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ABSTRACT (57) 
A side airbag apparatus for vehicle has an airbag and an 
in?ator. An upper chamber, a loWer chamber, and an inter 
mediate chamber are de?ned by a seam in the airbag. When 
the airbag is deployed, the upper chamber corresponds to a 
shoulder of an occupant, the loWer chamber corresponds to 
a lumbar region of the occupant, and the intermediate 
chamber corresponds to a thoraX of the occupant. The seam 
guides gas from the in?ator to the upper and loWer chambers 
such that the upper and loWer chambers are substantially 
simultaneously in?ated, and the intermediate chamber is 
in?ated after a delay. The thickness of the intermediate 
chamber is less than the thicknesses of the upper and loWer 
chambers. As a result, the occupant of the vehicle is effec 
tively protected. 
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SIDE AIRBAG APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an airbag apparatus 
having an airbag that is deployed at a side of an occupant of 
a vehicle When an impact of a force greater than a prede 
termined value is applied to a side of the vehicle body due 
to a side collision. 

[0002] Such side airbag apparatuses have been disclosed 
in, for example, Japanese Laid-Open Patent Publication No. 
2000-177527 (?rst prior art), Japanese Laid-Open Patent 
Publication No. 2000-280853 (second prior art), and US. 
Pat. No. 5,112,079 (third prior art). 

[0003] In the ?rst prior art, a side airbag apparatus 542 is 
mounted in a backrest 541a of a vehicle seat 541 as shoWn 
in FIG. 34. The interior of an airbag 543 of the side airbag 
apparatus 542 is divided by a dividing seam 544 into a ?rst 
chamber 545 and a second chamber 546. The ?rst chamber 
545 in?ates at a side of the thorax Pc of an occupant P sitting 
on the vehicle seat 541. The second chamber 546 in?ates at 
a side of the lumbar region Ph of the occupant P. 

[0004] The side airbag apparatus 542 has a gas generator 
547 for deploying the airbag 543. A pre-chamber 548 is 
located about the gas generator 547. The pre-chamber 548 is 
connected to the ?rst chamber 545 through ?rst small holes 
549 and to the second chamber 546 through second small 
holes 550. The total opening area of the ?rst small holes 549 
is less than the total opening area of the second small holes 
550. 

[0005] When an impact of a force that is greater than a 
predetermined value is applied to the side of the vehicle 
body due to a side collision, the gas generator 547 generates 
gas, Which is ?rst supplied to the pre-chamber 548. The gas 
is then supplied to the ?rst and second chambers 545, 546 
through the ?rst and second small holes 549, 550 of different 
total opening areas at different ?oW rates. Due to the 
difference of the gas ?oW rates, the ?rst and second cham 
bers 545, 546 are in?ated such that the internal pressure of 
the ?rst chamber 545 is loWer than the internal pressure of 
the second chamber 546. 

[0006] In the second prior art also, a side airbag apparatus 
642 is mounted in a backrest 641a of a vehicle seat 641 as 
shoWn in FIG. 35. The interior of an airbag 643 of the side 
airbag apparatus 642 is divided into a ?rst deployment 
region 652 and a second deployment region 653 by a 
substantially vertical dividing Wall 651. The ?rst deploy 
ment region 652 in?ates at a position that is at rear of an arm 
Pa of the occupant P. The second deployment region 653 
in?ates to contact the arm Pa. During a side collision, a gas 
generator 647 generates gas, Which immediately in?ates the 
?rst deployment region 652 from the loWer part to the upper 
part. After a delay, the second deployment region 653 is 
in?ated from the loWer part to the upper part. 

[0007] The third prior art discloses a side airbag apparatus 
having a large airbag. This airbag is deployed to cover a 
large area including the head and the lumbar region of an 
occupant. 

[0008] In the ?rst prior art, the ?rst chamber 545, Which 
corresponds to the thorax Pc of the occupant P is in?ated 
With a pressure that is loWer than that of the second chamber 
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546, Which corresponds to the lumbar region Ph. Therefore, 
the thorax Pc, Which is relatively vulnerable to impacts, is 
more softly received compared to the lumbar region Ph. 
Therefore, the impact of a side collision is not greatly 
applied to the thorax. HoWever, since the internal pressure of 
the ?rst chamber 545 corresponding to the thorax Pc is 
relatively loW, if the body side portion of the vehicle is 
greatly deformed inWard of the passenger compartment due 
to a side collision, the thorax Pc might not be suf?ciently 
protected. 
[0009] In the second prior art, the vertically extending ?rst 
and second deployment regions 652, 653 are in?ated sub 
stantially With the same pressure. Therefore, the part of the 
body of the occupant P from a shoulder Ps to the lumbar 
region Ph is uniformly contacts the in?ated airbag 643. 
Therefore, like the ?rst prior art, the thorax Pc might not be 
suf?ciently protected. 
[0010] The third prior art discloses the largely deployable 
airbag that simply protects the body of an occupant over a 
large area, but does not disclose any deployment modes of 
the airbag to correspond to speci?c parts of the occupant’s 
body. Therefore, the third prior art is not expected to 
effectively protect occupants by taking the characteristics of 
a human body into consideration. 

SUMMARY OF THE INVENTION 

[0011] Accordingly, it is an objective of the present inven 
tion to provide a side airbag apparatus that effectively 
protects occupants. 

[0012] To achieve the foregoing and other objectives and 
in accordance With the purpose of the present invention, a 
side airbag apparatus used in a vehicle is provided. The 
apparatus includes an airbag, an in?ator, and a gas guiding 
mechanism. The in?ator supplies gas to the airbag, thereby 
deploying the airbag betWeen a body side portion of the 
vehicle and a seat located in the passenger compartment of 
the vehicle. An upper chamber and a loWer chamber are 
provided in the airbag. When the airbag is deployed, the 
upper chamber is located at a position that corresponds to a 
shoulder of an occupant sitting on the seat and the loWer 
chamber is located at a position that corresponds to a lumbar 
region of the occupant. The gas guiding mechanism guides 
gas from the in?ator to the upper and loWer chambers, 
thereby substantially simultaneously in?ating the upper and 
loWer chambers. 

[0013] The present invention also provides another side 
airbag apparatus used in a vehicle. The apparatus includes an 
airbag, an in?ator, and a limiting mechanism. The in?ator 
supplies gas to the airbag, thereby deploying the airbag 
betWeen a body side portion of the vehicle and a seat located 
in the passenger compartment of the vehicle. A upper 
deploying portion, a loWer deploying portion, and an inter 
mediate portion are provided in the airbag. When the airbag 
is deployed, the upper deploying portion is located at a 
position that corresponds to a shoulder of an occupant sitting 
on the seat, the loWer deploying portion is located at a 
position that corresponds to a lumbar region of the occupant, 
and the intermediate portion is located at a position that 
corresponds to a thorax of the occupant. When the airbag is 
deployed, the limiting mechanism limits bulging of the 
intermediate portion such that the thickness of the interme 
diate portion is less than the thickness of the upper and loWer 
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deploying portions in respect to a horizontal direction 
betWeen the occupant and the body side portion. 

[0014] In another aspect of the present invention, another 
side airbag apparatus used in a vehicle is provided. The 
apparatus includes an airbag, an in?ator, and a promoting 
mechanism. The in?ator supplies gas to the airbag, thereby 
deploying the airbag betWeen a body side portion of the 
vehicle and a seat located in the passenger compartment of 
the vehicle. An upper chamber, a loWer chamber, and an 
intermediate chamber are provided in the airbag. When the 
airbag is deployed, the upper chamber is located at a position 
that corresponds to a shoulder of an occupant sitting on the 
seat, the loWer chamber is located at a position that corre 
sponds to a lumbar region of the occupant, and the inter 
mediate chamber is located at a position that corresponds to 
a thoraX of the occupant. When the in?ator generates gas, the 
promoting mechanism promotes in?ation of the upper and 
loWer chambers compared to in?ation of the intermediate 
chamber. 

[0015] In a further aspect of the present invention, another 
side airbag apparatus used in a vehicle is provided. The 
apparatus includes an airbag, an in?ator, and a delaying 
mechanism. The in?ator supplies gas to the airbag, thereby 
deploying the airbag betWeen a body side portion of the 
vehicle and a seat located in the passenger compartment of 
the vehicle. An upper chamber, a loWer chamber, and an 
intermediate chamber are provided in the airbag. When the 
airbag is deployed, the upper chamber is located at a position 
that corresponds to a shoulder of an occupant sitting on the 
seat, the loWer chamber is located at a position that corre 
sponds to a lumbar region of the occupant, and the inter 
mediate chamber is located at a position that corresponds to 
a thoraX of the occupant. When the in?ator generates gas, the 
delaying mechanism delays in?ation of the intermediate 
chamber compared to in?ation of the upper and loWer 
chambers. 

[0016] Other aspects and advantages of the invention Will 
become apparent from the folloWing description, taken in 
conjunction With the accompanying draWings, illustrating by 
Way of eXample the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The invention, together With objects and advan 
tages thereof, may best be understood by reference to the 
folloWing description of the presently preferred embodi 
ments together With the accompanying draWings in Which: 

[0018] FIG. 1 is a cross-sectional vieW illustrating a side 
airbag according to a ?rst embodiment of the present inven 
tion; 
[0019] FIG. 2 is an enlarged partial cross-sectional vieW 
taken along line 2-2 of FIG. 1; 

[0020] FIG. 3 is an enlarged partial cross-sectional vieW 
taken along line 3-3 of FIG. 1; 

[0021] FIG. 4 is a graph shoWing pressure changes When 
the chambers of FIG. 1 are in?ated; 

[0022] FIG. 5 is a cross-sectional vieW illustrating a side 
airbag according to a second embodiment of the present 
invention; 
[0023] FIG. 6 is an enlarged partial cross-sectional vieW 
taken along line 6-6 of FIG. 5; 

Sep. 11, 2003 

[0024] FIG. 7 is a cross-sectional vieW illustrating a side 
airbag according to a third embodiment of the present 
invention; 
[0025] FIG. 8 is a cross-sectional vieW illustrating a side 
airbag according to a fourth embodiment of the present 
invention; 
[0026] FIG. 9 is a cross-sectional vieW illustrating a side 
airbag according to a ?fth embodiment of the present 
invention; 
[0027] FIG. 10 is a cross-sectional vieW illustrating a side 
airbag according to a siXth embodiment of the present 
invention; 
[0028] FIG. 11 is a cross-sectional vieW illustrating a side 
airbag according to a seventh embodiment of the present 
invention; 
[0029] FIG. 12 is an enlarged partial cross-sectional vieW 
taken along line 12-12 of FIG. 11; 

[0030] FIG. 13 is an enlarged front vieW illustrating the 
in?ator provided in the side airbag apparatus shoWn in FIG. 
11; 

[0031] 
13; 
[0032] FIG. 15 is a cross-sectional vieW illustrating a side 
airbag apparatus according to an eighth embodiment of the 
present invention; 

[0033] FIG. 16 is a cross-sectional vieW illustrating a side 
airbag apparatus according to a ninth embodiment of the 
present invention; 

[0034] FIG. 17 is an enlarged partial cross-sectional vieW 
taken along line 17-17 of FIG. 16; 

[0035] FIG. 18 is a cross-sectional vieW illustrating a 
modi?cation of the side airbag apparatus according to the 
ninth embodiment; 

[0036] FIG. 19 is a cross-sectional vieW illustrating a side 
airbag apparatus according to a tenth embodiment of the 
present invention; 

FIG. 14 is a plan vieW shoWing the in?ator of FIG. 

[0037] FIG. 20 is an enlarged partial cross-sectional vieW 
taken along line 20-20 of FIG. 19; 

[0038] FIG. 21 is a cross-sectional vieW illustrating a side 
airbag apparatus according to an eleventh embodiment of 
the present invention; 

[0039] FIG. 22 is an enlarged partial cross-sectional vieW 
taken along line 22-22 of FIG. 21; 

[0040] FIG. 23 is a cross-sectional vieW illustrating a side 
airbag apparatus according to a tWelfth embodiment of the 
present invention; 

[0041] FIG. 24 is a cross-sectional vieW illustrating a side 
airbag apparatus according to a thirteenth embodiment of the 
present invention; 

[0042] FIG. 25 is a cross-sectional vieW illustrating a side 
airbag apparatus according to a fourteenth embodiment of 
the present invention; 

[0043] FIG. 26 is a front vieW shoWing the side airbag 
apparatus shoWn in FIG. 25; 
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[0044] FIGS. 27(a) and 27(b) are enlarged partial cross 
sectional views showing an example of perforations; 

[0045] FIGS. 28(a) and 28(b) are enlarged partial cross 
sectional vieWs shoWing another example of perforations; 

[0046] FIGS. 29(a) and 29(b) are enlarged partial cross 
sectional vieWs shoWing a further eXample of perforations; 

[0047] FIG. 30 is a cross-sectional vieW illustrating a side 
airbag apparatus according to a ?fteenth embodiment of the 
present invention; 

[0048] FIG. 31 is an enlarged partial cross-sectional vieW 
taken along line 31-31 of FIG. 30; 

[0049] FIGS. 32(a) and 32(b) are enlarged partial cross 
sectional vieWs shoWing the arrangement of pairs of engag 
ing hook and engaging eyes; 

[0050] FIG. 33 is a cross-sectional vieW illustrating a side 
airbag apparatus according to a sixteenth embodiment of the 
present invention; 

[0051] FIG. 34 is a cross-sectional vieW illustrating a 
prior art side airbag apparatus; and 

[0052] FIG. 35 is a cross-sectional vieW illustrating 
another prior art side airbag apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0053] A ?rst embodiment of the present invention Will 
noW be described With reference to FIGS. 1 to 4. 

[0054] FIGS. 1 to 3 shoW a side airbag apparatus 13 
provided in a left front seat 11 in a vehicle passenger 
compartment. The front seat 11 includes a seat portion 11a 
and a backrest 11b. Acase 14 accommodating the side airbag 
apparatus 13 is embedded in the left portion of the backrest 
11b to correspond to a door 12, Which consists part of a side 
portion of the vehicle body. Although only the left front seat 
11 is illustrated in the draWings, a right front seat has a 
similar airbag apparatus in its right portion. 

[0055] The side airbag apparatus 13 includes a gas gen 
erator, Which is an in?ator 15, and an airbag 16. The in?ator 
15 is ?xed in the case 14. The airbag 16 covers the in?ator 
15. The in?ator 15 has a case and gas generation agent (not 
shoWn) in the case. The gas generation agent generates gas 
to deploy the airbag 16. Gas portion is formed at a loWer 
portion of the in?ator 15. In this embodiment, the gas 
portion is a plurality of gas ports 15a. 

[0056] The in?ator 15 is electrically connected to an 
impact sensor (not shoWn) that detects the magnitude of 
impact applied to the body side portion. When an object, 
such as another vehicle, collides With the body side portion, 
that is, during a side collision, if an impact having a 
magnitude that is greater than a predetermined value is 
applied to the body side portion, a control circuit (not 
shoWn) sends driving current to the in?ator 15 based on 
detection signal from the impact sensor. Ignition based on 
the driving current causes the gas generating agent in the 
in?ator 15 to generate gas. The gas is in turn injected from 
the gas ports 15a into the airbag 16. 

[0057] As shoWn in FIGS. 2 and 3, the airbag 16 has a 
pair of ground fabric sheets 16a, 16b made of, for eXample, 
Woven cloth. The ground fabric sheets 16a, 16b are seWn 
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together at the periphery to form the airbag 16. Normally, the 
airbag 16 is accommodated in the case 14 in a folded state. 

[0058] When the in?ator 15 generates gas, the airbag 16 is 
deployed into the space betWeen the door 12 and the front 
seat 11 to spread over the torso of an occupant P sitting on 
the front seat 11 from a shoulder Ps to a lumbar region Ph. 

[0059] A seam 17 is formed in a section of the airbag 16 
that is substantially center in the vertical direction. The seam 
17 is formed by seWing the ground fabric sheets 16a, 16b 
and is substantially laterally U-shaped as vieWed from the 
side. The seam 17 de?nes an upper chamber 18, a loWer 
chamber 19, and an intermediate chamber 20. The interme 
diate chamber 20 is located betWeen the upper chamber 18 
and the loWer chamber 19 and functions as an intermediate 
portion. The intermediate chamber 20 is surrounded by the 
seam 17 on three sides. The airbag 16 has a gas passage 21 
formed betWeen the edge of the airbag 16 and the seam 17. 
The gas passage 21 is located at a side of the airbag 16 
opposite from the in?ator 15, in other Words, at a side 
opposite from the opening of the intermediate chamber 20. 

[0060] As shoWn by arroWs in FIG. 1, gas injected from 
the gas ports 15a of the in?ator 15 is ?rst guided to the loWer 
chamber 19. The gas is then guided to the upper chamber 18 
from the loWer chamber 19 along the seam 17 via the gas 
passage 21. Thereafter, the gas in the upper chamber 18 is 
guided to the intermediate chamber 20 While bypassing the 
upper edge of the seam 17. Therefore, as obvious from FIG. 
4, the loWer chamber 19 is ?rst in?ated (at a position 
corresponding to the lumbar region Ph of the occupant P). 
Substantially simultaneously, the upper chamber 18 is 
in?ated (at a position corresponding to the shoulder Ps of the 
occupant P). Thereafter, the intermediate chamber 20 is 
in?ated (at a position corresponding to the thoraX Pc of the 
occupant P). The seam 17 has a gas guiding function and 
guides gas to substantially simultaneously in?ate the upper 
and loWer chambers 18, 19. The seam 17 has a function to 
promote the in?ation of the upper and loWer chambers 18, 
19, or a function to delay the in?ation of the intermediate 
chamber 20. 

[0061] Avent hole 22 is formed at a part of the airbag 16, 
speci?cally, at the part corresponding to the intermediate 
chamber 20. The vent hole 22 discharges gas from the 
interior of the intermediate chamber 20. 

[0062] When forming the laterally U-shaped seam 17, the 
ground fabric sheets 16a, 16b are seWed such that the 
portions of the ground fabric sheets 16a, 16b surrounded by 
the seam 17 are strained. Therefore, the thickness (horiZon 
tal measurement) of the intermediate chamber 20 is less than 
those of the upper chamber 18 and the loWer chamber 19 as 
shoWn in FIG. 2 When the airbag 16 is deployed. That is, the 
seam 17 functions to limit bulging of the intermediate 
chamber 20. As obvious from FIG. 4, the vent hole 22 
formed in a part corresponding to the intermediate chamber 
20 adjusts the internal pressure of the intermediate chamber 
20 to be loWer than those of the upper and loWer chambers 
18, 19. The vent hole 22 thus has an internal pressure 
adjusting function. 

[0063] Various conditions, such as the pressure of gas 
supplied form the in?ator 15 to the airbag 16 and the siZe of 
the vent hole 22, are determined such that the internal 
pressures of the chambers 18 to 20 are in predetermined 




















