most edge 200b of the opening 200 {or the rearmost ed ge ot
any opening, if multiple openings are used) is located closer 1o the inflator side 1004
of the airbag than a location 100h {residing a predetermined distance | U0f along the a
surface of the divider 100 from the inflator side 100d), the movements of the
components of the valve mechanism 112 may be constricted by proximity to the
instrument pasel profile (as denoted by Hoe 212 in FIG. 184), thereby impairing
valve operation. Thus, between locations 100h and 100 along a surface of the divider
is an interval or zone in which the opening or openings 200 should he positioned to

achieve adequate gas flow to £l the lower chamber,
w2



WO 2015/017841 PCT/US2014/049502

While movernent of the leading edge(s) 2003 past the distance D and farther
away from the front portion of the main panel 12 eliminates excessive downward pall
of the airbag during the mitial stages of inflation, therehy improving the overall
performance of the bag with respect to an adult ocoupant, this positioning of the
opening(s) may result in less-than-optimum performance for Cut of Position-1
children. There is a balance between these requirements which may be tuned for a
specific vehicle or specific application i order to achieve the best overall
performance both garly and later in the deployment event, and for both tvpes of
passenger. Hetween locations 100h and 1002 He an optimal location or locations for
tuming the initial cushion fill and cushion pitch to achieve the desired results for a
given application. The exact desired location of the opening {or openings) 200 for a
particular application may be determined tteratively, by experimentation, or

analvtically.

b particular embodiments of the airbag, it is desived to position the opening{s)
200 along the divider 100 so that, during inflation, the airbag 10 reacts with a child
passenger in a predetermined manner. More specifically, the opening(s) 200 are
positioned along the divider such that, as the upper chamber fills in the initial stage of
deployment, the bag upper chamber 102 inflates above the top of the head 700a of a
Hybrid 1113 and 6-Year Old Anthropomorphic Test Device (ATD) (generally
designated 700} when the head is positioned resting against or proximate the vehicle
mstrument panel at a location specified as Position2 for NHTSA Out of Position
{O0F) testing in accordance with FMVSS Standard No., 208 {which may be found,
for example, at hitp//www . finesa.dot. govirules-
regulations/administration/fmest/fmesrroletextaspx Treg=371 208}, which is
incorporated herein by reference in its entirety. The Hybrid 11 3 and 6-Year Old test
ATD has physical parameters defined by the National Highway Traffic Safety
Adminisiration at "hitp://ewww nhisa.gov/Research/HYBRID+TH+6-
Year+{Hd+Physical+Data" " _blank”, the contents of which is incorporated by
reference in its entirety. Position-2 for Qut of Position testing is alse shown in figere
5 of the reference available at
Thitpe/fwww nhisa. govicars/rules ralings/80/80gii html”, the substance of which is

repeated in this application as FIG. 18,
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As gases flow tnto the lower chamber 104 from the upper chamber 102, the
lower chamber 104 inflates in the later stages of deployiment o as 1o occupy a space
behind and around the child’s head, thereby preventing and/or mitigating harntil
interactions between the airbag and the child’s head. This inflation Progression is
shown i FIGS. 16 and 17,

The values of D1, 100 and other valve positioning parameters are determined
as & function of the vehicle interior dimensions and the placenent of the out-of-
position-2 child, according to the previously mention NHTSA standards. Practical
Lnaitations of the valve placement affect the airbag performance for an cut-ofposition
3-year old or G-year old child, as defined by NHTSA FMVSS Standard Ne. 208, By
positioning the valve 112 within the range dofined by locations 10h and 100) (e,
zone Z3) i FIGS, 16A and 168, the forces exerted by the aithag on both the 3-year
old and G-year old child in Positice-1 (shown in FIG. 24} will be distributed between
the vhild’s head and thovax regions, For example, it has been found that when the
valve 112 is positioned within a distance D1 along the divider from a seam connecting
the divider 100 with the cocupant side of the airbag, the atrbag will tend to frapact the
child when deployed, before completely filling. This contact with the child tends to
prevent the gases trom flowing into the lower chamber, which may produce greater
forces acting on the child. Also, it has heen found that when the valve 117 is
positioned within g predetermined distance 100f alon g the divider from an inflator
side 1004 of the airbag toward an occupant side of the airbag, the airbag will tend to
impact the child when deployed, before completely filling, with the rosults previously

mentioned. In contrast, referring to FIG. 21, it has been found that when the valve 112

inte the lower chamber without absiraction. This creates a mere even! y distributed
loading on the chili’s head and thoracie regions. Also, with this placement of the

valve, the gases can morve easily flow out of the vents 106 from the upper chamber.

it has been found that an optimum inflation profile range and aligrument with
the passenger’s body as shown in FIG. 4, as well as the bag inflation progression
shown in FIGS. 16-17, can be achieved hy positioning sl divider opesings 200 such
that all edges of all the openings reside within the zone bounded by or residing
between locations 100h and 100§ in FIG. 184, which yay also be defined on one side

By a vertical plane P! shown in Figure 16 corvesponding to location 100k in FIG. 16b
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abutting the front-most portion of the head of the Hybrid HE 6-Year Old
Anthropornorphic Test Device wheo the head of the Hybrid Il 6-vear old is in
Position-2 for NHTSA Out of Position testing as specified above, and on an Opposite
side by a vertical plane P2 {see FIG. 16) passing through location 100] shown in FIG.
16b. As known in the pertinent art, an anthropomorphic test device is & human form in
shape, mass and mmechanical response, equipped with sensors melnding
accelerometers, deflection sensors and other measorement deviess, o sirnulate the
performance of the human body. 1 is used in the assessment of injury potential in
vehicle safety testing. In one embodiment, plane P2 is spaced apart approximatel v

oy
7
I

L8 em {7 inches) from plane P1 toward a rear of the vehicle when the airbag is
nflated. This effectively positions the divider opening(s) within a zone enclosing the
head of the Hybrid Tl 6-Year Old ATD. The distance hetweoen planes P1 and P2
defines ¢ zone £3 in which the openings 200 may be positioned. For example, FIG. 135
is a plan view of an uninflated airbag showing an embodiment of the airbag divider
100 having  circular opening 200 positioned such that the rear-most edge of the
opening resides within the specified zone 23 when the bag is inflated.

It has also been found that a total area of the opening (or openings) 200 within
arange of 700 square millimeters (achievable using, for example, one opening of

approximately 15mm radius) to 32,000 sguare millimeters {achievable using, for

exampie, one opening of approximately 100 mum radius opening) is desirable for
hedping to ensure that airbag performance is within an optimm range. n
embodiments of the present invention, which use a directional valve mechanism to
facilitate inflow and resirict backflow from the lower chamber o the upper chamber
as previousty described, the areas of the divider opening or openings may need {0 be
at or near an upper end of this range of opening sizes 700 to 32,000 square
millimeters, o provide the necessary inflation profile given the reduction in flow
caused by turbulence and friction in the gases as they flow through the oponing{s) and
interact with the portions of the valve.

In one embodiment, the opening or openings 200 are circular. However, the
opening(s} can have any desired shape, as long as the total ares of the opening(s) is
within the range specified above, and as long as all of the opening edges are
positioned within the zone defined abhove.

In addition, the mumber of openings 200 and the optimum size(s) of the

opening(s} formed o divider 100 for a particular application may be determined based
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on the type of vehicle collision pulse and interior geometry of the vehicle in which the
aitbag is installed, the desired fill rate of the airhag, the volume ratio, the type of
divectional valve used, the overall dimensions and curvature of the instrument panel,
and other pertinent factors, The stze(s) and position(s) of the opening(s} 200 as
deseribed herein facilitate smooth and rapid transfer of inflation gases fom the upper
chamber to the lower chamber during initial stages of sirbag filling. Once squilibrinm
is substantially reached between the upper and lower chamber pressures, flow from
one chamber to the other is reduced. As the ocoupant beging to load the lower
chamber of the cushion, the pressure within the lower chamber increases, causin g the
operating member of the valve to restrict the backtlow of gas from the lower chamber
to the upper chamber. This restricted flow now is effectively absorbing energy from
the occupant inferaction with the bag lower chamber. The fSow restriction can also be
adjusted or tuned in order o absorb the occupant energy as required for a particular
applization. The directional valve 312 controlling flow between the upper and lower
chambers can have a single operating member which provides both a desired inflow
{to the lower chamber} and a desired backilow {(back from the lower chamber)
characteristic, or the valve can have one operating mensber for controlling inflow and
another operating member to control cutflow from the lower chamber. In the later
phases of the oceupant loading of the cushion, backflow from the lower chamber goes
nio the upper charober and then the gas is discharged from the apper chamber into
the environment through the main vents {not shown) located in the wall of the upper
chamber,

o an embodinent where multiple valves are incorporated into or coupled to
divider 100 to increase gas flow into lower chamber 104, all of the valves need not be
positioned within zone 23, However, it is desirable to position any additional valves
within 2one Z3 rather than within the distance D1 from divider leading edge 100a.

In the case of an Out of Position child in accordance with the NHTSA
Position-2 testing standard, the initial stages of the cushion deployment development
remains the same as descoibed above. However, the gas flow between the upper and
fower chambers as regulated by the divider valve mechanism is different when a child
mteracts with the cushion. In the case of the Out of Position-2 ¢hild, the volume of the
lower chamber is decreased due to the space occupied by the Out of Position Child,
The divider valve mechanism contivues to permit the flow of gases from the upper

chamber into the lower chamber. However, the valve mechanism also allows the gas
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io continue 1o How into the lowsr charnber until the cushion’s lower chamber and
upper chamber internal pressures are In equilibrium, thereby stabilizing the interaction
between the coshion and the out of position child. The divider valve mechanism 11
and cushion main vent designs are structured to facilitate rapid transition of this state
of equilibrium into an adaptive state, wherein the cushion changes from s state of gas
flow into the lower chamber 1o 2 state where the gas flow is increased oot of the main

rents (located 1in wall{s) of the upper chamber) into the envirorunent. This increased
flow out of the cushion allows for decreased pressure within the upper chamber and
then allows for the backflow of gases from the lower chamber back into the upper
chamber and out of the main vents into the environment, This adaptability of the
vaive mechanism 112 to regulate the flow conumunication between the two chambers
is important for the protection of adult and child cccupants.

In particular embodiments of the present invention deseribed herein, the
varions airbag elements are shaped and connected to each other so thai, when fully
inflated, the front side 20 of the bag aids in maintaining alignment of the head, neck,
and thoracic body regions along a line L as shown in FIG. 4 during early occupant
interaction with the airbag, wherein the upper body portion of the occupant prvots
forward from the hip point 202 along line L. As the ocenpant contacts the bag, it is
desirable to maintain the alipnment of the head and thorax regions and balance the
energy absorption by the bag from the head and the thorax, to minimize the relative
motion af the neck. As seen in FIG. 4, the bag is structured such that the portions of
the upper and lower chambers of the cushion facing the occupant 20 form an

essentially fat plane, indicated by the Hane P in the drawing. At the early stages of
airbag inflation, the cccupant seatbelt (not shown) tensions to restrain the occupant’s
fower thoracic region in the seat. Thus, the hip point 207 resides at a first location H1.
At a later stage of inflation, as the seatbell tensioner relaxes, thereby pernittting the
hip point 202 to shift from location H1 to a second location H2, closer to or bying on
plane P. Thus, during the later stages of inflation, due to movement of the gocupant,
the line L approaches or lies along plane P,

It hay been found that passenger-side airbags structured as described above are
especially effective in providing optimal coshion performance for various sizes of
adults and also for achieving low risk deployment performance specifications for 3 &
6 year oid ATDs, as specified in the safely regulations previousty mentioned, The

proportioning of the pressures in the upper and lower chambers as previcusly
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deseribed, in conjunction with the bag structure previously described, enable the
airbag chamber swrfaces o absorb energy responsive o interaction with both the
heavier thorax and the smaller and Hghter head region, so as to help maintain body
alignment along Hoe L (FIG. 4) during contact between the passenger and the airba g
Particelarly from the perspective of the adult 3 fomale and adult 50% male, aptimum
arbag performance ts provided by mainiaining, to the greatest degree possible, both
of these hody regions In line with respect to one another, while enabling the upper
body as a whole to pivot at the hip axis.

In contrast o the embodiments having a valve assernbly 112 only in the
divider 100, the multi-valve assembly as deseribed above is further exemplified by the
embodiments shown in FIGS. 235 and 23h.

FIG. 23a exemplifies a pre-actuated airbag 10 containing a multi-valve
assembly configuration wherein a fivst valve assembly (not shown) is ocated in the
divider and a second valve assembly 900 {s fixed to a first chamber 102 {or apper
chamber 102 in this instance). One or more gas exit orifices 106 are located in an
apper panel 12 of the alrbag 10, A tether 908 is sewn to an interior 11 of the airbag
10 at a plurality of attachment points or seams 905, A frst portion 908a of the tether
H08 extends between the rear or inflator side 22 and the orifice 106, A second portion
S08b of the tether 908 extends befween the orifice 106 and the frout side 20 of the
arrbag 1. As shown in FIG. 234, cach of porfions 908a and 908b are somewhat
folded over to provide slack in the tether 908 prior to actuation of the airbag 10, One
or mere tether orifices 904 are formed within the tether 908, As shown in FIG. 23a,
prior to actuation of the airbag 10, the tether orifice(s) 904 is initially aligned with
atrbag orifice 106 to permit venting of the first or upper chamber 102, A guide
member or slegve 912 s sewn to the inerior wall 11 such that the tether 908 extends
through the guide roember 912, thereby ensuring that the tether 908 remains
proximate to the orifice 106 during airtbag inflation.

FIG. 25b exemplifies the airbag of FIG. 234, but in a post-actuated position.
As pressure increases within the fivst chamber 102, the tether 908 iz drawn toward the
front face 20 as the tether 908 slidably engages the guide member 912, By virtue of
the atfachment points or seams 905, the tether 908 is constrained 1o Hghten as the
awbag fills, thereby effectively moving the orificets) 904 from its original position
shown in FIG. 234, to a non-aligned position, relative to orifice 108, Accordingly, the

non-perforated tether portion $084 is therefore Mased in a flush relationship to orifice
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104, thereby closing the valve assembly 900 and affecting a relatively guicker
merease n pressure in chamber 102.

FiG, 24a exemplifies an actoated aitbag incorporating a second valve
assembly #00. As shown in FIG. 24a, opon actuation of the airbag and inereased
pressure within the first or upper chamber 102, the tether gas exit orifices 904 are
“publed” out of alignment {as shewn o FIG. 23z for example) with airbag gas exit
orifices 106, {Other reference numbers refer to the same constitnents as detailed in
FIGS. 233 and 230

FIG. 24b exeroplifies a similar embodiment of the multi- or dual-valve
assembly configuration of FIGS. 234 and 23b, prior to actuation of the airhag 10,
FIG. 240 illustrates the implementation of the valve assembly 900 within the airhag of
FiG. 2, where the valve or first valve assembly 112 s also shown formed within the
divider 1), As with FIG. 23a, the orifice 106 is aligned and in fluid communication
with the gas exit orifices 904 of the tether 908,

FiG, 24c exemplifies a post-actuated condition of the airbag of FIG. 24a,
Hlustrating the first valve asserably 112 within the divider 100, Farther, the second
valve assembly 900 is again shown within the first or upper charaber 102 goided by
steeve 912, Upon actuation of the airbag 10 the airbag orifice 106 and the tether
orifice{s} 904 are effectively roisaligned to close the valve 900 as portion 908a is at
least partially sealed against orifice 106 in a flush relationship.

FiG. 24d 15 a cross-section of the tether 908 as it extends through the sleeve
Q12

FIG. 25a 15 another embodiment of the multi- or dual-valve assembly airbag
configuration in accordance with the present invention. FIG. 25a exemplifies a pro-
actuated atrbag 1} containing g multi-valve assembly configuration wherein a first
valve assembly (not shown) is located in the divider and a second valve assembly 900
is fixed to a first chamber 102 {or upper chamber 102 in this instance). One or mare
gas extt orifices 106 are located in an upper panel 12 of the airbag 10. A tether 908 is
sewit to the airbag 10 at a plurality of attachment points or seams 905, A first portion
908¢ of the tether 808 extends between the rear or inflator side 22 and the orifics 1086,
and is sewn to the exiterior wall 15 ofthe airbag 10, A second portion 908d of the
tether 908 extends between the orifice 106 and the front side 20 of the airbag 19, and
is sewn fo an interior wall 11 of the aivbag 10, A slot 917 is formed in the panel 12 of

the airbag 10, and provides a path for the tether 08 as it passes from the exterior of
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the airbag 10 to the interior charuber 102 of the airbag 10, The slot 917 substantially
performs the same guide function as the sleeve 912 in the embodiment of FIG. 23a.
As shown i FIG. 253, cach of portions 908¢ and 9084 are somewhat folded over to
provide slack in the tether 908 prior to actuation of the airbag 10, One or more iother
ortfices 904 are formed within the tether 908, As also shown in FIG. 254, prior to
actuation of the airbag 10, the tether orifice{s) 904 is inttially aligned with airbag
orifice 106 fo permit venting of the first or upper chamber 102,

FItx 25b exemplifies the atrbag of FIG. 23g, but in a post-actuated position.
As pressure increases within the fivst chamber 102, the tether 908 is drawn toward the
front face 20 as the tether 908 slidably engages the guide member 917 and passes
therethrongh. By virtue of the allachment points or seams 805, the tether 908 is
constrained to tighten as the aitbag fills, thereby effectively moving the orifice(s} 904
from its original position shown in FIG. 25a, to a non-aligned position, relative to
orifice 106, Accordingly, the non-perforated tether portion 908¢ is therefore Mased in
a flush refationship to orifice 106, thereby closing the valve assembly 900 and

affecting a relatively quicker increase in pressure in chamber 102

Referring now to FIG, 22, ap embodiment 10 of the airbag described herein
may be imcorporated into an airbag system 1000, Airbag system 1000 inchides at
least one gas source 1015 (for example, a known foflalor or gas generating system)
and sirbag 18 in accordance with an embodiment described herein, The airhag is
operatively coupled to the gas source so as 1o enable fuid communication therewith
upon activation of the gas generating system, Airbag system 1000 may also inchude
{or be in communication with) a collision event sensor 1010, Collision event sensor
1010 includes a known collision sensor algorithem that prompts actuation of airhag
systemn 1000 via, for example, activation of gas source 1015 in the event of a
collision.

Referring again to FIG. 22, airbag sysiern 1000 may also be incorporated into
& broader, move comprehensive vehicle occupant protection system {00 including
additional elements such as a safety belt assembly 850, FIG. 22 shows a schematic
dlagram of one exemplary embodiment of such a protection system. Safety belt
assembly 350 includes a safety belt housing 852 and a safety belt 360 extending from
bousing 852, A safety belt retractor uechanism 854 {for examipie, a spring-loaded

mechanism} may be coupled to an end portion of the belt. In addition, a known safety
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belt pretenstoner 856 may be coupled to belt retractor mechanism 854 to actuate the
retractor mechanism in the event of a collision. Typical seat belt retractor mechanisms
which way be used in comjunction with the safety belt embodiments of the present
invention are described in US, Pat. Nos. 5,743,480, 5,553,803, 5,667,181, 5,451,008,
4,558,832 and 4,597,546, incorporated herein by reference. Blustrative examples of
typical pretensioners with which the safety belt embodiments of the present tnvention
may be combined are described in U8, Par. Nos. 6,505,790 and 6,4&9,3 77,
incorporated herein by reference.

Safety belt assembly 850 may alse include {or Be in communication with} a
collision event sensor 858 (for example, an inertia sensor or an scoelerometer)
mcluding a known collision sensor algorithny that prompts actuation of belt
pretensioner 856 via, for exanaple, activation of a pyrotechnic igniter {not shown)
jncorporated into the pretensioner. 1.8, Pat. Nos. 6,505,790 and 6,419,177,

previcusly meorporated herein by reference, provide tllustrative examples of

pretensioners sctuated in such a manner,

non TN

As utilized herein, the terms "approximately,” "about,” "substantially”, and
sinttlar terms are intended to bave a broad meaning in harmony with the common and
cepted usage by those of ordinary skiil in the art to which the subject matter of this

disclosure pertains. it should be understood by those of skill in the art who review this
disclosure that these terms are intended to allow a description of certain features
described and claimed without restricting the scope of these features to the precise
rurnerical ranges provisted. Accordingly, these terms should be interpreted as
indicating that insubstantial or inconsequeniial modifications or glterations of the
subject matter described and claimed are considered to be within the scope of the
invention as rectied in the appended claims.

it should be noted that the term "exemplary™ as used herein to describe various
embodiunents 18 intended to indicate that such embodiments are possible examples,
representations, andfor tHustrations of possible embodiments and such term s not
mtended fo connote that soch embodiments are necessarily extraordinary or

superlative examples.

The terms "coupled,” "commecied,” and the like as used herein means the

joining of two members divectly or indirectly 1o one another. Sach joining way be
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stationary {£.g., permanent} or moveable {e.g., removable or releasable). Such joining
yay be achieved with the two members or the two members and any additional
intermediate membery bejug integrally formed as a single unitary body with one
another or with the two members or the two members and any additional infermediate
mentbers being attached (o one another,

References herein to the positions of slements, for example Mop,” "bottom,™
"above,” "below,” ete., are merely used to describe the orientation of various elements
it the FIGURES, It should be noted that the orientation of various elements may
differ according to other exerplary embodiments, and that such variations are
intended 1o be encompassed by the present disclosure,

In sum, a preferred emboditnent exemplifies an atrbag including at least one
panel defining an interior of the airbag, and a divider positioned in the interior so as to
divide the interior into g first chamber and a second chamber, A frst valve assembly
is operatively coupled to the divider for controlling the gas flow between the frst

chamber and the second chamber. A second valve assembly is fixed within the first
chamber and fluidly communicates with an exterior of the airbag. The second valve
assembly is operably dependent on the frst valve assembly, thereby dynamically
controiling the inflation profile of the airbag. Stated another way, the dual valve
assembly configuration accommodates a variety of occupant kinematics as the airbag
is able to respond o a number of cccupant interfaces with various portions of the

airbag, all while evaploying a single stage inflator in ey of a dual stage inflator,

i 1s umportant fo note that the construction and arrangement of the airbag as

shown in the varions exemplary embodiments is ilustrative only. Although only a
few embodiments have been described in detatl in this disclosure, those skilled in the
art who review this disclosure will readily appreciate that many modifications are
possible {e.g., variations in sizes, diunensions, structures, shapes and proportions of
the vartous clements, values of parameters, mounting srrapgements, use of materials,
colors, ortentations, et} without materially departing from the novel teachings and
advantages of the sulject matter disclosare heretn, For example, clements shown as
infegrally formed may be construcied of multiple parts or elements, the position of
clements may be reversed or otherwise varied, and the nature or number of discrate

elements or positions may be altered or varied, Accordingly, all such modifications

e intended (o be included within the scope of the present application. The ovder or
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sequence of any process or method steps may be varied or re-sequenced secording o
alternative emabodiments. Other substitutions, modifications, changes and onnssions
may he made in the design, operating conditions gnd arrangemert of the exernplary

embodiments.
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WHAT IS CLAIMED IS:

i Axn airbag comprising:

at least one panel detining an interior of the airbag, said panel containing one
ov more venting onfices, and

a divider posttioned in the interior so as t© divide the interior into a frst
chamber and a second chamber chamber:

a first valve mechanism operatively coupled to the divider fur restricting a
flow of gases from the second chamber intn the first chamber, the fest
valve mechantsm being structured such that an actuation response fime
of the valve in attenoating or iropeding gas flow frony the lower
chamber into the upper chamber is proportional to the pressure
differential between the upper and lower chambers; and

& second valve assembly operably configured {0 the upper chamber, said
second valve asserobly configured o sttenmate or occhude fluid flow
through said one or more venting orifices upon substantial

pressurization of the upper chamber,

2. The airbag of clavm | wherein said second valve assembly comprises a
tether containing at least one tether orifice, said at least one tether orifice aligned with
said one ot more venting orfices.

3. The airbag of claim 2 wherein said tether containg an extended portion
whereby upon inflation of the upper chamber said extended portion is extended to

misalign said at least one tether orifice and said one or more venting orifices.

4. The airbag of claim 3 forther comprising g guide moember fixed within
said upper chamber and about said tether

S The airbag of claim 1 wherein said second valve asserubly comprises;
a tether attached to the intertor of the airbag;

a tether ontfice formed within said tether; and
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a guide menvber attached to the imertor of the airbag such that said tether
extends therethrough, said tether orifice alignable with said one or

more venting onfices.,

8. The airbag of claim 1 wherein said seeond valve assevably comprises:

a tether containing a fivst portion and a second portion, said first portion
attached to an exterior of the airbag and said second portion attached to
an interior of the aitbag,

a tether ortfice formed within said tether; and

a slot formed within the airbag soch that said tether extends therethrough from
the exterior to the interior of the airbag, said tether orifice alignable

with saxd one or more veating orifices,

7. A vehicle including an airbag tn accordance with clasm 1.
8. A vehicle occupant protoction systerm including an atrbagn

aceordance with claim 1.

g, An airbag comprising:

at 1zast one panel defining an interior of the airbag, said panel coplaiing one
or more venting orifices, and

a divider positioned in the interior so as to divide the isterior inlo an upper
chamber and a lower chamber:

a first valve assembly operstively coupled to the divider for resiricting a flow
of gases from the lower chamber into the upper chamber upon an
increase in pressure in said lower chamber; and

a second valve assembly fixed within the upper chamber, satd second valve
assembly configured to attenuate or occhude Huid flow through said

venting orifices upon substantial pressurization of the upper chamber,

10, The airbag of claim © wherein said second valve assembly comprises a
tether containing at least one tether orifice, said at least one tether orifice alignable

with said one or more venting orifices.
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b The airbag of claim 10 wherein said tether contains an extended
portion whereby upon inflation of the upper chamber said extended portion is
extended to nusalign said af least one tether orifice and said one or more venling

oritfices,

§2.  The avbag of claim 10 further comprising a gaide member fixed

within said upper chamber and about said tether.

13, The airbag of claim 10 further comprising a slot formed within said
airbag, wherein said tether passes from an exterior of the airbag through said slot and

into an interior of the airbag.

4. The airbag of claim 10 wherein said at Jeast one tether orifice i

atigned with said one or more venting orifices.

15, The awbag of claim 10 wherein said at least one tether orifice is

nonaligned with said one or more venting orifices.

be, A vehicle containing the airbag of olaim 9,

17 A vehicle occupant protection system containing the atrbag of claim 9.

18,  An airbag comprising:

at least one panel defining an interior of the airbag and an exterior of the airbag;

a divider positioned in the interior 50 as to divide the mterior into a first chamber and
3 second chamber;

a first valve assembly operatively coupled to the divider for controlling a How of
gases between the second chamber and the first chamber; and

3
H

a spcond valve assembly fized within the first chamber, said second valve assembly

operably dependent on said fivst valve assembly, and configured to control
flud flow from said infenior {o said exterior of said airbag,

e

The airbag of clatm 18 wherein said second valve asserably comprises:

-
;
¥
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one o7 more venting orifices in said at least one panel; and
a tether containing at feast one tether orifice, satd at least one tether orifice alignable

with said one or more venting ortfices.

20, A vehicle cccupant protection system containing the airbag of claim 18,
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