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1
Multiple Chambrer Airbags and Methods

This application claims privrity to and benefit of U.S. Provisional Patent
Application Serial Ne, 60/216,545, filed July 7, 2600, and hershy incamorated by

reference.

Field of the Invention

‘The present invention telates to a multi-chamber airbag or airbag cushion
and method. Such a cushion may simultanconsly exhibit a very low amaunt of
fabric wtilized to produce the target airbag cushion in comelation to au overall
high amount of available inflation aitspace within the cashion itself. These two
corrclative clements are combined in what is defined us an effective fabric usage
index (being the guotient of the amount of fabric ufilized in the construction of the
airbag cushion and the available inflation sirspace valume). A cushion exhibiting
low scam usage factor, low total fabric weight, low tebric usage factor and/or
comprising (wo or more chambers is provided as well as an overall vehicle

restraint system. including the inventive airbag cushion.

Background of Invention
All U.S. patents cited herein are hereby fully incorperated by reference.

Inflatable proteciive cushions used in pagsenger vehicles are a componcnt
of relatively complex passive restraint aystems. The main elements of these
systems are: an impact sensing sysiem, an ignition system, a propellant material,
an attachment device, a system enclosure, and an inflatable protective eushion.
Upon sensing an impact, the propellant is ignited causing an explosive relsase of
wases filing the cushion to a deployed state which can absorb the impact of the
forward movement of a bady and dissipats iis energy by means of rapid venting of
the gas. The entire sequence of events cccurg within about 100 milliseconds. In

the umdeployed state, the cushion is stored in or near the steering column, the

JP 2004-512209 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(36)

WO 004255 PCTIUSOTAZIS00

2
dashtoard, in a door, ot in the back of a front seat placing the cushion in close

proximity to the person or object it is fo protect.

Inflatable cushion systerns cowmonly referred to as air bag systerns have been
used in the past to profect both the vperator of the vehicle and passcnpers. Systems for
the proleciion af the vohisle operatar have typically been mounted in the steering eolumn,
of the vehicle and have utilized cushion constructions directly deployable towards the
driver. These driver-side cushions are typlcelly of a relatively simple coufiguration in
that they function over a fairly small well-defined area beiween the driver and the
steering column, One such configuration. is disclosed 1o ULS. Patent 5,533,755 to Meleen

ot al, issued July 9, 1996, the {eachings of which are incorporated herein by reference.

Inflatable cushions for use in the protection of passengers against frontel or side
impacts must generally have = more complex configuretion since the position of a
vehiele passenger may not be well defined and preater distance may exist between the
passenger aud the surface of the vehicle against which thet passenger might be thrawn in
the event of u collision. Prior cushions for use i such environments are disclosed in
U.S. Patent 5,520,416 to Bishop, issued May 28, 1996; U. 3. Patent 5,454,594 ta Krickl
iszned QOctober 3, 1995; 11.5. Patent 5,423,273 to Hawthoru ct al. iszucd June 13, 1995;
U.S. Patent 5,316,357 to Yamaji et al. issucd May 31, 1994; U.S. Patent 5,310,210 {0
Wehner et al. issued May 10, 1994; U.S. Patent 5,090,729 to Watanabe issued February
25, 1992; U.S. Patent 5,087,071 to Wallnet et al. issued Feb. 11, 1992; U.S. Patent
4,944,529 to Backhans issued Tuly 31, 1990; and U.S. Patent 3,792,873 to Buchner et &l
igsned February 19, 1974, all of which are incorporated berein by reforence.

The majority of commercially vsed restraint cushions are formed of woven fabric
materials wtilizing multifilament synthetic yams of materials such as polyester, nylon &
or nylon £,6 polymers. Reproscitative fabrics for such use are disclesed in UL, Patent
4,921,735 to Bloch issued May 1, 1990; U.8. Patent 5,093,163 to Krommbcuer et al.
issued March 3, 1992; U.S. Patent 5,110,666 to Moenzel of al. issued May 5, 1992; U8,
Patent 5,236,775 to Swoboda ot al. August 17, 1993; U.S. Palent 5,277,230 to Sollars, Jr.
issned fanuary 11, 1994; U.S. Patent 5,356,680 to Krummbeuer el al. Oclober 18, 1994;

JP 2004-512209 A 2004.4.22
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3
(J.5. Patent 5,477,890 to Kmmmheuer of al. issued December 26, 1995; U.S. Patent

3,508,073 to Krummbeusr et al., issued April 16, 199€; U.S. Pafent 5,503,187 to Bower
et al. issued April 2, 19496 and UL3. Patent 5,704,402 to Bowen et al, 1ssued January 6,

1998, all of which are incorperated herein by reference.

As will be appreciated, the permeability of fhe cushion structure 1s an important
factor in determining the rate of inflation and subscquent rapid deflation fellowing the
impact event, [n order to control the overall permeability of the cushion, it may be
desirable to use Jiffering materials in different regions of the cushion. Thus, the vac of
several fabric panels in construction of the cushion may prove to be 2 useful design
feature . The use of multiple fabric panels in the cushion shruciure alse permifs the
development of relatively complex three-dimensional geometies which may be of
benefit in the formation of cushions for passenget side applications wherein & full-bodied
cushion is desired. While the use of rulliple fabric panels provides several advantages
in tenng of permeability manipulation and geometric design, the use of multiple fabric
panels for use in passenger side restraint cushions has historically required the assembly

of panels baving differeni geometries involving rmuliiple curved seams.

As will be appreciated, an impactant consideration jn cutting panel sfructures
from & basc materia) is the ability to maximize the mmber of panels which cun be cut
from a fixed arca throwgh close-paciced nesting of the panels, The term "seam” denotas
any mamner or method of connecting separate fabric panels or separate portions of a
single fabric panel. Thus, sewing (with. thread, for example), welding (with nltrasomic
stiiching, for example), or weaving panels or portions together (wilh 2 jacquurd or dobby

loom, for example), and the fike, may be employed for this purpose.

However, a problem still resides in the need for labor-intensive eutting and
sewing operations for large-scale manufacture. Furthermors, since the costs of
producing aitbag febrics are celatively high end thers is a general need to reduce such
costs, there is a consequent need to more efficiently muke usc of the fabric by lowering
the amount which needs to be cut (outting operations also translaie into higher labor

coits), reducing the amaount of fabric used in order to provide substantially lower packing

JP 2004-512209 A 2004.4.22
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volumes {in order to reduce the size of the airbag modules in curs since available space

on dushboards, doors, and the like, are at a prevoiumn within antemobiles), and reducing
the shipping weight of such products (which translates info lower shipping costs), as well
as other highly desired reasons. Howcver, it has been problemoatic to reduce such
wtilized fubric amounts in the past without cousequently also reducing the available
inflation airspace volime within the cushion product. There 15 a need then to reducs the
amount of time to produce airbag cushions while simultunecusly providing the lowest
amount of fabrie and simultansoucly allow for 2 sufficient volume of alr (gas) to inflate
the target airbag cushion during an inflation event (hercin described as “available
inflation sirspace). Such 3 desired method and product has not been available,
particwlarly for passenger-side airbags which, as noted previously require greater amount
of [abrie for larger volumes of air (gus) to provide the greatest amount of protection area
ta a passenger. 'With greater amounts of fabric needed, generally this has translated into
the need for longer seams to copmest and attach fabric panels, which in ten translates
nto greatsr amounts of time needed for sewing, and ihe like, operations. Furthermaors,
there is a need for simultaneously reducing the requived amount of uilized fabric while
providing sufficient volumes of avalable ioflation afrspacc within the target airbag
cushion. Thus, a need exists to produce an improved rmwlti-chamber airbag eushion, and
such a cushion having high available inflation airspace volume with 2 minimal

requirement in fibric utilization to manufacture the overall cusbion product.

U. 8. Patent Ko. 5,927,748 ephitled Multi-Stage Inflatable Bag for Vehicular
Bafety Systems describes u mulb-stage aitbag with an inner smaller bag and an outer
larger bag consfruction. The inner bag is inflated using the full force of the infator for
ihe initial expansion. The outer bag is inflated through the inner bag, thus morc slowly.
However, the airbag described here is basically o bag-in-a-bag cousiruction. Ii is more
difficult to construct hence higher cost. Also it is difficult to pa tethers in such bags to
control the final shape of the deployed bag. The vent is from the outer bag, thus the

outer bag may be too weak to protect & larget and heavier occupant.

1. 8. Patent No. 5,934,701 entitled Autormobile Aivbag describes an airhag that

can provide pratection against leflward and rightward as well as frontal impacts. [n one
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embadinsnt, an auxiliary chamber was used. This ausiliary chamber was independently

constructed with its own filling port.

1. S. Patent No. 5,501,488 entltled Airbags with Alternate Deployment discloses
a means to fabricate an airbag that, in addition to its normal reach, can deploy to a
sherter reach when a driver is fae clase fo the airbag at the moment of collision. In the
narmal niode of depleyment normal vents are covered by reloased flaps, causing the
aichag to exert a large rebound force an the driver follewing the deployment. In the case
where the diiver is sitting just farther than the flap release position, the effect may be
fatal.

WO Publication Nwnber 003398A1 entiled An Airbag deseribes an airbag with
muftipie compartments connected by vents, which can be inflated sequentially.
However, dus i the complicated design, the fabrication cost will be high. Also, in order
for the third chamber to inflate adequalely, the pressure in the st chamber needs to be
very high, This could be very dangerous te a short oceupant sifting close to the sirbeg
considering the fact that the excursion of the primary chamber is rather high, especially

when the occupunt is tilied sideways at the instant of collision.

SUMMARY OF THL INVENTION

I view of the foregoing, it is a general object of the present invention to provide
a cost-effective, easy to manufacture airbag cushion for utilizetion within a vebicle
restraint system. The term “vehiele restraint system” is intended to meun both indlatable
oucupant restraining cushion and the mechenical and chemical components (such. as the
inflation means, ignition means, propellimt, and the like). It iz a moere particular object of
the present invention to provide a vebicle restraint sysiom wherein the target altbag
cushion has multiple chambers and preferably comprises very low amounts or weight of
fabric. A further object of this nvention is to provide an easy-lo-assemble airbag
cushion which is nuinimally labor-intensive to manufacture, requires much lower fabric
costs duc 1o a substaniial reduction in the overall requirement of utilized fabric amounts,
and which also comprises su integrated looped pocket for the disposition of an inflatar

can within the aitbag cushion, Tt is still a further object of this invention fo provide a
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vehicle restraint system comprising an zitbag cushien which provides a multiple

chamber aitbag with a large amount of available nflafion atspace veluwe
simuliansously with a low length of seam (er seams) and Jow amount of utilized fahrie
nevessary to manufacture ihe coshion. Another object of the invention is to provide a
methad of making 2 law cost aithag cughion {due to low levels of labor required to sew
the component parts tegether and reduced amount of fabric to manufacture and cut) of

simple and structarally efficient design.

To achieve these and othcr obfects and in accordance wiik the purpose ol the
invention, as embodied and broadly doscrihed hercin, the present invention provides a
aivbag cushion having at least ome fabric component, and wherele said airbag cushion
possesses an effective fubric usage fecter of less lhan about 0.095. The effective fabric
usage factor is derived [rom an cffcctive fabric usage index which concerns (and is
defined as) the quotient of the total amount of fabrie utilized to manufacture the airbag
cushion {measured in square meters) over the {otal volurne of avalable inflation aitspace
wilhin the airbag cushion {mcasured in lilers). In order fo exhibit a sufficiently low
effective fabric usage facior, the amount of fabric mwst be very low with a
comespondingly high available inflation arspace volume.  Of course, this afrspace
volume will be the same for each factor stnee the maasuraments of both factors (seam
usage and fabric ueage) are made for the same bag.  Such an airbag cushion may
comprise af least two sepurate fabric pauels or & single panel with portions which require
comnection.  The iovenlive bag is able to proyide high available mflation afrspace
volumes due lo the particular configurations of the used fabric panels or portions. The
preferred configuralions permit more efficient utilization of fabric webs by cutling pauels
from the webs aud producing less waste of unused fabric. The preferred embodiment is

discussed in greater detail below.

Although it is preferred that the airbag cushion be constructed of a fabric (hence
the term fahric usage factor), it 13 to be widerstood that the airbag cushion may be
formed of one or more fabrics or other matcrals such as films, laminates, ¢le,
Consequently, the present invention encampasses the use of other airbag materials and

can be defined by an effective airbag material usage factor as well as an effective fabric
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usage factor. The effective material usage factor is derived from an cffective matsrial

usage index delined 25 the quotient of total amount of material utilized to manufaciure
the airbag cushion {measured in square meters) over fhe fofal volume of available

nflation airspace within the nirbag cushion {measured in liters).

The effeclive fabric usage factor (as defined within the correlating seam usage
index formuia, abave) for the inventive airbay cushion is preferably less than about
0.093, more preferably less than 0.09, still more preferably Jess than 0.083, even morc
preferably less than 0.08, end most preferably lower than 0.075. Thus, the volume of
available mfkation airspace within the airbag cushion sheuld be as great as possible with
the anwount of fabric utilized reduced to its absclute minimum while still providing

sufficicnt protection to a passenger in an astomobile during a collision event.

A driver-side aitbag will generally comprisc a low amount of utilized fabric but
alsc does not provide a comelative high volume of available airspace; and the prior art
passenger-side airbags require large amount of fabric. Althongh the available inflation
airspace volume in such conventional passenger-side airbags is rather large, the total
amount of utilized fabric is too large to meet the aforementioned preferred effective
fabric usage fictor within that ndex. The inventive cushion therofere is relatively casy
to manufacture, requires very low sewing, or similar type aftachment operations of its
fabric panel components, requires very low amounts of fabric, but is also configured to
provide an optimum large amount of available inflation airspace for maximum protection

to z passenger during a collision event.

In at least one embodiment, the present invention also provides an airbag cushion
posscssing the required effoctive fabric usegs favtor which also comprises a looped
pocket for introduction of the inflator can of #u inflator assecably. The multi-chamber
sirbag need not be created ffom mirrer-unage body panel sections as any configuration
of fabric panels will function properly in this invention as long as & three-dimensional
inflatahle cushion is formed during an inflation event and a loeped pocket is created in

the airbag in which at lcast the inflator can of an inflator assembly is disposed.
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Additional abiects and advantages of the invention will be set forth in parf in the

description which follows, and in part will be obvions from the description, or may be
leamed by practice for the nvention. It is to be understood that both the foregoing
general description and the following detailed description of preferred embodunents are
exemplary and explanatory only, and are net to bo viewed as in any way restricting the

scope of the invention as set forth in the claims.

Curreni single-chamber aithags have two sigmificant drawbacks: Firsi, they may
exert a large rebound foree on the occupant after deployment, pulting the cccupant at risk
of poszible neck injury. Second, they may hurt rather than protect an oceupant if the
occupant, is siflng very close to the airbag (as shorter and/or older drivers oficn do) when
a collision nocurs. At least selected embodiments of the multiple-chambar or two-
chamber airbag of the present invention described herein will reduce rebound
dramatically and provide protection for an out of position oocupant sitting close fo the

airbag.

At least one ebodiment of the two-chamber airbag, disclosed herein is based on
the current single-chamber airbag design but with severzl novel modifications to provide
much improved safety and/or performance. The current single chamber airbag can be
modified and used us the primary chamber of the two-chamber airbag In ome
emhodiment, o piecs of fabric of appropriate size is aewn to the outside surface of the
front pavel of the primary chamber to create the sccondary chamber. One or more
apertures are opened between the prinery amd secondary chambers. Ja order for the
secondary chamber to inflate properly, the tethers of the primary chamber are preferably
shortened to 30% to 80% of their origina] length, The size of the tether sewing to the
inper surfzce of the fiont pancl of the primary chamber is also adjusted to creals a

desired shape of the secondary chamber when deployed.

FIGS. 1 and 2 schemalicaily compare fhe typical conponents used in the
manufacturing of a single chamber airbag (FIG. 1) and the new dual or multiple chamber
airbag (FIG. 2). TnFigure 3, the step-wise sewing approach, for this new dua] chartber

aitbag is illustrated. From FIG. 3, it is obvious that the manufacturing steps involved in
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the multi-chamber bag arc similsr to the current appreach exeept for added steps for

attaching the tether portions, attaching (he smaller panel, adding venting between the

chambers, eic.

FIGS. 4 and 5 compare schematically the design and the sbapes of the single
chamber aithag 10 and the two-chamber airbag 20 when deployed.

The two-chamber airbag 20 shows significantly improved safety performance as
compared to the single-chamber airbag 10 in terms of redusing rebound and providing
protection for an out of position occupant sitting very close to the airbag. Drop tesls
(whsre an 83-1b. weight was dropped on the inflated bags) showed that the rebound
distance of the weight fron: the two-chamber airbag was reduced as much g5 70% from
that of the single chamber airhag. Impact tests (where the movement distance was
measured from the weight initially resting in a fixed position after it was impacted by the
deploying airbag) showed that the energy dissipated on the weight by the two-chamber
aithag was much less than that from the single-chamber airbag when the weight was at
the same initial rest position. In other words, the two-chamber airbag of the present
invention dissipaies the same amount of encegy to the ocupant sitting much closer to the
steering wheel, thus providing protection for an out of position ocoupant sitting closer to
the aithag. Inflation tests showed that due w the shortened tether, the primary chamber
of the two-chamber aarbag milated much faster with a nwch shorter maximum cxcursion
length thep the single chamber airbag, again providing pretestion for an out of position

seeupant sitting olose to the alibeg.
Brief Description of Drawings
‘The accompanying deawings, which are incorporated in and constitute & part of
this specification, illustrate sevoral potentially preferred embodiments of the fnvention

and tagether with the description serve to explain the principles of the invention whereim:

FIG, I j¢ 2 schematic perspective view of the components of a single chamber tothered

aitbag.
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FIG. 2 is a schematic perspective view ol the compenents of one cmbodiment of the

multiple chamber aithag of the prosent invention.
FIG. 3 is a schematic perspective view of the assembly steps of the aitbag of FIG. 2

FIG. 4 is a schomatic cross-section representatton of an tnflated tethered single chamber
airbag,

FIG. 5 is 4 schematic cross-seclion Hluslration of an inflated dual chamber aithag of the
present mvention such as that of FIG, 2.

FIGS. 6 and 7 are exemplary fabri¢ layout diagrams.

FIGS. 8 and ¥ are exemplary crogs section illustraiions of respective inflated two-

chawber airbag embodiments of the present invention.

FIG. 10 is a part diapram of a tether of the present invention with vent openings.

FIG, 134 is a schewatic side view diagram of & rebound test.

FIG, 11B is a graphical representation of rehound distance data.

FIG, 124 is a schematic side view reprezentation ef an impact test.
FIG. 12B is a graphical representation of impact test data.

TFIGS. 13 and 14 are respective cross section illustrations of inflated two-chamber airbag

ernbodiments of the present invention having tethered secondary chunbers.

FI(. 15 is a cross section ropresentation of an inflated threc-chamber girhag in

acegrdance with another embadiment of the present invention.
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FIG, 1 is a sohematic ropresentation of en inflated conventiens] bag-in-bag passenger

airbag.

FIGS. 17 and 18 are schematie respective oross section views of inflaied iwao-chamber

pussenyzer airbag embodiments in accordance with the present invention.

FIG. 19 is a front view illustration of a two-chamber passenger aithag of the present

invention.

FIG. 20 is a cross section representation of the airbay of FIG. 19,

FIGS, 21 theough 23 are respective side view Wlustrations of stages of deployment of
rwo-chamber passenger dirbag embodimants of the fnvention. TIGS. 214 — 23A are
dircoted to an embodiment with 2 small secondary chamber. FIGS, 21R- 23B are

directed to an cmbodiment with 1 larger secondary chamber,

FIGS. 24 through 26 are schematic side view reprosentations of the stages off

deployment of yet another pessenger airbag cmbodient of the present invention.
FIGS, 27 und 248 are respective crose section iflusirations of passenger airbag
smbodiments of the present inveniion including an infernal baffie or tether in the

secondary chamber.

FIG. 2 {5 a schematic assermbly drawing and cross section view of a single chamber

tethered airbag.

FIGS. 30 and 31 are respective assembly drawings and cross section views of lwo

chamber sithzg errbodiments in accordance with the present iovention.
UGS, 32 through 36 are respective Tzbric uyont diagrarns.

FIR, 33 shows a tethered single chamsber airbag layout.
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FIGS. 32 and 34 thwough 36 show multiple chamber aithag layouts.

FI. 37 is a schematic representation of the production of 4 multiple chamber abag of

the present invention.

FIG. 38 is a schematic representation of the assembly and cross section of a three

chamber aithag of the present invention.

FIGS. 39 through 41 are respoctive fubric layout diagrams.

FIG. 39 is a fabric Jayout diagram of a single chamber tethered airbag,

FIGS. 40 and 41 are fabric layour diagrams of muitiple chambersd airhag of the present

invention.

F1G, 42 is a schematic cross section view of 2 three chamber passenger aitbag of the

present invention.

FIG, 43 iz an aerial view of a portion of a fubric web with lines indicating the specitic

lecations {or cutting to form six separats multiple chamber passenger airbag cushions.

FIG. 44 is an aerial view of a partion of a fabric web with lines indicating the specific
preferred locations for eutting to form two sets of fabric panels to manufaciure two
separate inventive multiple chamber top mount aithag cushions, each for the inclusion

within a vehicle restraint system cenfigured within a module.
PETATLED DESCRIPTION OF THE INVENTICN
Reference wiil now be made in detail to potentially preferred embodiments of the

invention, examples of which have been illustrated in the accompanying drawings. It is
to be understood that it is in ne way intended to limit the invention to such illustrated
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and described smbodiments. On the conirary, it is intended to cover all allsroatives,

odifications and equivalents as may be included within the truc spirit and scope of the

invention as defined by the appended claims and equivalents thereto.

The cucrent single-chamber airbag (FIGS. 1 and 4) has two significant
drawbacks: First, it may exert 2 large rebound force on the eccupant after it is deployed,
pulting the occupant at possible risk ol neck injury. Secoed. it may hut rather than
profect an cccupant if the ocoupant is silfing very close to the airbag (as shorter and/or
clder drivers ofien do) whep a collision occurs.  The two-chamber (or three chanther)
airbag of the present invenfion can reduce the rebound drumatically and can provide

profection for an out of position occupant sitting close to the airbag,.

At Ieasl one embodiment of ihe two-chamber arbag disclosed herein, is based on
the cwirent single-chamber airthag design but with several novel modifications to provide
much improved safety and performance (FIGS. 2, 3, and 5). The current single chamber
airbag can be modified to be used as the primary chamber of the two-chamber airbag. A
piecc of fabric 22 of appropriate size is sewn to the ocutside (or inside) susface of the
front panel 24 of the primary chamber lo create the secondary chamber. Onc or more
apertures 26 are opened between the primary and secondary chambers. In order for (he
secondary chamber to inflate propedly, the tothers 28 of the primary chambsr are
preferably shortened to 50% to 86% of their original length, The size of the tether
sewing 1o the inner surface of the front panel of te primary chamber {5 also adjusted to
create a desired shape of the secondary chamber wizen deployed, Rear panel 20 of the

primary chamber ineludes vent openings 32 and 2 gas inlet.

FIGS. 1 and 1 schematically compare the typical componsnts uscd in the
manufactaring of 2 current single chamber airbag 10 and the new duul chamber alrbag 20
(FIGS 4 and 5). In Figure 3, the slep-wise sewing approuch for this pew dual chamber
airhag 20 is lustrafed. From Figure 3, if is obvicus that the mamfecturing steps
involved in the multiple chamber bag 20 of the preseat invention is similer to the current
approach except for the added steps of attaching the tether portions, attaching the smaller

pancl, adding vents between the primary and secondary chambers, ete.
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FIGS. 4 and 5 of lhe drawings compare schematically the design and the shapes
of the single chamber airbag 10 and the two-chamber airbag 20 when deplayed.

The two-chamber airbag 20 preferably shows significanily improved salety
performance as compared to the single-chamber aitbag i termns of redueing rebound and
providing protection for an out of position crcupant sitting very close to the airbag.
Drop tests (where an 83-Tb. weight was dropped on the inflated bugs) showed that the
rebound distance of the weight from the two-chamber airbag was reduced as much as
79% from that of the single chamber airbag (FIG. 11). Impact iests {where the
movement distance was measured from {he weight initially restiog in a fixed position
after it was impacied by ihe deploying airbag) showed that the energy dissipated on the
weight by the two-chamber airtbag was much less than thai from the single-chamber
aithug whon the weight was at the same Initial rest position (FIG 1%}, In other words,
the two-chamber airbag dissipates the same amount of energy to the acoupant sitting
much closer to the steering wheel, thus providiog protection for an cut of position
ocoupant {O0PO) sitting close to the airbag. The jnflation test showed that due to the
shortened tether, the primary chamber of the two-chamber airhay inflated much faster
with 2 much shorter maximum cxcursion length than the single chamber airbag, again

praviding protection for an out of position occupant sitiing close (o the airbag.

Selected €¥bjects of at least some of the embodiments of the Present Invention

1. To provide a new and improved airbag for avoiding or reducing njurics caused

by 1he airbag itself during deplayment.

2. To provide a new and improved airbag that can provide protection for an out of

position occupant sitting close to the airbag at the instani of collision.

3. To provide a new and improved ajbag that is simplc and easy to construct fhus

reducing the production cost.
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Selected Advantages of at least oue embodiment of the Present Inventien

1. Low cost and easy to constiuct: The two-chamber airbag is very manufacturng
5 friendly. Most plants can produce such bays without any new equipment. The
anly extra cost is the piece of fabric that defines the outer surface of the

secondary chamber.

2. Tethered Dosign: The two-chamber sirbag is tethered, it s very easy to control
1] the shape and cxeursion of the deployed bag by controlling the length and
position of the tether.

3. Stronger sceondary chamber: In the two chamber ahbag desipn, the final vent of
the secondary chamber is through the primary chambez, thus having a relatively

i3 strong secondary charnber.

4, High safety performance: The two-chamber aithag provides a softer landing for
the ocoupant. It significantly reduces the rebound, minimizing the injuries caused
by the deploying airbag. It also provides protection for the short occupant sitting

i) close to the sirbug.

The sceondary chamber may have other shapes, e.g. 3D. The secondary chamber
may
also be tethered. The fabric used for the secondary chamber may be softer than that for
25  the primary chamber. This concept can alse be applied to passenger side bags.
Umpigueness and Advantages of Multiple Chamber Airbags

1. Low cest and easy to construct
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As compared to the aithags of others, one advantage is simple construction and low

cost. The two-chamber aitbag is & urigque modification of currett production airbags. 1t is
very manufacturing friendly. The plant can produce such bags without adding new
eiuipment. The only cxtra vost is the picce of fabric that defines the outer {ov bwer) surface
of the secendary chamber. However, by nevel fubric cutting design, the new aitbag actually
uses less fabric than the current production bag {see, for example, FIGS. & and 7). There is

less wasted fabric per yard of starting material.

2. Tethered Dasign

The two-chambor aitbag is tethered, hence jt is very casy to conirol the shape and
excursion of the deployed bag by controlling the length and position of the tether. This is quite
different from most of the airbags tiat are not tethered. For example, by shortening the tether
length, & desired shape is formed ihat can aciuaily act as a cafcher for the out-of-position

occupant (see F1GS. 8 and 9 for both ouiside and inside sewn secondury chamber).

Further, when the tethers ave attached in such a way that the sewn portion of the tether and
front fabric of the primary charber (in the case of outside sew) ar the secondary chamber
fabric (in the case of inside sew) form a closed chamber, this chamber can act as a modulator
{o further control the inflation rate of the secondary chamber. In tiris case, the interoonnecting
vens are npened inside the sewing dismetor. FIG. 10 shows one means on how to control the
inflation ratc as en exsraple, Holes of appropriate size are opened on the sewn tether at
1ooations such that they partially overlap the interconneeting veots. At Jeast ane slit may be cut

on the holes so that the holes will enlarge at high pressure.

The fancticn of the thus formed “gas regulaior”™ is as follows: Tt restricts the flow of the
wag at initial stages such that the inflation of the sccondary chamber is further delayed to
protect the out of position occupant who sits very close fo the aitbag. When the primary
chamber pressure is built up, the slit will open o allow gas flow ito secondary chamber
quickly to protect nermal positioned heavier ovcupant. This feature iz particularly effeciive
when a two-stage inflator is used (FIG. 8-10).

3. Stronger secondary chamber
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In at least ane of the present designs, the size of the secondary chamber is smaller than the

primary chamber. Also the final vent of the secondary chamber is through the primary
chamber. This design enables a relatively strong secondary chamber when fully inflated for

protection of a heavier occupant.

4. High safety performance
The lwo-charber aubag can provide a softer landing for the vceupant. It can significantly
reduce the rebound, mivinmzing any injurics cawsed by the deploving airbag itself, It also

provides protection for the short occupant sitthng elase to the airhag.

Following are test results:

The inflation test (cold gus test, not actual inflator) showed (hat the primary chamber of
the two-chamber airbag reached maximum pressure much faster than the control bag (single
chamber production bag) (38 ms vs. 34 ms).  The typical airbag inflation time in an
automobile using an actual inflation {hot gas inflation) is about 33 ms for a driver bag and
about 52 ms for a passenger bag. At ihis stage, the secondury chamber was only partially
inflated, The maximum excursion of the primary chamber of the two-chasnber bag was also
much shorter than the control bag at this stage due to shortened tethers. This is very bencficial

to & sharter driver sitling very close to the steering wheel.

The drop test where « weight {of 83 Ibs.) is dropped over the inflated airbag showed
that the two-chamber airbag had siguificantly shorter rebound distunce than the conwol bag,
Thiz will sipgoificant]y reduce the injurics caused by bouncing back cffects. FIG. 11 compares
the rebound distance of the control bag and thres two-chamber bags with different tether
sewing diameters and fether lengths,

Drop tosis were conducted by dropping a weight of 83 Ibs. from a hoight of 6 feet onto
the inflated bag. The 12 fnch x 24 inch surface of the weight facing the bag was in the
horizonial plane and the weight was constrained so it could move only wp or down in the
vertical direction. The peak deceleration rate as well ag the peak-rebound heipht of the weight

was Teoorded.
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The data show that when the tether length is substantially shertened, the rebound

distance is reduced by as much as 70%. At the same time, the peak deceleration , which js a
measwre of the force experienced by the occupant, is also reduced for the two-chamber aithag

by approximately 10%.

Tmpact tests were conducted in the same facility bul with the weight being suspended
on a fisxile tether u {ixed distance sbove the bag. The bag was inflated inte the suspended

weight. The maximum height the weight reached on impact waa recorded.

The impact iest showed that the two-chamber airbag had mouch less impuct force on the
object rested at a fixed posihon as measured by the object movement. FIG. 12 comparss the
movement of the control bag and thiee two-chatber bags with different rother sewing

diameters and tether longths.

The height change of the object after it s impacted by the deploying aitbag is an
indication of the energy dissipated on the body by the inflating tag, FIG. 12 clearly shows that
the energy dissipated on the body by the two-chamber aivbags is mucl: less than that by the
contro) bag when the object rests at the same inilial posilion. For example, when the object
initially rests at 10 inch from the base of the airbag, after it is impacted by the inflating airbag,
it moves more than 20 inches by the control bag. In contrast, it only moves less than 4 inches
by the two-chambor airbag with 16G mm tether length. This provides evidence of enhanced
protection of an out-of-position ocoupant sitting very close to the multiple charaber airbag

during airbag deployment.

Multiple Chamber Airbag Dimensionsl Parameters

The volume of the curment single chamber production deiver aisbag is about 53-60
liters, The secondary chamber velume of the new bag is abeut 12 liters and the primary
charrber volume of the new hag is about 38 liters. The tether length of the current single
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chamber production driver bag is approximately 300 mm. The tether length of the

primary chamber of new bag can be 160-180 mng.

Variations
Secondary chambers can also be tethered, as fllustzated in FIGS. 13 and 14.

Multi-chamber aivbag

The coneept can be easily applied to three or more chamber bags, FIG. 13 shows
one cxample of & three-chamber sithag of the present invention produced by adding an
intermediate chamber in between the prmury sod secondary chambers. The function of
the intermediate chamber is to further modulate the gas flow characteristics to achieve

desired performance.

Proferably, the airbags disclosed horein consume less fabric than any prior
airbags as 4 resull of novel fibriv culhng schemes as sbown in FIGS. 32 and 34-36.

Tn addition to fhe fabric savings mentioned shown in the above, further
fmprovement can be realized by using octagon shaped primary chumsbers as shown in
FIGS. 34 and 36,

In addition to the primary chamber, the secondary chumber can also use a
polygon shaped panel or pleats could be farmed to create a three dimensional secondary

panel as shown in FIG. 36.

The proposed multiple chiamber bag is manufaciure friendly and the proposed

production process Is shown in FIG, 37.
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In addition to the secondary chamber, # third chamber can be added as shown in

FIGS. 37 and 38 to further Jelay the inflation of the aithag closer to the occupant.

Addition of the third chamber does not impact fabric utilization bgcause of the

novel design proposed in this invention as seen in FIGS. 40.

An exemplary fabric layaut for & two chawber passenger airbag is shown in FIG.
41.

FIG. 42 illusirales o thwee chaotber passenger airbag in accovdancc with the
present invention.

"The embodiroent of FIG. 43 of the drawings is based on & modificd conventional
top mount passenger side aitbag.  Secondary front panels are added over vent openings

in the front panels to forre secondary chambers.

In ax altemalive embadiment as fllusteated in FIG. 44, a front mount application
is changed or modilied for top dash mount applieation without any tradeoff in fabric
utilization, In accordunce with this particular embodiment of the present invention, 2
front mount bag is changed to 4 top mount hag by preculling a slit in the fabric jo the
main panel near the bottom portion of the bag (FIG. 44). When a scam is sewn fo
conneci o close the slit, ihe fabric gathers around the seam to croate an offsct n the

teunt.

In accordance with the present invention, top mount bags can be made in a

similar fashion to front mount bags withoui a substantial fradeoffin fabric uwtilzation.

Turning now to FIG. 44 of the drawings, there is shown a fubric web 318,
wherain ten fabric panels to bs cut 312, 314, 316, 318, 320, 322, 324, 324, 328, and 330
Lave been outlined, Also, specific fabric pieces ta be removed and slits 328 330, 332

within the two Jargest fabtic panels 312, 314 are outlined as well. Tho fabric web 310 in
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this specific cxample conprised nylon 6,6, 630 denier yams, woven on a jacquard loom

into a fabric 10 comprising 41 piclks by 41 ends per inch.

In accordance with the presant invention, slits, notches or openings 306, 308 in
panels 314, 312 are added to offset the mouth configuration instead of utlizing two
sepurate side panels in accordance with conventionsl passenger bags (FIG 43). In
accordance with the prosent mvention, fabiic utilization is above at least about 50%,
preferably above about 95% as in the front mount bag with more than a 50% reduction in
total length of the scams, 40% reduclion m fubric usage and predonrimated by straight

S2ams.

The opening, sht, notch, or the like 306, 308 can be of any shape depending on
the required profile of the bag. The slit or notch can also be positioned in a non-
symmeirical fashion at the bottom or side of the panel depending nn the relationship of
the instrureent pancl design and the windshield design,  This approach can be used for

any given shape of the starting panel,

Secondary pancls 328, 330 are attached over (or under) front panels 324,
326 to form secondary chambers.

The peak deceleration expericnced by an object being brought [o rest by an wirbag
is an important parameter in determining airbag perfornance, The peak declaration
mieasured in g's (paltiples of fhe standard aceeleration due (0 gravily) multiplied by the
body weipht gives the force exerted on the body to bring it 1o rest.  Another important
parameter s the amount of rabound experienced by an object after it is brought to Test,
This parameter is a measure of cocrgy imparted fo the abject by the airbag afier bringing
the object to rest and plays a role in possible secondary injury such as whiplash. Still
another importaot parameter is the energy imparted to an objsct when the object is close
cnough for the bag to contact it while the bag is still inflating. This paramcier is
impertant for ouf of position cecupants such as a driver of short siature who must sit very
close to the sieexing wheal. In general one desires to have gll three of Hiese paramelerss to

be as low as possible.
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Yor the examples cited, the donble ¢hamber bags of |he present invention had
substantially the sarne peak. deceleration within + 2g as the conventieral single chamber
contrel bag. This is probably witbin the range of experimental emor. For cerfain tether
length and size of vent arsa between the secondary and primary chambers, drop fests
demenstrated the rebound height of the double chamber bag to be, within experimental
error, always less than that for the coutrol bag and as low as 70 % less of the xebound
height of the control bag. The energy imparted 1o the double chamber bag in the impact
test was always less than that for the control bag and as low as 1/2 of the energy

imparted to the control bag.

Puassenger side airbags

The concept s also applicable to passenger side abags. Single chamber passenger
airbags that are currently in use do not have controlled cxoursion of the fromt reaction
surface when it comes to the providing oceupant protection for bathua 5™ percentile and &
95" percentile accupants. De-powered airbags are not the long-tsim solution beoauss of
the tradeod? in the protection for 2 95™ perecutile occupants, even though they may he
adequate for a 5™ to 50" porcentile occupants.  Smart airhag technologies under
development do not adequately uddress this problem, but only differentiale belween
single and multi stage inflzlor firing scenarios. The solution to #lus problem cac not be
completely answered by multistage inflators. The aichags need (o deploy in stages with

controlled excursion and inflated volume independent of the occupant size.

Today, this problem is tackled by providing a secondary bag inside z primary bag
{FIG. 16) or by providing « telher thal would have a breek away seam to control
excursion (o the punch-out phase of arbag deployment. In addition to being a cost
penalty (both material and labor), these two approaches do not pravide a complets and
tepeatable solution, espeeially oo the passcnger side applicstion where the urea for
coverage is sbout twice compared to the driver side. None of the above solutions
adequately address the out-of-position oceupant (OOPQ) siluation where the bag needs

to get in position quicker,
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A multf chamber airbag is disclosed herein for the passengsr side with a novel

approach to control bug excursion and the volume at the same time. This appreach is
based on (bs current bag designs amt can be readily adaptable to any new desigos. The
current bag can be modified to act as 4 primary chamber and ap onter layer of the fabrc
is sewn on the front panel to ercite the secondary chamber. The excursion of the front
panel of the primary bag is controlled by interpal tether. The Jength of this tether travel
controls the prmary bag volume to provide protection for smaller occupams during the
punch-out phase. Once the primary chamber nflates completely, then the secondary
chamber inflates through the intereommunication vents positioned at the front pansl of
the primary bag (FIGS. 17 2nd 18).

With reference ta FIG. 17, gas is venled into the secondary chamber

through vent opening sin the front panel.

With reference to FLG. 18, gas is vented into the secandary chamber by
passing through @ permecble fabric or material sown inside the body of the airbag (such
as im uncoated fabiic).

The two-chamber passenger bag of the present invention can be made according
to FIGS. 17-28.

Prefeeably, the vont size on the primary bag used o dissipate ccoupant eneryy is
bigger (han the communicating venl between the primary and the secondary bag or
chamber. In situations where 2 smaller cccupant will be in. contact with the deployving
airbag (QOPA}, the firing of the seeond stage of the inflator would be delayed and the
secondaty chimaber would not inflate during the punch owt phase. On the contrary, when
both stages of the infiater are fired to protect a [arger occupant, then the secondary bag or
chamber will inflate to functicr 4s a larger volume bag  Typical stages of a mulii-
chamber airbag deptoyment are shown in FIGS, 21 — 26,

The secondary chamber can alse caploy an internal baffle or a tether as shown in FIGS.
27 and 28
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These specific contigurations and shapes provide the lowest overall fabric nsage

as comparsd 1o the available inflation airspace volume.

Each of thesc panels may be [ormed from a number of materials including by
way of example only and not limitatien woven fabrics, knitted fabrics, non-woven
fabrics, films, laminafes, and combinations thereef. Woven fabrics may be preferred
with woven fabrics formed of tightly woven construction such as plain or panama weave
constructions being patticularly preferved. Such woven [abrics may be formed fiom
yams of palyester, polyamides such 23 nylon 6 end nylen-6,6 or other suitable material
as may be known to those in the skill in the ait. Multifilamont yarns having & relatively
Jow denier per filarrent ruting of not greater than about 1-4 denier per filament may be

desirahle for bags requiring particular pood foldability.

In application, woven fabrics formed from synthetic yarns having linear densities
of about 40 denier to about 1200 denier are helicved to be useful in the formation of the
aithag according fo the present invention. Labrics formed from yams having linear
densities of about 315 to abont 840 are believed to bo particularly wseful, and fabrics
termed from: yarns having linear densities in the range of ahout 400 to about 550 are

believed to be most useful.

While each of the panels may be formed of the same malerizal, the pancls may
also be formed from differing materials aod or constructions, such as, without Juitation,
coated or uncoated fabrics, For example, the front panel of the primary chamber may be
uncoated if the fabric sewn to the extension of the front pansd s coated. Such fabrcs
may provide high permeability fabric having an aiv permeability of abour 3 CMF per
square foot or higher, preferably less than about 3 CFIM per square foot or less when
measwed at a differential pressure of §.5 wmches of waler across the fabric. Fabrice
having pertreabilities of about I-3 CFM per square foot may be desirable as well.
Fabrics having permesbilitics below 2 CFM and preferably below 1 CFM in the
ungoated state may be preferred, Such fabrics which have permeabilities helow 2 CFM
which permeability does not substantially increase by more then a factor of about 2 when

the fabric is subjected to biaxial siresses in the range of up to abouf 100 pounds force
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may be particularly preferred. Fabrics which exhibit such characteristics which are

formed by means of [luid jet weaving may be most preforred, aithough as moted
previously, weaving on jacgquard and/er dobby looms also permits seam production

without the need for auy further labor-intensive sewing or welding nperations.

In the event that a coating, is utilized on one or more material pancls, neoprene,
siticone nrethanes or disperse polyamides may be preferred. Coatings such us dispersed
polyamides having dry add on weights of about 0.6 ouncss per square yard or less and
more preferably about 0.4 ounces per sguare yard or less and most preferably abont .3
per square yard or Jess may be particularly prefeired so as to minimize fabric weight and
etthance foldability, Itis, of course, to be understood that aside from the use of coatings,
different characteristics In various pancls may also be achieved through the use of fabrics
incorporating differing weave densitics andfor finishing ireatments such as calendacing

as may be known to those in the skill of the arl.

While the airbag cushions according to the present invention have been illustrated
and doseribed herein, it is to be wnderstood that snch cushions may also include
additional components such as shape defining tothers, gas vents, and the like as may be
known to those . the sldll of the ait.

Generally, a0 aitbag medule mapufaciurer or avtomobile mannfacturer will
specify what dimensions and performance characteristies are needed for a specific model
znd make of car. Thus, airbeg inflation sirspace veolume, front panel protection arca
(particarly [or passenger-side airbag cushions}), and sufficient overall protection for a
passenger are such required specifications. In comparison with commercially available
airbag cushions, the inventive airbag cushions which meet the same specifications (and
actually cxceod the overall passenper protection characteristics versns the prior art
cushions) but require less fabric, less seam length for sewing operations, and/or the like

thus cost appreciably less than these compelitive cushions.

JP 2004-512209 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(60)

WO 004255 PCTIUSOTAZIS00

20
Clearly, the inventive bags, which may possess, the same or less available

inflation airspace velure and front fabiic pamel arsa as the comparative prior art
commercielly available cnshions {bags), reguire much lcss in the way of total fabric
wiilization, which thus comrglates into overall much lower effective fabric usage factors.
Furthenmore, a5 noted above, thess inventive bags (cushions) either perfonned as well as

or outperformed their commercially available, more expengive, countarparts.

While speciffic embodiments of the invention have been [llustrated and described,
it is 1o be understood that the invention is not liroited thereto, since modifications may
certainly be made and other embodiments of the principals of this nvention will ne
doubt occur to those skilled #n the art.  Therstore, it is contemplated by the appended
claims to cover any such wmodifications amd other embadiments as incorporate the

features of this invention in the true spirit and scope of the claims hersto.
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CLAIMS

What I elaim 1s:

1. A multiple chamber airbug cushion having at least one material
component, at least two chambers, and
wherein satd aitbag cushion possesses en effective material vsage factor of less

than about G.095.

2. The airbag cushion of Claim 1, wherein said airbag cushion possesses

un effective material usage factor of less than about 0.09.

3. The airbag cushion of Claim 2, wherein said airbag cushion possesses

an effective material usags factor of less than about G.085.

4, The eirbag cushion of Claim 3, whercin said airbag cushion possceses
an

slfective malerial usage factor of less than about 0.08.

5. The airbag cushion of Claim 4, whorcin said airbag cushion posscssos
and

effective material usage factor of less than about 0.075.

6, The aitbag cushion of claim 5, wherein said aithag cushion is a two-
chamber

tethered airbag cushion.

7. The airbag cushion of claim 1, wherein said airbag cushion is

constructed of fabric and has a fabric usage factor of less than about 0.095.

JP
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8. A multiple chamber airbag cushion having at lcast ome material
commponent, and
wherein said airtbag cushion is formed vsing less than 3.00 square meters of

malerial.

9, The airkag cushion of Claim §, wherein said airhag cushion is tformed
using

Tess than 4.0 square meters of material.

10. The airbag cushion of Claim 9, wherein said airbag cushion is formed
using

less than 3.0 squars meaters of material.

11. The ambag cushion of Claim 10, whercin said airbag cushion is
formed using

Tess than 2.0 square meters of material

12. The ambag coshion of Claim 11, wherein safd airbag cushion iz formed

using less than 1.0 square meter of material.

13. The airbag cushion of Claim 12, wherein said airbag oushion is a twa

chamber tethered airbag cushion,

14. The aithag cushion of ¢laim 8, wherein said material is at least one of

coated and uncoated fabiric,

15. In an airbag cushion filled by gas during inflation, having at least first

and
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second panels conpected by edge seams and forming a primary chamber, the

improvement comprising a secondary chamber being formed by an additional
pancl attached 1o a central portion of the sccond panel, and at least one vent hole
in one of the second pansl and additional panel to provide for gas to fill the

secondary chamber after the filling of the primary chamber during inflation.

16. The airbag cushion as recited in claim 15, wherein the third panel is
ttached over at least a central portion of the outer surface of the second panel,
and at least cne vent hole in the second panel in 2 position located under said third

panel.

17. The airtbag cushion as recited in Claim 135, further comprising tethers
betwsen said first and second panels, lovated near the center of said second panel,
and fonming a concave area in sald second panel, helow ssid third pancl, when the

airbag cushion is inflated.

18.  The aithag cushion as recited in claim 15, wherein at least said first

and sceond panels are at least onc of coated and voeoated fabric.

19. The airbag cushion as recited in claim 135, wheretmn all of sald panels

are at least one of coated and uneoated fabric.

20, The aibag cushicn as recited In claim 17, wherein all of said panels

and said tethers are at least one of coated and uncoated fabiic.

21. A mubtiple chamber airbag cushion compristng:
a fixst panel having a central gas opening and at least one veni hole,
a second panel having substantially the same dimensions as the first

panel,
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having at least one vent opening spaced from the centor thereof, and being

attached to the fizst pancl, along the cdge thereof,
a third pancl having ditnensions less than ox equal to that of the
second
panel, having no vent openings therein, and being atfached along the edge thereof
to the second panel in u position covering the at leasi one vent opening in said
second panel, and at Jeast one tether attached between said first and second pancls
near the center thereof and having at Isast one vent opening in the side thereof to
provide for the flow of gas from the gas opening in said first panel into a primary
chamber defined between said first and second panels and, & secondary chamber
defined between said sccond and third panels receives gas from said primary

chamber through said at least one vent apening in said second panel,

22, The multiple chamiber airbag coshion as recited in Claim 21, wherein
said first, sccond and third pancls are at least one of eireular, polygon-shaped, or

combinations thereof

23 The multiple chamber aithag cushion as recited in Claim 21, wherein

said thixd pancl has smaller dimensions than said second panel,

24. The multiple chamber airbag cushion as recited in Claim 21, wherein

said second panel includes at least two spaced vent openings.

25. The multiple chamber aithbag cushion as recited in Claim 21, whercin

&t ieast one of said pancls has tucked pleats to form a three dimensional shape.

26, The multiple chamber airbag cushion as recited in Claim 21, baving
enhanced safety pexformauce characieristics since said primary chamber fills

more quickly than said secondury chamber.
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27, The multipls chamber airbag cushion as reeited in Claim 21, whersin

a plurality of tothers form a first chamber within said primary chamber which
receives gas through said gas opening in szid first panel and vents to a socond

charnber of said primary chamber.

28. The multiple chamber zirbag cushion as reciled in Claim 21, wherein
said at least one vent epening n said scoond panel is Jocated adjaceat the loeation

of attachment of said at least one tether to said second panel.

29. The multiple chamber airbag cushion as recticd in Claim 21, wherein
the length of said at least one tether is sclected to form a cencave area in the

center of the face of said segond panel wpon inflabion of the airbag cushion.

30. The multiple chamber airbag eushion as recited in Claim 21, wherein
said airbag cushion is construeted by simple seswing steps of attaching said at Jeast
one tether io said first and second panels, aitaching said third panel to said second

panel, and then attaching said fiest panel o said second panel.

31. The multiple chamber airbag cushion as reeited in Claim 21, wherein

said secondary chamber has a smaller volume than said primary chamber.

32. The multiple chamber airbag cushion as recited in Claim 21, wherein
said airbag cushion is at Teast one of a driver side airbag cushion, passenger side

airbag cushion, side aitbag cushicn, and side curtain airbag cushion,

33. The multiple chamber aitbug cushion as recited in Claim 21, whercin

said third panel is made of single ply fabric.

34, The muliiple chamber airbag cushion as recited in claim 21, wherein

said third panel is made of a soft, low abrasion material.
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The multiple chamber airbag cushion as recited in claim 21, wherein
said first, second and third panels are fabric, and said third panel is
made of a fabric which Is at least one of lighter, softer and less

abrasive than the fabric of said first 2nd second panels.

36.  The multiple chamber airbag cushion. as recited in Claim 21, wherein

said second panel is formed of uncoated fabric.

37. The multiple chamboer aitbag cushion as recited i Claim 21, wherein

said first and third panels are formed of coated fabric.

38. The multiple chamber airbag cushion as resited in Claim 21, wherein
the length of the tother is shorter than the tether in a single chamber tethered

airbag,.

39. The multiple chamber airbag cushion as recited in Claim 21, whergin

the length of said at lcast one tether is less thao about 350 mmm.

40. The multiple chamber airbag cushion s recited in Claim 39, wherein
the length of the tether is less than about 300 mm.

41. Thke muliiple chamber aifbag cushion as recited in Claim 21, wherein
the at least one tether is atlached to said second panel by a civcular stiich having a

diameter of at Jeast 3 inches,

42, The multiple chamber aifbag cushion as recited in Claim 41, wherein

the diameter of said cireular stitch is about 4 to 5 inches.
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43, The muliipls chamber aithag cushion as recited in Claim 21, wherem

said at least one tether is formed of uncoated fabric,

44, The multiple chamber airbag cushion as recited in Claim 21, wherein

said at least cne tether serves as a gas regulator.

45, The multiple chamber airbag cushion as recited in Claim 21, wheren
additional tethers arc used to contro! the excursion of at least one of the primary

and secondary chambers.

46. The multiple chamber airbag cushion as recited in Claim 21, further
comprising a fourth panel secured to said second panel over said third panel, and
wherein at feast one of said second and third panels inclodes a vent opening
providing for inflation of a terbary chamber defined between sard fourth panel snd

said second and third panels.

47 The multiple chamber aitbag cushion as roeited in Claim 46, wherein

said fourth panel is larger than said thixd panel.

48. The multipie chambes airbag' cushion as recited in Claim 46, wherein
said panels are attached to one another and said tethers are attached to said panels

by simple sewing,

49. The multiple chamber aitbag cushion as recited in Claim 21, wherein
said at least one tether includes ai least two tether elements which are attached one

to another.

30. The multiple chamber airbag as recited in claim. 49, wherein oue
tether element is cut at a 45° biag (o the warp and fill and the other tether element

is cut at 00°.
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51, The multiple chamber sirbag cushion as recited in Claim 49, wherein
said tether clements arc attached to said first and second pancls by a circular

stitching patterm.

52, The muliiple chamber zirbag cushicen as recited in Claim 21, wherein
said
airbag ewshion tnchides a plurality of tethers and wherein each said tether is
formed of at least two parfs each joined one to another along their ends

substantially midway between said first and second panels.

53, The mualtiple chamber airhag cushion, as recited in Claim 21, wherein
the
secondary chamber receives and is filled by gas that has passed thiough the

primary chamber upon inflation of the cushion.

54, The multiple chamber airbag cushion as recited in claim 21, wherein
sa1d at

Teast onc tether has a width of at least 3 inches,

55. The multiple chamber airbag cushion of Claim 21, wherein the size of
the at
least one opening vent holes in the second panel i3 selected to provide for a fill

rate of said secondary chamber of less than that of the primary chamber,

56. The multiple chamber airbag cushion of clmm 55, wherein there are at
least
two vent openings in said second panel and each opening ig at least ¥ inch in

diamefer.
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37, The multiple chamber aitbag cushion of Claim 21, wherein said at

least one vent opening in said second panel are offset from corresponding vent

heles in die tether to provide a gas regulation effect of hatween the two chambers.

58.  The wmliiple chamber airbag eushion of Claim 57, wherein the vost
holes in at least one of said second panel and tether include elongate slits
cxtending therefrom i provide for enlargemest of said veat holes upon inflation

of said cushion.

59. The multiple chumber airbag cushicn as recited in Claim 21, whersin
the
filled volume of said primary chamber 18 greater than the filled volume of said

secondary chamber.

60, The multiple chamber aithag cushion of claim 59, whercin the filled
volunte
of the primary chamber is about 80 to 100 liters and the filled volume of the

secondary chamber is about 30 to 50 liters.

6L,  The multiple chamber aitbag cushion of claim 60, wherein the

airbag cushion is a passenger side aitbag cushion,

62,  The multiple chamber airbag cushion of Claim 59, whercin the
primary chamber  has 2 filled volume of about 38 Jiers and said secondary
charnber has a filled volume of about 12 Titers.

63.  The multiple chamber airhag cushion of Claim 21, wherein the fill

volume ratio of said secondary chamber o said primary chamber is at most 1/1.
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64, The multiple chamber aithag cushion of Claim 63, whercin the £

volume ratio of said secondary chamber to said pomary chamber is at most 2/3.

) 65. The multiple chamber airbag cushion of Claim 63, wherein the fifl
volume

ratio of said secondary chamber to said primary chamber is 2t most 143,

66. The multiple chamber aitbag cushion of Claim 46, whercin the fill
volume of
said primary chamber is greater than that of said secondary chamber, and said 0l

volume of said tertiary chamber is greater than that of said secondary chamber.

67, A mwultiple chamber airbag cushion bhaving enhanced safety
characteristics as cornpared to a conventional single chamber airbag, including at
least one of reduced impact, reduced rebound, smaller size, reduced possible
injury to out of position oceupant, faster gas fill to the primary chamber, slower
gas fill fo the secondary chamber, smaller dimension of the primary chamber,
smaller dimension of fhe secondary chagubez, a softer fabrie over in the secondary

chamber, a [ower pressure in the secendary chamber, and combinations thereof.

68. The multiple chamber airbag cushion as recited in Claim 29, wherein
euch of said tethers has an enlarged substantially elongaied oval central tegion and
wherein the respective central region of each tether is adapted to be attached to the

respective first and second panels.

69. A meihod of consfructing a multiple chamber airbag cushion including
at Jeast first, second, and third body panels and at least ouc tether, and having at
least primary and sccondary inflatable chambers, comprising the siops of

attaching at least onc tether to each of said first and second panels, attaching said
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third panel to said second panel, attaching, said first and second panels together,

and then attaching the tethers ons to ancther.

70. In a velicle occupant restraint systemy, the improvement comprising a

multiple chamber airbag cushion as reeited in Claim 21,

71. An sirbag cushion fabric layout inchading respective fabric parts for at
least two multipfe chamber airbag cushions and using less than 5.0 square meiers

of tabric per bag,

72. The airbag cushion of claim 15, wherein said first and second panels

are attached ta one another by rip stitches.

73. A multiple chamber driver side airbag cusmon compnsmg:
a first panel having a central gus opening and at least one vent hole,
a second panel having substantially the same dimensions as the first
panel,
baving al least one ven! opening spaced from the center thereof, and being
attached to the first panel, along the edge theveof,
a thitd pancl having dimensions less than or equal to that of the
second
panel, and being atfached along the edge thereof to the second panel in a position
covering the at lcast one vent opening in said second panel,
and at least one tether attached beiween said first and second panels
T
the center thereof and haviog at lessi one event opening in the side therzof to
provide for the flow of gas from the gas opening in said first panel nfo a primary
chamber defined between said first and second pansls, 2 sccondary chamber
defined between said second and third panels receives ges fiom said primary

chamber through said at least one vent opening in said sccond panel.
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74. A multiple chmnber passenger side airbag cushion comprising:
at least a first panel having a central gas opening and at least one vent hole, un
additional panel having dimensions less than or equal to that of the first and being
attached along the edge thereof to the first panel in a position covering the at least

one vent hole in said first panel,

and at Jeast one tether attached to sald first panel to provide for the
HNow of gas from. the gas cpening in said first panel inio a primary chamber
defined by said first panel, and a secondary chamber defined between said
first and additional panels receives gas from said primary chamber through

said at least ong vent hole in said first panel.

75. A muliple chamber side impact wirbag cushion comprising:

a first panel having a ceniral gas opening and at least one vent hole,

2 scoond panel having substantially the same dimensions as the first
pauel, having at least one vent opening spaced from the center thercof, and
being aitached to the frst panel, along the edge thereol,

a third panel having dimcnsions lcss than or equal to that of the
second panel, having no vent openings therein, and being attached along
the edge thereof to the second panel in a position covering the at least one
vent opening in said second panel,

and wherein gas flows from the gas opening in said first panel into
a primary chamber defined betweoen said first and second panels, a and
scoondary chamber defined between said second snd thivd pagels receives
gas from said primary chamber through said at least one vent opening in

said second panel.
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76. The multiple chamber driver side airbag cushion of Claim 73, wherein

the primary chamber expands vpon inflation to a distance of aboat 350 mm inches

or less from the steering column toward the vehicle occupant.

77. The multiple chambor driver sids airhag cushion of Clain 76, wherein
the secondary chamber expands upon inflation to a distance of 100 nun or less

from the second panel toward a vehicle occupant.

78. The multiple chamber aitbag cushion of claim 21, wherein the final
venting of gas from the inflated secondary chamber is back through the primary

chamber and out said at least one verd holc in said first panel.

79, The multiple chamber airbag cushion of claim 21, wherein said

airbag cushion is adapied to be used with a two stage gas inflator.

80. The multtiple chamber aitbag cushion of elaim 21, wherein the
multiple chamber airbag cushion provides a softer landing and reduced rebound

for the occupant as compared o a single chambor tethered airbag.

81. The multiple chamber airbag cushion of ¢laim 21, wherein the nmitiple
chamber airbag cushion provides a shorfer maximum excursion of the primary
chamber as compared to the muximum excursion of a single chamber tethered

airbag.

82. The multiple chamber airbag cushion of claim 21, wherein said
primary chamber reaches maximum pressure much faster than 2 single chamber

tethered airbag.,

83. The multiple chamber 2irbag cushion of claim 82, wherein said primaxy

chamber reaches maximum pressure in about 40 ms or less.
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84, The multiple chamber aishag cushion of claim 21, wherein said
secondary chamber only teaches partial inflation when the primary chamber has

reached maximum inflation,

85. The muliiple chamber airbag cushion of elaim 21, whercin the rebound
distance of & drop test of the fully indlated multiple chamber airbag cushion is af
least about 10% less than that of a single chamber tethered airbag,

88, The multiple chambor airbag cushion of clatm 85, wherein the rcbound

distance is at least about 20% Jess.

87.  The multiple chamber aitbag cushion of claim 35, wherein the

rebound distant is at least about 70% less.

88 The multiple chamber airbag cushion of claim 85, wherein the

rebound distance is at least sbout 75% less.

89,  The multiple chamber airbag cushivn of claim 21, wherein the

sffective tether length is sbout 500 mm or [ess.

90, The multiple chamber airbag cushion of claim 89, wherein the effective

tether lengtl is about 400 nun or less.

91, The multiple chamber aithag cushian of claim G0, wherein the cffoctive

tether length is about 3006 mm or less.

92. The multiple chamber aithag cushion of claim 91, wherein the effective

tefher length is about 160 mm or less,
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93. The multiple chaber airbag cashion of claim 21, wherein the rebound

distance of the multiple chamber airbag cushion is at least about 10% or less than
that of 2 single chamber tethered airbag,

94, The multiple chamber attbag cushion of claim 21, wherein the poak
deceleration (2 measure of the force experienced by the occupant) of the multiple
chamber aithag cushion is about [0% less than that of a single chamber tethered

airbag.

95. The multiple chamber airbag cushion of claim 21, wherein the impact
force on an object rested at & first posiiion as meusured by object movement of the
multiple chamber ambag cushion is less than that of & single chamber tethercd

aithag.

96. The multiple chamber aitbag cushion of claim 93, wherein the object
movement is at least about 10% less than that of the single chamber tethered

aithag.

97. The mubtiple chumber aitbag cushion of claim 93, wherein the object

movement is at least about 209 less,

98. The multiple ¢hamber airbag cushion of claim 95, wherein the object

maovement is at least about 30 % less.

99. The multiple chamber airbag cushion of claim 95, wherein the object

mavement ig less than 5 inches at a distance of 10 inches.

100, The multiple chamber awbag cushion of claim 21, wheremn the
multiple chamber airbag cushion provides enhanced protection for an out-of-

position occupant.
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101. The muliiple chamber aitbag cushion of claim 21, whercin the
nmltiple chamber airbag cushion provides enhanced profection for an occupant

sitting too close fo the airbag during deployment,

102, The muliple chamber ajtbag cushion of claiim 21, wherein the volume

of the secondary chambey is teas than about 13 liters.

103, The multiple chamber airbag cushior of claim 21, wherein the tether
length is about 160 — 180 mm.

104, The multiple chamber airbag cushion of c¢laim 21, further
comprising at [east one secondary tether for tethering the third punel to the second

panet and located within the secondary chamber,

105, The muliiple chamber airbag cushion of claim 21, further
comprising a fourth vented pancl between said second and thivd panels and
attached to said second panel to form a tertiary chamber between said primary and

secondary chambers and sorving as 2 gas low modulator,

106, The mubiple chamber passenger side ajrbag cushion of claim 105,
whetein said fourth panel is sewn on at least one of the inside and outside surface

of said second pranel.

197. The multiple chamber airbag cushion of claim 21, wherein said at
leagt one vent hole in said first panel is Jarger than the effective vent size of gaid
vent openings in said second panel between said primary and secondary

chaimbers.
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108.  The multiple chamber aithag cughion of claim 21, whorein the
vehicle resirtaint system sense a sinaller occupant will be in contact with the
deploying multiple chamber airbag (OOPC) and the firing of the second stage of
the infiator is delayed, the secondary chamiber will not fully inflate during the

punch gut phase.

109. The mulliple chamber aitbag cushion of clain 21, whersin when the
vehicle restraint sysicn senses a larger occupant and both stages of the inflator are

fired, then the primary and sccondary chambers will inflate.

110. The aitbag cushicn of claim 21, wherein the secondary chamber is

divided into & respective head and chast chambers to control vicious criteria.

111. The multiple chamber airbag cushion of claim 21, wherein the anbag
cushion includes a terfiary chamber formed by a forth pumel altached to said

second panel beside the thitd panel.

i12. The multiple chamber aibag cushion of claim 111, wherein the
secondary and tertiary chambers form respective head and chest chambers fo

control vicious criteria.

113, The multiple chamber airbag cushion of claim. 111, wherein the third

and fourth panels are sewn to the ouiside of the second panel.

[14. The multiple chamber aitbag cushion of claim 111, wherein the turd

and fourth panels are sewn to the inside of the second panel.

115. The muitiple chamber airbag cushion of claim 111, whercin the first,

second, and third pansls are woven as a single item.
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116. A multiple chamber airbag cushion comprising:

a first pancl having a central gas opening and at loast ane vent hole,
a second pancl having substantialily the same dimensious as the first
panel, and being attached to the first panel, 2long the edge thereof,
a third panel having dimenstons less than or equal to that of the second panel, and
being attached along the edge thereof to the second panel with at least one of the
second and third panels covering at least one veot opening in the other of said
panels, a secondary chamber defined belween said second and third panels
receives gas from said primary chamber through said at least one vent opening in

at least one of said second and third panels.

117. A multiple chamber airbag cushion comprising:
a first panel having z central gas opening and at least one vent hole,
a second panel having substantially the same dimensions as the first
panel, having at least one vent apening spaced from the center thereof, and being
attached to the first panel, along the edge thereod,

2 third panel having dimensions less than or equal to that of the
second panel, having no vent openings thercin, and heing attached along
the edge thercof o the sccond panel in a position covering the at least one
vent opening in said second panel,

and rip stitches attached between said first and second panels, and wherein gas
flows from the gas opening in said first panel into a primary chamber defined
between said first and second pancls, and a secondary chamber defioed between
said second and third panels receives gas from said primary chamber through said

at |gast one vent opening in said seoond pancl,

118. A multiple chamber aitbag cushion comprising:
a first panel having u central gas opening and at least one vent hole,
a second panel having substantially the same dimensions as the first

pane!, and being aitached to the first pane, along ihe edge thereof,
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2 third pancl having dimensions lcss than or equal to that of the

sccond panel, having at least one vent opening therein, and being aftached along
the edge fhereof fo the second panel in a position between said first and second
panels, and at least one tether attached between said Grst and third panels near the
center thercot” and having a plurality of vent openings in the sides thereof to
provide for the flow of gas from the gas opening  said first panel nto & primary
chamber defined between said first and third paneis, a secondary chamber defined
between said secomd and third panels teceives gas from said primary chamber

through said at least one vent opening in said thicd panel.

[19. The multiple chamber axtbag cughion of claim 21, wherein the panels
are atiached one to anather by at lcast one of sewing, siitching, gluing, welding,

sealing, and combinations thereof.

120, The multiple chamber m’fbag cushion of claim 21, wherein the tether

is attached by an octagon stitch.

121. The multiple chambes airbag cushion of claim 21, wherein the fabric
utilizaficn is optimized by cutting two tethet pieces at a 45° bias to the warp and fil}
and the oiher two tether pieces at 90°.

122. In & module for a vohicle restraint syster, the improvement
comprising

the muliiple chamber airbag cushion of claim 21.

123, A multiple chamber passenger side airbag cushion comprising at least two
body panols, & first large fron panel aduapted to be attached io said body panels to form a
prirnary chamber, #nd a second smaller front panel adapted to be attached fo said first
lavge panel to form a secondary chamber there betwaen, said large front panel having at
least anc vent opening therein for gas to fill the secondary chamber during inflation.
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124, The multiple chamber passenger side aithag cushion of claim 123, wherein

zaid body pancls are at lcast one of kidney shuped and polygonal.

125, The multiple chamber passenger side aitbag cushion of claim 123, furiher
comprising an additionz) panc] adapted to be atlached to said {irst large (ront panel and

form a chamber there between.

126. A multiple chamber airbag cushion comprising:
a first panel having a central gas opening and at Jeast one vent hole,
a second panel having substautially the same dimensions as the fiest
pane!, and being attached to the first panel, along the edge thereof,
a third panel having dimensions less than or equal to that of the second panel,
being attached alotg the edge thercof to the second panel, and being made of a
gas permeable fabric, a secondary chamber defrned between said second and third

panels receives gas from said primary chamber through said gas permeable fabric.

127, A oultiple chamber airbag cushion comprising:
a first punel having a central gas opening and at [east one vent hole,
a second panel having substantially the same dimensions as the first
panel, and being attached fo the first panc), along the odge thercof,
a third panc] haviug dimensions less than or cqual to that of the second panel, and
being attached along the edge thereof, said second panel being made of a gus
permesble fabric a secondary chamber defined between said second and third

pancls recetves gas from said primary chamber through said panel.

128, A multiple chamber aitbag cushion comprising;

a first pancl having a ceniral gas opening,

a second panel having substaptially the same dimensions as the fivst
panel, and being attached to the first pancl. along the edge thercof, to
defing a primary chamber therein
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a third panel having dimeusions less than or equal jo that of the second pancl, and

being attuched alony the edge thereot o the second panel, and at least one of said

fitst, second, and third panels being made of a gas permeable fabric.

129. 'The airbag cushion of claim 128, wherein said first paue] is mads of

gas permeable fabric,

130. The airbag cushion of claim 129, wherein at least one of said second

and thir] panels are made of gas penneable fabric,
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(100)

Inernational Apcleation o, PCTAIS 01 21500

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Lontinuation of Box I.2

In view of the large number of claims (17 independent ¢laims) and also
the warding of the claims presently on file, it is difficult to determine
the matter for which protection is sought. The present application
therefore falls to comply with the ¢larity and concisgness requirements
of Article 6 PCT (see alsc Rule €.1{a) PCT) to such an extent that a
maaningful search is fmpossibkie.

The applicatisn cemprises more than ane invention and therefore does not
meet the reguirements of unity of invention as required by Rule 13.1 PCT.

Present claims 1-7 and 8-14 relate fo multiple chamber air bag cushions
defined {inter alia) by refarence to parameters of effective material
usaqe. The use of these paramelers im the present contexi 7§ considered
to lead to a lack of clarity within the meaning of Article € PCT. It is
impassible to compare the parameters the applicant has chosen te employ
with what i1s set out in the prier art. The lack of clarity is such as to
render a meaningful complete search impassible.

Cansequently, the search has been restricted to:

A mltiple chamber air bag cushion having at least ocne material component
and at least two chambers.

Claims 80 to 88 and 93 to 101 relate to an air bag defined by a
combination of reference to desirable characteristics and parameter
(rebound distance, peak deceleration, object movement}

The use of these parameters in the present context is considered to lead
to a lack of clarity within the meaning of Article 6 PCT. Again it is
impossinle to compare the parameters the applicant has chosen to employ
with what is set out in the prior art.

Present claim 67 relates to 2 multiple chamber air bag cushion defined
solely by reference to desirable characteristics or properties and
infinite combinatiens thereef, witheut any technical features to achieve
such properties,

In the present case, the claims so lack suppert, and the applicatien so
iacks disclasura, that a meaningful search aver the whole of the claimed
scepe is impossible, Independent of the abave reasening, the claims also
lack clarity {Articla 6 PCT). An attempt is made to define the air bag by
reference to a result to be achieved. Again, this lack of clarity in the
present case 15 such as to render a meaningful search over the whole of
the claimed scope impossible.

page 1 of 2
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International Appication Mo, PCTAIS 01 21500

FURTHER INFORMATION CONTINUED FROM  PCTASA! 210

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventiens in respect of which no internatianal
search repart has been established nead not be the subject of an
international preliminary examination (Rule 66.1{e} PCT}. The applicant
is advised that the EPO policy when acting as an Internaticna)
Preliminary Examining Authority is normaliy not to carry out a
preliminary examination on matier which has not been searched. This is
the case frrespective of whetner or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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Interaatisnal Application o, PCTAS 0L 21560

FURTHER INFORMATION CONTINUED FROM ~ PCTASA) 710

This International Searching Authority found multiple (groups of}
inventions in this international application, as follows:

1. Claims: 1-¥, 8-14

Claims 1 and 8 concern @ multiple chamber air bag cushion
having 2t least one material component and at Teast two
chambars.

& multiple chamber air bag cushion having at least one
material component and at least Two chambers is known from
the document JPO9188218A.

The feature which 15 new vis—a-vis the prior art is that the
air bag cushion possesses a particular measure of material
used to volume of the finished air bag.

The problem of optimising the volume of the air bag while
taking into account of the area of cloth used s solved by
the special technical feature of using a certain ratio of
voiume to cloth {claim 1) and by centrolling the area of
cloth used (claim 8).

2. Claims: 15-20,72, 123

This group of claims concerns an air bag formed by panels
connected by edge seams. wherzin a secondary chamber i$
nrovided by an additiana? panei attached to the s=cond
panel, with vents in the second panel to allow socond
chamber ta inflate.

This second group of claims contains the following features
which are not contained in the prior art:

The compination of coated and unceated fabrie for each of
the panels.

Tha problem of cantrelling the inflatian and deflation
characteristics of the airbag 15 solved by the choice of
coated and uncoalaed febric for the panels of the bag.

3. Claims: 21-66, 68, 70, 74, 75, 78-115, 116, 117, 118,
119-122

This group of claims concerns an air bag formed by two
panels of similar size with a third panel of either the same
&ize or smaller mounted on the cuter panel (from the
generator) covering a vent to allow the second chamber to
inflate, further inciuding a tether in the first chamber.
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Internatanal appleaton ho. PCTAS 01 £1600

FURTHER INFORKATICNM CONTINUED FROM  PCTASA/ 210

This third group of claims contains the following feature
which is not contained in the prior art:

The provision of a vent in the generater side panel of the
air bag.

The problsm of deflating the air bag after deployment is
solved by the provision of this vent.

4. Claim ; 67

This claim concerns a mu1ti chamber air bag.

This fourth group of claims contains the following features
which are not contajined in the priar art:

The attainment of desirable characteristics.
The problem of reducing injury in & collision is solved hy

the attainment of ane ar variocus combinations of desirable
characteristics.

5. Claim : 62

5.

7.

This claim concerns a method of constructing an air bag.

This fifth group of claims contains the foilowing faatures
which are not contained in the prior art:

The order of stitching the companents of the aivr hag.
The prablem of how to construct an air bag is solved by
chosen order of stitching the panels and then the tethers
together.

Claim : 71

This claim concerns the layocut of material far the
manufacture of a muitiple chamber air bag.

This sixth greup of claims contains the following features
which are not contzined in the prior art:

The area of uncut mzterial is chosen to be less than a
certain area.

The problem of reducing the amount of fabric needed for a

multiple chamber is solved by using less than the given area
psr air bag.

Claims: 73, 76, 77
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FURTHER INFORMATION CONTINUED FROM  PCTASA! 21(

This group of claims concerns an air bag formed by two
panels of similar size (First panel, second panel} with &
third panel of either the same size or smzlier mounled on
the second panel {counting from ihe generator) covering &
vent to allow the second chamber to inflate using gas
paszing fram the first chamber.

This seventh group of claims contains the following features
which are not containes in the prior art:

Tha provision of an event opening in the tether in the air
bag as well as a vent Tn the first panel.

The problem of controlling the fiming of infiation of the
second chambor of the air bag upan depioyment is solved by
the provision of an event opening in the tether which opens
ta provide the flow of gas from the first chamber into the
second chamber,

8, Claims: 126, 127, 128-130

This aroup of claims concerns an air bag formed by panels
connected by adge seams, wherein & secondary chamber is
provided by an additional panel within the bag.

This eighth group of claims contains the following features
which are not contained in the prior art:

The additional panel is made from gas permeable fabric a
vent is pravided in the bag in the panel which has the gas
opening.

The problem of inflating the secondary chamber is solved by
the provision of gas permeable fabric between the primary
and secondary chambers.
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