9702- 96027 11 MAY 2005<l GAS GENERATOR AND METHOD OF ASSEMBLY '
CROSS- BEBERENEE TO RELATED APPLI CATI ON(S) The present appli cati{QVAY! 2008
the benefit of U S. Provisional Application 5 Serial No. 60/253,516 filed
on Novenber 28, 2000. FIELD OF THE I NVENTION I n general, the present

I nvention relates to a gas generator enployed in a vehicle occupant
protection system @Aa<aEn . 10 invention

relates to a gas generato ' —sh :
seat belt pretensioner, for exarrple BACKGRQJND Gas generat ors used in

seat belt pretensiopers are known as m cro gas 15 generators given the

relatively smal | er:8-RERERENGE T R A TED AP Pt ensi oner's

i ncl ude thoq—g at e 5, 397 075 and 5, 899, 399,

her ei n i ncor porat eéhgggl;’é‘f%tl%m&ba {f'leogb%f”g@ﬁél gt Frevigimmed AAppficatiirai n an
i ni% i aBerial Ho. mlzsatorsrfﬁgard;movgmqg 1oPpg| 5559 cup, and a propell ant
contained within the propellant cup n ‘nmany 0 mcro gas generators, the
propellant is provided in tablet formwherein the aggregate conbustion

surface area is substantially_higher_than in_[gas generants provided in
monol i t hi ¢ gas generating caé&%D—@ELT_‘lé&dﬂMMﬁ total surface area of the
propel | ant imgaRyralaghd optr m zed based on the burning
rate- o\;ﬁtége rgs pective gg‘ggeg’tetﬁé\r/gﬁl'géd' &P (PR 9as genprater Powtipyed rirgy
azi de ¢ conpoant poniechiaviesPerin sajissEach ] AN | n,tablet form
?] yen the relatively |ow burn rate of many azi d% fggrgg HEQ OJSF'??d?ﬁsen’Wth
ad%ﬁrt' %‘F 'FteazI@ e8rpasnenabers thaburaayerbe rtebmarllyehye@rtghggt,pgfét 4 ates

often ge@qyélrc | ower aggregate propellant surface area.
Ther ef or e, (ﬂl&c gélé )s(a'@é)n be formed that effectively reduce the

total propel I ant 30 surface area exposed to combustion. Sone pretensioner

desi gns may benefit froma relatively quick gas dunp
BACKGROUND

Gas generators used in seatbelt pretensioners are known as m|cro gas

15  generators grven the relatively smaller size of the gas generator, Exemplary
pretensioners rnclude those described in U.S. Patent Nos. 5,397,075 and
5,899,399, herein incorporated by reference.

- Micro gas generators generally contain an initiator, an initiator retainer, a
propellant cup, and a propellant contained within the propellant cup. In many

20  micro gas generators, ‘the propeliant is provided in tablet form wherein the

-' aggregate combustion surface area is substantially higher than in gas dgenerants
provided in monolithic gas generating casts, for example.

The total surface area of the propeliant in any gas generator is often

optimized based on the burning rate of the respectlve gas generant composition.

25 Hlstorrcally, many azide-based compositions have been satisfactorily provided in
tablet form given the relatively low burn rate of many azide- based compositions.
With the advent of non-azide composrtrons however, relatively higher burn rates
often require a relatnvely lower aggregate propellant surface area. Therefore,
monolithic casts can be formed that effectively reduce the total propellant

30 surface area exposed to combustion.

Some pretensioner designs may benefit from a relatively quick gas dump
or production. However, most designs benefit from a relatively steady gas

delivery such as produced by neutral burnmg surface shapes iike perforated
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or production. However, nost. designs benefit froma relatively steady gas
del'i vemyogisshoas produc{ed by neutral burning s.urfage shapes | if4aupgr seust ed
1 5702-96027 11 MAY 2005 cylindrical propellant grains. An exanple is a
typical state. of the art mcro gas generator (M35 containing a non-azide
fuel such as nitrocellul ose, which produces the tank curve shown in Fig.

6. Onecgiig@gdran ' he u f_.nitrocellylose is the excessive carbon
NDNOXi gg'lpr oducgﬂgm-l;epl)i\(‘I:;{rrl‘E g%%r’%%st ?‘g.'ngx%lelet & AatyRiealpsigte afathe athpusid ivass
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gr anul gjtg I tryded propellant grains such as tablets Ist
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of there;ﬂ‘-g"ﬁé'l"l’%ﬁ% bttt hiavie trietatpredy digh nb el patddr tHut 6 §flb@!}z el gtp b
~pr ev eb?%ﬁ?angé ent.i al drﬁwbgcks. , When fornmng a nol tthic prb él?ant
cast, the shape granyles.sogall tabletgeor small grsin pizequi val ent to the
propel | ant aupthdh ' l.osely confprmthe outer surface of the
propel | ant casltm toggitgéﬁ?@?ig gpgsﬁr gieqrgpuqufﬁdp?"oEE'!EI”a%tft!dgd propeliant
det r i n@@inE sychiiabcabietste thequtekeAtigl Abisy ok ' : ust i on syrface
ai ga. g%at ed anot her wag ‘any. portion of toﬁteth% ter,rrglﬂ%)c'?'lnslg Ll it the ast
that iR CHGISIORPILORCE RAMBHSEIAR hegive. ofhisunfayckaaf 16 RBe el 8P hurHihg
presemyrs W i I ge_area and.thereby skews the conbustion
profildrie;f))fa ﬂﬁ%ﬂgﬁ;@ Bﬁgﬁéﬁ% 108" of SBQUPS,Oﬁr | erefensiqnerf compuremns. t he
gas gdisteation ahdherprobellaheaRsihoney S.J,£Sg probable. .

e el o™ RroFERR B T iE $Rtustian wavld a

Addi t i onal I%/l it is well recognized that™ the
wel | - ArgeNhHeseopetasiiad dkavdraskst ency t hroughout the cast. Failure to 25

adequat el y \Rix .t vari ous enerant constituents into a honbgeneous
/ Whén Q?mlﬁg a mon%effsthi% propellant cast, the shape of the cast must be

15 _closely equivaient to the propellant cup. The failure to closely conform the outer
surface of the propellant cast to the interior surface of the -propellanf cuﬁ
detrimentally affects the predetermination of the total combustion surface area.
Stated another way, ‘any portion of th.e éxterior surface of the cast that is not
flush against the interior surface of the propellant cup presents additional

- 20  surface area and thereby skews the combustion-profile-of thé gaé generator. As
a result, predictable performancg of the gas generator and/or the pretensioner
becomes less probable.

Additionaﬁy, it is well recognized that the monolifhic cast must. have a
‘W.ell-mixed and homogensous consistency throughout the cast. Failure to

25 adequately mix the various gas generant constituents into a homogeneous
mixture_ may result in incomplete comb'ustion and/or inconsistent combustion
profiles relative to operatibn of a seatbelt pretensioner, for example. In essence,
an incomplete mix resuits in a heterogeneous mix of the fuel and oxidizer
thereby resulting in incomplete combustion systems in certain regions of the

30 solid propellant, One related concern is that - well-mixed hombgeneous
compositions require more labor intensive or more complicated processes. In
general, as the. manufacturing process becomes more complicated, the

production costs become substantially greater.
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m xture may result in (nconplete conmbusti on and/ or i nconsi stent conbusti on
profil gpod g654; ve to operation of a seatbelt pr et ehsi oner, f or{1emarweeos | n
essence, an inconplete mx results in a heterogeneous m x of the fuel and
oxi di zer thereby resulting in inconplete conmbustion systens in certain
regions of the 30 solid propellant, One related concern.is that well-m xed
honbgeneous -conpositions require nore |-abor intensive or nore conplicated
processes. In general, as the. manufacturing process becones nore
conplicated, the productigQNvgRERY BRC IRV E}ially greater. 2
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monol i t hi c ﬁrgﬂﬁegﬁaﬁtatoamnﬁihm at imendlithie -proBERARNESE: BERRESIR: abdve-
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27% lyy -ght & ~$d beone and. 73% b I ght of ammoni um perchlorate. The
present Yﬁiﬁt o1§gs @%ﬁu#@xp‘é’@f% y°%| Q\A%ov@téb gR%t g9eNeMANt achinpgsition.

gr anulAahetbnion @istehilofStel | shdd&aRe L ekn@ Nomogeneo

diﬁpersi,on of tﬁje oxiédi ze?%ﬁﬁoﬁg %‘?J?t%t ﬁ'égéﬁé%gﬁe_sﬁ&ngv %@e’,éa‘iﬁeby

o5& di Y&9i9Ns ofi he gxarepeBEans eopRpdsitiohS Wi priaiterred@oThbb SRR 'ﬁtgi L 998,t0

t wo hgﬁr%ggggndfi ng. on the r si% enployed. It is believed that e uncured
si |i cofe possesEeSM iU |Fe B8Nt Sifoo ¥ Y @ighhisof jammonism aedchlbrigef acThit at es
t he heregeiRgavent | ium rchlorate, or any other gas
genergnt consti?ﬁgﬁﬁﬁéogmae%%e%%ﬁb gg?ci% 3\5%%&5? SIBRYLRARINGL? diranuiased

syst eR¥IdizYT &y eintchesds isiliooorerdsuleomph eidthygEHESGs diS, toxidBlyal
m xi ng js mot required and processing i's t Rer ef ore13|ér?rgﬁ)?’f {:ﬁih‘é oxidizer
roughout the silicone. On average, the oxidizer is homogeneously suspended

15 within the silicone within one to two hours depending on the resin employed.
. It is believed that the uncured si!icone possesses dispersant properties as
it cures, and thus facilitates the hornogeneous dispersion of the ammonium
perchlorate, or any other gas generant constituent known to be used in vehicle
qccupant protection systems, before the silicone is completely cured. As a
. 20  result, actual mixing is not required and processing is therefore simplified.
| Furthermore, as the uncured silicone ‘begins to 'cure, it adheres to the interior
surface of the propellant cup theréby ensuring the outer surface of the cast
conforms exactly to the inner surface of the prdpellant cup in flush
communication therewith. Predetermined surface .area is thus ensured,
25 minimizing deviation in the average combustion profile. Furthermore, the
monolithic cast is better retained within the propellant cup once com‘bustion is
initiated.

BRIEF DESCRIPTON OF THE DRAWINGS

Figure 1 is a sectional elevation of a micro gas generator in accordance
30  with the present invention. |

Figure 2 is a sectional elevation of a micro gas generator of the present

invention after propellant combustion initiation.




Furthernore, as the uncured si I i cone begins to cure, it adheres to the

i nteri gpo2-8863Ace of tﬁ}e pr opel | ant cup t her eby en§ur| ng the autMAYS2005.Cce
of the cast conforms exactly to the inner surface. of the propel [ ant cup
in flush comunication therewith. Predeterm ned surface area is thus
ensured, 25 mnim zi ng deviation in the average conbustion profile.

Furtherm)re Lihic st is better retained within the propellant
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corrbusé Rr%sur ace .area. . The linear curve of the
rel ative ABficates enbanrged spntrod with esmopiet propelpgitl ant  Burn Rate
A" indi cat g556aha t wth.a nolded propelllant Figure 4 illustrates
a variety of ggeomralﬁ ??t(gg%l}r%(v@g?w ﬁgtgeroé'g‘ﬁl‘irfc Pirfpeayp el tesult/ir iaspleetiver n
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Figure 6 iilustrates a pressure over time curve of a typical state of the art

micro gas generator containing nitrocellulose.

15_ : | DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

" . As shown in the figures, a micro gés generator 10'includes a hohsing 12
| having an inner wall 14 and an outer wall 16, and a first end 18 and a second
20 end 20. The housing 12 contains an injtiator 22 within the first end 18 for
igniting a gas generant compos:tlon described below. An |nma1:or retalner 24 js
formed within the first end 18 and provides structural support for the initiator
22, A propellant cup 25 is defined by the inner wall 14 within the second end
20. A monohth:c propeliant grain or monolithic gas generant composition 26 is

25  contained within the propellant cup 25 and ignitably communicates with the
initiator 22, The propellant 26 is cast inside the propellant cup 25 {as described
below) thereby forming a monolithic grain with a predetermined geometry. The
gas generant composition 26 contains silicone, preferably at 15-30% weight
percent, and at least one oxidizer at 70-85% by weight,

30 The surface area 28 of the propellant 26 can be tailored based on the
respective burn rate using molding techniques well known in the art. The grain
geometry contro!s the burn surface area and therefore the gas generation and

burning rates of the gas generant composition. in one embodiment, the burn
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As shown in the figures, a mcro gas generator 10 includes a housing 12
havi ng5aaz_i9@ag§ wal | 14‘ and an outer wall 16, and & first end 1M3MAY2005
second 20 end 20. The housing 12 contains an initiator 22 within the
first-end 18 for igniting a gas generant conposition described bel ow. An
initiator retainer 24 is formed within the first end 18 and provi des

struct ry for. the initiator. 22. A propellant cup 25 is defined by
the i nﬁ{éﬁgﬁg%\?%&é W’Ph?’ﬁ& fRNgepd Hyri@gdcombustionn tigrieblyi mropiuepg) kant grai n

or nonsteddy suglilg creges.an 0SjiLi Q) is, 25 contained within the
pr opel | ant c_upﬂgz and igmhte;@fm;e' @5%9%\(§%@|qu %Otaﬁ’é’o”?rﬁpﬁﬁtﬁ 8r 22. The

pr opel egiessigeiar pragressise dert hataoagﬁaeﬁdr%mforpepcag d&?@iescr i bed bel ow)
e

thereby forging a nmonolithic grain with a predetermned geonetry. The gas
R¥oz

generant co At 96 tee Rrapeiansi huroomte apdegraimisuyfaat #5236 ¥airghl

pesc entangansk I.dizer at , 70-85% by wei ght, 30 The surface ar ea
28 of tr?g@ pro%g? :ggﬁ't% Paztg&ﬁg%égg&aﬁhﬁp(ﬁc&e 8% SHRWMEN FigsspeBaveraburn rate

usi ng moeldichghapeh ekhitetngalitfeldiRitdd sty c%r %rea;(gggaq gg%@’r aﬁsg)igt h%/ﬁ

contrqls the burn surface area and theretor he GHat In
bur ni Y™ Areduge differantsgasaenenationorgtes iate ehov&rﬂirﬂﬁﬁ;.%‘.ﬂﬁé%@% of g€ burn
4 6702prgﬁg)r%z %“_Mé\(t 00:-5 qurface %ga 1s relatively constant during ,
conbustion, thereby proTrEAG SUBteadgcilitates theffogumtioThef buwaniouat e nay be
tai | orsenifdoe aceosmaykad e a regressive or progressive burn rate as a -
: f‘ﬁaction of cup design. By variation of the propellant burn rate-and grain
stYf ace ar d8 #@ordancoavith She angsernf ingantiBAN gadiddierhft Séngﬁpﬂﬁ’%%arﬂ%hi oo
fere

as shqun J 10.. 3. Several nolded shapes exhibi.ting di tial
surfag}qugrreggﬁggﬁfc’t% MICURF 28Cetamitcampositionsgnolideesilitbie ey gas

gener #iklgFingal 8% 125-8 ' | . Insertion of a p reform30 into the
propel | adrgt cup 25 fa?@%%@gﬁkgf F@? PR Ferapt gompgsiien. Aigraneladeca
shape&Xidigern, praterabliaanenvhiufn pRecHbAKENs | 1O, 78 ner ant :
const rhuent s of the present pyrotechnic Sgggwgg%el%;n%@mg‘%\ff"f%%t fcl ude
si | i c&@ 958 gpnerant composition. “Alternatively, other oxidizers such as potassium

15  perchlorate may be employed.

When assembling the gas generator 10 described above, uncured curable
silicone is first added to the propellant cup or a combustion container 24, -
Granulated oxidizer, and any other desired gas generant constituent known and
accepted for use in vehicle occupant protection systems, is then simply added or

20  sprinkled over the top of the uncured silicone. The uncured silicone then
adsorbs the granular solid ingredients during the curing process. Next, th;a
silicone/gas generant constituent(s) combination is cured at ambient
temperatgre, or at elevated temperatures if desired. The cure can be completed
in seconds to days or longer if desired. One skilled in Athe art will appreciate that

25 curingis a function of temperature as well as the type of silicone

- er resin, and
curative inhibitors normally included in off-the-shelf silicones. As the Qas-
generant composition 26 cures, it adheres to the inner wall 14 of the housing
12, thereby establishing flush communication with the wall 14 and ensuring
control of the total combustible surface area during combustion éf propellant 26,

30 It will be appreciated that optimizing the particle size of the granulated

gas generant constituents relative to the viscosity of a given silicone wili vary

the mixing rate as desired. Furthermore, the cure time and viscosity can be




fuel /binder at 15-30% bg/ wei ght of the gas gener ant{ conposition. A

gr anul %‘589— ﬁ jﬁdi zer, preferably amoni um perchlorate, is proviidadya2005
70- 85% by we g t of the gas generant conposition. Alternatively, other

oxi di zers such as potassium 15 perchlorate may be enpl oyed. Wen ‘
assenbling the gas generator 10 descri bed above, uncured curable -silicone
is fi rit. 'adged to the propellant cup or a conbustion container 24.

G anul Aelage LPRLAMGRta Karioeararticls siads gad designandllisenst i t uent known
and agﬁgﬁg&gﬁg@% use in vehicle occupant protection systens, is then

si nply added or SO sprinkled over the top of the uncured silicone. The
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i s cur BENEEdLAStHt Pyrosaphniatroatsrialr Inis bblwvd e thaeaReEAAHIProbbris it ed- -
The cug SR Rg a%?rq)ﬂl eted in.seconds to days or |onger if desired. e _
skilled 1R the art W N pridise & gasgepsrantreonstitsent taprovide ohiform

t enperaixing thery®) }e@tiﬁagg?fﬁgﬁﬁeﬁiﬁhgg%. resin, and curative

inhirbitors normally inclU In o P8 i cones. As the gas ‘

gener ant coRfiseneiisdetidieduaeanyidf addrgeasroi® 6 8ilbLHHeY aﬂ}ﬁﬁr}ﬁ?r%gbév%c{ Qﬁf and

housi n% u&z thereb%/_| establ i shing flush comruni cation
ensur i NHHCEEHGBIINiING 9é qltarppte silisost and eoxygaraacomsenith Mafigus OgmRiapid on

of propeldatordBmcs \j rieciated. that optinizing the particle
siﬂz)e 3{ t he tgr am?lcatggéF g@é"é%%ﬁ@?ﬁﬁg 80%?t?'¥"ifé’ht fadgals inplude hurears sobsity
of Va dimiged iyl theogroup Idclvding meke/ MndiRexy & si ed, ..Eurt hernore, the
cure%ﬁi{'gpd vi scosity can ge 5“?702- 960>20g' %:ﬁid%ﬁq ;Oogoﬁdéﬁnﬁg?gﬁ'@@"e
acco PaP®EXaWe. cl e sizes and design ballistic characteristics.
After curi requl ting solid nmass functions as a honogeneously

bl ended ca?‘%#%‘;}r %ﬁ'&?ﬁﬁi casrrﬁ?ﬁ‘g ingrein| will bepundersterd fmitsdgsmaric aphse.

pr operHawkeyotiebeilithes Shlldor@NEordaho SRR oxjdizer or gas generant
‘constituent to provide uni fgorrr% -?ngm nge§ %r %@? %’ésﬂ:ll?ﬁgﬁggf%"%oﬁ'@@f@ous
adni xtAgdeners based on a structure consisting of alternate silicon and oxygen atoms

15 with various organic radicals attached to the silicon:

CH, - CH, CH,

l o I
~O8i~[~0~--8i——] ~—0Si—

. 20 | | l
CH, ‘CH, CH,
Formula I:  Silicone Example
25  Or, silicone can be more generically represented as shown in Formula 2:
CxH2x+1 CxH;?_x+1 CxH2x+1
| l |
- —08i—~[—0~--Si—~] ——08j—
30 | I |
CxH2x+1 CxH2x+1 - CxH2x+1

Formula 2:  Silicone Example




Si licone is defined as(any of a |arge group of .S|I@fxane pol ymers based on a
-Slsltlrﬁgg;géa gﬁi sting of gl ternate silicon and oxygen atons w1ﬂH§ﬂM%@nﬂsl
organi c I‘-g.él cal's (or functional groups) attached to the silicon: Radica Sd
include, but are not 10 linmted by the group including net hyl",' et hoxy',' an
ami no. Polydi methyl sil oxane (PDVB) is one exanple. The term"sili _cgne as
used hﬁrg n.wl1 _,be_undeystood inits &_enerl C -sense. _!—lava ey describes .
silicong ‘%’or'.ba e EQ%H&BS&W&W% multiple of she e lwhesicl groapeor p@r![tmr;lébsw
based Bie Mot diieh WRRNSIHG Gralcefll 'R RN BicSlnd S0 A0%, CXYDEN, 2L Ons,

W th various organicralcasaﬁacé t . -CHE I
- OSi - 1the silicorsi --In--0Si 20 1 1 1 CH3 CH3 CH3 Fornula 1. Silicone Exanple

i , ; _ L 5
Si e can be nore generically represented as shown in Formul a
é?(Hg(;lslcl. :—lgonj éx#mplqrv- @'@'ic%me@ includsi -thoge - ABcl@@dl il U.SOR&REmt GEERX+1 .

' Ria4Sh i : . MAY, 2005__ ~702- 96027 Note, "n" in
tC ﬁgzégé'r?\%yz’igb?gd%bsaﬁég h%?%ﬁ€1%@§§#h¢3%| W&EQH@W& Oplfoﬁ@loYi':ﬂ:Eﬁ hte ge
mol ecuCOMPOENDS tAND @mmEpzbeﬁ\ﬁATEﬁlAlp@,' gl r’iﬁ&eﬂﬁ&&[{gg @?%R%c@gt .
to the silicon. Exenplary silicones include those di'sc ed i LS en
NosS. 'geqt',@@wi%ﬂf,ﬁs, 4 89M 4eactandisenod, HRP dozneheritn hg@mn@g@grg@ﬁgywm

(IJVP(IHFI% ENERGETI C MATERI ALS, Fr aunhof er-Institut fur Chem sche
Techno ogF@y%)'l CT), 1990, each reference and docunent hereln i ncor porated by

GE RTV615 identifies the proprietary name of a siiicone‘ _

10 manufactured byr General Electric, found to be useful in the present invention.

The main constituents in the two-part silicohe. include vinylpol\ydimethylsionane
at about 60-80 wt.%rand vinyl-containing resin at about 10-30 wt.%. RTV6B15
will cure completely at ambient temperature in about 6-7 days (but sufficiently
in 24 hours); The application of heat substantially quickens the cure rate so that

.15 at 65C the cure rate is about 4 hours aﬁd at 150C the cure rate is about 15
minutes. Thla viscosity of uncured RTV8615 at room temperature approximates
4000-7000 centipoise. In general, silicone used in the present invention -may
have a viscosity of 40-10,000 centipoise if desired, so long as the silicone is
flowable or behaves as a fluid in the ménufactu_ring environment,

- 20 ' If an autoignition material (AIM) is required, a piece of preformed 7
autoignition material 36 can be insert- molded against the propeliant cup wall 14,
providing intimate thermal contact with the environment. See Fig. 5.

“in situ blending” of the gas generant constituents within the propellant

cup 25 obviates the need for a separate mixing or biending step in the

25  manufacture of the gas generant composition. As such, no separate mixing
facility .or propellant manufactﬁrihg facility is required in the manufacturing _
process. The process thus becomes inherently less expensive, safer, and less
time consuh‘ning. Furthermore, the shipping requirements of hazardous
substances as prescribed by the Department of Transportatidn (D.O.T.) are

30 substantially relaxed. The gas generant constituents used in the present
invention are in and of themselves not determined to be “hazardous” as defined

by D.O.T. regulations. In general, the impact sensitivities or friction sensitivities




ref erence. GE RTV615 i(?entifies the proprietary nape of a silicone 10
manuf asfo}&%r edoﬂt%y General--El ectric, found to be useftl in the prsMXY 2005

i nvent 989%{e main constituents in the two- part silicone include

vi nyl pol ydi net hyl si | oxane at about 60-80 w. % and vinyl-containing resin
at about 10-30 wt.% RTV61 5 w Il cure conpletely at anbient tenperature
in about 6-7 days (but sufficiently ‘in 24 hours). The application of heat
subst a‘%t‘i"@l 935 genetaHscansditoents phtke smesdrrertinﬂzénﬁbn%ﬁpmao%teprééé gis
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about , 1 50C the cure rate is about 15 m nutes.
Vi scossl{ltb%(e%éﬁﬂﬁg%agé‘ RTV615 at roomtenperature approxi mates 4000-7000

centi poi se.The seReL elsrhbi &0 ‘ | r nt_invention ma have a
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[ f

augoi gnition rial (AIM is required, a piece of preforne autoi gnition
nal er ?&;&Jgg r%t}‘%t ﬁ\é r?#s’éF‘Fe'nﬁ'led’éﬁt%@&iotﬁ‘@i apHeearopifyl thet usepf\wicro ks

provi Giengratdrs WS ith the,environnent. See Fig. 5. "In

si tu (l%eengli ng‘#q’gI ﬁ'tnhge@dgggltg@%gérgsﬁl{m%pgn&?t‘ﬁ’é‘h‘f§ QAGURERT PRRtesFtisel | ant  cup
25 obwyaters. tnegeresd], fthie sresenf e tiHntis'Eo y. 0 the 25

~ manuf act Fre .of the gas generant conposi tSi on%@lggﬁ?gr%@%g?%%% m Xi ng

faci | PPPIGALIGN splativirio mamyf ek the tay demeratiory in sheeqtii red in the
manufact urig, ss thus becones inherently | ess expensive,
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released through propeliant cup petals 34 to activate the aésociated device, a
15 pretensioner for example. '
In sum, the invention can be characterized aé a gas genera.tof
incorporaﬁng a monolithic gas generant composition containing silicoﬁe.and at
feast one gas generant constituent resulting in a complete combustion system
whereby the monolithic propellant is formed within the propellant cup 25. As
20  such, the surface area is controlled and other benefits such as elimination of
ingidehtai noise due_e fo loose propellant tablets, for example, are provided. | in
éssence, by controlling the combu-stion surface area one can control the delivery
rate of combustion gases to improve the performance of individual pretensioner
drive designs. Finally, the present invention provides a simplified way of
25' manufacturing a gas generator that is self-sufficient to activate any device -

connected thereto. -

While specific embodiments have been described in detail, those of
ordinary skill in the art will. appreciate that various modifications and alternatives
to those details could be developed in light of the overall teachings of the

30 disclosure. For exampie, although ammonium perc.hlorate'.is a preferred oxidizer
due to its gas generating abi}fty and its propensity to be adsorbed in silicone,
other gas generant constituents including fuels and/or oxidizers known for their

use in vehicle occupant protection systems could also be “sprinkled” over the

8




substantial hazard. Thg structural elenments of thet/m cro gas generator are
manuf agg(g!_s means'-known in the art. U S. Patent Nos. 5, 3971, MAY 2005

5, 899, ein 5 incorporated by reference, are instructional and
exenplify the use of mcro gas generators within seatbelt pretensioners of
a vehicle occupant protection system In general, the present invention is
conterrﬁl at e havi ng _broad_  application relative to nmany of the gas

gener at &T¥efn Wé’“z%'t Th‘?sépé’?%{t‘ﬂénbut herei mCttl ditdtec2td Sthactgasatthdpynd

si gnal g 10 b 8 c or (not shown) for exanple. As
shown ?é\r%gﬁhghgs ﬂﬁ% &fl 8 oFOy Z‘g qtﬁﬂ{té@ 't Hy @67t hitterein

pr opel}hantpcgamm BY. réferéhee)gr ai cgeases the press
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end 20€H1%BAlESa Eiazalewr andt matsl rarsiemomnet@assam tth@ﬂaofr eérw&?d ommg&h
pr 9p3|ée€f‘éﬁte u roqﬁtgjés 34 to activate the associated devi ce,
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a conpl et e KeEdrdHhGION pal it hi,c ro ellant is forned
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and otlllka*traie\mbni\s as:dcrhlo‘abrréd:mgna@aitd thile @Eopk N ﬁfé‘ﬁﬁlen@@nsq,v e 1 g)%se
~ propel J.ant f_l Lﬁti’f’ r exanple, are provided. In essence,: by con M'i ng
the c&M¥est %Péaaruh@!ajams ydhichobre derigablevérom fHad de@bription
cpmbu formance of individual pretensioner
dri veﬁgﬂpgﬁgaﬁ?%gpp ?ﬁg"’%reé‘égﬁ[‘ ention provides a sinplified way .of
25 manufacturing a gas generator -that is self-sufficient to activate any
device connected thereto. Wile specific enbodi nents have been descri bed
in detail, those of ordinary skill in the art will appreciate that various
nodi fications and alternatives to those details could be developed in
| ight of the overall teachings of the 30 disclosure. For exanple, although
ammoni um perchlorate is a preferred oxidizer




due to its gas generating ability and its propensity to be adsorbed in

sili Cogfoz- %zhler gas génerant constituents includifig fuels and1MAY RS ers
known for % €i'r wuse in vehicle occupant protection systens could al so be
"sprinkled" over the 8 I | MAY 2005 5702-96027 uncured silicone. These
i-nclude but are not limted to the gas generant constituents disclosed in
co-owned U.S. Patent No. 5,035,757 (herein incorporated by reference).
Therefore, fuels selected fromtheWg 8lginuf tetrazoles, triazoles, and
metal and nonnetal salts thereof, and/or, oxidizers 5 selected fromthe
group consisting of nmetal and nonnetal nitrates,' nitrites, perchlorates,
- and ch1 orates exenplif as generant constituents contenpl ated.

Accor dl ngl yiﬁqa}%eg ?@tgbg%fru%ﬁrﬁbéi‘fﬁi’ﬂ@@ QR agland gurobectéim sgsmeant to be
i T ustdgpMgingl Y and not limting as to the scope of the invention, which
is to be givén the full breadth of any clains which are derivable fromthe
deBcrigphbg aln, ivalents thereof 9 5 702-96027
o hodgng cbrtairfthg alﬁﬁ"cj‘-g%galag'ﬁgar Spbo il o2 # ipnesivell @rst edpant
prot ecti on aytst evall;conprising: 5 a housing containing a first end and a
second end, and an inner wall and an outer wall; propellant cup defined

by anc® miapsliant keepi defmedvalyl ard witinsbeoRdee kDbt $5d QecBRa'l ln'?lgt?f said
an

nonol i t hi c ,gas.generant conposition formed within the prope cup and in
JTHHITE

- 10 flush ¢ @ation with the inner wall, wherein said gas gener ant
‘conposj nprises silicone -and an oxidizer; and an initiator fixed

i on,.ca 1d , er
wi t hi if é’a%“&’*'ﬁ?'i’sqaseﬂa“%fﬁ@tiC@W@%Fiyncf@mﬁdi withimgheiprbpslidrt cup and in
10 flush communication with the inner wall, wherein said gas generant

composition comprises silicone and an oxidizer: and

an initiator fixed within said first end and ignitably communicating with said

monolithic gas generant composition for combustion thereof.

15 2. The gas generator of claim 1 wherein said monolithic gas generant
composition comprises 15-30% by weigﬁt of silicone and 70-85% by weight of
ammonium perchlorate. |

3. The gas generator of claim 1 wherein said monolithic gas generant
20 composition comprises 15-30% by weight of silicone and 70-85% by weight of
potassium perchlorate, |

4, The gas generator of claim 1 further comprising an autoignition material

molded between the inner wall and the monolithic gas generant composition.

25
B. The gas generator of claim 1 wherein said gas generant composition
comprises silicone, an oxidizer, and a fuel, said silicone comprising 15-30% by
weight and said oxidizer comprising 70-85% by weight.

30 6. A gas generator for use in a vehicle occupant protection system

comprising:

10




nonol i thi ¢ gas generanf conposition for conbustion thereof. 15 2. The gas
ge’neraé% %30 claim1l wherein said nonolithic gas generant corfldllAiY 2005
conpri 29492900, by wei ght of silicone and 70-85% by wei ght of ammoni um
perchlorate. 3. The gas generator of claim1l wherein said nonolithic gas
generant 20 conposition conprises 15-30% by wei ght of silicone and 70-85%
by wei ght of ot assium perchlorate. 4. The gas generator of claim1l

f ur t heé? eURPE SPHG HRIAfibsigend ieod anseeondlendneindean eteveenlitdirl maner wal |
and the nongli.tRi gy.9as generant conposition. 25 5, The gas generator of
claim 1 wherelin sai’'d gas generant conposition conprises silicone, an

oxi di zehrorstng el.ssalg silicone conprising 15-30% by weight and said
oxi di ze? cp’omrrprn ?sc{u:?gasgﬁgt%&ybéﬁ%%g’wp.t??om@farK‘gﬂégt JesepapBd anek ofisaid n a
vehi cl e ocdupsimg)pr ot ecti on system conprising: 10 11 MAY 2005 5702-96027 -
housi ng containing a first end and a second end, and an inner wall and an

ouber analdnolitiicaged fantrauataposiednbioraid Wit Ahb Qﬁoh@ﬁ@rﬁt E‘@é :a[nl%f)int he

second end of said housing; 5 a nmonolithic gas generaht conp n formed
within the f&%b‘é?%ﬂvn@aﬁoanwthnthernn@sn vealhrwhioginisaid Wakhgérwahaner wal |

Si'11 cone. ars AaaeHBRSE ARy GE IR 7R S einof Giicsma a7 Mbevar 394 11 at or

fixed withipy aaighf bf SinABAIH herBfforatd; YorkoMmuN! cat1ng with said 10
nmonol i t hi ¢ gas generant conposition for conbustion thereof. 7. A-gas

gener ahdnitfator dixedi Withiy @8id HestaStd BABLgRR ALRCL AR SYREBRY with said

1‘0 ' monolithic gas generant composition for combustion thereof. -
7. A gas generator for use in a vehicle occupant protection system
comprising:

a housing containing a first end and a second end, and an inner wall and an

15 outer wall;

a propellant cup defined by and within the inner wall at the second end of said
housing; '
a monolithic gas generant composition formed within the propellant cup and in
flush communication with the inner wall, wherein said gas generant
20 composition comprises 15-30% by weight of silicone and 70-85% by

weight of an oxidizer; and

an initiator fixed within said first end and ignitably communicating with said

monolithic gas generant composition for combustion thereof,

25 8. The gas generator of claim 7 wherein said oxidizer is selected from the
the group of metal and nonmetal nitrates, nitrites, perchlorates, chiorates, and

mixtures thereof.

9. A method of assembling a gas generator for a vehicle occupant protection

30 | system wherein the gas generator has a propellant cup, the method comprising

the steps of:

11




conpri lé&g 63 housing containing a first end and a second end, and an inner
wal | a R892% outer al |; a propel lant cup defingd by and witlhMAYt 2005
inner wall at the second end of said housing; a nonolithic gas generant
conposition formed within the propellant cup and in flush comunication
with the inner wall, wherein said gas generant 20 conposition conprises

15- 30% by WESERINGUNGUred silisonrdnd i8S wroyellamt @i tioérean &thBidfhg #nd. an
‘initiator fixed ygatstei':hs'ai first ePd and ignitably communicating™  th said

monol i thic gas generant tUMpERPIGHRT e sHisMPgsti on thereof. 25 8. The gas

. generator ofnsliai in said oxidizer is selected fromthe the. group
- of netal an%PHrF{J'olﬁfr'r.\Iagt é[émr}ﬁ%t%gt% ',%’Zr‘ﬁr tOr‘ﬁefé"é? Fdeent snasesfacerarenafethe and

m xtures thereof siliBoné toaidBinel tHass NGl enerator for a vehicle
ocgupant protection 30 system wher eﬁ%m{eﬁgggg%ggéﬁgr&eoqmﬁ’%ﬂt&dpr opel | ant

“cup, the method e¥@arsand the steps of : 5702-96027 11 MAY 2005 inserting
-uncured silicone | into the propellant cup thereby establishing at |east
one surfacePHPehthe silisengi ¢drobined with thd atipagt and ga€dcAxi4litzer over the
at | east one sur&gg it reg of 15_Ihe silicone to conmbine the uncured silicone
and the granul ate ePhADd theteky forming @ meorelithiv ges gemerared with the at

| east one gas gefsnabkit j: e f.ormng a npnolithic gas -
generant composi ti gﬁgﬁﬁ?ﬁﬂi"ﬁmgﬁ%%gggﬁﬁé@% FII?I'SH ?fgﬁ”&mmﬁ%ambn with
an inner wall ofan lhgrrwpkldfahe propelld®: cdpe nethod of claim9 further
. copprising the step of inserting a preform into the propellant cup for

' ifying the surface area prior to the curing step. ' ‘ .

10.  The method of claim 9 further comprising the step of inserting a preform-

into the propellant cup for modifying the surface area prior to the curing stép.

11.  The method of claim 9 wherein the curing step is conducted at ambient

15  temperature for at least twenty-four hours.

12. The method of claim 9 wherein the curing step is conducted at 65°C for

about four hours.

20 13. The method of claim 9 wherein the curing step is conducted at 150°C for

about fifteen minutes.

14. The method of claim 9 further comprising the step of adding a granulated
- fuel to the at least one surface area. o '
25
15.  The method of ciaim 9 wherein the monolithic gas generant composition

comprises 15-30% by weight silicone and 70-85% by weight of ammonium
perchlorate.

30 16.. A gas generator assembled by the method of claim 9.

12




11. The nmethod of claim9 wherein the curing step is conducted at anbient
15" tenparalare, for at{ 1 east twenty-four hours. 12. The net hod1dfiAY 2008 9
wherein the curing step is conducted at 651C for ‘about four hours: 20 13.
The method of claim9 wherein the curing step is conducted at 1 500C for
about fifteen mnutes. 14. The nethod of claim9 further conprising the
step of adding a gr to the at | east one surface area. 25 15.
" The met hod of cl ai FFE= L METIHQD BHEMBLLY conposi tion
conprises 15-30% by wei ght sili cone and 70- 85% by wei ght of anmmoni um :
perchlorate. 30 16. A gas generator assenbled by the nethod of claim9. 12
11 MAY 2005 5702-96027 GAS @WD METHOD OF ASSEMBLY ABSTRACT
Assenbly of a gas generator f he step.of adding uncured 5

I t | at ed di th dded th
top of t herSfthBRRLt Aad i B neissahen st o o m?&@é‘w%tﬁéer_ ’
s1 i caioce ungstopblait Gb s, R.GASTNARb Al Bodly astruall 14 of

y be

the propellant cup 25. Oher granul ate gas generant CONSt’

added Ojsﬂ"\ﬁ/e?'l'cow gad aligoved 4o @snﬁsasthermhedAfﬂ&rmms R SificORO VS @g§ec§ror e
pr ed| 5203'0 n rates of .a 10 gener ant conposition 26 and therefore

nore pr HSBMWI'R?&'%T Heangpaeguall ¢! e prgeliant cup 25,

- Other granulated gas generant constituents may be added as well. A gas

- generator 10 assembled in this manner provides more predictable burn ratés-of a
10 gas generant composition 26 and therefore more predictable performance of the

gas generator 10.
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