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protection (18) including an airbag body (22)
disposed along a vertical direction is disposed in an
upper portion (16A) of each of right and left front
pillars (16). The expansion of the airbag body (22)
toward the outer side of the vehicle is restrained
to a predetermined amount by a cloth (22C)
connecitng an attachment portion (22A) of the
airbag body (22) with a sewn portion (22B) when
the airbag body (22) is expanded. Thus, the airbag
body (22) is expanded along the outer peripheral
portion. In addition, a portion of the airbag body
(22) expanded toward approximately the outer side
in the lateral direction contacts a curved portion
(30F) expanded toward the inner side in the lateral
direction, which is in a deployment poriton (30A)
of a garnish panel (30). Thus, the airbag body (22)
is expanded toward approximately the inner side
in the lateral direction to a large extent.
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AIRBAG APPARATUS FOR PEDESTRIAN PROTECTION

BACKGROUND OF THE INVENTION

1.Field of the Invention

The invention relates to an airbag apparatus for pedestrian
protection, and more particularly to an airbag apparatus for
pedestrian protection which absorbs and reduces an impact on a

pedestrian at a second collision with a vehicle body when the

running vehicle collides with the pedestrian.

2.Description of Related Art

An art related to an airbag for pedestrian protection 1is
disclosed in Japanese Patent Laid-Open Publication No. 7-108903.

As shown in FIG. 18, this airbag for pedestrian protection
includes a vehicle-to-pedestrian collision detection sensor
attached to a front bumper, an airbag body 202 which 1s expanded
toward the outer side of a front pillar 200 when the vehicle-to-
pedestrian collision detection sensor detects a collision with a
pedestrian, and an inflator which expands and deploys the airbag
body 202. When the vehicle-to-pedestrian collision detection
sensor detects a collision, the inflator generates gas to expand
the airbag body 202 so that the airbag body 202 may cover a front
portion 200A of the front pillar 200 as shown by a chaln double-
dashed line in FIG. 18. Thus, the impact on the pedestrian 1is
reduced.

However, in this airbag apparatus for pedestrian protection,

there occurs a component force acting toward the outer side of the
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vehicle and obliquely rearward (i.e., 1n the direction shéwn by an
arrow Y in FIG. 18) in the airbag body 202 when a pedestrian
collides with the airbag body 202 from approximately the front of
the vehicle (i.e., in the direction shown by an arrow X 1in FIG.
18). As a result, the airbag body 202 1s moved toward the rear of
the vehicle as shown by a dashed line, thereby reducing a portion
between the pedestrian and the front pillar 200. Therefore,

performance of reducing the impact on the pedestrian decreases.

SUMMARY OF THE INVENTION

In view of this, it is an object of the invention to provide an
airbag apparatus for pedestrian protection which can improve
performance of reducing an impact on a pedestrian.

An airbag apparatus for pedestrian protection according to a
first aspect of the invention includes a cover which 1s provided
in a surface of the front pillar, the surface being on the outside
of the vehicle, and covers the airbag body, and whose deployment
portion is deployed toward the outer side in the lateral direction
when the airbag body is expanded; and an expanding direction
control means which expands the airbag body toward approximately

the inner side in the lateral direction and maintains the airbag

body in the expanded position.

Therefore, when a pedestrian collides with the airbag body from

approximately the front of the vehicle, the airbag body 1is

expanded toward the inner side in the lateral direction, and is

maintained in the expanded position by the expanding direction

control means.
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This ensures that the airbag body lies between the pedestrian
and the front pillar, thereby improving the performance of
reducing the impact on the pedestrian.

Further, in the airbag for pedestrian protection according to
the first aspect of the invention, the expanding direction control
means may be a contact portion contacting the airbag body, which
is in a deployment portion of the cover.

In this case, since the airbag body contacts the contact portion
provided in the deployment portion of the cover, the airbag body
is deployed toward the inner side in the lateral direction and 1is
maintained in the expanded position when a pedestrian collides
with the airbag body from approximately the front of the vehicle
body. This ensures that the airbag body lies between the
pedestrian and the front pillar, thereby improving the performance
of reducing the impact on the pedestrian. In addition, the
construction is simplified by using the contact portion contacting
the airbag body, which is in the deployment portion of the cover,
as the expanding direction control means.

Furthermore, the contact portion may be expanded toward
approximately the inner side in the lateral direction to have a
curved shape at the time of deployment.

In this case, since the airbag body contacts the curved portion
of the cover expanded toward approximately the inner side in the
lateral direction at the time of deployment, the airbag body is
expanded toward the inner side in the lateral direction and 1is
maintained in the expanded position when a pedestrian collides

with the airbag body from approximately the front of the vehicle.
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This ensures that the airbag body lies between the-pedestrian and
the front pillar, thereby improving the performance of reducing
the impact on the pedestrian.

Also, in the airbag apparatus for pedestrian protection
according to the first aspect of the invention, the expanding
direction control means may be a connecting member which connects
a portion of the vehicle body laterally inside the front pillar
with the airbag body, and which generates a tension between the
connected portions when the airbag body is expanded.

In this case, the airbag body is expanded toward the 1nner side
in the lateral direction and is maintained in the expanded
position by the tension generated by the connecting member which
connects the portion of the vehicle body laterally inside the
front pillar with the airbag. This ensures that the airbag body
lies between the pedestrian and the front pillar, thereby
improving the performance of reducing the impact on the pedestrian.
In addition, it is also possible to reliably maintain a portion of
the airbag body protruding from the cover in the expanded position
by using the connecting member.

An airbag apparatus for pedestrian protection according to a
second aspect of the invention includes a cover which 1is provided
in a surface of a cowl portion, the surface being on the outside
of the vehicle, and covers the airbag body, and whose deployment
portion is deployed toward the rear of the vehicle when the airbag
body is expanded; and an expanding direction control means which
expands the airbag body toward the front of the vehicle and

maintains the airbag body in the expanded position.
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Therefore, the airbag body 1s expanded toward the front of the
vehicle and is maintained in the expanded position by the
expanding direction control means when a pedestrian collides with
the airbag body from the front of the vehicle. This ensures that
the airbag body lies between the pedestrian and the cowl portion,
thereby improving the performance of reducing the impact on the
pedestrian.

In the airbag apparatus for pedestrian protection according to
the second aspect of the invention, the expanding direction
control means may be a connecting member which connects a portion
of the vehicle body ahead of the cowl portion with the airbag body,

and generates a tension between the connected portions when the

airbag is expanded.

In this case, the airbag body i1s expanded toward the front of
the vehicle and is maintained in the expanded position by the
tension generated by the connecting member which connects the
portion of the vehicle body ahead of the cowl portion with the
airbag body. This ensures that the airbag body lies between the
pedestrian and the cowl portion, thereby improving the performance
of reducing the impact on the pedestrian. In addition, it is also
possible to reliably maintain a portioﬁ of the airbag body

protruding from the cover in the expanded position by using the

connecting member.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and further objects, features and advantages of

the invention will become apparent from the following description
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of a preferred embodiment with reference to the accompanylng
drawings, wherein like numerals are used to represent like

elements and wherein:

FIG. 1 is an enlarged sectional view taken on line I-I of FIG.
3;

FIG. 2 is an enlarged sectional view taken on line II-II of FIG.
3;

FIG. 3 is a lateral view showing a part of a vehicle body to
which an airbag apparatus for pedestrian protection according to a

first embodiment of the invention is applied;

FIG. 4 is a perspective view showing a vehicle body to which the
airbag apparatus for pedestrian protection according to the first
embodiment of the invention is applied, as obliquely viewed from

ahead of the vehicle;

FIG. 5 is an enlarged sectional view showing the deployed state

of the airbag apparatus for pedestrian protection according to the

first embodiment of the invention;

FIG. 6 is a view illustrating effects of the airbag apparatus
for pedestrian protection according to the first embodiment of the
invention;

FIG. 7 is an enlarged sectional view showing an alrbag apparatus
for pedestrian protection according to a modification of the first
embodiment of the invention;

FIG. 8 is an enlarged sectional view showing an airbag apparatus
for pedestrian protection according to another modification of the

first embodiment of the invention:

FIG. 9 is a perspective view showing a part of a vehicle body to



CA 02441759 2003-09-23
WO 02/079009 PCT/1B02/00957

which an airbag apparatus for pedestrian protection according to a
second embodiment of the invention is applied, as obliquely viewed
from ahead of the vehicle;

FIG. 10 is a perspective view showing the expanded state of the
airbag apparatus for pedestrian protection according to the second

embodiment of the invention, as obliquely viewed from ahead of the

vehicle:

FIG. 11 is an enlarged sectional view taken on line XI-XI of FIG.
10;
FIG. 12 is a perspective view showing the expanded state of an

airbag apparatus for pedestrian protection according to a third

embodiment of the invention, as obligquely viewed from ahead of the

vehicle;

FIG. 13 is an enlarged sectional view taken on line XIII-XIII of

FIG. 12;

FIG. 14 is a perspective view showing a part of a vehicle to

which an airbag apparatus for pedestrian protection according to a

fourth embodiment of the invention is applied, as obliquely viewed

from ahead of the vehicle;

FIG. 15 is an enlarged sectional view taken on line XV-XV of FIG.

14 ;

FIG. 16 is an enlarged sectional view taken on line XVI-XVI of

FIG. 17;

FIG. 17 is a perspective view showing the expanded state of the
airbag apparatus for pedestrian protection according to the fourth

aspect of the invention, as obliquely viewed from ahead of the

vehicle;
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FIG. 18 is a sectional view showing a conventional airbag for

pedestrian protection.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, an airbag apparatus for pedestrian protection
according to a first embodiment of the invention will be described
with reference to FIG. 1 to FIG. 6.

It is to be noted that an arrow FR 1indicates the front of the
vehicle, an arrow UP indicates the upper side of the vehicle, and
an arrow IN indicates the inner side in the lateral direction.

As shown in FIG. 4, in the embodiment, a vehicle-to-pedestrian
collision detection sensor 14 is disposed in a front bumper 12 of
a vehicle body 10. An airbag apparatus for pedestrian protection
18 is disposed along the vertical direction in an upper portion
16A of each of right and left front pillars 16.

As shown in FIG. 3, the airbag apparatus for pedestrian
protection 18 mainly includes an inflator 20 which operates to
inject gas based on a detection signal from the vehicle-to-
pedestrian collision detection sensor 14; an airbag body 22, and a
case 24 which houses the airbag body 22. When the vehicle-to-
pedestrian collision detection sensor 14 detects a collision with
a pedestrian, the inflator 20 operates, whereby gas flows into the
airbag body 22. Then, the airbag body 22 1s expanded forward from
the upper portion 16A of the front pillar 16 as shown by chain
double-dashed line in FIG. 4.

A fender 26 is attached to the vehicle body 10, and windshield

glass 28 is attached to the front pillar 16.
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As shown in FIG. 1, the airbag body 22 is accordion-folded to
have a long shape and is housed in the case 24. The case 24 1is
composed of a garnish panel 30 which is made from resin material
and constitutes a surface of the front pillar 16, the surface
being on the outside of the vehicle; and a base plate 32 which
includes a metal plate to which an attachment portion 22A of the
airbag body 22 is fixed by welding or other means.

The base plate 32 has a recessed and opened cross section whose
opening is directed toward the front and the outer side in the
lateral direction. The attachment portion 22A of the airbag body
22 is fixed to the inner peripheral surface of a first wall
portion 32A on the laterally inner side of the base plate 32. An
engagement portion 32B directed toward the outer side of the
opening of the base plate 32 is formed in the end portion of the
opening of the first wall portion 32A. A bolt 34 1s erected in a
portion of the first wall portion 32A, which is adjacent to a base
portion 32C of the base plate 32, at its outer peripheral surface.
A second wall portion 32D on the laterally outer side of the base
plate 32 is shorter than the first wall portion 32A on the
laterally inner side.

A deployment portion 30A of the garnish panel 30 constitutes a
decorative surface of the upper portion 16A of the front pillar 16,
the decorative surface being on the outside of the vehicle. The
deployment portion 30A covers the accordion-folded airbag body 22.
A pawl portion 30B is formed in a first end portion on the
laterally inner side of the deployment portion 30A, and the pawl

portion 30B is engaged with the engagement portion 32B of the base
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plate 32.

The deployment portion 30A has a second end portion 30C on 1its
outer side in the lateral direction, and has a portion 30D outside
the second end portion 30C in the lateral direction. A rib 31
having a triangle shape is formed in the inner peripheral portion
of the portion 30D. An attachment portion 30E extends toward the
inner side in the lateral direction behind the portion 30D where
the rib 31 is formed. The attachment portion 30E of the garnish
panel 30 is bonded to the base portion 32C of the base plate 32 by

an adhesive which serves also as a sealant.

Therefore, when the airbag body is expanded, the pawl portion
30B of the deployment portion 30A of the garnish panel 30 1is
disengaged from the engagement portion 32B of the base plate 32
due to the expansion pressure of the airbag body 22 as shown 1in
FIG. 5. Then, the deployment portion 30A is deployed from the
second end portion 30C toward the outer side in the lateral
direction at a predetermined angle. In addition, the alrbag body
22 has a cloth 22C which connects the attachment portion 22A of
the airbag body 22 with a sewn portion 22B. Therefore, when the
airbag body 22 is expanded, the cloth 22C restricts the expansion
of the airbag body 22 toward the outer side of the vehicle (i.e.,
in the direction shown by an arrow A in FIG. 5) to a predetermined
amount, and thus the airbag body 22 is expanded along the outer
peripheral portion of the vehicle (in the directions shown by an
arrow B and an arrow C in FIG. 5). Further, a portion of the
airbag body 22 expanded toward approximately the outer side in the

lateral direction (i.e., in the direction shown by the arrow C in

10
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FIG. 5) contacts a curved portion 30F expanded toward
approximately the inner side in the lateral direction in the
deployment portion 30A, and the curved portion 30F serves as the
expanding direction control means.

The upper portion 16A of the front pillar 16 has a closed cross
section and includes a front pillar outer panel 38 disposed on the
vehicle compartment exterior side; and a front pillar inner panel
40 disposed on the vehicle compartment interior side. An alrbag
apparatus for pedestrian protection 18 1s disposed 1in a recessed
portion 42 having an L-shape cross section formed i1n the front
pillar outer panel 38. An attachment hole 44 is formed in a
vertical wall portion 42A of the recessed portion 42 which is
approximately perpendicular to an edge portion 28A located on the
laterally outer side of windshield glass 28. A nut 46 is screwed
to a bolt 34 extending through attachment hole 44, thereby fixing
the airbag apparatus for pedestrian protection 18. An operation
hole 48 which is used when the nut 46 is fastened 1is formed in the
front pillar inner panel 40.

An edge portion 28A on the laterally outer side of the
windshield glass 28 is fixed to a front wall portion 40A of the
front pillar inner panel 40. A flange 40B directed toward
approximately the front is formed in an end portion on the
laterally outer side of the front wall portion 40A. A weather
strip molding 50 is disposed between the flange 40B and the end
portion 28A on the laterally outer side of the windshield glass 28.
An end portion 50A on the laterally outer side of the weather

strip molding 50 covers a portion where the pawl portion 30B of

11
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the deployment portion 30A is engaged with the engagement portion
32B of the base plate 32. A front pillar garnish 52 1is disposed
on the vehicle compartment interior side of the front pillar 1inner
panel 40. A rear end edge portion 52A of the front pillar garnish
52 is engaged with a weather strip molding 54 disposed in a joint
flange 16B in the rear of the upper portion 16A of the front
pillar 16. As shown in FIG. 1, a front side door 56 1s attached
laterally outside the front pillar outer panel 38.

As shown in FIG. 3, the inflator 20 is cylindrical, and brackets
58 are fixed near both ends of the inflator 20 in the longitudinal
direction.

As shown in FIG. 2, an attachment hole 60 is formed 1n an
attachment portion 58A of each of the brackets 58. A Dbolt 62 1is
inserted in the attachment hole 60, and the bolt 62 1s erected 1in
the inner peripheral surface of the wall portion 32A on the
laterally inner side of the base plate 32. A nut 64 1is screwed to
the bolt 62, and the inflator 20 is fixed to the base plate 32 of
the case 24 through the bracket 58.

Next, effects of the first embodiment will be described.

In the first embodiment, when the vehicle-to-pedestrian
collision detection sensor 14 detects a collision with a
pedestrian, the inflator 20 operates, whereby gas flows into the
airbag body 22. Therefore, the airbag body 22 is expanded forward
from the upper portion 16A of the front pillar 16 due to the gas
flowing from the inflator 20 as shown in FIG. 5. At this time,
the pawl portion 30B of the deployment portion 30A in the garnish

panel 30 is disengaged from the engagement portion 32B of the base

12
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plate 32, and the deployment portion 30A 1is deployed from the

second end portion 30C toward the outer side in the lateral

direction.

On the other hand, the expansion of the airbag body 22 toward
the outer side of the vehicle (i.e., 1n the direction shown by the
arrow A 1n FIG. 5) 1s restrained to a predetermined amount by the
cloth 22C connecting the attachment portion 22A with the sewn
portion 22B. Thus, the airbag body 22 is expanded along the outer
peripheral portion of the vehicle (in the directions shown by the
arrow B and the arrow C in FIG. 5). 1In addition, a portion of the
airbag body 22 expanded toward approximately the outer side in the
lateral direction (i.e., in the direction shown by the arrow C in
FIG. 5) contacts the curved portion 30F expanded toward
approximately the inner side in the lateral direction, which is in
the deployment portion 30A of the garnish panel 30.

As a result, in the embodiment, the expansion of the airbag body
22 toward approximately the outer side in the lateral direction
(i.e., in the direction shown by the arrow C) is also restrained
to a predetermined amount by the curved portion 30F. Therefore,
the airbag body 22 is expanded toward approximately the inner side
1n the lateral direction (i.e., 1in the direction shown by the
arrow B in FIG. 5).

In addition, as shown 1in FIG. 6, even when a colliding object S
such as a pedestrian’s head contacts the airbag body 22 and the
airbag body 22 is about to be moved toward approximately the outer
side in the lateral direction (i.e., in the direction shown by the:

arrow C in FIG. 5), the airbag body 22 is maintained in the

13
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expanded position (in the position shown in FIG. 6) by the curved
portion 30F and the cloth 22C. This ensures that the airbag body
22 lies between the colliding object S and the upper portion 16A
of the front pillar 16, thereby improving the perfdrmance of
reducing the impact on the colliding object S.

The construction is simplified by using the contact portion
contacting the airbag body 22, which is in the deployment portion
30A of the garnish panel 30, as the expanding direction control
means.

The thickness of the deployment portion 30A of the garnish panel
30 is uniform without any sudden change or 1is gradually changing
from the end portion 30C on the outer side in the lateral
direction from which the deployment portion 30A 1is deployed to at
least the contact portion which contacts the airbag body 22. Thus,
the deployment portion 30A of the garnish panel 30 1is elastically
deformed in the same bending mode as that of a cantilever beam
bent from the end portion 30C on the outer side in the lateral
direction, instead of being deformed and deployed along a specific
bending ridge line like a hinge. Therefore, 1t 1s possible to
form the curved portion 30F expanded toward approximately the
inner side in the lateral direction in the deployment portion 30A
of the garnish panel 30.

In the first embodiment, the pawl portion 30B formed in the
deployment portion 30A of the garnish panel 30 is engaged with the
engagement portion 32B of the base plate 32, as shown 1n FIG. 1.
Instead, as shown in FIG. 7, an end portion 30G on the laterally

inner side of the garnish panel 30, which is bent toward the rear

14
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of the vehicle, may be bonded to the outer peripheral surface of
the wall portion 32A on the laterally outer side of the base plate
32 by an adhesive which serves also as a sealant. 1In addition, a
brittle portion 66 including a recessed portion 65 may be provided
near the bending portion of the end portion 30G so as to be broken
when the airbag body is expanded. A tip portion 32E of the wall
portion 32A on the laterally 1nner side of the base plate 32
reaches the deployment portion 30A of the garnish panel 30.
Therefore, even if a pressure is applied to the deployment portion
30A from the outer side of the vehicle when the vehicle 1s used 1in
a general way, for example, when the vehicle 1s washed, the stress
can be prevented from being applied to the brittle portion 66.

The brittle portion 66 is sealed together with a gap between the
windshield glass 28 and the garnish panel 30 by the weather strip
molding 50. Therefore, even 1f a crack occurs 1n a part of the
brittle portion 66, water and the like can be prevented from
entering the brittle portion 66.

In addition, in the first embodiment, the deployment portion 30A
of the garnish panel 30 is deployed from the end portion 30C on
the outer side in the lateral direction toward the outer side 1in
the lateral direction. 1Instead, as shown in FIG. 8, the
deployment portion 30A of the garnish panel 30 may be rotated
around an axis 68 so that an end portion 70 of the deployment
portion 30A may contact the wall portion 32D on the laterally
outer portion of the base plate 32, thereby controlling the
opening angle of the deployment portion 30A.

Next, an airbag apparatus for pedestrian protection according to

15
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a second embodiment of the invention will be described with
reference to FIG. 9 to FIG. 11.

The same members as those 1n the first embodiment are denoted
with the same reference numerals and the detailed description
thereof will be omitted.

As shown in FIG. 9, in the embodiment, a lower end portion 18 of
an airbag apparatus for pedestrian protection 18 extends along a
cowl portion 10A of a vehicle body 10 toward the inner side 1n the
lateral direction.

As shown in FIG. 10, a strap 72 is disposed in an upper surface
22D of the expanded airbag body 22 as the connecting member which
serves as the expanding direction control means. An upper end
portion 72A of the strap 72 is connected to an anchor 74 disposed
in an upper end portion of the airbag apparatus for'pedestrian
protection 18. On the other hand, a lower end portion 72B of the
strap 72 is connected to an anchor 76 disposed in an end portion
on the laterally inner side of the lower end of the airbag
apparatus for pedestrian protection 18. The length'of the strap
72 is at least equal to or larger than that of the distance
between the upper and lower anchors 74 and 76 along a case 24.

Cloth rings 78 are disposed on both sides of a straight line
connecting the upper and lower anchors 74 and 76 1n a zig zag
manner in the upper surface 22D of the expanded airbag body 22.
The strap 72 extends through each of the rings 78 along the
vertical direction. In the embodiment, as shown in FIG. 11, the

cloth 22C restraining the shape of the bag in the first embodiment

is eliminated.
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Next, effects of the second embodiment will be described.

In the embodiment, when the airbag body 22 is expanded in the
same manner as in the first embodiment, each of the rings 78
disposed in the upper portion 22D of the airbag body 22 is moved
in the direction in which the ring 78 becomes apart from the
vertically neighboring rings 78 (i.e., the directions shown by an
arrow D and an arrow E). As a result, a tension is generated in
the strap 72. Therefore, the expansion of the airbag body 22
toward the outer side of the vehicle (i1i.e., in the direction shown
by an arrow A in FIG. 11) 1is restrained to a predetermined amount
by the strap 72. Thus, the airbag body 22 1s expanded along the
outer peripheral portion of the vehicle (i1.e., in the directions
shown by an arrow B and an arrow C in FIG. 11). In addition, a
portion expanded toward approximately the outer side 1in the
lateral direction (i.e., in the direction shown by the arrow C 1in
FIG. 11) contacts a curved portion 30F expanded toward
approximately the inner side in the lateral direction, which 1s 1in
a deployment portion 30A of a garnish panel 30.

As a result, in the embodiment, the expansion of the airbag body
22 toward approximately the outer side in the lateral direction
(i.e., in the direction shown by an arrow C in FIG. 11) 1s also
restrained to a predetermined amount by the curved portion 30F.
Therefore, the airbag body 22 is expanded toward approximately the
inner side in the lateral direction (i.e., in the direction shown
by the arrow B in FIG. 11).

In addition, even when a colliding object such as a pedestrian’s

head contacts the airbag body 22 and the airbag body 22 1is about
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to be moved toward approximately the outer side in the lateral
direction (i.e., in the direction shown by the arrow C in FIG. 11),
the airbag body 22 is maintained in the expanded position (in the
position shown in FIG. 11) by the curved portion 30F. This

ensures that the airbag body 22 lies between the colliding object
and the upper portion 16A of the front pillar 16, thereby

improving the performance of reducing the impact on the colliding
object.

In the second embodiment, the tension 1n the strap 72 as the
connecting member which serves as the expanding direction control
means is generated by expanding the airbag body 22. Instead, the
tension may be generated by shortening the strap using a gas
pressure from an inflator. Alternatively, the tension may be
generated by pulling in one end of the strap using a gas pressure
from an inflator. Also, the upper end portion 72A of the strap 72
may be fixed to the airbag body 22.

Next, an airbag apparatus for pedestrian protection according to
a third embodiment of the invention will be described with
reference to FIG. 12 and FIG. 13.

The same members as those in the first embodiment and the second
embodiment are denoted with the same reference numerals, and the
detailed description thereof will be omitted.

As shown in FIG. 12, in the third embodiment, a non-expansion
portion 80 to which gas does not flow from an inflator is formed
in the laterally inner side of the airbag body 22. A boundary 80
between the non-expansion portion 80 and an expansion portion 82

as the expanding direction control means 1s an edge portion on the
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laterally outer side of the non-expansion portion 80. The
boundary 80A between upper and lower anchors 74 and 76 has a shape
consisting of continuous semlicircular arcs.

Next, effects of the third embodiment will be described.

In the third embodiment, the non-expansion portions 80 and the
expansion portions 82 are alternately formed along the vertical
direction in the laterally inner side of the airbag body 22. When
the airbag body 22 i1s expanded in the same manner as in the first
embodiment, the vertical distances between the respective
expansion portions 82 are reduced. As a result, a tension 1is
generated between the upper and the lower anchors 74 and 76 1in the
airbag body 22. The expansion of the airbag body 22 toward the
outer side of the vehicle (i.e., in the direction shown by an
arrow A in FIG. 13) is restrained to a predetermined amount by the
tension. Thus, the airbag body 22 1s expanded along the outer
peripheral portion of the vehicle (i1.e., 1n the directions shown
by an arrow B and an arrow C in FIG. 13). In addition, a portion
expanded toward approximately the outer side in the lateral
direction (i.e., in the direction shown by the arrow C in FIG. 13)
contacts a curved portion 30F expanded toward approximately the
inner side in the lateral direction, which is in a deployment
portion 30A of a garnish panel 30

As a result, in the third embodiment, the expansion of the
airbag body 22 toward approximately the outer side in the lateral
direction (i.e., 1n the direction shown by the arrow C in FIG. 13)
is also restrained to a predetermined amount by the curved portion

30F. Therefore, the airbag body 22 is expanded approximately the
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inner side in the lateral direction (i.e., in the direction shown
by the arrow B).

In addition, even when a colliding object such as a pedestrian’s
head contacts the airbag body 22 and the airbag body 22 is about
to be moved toward approximately the outer side in the lateral
direction (i.e., in the direction shown by the arrow C in FIG. 13),
the airbag body 22 is maintained in the expanded position (in the
position shown in FIG. 13) by the curved portion 30F and the
boundary 80A between the non-expansion portion 80 and the
expansion portion 82. This ensures that the airbag body 22 lies
between the co0lliding object and the upper portion 16A of the
front pillar 16, thereby improving the performance of reducing the
impact on the colliding object.

Next, an airbag apparatus for pedestrian protection according to
a fourth embodiment of the invention with reference to FIG. 14 to
FIG. 17.

The same members as those 1n the first embodiment are denoted
with the same reference numerals, and the detailed description
thereof will be omitted.

As shown in FIG. 14, in the embodiment, an airbag apparatus for
pedestrian protection 86 laterally extends along a cowl portion
10A of a vehicle body 10. Both end portions 86A of the airbag
apparatus for pedestrian protection 86 extends toward the front of
the vehicle along a fender 26, and extends toward the rear of the
vehicle along an upper portion 16A of a front pillar 16.

As shown in FIG. 15, the airbag apparatus for pedestrian

protection 86 mainly includes an inflator (not shown), an airbag
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body 88, and a case 90 that houses the airbag body 88. When a
vehicle-to-pedestrian collision detection sensor detects a
collision with a pedestrian, the 1nflator operates, whereby gas
flows into the alrbag body 88. The airbag body 88 is expanded
toward the upper side of the cowl portion 10A by the gas flowing
from the inflator as shown in FIG. 17.

As shown in FIG. 15, the airbag body 88 1s according-folded to
have a long shape, and is housed 1n the case 90. The case 90 1is
formed as a part of resin material 92 constituting an upper
portion of the cowl portion 10A. An engagement portion 90B
directed toward the rear of the vehicle 1s formed i1n a lower end
portion of a front wall portion 90A of the case 90. The
engagement portion 90B is engaged with an engagement groove 90D
formed in a base plate 90C of the case 90. On the other hand, a
brittle portion 94 including a recessed portion 93 is provided
near an upper end portion of the front wall portion 90A of the
case 90. Therefore, when the airbag body 88 is expanded, the
brittle portion 94 of the case 90 1s broken by the expansion
pressure of the airbag body 88 as shown in FIG. 16. Then, a
deployment portion 90G is deployed toward the rear of the vehicle
with respect to the cowl portion 10A while an upper end portion
90F of a rear wall portion 90E serves as a hinge.

As shown 1in FIG. 17, a strap 96 and a strap 98 as connecting
members which serve as expanding direction control means are
disposed in an upper surface 88A of the expanded airbag body 88.
Respective both ends 96A and 98A of the straps 96 and 98 are

connected to anchors 100 and 102 (see FIG. 14) disposed in an
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upper end portion and a lower end portion of right and left end
portions of the airbag apparatus for pedestrian protection 86.

The length of each of the straps 96 and 98 i1s at least equal to or
larger than the distance between the right and left anchors 100
and 102.

Cloth rings 104 and 106 are attached on both sides of a straight
line connecting the right and left anchors 100 and 102 in a zig
zag manner in the upper surface 88A of the expanded airbag body 88.
The straps 96 and 98 extend through each of the rings 104 and 106
along the lateral direction.

Thus, the expansion of the airbag body 88 toward the upper
portion of the vehicle (i.e., in the direction shown by an arrow F
in FIG. 16) 1s restrained to a predetermined amount by a tension
generated between the connected portions. Therefore, the airbag
body 88 1s deployed to have a flat shape, and 1s pressed against
the cowl portion 10A, windshield glass 28 and a hood 108 so as to
be restrained.

With regard to portions of the airbag body 88 expanded toward
the windshield glass 28 side, a portion 88C on the passenger seat
side is larger than a portion 88B on the driver’s seat side so
that the view on the driver'’'s seat side may not be obstructed, and
a pedestrian may be protected in a large area on the passenger
seat side.

As shown in FIG. 16, an additional cloth 110 i1s disposed in a
portion of a lower surface 88D on the vehicle rear side of the
expanded airbag body 88. A lower end edge portion 110A of the

additional cloth is connected between a rear wall portion 90E of
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the case 90 and a connecting portion 88E of the airbag body 88.
An upper end edge portion 110B of the additional cloth 110 is
connected to the lower surface 88D of the airbag body 88 above a
wiper 112 in a retracted position. If the additional cloth 110 1is
caught on the wiper 112 at the time of deployment, the additional
cloth 110 can be easily separated from the airbag body 88. Thus,
the airbag body 88 is not directly caught on the wiper 112.

Next, effects of the fourth embodiment will be described.

In the fourth embodiment, when a vehicle-to-pedestrian collision
detection sensor detects a collision with a pedestrian, an
inflator operates, whereby gas flows into the airbag body 88.
Therefore, the airbag body 88 is deployed over the cowl portion
10A, the windshield glass 28 and the hood 108. At this time, as
shown in FIG. 16, a brittle portion 94 of a case 90 1is broken by
the expansion pressure of the airbag body 88, and a deployment
portion 90G is deployed toward the rear of the vehicle while an
upper end portion 90F of a rear wall portion 90E serves as a hinge.

On the other hand, the expansion of the airbag body 88 toward
approximately the upper side of the vehicle (1.e., 1n the
direction shown by an arrow F in FIG. 16) 1s restrained to a
predetermined amount by straps 96 and 98. Thus, the airbag body
88 is expanded toward approximately the front of the vehicle (1.e.,
in the direction shown by an arrow G in FIG. 16) and toward
approximately the rear of the vehicle (i.e., in the direction
shown by an arrow H in FIG. 16).

In addition, even when a colliding object such as a pedestrian’s

head contacts the airbag body 88 and the airbag body 88 1is about
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to be moved toward approximately the rear of the vehicle (i.e., in
the direction shown by the arrow H in FIG. 16), the airbag body 88
is maintained in the expanded position (in the position shown in
FIG. 16) by the straps 96 and 98. This ensures that the airbag
body 88 lies among the colliding object S, the cowl portion 104,
the windshield glass 28, and hood 108, thereby improving the
performance of reducing the impact on the colliding object S.

Further, if the additional cloth 110 is caught on the wiper 112
when the airbag body 88 is deployed, the additional cloth 110 can
be easily separated from the airbag body 88. Thus, the airbag
body 88 is not directly caught on the wiper 112, and can be
expanded reliably and promptly.

In the fourth embodiment, the tension in the strap 96 as the
connecting member which serves as the expanding direction control
means is generated by expanding the airbag body 88. Instead, the
tension may be generated by shortening the strap using a gas
pressure from an inflator. Alternatively, the tenslion may be
generated by pulling in one end of the strap using a gas pressure
from an inflator. Also, one end portion of the strap may be fixed
to the airbag body.

While the specific first to fourth embodiment of the invention
have been described in detail, it is obvious to those skilled in
the art that the invention 1s not limited to the foregoing
embodiments, and that various changes and modifications may be

made within the true spirit of the invention.
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What is Claimed Is:

1. An airbag apparatus for pedestrian protection, the airbag apparatus comprising:
an airbag body expandable forward in an upper portion of a front pillar of a vehicle,

the airbag body being provided in a surface of the front pillar, the surface being on an

outside of the vehicle;

a cover which covers the airbag body, the cover including a base plate located at a
vehicle side of the airbag and a deployment portion which is separated from the base
plate to deploy toward an outer side in a lateral direction when the airbag body is
expanded;

an expanding direction control means for expanding the airbag body toward
approximately an inner side in a lateral direction with respect to the front pillar, and
maintaining the airbag body in the expanded position; and

a connecting member which connects a portion of the vehicle body with the airbag
body, and which generates a tension between a connected portion of the portion of the
vehicle body to which the connecting member is connected and a connected portion of the
airbag body to which the connecting member is connected when the airbag body is

expanded, the tension serving to maintain the airbag body in the expanded position.

2. The airbag apparatus according to Claim 1, wherein the expanding direction control

means generates a resistance force resisting a force of the airbag body acting toward

approximately an outer side in a lateral direction when the airbag body is expanded.

3. The airbag apparatus according to Claim 1 or 2, wherein the expanding direction control

means restrains expansion of the airbag body toward approximately an outer side in a

lateral direction to a predetermined amount.
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4.  The airbag apparatus according to any one of Claims 1 to 3, wherein the expanding
direction control means is a contact portion contacting the airbag body, which is in the

deployment portion of the cover.

5.  The airbag apparatus according to Claim 4, wherein the contact portion is a curved
portion expanded toward an inner side in a lateral direction, which is in the deployment

portion of the cover.

6.  The airbag apparatus according to Claim 1, wherein the expanding direction control
means is a connecting member which connects an attachment portion of the airbag body
to be attached to a vehicle body with the airbag body, and which generates a tension
between a connected portion of the attachment portion to which the connecting member is
connected and a connected portion of the airbag body to which the connecting member Is

connected when the airbag body is expanded.

7.  The airbag apparatus according to Claim 1, wherein the expanding direction control
means is a connecting member which connects a portion of the vehicle body laterally
inside the front pillar with the airbag body, and which generates a tension between a
connected portion of the portion of the vehicle body to which the connecting member Is

connected and a connected portion of the airbag body to which the connecting member is

connected when the airbag body is expanded.

8.  The airbag apparatus according to Claim 7, wherein the connecting member is a
strap extending along the front piliar in an upper surface of the airbag body, an upper end
portion of the strap is connected to a portion of the vehicle located on an upper end side
of the airbag apparatus, a lower end portion of the strap is connected to a portion of the

vehicle laterally inside the front pillar.
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9.  The airbag apparatus according to any one of Claims 6 to 8, wherein expansion of
the airbag body toward an outer side of the vehicle is restrained to a predetermined
amount by the tension generated between the portions to which the connecting member Is

connected.

10. The airbag apparatus according to any one of Claims 1 to 9 further comprising:
a weather strip molding covers a portion where the deployment portion is separated from

the base plate when the deployment portion is expanded.

11. The airbag apparatus according to any one of Claims 1 to 9, wherein the deployment
portion is engaged with the base plate and the deployment portion is disengaged with the
base plate so that the deployment portion is separated from the base plate to expanded,
the airbag apparatus further comprises a weather strip molding covers a portion where the

deployment portion is engaged with the base plate.

12. The airbag apparatus according to any one of Claims 1 to 9, wherein the deployment
portion is integrally attached to an end portion via a part which is weaker than the
deployment portion and the end portion, the end portion being fixed to the base plate, the
part is broken so that the deployment portion is separated from the base plate to
expanded, the airbag apparatus further comprises a weather strip molding covers the part

wherein the deployment portion is attached to the end portion.

13. An airbag apparatus for pedestrian protection, the airbag apparatus comprising:
an airbag body expandable toward an upper side of a cowl portion of a vehicle, the

airbag body being provided in a surface of the cowl portion, the surface being on an

outside of the vehicle;
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a cover which covers the airbag body, the cover including a deployment portion
which is deployed toward a rear of the vehicle with respect to the cowl portion when the
airbag body is expanded; and

an expanding direction control means for expanding the airbag body toward a front
of the vehicle with respect to the cowl portion, and for maintaining the airbag body in the
expanded position; and

a connecting member which connects a portion of the vehicle body with the airbag
body, and which generates a tension between a connected portion of the portion of the
vehicle body to which the connecting member is connected and a connected portion of the
airbag body to which the connecting member is connected when the airbag body Is

expanded, the tension serving to maintain the airbag body in the expanded position.

14. The airbag apparatus according to Claim 13, wherein the expanding direction
control means generates a resistance force resisting a force of the airbag body acting

toward an upper side of the vehicle when the airbag body is expanded.

15. The airbag apparatus according to Claim 13 or 14, wherein the expanding direction
control means restrains expansion of the airbag body toward an upper side of the vehicle

to a predetermined amount.

16. The airbag apparatus according to any one of Claims 13 to 15, wherein the
expanding direction control means is a connecting member which connects a portion of
the vehicle ahead of the cowl portion with the airbag body, and which generates a tension
between a connected portion of the portion of the vehicle to which the connecting member
is connected and a connected portion of the airbag body to which the connecting member

is connected when the airbag body is expanded.
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17. The airbag apparatus according to Claim 16, wherein the connecting member is a
strap extending along the cow! portion in an upper surface of the airbag body, and a first
end portion of the strap is connected to portion of the vehicle on a right side in a lateral
direction, a second end portion of the strap is connected to portion of the vehicle on a left

side in a lateral direction.

18. The airbag apparatus according to any one of Claims 13 to 17 further comprising:
a separation object which is attached to the airbag body, and which is separated
from the airbag body if the airbag body is caught on a protruding portion on the vehicle

body side when the airbag body is expanded.

19. The airbag apparatus according to any one of Claims 13 to 18 further comprising:
a cloth disposed to line between the airbag body and a windshield glass of the vehicle

when the airbag body is expanded.

20. The airbag apparatus according to any one of Claims 13 to 19, wherein an upper
end of a portion of the airbag body expanded on a driver’s seat side is lower than an
upper end of a portion of the airbag body expanded on a passenger seat side, when the

airbag body is expanded.

21. The airbag apparatus according to claim 1, wherein a rib is provided at an inner

surface of the cover.

22. An airbag apparatus for pedestrian protection, the airbag apparatus comprising:
an airbag body expandable forward in an upper portion of a front pillar of a vehicle,
the airbag body being provided in a surface of the front pillar, the surface being on an

outside of the vehicle;
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a cover which covers the airbag body, the cover including a base plate located at a
vehicle side of the airbag and a deployment portion which is separated from the base
plate to deploy toward an outer side in a lateral direction when the airbag body Is
expanded; ana

an expanding direction control means for expanding the airbag body toward
approximately an inner side in a lateral direction with respect to the front pillar, and
maintaining the airbag body in the expanded position, wherein the expanding direction
control means serves as a connecting member which connects a portion of the vehicle
body laterally inside the front pillar with the airbag body, and which generates a tension
between a connected portion of the portion of the vehicle body to which the connecting
member is connected and a connected portion of the airbag body to which the connecting

member is connected when the airbag body Is expanded.

23. The airbag apparatus according to Claim 22, wherein the connecting member is a
strap extending along the front pillar in an upper surface of the airbag body, an upper end
portion of the strap is connected to a portion of the vehicle located on an upper end side
of the airbag apparatus, a lower end portion of the strap is connected to a portion of the

vehicle laterally inside the front pillar.

24. The airbag apparatus according to Claim 22 or 23, wherein expansion of the airbag
body toward an outer side of the vehicle is restrained to a predetermined amount by the

tension generated between the portions to which the connecting member is connected.

25. The airbag apparatus according to any one of Claims 22 to 24 further comprising:

a weather strip molding covers a portion where the deployment portion is separated from

the base plate when the deployment portion is expanded.
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26. The airbag apparatus according to any one of Claims 22 to 24, wherein the
deployment portion is engaged with the base plate and the deployment portion is
disengaged with the base plate so that the deployment portion is separated from the base
plate to expanded, the airbag apparatus further comprises a weather strip molding covers

a portion where the deployment portion is engaged with the base plate.

27. The airbag apparatus according to any one of Claims 22 to 24, wherein the
deployment portion is integrally attached to an end portion via a part which is weaker than
the deployment portion and the end portion, the end portion being fixed to the base plate,
the part is broken so that the deployment portion is separated from the base plate to
expanded, the airbag apparatus further comprises a weather strip molding covers the part

wherein the deployment portion is attached to the end portion.

28. An airbag apparatus for pedestrian protection, the airbag apparatus comprising:

an airbag body expandable toward an upper side of a cowl portion of a vehicle, the
airbag body being provided in a surface of the cowl portion, the surface being on an
outside of the vehicle;

a cover which covers the airbag body, the cover including a deployment portion
which is deployed toward a rear of the vehicle with respect to the cowl portion when the
airbag body is expanded; and

an expanding direction ccjntrol means for expanding the airbag body toward a front
of the vehicle with respect to the cowl portion, and for maintaining the airbag boay In the
expanded position, wherein the expanding direction control means serves as a connecting
member which connects a portion of the vehicle ahead of the cowl! portion with the airbag
body, and which generates a tension between a connected portion of the portion of the

vehicle to which the connecting member is connected and a connected portion of the
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airbag body to which the connecting member is connected when the airbag body is

expanded.

29. The airbag apparatus according to Claim 28, wherein the connecting member is a
strap extending along the cowl portion in an upper surface of the airbag body, and a first
end portion of the strap is connected to portion of the vehicle on a right side in a lateral
direction, a second end portion of the strap is connected to portion of the vehicle on a left

side In a lateral direction.

30. The airbag apparatus according to Claim 28 or 29 further comprising:
a separation object which is attached to the airbag body, and which is separated
from the airbag body if the airbag body is caught on a protruding portion on the vehicle

body side when the airbag body Is expanded.

31. The airbag apparatus according to any one of Claims 28 to 30 further comprising:
a cloth disposed to line between the airbag body and a windshield glass of the vehicle

when the airbag body is expanded.

32. The airbag apparatus according to any one of Claims 28 to 31, wherein an upper
end of a portion of the airbag body expanded on a driver's seat side is lower than an
upper end of a portion of the airbag body expanded on a passenger seat side, when the

airbag body Is expanded.
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