22 SEPTEMBER 2006 DESCRI PTION I NI TI ATOR TECHNI CAL FI B} BeFhampEesmet
invention relates to an initiator to be enployed in, for exanple, an airbag
apparatus or a seatbelt pre-tensioner, either of which is to be furnished
in a vehicle. BACKGROUND ART One of various known types of initiators is
constituted by a pair of electrodes joined together via an insulator; a
bridge wire connected with these tw el ectrodes and adapted to generate
heat when gpecmripPgjoNand a capsul e acconmpdating the bridge wire and an
explosive able to detonate in response to heat generation of the bridge
wire. This type of initiator is disclosed in, for exanple, Japanese Patent
Application Laid-Open (kokai) No. Hl 1-301402. In order to manufacture the
above- desqnppdropoe of initiator conpactly, the individual conponents of
the initiator nust be reduced in size, which results in a reduction in the
usabl e amount of explosive (the anmbunt of explosive that can be charged in
the capsule). For this reason, conceivably, when the explosive is ignited
for detonatkeyNIE lTﬂEL downsi zed conventional structure, there arises a
fear that a desire evel of flane propagation energy cannot be obtained in

an 1 ntended di ' eptg Breserflimfdritielstes tofar RIS Wbt efpRyBAT PRI 2006 To

sol ve the above-nentioned p ens, the present 1nventio
example, an airbag apparatus or a seatbelt pre-tensioner, either of which is

to be furnished in a vehicle.

BACKGROUND ART

One of various known types of initiators is constituted by a pair of
electrodes joined together via an insulator; a bridge wire connected with
these two electrodes and adapted to generate heat when energized; and a
capsule accommodating the bridge wire and an explosive able to detonate
in response to heat generation of the bridge wire. This type of initiator is
disclosed in, for example, Japanese Patent Application Laid-Open (kokai)
No. H11-301402.

In order to manufacture the above-described type of initiator
compactly, the individual components of the initiator must be reduced in size,
which results in a reduction in the usable amount of explosive (the amount
of explosive that can be charged in the capsule). For this reason,
conceivably, when the explosive is ignited for detonation in such a
downsized conventional structure, there arises a fear that a desired level of

flame propagation energy cannot be obtained in an intended direction.

DISCLOSURE OF THE INVENTION



provides an initiator conprising a pair of electrodes pn$SERIEMEER 100get her
via an insulator; a bridge wre connected between the pair of electrodes
and adapted to generate heat when energi zed; and a bottonmed tubul ar capsul e
accomodating the bridge wire and an expl osi ve which detonates in response
to heat generation of the bridge wire, wherein a recess is formed in a
central portion of a bottomwall of the capsule, the recess inducing

breakage when t ey e¥RieOHieVabdve-hidhitioRadi obiPho Ak freseAtfhvenBbHr al i ty of
concentric grooves are fornmed around the recess in such a nmanner that an

i nner gr ogyrevitRs an Witdaior doh Figieg bhpif epkictidtR ihfkrated toyethet ¢ 9r oove.

Wth this configuration, when the explosive is ignited for detonation,

breakage ofn td@@naz@p,salbeidglémnb@c@ﬁﬁé@ﬂéfdr@é%émthb%ivbﬁbmatbbdéfs e central

portion of the bottomwall of the capsule, so that flanme propagati on energy

(pressure siadtbatBRRMRTAteOER BRES ePergiobananl AbGtorhBE t8RIaPTayp8uRy opagat es
In an intended direction through the broken portion. Therefore, even if the

amount of 4@ nemblaghyehe baidgecvird ah'&leaﬁ@REl&sﬁ/ei whichPdétondfes jt ended
magni tude of flame propagati On energy can be attained in an I ntended

direction idBAANEE S ARkl g@nefatmﬁoﬁ@h@:w @wir/égwéiénﬁéy?céés [sSfor@elS| bge to

reduce the size of the rnitiator while I ntaining the function o th
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bottom wall of the capsule around the recess forned in the central portion

of the b%r%ﬁﬂhg‘ﬁ'\&heﬂ fhéé%é]o@iv@%r@ﬁité@?&r @éiohﬁﬂ@ﬁ, Qﬁ@QV;?IHQé}E¥%fW dth and a

depth greater an t hose an outer groove. Therefore, rength of the
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2 inner groove has a width and a depth greater than those of an outer groove.

With this configuration, when the explosive is ignited for detonation,
breakage of the capsule can be concentrated in the vicinity of the central
portion of the bottom wall of the capsule, so that flame propagation energy
(pressure or flamepower) generated by detonation of the explosive
propagates in an intended direction through the broken portion. Therefore,
even if the amount of the explosive charged in the capsule is small, an
intended magnitude of flame propagation energy can be attained in an
intended direction upon detonation of the explosive. Accordingly, it is
possible to reduce the size of the initiator while maintaining the function of
the initiator.

Moreover, a plurality of concentric grooves are formed on the bottom
wall of the capsule around the recess formed in the central portion of the
bottom wall, in such a manner that an inner groove has a width and a depth
greater than those of an outer groove. Therefore, the strength of the

bottom wall of the capsule can be increased from the central portion of the

bottom wall toward the sidewall of the capsule by means of the plurality of



22 SEPTEMBER 2006 concentric grooves around the reces<22 SBBTEMBER 0006,
propagati on of breakage fromthe central portion of the bottomwall toward
the sidewall of the capsule can be reliably suppressed. Further, the
strength of the bottom wall of the capsule can be increased fromthe
central portion toward the sidewall of the capsule by neans of a sinple
configuration. When the present invention is practiced, in place of the

pl ural ity adncerdnc gneoves groaoukttheareresd. t s a eesdl fropagdtiomof he central
portion of the bottomwall of the capsule, there can be enpl oyed a spiral
grove f or neeakagedrarh the eentral pohtion ohihespottarin walb btweast tret sidewathdfhe recess
provided in the central portion of the bottomwall of the capsule, and the
spiral gr atheatdpsuleeandmesediably suppresasad. dé&urther otheer stremgtbudfethe bottom
circunferential portion of the bottomwall. In this case as well, action
and ef f ectwaliofithecapsulehcsebe desreasbddraxh dve ceatrabportiqretovesttd tRBlI EF

DESCRI PTION OF THE DRAWNGS FIG 1 is a cross-sectional view show ng an

i nfl ator fsidewallaifrthagapapleabymesarsoba simpiet eshfiguratiohi cl e in which
inflator an initiator according to an enbodi nent of the present invention
i's enpl oyed; FI GVh2nithegresahbinyedtion ¢s practicieidoiraplaceecof the pluralityoporti on of
the initiator of FIG 1; FIG 3 is an enlarged cross-sectional view of a

mai n por t i eoneeEintde grooves aapslihe r@icess forhed in tre sboval forfiSn df taed 2; FIG
4 is a schematic cross-sectional view of a first nodification of the inner

capsul e ofpdttém wall &f the bapsule, thrervaini e enpisyest atdpimatigrovevorodediirsecond
nodi fication of the inner capsule of FIG 3;
such a manner that the spiral groove starts from the recess provided in the
central portion of the bottom wall of the capsule, and the spiral gradually
decreases in width and depth toward an outer circumferential portion of the
bottom wall. In this case as well, action and effects similar to those

described above can be expected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing an inflator for an airbag
apparatus to be mounted in a vehicle in which inflator an initiator according
to an embodiment of the present invention is employed;

FIG. 2 is an enlarged cross-sectional view of a main portion of the
initiator of FIG. 1;

FIG. 8 is an enlarged cross-sectional view of a main portion of an
inner capsule alone, which is shown FIGS. 1 and 2;

FIG. 4 is a schematic cross-sectional view of a first modification of
the inner capsule of FIG. 3;

FIG. 5 is a schematic cross-sectional view of a second modification

of the inner capsule of FIG. 3;



3 22 SEPTEMBER 2006 FIG 6 is a schematic cross-secti epgkpyriMpeRboog third
nodi fication of the inner capsule of FIG 3; FIG 7 is a bottom plan view
of the inner capsule of FIG 6; FIG 8 is explanatory view illustrating
transitional stages of breakage of the inner capsule of FIGS. 6 and 7; and
FIG 9 is a schematic cross-sectional view of a fourth nodification of the
I nner capsule of FIG 3. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON An

embodi ment. of  tNeI@! 898 BlscHRRANC EbsH dotfofith DRyIBPAthREMBkKRatibh f
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drawings. FIG 1 shows an inflator 1 or an airbag apparatus to be nounted

in a vehi clfy inrle$ da@%hﬂirﬁff@- h.ncorporating an initiator 20 according to

the present 1 nventi Infl'ator 10 of the present enbodi ment includes a

casing 11 and a pfqﬁzc’gc)lgg?(%gﬁ??q: aivfgjw o %é%d@?%b%ﬁlé' B BIG. ?,’i ;t i ght manner

in the casing 11. S a gas storage portion 1 in which a
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initiator 20 is attache state, gas sea lid 12
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portion 11 a of casi ng toward an al rbag (no an outfl ow
opening 11 infn(érrrgég)sué BrplGaétachmant portion 11b. Meanwhile, the
I'ncludes a p

initiator uraltty of conmponents shown, 4

BEST MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention will now be described with
the drawings. FIG. 1 shows an inflator 10 for an airbag apparatus to be
mounted in a vehicle, the inflator 10 incorporating an initiator 20 according
to the present invention. The inflator 10 of the present embodiment
includes a casing 11 and a breakable gas sealing lid 12 mounted in an
airtight manner in the casing 11. The casing 11 has a gas storage portion
11a, in which a high-pressure gas is enclosed, and an attachment portion
11b, to which the initiator 20 is attached.

While in an unbroken state, the gas sealing lid 12 serves to reserve
a high-pressure gas in the storage portion 11a of the casing 11. Notably,
when the gas sealing lid 12 is broken upon detonation of the initiator 20, the
high-pressure gas spurts out of the gas storage portion 11a of the casing 11
toward an airbag (not shown) via an outflow opening 11b1 formed in the
attachment portion 11b.

Meanwhile, the initiator 20 includes a plurality of components shown,



22 SEPTEMBER 2006 on an enlarged scale, in FIG 2; e.@2SERTPMBERQH06
el ectrode pins 21la and 21b, a conductive header 22, an insulator 23, a
bridge wire 24, an expl osive (gunpowder) 25, capsul es 26a, 26b, and 26c, and
a resin nold 27. Auxiliary conponents; e.g., a netallic holder 28 and a
resin holder 29 are wused to nount the initiator 20 in the inflator 10 as
shown in FIG 1. One of the ,Pair of electrode pins (hereinafter also called
the firston ananlarged saalg, PIRG. 2; £ 8.aaRair obelasdrogepine 2vaandadbraz2, and
the other electrode pin (hereinafter also called the second el ectrode pin)
21 b is candushive headen@2c andosulpier b a1brHAQe Wire2¢haniexplasiteor 23. The
conductive header 22 is forned of a conductive nmetal and has a cylindrical
t ube t hat(gunpewdeRo?2% cansWesrBai 26bcand 2BCaand a resin aeldRAul ar st epped
portion 22b on its circunference. The insulator 23 assunmes the formof a
cyl i ndri osuxitiatyecaraponentane.tixaanetaflicchelden 28 @ind azasinrhalderc?o @fe second
el ectrode pin 21 b is tightly fitted, whereby the second electrode pin 21 b
i s fixedluysegbtoumetnt the ngtiates @040 dhe d¥flatobhBas shawn iy FlGeldewi t h. The
i nsul ator 23, which is made of heat- and pressure-resistant glass, is
tightly fitted Qneofithéphir ddzdeddfode pinsofieneinatter atssachlled2thesirshs t o be
secured to the conductive header 22 concentrically therewth. The bridge
wire 24 idecwode pirgd2teeisnetachdtcstheormhdictive hedadepid2, add theattet he
conductive header 22; i.e., the bridge wire 24 is connected directly to the
second eldetirode pin (h&einafterralso cdlled the getand etedtiodet pia) @d¢brisde pin 21 a
via the conductive header 22. \Wen energized via the first and second
el ect r odatfached?2tbatherncbrizilictive hedder @2eviaithe irsulgtord3at esTHeadnductivieher eby
cause the explosive 25 to detonate. The expl osive 25, together

header 22 is formed of a conductive metal and has a cylindrical tube that

has a hole 22a along its center axis, and an annular stepped portion 22b on
its circumference.

The insulator 23 assumes the form of a cylindrical tube having an
axial insertion hole 23a in which the second electrode pin 21b is tightly fitted,
whereby the second electrode pin 21b is fixedly secured to the insulator 23
concentrically therewith. The insulator 23, which is made of heat- and
pressure-resistant glass, is tightly fitted in the hole 22a of the conductive
header 22 so as to be secured to the conductive header 22 concentrically
therewith.

The bridge wire 24 is connected between the second electrode pin
21b and the conductive header 22; i.e., the bridge wire 24 is connected
directly to the second electrode pin 21b, and indirectly to the first electrode
pin 21a via the conductive header 22. When energized via the first and
second electrode pins 21a and 21b, the bridge wire 24 generates heat to
thereby cause the explosive 25 to detonate. The explosive 25, together

with the bridge wire 24, is accommodated in a leak-proof state within the



with the bridge wire 24, is acconmodated in a |eak-prooh sgppifispkbijs" the S
22 SEPTEMBER 2006 inner capsule 26a, and the explosive 25 conmes in partial
contact with the bridge wire 24. The inner capsule 26a is forned of a thin
nmetal sheet and has a bottonmed tubul ar shape (a cup shape) whose bottom
wal | 26al is breakable upon detonation of the explosive 25. The open end of
the inner capsule 26a is fitted to the circunference of the conductive

header 2%@&%5;&@@6 962, jaPnAd é@%ﬁ% 2l ddm@@.ragamam Bontddhittihene! di ng or
ot her means. As shown on an enlarged scale in 3, the bottomwall 26al

of the i RfgecRfeWeL 26a is formed so as to have a cylindrical protrusion
whi ch pr o] ecqts outward fromthe bottomwall 26al and which has a corner

portion of SUbSI{h%nFn'n%'r'cﬁPsﬁl'egi%a A'RrRred ™ 4 1fH més §H@§gah hak@ 3, a

si dewal | (peri pheral 26a2 of the 1 nner capsule as a thlckness

t4; a f”ﬁ&n&ﬁ%&t’%lﬂﬁfﬁhag??é pssHaie) oostPbdndiial $Bas s BRI

conti nuous wt e Si ness t3;, a secon bOt t om

portion QIpl&rrL‘ et3nhliBA fahe &ﬁ%vMSPhW%Q{‘enﬁﬁ?ﬁé’%ﬁ jd in FIG 3)

fromthe ottom portioh so as to a peripheral wa portion of

the protr \Aﬁ é@&&é&k@hﬂ%&%@ofg@mﬁva&tm%d ré’%’%ﬁh‘?&ef] the bottom

wal | 26a portion ortion o r ot ryu5| on, has a
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from the bottom wall 26a1 and which has a corner portion of substantially
right angle.
Further, as shown in FIG. 3, a sidewal\l (peripheral wall) 26a2 of the
inner capsule 26a has a thickness t4; a first bottom portion of the bottom
wall 26a1, which portion is continuous with the sidewall 26a2, has a
thickness t3; a second bottom portion of the bottom wall 26a1, which portion
extends (downward in FIG. 3) from the first bottom portion so as to form a
peripheral wall portion of the protrusion, has a thickness t2; and a third wall
portion of the bottom wall 26a1, which portion forms an end wall portion of
the protrusion, has a thickness t1. These four thicknesses are determined
so as to satisfy a relation t4>t3>t2>t1. By virtue of this geometry, when the
explosive 25 is ignited for detonation, breakage of the inner capsule 26a
instantaneously starts from the end wall portion of the protrusion of the
bottom wall 26a1. In order that this breakage takes place reliably, a recess
A (see an imaginary line in FIG. 3) which serves to induce breakage of the
inner capsule 26a may be formed in a central portion of the end wall portion

on an outer side thereof; and a notch (incision) B (see an imaginary line in



A (see an imaginary line in FIG 3) which serves to i nduzsEPPERBERgE0cOT t he

I Aner capsule 26a nay be fornmed in a central portion of the end wall portion
on an outer side thereof; and a notch (incision) B (see an inmaginary line in
6 22 SEPTEMBER 2006 FIG 3) nmay be forned in each of the corners of the
bottomwal |l 26al on an inner side thereof. The internediate capsule 26b is
formed of a netal sheet thicker than the inner capsule 26a and has a

bot t orred kigh)anay bgdermadyotaanh eidhe carpers of thenkottarnavalbaéal encampsul e 26b
has an opening C facing the end wall portion of the protrusion of the inner
capsul e 2eaer Jigde Bpeeofend of the internediate capsule 26b is fitted to the
circunference of the conductive header 22 and fixedly joined therewith by
wel di ng or ot hefherdernediate capsde 2fipisuioemedofiametal strgt dhickectiart or med of
a thin resin sheet and has a bottoned tubul ar shape. The outer capsul e 26c¢c
i s fixedl thefinneedapsulelba and basfabetiecmedftubtiarishiapemedi bodorawalll e 26b. The
resin nold 27 is forned to integrally join the individual conponents; e.g.,
t he first26mtoftheinterm¢diate odpsyler@sbasanmperind C fabing thedernd wadl header
22, the insulator 23, and the capsules 26a, 26b, and 26c. The netallic

hol der 28portiohmfrthe prbtrasioet afl thelieeer capsule @6per atlesopen endtdfedheesi n hol der
29 to hold the initiator 20 of FIG 2 in the manner shown in FIG 1. The
resi n holiderniate dapsuel 26brisdijiedniol thergrcumferatere ofothecanretuctie i niti at or
20 assenbled to the netallic holder 28. As shown in FIG 1, the resin

hol der 2%headersz®ahd dictetlly joiveed traragith byt wglklife or otlidr hbans.meTakl i ¢ hol der
2(,8. In the thus-constructed initiator 20 of the present enbodi nent, the

outer capsule 26c¢ is an insulator cap formed of a thin resin sheet and has a
bottomed tubular shape. The outer capsule 26¢ is fixedly fitted to the
circumference of the intermediate capsule 26b. The resin mold 27 is
formed to integrally join the individual components; e.g., the first and second
electrode pins 21a and 21b, the conductive header 22, the insulator 23, and
the capsules 26a, 26b, and 26c¢.

The metallic holder 28 is formed of a metal sheet and, cooperates
with the resin holder 29 to hold the initiator 20 of FIG. 2 in the manner
shown in FIG. 1. The resin holder 29 is formed through molding in order to
cover the initiator 20 assembled to the metallic holder 28. As shown in FIG.
1, the resin holder 29 is assembled to the casing 11 together with the
metallic holder 28.

In the thus-constructed initiator 20 of the present embodjment, the
bottom wall 26a1 of the inner capsule 26a is formed so as to have a
protrusion projecting therefrom; the thickness of the end wall portion of the
protrusion is determined such that the end wall portion is the thinnest among
the wall portions of the inner capsule 26a; and the thicknesses of the wall

portions are set so as to increase gradually from the end wall portion of the



bottom wal |l 26al of the inner capsule 26a is fornmed so23SEREMBER2046
protrusion projecting therefrom the thickness of the end wall portion of
the protrusion is determ ned such that the end wall portion is the thinnest
anmong the wall portions of the inner capsule 26a; and the thicknesses of
the wall portions are set so as to increase gradually fromthe end wall
portion of the 7 22 SEPTEMBER 2006 protrusion toward the side wall 26a2 of

t he inner peprudien26ward trey siderwall 26hrofithe inxed eysite 28al S Trirefard, f or
detonati on, breakage of the inner capsule 26a can be concentrated in the

vi ci nity owhehethenskplasilve 25 isiignited fémeetopatdn Usiezikagerst thedn®epr opagati on
energy (pressure or flanepower) generated by detonation of the expl osive 25

propagat escapsae 264 eanléd caticeptiated if tied viowity; of the.end wadipbriibe cdake seal i ng
lid 12 in FIG 1). Further, because the flame propagati on energy generated

by detonap'rams:tun,ta@dﬂameapiop%lg%&io@\aéhé}quﬁrmré@rtﬂlam@mvmlI portion of
the protrusion of the inner capsule 26a, the magni tude of the flane

propagat i ogenertedby detoRation @f ehé expldSiesi2b IHrepagatediin @it infendad be
increased. Still further, the internediate and outer capsules 26b and 26c¢

are pl aceddpuefion (leEtwaraer e ¢ dPRHIEDgas @eaPiG it iy RIGapsul e assenbly
having a | ayered structure such that "an intended strength can be attained

reliably at a bOFhﬂﬁ‘er,VﬁédaL@@rth}eﬁlhrﬁétpﬂﬁ?é@&idﬁ eReAyYWGESAtEPbYI on of the

capsul e assenbly to the sidewall thereof. Therefore, progress of the

breakage f gefgridinoskerexiiosive @5 ¢anaedyUided % denahl wall bHRioredEtHee
assenbly can be restricte reliably. Consequently, in the initiator 20 of

the presenpr&tripaeh B Mhe i tdgsuld PeadtidHaghitubiBorene R Brataddidnged in
the inner capsule 26a is small, an

energy in the above-described intended direction can be increased. Still

further, the intermediate and outer capsules 26b and 26¢ are placed over

the inner capsule 26a to constitute a capsule assembly having a layered

structure such that an intended strength can be attained reliably at a bottom

wall portion extending from a broken portion of the capsule assembly to the
sidewall thereof. Therefore, progress of the breakage from the broken

portion toward the sidewall of the capsule assembly can be restricted

reliably.

Consequently, in the initiator 20 of the present embodiment, even if
the amount of the explosive 25 charged in the inner capsule 26a is small, an
intended magnitude of flame propagation energy can be attained in an
intended direction upon detonation of the explosive 25. Accordingly, the
initiator 20 can be assembied compactly while maintaining the proper
function (i.e., the function of breaking the gas sealing lid 12 in the inflator
10) of the initiator 20.

In the above-described embodiment, as shown in FIGS. 1 to 3, the

bottom wall 26a1 of the inner capsule 26a of the initiator 20 has a protrusion



i ntended magnitude of flame propagation energy can be abkapPedpkR 2643

I ntended direction upon detonation of the explosive 25. Accordingly, the
initiator 20 can be assenbl ed conpactly while naintaining the proper
function (i.e., the function of breaking the gas sealing lid 12 in the
inflator 10) of the initiator 20. In the above-descri bed enbodi nent, as
showmn in FIGS. 1 to 3, the bottomwall 26al of the inner capsule 26a of the

nitator gjédmdirBhPira'eear of the beRBHENERRBEA0C HEWRLER4dd from the

center of omwal | 26al. However, as schenmatically ’'shown in FIG 4,

the protrusipdmBfiCAIRLEhEWn fif FIGE 5‘? Hﬁpgﬁ&si&f?:ﬂg%%t@ﬂﬂg $orh ife ib{&'f'tt%@ecaps ul e

26a may be offset a“predeterm ne e“center o bott om
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capsul e 26a a thickness t4; a ortion om wal |
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t he protrusion, as a ckness tiI° ese Tour t cKknesses are erm ned
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third wall portion of the bottom wall 26a1, which portion forms an end wall
portion of the protrusion, has a thickness t1. These four thicknesses are
determined so as to satisfy a relation t4>13=t2>t1. Therefore, in the first
modification, the same operation and results as in the above-described
embodiment can be expected, and the direction (i.e., the intended direction)
of propagation of the flame propagation energy can be adjusted by
adjustably setting the above-described offset distance.

Further, in the above-described embodiment, as shown in FIGS. 1 to
3, the bottom wall 26a1 of the inner capsule 26a in the initiator 20 has a
protrusion projecting from the center of the bottom wall 26a1 so that
breakage of the inner capsule 26a is induced (i.e., initiated) at the central
portion of the bottom wall 26a1 upon detonation of the explosive 25 and thaf
progress of the breakage from the central portion toward the sidewall 26a2
is restricted. However, the initiator 20 may be constructed according to a
second, a third, or a fourth modification as schematically shown in FIG. 5,
FIGS. 6 to 8, or FIG. 9, respectively.

In the second modification of FIG. 5, a large-size recess A1 serving



3, the bottomwall 26al of the inner capsule 26a in th%ﬂs@ﬁﬁ:ﬁhﬁﬁzi& has a
protrusion projecting fromthe center of the bottomwall 26al so that
breakage of the inner capsule 26a is induced (i.e., initiated) at the
central portion of the bottomwall 26al upon detonation of the explosive 25
and that progress of the breakage fromthe central portion toward the
sidewal | 26a2 1is restricted. However, the initiator 20 nmay be constructed
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modi fi cati ?rqduce breakage is formed in a central portion of the bottom wall 26a1 of the
inner capsule 26a, and a plurality of concentric annular grooves (hereinafter
also called outer and inner annular grooves) S1 and S2 are formed around
the recess A. The outer annular groove S1 has a width w1 and a depth d1.
Meanwhile, the inner annular groove S2 has a width w2 (w2>w1) and a
depth d2 (d2>d1). By virtue of this geometry, in the present modification
as well, the strength increases gradually from the central portion of the
bottom wall 26a1 toward the peripheral portion thereof. Consequently, in
the present modification, as shown in FIG. 8, the bottom wall 26a1 of the
inner capsule 26a is broken gradually from the central portion of the bottom
wall 26a1 toward the sidewall 26a2 of the inner capsule 26a in response to
detonation of the explosive 25.

In the fourth modification of FIG. 9, a recess A serving to induce
breakage is formed in a central portion of the bottom wall 26a1 of the inner
capsule 26a, and a spiral groove S is formed in the bottom wall 26a1 around

the recess A. In the present modification, the spiral groove S gradually

decreases in both width and depth from the central portion of the bottom
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as well, the strength increases gradually fromthe cent i f the
bottomwall 26al toward the peripheral portion thereof .fzggﬁgg%hgg??o& in

the present nodification, as shown in FIG 8, the bottomwall 26al of the

i nner capsule 26a is broken gradually fromthe central portion of the bottom
wal | 26al toward the sidewal |l 26a2 of the inner capsule 26a in response to
detonation of the explosive 25. In the fourth nodification of FIG 9, a

. ! . . . | . £ th
ot t om viar 1V 28a] JobRRt o pariBAKAA Boliop HeFet aflufigfdrd, uldiedn®t ) 12
i he bott. A i.fl i on,
the. sSi ral “"5‘?"8%%%5ééﬁéﬁ@é’w’t%??@%ﬁ@éﬁ‘ﬁﬁbﬁtﬁebﬁiﬂﬁf SfraedP et L he

' 22 G .
e pher a1’ s Herfiherapdbhafkreh &s RriE ¥Bbe dspnnt mBERMARANE, L0 1

fromthe c ion of the bottomwall 26al toward the peripheral
portion chﬁé@)@?ag{s}ﬁ%h t he above-descri bed enbodi nent and nodifications. In

o S A
E:alei nlgol Ied ?@'oﬂegegng{(ﬂ&g '3'?, lj‘jt h;alllg)l ';io\zﬁvor -ho'P Pﬁg isr'.esaeh" | yenteido\r)\/i Pﬁya
casi ng. contrRrARLGhe @RS ih RvalBle A s Brep Bl Mo s8R
o adai o WG ShalE e e RReRTebh i Infrt R brefiife o Tthe
features ofi (RGPS B8 2GS FTRAGIHE tp& 8 iffRitb! (£8!, dhiator

equipped with a casing containing a gas generating agent which generates

gas upon combustion) or another type of apparatus (e.g., a seatbelt

pre-tensioner). In addition, in carrying out the present invention, two or

more of the features of the above-described embodiment and modifications

may be combined.
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may ‘be conbined. it 22 SEPTEMBER 2006 CLAIMS 1 An ini by 8EPrEMBEREd0gI Ng a
pair of electrodes integrated together via an insulator; a bridge wre
connected between the pair of electrodes and adapted to generate heat when
energi zed; and a bottomed tubular capsule acconmodating the bridge wire and
an expl osive which detonates in response to heat generation of the bridge
wre, wherein a recess is forned in a central portion of a bottomwall of

t he capsulCel. A hM Srecess i nduci ng breakage when the explosive is ignited for
detonation, and a plurality of concentric grooves are forned around the
recess in such a manner that an inner groove has a width and a depth
greater than those of an outer groove. 2. An initiator conprising a pair of
el ectrodes jntegrated togdminitiatoncampriséng atpair obelectrogesiintegraiednect ed
between the pair of electrodes and adapted to generate heat when energi zed,;
and a bot ttogetier vicoahdnsulapen lacdbridgsowireczannested between thevpair ofnd an

expl osi ve which detonates in response to heat generation of the bridge
wire, whereddectrades andssldapted do gederatecheatrwhen epergized; arid a boitarmed wal | of
the capsule, the recess inducing breakage when the explosive is ignited for
det onat i ontubala¢ capsale aetorgmundating therbrittge wirelarid an rexpiomive diich he spi ral
groove starts from the recess, and the spiral gradually decreases in width

and dept h dedgnaiésan respoase o heatrfenerdtion ofothvet brddgevireh evhevéinoan wal | . 12
recess is formed in a central portion of a bottom wall of the capstile, the
recess inducing breakage when the explosive is ignited for detonation, and
a plurality of concentric grooves are formed around the recess in such a

manner that an inner groove has a width and a depth greater than those of

an outer groove.

2. An initiator comprising a pair of electrodes integrated
together via an insulator; a bridge wire connected between the pair of
electrodes and adapted to generate heat when energized; and a bottomed
tubular capsule accommodating the bridge wire and an explosive which
detonates in response to heat generation of the bridge wire, wherein a
recess is formed in a central portion of a bottom wall of the capsule, the
recess inducing breakage when the explosive is ignited for detonation, and
a spiral grove is formed in such a manner that the spiral groove starts from
the recess, and the spiral gradually decreases in width and depth toward an

outer circumferential portion of the bottom wall.
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