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(57) ABSTRACT 

An in?atable vehicle occupant protection device (10) com 
prises ?exible material de?ning an in?ation ?uid volume 
(42) for receiving in?ation ?uid. The material includes a ?rst 
panel portion (30) on Which is located a set of ?rst points 

(A-D) and a second panel portion (40) on Which is located 
a set of second points (A‘-D‘). A rupturable stitching section 
(50) holds the set of ?rst points (A-D) closely adjacent the 
set of second points (A‘-D‘) When the device (10) is in the 
de?ated condition and When the device is in a partially 
in?ated condition. The rupturable stitching section (50) is 
rupturable in response to the application of a force greater 
than a predetermined force in response to in?ation of the 
protection device (10). Rupturing of the stitching section 
(50) enables movement of the ?rst panel portion (30) aWay 
from the second panel portion (40), thereby enabling move 
ment of the device (10) from the partially in?ated condition 
to a fully in?ated condition. All of the ?rst points (A-D) on 
the ?rst panel portion (30) move aWay from all of the second 
points (A‘-D‘) on the second panel portion (40) When the 
rupturable stitching section (50) ruptures and the device (10) 
moves from the partially in?ated condition to the fully 
in?ated condition. The device (10) includes a vent (46) in the 
material for discharging in?ation ?uid from the device. The 
vent (46) is blocked from ?uid ?oW through the vent When 
the rupturable stitching section (50) is not ruptured and the 
device (10) is in the partially in?ated condition. The vent 
(46) opens to an open condition to permit ?oW of pressurized 
?uid from the device (10) through the vent in response to 
rupturing of the rupturable stitching section (50) and move 
ment of the device from the partially in?ated condition to the 
fully in?ated condition. 
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DUAL VOLUME AIR BAG WITH VENT 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a vehicle occupant 
protection apparatus. In particular, the present invention 
relates to an air bag that is in?atable to tWo different volumes 
and that has a vent for discharging in?ation ?uid. 

DESCRIPTION OF RELATED ART 

[0002] AknoWn air bag in?ates to a ?rst volume and then, 
upon rupturing of a tear seam or a rupturable stitching 
section, in?ates further to a larger volume. It is knoWn to 
provide such an air bag With a vent for discharging in?ation 
?uid When the device is in?ated to the larger volume. The 
vent opens, or is uncovered, When the air bag in?ates from 
the partially in?ated condition to the fully in?ated condition. 

[0003] If the vent is closed off by a stitching section that 
is unevenly stressed, then a portion only of the stitching 
section might open, Without the remainder of the stitching 
section being opened. The vent opening might remain par 
tially covered or closed, and the air bag might not vent 
in?ation ?uid in the desired manner. 

SUMMARY OF THE INVENTION 

[0004] The present invention is an in?atable vehicle occu 
pant protection device for helping to protect an occupant of 
a vehicle. The device is in?atable from a de?ated condition 
through a partially in?ated condition to a fully in?ated 
condition by in?ation ?uid from an in?ation ?uid source. 
The device comprises ?exible material de?ning an in?ation 
?uid volume for receiving in?ation ?uid, including a ?rst 
panel portion on Which is located a set of ?rst points and a 
second panel portion on Which is located a set of second 
points. 
[0005] A rupturable stitching section holds the set of ?rst 
points closely adjacent the set of second points When the 
device is in the de?ated condition and When the device is in 
the partially in?ated condition. The rupturable stitching 
section is rupturable in response to the application of a force 
greater than a predetermined force in response to in?ation of 
the protection device. Rupturing of the stitching section 
enables movement of the ?rst panel portion aWay from the 
second panel portion, thereby enabling movement of the 
device from the partially in?ated condition to the fully 
in?ated condition. All of the ?rst points on the ?rst panel 
portion move aWay from all of the second points on the 
second panel portion When the rupturable stitching section 
ruptures and the device moves from the partially in?ated 
condition to the fully in?ated condition. 

[0006] The device includes a vent in the material for 
discharging in?ation ?uid from the device. The vent is 
blocked from ?uid ?oW through the vent When the ruptur 
able stitching section is not ruptured and the device is in the 
partially in?ated condition. The vent opens to an open 
condition to permit ?oW of pressuriZed ?uid from the device 
through the vent in response to rupturing of the rupturable 
stitching section and movement of the device from the 
partially in?ated condition to the fully in?ated condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The foregoing and other features of the present 
invention Will become apparent to one skilled in the art to 
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Which the present invention relates upon consideration of the 
folloWing description of the invention With reference to the 
accompanying draWings, in Which: 

[0008] FIG. 1 is a block diagram of a vehicle occupant 
protection system including an in?atable vehicle occupant 
protection device; 

[0009] FIG. 2 is a pictorial vieW of an in?atable vehicle 
occupant protection device of the system of FIG. 1, shoWn 
in a partially in?ated condition; 

[0010] FIG. 3 is a vieW similar to FIG. 2 shoWing the 
protection device of FIG. 2 in a fully in?ated condition; 

[0011] FIG. 4 is a pictorial vieW of a protection device in 
accordance With a second embodiment of the invention, 
shoWn in a partially in?ated condition; 

[0012] FIG. 5 is a vieW similar to FIG. 4 shoWing the 
protection device of FIG. 4 in a fully in?ated condition; 

[0013] FIG. 6 is a pictorial vieW of a protection device in 
accordance With a third embodiment of the invention, shoWn 
in a partially in?ated condition; 

[0014] FIG. 7 is a vieW similar to FIG. 6 shoWing the 
protection device of FIG. 6 in a fully in?ated condition; 

[0015] FIG. 8 is a fragmentary sectional vieW of a tether 
that forms a part of the protection device of FIG. 6; 

[0016] FIG. 9 is a vieW similar to FIG. 8 shoWing an 
alternative construction of the tether; 

[0017] FIG. 10 is a vieW similar to FIG. 8 shoWing a 
further alternative construction of the tether; and 

[0018] FIG. 11 is a fragmentary elevational vieW of the 
tether of FIG. 10. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] The present invention relates to a vehicle occupant 
protection apparatus. In particular, the present invention 
relates to a protection device that is in?atable to tWo 
different volumes and that has a vent for discharging in?a 
tion ?uid. As representative of the present invention, FIG. 1 
illustrates an in?atable vehicle occupant protection device in 
the form of an air bag 10. Other in?atable vehicle occupant 
protection devices that can be used in accordance With the 
invention include, for eXample, in?atable seat belts, in?at 
able knee bolsters, in?atable head liners, in?atable side 
curtains, and knee bolsters operated by in?atable air bags. 

[0020] The air bag 10 is preferably made from a ?exible 
fabric material, such as Woven nylon. The air bag 10 can 
alternatively be made from a non-Woven material, such as 
plastic ?lm. 

[0021] The air bag 10 forms part of a vehicle occupant 
protection system 12. The system 12 includes an in?ator 14 
for in?ating the air bag 10 and a crash sensor 16 for actuating 
the in?ator. The in?ator 14 preferably contains a stored 
quantity of pressuriZed in?ation ?uid and an ignitable mate 
rial for heating the in?ation ?uid. The system 12 alterna 
tively could include an in?ator that uses the combustion of 
gas-generating material to generate in?ation ?uid in the 
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form of gas to in?ate the air bag 10, or an in?ator that 
contains only a stored quantity of pressurized in?ation ?uid 
for in?ating the air bag. 

[0022] The air bag 10 has a generally cylindrical con?gu 
ration When fully in?ated (FIG. 3). The air bag 10 includes 
a rectangular center panel 20 and circular ?rst and second 
side panels 30 and 40. The center panel 20 has ?rst and 
second opposite end portions seWn together at a seam 26. 
The ?rst and center panel 20 to form the cylindrical con 
?guration of the air bag 10. 

[0023] The air bag 10 as thus seWn de?nes an in?ation 
?uid volume 42 for receiving in?ation ?uid from the in?ator 
14. The center panel 20 has an in?ation ?uid opening shown 
schematically at 44 for receiving in?ation ?uid from the 
in?ator 14 to in?ate the air bag 10. The ?rst side panel 30 has 
a vent 46 for discharging in?ation ?uid from the air bag 10. 
The vent 46 has a circular con?guration centered in the ?rst 
side panel 30. 

[0024] A set of ?rst points on the ?rst side panel 30, 
including representative points identi?ed by the reference 
letters A, B, C, and D in FIGS. 2 and 3, lie along and de?ne 
a closed plane ?gure, in this case, a circle 32. 

[0025] Aset of second points on the second side panel 40, 
including representative points identi?ed by the reference 
numerals A‘, B‘, C‘, and D‘ in FIGS. 2 and 3, lie along and 
de?ne a closed plane ?gure, in this case, a circle 34. The 
circle 34 is the same diameter as the circle 32. The ?rst 
points A-D on the ?rst side panel 30 correspond, as 
described beloW, With the second points A‘-D‘ on the second 
side panel 40. 

[0026] When the air bag is in the fully in?ated condition 
shoWn in FIG. 3, the ?rst points on the ?rst side panel 30, 
including the points A, B, C, and D, are spaced apart from 
the second points on the second side panel 40, including the 
points A‘, B‘, C‘, and D‘. That is, the distance betWeen the 
points of each pair of corresponding ?rst and second points 
A-A‘, or B-B‘, or C-C‘, or D-D‘, is greater than Zero. In 
addition, the air bag 10 is seWn together in a manner such 
that the distance betWeen the points of each pair of corre 
sponding ?rst and second points A-A‘, or B-B‘, or C-C‘, or 
D-D‘, is substantially the same as the distance betWeen the 
points of each other pair of corresponding ?rst and second 
points. 

[0027] The air bag includes a rupturable stitching section 
50. The rupturable stitching section 50 releasably joins the 
?rst side panel 30 of the air bag 10 With the second side 
panel 40 of the air bag When the air bag is unin?ated and 
When it is partially in?ated as in FIG. 2. The ?rst side panel 
30 and the second side panel 40 are pulled together in an 
overlying relationship in order to seW the rupturable stitch 
ing section 50. The stitching section 50 extends through the 
?rst side panel 30 and through the second side panel 40 of 
the air bag. 

[0028] The stitching section 50 has a circular con?gura 
tion. The stitching section 50 de?nes and encloses a circular 
central portion 52 of the ?rst side panel 30 and a circular 
central portion 54 of the second side panel 40. The central 
portion 52 of the ?rst panel 30 includes the vent 46. 

[0029] The stitching section 50 extends through the set of 
?rst points on the ?rst side panel 30, including the ?rst points 
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A, B, C, and D. The stitching section 50 also extends 
through the set of second points on the second side panel 40, 
including the second points A‘, B‘, C‘ and D‘. 

[0030] When the air bag 10 is in the partially in?ated 
condition, the rupturable stitching section 50 acts as a tether 
to keep the ?rst side panel 30 of the air bag adjacent the 
second side panel 40 of the air bag. The rupturable stitching 
section 50 does not rupture, and the air bag 10 stays in the 
partially in?ated condition, so long as the force applied to 
the rupturable stitching section is not greater than a prede 
terrnined force. The air bag 10 has a ?rst volurne-that is, the 
in?ation ?uid volume 42 inside the air bag has a ?rst 
rnagnitude. 

[0031] When the air bag 10 is in the partially in?ated 
condition, the stitching section 50 holds each one of the ?rst 
points A-D closely adjacent a corresponding one of the 
second points A‘-D‘. For example, the ?rst pointA on the ?rst 
side panel 30 overlies a corresponding second point A‘ on the 
second side panel 40. Because the stitching section 50 is 
unruptured, the distance betWeen the ?rst point A and the 
second point A‘ is Zero. The ?rst point B on the ?rst side 
panel 30 overlies a corresponding second point B‘ on the 
second side panel 40. The distance betWeen the ?rst point B 
and the second points B‘ is Zero. 

[0032] The ?rst point C on the ?rst side panel 30 overlies 
a corresponding second point C‘ on the second side panel 40. 
The distance betWeen the ?rst point C and the second point 
C‘ is Zero. The ?rst point D on the ?rst side panel 30 overlies 
a corresponding second point D‘ on the second side panel 40. 
The distance betWeen the ?rst point D and the second point 
D‘ is Zero. 

[0033] When the air bag 10 is in the partially in?ated 
condition, the central portion 52 of the ?rst side panel 30 
overlies the central portion 54 of the second side panel 40. 
The rupturable stitching section 50 extends around and 
encloses the vent 46. As a result, the vent 46 is blocked from 
?uid ?oW through the vent When the rupturable stitching 
section 50 is not ruptured and the air bag 10 has the ?rst 
volurne. Speci?cally, the central portion 54 of the second 
side panel 40 blocks ?uid ?oW through the vent 46. In 
addition, the vent 46 is not exposed to pressuriZed ?uid from 
the interior of the air bag 10. 

[0034] The stress on the stitching section 50, Which 
extends through and joins the points A-D and A‘-D‘ When the 
air bag 10 is in the partially in?ated condition, is propor 
tional to the distance that exists betWeen the points A-D and 
A‘-D‘ When the air bag is fully in?ated. Speci?cally, if the air 
bag 10 Were designed so that the points A and A‘ did not 
move away from each other at all When the air bag in?ated 
fully, then the stress at the points A and A‘ Would be Zero 
When the air bag Was in the partially in?ated condition. 

[0035] If the air bag 10 Were designed so that the points A 
and A‘ moved away from each other by only a relatively 
small amount When the air bag in?ated fully, then the stress 
at the points A and A‘ Would be relatively small When the air 
bag Was in the partially in?ated condition. Conversely, if the 
air bag 10 Were designed so that the points A and A‘ moved 
away from each other by a relatively large distance When the 
air bag in?ated fully, then the stress at the points A and A‘ 
Would be relatively large When the air bag Was in the 
partially in?ated condition. 
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[0036] In the air bag 10, the joined points A-D and A‘-D‘ 
all move away from each other by at least some distance 
When the air bag is fully in?ated. In addition, the points A 
and A‘ move aWay from each other by substantially the same 
distance as the points B and B‘ move aWay from each other 
and as the points C and C‘ move aWay from each other and 
as the points D and D‘ move aWay from each other. Con 
sequently, When the air bag 10 is in the partially in?ated 
condition and the points A-D are joined With the points A‘-D‘ 
by the rupturable stitching section 50, the stress on the 
rupturable stitching section is substantially the same at each 
one of the joined points A-D and A‘-D‘ along the circles 32 
and 34. The stress on the stitching section 50 is substantially 
uniform along the entire length of the stitching section. 

[0037] A force greater than the predetermined force may 
be applied to the rupturable stitching section 50 if the 
pressure in the air bag 10 increases suf?ciently, for example, 
because of actuation of a second stage of the in?ator 14. If 
this occurs, the rupturable stitching 50 ruptures in response. 
Rupturing of the stitching section 50 enables movement of 
the ?rst side panel 30 of the air bag 10 aWay from the second 
side panel 40. When this movement occurs, the air bag 10 
assumes the fully in?ated condition shoWn in FIG. 3. The 
volume of the air bag 10 increases from the ?rst volume to 
a second volume, Which is greater than the ?rst volume. The 
vent 46 in the ?rst side panel 30 is uncovered or opened. The 
vent 46 opens to an open condition to permit ?oW of 
pressuriZed ?uid from the air bag 10 through the vent 46. 

[0038] During the movement of the air bag 10 from the 
partially in?ated condition to the fully in?ated condition, it 
is desirable that the stitching section 50 open quickly and 
completely once the predetermined force level is reached, 
uncovering the vent opening 46 fully and in a short period 
of time. In the air bag 10, the uniformity of the stress on the 
stitching section 50 means that an application of force that 
is suf?cient to rupture one of the stitches in the stitching 
section 50 is suf?cient to rupture all the stitches in the 
stitching section. In addition, once one of the stitches in the 
stitching section 50 ruptures, the stress on the remaining 
stitches increases, resulting in all the stitches rupturing. 
Thus, the ?rst and second side panels 30 and 40 move 
quickly and completely aWay from each other, uncovering 
and opening the vent opening 46 fully and quickly, as 
desired. Such a result might not occur if some of the stitches 
in the rupturable stitching section 50 Were not stressed at all, 
or if the stress Were uneven. 

[0039] FIGS. 4 and 5 illustrate an air bag 10a constructed 
in accordance With a second embodiment of the invention. 
The air bag 10a is similar in construction to the air bag 10 
(FIGS. 2 and 3), and parts that are the same or similar are 
given the same reference numerals With the suf?X “a” added 
for clarity. 

[0040] The air bag 10a has the same cylindrical con?gu 
ration as the air bag 10, including a rectangular central panel 
20a seWn to circular ?rst and second side panels 30a and 
40a. The ?rst side panel 30a has a ?rst vent 46a for 
discharging in?ation ?uid from the air bag 10a. The ?rst 
vent 46a has a circular con?guration and is located near the 
outer periphery of the ?rst side panel 30a. The second side 
panel 40a has a second vent 47 for discharging in?ation ?uid 
from the air bag 10a. The second vent 47 has a circular 
con?guration and is located near the outer periphery of the 
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second side panel 40a. The construction and operation of the 
second vent 47 are the same as the construction and opera 
tion of the ?rst vent 46a, and so are not described further 
herein. 

[0041] The air bag 10a includes a ?rst rupturable stitching 
section 50a, Which releasably joins the ?rst side panel 30a 
of the air bag With the center panel 20a of the air bag When 
the air bag is not fully in?ated. The ?rst side panel 30a and 
the center panel 20a are pulled together in an overlying 
relationship in order to seW the ?rst rupturable stitching 
section 50a. The ?rst rupturable stitching section 50a 
eXtends through the ?rst side panel 30a and through the 
center panel 20a of the air bag. 

[0042] The ?rst rupturable stitching section 50a has a 
circular con?guration and is located adjacent the seam 
betWeen the ?rst side panel 30a and the center panel 20a. 
The ?rst rupturable stitching section 50a de?nes and 
encloses a circular portion 52a of the ?rst side panel 30a and 
a circular portion 53 of the center panel 20a. The circular 
portion 52a of the ?rst side panel 30a includes the vent 46a. 
The circular portion 53 of the center panel 20a overlies the 
circular portion 52a of the ?rst side panel 30a. Thus, the ?rst 
rupturable stitching section 50a extends around and encloses 
the vent 46a. 

[0043] When the air bag 10a is in the partially in?ated 
condition shoWn in FIG. 4, the ?rst rupturable stitching 
section 50a acts as a tether to keep the ?rst side panel 30a 
of the air bag adjacent the center panel 20a of the air bag. 
The rupturable stitching section 50a does not rupture, and 
the air bag 10a stays in the partially in?ated condition, so 
long as the force applied to the rupturable stitching section 
is not greater than a predetermined force. When the air bag 
10a is in this partially in?ated condition, the air bag has a 
?rst volume—that is, the in?ation ?uid volume inside the air 
bag has a ?rst magnitude. 

[0044] Because the rupturable stitching section 50a 
eXtends around and encloses the vent 46a, the vent is 
blocked from ?uid ?oW through the vent When the ruptur 
able stitching section is not ruptured and the air bag 10a has 
the ?rst volume. In addition, the vent 46a is not eXposed to 
pressuriZed ?uid from the interior of the air bag 10a. 

[0045] The rupturable stitching section 50a de?nes a circle 
60 on the ?rst side panel 30a. A set of ?rst points lie on the 
circle 60, including selected ones designated E, F, G and H. 
The rupturable stitching section 50a de?nes a circle 62 on 
the center panel 20a. A set of second points lie on the circle 
62, including selected ones designated E‘, F‘, G‘ and H‘. 
When the air bag 10a is in the partially in?ated condition, 
the ?rst points E-H overlie the second points E‘-H‘. 

[0046] If a force greater than the predetermined force is 
applied to the rupturable stitching section 50a, the stitching 
section ruptures. This rupturing enables movement of the 
?rst side panel 30a of the air bag 10a aWay from the center 
panel 20a. The vent 46a in the ?rst side panel 30a is 
uncovered or opened. The vent 46a opens to an open 
condition to permit ?oW of pressuriZed ?uid from the air bag 
10a through the vent. 

[0047] All the ?rst points E-H on the ?rst side panel 30a 
move aWay from all the second points E‘-H‘ on the center 
panel 20a. In contrast to the air bag 10, the distance by Which 
some of the points E-H on the ?rst circle 60 in the air bag 
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10a move away from their corresponding points E‘-H‘ on the 
second circle 62 is different from the distance by Which 
others of the points E-H on the ?rst circle 60 move away 
from their corresponding points E‘-H‘ on the second circle 
62. Nevertheless, the entire stitching section 50a is stressed 
When the air bag 10a is partially in?ated. Once one of the 
stitches in the stitching section ruptures, the stress on the 
remaining stitches increases, resulting in all the stitches 
rupturing. Thus, the ?rst side panel 30a moves quickly and 
completely aWay from the center panel 20a, uncovering and 
opening the vent opening 40a fully and quickly, as desired. 

[0048] FIGS. 6-9 illustrate an air bag 10d constructed in 
accordance With a third embodiment of the invention. The 
air bag 10d is similar in construction to the air bag 10 (FIGS. 
2 and 3), and parts that are the same or similar are given the 
same reference numerals With the suf?X “d” added for 
clarity. 
[0049] The air bag 10d includes a rectangular center panel 
20d and tWo circular side panels 30d and 40d, joined in a 
cylindrical con?guration. The ?rst side panel 30d includes a 
vent 46d. 

[0050] The air bag 10d includes a tether 90. As illustrated 
in FIG. 8, the tether 90 is a piece of fabric material having 
a ?rst end portion 92 seWn to the ?rst side panel 30d With a 
rupturable stitching section 94. A second end portion 96 of 
the tether 90 is seWn to the second side panel 40d With a 
permanent (non-rupturable) stitching section 98. A central 
portion 100 of the tether 90 eXtends betWeen the ?rst and 
second end portions 92 and 96. 

[0051] The vent 46a' is covered by the ?rst end portion 92 
of the tether 90 When the tether is joined to the ?rst side 
panel With the rupturable stitching section 94. The ?rst end 
portion 92 of the tether 90 blocks ?uid ?oW through the vent 
46d. In addition, the vent 46d is not eXposed to pressuriZed 
?uid from the interior of the air bag 10d. 

[0052] If a force greater than a predetermined force is 
applied to the rupturable stitching section 94, for eXample, 
because of actuation of a second stage of an in?ator, the 
rupturable stitching section ruptures in response. Rupturing 
of the stitching section 94 enables movement of the tether 90 
and the second side panel 40d of the air bag 10d aWay from 
the ?rst side panel 30d. When this movement occurs, the 
volume of the air bag 10d increases from a ?rst volume to 
a second volume, and the air bag assumes the fully in?ated 
condition shoWn generally in FIG. 7. In addition, the vent 
46a' in the ?rst side panel 30a' is uncovered or opened as the 
tether 90 pulls aWay from the ?rst side panel of the air bag. 
The vent 46d opens to an open condition to permit ?oW of 
pressuriZed ?uid from the air bag 10d through the vent. 

[0053] The stitching section 94 joins a plurality of points 
on the tether 90 With a corresponding plurality of points on 
the ?rst side panel 30d. When the stitching section 94 
ruptures, the tether 90 moves completely out of contact With 
the ?rst side panel 30d. All the points on the tether 90 that 
Were joined by the stitching section to the ?rst side panel 
30d, move aWay from the corresponding points on the ?rst 
side panel to Which they Were joined. As a result, the vent 
46d can open quickly and completely. 

[0054] In the alternative embodiment shoWn in FIG. 9, the 
central portion 100 of the tether 90 is illustrated as being 
folded over and seWn to itself With a second rupturable 
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stitching section 102. The second rupturable stitching sec 
tion 102 is rupturable upon the application of a second 
predetermined force. The second predetermined force is less 
than the predetermined force needed to rupture the ruptur 
able stitching section 98 joining the tether 90 to the ?rst side 
panel 30d. As a result, the rupturable stitching section 102 
in the central portion 100 of the tether 90 opens before the 
tether pulls aWay from the ?rst side panel 30d of the air bag 
10d. 

[0055] The air bag 10d is illustrated in a ?rst partially 
in?ated condition in FIG. 9. Neither of the rupturable 
stitching sections 98 and 102 is ruptured. The air bag 10d has 
a ?rst volume. 

[0056] In response to a further increase in ?uid pressure 
inside the air bag 10d, the rupturable stitching section 102 in 
the central portion 100 of the tether 90 is rupturable to 
enable lengthening of the tether. The in?ated volume of the 
air bag 10d increases from the ?rst volume to an interme 
diate volume that is less than the air bag’s fully in?ated 
volume. The vent 46d remains closed When the air bag 10d 
has the intermediate volume (that is, When the rupturable 
stitching section 102 is ruptured and the rupturable stitching 
section 100 is not). 

[0057] In response to a still further increase in ?uid 
pressure inside the air bag 10d, the rupturable stitching 
section 98 holding the tether 90 to the ?rst side panel 30d 
ruptures. The tether 90 pulls completely aWay from the ?rst 
side panel 30d, as described above, and the in?ated volume 
of the air bag 10d increases from the intermediate volume to 
the fully in?ated volume. The vent 46a' is uncovered and 
opens to an open condition to permit ?oW of pressuriZed 
?uid from the air bag 10d through the vent. 

[0058] FIGS. 10 and 11 illustrate a portion of an air bag 
10e constructed in accordance With a fourth embodiment of 
the present invention. The illustrated portion is a tether 110 
and its connection betWeen tWo side panels 306 and 406 of 
an air bag that is otherWise similar in construction to the air 
bag 10d. 

[0059] The ?rst side panel 306 (FIG. 10) has a vent 112. 
The vent 112 comprises a slit in the ?rst side panel 306 
betWeen tWo edge portions 114 and 116 of the side panel. 
When the fabric of the ?rst end panel 306 is unstressed, the 
vent 112 is in a closed condition as shoWn in FIG. 10. The 
tWo edge portions 114 and 116 of the side panel 306 are 
adjoining. A plurality of discrete eyelets or lacing openings 
118 are formed in the edge portions 114 and 116. 

[0060] The tether 110 has a ?rst end portion 120 that 
eXtends through, or is laced through, the eyelets 118 in the 
edge portions 114 and 116. The tether 110 secures together 
the edge portions 114 and 116 of the side panel 306. A 
second end portion 122 of the tether 110 is seWn to the 
second side panel 406 With a permanent stitching section 
124. 

[0061] The air bag 106 is illustrated in a ?rst partially 
in?ated condition in FIG. 11. The tether 110 eXtends through 
the eyelets 118, securing together the edge portions 114 and 
118 of the side panel. A plurality of points on the ?rst end 
portion 120 of the tether 110 are in engagement With a 
plurality of points on the side panel 306. The vent 112 is 
closed, and the air bag 106 has a ?rst volume. 
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[0062] In response to an increase in ?uid pressure inside 
the air bag 106, a force exceeding a predetermined force is 
applied to the tether 110. The ?rst end portion 120 of the 
tether 110 is pulled through (out of) the eyelets 118. All the 
points on the tether 110 move away from all the points on the 
?rst side panel 306. The tether 110 pulls completely aWay 
from the ?rst side panel 306, as described above, and the 
in?ated volume of the air bag 10e increases. The vent 112 
opens to an open condition to permit ?oW of pressuriZed 
?uid from the air bag 106 through the vent. 

[0063] From the above description of the invention, those 
skilled in the art Will perceive improvements, changes and 
modi?cations in the invention. Such improvements, changes 
and modi?cations Within the skill of the art are intended to 
be covered by the appended claims. 

Having described the invention, We claim: 
1. An in?atable vehicle occupant protection device for 

helping to protect an occupant of a vehicle, said device being 
in?atable from a de?ated condition through a partially 
in?ated condition to a fully in?ated condition by in?ation 
?uid from an in?ation ?uid source, said device comprising: 

?exible material de?ning an in?ation ?uid volume for 
receiving in?ation ?uid, said material including a ?rst 
panel portion on Which is located a set of ?rst points 
and a second panel portion on Which is located a set of 
second points; 

a rupturable stitching section holding said set of ?rst 
points closely adjacent said set of second points When 
said device is in the de?ated condition and When said 
device is in the partially in?ated condition; 

said rupturable stitching section being rupturable in 
response to the application of a force greater than a 
predetermined force in response to in?ation of said 
protection device to enable movement of said ?rst 
panel portion aWay from said second panel portion 
thereby to enable movement of said device from the 
partially in?ated condition to the fully in?ated condi 
tion; 

all of said ?rst points on said ?rst panel portion moving 
aWay from all of said second points on said second 
panel portion When said rupturable stitching section 
ruptures and said device moves from the partially 
in?ated condition to the fully in?ated condition; and 

said device including a vent in said material for discharg 
ing in?ation ?uid from said device, said vent being 
blocked from ?uid ?oW through said vent When said 
rupturable stitching section is not ruptured and said 
device is in the partially in?ated condition, said vent 
opening to an open condition to permit ?oW of pres 
suriZed ?uid from said device through said vent in 
response to rupturing of said rupturable stitching sec 
tion and movement of said device from the partially 
in?ated condition to the fully in?ated condition. 

2. Aprotection device as set forth in claim 1 Wherein each 
one of said ?rst points is closely adjacent a corresponding 
one of said second points When said device is in the de?ated 
condition and When said device is in the partially in?ated 
condition, and Wherein the distance betWeen each pair of 
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corresponding ?rst and second points is substantially the 
same as the distance betWeen each other pair of correspond 
ing ?rst and second points When said device is in the fully 
in?ated condition. 

3. Aprotection device as set forth in claim 1 Wherein said 
set of ?rst points de?nes a closed plane ?gure. 

4. Aprotection device as set forth in claim 3 Wherein said 
set of second points de?nes a closed plane ?gure substan 
tially identical to the closed plane ?gure de?ned by said set 
of ?rst points. 

5. An apparatus as set forth in claim 1 Wherein said device 
has a cylindrical con?guration including a center panel and 
?rst and second side panels, said ?rst portion of said material 
being said ?rst side panel of said device, said vent being 
located on said ?rst side panel, said second portion of said 
material being a selected one of said center panel and said 
second side panel of said device, said rupturable stitching 
section extending through said ?rst side panel and through 
said selected one of said center panel and said second side 
panel of said device, said rupturable stitching section 
extending around and enclosing said vent. 

6. An apparatus as set forth in claim 5 Wherein said second 
portion of said material is said second side panel of said 
device, said rupturable stitching section extending through 
said ?rst side panel and through said second side panel of 
said device. 

7. An apparatus as set forth in claim 5 Wherein said second 
portion of said material is said center panel of said device, 
said rupturable stitching section extending through said ?rst 
side panel and through said center panel of said device. 

8. An apparatus as set forth in claim 1 Wherein said vent 
has a circular con?guration and said rupturable stitching 
section has a circular con?guration extending around and 
enclosing said vent. 

9. An apparatus as set forth in claim 1 Wherein said ?rst 
portion of said material is a tether extending betWeen ?rst 
and second panels of said device, said tether being con 
nected With said second portion of said material panel by 
said rupturable stitching section, said vent being located in 
said second portion of said material, said tether closing said 
vent When said device has the ?rst volume. 

10. An apparatus as set forth in claim 9 Wherein said tether 
overlies said vent and said rupturable stitching section 
extends around and encloses said vent. 

11. An apparatus as set forth in claim 10 Wherein said 
tether is seWn to itself With a rupturable stitching section that 
is rupturable in response to the application of a force more 
than the predetermined force due to in?ation of said pro 
tection device to enable lengthening of said tether thereby to 
increase the in?ated volume of said device from the ?rst 
volume to an intermediate volume that is less than said 
second volume, said vent remaining closed When said device 
has the intermediate volume. 

12. An apparatus as set forth in claim 9 including a 
plurality of discrete openings around said vent, said tether 
extending through said plurality of discrete openings to 
close said vent When said rupturable stitching section is not 
torn and said device has the ?rst volume, said tether pulling 
out of said plurality of discrete openings to enable opening 
of said vent. 


