
USO0RE36587E 

Ulllted States Patent [19] [11] E Patent Number: Re. 36,587 
Tanaka et al. [45] Reissued Date of Patent: Feb. 29, 2000 

[54] INFLATABLE SEAT BELT HAVING BAG 5,208,097 5/1993 Honma et al. ..................... .. 280/743.1 
FILTER 5,288,104 2/1994 Chen ...................... .. 280/733 

5,303,953 4/1994 Kamiyama et al. . 280/733 

[75] Inventors: Yoshihiko Tanaka, Tokyo; Yoshinori ?amiyanial ---------------------------- - 
- - _ - - - , , ana a e a. ........................ .. 

31512335251190 Chlkaralshl’ 5,390,953 2/1995 Tanaka etal. .. 280/733 
’ p 5,464,246 11/1995 Castro et al. .. 280/730.2 

. _ 5,465,999 11/1995 Tanaka et al. .. 280/733 
[73] AsslgneeZ Takata Corporatlom Tokyo’ Japan 5,466,002 11/1995 Tanaka et al. .. 280/733 

5,480,181 1/1996 Bark et al. ......................... .. 280/730.2 

21 A l. N .: 08 970 779 
[ 1 pp 0 / ’ FOREIGN PATENT DOCUMENTS 

[22] Flled: NOV‘ 14’ 1997 42 35 338 4/1993 Germany ............................. .. 280/733 

50-67520 6/1975 Japan . 
_ _ Related US‘ Patent Documents 64-83436 3/1989 Japan ................................... .. 280/733 

Relssue of- 656001 3/1994 Japan . 
[64] Patent NO-I 5,466,003 6-144138 5/1994 Japan ................................... .. 280/733 

Issued: Nov. 14, 1995 6262994 9/1994 Japan .. .. 280/733 
Appl. No.: 08/269,365 6-262995 9/1994 Japan ................................... .. 280/733 
F'l d: . 30 1994 

1 6 Jun ’ OTHER PUBLICATIONS 

51 I t. C].7 .......... .. B60R 21 18 
%52} 61-S- Cl- ~~~~~~~~~~ u 280/733_ 280/74/31 Hall, The Standard Handbook of Textiles, pp. 184—185. 
[58] Field of Search . .... .. 280/733, 728.3, Primary Examiner—Peter C. English 

280/730.1, 730.2, 728.1, 729, 740, 743.1, Attorney, Agent, or Firm—Foley & Lardner 
736 

[57] ABSTRACT 

[56] References Clted An in?atable seat belt apparatus is formed of an in?atable 

U_S_ PATENT DOCUMENTS portion Which is usually maintained in a band shape and has 
_ an envelope part in?ated and deployed in a spindle shape by 

i/ gutzkl """""""""""""""""""" " introducing gas generated by a gas generating device, the 
3’799’575 41974 K3125; ""280/7g3 1 gas generating device acting in case of exceeding a prede 
3’801’156 4/1974 Granig ' 280/73'3 terrnined threshold, a Webbing having the in?atable portion 
378207842 6/1974 stephensgg 28O/733 extending over at least a range directly contacting With an 
3:830j519 8/1974 Lewis ______ __ 280/733 occupant, a tongue ?xed to an end of the in?atable portion 
3,841,654 10/1974 Lewis 280/733 and having a gas path from the gas generating device and a 
3,843,151 10/1974 Lewis .................................... .. 280/736 buckle to Which the tongue is detachably engaged. The 
3,848,887 11/1974 Fox ....................................... .. 280/733 in?atable portion has an elastic in?atable unit inserted into 
3,865,398 2/ 1975 W°11_ 280/733 the envelope part and is in?ated and deployed by introduc 
3’866’g4O 2/1972 Lew‘: 280/733 ing the gas generated by the gas generating device into the 
g’ggi’ 6(1); 233$; " elastic in?atable unit via a ?lter. 
3:933:370 1/1976 Abe et a1. ............................. .. 280/733 
3,970,329 7/1976 Lewis .................................... .. 280/733 18 Claims, 7 Drawing Sheets 



U.S. Patent Feb. 29, 2000 Sheet 1 of7 Re. 36,587 

1 (b) 
PRIOR ART 

FIG. 

6L wmnk<mmmzmk 

52 

2A G.R Fll 



U.S. Patent Feb. 29, 2000 Sheet 2 of7 Re. 36,587 

2b 

3 FIG. 



U.S. Patent Feb. 29, 2000 Sheet 3 of7 Re. 36,587 

FIG. 4 

5 FIG. 



U.S. Patent Feb. 29, 2000 Sheet 4 of7 Re. 36,587 



U.S. Patent Feb. 29, 2000 Sheet 5 of7 Re. 36,587 



U.S. Patent Feb. 29, 2000 Sheet 6 of7 Re. 36,587 

33 

50b 49c 46 
44b 330 

9 FIG. 

FIG. 10 

I 1 FIG. 



U.S. Patent Feb. 29, 2000 Sheet 7 of7 Re. 36,587 

268 

THIN 

THICK 
26A 

/ COATING 

F I G. 12 (b) 

26 22 

260 



Re. 36,587 
1 

INFLATABLE SEAT BELT HAVING BAG 
FILTER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to an in?atable seat belt 
apparatus, more particularly to an in?atable seat belt 
Wherein a Webbing of a seat belt apparatus to restrain an 
occupant has an in?atable structural portion formed in an 
envelope shape Which is usually maintained in a band shape 
and is in?ated, in an accident in a predetermined form to 
Withstand high temperature gas spouted from a gas gener 
ating means. 

Presently, a seat belt apparatus is necessary for a vehicle 
or the like as an apparatus for securing in occupant’s body, 
Which restrains the occupant from sudden movement by a 
deceleration and an impact in a crash. 

Such a seat belt apparatus comprises a Webbing as a 
Woven belt made of a fabric Which has approximately a 50 
mm Width and is formed according to Japanese Industrial 
Standard, a retractor (hereinafter referred to ELR: Emer 
gency Locking Retractor), a buckle, a tongue, an anchor and 
so on. The ELR Winds the Webbing by a Winding force of a 
spring and locks the Webbing from Withdrawing only at a 
crash so as to restrain the occupant. The buckle is mounted 
on a suitable position near the ?oor so that the Webbing ?ts 
the occupant’s body Well. 

Conventionally, the seat belt apparatus locks the Webbing 
from Withdrawing by the function of ELR at a crash to 
restrain the occupant from a forWard movement. 

For improvement in the ef?ciency of restraining the 
occupant, each of US. Pat. Nos. [3,841,645]3,841,654, 
3,865,398 and 3,866,940 discloses a seat belt apparatus in 
Which the Webbing has a portion formed in an envelope 
shape made of a fabric. The portion is folded like bellows 
and is banded by a Weak adhesive so as to usually [maintain] 
remain in a band shape, or the portion is folded in the band 
shape by fastening means such as a fastener, so that, in a 
crash, the portion formed in the envelope shape is in?ated 
and deployed by a spouted gas from a gas generator con 
nected to the Webbing. 

According to the seat belt apparatus having the in?atable 
structural portion formed in an envelope shape (hereinafter, 
it is called as “an in?atable seat belt apparatus”), force 
applied to the occupant can be distributed over the range 
Wider than the conventional Webbing so as to decrease the 
stress applied to the occupant and a higher safety ef?ciency 
can be provided. 

The in?atable seat belt apparatus is effective even for a 
rear seat. For mounting an air bag apparatus for an occupant 
on the rear seat, the air bag apparatus is generally mounted 
on the rear side of the back portion of the front seat. It is 
necessary that the front seat structure has a high rigidity for 
suitably operating the air bag apparatus for the rear seat to 
ef?ciently restrain and secure the occupant. HoWever, it is 
dif?cult to provide a reclining function having a movable 
portion to the front seat if the air bag apparatus is mounted 
on the rear side of the back portion of the front seat. 
Therefore, the in?atable seat belt apparatus is quite effective 
for the rear seat because the in?atable seat belt apparatus can 
be independently mounted on the rear seat and has no 
restriction such as the air bag apparatus. 
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2 
In the in?atable seat belt apparatus mentioned above, the 

gas generator operates according to an operation signal from 
a sensing unit such as an acceleration sensor sensing an 
impact at a crash and the envelope shape in?atable portion 
is then substantially instantaneously in?ated and deployed in 
a predetermined form. 

Because it is necessary to immediately spout a gas to the 
in?atable portion similar to the air bag apparatus, the gas 
generator may be a device for generating a compressed gas 
or compressed air ?lled in a compression container such as 
a cylinder. The compressed gas may be nitrogen or carbon 
dioxide gas. In case of using the compressed air, a small 
compressor is generally mounted. 
The in?atable portion of the in?atable seat belt apparatus 

has a capacity Which is about 1/6—1/7 of the air bag 
apparatus. Further, the cylinder or the like Which is smaller 
than the air bag apparatus is enough for the in?atable seat 
belt apparatus. 

HoWever, the in?atable seat belt is necessary to be 
equipped With a device for attaching and detaching the 
cylinder and a device for preventing the gas from leaking. 
The gas pressure should be inspected periodically. 

Recently, [the] most air bag apparatus [has the] use a gas 
generator (hereinafter, [We call] “in?ator”) Which is a device 
for instantaneously generating a gas by using [a] rapid 
combustion of a compound. 
The in?ator receives, ?rst, an operational signal from the 

acceleration sensor at a crash to act as a trigger for the 
electrical squib, and activates an igniter by an electrical 
squib[;]. Then, a propellant burns to rapidly generate gas. 
The propellant may be sodium aZide [(NAN3)] (NaN3) 

Which is Well knoWn as a propellant and generates nitrogen 
gas by combustion. 

In the conventional in?atable seat belt apparatus, a thick 
fabric is folded, and the inside of the fabric is coated With 
silicone rubber to provide high airtightness for the envelope 
shape portion. Also, the in?ator is provided With a simple 
?lter for cooling the inside thereof to loWer the temperature 
of the introduction gas, so that the high temperature gas from 
the in?ator is directly introduced into the envelope shape 
portion. 

[The applicant has already disclosed an invention of the] 
Disclosed in commonly-owned Japanese patent applications 
are in?atable seat belt apparatus, Wherein the envelope 
shape portion is formed from a knitted textile and has an 
in?atable unit made of a rubber tube and situated inside 
thereof (see Japanese Patent [Applications] Application No. 
210353/1992, publication no. 6-144138, published on May 
24, 1994; Japanese Patent Application No. 210355/1992, 
publication no. 6-5600], published on Mar. 1, 1994). 
[Furthermore, the applicant has already disclosed an inven 
tion of the] Disclosed in another Japanese patent applica 
tion is an in?atable seat belt apparatus, Wherein the envelope 
shape portion is formed from a fabric having expandable 
Wefts and has an in?atable unit made of a rubber tube and 
situated inside thereof (see Japanese Patent Application No. 
78623/1993, publication no. 6-262994, published Sep. 20, 
1994). 

According to the above mentioned inventions, When the 
occupant Wears the in?atable seat belt apparatus, the enve 
lope shape portion is maintained in a thin band shape as 
compared With the conventional in?atable seat belt appara 
tus in Which the thick fabric is folded. Furthermore, in an 
emergency, the envelope shape portion can be quickly 
in?ated and deployed Without fail. 

FIG. 1(a) illustrates an example of the in?atable seat belt 
apparatus, Wherein a shoulder belt is formed of a knitted 
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textile and has an in?atable unit made of rubber tube and 
situated inside thereof. 

In this ?gure, numeral 51 designates a tongue. The tongue 
51 has a gas inlet 54 as an inlet for introducing the gas into 
a rubber tube 53 arranged in the belt 52. The gas inlet 54 is 
coupled to a gas outlet 56a of gas generating means (in?ator) 
56 situated inside a buckle 55 when the tongue 51 is engaged 
with the buckle 55 for ?xing a belt end 52a. 

FIG. 1(b) exempli?es a state of a belt 52 in?ated and 
deployed in a predetermined form. The propellant in the 
in?ator 56 is burned to generate a reacted gas, and the gas 
is introduced into the rubber tube 53 of the belt 52 through 
the gas inlet 54, so that the belt is in?ated and deployed in 
the predetermined form. 
As the gas is rapidly introduced into the rubber tube 53, 

the rubber tube is in?ated as shown in the FIG. 1(b). The 
shape of the whole in?atable portion is controlled by a 
knitted textile structure 57 formed in an envelope shape 
which covers the rubber tube 53. The in?atable portion has 
a spindle shape. Because the area of the belt portion touch 
ing the chest and the like of the occupant is increased, an 
impact applied to the occupant is [soften] softened. 

Because the in?atable portion formed in the envelope 
shape is radially increased, the length of the belt in a 
longitudinal direction is shortened by AL. Therefore, the 
in?atable seat belt apparatus has a function as a pre 
tensioner which holds the occupant more effectively. 

In the in?atable seat belt apparatus of this kind, the gas 
spouted from the in?ator is introduced into the tube with a 
high temperature and high pressure condition as soon as the 
gas is generated. 

FIG. 2 is a temperature distribution diagram exemplifying 
a result of the temperature distribution within the tube at this 
stage. The ?gure also shows the in?atable portion in an 
in?ated condition to indicate the relative position. 
At this stage, the inside of the tube has a highest tem 

perature at a tongue portion near the gas inlet as shown in 
FIG. 2. In the longitudinal direction L, respective tempera 
tures appear with introduction of the gas as shown by the 
dotted lines. The solid line shows a curve tracing the 
respective temperatures. 

The gas generated by the combustion in the in?ator has 
quite high temperature. However, because the temperature 
drops along the longitudinal direction, the tube works ef? 
ciently if it can withstand the high temperature only for a 
very short period. 

Silicone rubber with a heat resistance has been adapted to 
the tube for receiving the high temperature gas to withstand 
the high temperature in the tube. 

However, many cinders are produced by the combustion 
of the propellant of the in?ator. The cinder is mainly ?ne 
carbon powder. The cinders are spouted into the tube with 
the reaction gas. 

Because the cinder has a high temperature and has a large 
heat capacity compared with the gas, the cinder harms the 
rubber surface of the tube when the cinder collides with the 
inner surface of the tube. When the rubber surface is badly 
harmed, there is a possibility of making a hole in the tube. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention is to solve 
the above mentioned conventional problems and to provide 
an in?atable seat belt apparatus having a high safety, 
wherein a tube of an in?atable belt portion is not damaged 
even if the tube is exposed to high temperature gas. 
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For overcoming the above mentioned object, this inven 

tion provides an in?atable seat belt apparatus comprising: an 
in?atable portion which is usually maintained in a band 
shape and has an envelope part in?ated and deployed in a 
spindle shape by introducing a gas generated by gas gener 
ating means, the gas generating means acting when exceed 
ing a predetermined threshold, a webbing having the in?at 
able portion extending over at least a range directly 
contacting with an occupant, a tongue ?xed to an end of the 
in?atable portion and having a gas path from the gas 
generating means, and a buckle with which the tongue is 
detachably engaged, wherein the in?atable portion has an 
elastic in?atable unit inserted into the envelope part and is 
in?ated and deployed by introducing the gas generated by 
the gas generating means into the elastic in?atable unit via 
a ?lter. 

The elastic in?atable unit is inserted into the envelope part 
in the in?atable portion and the ?lter is inserted into the 
elastic in?atable unit. Thus, the in?atable seat belt apparatus 
is in?ated and deployed by introducing the gas generated by 
the gas generating means. 

Therefore, the high temperature and high pressure gas can 
be lowered and the cinder having high temperature can be 
collected by the ?lter so as to prevent the elastic in?atable 
unit from melting and breakage by gluing the cinder dis 
charged with the gas introduced into the elastic in?atable 
unit onto the inner surface of the elastic in?atable unit. 

In this case, the ?lter is preferably a cylindrical bag ?lter 
inserted into the elastic in?atable unit. Thus, the temperature 
of the gas can be lowered along the longitudinal direction of 
the in?atable portion and the cinder can be collected with a 
wider area so as to prevent the ?lter from binding. Therefore, 
the in?atable portion can be in?ated and deployed without 
fail. 

Further, the bag ?lter is preferably formed of a woven 
fabric of heat resistant ?ber. 

Furthermore, the elastic in?atable unit is preferably a 
silicone rubber tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) and 1(b) are explanatory drawings showing 
conditions that an in?atable seat belt apparatus having an 
in?atable portion formed from a knitted textile structure is 
in?ated; 

FIG. 2 is a simpli?ed temperature distribution diagram 
showing a distribution of gas temperature in the in?atable 
portion of the in?atable seat belt apparatus as shown in FIG. 

1(a); 
FIG. 3 is a simpli?ed structural view showing an in?at 

able seat belt apparatus of an embodiment according to the 
present invention; 

FIG. 4 is a perspective partial view magnifying and 
exemplifying the inside of the in?atable portion shown in 
FIG. 3; 

FIG. 5 is a perspective partial view exemplifying the 
inside of the in?atable portion when the in?atable seat belt 
apparatus shown in FIG. 4 is in?ated and deployed; 

FIG. 6 is a perspective view showing a ?tting structure 
between a tongue and an end of the in?atable portion; 

FIG. 7 is a longitudinal sectional view showing an 
arrangement of the components of the in?atable portion; 

FIGS. 8(a) and 8(b) are partial vertical sectional views 
showing an end of the in?atable portion near a slip guide 
side; 

FIG. 9 is a cross sectional view showing a simpli?ed 
structure of an engaged portion of a buckle according to the 
present invention; 
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FIG. 10 is a longitudinal sectional vieW showing a releas 
ing operation of the tongue by a press button of the buckle; 

FIG. 11 is an end vieW shoWing a front face of the buckle; 

FIGS. 12(a) and 12(b) are simpli?ed perspective vieWs 
shoWing an altered example of a bag ?lter according to the 
present invention; and 

FIG. 13 is an explanatory draWing exemplifying a gas 
?oW in the bag ?lter. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of an in?atable seat belt apparatus accord 
ing to the present invention are noW described referring to 
the attached draWings. 

FIG. 3 is a simpli?ed perspective vieW shoWing a Whole 
structure of the in?atable seat belt apparatus 1. This ?gure 
illustrates [for clarifying relationships betWeen] respective 
components of the in?atable seat belt apparatus applied to 
the right side front seat. 

In this ?gure, numeral 2 designates a shoulder belt. The 
shoulder belt 2 has an end 2a to Which a tongue 3 is ?xed. 
The shoulder belt 2 is engaged and ?xed to a buckle 4 ?xed 
to a predetermined position near the ?oor betWeen the right 
and left front seats via the tongue 3 and has the other end 2b 
doWnWardly guided through a slip guide 5 or a pillar anchor 
mounted on a pillar P. The pillar anchor is adjustable in 
upper and loWer directions. The shoulder belt is thus hung 
around and from the slip guide 5 to be Wound up in an ELR 
6 arranged near the ?oor. 
Alap belt 7 has an end 7a ?xed to an anchor plate 8 ?xed 

to a mouthpiece of the tongue 3 and has the other end 7b 
Wound in the ELR 9 mounted near the ?oor of the door side 
beyond the seat cushion. 

[The description Will noW be made as regard to details] 
Details of the respective structures of the shoulder belt, 
peripheral components of the tongue, and the buckle, 
[respectively] will now be described. 

The shoulder belt 2 comprises the end 2b Wound and 
accommodated in the ELR 6, the other end 2a connected to 
the tongue 3, and a piece of Webbing 10 has a through or 
integral member as shoWn in FIG. 3. In this embodiment, for 
the Webbing 10, a band shaped belt having a 50 mm Width 
and a 1.6 mm thickness is used. The Webbing 10 may be 
formed of polyester ?nished yarn tightly Woven by tWilling, 
plain Weaving or the like. The Webbing 10 is equivalent to 
a conventional seat belt apparatus. The Webbing 10 has a 
section betWeen an abdominal region and a right shoulder 
region Which directly touches the body of an occupant, 
Wherein the section is covered by a cylindrical cover 20 
made of a cloth and formed to have a slight thickness. 

In the inside of the portion having the slight thickness, 
several kinds of envelope shape or elongated members are 
accommodated overlappingly. 

In FIG. 4, numeral 10a shoWs that the Webbing 10 is 
positioned Within the cover 20. Because of the difference of 
the functions, this portion of the belt is called an inner belt 
21, the portion of the belt Which is exposed outside and is 
Wound into the ELR is called the Webbing 10, and these 
portions are designated by the different numerals 10 and 21, 
respectively. 

The inner belt 21 is inserted in a ?at condition into a tube 
22 formed of a thin ?lm and made of silicone rubber as 
shoWn in FIG. 4. The tube 22 made of silicone rubber is 
cylindrical and has an end 22a ?xed to a predetermined 
position of the inner belt 21 to maintain the airtightness as 
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6 
shoWn in FIG. 8(a). Therefore, the tube 22 is in?ated in a 
long and slender cylindrical shape as gas is introduced into 
the tube 22. 

This tube 22 is accommodated in a cylindrical knitted 
textile member 23 of ?at type Which is knitted in a siZe 
slightly larger than the tube 22. In this embodiment, the 
knitted textile member 23 is constituted by a tubular knitted 
textile using a polyester ?nished yarn (1500 denier). The 
knitted textile member 23 of the tubular knitted textile has 
a characteristic by Which it is hardly expandable in the 
longitudinal direction of the belt ([Wrap] warp direction of 
the knitted fabric) and is easily expandable in a direction 
(Weft direction of the knitted fabric) so that the circumfer 
ence of the cylindrical shape is increased. 
The cloth cover 20 as described above is arranged to 

Wholly cover the knitted textile member 23 of a cylindrical 
shape. The knitted textile member 23 and the cover 20 are 
?rmly seWn together With the inner belt 21 as shoWn in FIG. 
8(a). 

Preferably, a material for the cover 20 does not shoW the 
crease in the belt and is soft to the touch because the cover 
20 is a portion directly touched With the hand of the 
occupant and directly contacts With the clothes of the 
occupant. In this embodiment, a tricot knit fabric knitted by 
Warps With polyester ?nished yarns is employed for the 
cover 20. 

The thick portion has the in?atable tube 22 With the inner 
belt 21 as a core, and the end connected to the gas generator 
via the tongue 3 so as to be in?ated and deployed by the gas 
introduced in a very short period of time after a crash. 
Therefore, the in?atable seat belt apparatus can ef?ciently 
restrain the occupant from movement. In this speci?cation, 
“in?atable portion” Will be denoted instead of a Whole set of 
the in?atable member hereinafter. 

In addition to the embodiment described above, this 
invention may be accomplished by the folloWing modi?ed 
components of the in?atable portion. 

For the tube 22, a rubber material Which has high elas 
ticity even against a rapid in?ation and has heat-resistance 
because the high temperature gas is ?lled in the inside of the 
tube 22 is suitable for [using. The] use. A material having 
rubber-like elasticity may be used for the tube 22. The 
material may be, for example, various kinds of thermoplastic 
elastomer, urethane rubber, ?uorocarbon rubber, rubber/ 
blended rubber or the like. 

The knitted textile member 23 is constituted by [the] a 
tubular knitted textile having no seam for forming a cylin 
drical shape in the above mentioned embodiment. The stitch 
may be plain stitch, rib stitch, pearl stitch, interlock stitch or 
the like. In this case, the elongation of the knitted textile 
member 23 in the Weft direction is changeable by [charging] 
changing a density of Weft knitted loops [into] in the [Wrap] 
warp direction. 
The knitted fabric of a ?at type is made by plain Weave. 

In this case, it is possible that [2] two sheets of the knitted 
fabrics in a long and slender shape are overlapped and the 
ends of the knitted fabrics are seWn together to make a 
cylindrical form, and that both ends of the knitted fabric are 
seWn together to make a circular form. Upon inflation, the 
knitted fabric expands in a direction transverse to the 
longitudinal direction of the webbing 10 to pretension the 
webbing 10, for example, in a manner similar to that 
illustrated in FIGS. 1(a) and 1(b). 
A cloth employed for the cover 20 may be a plain Weave 

fabric using a nylon yarn or polyester yarn. 
Besides the materials as described above, other material 

such as a resin ?lm, an arti?cial leather or the like is 
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considered to be employed for the cover if the material 
satis?es the conditions of the feel, the stiffness, the persis 
tence and so on. 

FIG. 5 is a perspective vieW for understanding the inside 
of the in?atable portion shoWn in FIG. 4 When the in?atable 
seat belt apparatus is in?ated and deployed. 
As shoWn in this ?gure, the tube 22 is in?ated by the 

introduced gas, and the knitted textile member 23 consti 
tuted by the tubular knitted textile is elongated in the radial 
direction in a cylindrical shape. When the predetermined 
inner pressure is applied, a portion of the thread seWing the 
cloths of the cover 20 is torn. Aseam 20a of the cover is then 
opened like a mouth, and the tube 22 covered by the knitted 
textile member 23 is in?ated in a spindle shape to be forced 
out from the opening of the seam 20a. 

While, because a seam 20b of the cover 20 is seWn ?rmly 
at a predetermined range on the pillar anchor side of the 
in?atable portion 25 and at a predetermined range on the 
tongue 3 side, the in?ation of the tube 22 is limited by a 
cover portion 20c of the cover 20, so that the cover portion 
20c is in?ated only in a long and slender cylindrical form (a 
diameter of the cylindrical form is approximately 3.6 cm in 
this embodiment). 

The length in the longitudinal direction of the belt is 
shortened because the in?atable portion 25 is in?ated in a 
spindle shape. At this point, because the knitted textile 
member 23 of the in?atable portion 25 receives a tensile 
force in the longitudinal direction of the belt, the inner belt 
21 does not receive the tensile force, so that the inner belt 21 
is loose. 

Referring to FIG. 6 and FIG. 7, [the description Will noW 
be made as regard to] details of the ?tting structure between 
the in?atable portion 25 and the tongue 3 provided With the 
gas inlet, [and to] as well as a structure of a bag ?lter will 
now be described. 

FIG. 6 is a perspective vieW shoWing the connecting 
portion between the tongue 3 and the in?atable portion 25. 
In FIG. 6, an end 25a of the in?atable portion 25 is ?xed to 
cover an end ?tting 31 made of metal Which has a ?at square 
section. Furthermore, the end 25a is ?xed ?rmly by a 
caulking ?tting 32 so as to cover the periphery thereof so 
that the in?atable portion 25 is not easy to be broken aWay 
from the end ?tting 31. 

The end ?tting 31 has a tongue pipe 33 secured to the 
distal end thereof. The tongue pipe 33 is inserted and 
engaged With a buckle body of the buckle 4 (not shoWn). The 
tongue pipe 33 has a gas path 34 formed inside thereof. The 
gas from an in?ator (not shoWn) is introduced into the 
in?atable portion 25 through the gas path 34 and the inside 
of the end ?tting 31. 

The tongue 3 is integrally structured by a combination of 
the end ?tting 31, the caulking ?tting 32, and the tongue pipe 
33 in this embodiment. 

The tongue pipe 33 has a lap belt anchor plate 8 ?xed to 
the bottom part thereof to secure an end 7a of a lap belt 7 
constituted of a normal Webbing. 

FIG. 7 is a longitudinal sectional vieW shoWing the inside 
of the in?atable portion. 
As shoWn in FIG. 7, each component, i.e. the inner belt 

21, the bag ?lter 26, the tube 22, the knitted textile member 
23 and the cover 20, of the in?atable portion 25 is over 
lapped to the peripheral portion of the end ?tting 31 coated 
by a rubber coating 31a to tightly connect With each other 
and thereby form a laminate (i.e., layereah structureThe 
caulking ?tting 32 having an inside coated by a rubber 
coating 32a is ?xed to the peripheral portion of the in?atable 
portion. 
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Since the in?atable portion 25 is structured as described 

above, the in?atable portion 25 is maintained sealingly at the 
end 25a thereof and a break or a breakage of the end ?tting 
31 is not possible even if the reaction gas having high 
pressure is rapidly introduced into the in?atable portion 25. 

The structure of the bag ?lter 26 Will noW be described 
referring to FIG. 7. 
The bag ?lter 26 is a ?lter formed of a fabric having high 

air permeability Which is seWn in an envelope form. The 
?lter has substantially the same Width as the Width of the 
inner belt 21 and is choked at a distal end side thereof. The 
bag ?lter 26 is inserted into the tube 22 and has an end ?xed 
to the tongue 3. Furthermore, a skirt 27 is inserted into the 
bag ?lter and has a length Which is one third of the length 
of the bag ?lter 26. The skirt 27 is cylindrical, and opens at 
a distal end thereof and is formed of the same fabric of the 
bag ?lter in this embodiment. 

The bag ?lter 26 and skirt 27 are made from heat-resistant 
?ber in this embodiment. For example, the heat-resistant 
?ber may be aramid ?ber. The aramid ?ber is Well knoWn as 
a trade mark KevlarTM ?ber and has high stiffness and high 
elasticity. Further, the aramid ?ber has good heat resistance 
and good ?ame tightness and starts carboniZing at approxi 
mately 500° C., so that the aramid ?ber does not melt and 
burn even at a high temperature. 

Though the KevlarTM ?ber employed in this embodiment 
is para-bond aramid ?ber, meter-bond aramid ?ber may, of 
course, be employed in vieW of its heat resistance. 
Furthermore, the ?lter may be formed of not only a textile 
fabric but also a non-Woven fabric. 

The bag ?lter 26 is in?ated With the gas spouted from the 
in?ator and is capable of collecting the cinders having 
predetermined or [more bigger] larger siZes to the inside 
thereof because of its air permeability. The tube is then 
in?ated With the gas passing through the bag ?lter 26. At this 
stage, as the gas temperature is loWered, the bag ?lter 
effectively acts as a ?lter and a diffuser. 

The skirt is overlapped around the tongue to effectively 
display its heat resistance While considering the temperature 
distribution as shoWn in FIG. 2. 

Though the aramid ?ber is employed in this embodiment 
as described above, the ?ber may be carbon ?ber, alumina 
?ber, silicon-carbide ?ber or glass ?ber, each of Which has 
high heat resistance. 
The carbon ?ber has an extremely high heat resistance 

because it is made by burning and carboniZing organic ?ber. 
Therefore, the heat resistance of the carbon ?ber is expected 
to Withstand approximately 2000° C. if the carbon ?ber is 
employed as a diffuser Which receives no load as described 
in the present invention. 
The alumina ?ber as an oxide inorganic material has also 

very high heat resistance and is convenient as a textile. 

FIG. 8(a) is a sectional vieW shoWing a structure of an end 
betWeen the in?atable portion 25 and the Webbing 10, i.e. the 
inner belt 21 located inside the in?atable portion 25, near a 
slip guide side. 
As the structure is noW be described again, the end of the 

knitted textile member 23 is integrally glued to the end 20d 
of the cover 20 by the adhesive and is ?rmly seWn to the 
Webbing 10. The end 22a of the tube 22 made of silicon 
rubber is Welded or glued to the inner belt 21 Within the 
knitted textile member 23. The end of the bag ?lter 26 
described above is located inside the tube 22. 

FIG. 8(b) shoWs a modi?cation of the example shoWn in 
FIG. 8(a). The end of the knitted textile member 23 is 
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integrally glued to the end 20d of the cover 20 by the 
adhesive and is ?rmly seWn to the Webbing 10 at a prede 
termined position. The inner belt is cut near the end 22a of 
the tube 22 Where the inner belt 21 is ?xed to the tube 22. 
Only the cylindrical bag ?lter 26 having the same function 
as described above is accommodated in the tube 22. 

In this embodiment, the in?atable portion 25 Works as a 
“Webbing” in a crash or the like Where the gas generating 
means does not Work. The in?atable portion 25 expands 
slightly in the longitudinal direction because of the elongat 
ing characteristic of the knitted textile member 23. 
Therefore, the in?atable portion 25 and the Webbing 10 can 
receive a tensile force of the belt so as to restrain the 
occupant properly. 

The in?atable portion 25 is in?ated in a suitable form as 
in the embodiment shoWn in FIG. 8(a) at a crash so as to 
restrain the occupant at the Wide area of the in?atable 
portion 25. 

FIGS. 9—11 are explanatory draWings shoWing embodi 
ments of the buckle. The buckle 4 supports a tongue pipe 33 
and has the gas generating means. The buckle 4 introduces 
the produced gas from the gas generating means through a 
gas path 34 in the tongue pipe 33. 

The “coupling” betWeen the buckle 4 and tongue 3 is 
achieved by engaging a tubular groove 33b disposed on the 
peripheral surface of a distal end of the tongue pipe 33, to 
metal balls 47 inserted in tapered holes of coupling hole 44a 
formed in the buckle 4. Each of the metal balls 47 has a 
portion projecting from the inner surface of the coupling 
hole 44a. 

In FIG. 9, numeral 41 designates a housing in Which a 
portion of a ?ange plate 42 is ?xed. The buckle 4 is secured 
by the ?ange plate 42 to the housing 41 near the ?oor of the 
vehicle (not shoWn). In the housing 41, a gas generator 43 
as the gas generating means is ?xed to the ?ange plate 42. 
The gas generator 43 is ?rmly connected to a buckle body 
44 acting also as a gas passing pipe. 

FIG. 9 shoWs a state of coupling the tongue pipe 33 to the 
coupling hole 44a. As shoWn in the ?gure, When the tongue 
pipe 33 is coupled to the coupling hole 44a of the buckle 
body 44, a tongue pipe releasing ring 45 is pressed against 
a biasing force of the spring 46 by the tongue pipe distal end 
33a in a direction of the arroW A. 

[While, tapered] Tapered holes 44b are formed at a 
peripheral surface of the buckle body 44 at predetermined 
intervals. The metal ball 47 is inserted in each tapered hole 
44b to be able to move from the peripheral surface side of 
the buckle body 44 so that a portion of the metal ball 47 
projects from the inner surface of the coupling hole 44a. 
When the tongue pipe 33 is coupled to the coupling hole 44a, 
each of the metal balls 47 is pressed from the peripheral 
surface side of the buckle body by a release operation ring 
49 biased by a spring 48 in a direction of the arroW B. 
Therefore, one portion of the metal ball 47 projects into the 
tubular groove 33b disposed on the peripheral surface of the 
tongue pipe 33 to press and bear the tubular groove 33b of 
the tongue pipe 33, so that the tongue pipe 33 is coupled and 
?xed inside of the coupling hole 44a. 

[While, release] Release of the tongue pipe 33 is accom 
plished by pressing a press button 50 disposed on one 
portion of the housing in a direction of the arroW C as shoWn 
in FIG. 10. 

The press button 50 is an operational button of non 
encircle type and has a pressing face 50a disposed at an 
upper front position of the housing as shoWn in FIG. 11. 
Therefore, the occupant can operate the button 50 by one 
action. 

10 

15 

25 

35 

45 

55 

10 
[The description Will noW be brie?y made as regard to a] 

A mechanism of releasing the tongue 3 from the buckle 4 
will now be described. 
As the press button 50 is pressed in the direction of the 

arroW C as shoWn in FIG. 10, a protuberance portion 49a of 
the release operational ring 49 is pressed by an operational 
arm 50b mounted on the press button 50 in the direction of 
the arroW C, so that the release operational ring 49 slides 
against a biasing force of spring 48 in the direction of the 
arroW C to release the pressure of the metal ball 47 from the 
release operational ring 49. Therefore, the metal balls 47 are 
released from the tubular groove 33b of the tongue pipe 33. 
As a result, the tongue pipe releasing ring 45 in the buckle 
body 44 is biased by a spring 46 in a direction of the arroW 
D to push out the tongue pipe 33 from the inside of the 
buckle body 44 and then the tongue 3 is released from the 
buckle 4. 

FIGS. 12(a), 12(b) are explanatory draWings shoWing 
modi?ed ?lters 26, 26A. 

In the embodiment described before, to improve the heat 
resistance around the tongue 3 Where the temperature of the 
spouted gas is high, the skirt 27 is mounted inside of the bag 
?lter 26 as shoWn in FIG. 7. HoWever, touch of the belt and 
feeling When Wearing the belt are bad because the belt has 
a thick portion by the overlapping structure. The modi?ca 
tions as shoWn in FIGS. 12(a) and 12(b) are the bag ?lters 
structured by only one piece. 

For the bag ?lter 26 shoWn in FIG. 12(a), a textile having 
different fabric thickness Which is formed of aramid ?ber is 
employed to vary the performance of heat resistance along 
the longitudinal direction. For a portion around the tongue, 
a thick fabric 26A Which has higher heat resistance is 
employed in order to loWer the temperature of the diffuser. 
For the head, a sheer fabric 26B Which has loWer heat 
resistance is employed to mainly obtain a ?lter effect. It is 
possible that different kinds of heat-resistance ?bers are 
combined and seWn. That is, a higher heat-resistance ?ber 
may be used around the tongue and a sheer aramid ?ber 
fabric may be used around head. 

FIG. 12(b) illustrates an example that a metal ?lm coating 
such as aluminum is provided to an inner surface of the bag 
?lter 26 for a range corresponding to the skirt part. Though 
the coated range has non-air permeability, the thermal insu 
lation effect is improved at the tongue portion. Therefore, the 
temperature in the tube is equaliZed and the highest tem 
perature around the tongue is loWered. 

The range to be coated is preferably set With reference to 
the gas ?oW as shoWn in FIG. 13. 

That is, the shoulder belt, ie the tube 22, the inner belt 
21 and the bag ?lter 26, is curved gently around the tongue 
to ?t to the body of the occupant D. In this state, an elboW 
part 26a of the bag ?lter 26 is hit directly and intensively by 
the heat ?oW When the gas is spouted from the in?ator (not 
shoWn). Therefore, the temperature of the elboW part 26a is 
raised partially to quite a high temperature. Since the bag 
?lter is employed not to directly provide radiant heat in this 
embodiment, it is necessary to deal With such partial and 
continuous heating. Therefore, preferably, the elboW part 
26a is provided With the above described coating or [2] two 
sheets of textile fabrics are overlapped at this part. 
We claim: 
1. An in?atable seat belt for restraining movement of an 

occupant in a vehicle, comprising: 
a Webbing attached to the vehicle and extending for 

restraining movement of the occupant; 
an in?atable portion formed over a part of the Webbing 

and contacting the occupant When the Webbing is Worn, 
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said in?atable portion including a cylindrical skirt 
disposed on one side of the Webbing and formed of a 
heat resisting material; a ?lter directly attached to and 
completely surrounding the skirt; an elastic in?atable 
tube having an elongated shape and completely sur 
rounding the Webbing and the ?lter containing the skirt, 
said elastic in?atable tube having heat resistance and 
being ?xed to the Webbing; and a knitted member in a 
?at form and connected to the Webbing to cover the 
entire in?atable tube, said knitted member having an 
elasticity in a direction perpendicular to a longitudinal 
direction of the Webbing; 

a tongue ?xed to the skirt and having a gas ?oW path 
therein; and 

a buckle attached to the vehicle and engagable to the 
tongue, said buckle having a [port] body to supply hot 
gas to the in?atable portion through the gas ?oW path 
of the tongue, said hot gas ?oWing through the skirt and 
passing through the ?lter to loWer temperature of the 
hot gas so that the in?atable tube is in?ated by the gas 
While the knitted member is expanded by enlargement 
of the tube. 

2. An in?atable seat belt according to claim 1, Wherein 
said in?atable portion formed of the skirt, the ?lter, the 
in?atable tube and the knitted member is [a] laminated [and 
not folded]. 

3. An in?atable seat belt according to claim 2, Wherein 
said in?atable portion further includes a [non-expandable] 
cover for covering the knitted member, said cover being 
seWn by a thread along the longitudinal direction of the 
Webbing so that When the in?atable tube is in?ated, the 
thread is torn to alloW the in?atable tube to in?ate easily. 

4. An in?atable seat belt according to claim 3, Wherein 
said skirt has a length of about one third of the length of the 
?lter. 

5. An in?atable seat belt according to claim 4, Wherein 
said in?atable portion further includes an end ?tting situated 
inside the skirt and a caulking ?tting situated over the cover 
to sandWich the skirt, the ?lter, the in?atable tube and the 
knitted member therebetWeen, said tongue passing through 
the end ?tting and the caulking ?tting. 

6. An in?atable seat belt according to claim 5, Wherein 
said elastic in?atable tube is made of silicone rubber. 

7. An in?atable occupant protection device comprising: 
an elongated webbing; 

an in?atable member; 
a bag ?lter disposed within the in?atable member which 

?lters gas ?owing into the in?atable member upon 
in?ation thereof; and 

a fabric member connected to the elongated webbing to 
cover the in?atable member; 

wherein the fabric member expands in a direction trans 
verse to a longitudinal direction of the elongated web 
bing upon in?ation of the in?atable member; thereby 
pre-tensioning the elongated webbing. 
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8. An in?atable occupant protection device according to 

claim 7, wherein the in?atable member includes a skirt 
disposed within the bag ?lter 

9. An in?atable occupant protection device according to 
claim 8, wherein the skirt is formed of a heat resisting 
material. 

10. An in?atable occupant protection device according to 
claim 8, wherein the fabric member is a knitted fabric 
member that is easily expandable in the direction transverse 
to the longitudinal direction of the elongated webbing. 

11. An in?atable occupant protection device according to 
claim 7, further comprising a tongue having a gas ?ow path 
therein, the tongue being connected to the in?atable member. 

12. An in?atable occupant protection device according to 
claim 11, further comprising a buckle for engaging the 
tongue, the buckle having a body to supply gas to the 
in?atable member through the gas ?ow path of the tongue. 

13. A method for providing occupant protection compris 
ing the steps of" 

attaching an elongated webbing to a vehicle; 

?xing to the elongated webbing an in?atable member; the 
in?atable member being covered by a fabric member 
which is connected to the elongated webbing, the fabric 
member pre-tensioning the elongated webbing upon 
in?ation of the in?atable member by expanding in a 
direction transverse to a longitudinal direction of the 
elongated webbing; and 

disposing a bag ?lter within the in?atable member; the 
bag ?lter ?ltering gas ?owing into the in?atable mem 
ber upon in?ation of the in?atable member. 

14. A method for providing occupant protection according 
to claim 13, further comprising the step of disposing a skirt 
within the in?atable member 

15. A method for providing occupant protection according 
to claim 14, wherein the step of disposing a skirt within the 
in?atable member comprises disposing a skirt formed of a 
heat resisting material within the in?atable member 

16. A method for providing occupant protection according 
to claim 13, further comprising the step of connecting a 
tongue to the in?atable member; the tongue having a gas 
?ow path therein. 

17. A method for providing occupant protection according 
to claim 16, further comprising the step of providing a 

5 buckle for engaging the tongue, the buckle having a body to 

50 

supply gas to the in?atable member through the gas ?ow 
path of the tongue. 

18. A method for providing occupant protection according 
to claim 13, wherein the step of ?xing to the elongated 
webbing an in?atable member comprises ?xing to the elon 
gated webbing an in?atable member that is covered by a 
knitted fabric member that is easily expandable in the 
direction transverse to the longitudinal direction of the 
elongated webbing. 


