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ABSTRACT OF THE DISCLOSURE

A folded-up air bag is accommodated in a module cover of
a steering wheel, and a peripheral edge of an opening in the
alr bag is fixed to a retainer supporting an.inflator. The
folded-up air bag is covered from a rear side of a vehicle to
a front side of the vehicle by a deployment-limiting sheet
disposed along an inner surface of the module cover and fixed
at one end thereof to the retainer. The deployment-limiting
sheet is longer than a length of an inner periphery of the module
cover in a longitudinal direction of the vehicle body. Thus,
it 1s possible to inhibit the air- bag from being expanded
rearwards of the vehicle baody at an initial stage of deployment
by the deployment-limiting sheet, thereby avoiding the early

interference with an occupant.
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BACKGROUND OF THE INVENTION

1. TECHNICAL FIELD TO WHICH THE INVENTION BELONGS
The present invention relates to an air bag device
designed so that an air bag thereof is deployed into an occupant
compartment of a vehicle by a gas generated by an inflator upon
collision of the vehicle to restrain an occupant.

2. DESCRIPTION OF RELATED ART

When an air bag is deployed into a vehicle compartment
by a gas generated by an inflator upon collision of a vehicle,
the alir bag having a smaller volume at an initial stage of the
deployment is expanded quickly, while the air bag having larger
volume at a late stage of the deployment is expanded slowly.
In addition, the air bag breaks a fragile portion of a 1id in
the course of the expansion to deploy into the wvehicle
compartment, and for this reason the air bag may expand suddenly
into the vehicle compartment the moment it breaks the 1id, in
some cases.

Therefore, when the distance between an occupant and the
air bag device 1is small, the following problem may be
encountered: the air bag expanded at a high speed at the initial
stage of the deployment may interfere with the occupant,
thereby making it difficult to restrain the occupant softly.

Therefore, it is a conventional practice to elaborate the
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manner in which the air bag is folded, so that the air bag is
expanded essentially upwards at the initial stage of the
deployment, thereby avoiding the interference with an occupant
disposed 1n the rear of the air bag.

In the above conventional method, however, the direction of
expansion of the air bag is not stabilized due to delicate
differences in precisely how the air bag is folded, and it is
difficult to reliably avoid the early interference of the air
bag with the occupant.

SUMMARY OF THE INVENTION

The present invention has been accomplished with the
above circumstance in view, and it is an object of the present
invention to ensure that the air bag expanded at a high speed
at the initial stage of the deployment does not unduly interfere
with an occupant or a child seat.

To achieve the above object, according to a first
aspect and feature of the present invention, there is provided
an air bag device for a vehicle, comprising: a folded-up air
bag accommodated in a module cover of a steering wheel; a
peripheral edge of an opening 1in the air bag being fixed to
a retainer supporting an inflator so that when the air bag is
expanded by a gas generated by the inflator, the air bag is
deployed i1nto an occupant compartment of the vehicle through
an opening in a lid provided on the module cover; and

a band-shaped deployment-limiting sheet disposed

between the folded-up air bag and an inner surface of the module



CA 02348290 2001-05-23

cover, and which is longer than a length of an inner periphery
of the module cover in a longitudinal direction of the vehicle:
the folded-up air bag being covered from a rear side of
the vehicle to a front side of the vehicle by the
o deployment-limiting sheet.

With the above arrangement, the folded-up air bag is
covered from the rear side of the vehicle to the front side of
the vehicle by the deployment-limiting sheet disposed between
the folded-up air bag and the inner surface of the module cover.

10 Therefore, the air bag deployed at the initial stage can be
inhibited from being expanded rearwards of the vehicle by the
deployment-limiting sheet, thereby reliably avoiding the early
interference of the air bag with an occupant. Particularly,
the deployment-limiting sheet is longer than the length of the

15 inner periphery of the module cover in the 1longitudinal
direction of the vehicle body and hence, it is possible to
reliably inhibit the air bag at the initial state of the
deployment from being expanded rearwards of the vehicle body.

According to a second aspect and feature of the present

20 invention, there is provided an air bag device for a vehicle,
comprising: a folded-up air bag accommodated in a retainer
disposed within a dash board of the vehicle; a peripheral edge
of an opening in the air bag being fixed to a retainer so that
when the air bag is expanded by a gas generated by an inflator

250 supported on the retainer, the air bag is deployed into an

occupant compartment of the vehicle through an opening in a 1id
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provided on the dash board, the folded-up air bag being covered
from a rear side of the vehicle to a front side of the vehicle
by a deployment-limiting sheet disposed between the folded-
up air bag and an inner surface of the 1id, and which is longer
than a reference length; the reference length being as long as
an arc of a circle which has a center immediately above a first
reference point at a rear end of the 1id, passes through said
first reference point and which is tangent at a second reference
point to a front windshield of the vehicle, the arc extending
on the rear side of the vehicle between the first and second
reference points.

With the above arrangement, the folded-up air bag is
covered from the rear side of the vehicle to the front side of
the vehicle by the deployment-limiting sheet disposed between
the folded-up air bag and the inner surface of the 1lid.
Therefore, the air bag deployed at the initial stage can be
inhibited from being expanded rearwards of the vehicle by the
deployment-limiting sheet, thereby reliably avoiding the early
interference of the air bag with an occupant. Particularly,
the deployment-limiting sheet is longer than the length of the
arc of the circle which has its center immediately above the
first reference point at the rear end of the 1id, passes through
the first reference point, and which is tangent at the second
reference pointy to the front glass, the arc extending on the
rear side of the vehicle body between the first and second

reference points. Therefore, it 1is possible to reliably
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inhibit the air bag at the initial stage of the deployment from
being expanded rearwards of the vehicle body.

BRIEF DESCRIPTION OF DRAWINGS

Fig.l 1s a perspective view of a front portion of an occupant
compartment of an automobile.

Fig.2 is an enlarged sectional view taken along a line 2-
2 in Fig.l.

F1g.3 1is an exploded perspective view of an air bag device
for a driver's seat.

Fig.4 is a view for explaining the operation at an initial
stage of the deployment of the air bag device for the driver's
seat.

Fig.5 1s an enlarged sectional view of an air bag device for
a front passenger’'s seat taken along a line 5-5 in Fig.l.

Fig.6 is an enlarged view of an essential portion of the air
bag device shown in Fig.5.

Fig.7 is a sectional view taken along a line 7-7 in Fig.6.

Fi1g.8 is an exploded perspective view of the air bag device
for the front passenger’'s seat.

F1g.9 is a view for explaining the operation at an initial
stage of the deployment of the air bag device for the front
passenger's seat.

Figs.10A, 10B and 10C are views of alternate embodiments of
deployment-limiting sheets according to the invention.

Fig.1ll is a view of another alternate embodiment showing how

to fold up a deployment-limiting sheet according to the
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invention.

Fig.12 is a view of a further alternate embodiment showing

how to fold up a deployment-limiting sheet according to the

invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The mode for carrying out the present invention will now
be described by way of embodiments of the present invention
shown in the accompanying drawings.

Figs.l to 9 show a first embodiment of the present
invention, including two air bag devices which are respectively
associated with a driver's seat and a front passenger’'s seat
of a vehicle. Fig.l is a perspective view of a front portion
of an occupant compartment in an automobile; Fig.2 is an
enlarged sectional view taken along a line 2-2 in Fig.1l; Fig.3
1s an exploded perspective view of an air bag device for a
driver's seat; Fig.4 is a view for explaining the operation at
an initial stage of the deployment of the air bag device for
the driver ' s seat; Fig.5 is an enlarged sectional view of an
alr bag device for a front passenger’'s seat taken along a line
5o-5 1n Fig.1l; Fig.6 is an enlarged view of an essential portion
of the alir bag device shown in Fig.5; Fig.7 is a sectional view
taken along a 1line 7-7 in Fig.6; Fig.8 1is an exploded
perspective view of the air bag device for a front passenger'’s
seat; and Fig.9 is a view for explaining the operation at an
initial stage of the deployment of the air bag device for the

front passenger’'s seat.
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As shown in Fig.l, an air bag device Rd for a driver's
seat 1 is mounted at a central portion of a steering wheel 2
disposed in front of the driver's seat 1, and an air bag device
Rp for a front passenger’'s seat 3 is mounted at an upper portion
of a dash board 4 disposed in front of the front passenger's
seat 3.

The structure of the air bag device RA for the driver's
seat will be described below with reference to Figs.2 and 3.

The steering wheel 2 1includes a steering boss 13
relatively non-rotatably fitted over a rear end of a steering
shaft 11 and fixed by a nut 12, an annular wheel rim 14 disposed
to surround the steering boss 13, a front module cover 15 fixed
to the steering boss 13, a rear module cover 16 coupled to the
front module cover 15, and a plurality of spokes 17 which
connect the front module cover 15 to the wheel rim 14. An air
bag module 18 is accommodated in a space surrounded by the front
module cover 15 and the rear module cover 16. A thin tear line
l6a is defined into an H-shape in the rear module cover 16, so
that a pair of 1lids 16b, 16b are partitioned by the tear line
l6a.

The air bag module 18 is comprised of a retainer 19 for
supporting the air bag module 18 within the rear module cover
16, an inflator 20 adapted to generate a high-pressure gas, and
an air bag 21 adapted to be expanded by the high-pressure gas
generated by the inflator 20. The retainer 19 supporting the

inflator 20 at its central portion is fastened by a plurality
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of bolts 22 with 1ts periphery superposed onto coupled portions
of the front module cover 15 and the rear module cover 16. The
air bag 21 1s fixed to the retainer 19 by a plurality of bolts
23, with a peripheral edge of an opening 1in the air bag 21 being

-

superposed onto an 1nner side of the outer periphery of the

retainer 19. Gas ejection bores 20a in the inflator 20 open 1into

an internal space in the air bag Z21.

A band-shaped deployment-limiting sheet 24 formed of
the same material as the air bag 21 1is disposed in a folded-up
state between the folded-up air bag 21 and an inner surface of
the substantially cup-shaped rear module cover l6. The

deployment-limiting sheet 24 1s fastened at a stationary end

thereof along a lower edge of the retainer 19 by the bolts 23 for
fixing the peripheral edge o0f the opening 1n the air bag Z21.
Therefore, the deployment-limiting sheet 24 extends forwards from
the rear side in a longitudinal direction of a vehicle body along
the 1inner surface of the rear module cover 16 to cover the
folded-up air bag 21, with a free end of the sheet 24 reaching
near an upper edge of the retainer 19. The deployment-limiting
sheet 24 1is folded up in a bellows-shape 1n the longitudinal

o

direction of the vehicle body. The deployment-limiting sheet 24

has a length L (see Fig. 3) set longer than a length Li + L2 + L3
(see Fig. 2) of an inner periphery of the rear module cover 16 1in
the longitudinal direction of the vehicle body.

When an acceleration egqual to or larger than a
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predetermined value occurs upon collision of the vehicle, the
inflator 20 is ignited, and the air bag 21 expanded by the gas
generated by the inflator 20 breaks the thin tear line 16a (see
Fig.3) defined in the H-shape in the rear module cover 16 and
deploys into the vehicle compartment. At this time, the
deployment-limiting sheet 24 covers the folded-up air bag 21
from the rear side to the front side. Therefore, a front portion
(a portion farther from an occupant) of the air bag 21 faced
by the free end of the deployment-limiting sheet 24 is first
deployed, and a rear portion (a portion nearer to the occupant)
of the air bag 21 faced by the stationary end of the
deployment-limiting sheet 24 is then deployed, later than the
front portion, due to a resisting force received from the
deployment-limiting sheet 24 (see Fig.4).

Therefore, even if the air bag device RA for the
driver’'s seat is operated with an occupant’'s body disposed
close to the steering wheel 2, the air bag 21 deployed at a high
speed of expansion at an initial stage of the deployment is
expanded upwards and hence, is wunlikely to excessively
interfere with the occupant. Thus, the air bag 21 can restrain
the occupant properly and softly, after being deplovyed
sufficiently, due to its reduced expansion speed in a rear
direction. In addition, the air bag 21 is wrapped in the
deployment-limiting sheet 24 at the initial stagé of the
deployment and hence, vibration of the air bag 21 is inhibited,

whereby the air bag 21 can be deployed smoothly. Such effect
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can be reliably exhibited by setting the entire length L of the
deployment-limiting sheet 24 at the above-described value.

The structure of the air bag device Rp for the front
passenger’'s seat will be described below with reference to
Figs.5 to 9.

A retainer 43 of an air bag module 42 is fixed to support
portions 4la extending downwards from a module cover 41 fixed
in an opening 4a defined in an upper surface of the dash board
4. The retainer 43 is comprised of an upper retainer element
45 and a lower retainer element 46, which are fixed to each other
by a plurality of bolts 44. The upper retainer element 45 is
fixed to the support portions 4la of the module cover 41 by a
plurality of bolts 47. A peripheral edge of an opening in an
alr bag 48 1is sandwiched between and fastened to coupled
portions of the upper and lower retainer elements 45 and 46 by
the bolts 47. The module cover 41 includes a pair of lids 41c,
41c each having three sides surrounded by a thin tear line 41b
adapted to be broken upon the expansion of the air bag 48. A
cylindrical inflator 50 is supported on a bottom of the lower
retainer member 46 through a pair of mounting brackets 49, 49.

A band-shaped deployment-limiting sheet 51 formed of
the same material as the air bag 48 is disposed in a folded-up
state between the folded-up air bag 48 and an inner surface of
the module cover 41. The deployment-limiting sheet 51 is
fastened at a stationary end thereof along a rear end of the

retainer 43 by the bolts 44 for fixing the peripheral edge of
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the opening in the air bag 48. Therefore, the deployment-
limiting sheet 51 extends forwards from a rear side in the
longitudinal direction of the vehicle body along the inner
surface of the module cover 41 to cover the folded-up air bag
48, with a free end of the sheet 51 reaching near a front edge
of the air bag 48. The deployment-limiting sheet 51 has a 1length
L. set longer than a reference length Lr, which will be described
below. In Fig.5, a circle is depicted, which has a center O
immediately above a first reference point Pl at rear ends of
the lids 41lc, 41c, passes through the reference point Pl, and
1s tangent at a second reference point P2 to a front windshield
52. A length of an arc indicated by a thick line on the rear
side of the vehicle body between the first and second reference
points Pl and P2 is defined as the reference length Lr.
When an acceleration equal to or larger than a
predetermined value occurs upon.collision of the vehicle, the
inflator 50 is ignited, and the air bag 48 expanded by a gas
generated by the inflator 50 breaks the thin tear line 16b
defined in the H-shape on the module cover 41 and deploys into
the vehicle compartment. At this time, the deployment-limiting
sheet 51 covers the folded-up air bag 48 on the front side
thereof extending from the rear side. Therefore, a front
portion (a portion closer to the front glass 52) of the air bag
48 faced by the free end of the deployment-limiting sheet 51
is first"deployed, and a rear portion (a portion farther from

the front glass 52) of the air bag 48 faced by the stationary
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end of the deployment-limiting sheet 51 is then deployed, later
than the front portion, due to a resisting force received from
the deployment-limiting sheet 51 (see Fig.9).

Thus, even if the air bag device Rp is operated with
a child seat 53 mounted to face backwards on the front
passenger ‘s seat 3, or with an occupant’'s body disposed close
to the dash board 4, it can be ensured that the air bag 48
deployed at a high speed of expansion at an initial stage of
the deployment is not likely to excessively interfere with the
occupant. The air bag 48 is wrapped in the deployment-limiting
sheet 51 at the initial stage of the deployment and hence,
vibration of the air bag 48 is inhibited, whereby the air bag
48 can be deployed smoothly. Also, even when the air bag 48
interferes with the child seat 53, the air bag 48 is slipped
along the deployment-limiting sheet 51 interposed between the
alr bag 48 and the child seat 53 and hence, a load applied to
the child seat 53 can be alleviated. Such effect can be reliably
exhibited by setting the entire length L of the deployment-
limiting sheet 51 at the above-described value.

As discussed above, according to one aspect of the
present invention, the folded-up air bag is covered from the
rear side of the vehicle to the front side of the vehicle by
the deployment-limiting sheet disposed between the folded-up
alr bag and the inner surface of the module cover. Therefore,
the air bag deployed at the initial stage can be inhibited from

being expanded rearwards of the vehicle by the deployment-
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limiting sheet, thereby reliably avoiding the early
interference of the air bag with an occupant. Particularly,
because the deployment-limiting sheet is longer than the
length of the 1inner periphery of the module cover in the
longitudinal direction of the vehicle body, it is possible to
reliably inhibit the air bag from being expanded rearwards of
the vehicle body at the initial state of the deployment.

Additionally, according to another aspect of the
present invention, the deployment-limiting sheet is longer
than the length of the arc of the circle which has the center
immediately above the first reference point at the rear end of
the 1lid, passes through the first reference point, and is
tangent at the second reference point to the front windshield,
wherein the arc extends on the rear side of the vehicle body
between the first and second reference points. With such
deployment-limiting sheet, it is possible to reliably inhibit
the air bag from being expanded rearwards of the vehicle body
at the initial stage of the deployment.

Although the embodiment of the present invention has
been described in detail, it will be understood that wvarious
modifications may be made without departing from the subject
matter of the present invention.

For example, the shape o0of each of the deployment-
limiting sheets 24 and 51 is not limited to that in the
embodiment and can be modified properly. Alternates

embodiments of shapes of deployment-limiting sheets 51 in the
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air bag Rp for the front passenger’'s seat are shown in Figs.10A,
10B and 10C. The deployment-limiting sheet 51 shown in Fig.10A
is formed having a width smaller than that of the
deployment-limiting sheet 51 in the first embodiment. The
deployment-limiting sheet 51 shown in Fig.1l0B is formed having
a larger width on the side of the stationary end and extends
with side portions that cover left and right sides of the
folded-up air bag 48. The deployment-limiting sheet 51 shown
in Fig.10C is formed into a triangle tapered from the stationary
end toward the free end.

The manner of folding each of the deployment-limiting
sheets 24 and 51 is not limited to that in the first embodiment,
and can be modified properly. In the first embodiment, the
deployment-limiting sheet 51 is folded in the bellows-shape in
the longitudinal direction above the rear and front portions
of the folded-up air bag 48, while a deployment-limiting sheet
51 1n another alternate embodiment shown in Fig.1l1l is folded
in a bellows-shape 1in a vertical direction, and a
deployment-limiting sheet 51 in a further alternate embodiment
shown 1n Fig.12 is folded in a volute shape.

The material used for manufacturing each of the
deployment-limiting sheets 24 and 51 is not necessarily the

same as that used for each of the air bags 21 and 48.
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We claim:
1. An air bag device for a vehicle, comprising:

a folded-up air bag accommodated i1n a module cover of a
steering wheel; a peripheral edge of an opening in said ailr bag
being fixed to a retainer supporting an inflator so that when said
air bag is expanded by a gas generated by said inflator, said air
bag deploys into a compartment of the vehicle through an opening
in a lid provided on said module cover; and

adeployment-limiting sheet disposedbetween said folded-up
alir bag and an inner surface of said module cover, and which 1s
longer than a length of an inner periphery of the module cover
in a longitudinal direction of the vehicle; sald
deployment-limiting sheet having one end fixedwithin the steering
wheel, and the folded-up air bag being covered from a rear side
of the vehicle to a front side of the vehicle by a free end of
said deployment-limiting sheet; and said deployment-limiting
sheet covering a lower rear portion of said air bag and extending
between said air bag and an object to be restrained by the air
bag during an initial stage of air bag deployment, such that said
air bag deploys primarily upwardly during the 1nitial stage of

alr bag deployment.

2. The air bag device‘according to claim 1, wherein said fixed
end of the deployment-limiting sheet 1s fixed near said peripheral

edge of the opening in the air bag.
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3. The air bag device according to claim 2, wherein said fixed

end of the deployment-1limiting sheet 1s fixed to said retainer.

4. The air bag device according to claim 1, wherein salid fixed

endof thedeployment-limiting sheet i1s fixed to the airbagdevice,
and said free end deploys together with the air bag into the vehicle

compartment.

. The air bag device according to any one of claims 1 to 4,

wherein said deployment-limiting sheet 1s band-shaped.

6. The air bag device according to any one of claims 1 to 5,
wherein said deployment-limiting sheet and said air bag are formed

from a same material.

7. An air bag device for a vehicle, comprising:

a folded-up air bag accommodated in a retaliner disposed
within a dash board of the vehicle; a peripheral edge of an opening
in the folded-up air bag being fixed to a retaliner so that when
the folded-up air bag is expanded by a gas generated by an inflator
supported on the retainer, the air bag deploys into an occupant

compartment of the vehicle through an opening 1n a 1lid provided

on the dash board;
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wherelin said folded-up air bag 1s covered, from a rear side
of the wvehicle to a front side of the wvehicle, by a
deployment-limiting sheet disposed between the folded-up air bag
and an inner surface of the lid, andwhich is longer than a reference
length;

said reference length being as long as an arc of a circle
having a center immediately above a first reference point at a
rear end of the lid passing through said first reference point,
ahd being tangent at a second reference point to a front windshield
of the vehicle, said arc extending on the rear side of the vehicle
between said first and second reference points;

saiddeployment-limiting sheet coveringa lower rearportion
of said air bag and extending between said air bag and an object
to be restrained by the air bag during an initial stage of air
bag deployment, such that said air bag deploys primarily upwardly
during the initial stage of air bag deployment;

sald deployment-limiting sheet having a free end and a
stationary end, the stationary end being fixed near said retalner
at a position rearwardly of said free end in a state in which said
deployment-limiting sheet coverssaidfolded-upairbag, andduring
the initial stage of air bag deployment, a front portion of the
air bag is first deployed, and a rear portion of the air bag faced
by the stationary end of the deployment-limiting sheet 1s then

deployed, later than the front portion, due to a resisting force

received from the deployment-limiting sheet.
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8. The air bag device according to c¢laim 7, wherein said
stationary end of the deployment-limiting sheet 1is fixed near said

peripheral edge of the opening 1n the air bag.

9. The alr bag device according to claim 8, wherein said
stationary end of the deployment-limiting sheet 1s fixed to said

retalner.

10. The air bag device according to claim 7, wherein said
stationary end of the deployment-limiting sheet 1s fixed to the
air bag device, and said free end deploys together with the air

bag into the vehicle compartment.

11. The air bag device according to any one of claims 1 to 10,

wherein said deployment-limiting sheet 1s band-shaped.

12. The air bag device according to any one of claims 1 to 11,
wherein said deployment—-limiting sheet and said air bag are formed

from a same material.

13. An alr bag device for a vehicle, comprising:
a module having a cover;

a folded-upairbagaccommodated in saidmodule; aperipheral

edge of anopeninginthealrbagbeing fixedtoaretainer supporting
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an inflator so that when the air bag 1s expanded by a gas generated
by the inflator, the air bag deploys into a vehicle compartment
through an opening provided on the module co&er; and

a deployment—limiting sheet disposed between the folded-up
air bag and an inner surface of the module cover and which 1s longer
than a length of an inner periphery of the module cover 1n a
longitudinal direction of the vehicle;

wherein said deployment-limiting sheet has one end fixed
near said retainer, and the folded-up air bag 1is covered, from

a rear side of the vehicle to a front side of the vehicle, by a

free end of said deployment-limiting sheet; and

said deployment—-limiting sheet covers a lower rear portion
of said air bag and extending between said air bag and an object
to be restrained by the air bag during an initial stage of ailr
bag deployment, such that said air bag deploys primarily upwardly

during the initial stage of air bag deployment.

14, The air bag device according to claim 13, wherein said fixed
end of the deployment-1limiting sheet 1s near sald peripheral edge

of the opening in the air bag.

15. The air bag device according to claim 14, wherein said fixed

end of the deployment-limiting sheet is fixed to said retainer.
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16. The air bag device according to claim 13, wherein said fixed
end of thedeployment-1limiting sheet 1s fixed to theair bagdevice,
and said free end deploys together with the air bag into the vehicle

compartment.

17. The air bag device according to any one of claims 1 to 16,

wherein sald deployment-limiting sheet 1s band-shaped.

18. The air bag device according to any one of claims 1 to 17,

10 wherein said deployment-limiting sheet and said air bag are formed

from a same material.

19. The air bag device according to any one of claims 1 to 18,
wherein a longitudinal length of said deployment-limiting sheet

15 is greater than a transverse width of said deployment-limiting

sheet.
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