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N EENR Diriver air bags are typloally stored in a deflated condition In a housiag that is
mownied on the vehicle steering whesl, An air bag cover is connectable with the bovsing
and/or steering wiwel to help enclose and conceal the air bag in s stored condition. Upon
deployment of the driver air bag, the alr bag cover opeas 1o permit the atr bag {o move v an
inflated posttion, The air bag cover opens as a resulf of forces exerted on the cover by the
fnflating driver afr bag,

R Another type of air bag is & dde impact alr bag inflatable boetween a side
structire of a1 vebicle and a vehicle sovupant. Side impact atr bags may, for example, be seat
mounted, side structure mownted, or door mounted. Ancther type of air bag is an inflatable

inee bolster fnfiatable botweon an instroment panel and/or steering column of & vehicle and a

s
o
]

)
3

B T TR tm e T Do poes Inim Beyfomgmes cmm e Shman cose mpmmanTin o sn snm mosyemtised Do 3 pn Dan codons spin gy b
chivle cocupant, Tofiatable knoe bolsters may, for exampie, be mountsd in the hstrunent

MY Passenger side and frontal air bags ave typically designed to exdend o g height
within the vehicle that provides a barrier between the head of a taller vehicle cocupant and &
windshisld of the vehbicle, This alr bag height adds volwme to the air bag and places a portion
of the air bag vohune gbove the shoulders of a shorter ocoupsnt, There is & need in the art for
an alr bag construction that reduces the volume of the air bag above the shoulders of taller

and shorter ocoupants,

Sunmummary of the lnvention

HHORY The precont invention relates {o an apparstus for helping to profect an
oecupant of & vehicle having a seat for recelving the vehicle ocoupant, According to one
aspect, the apparatus includes an inflatable vehicle ovcupant protection doviee inflatable from
a stored condition o a deploved condition in which the protection devics iz inflated and

positionsd between a veaction surface of the vehicle and any occupant of the vehiele seat. The
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mrotection device includes 8 rear portion positioned adjacent or near the reaction surface
when the protection device s in the inflated and deploved condition, and a front portion
positioned between the vear portion and any cecupant of the vehicle seat when the protection
devios is in the nflated and deployed condition. The front and rear portions have a spaced
configuration fn which there s an open space ouiside the Inflateble volume between the front
snd rear portion when in the inflated and deployed condition, The front portion can move
relative 1o the rear portion into the open space in response fo socupant penetration and against
pressurization forees within the protection device.

According to another aspect, along or in combination Wwith any other aspect

described heretn, the front portion can be configured to be moveable relative to the rear
portion in fore-sft directions and in lateral divections.

N ENN According to another aspect, alone or in combination with any other aspect
described herein, the front portion of the protection can be configured to provide a first
degree of restraint 1o occupant penctration due primarily to pressurization forces when the
front portion is spaced from the rear portion. The protection devics can provide g second
degree of restraint to occupant penetration, greater than the frst degree of rostraing, in

response o the penetrating occupant moving the font portion into engagement with the rear

portion,
NRERRRER YR ST YR LB Ty - 3o et Y & - N CRRINENTY
R According to another aspect, alone or in combination with any other aspect

deseribed hereln, the first dogroe of restraint can be sufficient to absorb sowe of the dtial
frnpact forces of the penetrating occopant while at the same thme permitting the front portion

o move velative to the rear portion.

R According to another aspect, alone or in combination with any other aspect
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hetween the occupant and a seat back such that the seat back sots as g reaction surface for the
protection device.

1A} According to anothor aspect, alone or in combination with any other aspect
described herein, the seat can be a rear seat of the vehicle and the protection device can be
stoved in a roof of the vehicle, The protection device can be deployvable between the ocoupant
and g seat back positioned forward of the ocoupant’s seat such that the seat back acts az s

reaction surface for the protection device,

According to another aspect, slone or in combination with any other aspect

described herein, the seat can be a front seat of the vehicle and the protection device can be
stored in an instninnent panel of the vehicle. The protection deviee can be deployable betweon
the cocupant and the weinomest panel such that the instroment panel acts as a reaction
surface for the protection device.

According to another aspect, alone or In combination with any other aspect

desoribed herein, the seat can be a front seat of the vehicle and the protection device can be
stored in a root of the vehicle. The protection device can be deplovable between the ocoupant
and an instrument pangl of the vehicle such that the lnstrunent papel acls a5 3 reaction
surface for the profection dovice.

T According to another sspeet, alone or in conabinalion with any other aspect
described horein, the seat can be a deiver seat of the vehicle and the protoction dovice can

stored in a roof of the vehdcle. The protection device can be deplovable between the occupant
and & steering wheel of the vehicle such that the steering wheel acts as a reaction surface for

the protection deviee,

RBrial Deserintion of the Drawing
IITAEY AFERCUINNLEENR () LRI XY A VY ARREN
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{BO28] The foregoing and other foatures of the present Invention will becoms
apparent to one skilled in the art {o which the present invention relates upon consideration of

the following deseription of the invention with reference to the accompanying drawings, in

TN Fig. | is a schematic (Hustration of an apparatos for helping o profect an
secopant of a vehicle tn sccordance with an ewbodiment of the present invention.

Al Fig. 2 18 a schematic side view of the apparatus of Fig, | illustrating different
conditions with a belted vehicle oconpant.

Figs.

&N R T af oo X S ] N, Pl i ~§ ST, L
3A-3C are schomativ side views of the HPTErany O rig. 3w

f!’

different rear seat conditions with a belled vehicle cecupant.

3 Figs. 4A-48 ave schematic Hlusirations of an apparatus for helping o protect

an occupant of 8 vehicle in accordance with another embodiment of the present invention,
{033 Figs. 3A-3C are schematic Hlustrations of an apparatus for helping to protect

an oosupant of & vehicls in accordance with another embodinment of the prosent Invention,

IR Figs, 6A-68 are schomatic iHlustrations of an apparatus for helping o protect

an oceupant of 3 vehicle in accordance with another embodiment of the present tnvention.

TR Figs. TA-TC are schematic Hlustrations of an apparatus for helping to protect

an occupant of a vehicle in accordance with another embodiment of the present {nvention.

NN Figs. 8A-8C are schematic illustrations of an apparatus for helping to protect
an pocupant of a vehicle in accordancs with ancther embodiment of the prosent mvention.
3 Figs. SA-YE ave schomatio tustrations of an apparatus for helping to protect

an occupant of a vehicle n accordance with another embodiment of the present nvention.
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BT Figs, 19A-198 ave schematic llusirations of an apparatus for helping to

protect an ocoupant of g vehicle In accordance with another ewbodiment of the prosent

fnvention.
N Fige. 20A-208 arc schematic illustrations of an apparatos for helping to

protect an occupant of a vohicle in aveordance with another embodiment of the present

mvention,
Detatled Descripton of the Invention
IS The present inveontion relates to ap apparatus for helping to protect an

occupant of & vehicle, More particularly, the present invention relates to an air bag wnflatable
hetween a reaction sweface of a vehicle and an cccupant in a vehicle seat. An apparatuy 18
for helping to protect an occupant 20 of a vehicle 12 inclndes an inflatable vehicle ocoupant
protection device 14 i the form of an air bag 14, In the embodiment Hustrated in Figs. 1-
4C, the sir bag 14 iz a passenger sir bag for helping to protect s occupant 20 of & rear seat 22
on a side 24 of the vehicle 12 behind a front seat 16 of the vehicle, The front seat 16 18
positioned behind and presented towards an wstrument panelt 36, The side 24 can be the
driver side {as shown} or the passenger side (not shown) of the vehicle 12, The vehicle 12
alzo includes a roof 19 and a scatbelt 18 connected to the rear seat 22 for helping to protect
the vehicke ccoupant 20,

NS Referring to Fig. 2, the air bag 14 can be part of so air bag 14 wodule 36 that
tnchades sn inflator 32 and 8 housing 34, The alr bag 14 has g stored condition, indicated by
dashed Hoes i Fig. 2, in which the air bag is folded and placed in a stored condition within
the housing 34, The module 30 is mounted {0 or within a seat back 23 of the front seat 16 of

the vehicle 12, The housing 34 helps contain and support the alr bag 14 and inflator 32 in the
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14, Each of the front portion &2, the rear portion 84, the lateral portions 80, 82, the top
portion 80, and the bottom portion 32 can fnclude sov-inflatable portions {not shown)} in

addition fo thely respective inflatable porlions.

NN Oine or more ssams T can exdend penerslly m the fove-aft divection along the

length of the air bag 14 from the front portion 62 to the rear portion &4 for separating the
inflatable volume 60 nto a plurshiy of chambers 102, The depth o cach seam 100 into the
nflatable volume 60 can be tatlored o form a chamber 102 having a desived cross-section
andfor pressurization, Le., the seams can be the same or can be different from oue another

vy

he seams 100 can also be

23 &3

such that the chambers inflate and pressurize at difforent rates,
configured to control the voelume(s) of the chambers 142 to tereby control the size of the

2 nweded o fully inflate and deploy the air bag 14, Controlling the volumeds of the

L

inflator
chambers 102 also controls the stiffness of the air bag 14 to meet desired porformance
eriterion. In one example, the middle chamber(s) 102 in the inboard-outhoard divection can
be made smaller to thereby provide a reduced stiffiess relative to the stiffhess of the more
inboard and more outhoard chambers.

EHENRY: The air bag 14 includes a space 110 defining an uninfiated or nnpressurized
volume outside the infiatable vohoue 88, In the construction shown in Fig, 1, the space 110
extends from the bottom portion 92 towards the top portion %0, The space 110 extends
entively botwoen the {ateral portions 30, 82 and terminates at an inner surface 112 of the top
portion 8, Consegquently, the air bag 14 is bifurcated into two inflatable lobes 120 spaced
apart from one ancther at the bottom portion 82 and connected to one another by the top
portion 90 o help define the shape of the space 114, Each of the lobes 120 has substantially

the same hetght n the vertical divection such that the air bag 14 is substantially symmaetric
8 £ ¥ 8Y
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from the occupant 20, As shown in dashed lines at 207, the belted occupant’s head 124
peneirates the Font portion 62 of the air bag 14 and, more specifically, penetrates the surface
70 of the air bag near the top portion %0, The belted occupant’s head 124 can also penetrate
the top portion 90 of the aty bag 14, depending on the size of the ccoupant andfor the height
Hy of the aiy bag. The belted ocoupant’s upper torse 126 penetratey the boltom portion 92 of
the air bag 14 ai the front lobe 120,

ST Due to the configuration of the afr bag 14, the font portion §2 13 deliscted by
the penetrating occupant 20 in a divection towsrds the front seat 16 and, thus, the front
portion is deflected towards the rear portion &4 of the abr bag, Since the space 1101
unpressurized and positioned betwesn the front portion 62 and the rear portion 64, the front
portion is deflected into the space and closer to the rear portion. The degree or distance to
which the ocoupant 207 penetrates the atr bag 14 can be comparati vely or relatively amall,
The atr bag 14 can be configured such that the front portion §2 remaing spaced from the rear
portion 64 throughout full penetration of the belied ocoupant 28 into the front portion. To
this end, the stiffness of the air bag I8 can be tatlored to enswee the volume of the space 11O
does not completely disappear when the occupant 20 penetrates the air bag,

RS Due to the space 110 between the front and rear portions 62, &4, the restraint
foroes provided by the lower portions of the air bag 14 are less (sofier) than the restraint
forces provided by the upper portions becsuse the front portion can deflect into the space in a
pivotal or shiding fashion v the jolning region to the lop portion 90, In other words, since
the space 110 i3 not pressurized as i would be in an aw bag 14 volume that is continuons
throughout the entive depth D1 the size of the inflatable volume &) the cccupant 2{ inferacts
with is reduced and, thus, restraint by the lower portions of the alr bag 14 18 inittally softer

relative to g continpous bag design. I the occupant 20 penetrates the air bag 14 sufficient to
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cause the front portion 62 to contact the rear portion 64, then the restvaint by the contacted
poriions will become stiffer such that engagement of the penetrating oceupant 307 with the
front seat can be avoided.

RS it contrast, the top portton 80 of the air bag 19 extends substaotially
continuously from the back of the front seat 16 to the occupant 20 with hittle or no open
space. The fop portion 90 therefore provides a stiffer restraint o the penetrating ocoupant’s
head 124 and upper torso 126 relative to the restraint provided by the lobe 126 to the
accupant’s fower torse 122, The air bag 14 of the presont invention is therefore advantageous
in providing variable restraind to the penetesting occupant 247 in order (o meet desivable
performancy ortierion
BOEN] Varthermore, doe to the vertical configuration of the seams 180, cach chamber
102 provides substantially similar restraint along the front portion 62 between its lowsrmost
sdge and uppermost edge. Consequently, vocupants 20 having different head positions or
heights experience similar restraing, regardless of where the head 124 sivikes along the height
of the front portion 62. The helght of each chamber 102 on the fromt portion 62 can therefore
be configured to covrespond with the range of possible cccupant head 124 locations basaed
upon the expected sizels) of oooupants 20 in the rear seat 22,

EHGHT If the belted oooupant 20 pmm ate tmto the air bag 14 sufficient to cause the
front portion 82 to engage ﬂ‘(‘ rear portion 64, fe,, the space 110 hetween the front portion
and the rear portion substantially or entively diseppears, the air bag of the present invention
produces substantially the same occupant restraint as two smaller volume air bags positioned

adiacent and abutting one another in the fore-aft divection. o other words, such 8 dual aix

bag configuration would result in substantially the sswe homogenous ocoapant 20 restraint as
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{he single vohmte air bag 14 of the present invention provided with the unpressurized space

T Engagernent of the font portion §2 with the rear portion 64 ocours with larger
geeupants 20 andfor in higher speed orash ovents, Conseguently, this resudting stiffening of
restraint during the later stages of 8 cvash event {3 advantageous for reducing the poseibility
of cocupant-to-front seat 16 contact. The space 110 of the present invention advantageously
allows the alr bag 14 to provide variable occupant 20 restradnt by region, fe, head 124 vs,
torso 122, 126, as well 88 restraint that varies, Le, stiffens, ifand when the head 124 and
upper torso get olose enough fo the front seat 16 that the space collapses to at ov near gero
voluae,

OGS

?;;
=

e spaced, moveable chamber configuration of the air bag 14 also ov

;-J

HHTEES:
another problem with conventional air bags related to angular cecupant movement,
Counventional atr bags without spaced, moveable chambers typically are deploved divectly
adiacent to o in engagement with is infended reaction surfice, As 5008 ag an osoccupant
engages the conventional air bag {or shortly thereafier), the air bag becomes pinned batween

he socupant and the reaction surface. Al this point, any resistance to lateral shifting of the air
bag is significantly reduced or eliminated altogether. As a resull, resistance to angulsr or
{ateral shitting of the air bag can result in rotational movement of the cceupant, especially the
occupant’s head, and can result in neck injuries,

BT According to the spaced, moveable chamber configuration of the air bag 14,
the front portion 62 nof only can move in the fore-aft dircction relative to the rear portion 64,
nat can alse move in angular directions relative to the rear portion. Thus, in ovents causin
the occupant 20 to engage the air bag 14 in a divection other than a purely forward divection,

such as an angular or skewed divection, the initially engaged front portion 68, being spaced
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from the rear portion 64, can move slong with the ccoopant in s or her angular or skewed
divection. This may, for oxample, be the case in the event of angular or offset vehicle npacts
or collisions. This also may be the case where the oorupant is positioned away from the
nomnatly seated position at the time of the event for which deploymaent of the air bag 14
OOLUS.

IR Becanse the front portion is spaced from the rear portion and does not itself
contact the reaction surface, 1 possesses a cerfain degree of lateral freedom, in addition to
fore-afl freedom, o move with respect to the rear portion. Moving with the ccoupant while
nitially absorbing impact forces, can help reduce the degree and seventy with which
impacting the air bag 14 causes rotation of the oceupant’s head and twisting of the neck.

HEEEEY The low volume configuration of the air bag 14 also facilitates sarlier
initiation of restraimt singe the reduced volume air bag 14 can be positioned and filled more
rapidly compared o a continuous volume air bag, There is also the potential o reduce the
reguired size and cost of the inflator 32,

HNTH The inflator 32, top portion 80, front portion 62, snd the space 110 of the air
bag 14 are sized to provide a volume of nflation fluid sufficient to inflate, deploy, and

pressurize the air bag to the inflated condition of Fig. 2 within desived performance
parzneters. Since the belied occupant 20 s the expected condition, the top portion 30, front
portion 62, and space | 10 configurations of Fig. 2 help bolster the reliabality of the apparatus,
{7E] Purthermore, it will be appreciated that the low volume constraction of the air
bag 14 of the present invention can allow the air bag to he fres of active or adaptive venting
while still providing variable restraint for the pevelrating occupant 247, The low volume
constraction of the air bag 14 of the present invention also allows the height of the front

sortion 872 of the air bag to be increased sufficient to engage the roof 19 to accommodate
i) &
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taller ocoupants without compromising the ability of the air bag (o provide variable ccoupant
+ 4 & 3 )

Referring to Figs, 3A-3C, the construction of the air bag 14 of the present

invention i3 adapted © advantageously conform {o varions positions of the frond seat 16
and/or vear seat 22 to enable the alr bag o help protect the occupant 20 of the rear seat based
on varicus front seat conditions, I other words, the adr bag 14 of the present invention is
operable to help provide similar restraing to the ccoupant 20 as the distance in the fore-afl
direction between the front seat 16 and rear seut 22 varies. The space 110 botween the front
portion 62 and rear portion $4 of the aiv bag 14 allows the inflsted air bag to exhibif the sawe

general arch shape regardless of the fore-aft distance between the front seat 16 and the rear

seat 22.
TR As the fore-afl distance between the front ssat 16 and the rear seat 22 increases

{thereby moving the cconpant 20 further from the front seat), the fromt portion 62 inflates and
deploys further away from the rear portion 64 fixed to the front seat. As g result, the size of
the space 110 in the fore-afl direction increases, thereby decrcasing the height Hy of the aly
bag 14, Stmilarly, as the fore-aft distance between the front seat 16 and the rear seat 22
decreases {therehy moving the cocupant 20 closer to the front seat}, the front portion 62
deploys closer (o the rear portion 64 fixed to the front seat. Ag aresult, the size of the space
10 i the fore-aft divection decrcases, thereby inereasing the height Hy of the givbag 14 In
other words, the arch shaped configuration of the alr bag 14 of the present Invention expands

or collapses to conform to different epatial relationships between the front and rear seats 186,

22
TR The air bag 14 operates in substantially the same mamer regardiess of the

e
N

fore-afl spacing between the front and rear seats 16, 22.The seat back 23 acts as the
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the air bag 14 is egual to the distance dy and, Yy, the srched airbag in Fig. 3C is condensed
m the fore-afl drection relative to the air bags 1 Fige, 3A and 3B, Congequently, the sir bag
14 in Fig. 30 has a height H; greater then the hoght Hy,

{ONR3] Prurirg deployvment of the alr bag 14 in any of the seat conditions of Fig. 3A-
3¢, the inflated front portion 62 moves away frow the reoar portion 64 and towsaed the rear
seat 22 until the swrface 70 abuts the occupant 20, At this poind, the front portion 62 s fully
inflated and the occupant is not penetrating the afr bag 14, The occupant 20 can thergatier
interact with the deploved ailr bag 14 in the manper previously described,

{084} Conventional air bags have only one inflation depth in the forg-afl direction
when the air bag is allowed to fully deploy, f.e, when the sceupant does not peneteate the air
bag. in other words, onee the cooopant is spaced beyond & predetermined distance from the
front seat the conventional air bag fully inflates o the sawme mflation depth, leaving a gap
hetween the deploved alr bag and the cocupant. This gap is problematic in that it allows the
gecupant to gain speed while moving towards the air bag before engaging the same, thereby
unpecessarily increasing the degree of restraint needed from the aiy bag. In other words,
these conventional air bags provide delaved restraint of the oocupant during the time the
oocupant moves through the gap into engagement with the siv bag, As a result, not only can
the secupant gain speed during this Hme, bt the ocoupant can also move inboard o
outhoard, causing the seoupant o strike the air bag m a less than optimal manner.

{BO8S] i the other hand, the air bag 14 of the present invention conforms or adapts
o the distance between the front seat 16 and the cccupant 20 tn the vear seat 22 by
Iongthening or expanding in the fore-aft divection during doployment. This fore-aft
movement by the air bag 14 belps to ensure the aiv bag engages the occupant regardless of the

distance between front and rear seats 16, 22, Conseguently, no gap exists between the fully
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deploved, conforming air bag 19 of the present tnvention and the occupant 20 of the rear seat
22. As avesult, the aiv bag 14 provides immediate restraint to the pencirating ocoupant 247,
which helps prevent the cocupant from speoding wp while aveling towards the font seat 18
and helps reduce the chances the sceupant reoves inboeard or outboard duwring inferaviion with
the air bag,

RN Fige. 4A and 48 illustrate an air bag 14a in accordance with another
embodiment of the present invention. Certain components in Figs. 44 and 48 are dmilar or
identical to components of Figs, 130, These similar or wdentical componenis are given the
sarne reforence ay Figs, 1230 On the other hand, (he sullix “a” 15 added to the reference
numbers of components in Figs, 44 and 4B that are dissimilar to the components of Figs, 1-
3C to avoid confusion,

{BHI8TY In Figs. 4A and 48, the lowermost edge of the bottor portion 92 of the air bag
I4a iz misaligned from the lowermost edge of the top portion 50 relative (o the midline 98,
As shown, the boltom of the front portion 62 extends below the bottom of the rear portion 64,
The inflated air bag 14s s therefore generally cueved, having a hook-shaped or U-shaped
configoration. As shown in Fig. 48, the bottom of the front and rear portions 62, 64 extends
ovbward {inboard and owtboard) relative to the remainder of the air bag 14a. More
specifically, the bottoms of the front and rear portions 82, 64 have a substantially
frustoconical shape while the remaindor of the air bag 14a is substantially rectangular when
vigwed from the fop. The seams 100 defining the chambers 102 extend in the fore-aft
direction along the length of the abr bag 14,

{HO8RT Simvifar to the adr bag 14 of Figs, 1-3C, the restraint forces of the atr bag 14a
acting on the penetvating cecupant 287 are reduced vatil the front portion §2 and rear portion

&4 contact one another. Further oocupant 20 pepetration into the air bag 14a resulis in greater
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restraint by the air bag. Additionally, the air bag 148 of Figs. 4448 sutomatically expands
i the fore-afl divection to the degree secassary to conform o the distance between the
ovcupant 20 and the font seat 16,

NI Figs. SA-5C ilhustrate an air bag 14 in accordance with another embodiment
of the present Invention. In Figs. SA-5C, the bottom portion 92 includes a recess or pocket
125 that helps reduce the size of the inflatable vohume 60, thereby allowing a smaller inflator
32 to be used. The bottom of the Hont portion 82 iy enlarged on the inboard and outhoard
sides of the recess 125, The alr bag 14b hay » generally rectangular shape when viewed fom
the fop. The bottom of the rear portion 64 aftached to the front seat 16 has an enlarged,

rounded shape compared to the remamder of the rear portion. The seams 10 defining the

3

chambers 102 extend in the fore-afl divection slong the length of the air bag Wh

U Sirnilar to the air bag 148 of Figs. 44 and 48, the air bag 14b i3 generally
curved, having g hooleshaped or U-shaped configuration, and the restraint forees of the air
bag acting on the penefrating cecupant 27 are reduced until the front portion 62 and rear
portion 64 contact one another. Further occupant 20 penciration into the alr bag 14b resulis
i greater restraint by the ar bag. Additlonally, the air bag 14a of Figs. 3A-5C auwtomatically
expands in the fore-aft divection to the dogree necessary to conform to the distance betwesn
the cooupant 20 and the font seat 16,

RN Figs. 6A and 68 illustrate an air bag 14e in accordance with another
embodiment of the present invention. In Figs. 6A and 68, the aiv bag 14¢ is generally
curved, having a hook-shaped or U-shaped configuration similar to the air bag 14a of Figs.
4A and 4B. The air bag 14e, bowever, is upside-down compared to the air hag lda {Fig. 44}
such that the space 110 extends through the fop portion 90 fowards the bottom portion 92 and

forminates al an inner surface 128 of the boltom portion ¥2. The air bag T4 has a generally
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rectangaiar shape when vicwed from the top. The top of the front portion 62 extends above
the fop of the rear portion 64. Although the front and rear portions §2, 64 are tlustrated as
being offset from one another in the vertical direction it will be appreciated that the font and
rear portions can alternatively be adigned to form a more symmeiric arch- or Ueshaped air bag
H4o {not shown). The seams 100 defining the chambaers 102 extend generally in the fore-afl
divection along the length of the air bag i4dc.

{8492} Stmilar to the air bag 14 of Figs. 1-.3C, the restraint forces of the air bag Ide
acting on the penetrating occupant 207 are reduced until the front portion 82 and rear portion
&4 contact oue another, Further ocoupant 20 penetration info the air bag 14o results in greater
restraint by the air bap. Additionally, the air bag 14e of Figs. 6A and 6B avtomatically
expands i the fore-aft divection to the dogree necessary to confornt to the distance between
the occupant 20 and e front seat 16

93] Figs. TA-TC tllustrate an air bag 14d in sccordance with another embodiment
of the present invention. In Figs, 7A-TC, the front portion 62 and rear portion &4 are
connected fogoether by both the top portion 30 and the bottom portion 92, In other words, the
inflated air bag 144 forms a roended or polygonal loop, with the space 110 extending sntirely
through the air bag 14d in the inhoard-outboard divection. The space 110 therefore doss not
extend through either the top portion 99 or the botiom portion 92, The seams 100 defining
the chambers 182 extend along the portions 62, 64, 80, 92 of the air bag 144 such that the

3

seamms encirele the space 1180 The seams 100 can extend vertically and/or horlzontally to

define the chambers 102,
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restraing. Alternatively or additionally, the support menthers 150 can extend betwesn the
seams 108 to sorve the same purpose (not shown ).

MY The seams 100 defining the chambers 102 extend horizontally along cach
portion 82, 64, 8G, 82, 8¢, 92 i the wboard-cutbourd drection such that the seams encirele
the space 118, Additional seams 180 can extend vertically to further help define and tatlor
the chambers 102, The seams 100 are also configured such that the chambers 102 of the aw
bag 14f are concave. o other words, the chambers 102 of the alr bag 14 curve tnwards
towards the space 110, thereby reducing the inflated volume of the air bag,

TR Simifar to the air bag 14 of Figs. 1-3C, the restraint forces of the air bag 14f
acting on the penetrating occupant 2{° are reduced wntil the font portion 82 and rear porticn
G4 contact one another, Further oceupat 20 peaetration nto the aidr bag 144 resulis la greator
restraint by the air bag. Additionally, the ar bag 147 of Figs. 8A-9C antomatically expands
in the fore-aft divection to the degree necessary to conform to the distance between the
gccupant 20 and the front seat 16,

g, F4h having

BN Figs. 1A~and 108 and Figs. 11 A-and 1R iflustrate alr bage 14g,
substantially simdiar configurations to the alr bag 14f of Figs, 98.9C, The air bags 14y, 14h
both melude one or more support mombers 156, with the space 110 in the air bags 14g, 14h
being shightly modified from the space 110 in the ailr bag 141

HHINY Figs, 12A-128 illustrate an air bag 141 i sccordanee with anothey
ambodiment of the present invention. n Figs. 12A-128, the top portion 90 hag a greater
thickness by, e.g., chamber 102 thickness, than the thickaess of sither the front portion 62 o

-

the rear portion &4, The inoreased thickness n the top portion 90 provides greater restraint (o

-

the penetrating cccopant 2. The alr bag 141 has 2 generslly rectangular shape when viewed

from the top. The seams 100 defining the chambere 102 extend In the fore-aft direction along
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the length of the s bag 14b, The seams 100 are configwred o provide the top portion 50
with an enlarged volume refative to the volume of the lobes 120, The lobe 120 nearest the
geoupant 20 has a substantially constant thickness t in the fore-aft divection along its length
from the top portion 50 to ifs lowermost edge adiacent the cceupant’s lower torse 132,
TN Similar to the alr bag 14s of Fige. 4A and 48, the atr bag 141 s goneraily
curved, having a hook-shaped or U-shaped configuoration snd the restraint forces of the air

b

bag acting on the penetrating occupant 207 ave reduced uniil the front portion 62 and vear

,.

portion 64 contact one another. Further occupant 20 penstration into the air bag 141 resulis in
greater restraint by the air bag, Additionally, the air bag 141 of Fige. 12A-12B sutomatically
expands in the fore-alt divection o the degree nevessary to conform to the distance between
the oocupant 20 and the front seat 16,

HEUNENE Referring to Fig 13, 1o accordance with another aspect of the present
tnvention, an air bag 147 s configured to be seaured 0 and deplovable from the root 19 of the
vehigle 12, Conseguently, i this configuration the roof 19 of the vehicle 12 acts as a
reaction surface for the deploying air bag 147 and the distance D1 has a component in both
the fore-afl direction and a vertical direction. The air bag 147 can constituie any one of the
previously described ailr bags 14-14e. The air bag modide 30 1 positioned within the roof 19
such that the air bag 14" deploys downward towards the occopant 20 between the front seat
16 and the rear seat 22, The air bag 147 can be similar fo the air baps 14-14e in Figs, 1, 44,
SA or 8A and, thus, the air bag can be hooked, arcuate or U-shaped.

{08166 it any case, the air bag 147 fncludes the space 118 that allows the deploving
air bag to conform fo g variety of seat 16, 22 conditions. The airhag 14 candeployine
direction towards the occupant 20 such that the front portion 62 moves aft in the vehicle

relative to the rear portion 64 until the front portion abuts the rear seat occupant. n other
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14} acting on the peneirating cccupant 267 are reduced until the front portion 62 and rear
portion 64 contact one ancther, Further occupant 20 penetration Into the gl bag 147 tharefore
results in greater restraint by the alr bag.

BRI Uy Referving to Fig. 15, the air bag module 30 is positioned within the instrument
panel 36 such that the aty bag 14k deploys in the fore-afl divection towards the occupant 20
hetweon the nstrument panel and the front seat 18, The lobe 120 on the rear portion 64

extends through the opening 44 in the housing 34 and towards the roof 19 of the vehicle 12,

HE N The air bag 14k weohudes the space 110 that allows the deploying atr bag to

condform to a varoty of front seat 16 conditions relative to the instrument panel 38, The
aithag 14k can deploy in a divection towards the front seat occupant 24 such that the front
portion 62 moves afl in the vebicle relative to the rear portion 64 wntil the front portion abuts
the front seat occupant. In other words, the instrament panel-mounted alr bag Mk of Fig. 15
sutematically expands in the fore-aft divection fo the degree necessary to conform to the
distance between the front seat oceupant 20 and the insbrument panel 36 reaction surface.

IR Furthermore, similar to the aiv bags 14-147 of Figs. 1-128 and 14, the restraint
forces of the aiy bag 14k acting on the ponetrating occupant 207 are redoced untid the from
portion 62 and rear portion 64 contact one another. Farther secupant 20 penstration indo the
air hag 14k therefore resulis in greater restraint by the air bag.

o

SLSLY YCONGY T 3
NRRNRER Q8 "
RN Figs,

1GA-20R {Hustrate different tmplementations of the air bag

e

confipurations desoribed herein. The implementations Hustrated in these fgures Mlustrate
various locations in the vehicle where the air bag module/housing can be mounted and the
geneoral configurations and orientstions of the air bags that can be tmplemented at those

lpcations. The air bag configurations iHustrated in Figs, 16A-208 are Mlustrative of these

general modulofbousing monnting locations and general mir bag configurations and
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orientations only. The fllustrations of these components in Figs, 16 A-20B are not meant to be
Iimiting as to the specific locations, configurations, shapes, sizes, and oxtends shown in these
figures. The air bay Hostrated 1o Figs, 18A-208 can have any of the configurations desorthed
i conpmeiion with any of the cmbodimenty deseribed herein shove, as long as those
configurations are consistent with the general implementation shown in each respective
general Implementation.

M Figs. 16A-158 illnstrate scal and instroment panel mounting locations for the
aiy bag module and potential general air bag configurations that can be implomented at those
mounding locations. v Figs, 16A-168, to help protect the ccenpant 20 of the front seat 16 on
the passenger side 28 of the vehicle 12, the air bag module 30m is mounted in the mstrument
panet 36, To help protect the passenger 20 of the rear seat 22, driver or passenger side, the aiy
Bag module 30m 18 mounted in the seatback 23 of the seal positioned in front of the roar seat
passenger {(passenger side in Pigs. 16A-168). In Fig. 184, the air bage T have inverted
curved hook or U-shaped configurations similar or identical o those described herein above,
In Fig. 168, the siv bags 14m have generally upward facing ouwrved hook or Ulshaped

configurations similar or identical to those deseribed herein above,

NARR Figs. 17A-17H illustrate seat and instroment panel mownting locations for the
atr bag module and potential general aiv bag configirations thet can be implomented at those

moanting locations, In Figs, 17A-TTH, the iHustrated oconpant can be a passenger seated
anywhere except in the driver seat. The illustrations in these fgures of certain vehicle
structure is therefore Hlustrated schomatically so as to be generic to these different vehicle
soating locations.

{01 18] Fig, 17A flhustrates o laterally exdending generally curved hook or U-shaped

air bag 1dn that can be simitlar or 1dentical fo those desoribed hersin above. Whers the
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pocupant 24 is seated in the font seat 16 on the passenger side of the vehicle 12, the modude
30n i mounted in the instrument panel 36 and the book or U-shape of the air bag 300 extends
comcavely inboard. Where the ococupant 21 15 seated in a rear seat 16 on the passenger side of
the vehicle, the module 300 is mounted in the seatback 23 positioned in font of the occupant
20 and the hook or U-shape of the air bag 30n extends concavely tuboard. Where the
ocoupant 20 is seated in a rear seat 10 on the diiver side of the vehicle, the modole 30n is
mounted in the ssatback 23 positioned in front of the occupant 20 and the hook or Usshape of

the air bag 300 extends concavely outhoard,

R

B

Fig. 178 tllustrates a laterally extending generally curved hook or U-shaped

air bag {4n that can be similar or identical 1o those deseribed herein above, Where the
oocupant 20 ¢ sested in the font seat 16 on the passenger side of the vehiele 12, the module
30n de mownted in the insbroment panel 36 aod the book or Usshape of the siv bag 3 extends
concavely outhoard. Where the occupant 20 is seated in a rear seat 16 on the passengesr side
of the vehicle, the module 30n is mounted in the seathack 23 positioned n front of the
pecupant 20 and the hook or U-shape of the air bag 30n extends concavely outboard, Where
the occupant 20 is seated In a rear seat 16 on the driver side of the vehdele, the modude 30n s
monnted in the seatback 23 positioned in front of the occupant 20 and the hook or Usshape of
the atr bag 30n extends concavely inboard.

{18 Figs, 1SA-188 ilhastrate roof mounting locations for the air bag module and
potendial general air bag configurations that can be mplemented at those mounting locations.
In Figs. 1§A-18E, to help protect the ocoupant 20 of the front seat 16 on the passenger side
28 of the vehicle, the air bag module 30p is mounted in the vehicle roof 19, shove the
instrument pans! 36 adiacent or near the windshield 38, To help protect the passenger 20 of

the rear seat 22, deiver or passenger side, the air bag module 30p is mounted fo the vehicle
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root 19 generally above the space between the rear seal passenger and the seaf positionad in
front of that passenger. In Fig, 184, the air bags 14p have vpward facing curved hook or U
shape condigurations, similar or identical to those doseribed hereiny above. In Fig, 168, the aw
bags 1dp have generally inverted cwrved hook or U-shape configurations, similar or identical
{or those described herein ghove,

HHIIY Figs, 19A-198 iH{ustrate additfonad roof momting focations for the aty bag
module and potential general air bag configurations that can be implemented at those
mounting logations. In Figs, 19A- 198, the air bag modale 30r and air bag 14r help protect the
ogcupant 20 of the front seat 16 on the driver side 24 of the vehicle 12, In these Hgures, the
air bag module 30 18 mounted in the vehicle vool 19, adiacent or near the windshisld 38 and
above the nstroment panel 36 and steering wheel 48, In Fig, 194, the air bag 14y has an

v

yward facing curved hook or U-ghape configuration, similar or identical fo those desortbed

1%
Y

Ff‘.'

herein above. In Fig. 198, the air bag 14v has a generally inverted curved hook or U-shape
configuration, stmilar or iWdentieal to those described herein above,

TN Figs, 20A-208 llustrate rool mounting locations for the air bag moedade and
potential general air bag configurations that can be implamented a1 those mounting locations,
In Figs. 20A-208, the llustrated cccupant can be a passenger seated anywhere in the vehicle
12, dviver side 34 or passenger side 28, including defver seat, The illustrations fo these figures
ot certain vehicle structure is theretore iHustrated schematically 50 as to be generie to these
different vehicle scating locations,

3

NN Fig, 204 lpstrates a laterally extending generally curved hook or U-shaped
air bag 14s that can be sinular or identical {0 those desoribed herein shove, The module 30e is

mounted in the vehicle roof 19, Where the ccoupant 20 is seated on the passenger side of the

vehdele 12, the hook or U-shape of the adr bag 30s extends concavely cutboard, Where the
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oecupant 20 is seated on the driver side of the vehicle, the hook or U-shape of the air bag 30s

extends concavely inboard,

TR Fig. 208 dlustrates a Iaterally extending generaily carved hook or U-chaped

air bag 14s that can be similar or identical to those described herein above. The moedule 30s1s
mounted in the vehicle roof 19, Where the ccoupant 20 s seated on the passenger side of the
vehiole 12, the hook or Us-shape of the air bag 30s extends concavely inboard. Where the
oocupant 20 is seated on the deiver side of the vehicle, the hook or U-shape of the air bag 30

extends congavely outhoard,

NN From the above desoription of the invention, those skilled in the art will
pereeive Improvements, changes and modifications. For exgmple, the operational and

finctional advaniages of the alr bag constructions described herein with regard to any

gpectfic example smbodiment of the Invention can be realized with any of the variations

2%

deseribed with regard to the other example smbodiments deseribed herein. These and other
such improvements, changes and modifications within the skl of the art are intended to be

covered by the appended claims.
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degree of restraing, n response 1o the penetrating vecupant moving the front portion indo

engagement with the rear portion.

4, The apparatus rocited fu claim 3, whorcin the Hret degree of vestraint is
sufficient to absorb some of the twital typact forces of the penelrating occupant while af the

same Hme permitting the front portion t© move relative 1o the rear portion.

5. The apparatus recited in clasm 3 further comprising seams that control the
inflated depth of the front and rear portions to define different chamnber within the front and
rear portions, the chambers being confipgured 1o provide different degrees of resistance to

occupant penetration.

&. The apparatus recited in claim 1, whersin the protection device further
COmprizes a conngcling portion positioned betweent the front and rear portions, the connecting
portion intorconnecting the front portion and the rear portion at one of the upper, lower,
ithoard, snd outhoard extents of the front and rear portions, such that the protection dovice is
has & generally curved U-shaped or hook-shaped configuration when in the mflated and

deploved condition,

7. The spparatus reciied in olaim &, wherein the connecting portion comprises a
cendral portion of the generally Us-shaped or hook-shaped configuration and the front and rear
portions comprise the portions that extend from the central porfion to complete the genevally
U-shaped or hook shaped configuration and thereby space the front and rear portions from

sach other

o]

The apparatas recited in olaim &, whersin the front and rear portions each have

ant infiated thickness megsured i the fore-afl divection between respective pairs of opposing
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4. The appavatus reciied in claim &, wherein the protection device has 2 generally
wnverted U-shaped configoration, and wherein the lower extent of the front porticn oxtends

vertically below the lower extent of the rear portion.

15, The apparatus recited in claim 1, further comprising a pocket that extends nto

the front portion towards the rear portion,

16, The apparatus recited in claim 1, wherein the sest 15 a rear seat of the vehiele,
the protection device being stored in 2 seat back positioned forward of the seat and being
deployable between the sccapant and s seat back such that the seat back acis as a reaction

surface for the protection device.

17, The apparatus recited in clabm 1, wherein the seat i3 8 rear seat of the vehicle,
the protection device being stoved in & roof of the veldcle and being deplovable between the

cocupant and a seat back positioned forward of the ccoupant’s seat such that the seat back

acts as & reaction surface {or the protection device.

I8, The apparatus recited in claim 1, wherein the seat s § font seat of the vehicle,
the protection dovice being stored in an instroment paned of the vehicle and being deployable
between the oocupant and the instroment panel such that the instrament panel acts as a

rerchion surface for the protechion deviee,

o

19, The apparatus recited in claim 1, wherein the seat is a font seat of the vehicls,
the protection device beiog stored in a roof of the vehicle and belong deplovable between the
occupant and an instruent panet of the velncle such that the fostrument panel acte as a

reaction surface for the protection devige.
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2¢. The apparatus recited in claim 1, wherein the seat is a driver seat of the
vehicle, the protection device being stored in 2 roof of the vehicle and being deployvable
betwoen the oocupant and & stooring wheel of the vehicle such that the steering whesl acts a8

&

a reaction surface for the protection devige.
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