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 —Os =
seat belt pretensioner, for exanple BACKGROUND Gas generators 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 thoeg 5, 397 075 and 5, 899, 399,

at e
her ei n i ncor por‘at eéhgggl’é‘f%tl%m&ba {f'leogb%f”g@ﬁel gt Frevigimmed AAppficatiirai n an
i ni&t i aBerial Wo. laﬁ)lzsal,@lsrfﬁéald?ﬂqov@mq)er ropel 5665) 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 jmganyralaghd opt| m zed based on the burning
rate- of. the rgspectw gg‘ggeg’tetﬁé\r/gﬁl'géd' &P (PR 9as genprater Powtipyed rirgy

azi de-Vri¥ele conppant protechiavesperin sapiss OLi i n,tablet form
yen the relatively |ow burnsrate of na%@&'gz:éd%y fggrgg HEQ OJSF'?? dHssentyt h
?1 ad%ﬁrt' %‘F 'FteazI@ e8rpasnenabers thaburaayerbe ﬁebmallvehye@lﬁhggt,pgfét 4 ates

often ge@qyélrc | ower aggregate propellant surface area.
Ther ef or e, (ﬂl&c gélé ’éa%l be formed that effectively reduce the

total propel I ant 30 surface area exposed to conbustion. Some pretensioner
desi gns may benefit froma relatively quick gas dunp or production.
However, nost designs benefit frBACKGROBMNDely steady gas delivery such

as produceds:, ral burning surface shapes |ike perforated 1
P cbgél dé%%l’af%rs bged M seatbelt pretegswners arre)a known as m|cro gas

15  generators grven the relatively smaller size of the gas generator, Exemplary

pretensioners mclude 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 Hlstor:cally, 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 relatrvely 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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5702- 96027 11 MAY 2005 cylindrical propellant grains. An exanple is a

typi cals7ebatsez70f the drt mcro gas generator. (I\/G@)‘ cont ai ni A9 MAYoromzi de
fuel such as nitrocellul ose, which produces the tank curve shown in Fig.

6. One disadvantage with the use of nitrocellulose is the excessive carbon
nmonoxi de produced upon conbustion. 5 Alternative propellant conpositions

I mpr ovevylinghcin d ability..requirenents, but have relatively
hi gh .buxn r at esﬁﬁfgik’g?%ﬁ@?r -cg\t“ gx?'ﬁ’ﬁ?(%i'% 4 hePtcglsetage ofntha ar emiotegas
snal | gabpeater vVIGGialdongaininy sa Zﬁenérggatéﬂefrueprg,_lpéﬁn%]gvi hilded hﬁgrse O]:’Y:l'l'i'Eh

granul at eccii or small extruded propellant grains such as 'O (0] 1= e
pot ent PRRAYGESH3e tgnk; piarvisy saewehii Eigmber iCe idisadvditagd OwiiH 1S SL AN QK

once CRFsd) I 0S, is may |lead to the rel ease of burning propellant
fromthe pr el%ugcglhselbggeﬂ%ore%&s Rivfg CBF:quemBF‘B?‘Q‘Psimﬁdﬂce@mpmncsmbuﬁelo@nt i on

of & heApeopativanbrodeliahn & i.ng, compustion would
~prevent these ggtdgnt i al d@m%gg@é ?ngggf gﬁ%ngh% ﬁfﬂ"ltt @nd sitabiity ant
cast, RIGmMPSsetbuthbavaselatiaty Hdgh 15umG) ey IRAULMAIRRE LR, §88ibit +

pr opel '@éﬂbf%}’rﬁ’ 1l The failure to closely conformthe outer surface gf t?%e
propel Tant cast $EnYles sipallitableds: premali gnaire sipsopel | ant cup

detri nent al hw rimnation pf the total conbustion surface
area. Stat edqgi%fﬁgf°'§/§§,‘“ngﬁ3ﬁ%§¥%§ %Pnf'%éegx?reﬁmﬁ” exiruded wopelentast

t hat igrafii sueh ashtabigtisris tthehmoteRtiar f€s F @ ' el | ant cu
pjgsents, additional 20 surfarc}? ar e_la andaﬁgﬁggs F?k“e’%sﬁ}rﬁé?ﬁ%ﬁ%ﬁét"i’@na‘e _
pr of i R EBNY R Q8CE SRINBHBHON Aeginsr eBhist may Bdidctahhe feesdear BRMfnfRig t he

gas g (o] t.ensi ane hecones | ess probabl e.
Addi tiqgﬁgiglnﬁt ?f“*f‘s-**&%fkfr‘%‘r'-’%f%aﬂ?&@a PHERINGhB o Pretsnsianest comgdoriemts, a

vel | - stedtiandohahegsiopellant HAshiRt h he cast. Failure to 25 |
adequat e]l’% nix the various gas glenfe'ﬁﬁ{(sﬁélﬁ#ﬁi ?ﬁén‘i%'q%tc(?“&b%%éﬁ@ﬁ@s |
mi xt uFEeHENt thase Potaptiah esapibeicksconbust i on and/ or 'i nconsi st ent comnbusti on

profiles r LV, gperatiqn of a seatbelt pretensioner, for exanple. In
essence, g}r\\m}ehcﬁjﬁ%ﬁ'@?@ m%‘ﬁ'&g'ﬁ’l RrOREHant astr tireabens ofithecfadtheuktele and

ko di chusely el j LA | ti t i t ai
o0 Ons. ot HaPaNCHERUILhE PobHlaritoalte) ae. fiiles tolees sanora thabuien xed

regions of the 30 solid propellant, _
homog&HEGES Of oifisogiropetiant egui reo rhee in@bior SIVFEAS| ¥E Rk BRASaifP i gt ed

- proce
pra %l%ﬁ%mel‘:?ally affects the predetermination of the total combustion surface area

Stated another way, ‘any portion of th.e exterior surface of the cast that is not

flush against the interior surface of the propellant cup presents additional

surface area and thereby skews the combustion profile of thé gas 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 operation 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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general, as the. manufdcturing process becones nore conplicated, the
producky@ngs®si s beconme substantially greater. 2 5702- 96027 1H1MAK Y200055
SUMMARY - THE I NVENTI ON A gas generator containing a nonolithic propellant
cast solves the above- referenced problens. in accordance with the present
i nvention, preferred gas 5 generant constituents are canbined within the
propel | ant cup, wherein anmoni um perchlorate or any other oxidizer is
sinply added to uncured silicone. Uncured curable silicone is first added

to a propellant -cup on thgmwgpb% OH E Iﬁi\/- uN15- 30%% by wei ght of the
total gas generant conposition. nronT perchrorate is then added to the
uncured si | Ac@ire ganerio8 sunbyinirly wemghblitHic (gt paRSn UL ST gglyegqg%c;g%a\il??\_g. A

il % Dy i ght

pref er gnposi tion contains 27% by weight of silicone an
of am%ﬁ%&&cggr%rmtbé‘?'&ﬁe. IFfccosd arem tvithvidvet presemdvieventispe giretiryed gas

di 5co a ' ddj pg ' | ated. oxidizer to uncured silicone
resul gﬁaghhg?rgggﬁle%ﬁ}g gilrgpecﬁbsrﬁ%ﬁggf WHDIn e 2 Sropeliardu gt wiherein

si | i cammobiumveerattoratdor afydblesr dysid d 15.wi thin the
silicqne within gne to two hq‘ﬁrs drepeng?ggggﬂﬁpﬁigggégﬁgenp%ﬁéo‘?"'q"?"‘?'s
bel i eveiPYrRYtCYTRElR, SHigoag isi fitst orsigsb s es peopaliaspernoh THOBBES MBSy Fife |

cures gta us; g aGid:- bl at es t he honogeneous di spersion of the amoni um
perchlaor%’?’gﬁﬂo?éagy%tée&)yga‘geb@ﬂer%ntt nttat ugas lBeperanto ¢cempssitiomn

vehi clAanmamtiu %) heOr S e - i Li.cone i's_conpletely
cured. As-a Zgﬁrwee;ﬁ?t?ﬂgczfgré?‘n ?&fe‘%‘*ﬁ? frt\@%e‘fiéc}ﬁfaﬁeﬁll'ﬁﬂﬂep?fog&g{%\% by

t Her eMRight Piighefgasigeneuant hempositioas Ahﬁ'etﬂmaﬂ%rﬁb&éiﬁ%ﬂeﬁ]&ﬁg',{?zbtaocure,
it adp r%iéﬁ thfe Lnterior 57 rface of the propellant cup thereby ensuring
t he ou?er LAPT e SHCMRe 30ds t/3 Bo ko Mighk sef Iapnmenitre ipenehlomitef aCEhe of

t he pbeaaidtaRlen [ nieatian rewith Predeterm ned surface
area ibs_ dt.hus eﬁst?gdr,%\;z%ﬂ%gﬁ?%% d@%‘(ﬂ?{?‘%gﬁ?ﬁs{rﬁgfyaﬂwggea asabuiatedn
prof i P¥idizer tchencore silhenennssoliist i 6§ KaRbak | i thin the

pr opel,l ant hCUE pnce combustion i s initiat gdﬁe%%l Elié%gég%%l E’ﬁgﬂg@“?ﬁ@r
DRAW RESUBNGYE dhe silicana.e @n grvarage e the ioxidioér & hbotap gD UBRNSLEHORdED

A 0T JatleA 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.




] he present invention. Figure 2 is a sectional elevation of a mcro
Sgswggg%ggggzpf t he pr{esent invention after propgl | ant conbust MAY 2005
initiation. 3 8702-96027 11 MAY 2005 Figure 3 is a graphical I f
illustration.of the relatively higher burn rate of small granu eisl o] t
pyrotechnic material when conpared to nonolithic casts of propellants

i i L Bur t a Billustrates a nolded cast
havi ng o gr osire B 858 BARAL FHRICR of timinlaHyol biehRatorh raté o aradies a
neibess i crdust ,area. . The.linear curve
gf rr?lhggmrm dedh%\éfﬂgjég?gﬁ%s?gfat i vg%%&?hguhxﬁgﬂeéf’ dgeoe 'g\‘ct gasty oeke
i ece Wp@ﬁbﬁn‘sﬁqhavm Warable #urfacelicres csBamh®ee® GRS MW trHor’i%e{g)'ngtg
Bropelll,d.e}m‘.I Fég 4 illustrates a variety of geonetric surfac'es_ a sul t
in respectPve %g}t?%lﬁoénu%‘ﬂﬁtw"r SEkacel @rea guhereas Buist RatesA dllboaeegas

b VARE AL WL cl.udi ng an autgigpition materia
g?gﬁ;gﬁgrﬁeﬁ‘ Sgtblrag'?es a%plréesgéﬁr@g ovesrtlc{?] ﬁér#@ﬁgv@'eéf éq'tey neay cyrva @fdthet he

j i i [ I K} TALLED DESCRI PTHON

AR e ot e R o g

m croFBgLﬁEE'ggﬁ‘?egatiB 'caes ABhaneed sonwed iwigh Temdided pgopelidritner wal | 14 and
an outer wetib,dba AN rdedd end 18 and a second 20 end 20. The housing
12 contains an i nitrator SZ%%W'PFIYH GREMMPYIG swilaces thak rasyil in reppecyye

ener aariablenbomi rates. descri bed bel ow. An initiator retainer 24 i s~ forned
‘g_' hin the first end 18 and provides structural support for the initiator
227 A propézlfig‘ér@t R uplustates daf mierb byas hgemeraesr il |tht4 phbbdh iEpEnﬁSﬁond
end m:l.éi I iuttgi'%.torogﬁl | ant grain or nmonolithic gas generan

e e

conpositro 8nithin the propellant cup 25 and ignitably

: A ! i nsi de the
' | cat t 6 I 41 ropel lant 26.is cast insi :
'S?mm ant @i%%“eg -d(ngftr%teés%cé ip@%%éur%é? %e;ll;v)hﬁ?’%e?‘érly)? P Frﬁ‘fﬁg‘fajl%%loﬂctthﬁcargr ain
Wit h BipFQ8as gemenatdrgmoteining ninecelldssgener ant conposition 26 cont 3! ns
silicone, preferably at 15-30% wei ght percent, and at |east one oxidizer

at 70-85% by weight. | |
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 initiator 22 within the first end 18 for
igniting a gas generant com‘position described below. An initiator refainer 24 js
formed within the first end 18 and provides structural support fof the initiator
22, A propellant cup 25 is defined by the inner wall 14 within the second end
| 20. A .monolithi'c propeliant grain or monolithic gas generant composiiion 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 éqntro!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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30 The surface area 28 of the propellant 26 can be tailored based on the
respeciirygglgbh rate u:{i ng nol di ng techni ques wel | /known i n t het fAY 2006
grain geonetry controls the burn surface area and therefore the gas
generation and burning rates of the gas generant conposition. In onée
enbodi nent, the burn 4 6702-96027 11 MAY 2005 surface area is relatively

const a i ustion, thereby producing a steady supply of gas. The
burn rgﬁl%fgﬁ%ya?gaqué? Pﬁ?’gg’ TRNHCEE Arbag: eombustignetisérebyasroiueiegsi ve burn

rat e astemdyUSiOspIOHOGas UR i N yariation of the propellant burn rate
and grain surfa?:ge) af(r)ée% Zg—,h%gﬁg?loraaégxgg?gﬁg "8“”859 aé’é’HBF"QPFié'Fﬁ Rates can be

achi evE@rassiyacwrpriogréssive durSesss 8k a il §P@B§§j | biting different
initial surFaoe areas 28a, 28b, and 28c that In n produce different gas

generation Fatedad ehsiw Prepeiant burninasemnidogran sarfaceeieam 802 igbagt e
r gpel fan ok e formation. of a various surface area
P hapes e ¢ Bag genfiation PER CaiE bR Hsbined Ay Shovam i G e dmamsl

const i mektadssbapes behibiene diffBbErRtiBRHN r-adt nposi,tions include
silicone as f uel / bi nde? at 15- 3!0%%?%\5\%?&%%%? ﬁ:ae %gé gl that in

conposif® (f?ﬁ?g%c@ chifarantegrs osneiation, ratesbes abow riATEY. WU RSSGRLN g 1S

provi % wei ght of t gas generant conposition. _

Al tergﬁgtgﬁrrg?%b gﬁée%o%ocﬂ%gﬁ% cEBciE Aacifitatgs sherformatioer cht vagiousay be
enpl oysenifacéhsreaosisgidy.i ng the gas generator 10 descri bed above, uncured
: c‘_géabl e silicone is first added to the ‘propellant cup or a conbustion
c

tai ner 2B .acourdantaweith ke dirasent AVENEBY, Al ' nerant
const itﬁg%%s%ﬁﬂom a%nd_ accepted for use in vg’hi ?eelﬂ%géﬂg%ggﬂ peg}%ﬁcﬁfi on
syst ems; N &Y NeRY RGN IC.grrgeBrrary egimpagitionsdneludshsiliéome ak 4 he uncur ed

si | i cdnel/bike g N n._adsorbs the granular solid ingredients
during t he ch:éEgl%r%?ggsgs\} %Q?{ gfﬁlée 985 ANy seMpasiiemt A gnanilaoent (s)

conbi ®idizer, ingetarably amrmohivefberdlq at OF 1 d tenperatures
if desired. The cure can be cotpelret g‘]cai&bl' Eléjgg%\g%ga%[of%';ﬁg?y_l‘%%& off ¢
desi r 80° 9B INETANEGoMPasidony t lgrniatizphy, exthet e xidizérs2&udH bk _r,hg,tggsigm

fugct bgfbmgrétgrmg?a&eu&ﬁ}?g% |1 as the type of silicone, resin, an

curative inhibitofs nor included in off-the-shelf silicones. As the
gas 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, 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




generant conposition 26( cures, it adheres to the irdner wall 14 of the

housi n%m}% %?ereby establishing flush comruni cati on with thelfwalaly 2gosnd
ensuring 6Rffol of the total conbustible surface area duri ng conbustion
of propellant 26. 30 It will be appreciated that optim zing the particle
size of the granulated gas generant constituents relative to the viscosity
of a g'&%{@n ai licone wil| vary the nmixing rate as desired. Furthernore, the
cure tiMPERFOAGIEMAAa vasioUs BItizlos@Rs aht dBgRMSlistici | ored to
accommﬁg;a%tgﬁgﬁi]@é!s particle sizes and design ballistic characteristics.
After curing, the resulting solid mass functions as a honogeneously

bl ended castfodr qyrird et U@ sbhY - i ' at di sper sant
prOperE}'@es of 5 themgéi l'i cone ac“?3 upor??é% Eé%%d?sgég%obgﬁ'é’sgeb’é’ﬁ% ht
const i PEEREdieRsi v yreteshmiormateriali rt it beliewsd teaulishaesdm FroRRRgERFoUS -

adm xt SN is defined as any of a |large group of siloxane polynmners
-bas@ed %&gh%é%%ﬁ:@ﬁlﬂo@ gben9?‘5&"‘?{9‘-”&g%BFBPFﬁi’tteC@TSTI’EQIent 4o broxigigeanidiboms

W th vanixiagsthef r&sulfindiifdl g i roups) attached to the
silircon. Radi ca??ﬁi ncl udg,I but oar egehgt%%cﬁ}ﬁ!rﬁtﬁ% by the group including

et hyl , et Biiggne dndlediniedoas By 841! Giol 8N Silodth) Bbiyhier85a EXPIR!

e.
The teélﬂ]é"tSi | i cone", as@:ﬁsed herein will be understood In’its gefer nse.
Hawl ey” deSETY FEDSHHNG Gh ealtsingtn sdicoox and) oxagem ptamsawlinr geristsUprgahic

si | oxaagi KIS ti ‘ ructyre consi sti of alternate silicon and
e S{Cc#ét 15 “\?mt'tgﬂﬁsgrﬁ Ezag‘faﬁﬁﬁﬁ o/t SILFan ., FAskarisl inakuidechiat aiecoot CH3

CHignitedd®iy- theDgroup Biciuding-rASthyd0 ' SHB, Formula 1. -

Silicope npl e 25 C?r s?lii gonec@nnitljeéﬁ?r%}he%gnerl 83?9"’9@“6@%@‘:#%’6{5%

shown gxa 2x+1 C. H2.,j] CXH2x+1 -0OSi-1-0 --- Si--In--CSi 30 1
TPRNSF Riore oxamoe:

11 P . .

_ The terr_n silicone” as used herein will be understood in its generic sense
Hawliey describes silicone (organosiloxane) as any of a large group of siloxane
polymers based on a structure consisting of alternate silicon and oxXygen 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




CxH2x+l  CXH2X+1 CXH2x+If Formula 2: Silicone Exanpl ¢ 11 MAY 2005 ~702-96027
Note, g4 _j_;,g %ye Forrmul as indicates a multiple of the pol yneriid JAYUROOE
portion o% ? e nol ecule given within the brackets, to include the organic
groups attached to the silicon. Exenplary silicones include those
disclosed in U S. Patent Nos. -5 5,589,662, 5,610,444, and 5, 700, 532, and,

in TE QeY, OF POLYMER COVPOUNDS AND ENERGETI C MATERI ALS, .
Fr aun%&%'— I"hsti OF'F’UT'U dhflisafies aTaelinte ofithe patymeritagoppeathortiiresenc
and dogHeRIYIed\9E Hillerh NGRK t reference, GE RTV615 identifies the
proprietary narreedcl)f a sw'ﬁ%h%egﬁfgg%n@f i"(?f"{ﬂ%eﬁ"aoﬁ"@“‘érgﬂ’”@? &taghed tound
to be theesilicor.n the present invention. The nmain constituents in the
two-part sili conE i ncl ude vi nyl pol ydi met hyl si | oxane at about 60-80 wt. %
and vinyl - cont ai REKRFPRY; giligongpoinciude Ihose . discRBL ib W) IPRURE Nos. _

compl anpi nper at M. | \bout , 67 s (but sufficiently in '
24 Shour Sp0 BB 8 PIY 40 TENT a0 Bde . i ERANGLOGY: Be FGlorERe <o
that 1G0MPGBAD$AND ENEHGET u ! hengure rate is
about 15 minutes. The vi scosi?y%ggtrgﬁgﬁggb Wét‘@@gﬁ@énﬁﬁmw
appr ox §fWedogiaoti6Tr00 @k neaghvirsterehce gank ddcunssrit BeRSn qﬁggrdd}a$%e by

| poi I'T desired,

prese%férgxg tion may have a viscosity of 40-10,000 centi poi se |
so long a ‘e silicone is flowable or behaves as a fluid in the

e, IO A i . MEAT 88 A e

required, a piece of prefornmed autoigniti
e

dednagafassurechbypGepetdlaflectrity Maldd 14, be RIS Ghé Nyl invEF
cont aclt with the epvironment. See Fig. 5. -™In situ bl eén |r%g€ﬁ§fﬁ\f%@ds

gener arme EBHE (GaNFERHENTY thithe ttwé)-pﬂﬁloﬁilic?lge indu?eZ;ﬁngmdl?di?ﬁeﬂqbﬂ;im%ﬁef or t a
separ i . in.the 25 manufacture o e gas generan
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process .t hus becones inherently |ess expensive, safer _
consufft 4t NRUFY het e eeplicaitios W fmatgubstantiae gt kehshhsasgdaUste so that

.15 at 65C the cure rate is about 4 hours and at 150C the cure rate is about 15

minutes. Thla viscosity of uncured RTV8615 at room temper.ature 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 ménﬁfactu_ring environment, |

- 20 ' If an autoignition material (AIM) is required, a piece of preformed
autoignition material 36 can be insert- molded against the propeliant cup wall 14,7
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, n§ separate mixing
facility .or propellant manufactﬁrihg facility is required in thé manufacturing
process. The process thus becomes inherently less ekpensive, safer, and Iesé
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




substances as prescri bzd by the Departnent of Trangportation (D.OT.) are
30° sub%&%ntlal |y rel axed. The gas generant constituents used i1 MmmMent
i nvent /in and of thenselves not deternined to be "hazardous" as
defined by D.OT. regulations. In general, the inpact sensitivities or
friction sensitivities 7 11 MAY 2005 5702-96027 of the gas generant
constltu nts of the present invention sinply do not pose a substantial
hazar Pf 9%? GGE‘?[ﬁ’EI caIsitennts of théeresarmangastigansmplptoais: pasaIGact ur ed
rreaam,% he art. U S. Patent Nos. 5,397,075 and 5, 899, 399, .
hereln |ncorpora ed by reference, are |nstruct|onal and exemplify the

use of m crohgasrueenr %‘Ié?ﬁént’! bhie ﬁ%@f@%kﬂ% eqtgn%'tg ﬁ{aggﬁ{)gﬂﬁfaﬂuré] Ly

occupant pr otection syst em In genera res
cont erPrANTHNAYThiy Eey abr. obldS. Rpmritcios 0B, 3%7 TS/ anki% BYY/ 390, e

ger% 1n operation, the initiator 22 is activate ya
si gnal $‘§eﬁ?8{%‘ﬁ$§téﬁg SIeRRe: I Wtw%m@h a§érﬁ§(ﬁmpmt@ombfﬁnmrem§pl e. As
ot opelT ey rs fuithiiscdtbbicBterdondss 8 B VAN s bt xS HaR: pr essure

propellant grain 26 rain

wi t hi systemhdosgergerab, thretmeseﬁpﬁw@ﬁtormpc&ﬁ | second
end 20 ahon a cruciformstress riser 32. Gagh?%at%t ggﬁaglﬂ.' Esjtraélgfhrough

~ propefPPRHEA %fﬁ@ﬁlélﬁsf%mﬁtfw efcthe gee generateosoin shedrtevi ce, a 15

pr et ensi on I nve |on can be characterized as a
gas generat? Igrcfp%l n@é’? {r] tta“’é%h%ﬁﬂ'ﬁ £ ¥ ""g%’ﬁéﬁhfﬁm@tﬁi‘ﬁmﬂarated

cldnt abyi angrasH sgm (a]raﬂ sho to as Al uent resulting in
a conpl ete conbusti on syst gvnlb)efv%hﬁer%p%he Qeélnf;c{\,@ %pg § Hpafr ‘Jﬁér med

Wi t hi f@%éngrlgﬂéeﬁ dhe mulpoliiﬂ’ouc pso2éllasudrairt Re. sAgfm@%,@,{,@Q@ o&%’&%{f' | ed
and OH;] :ﬁ'g'fnef such as el.imnation of incidental noise due to | oose

prope ea"ﬁfegt ® RIEFSWeWiinen the haysing ded tthroes&mn:euplQ;B tsont rol l'ing

the ceaifwséd r n t he del
combust] on ﬁ?é@%%@ﬁﬁ?%@%‘@ﬁ%‘°&§ﬁ%%ﬁ° I SHeSRAIA G GAeiseironer

dr i vereleas wOIEngimbtqneilthCnpqsams BAVINAHVRtR P &S Rt bl Eéeg way of

':'5 manuf act uri ng} g ener at or that is self-sufficient to act Irvate any
&/i cBretensioner Yor example.

In sum, the mventson can be characterized as a gas genera.tot
incorporat-ing a monolithic gas generant composition containing silicorte.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 eilmmation of
mc:dentai noise due to loose propellant tablets, for example, are provnded in
essence by controlling the combustion 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 abifity and its propensity to be adsorbed in silicone,
other gas generant constituents including fuels and/or oxidizers known for the:r

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

8




connected thereto. \Wife specific enbodi ments have-been described in
det ai | 57#{]%%@29‘ ordihary skill in the art will appreciate tHAtMAYN 2005
nodi fi Ca and alternatives to those details could be devel oped in

| i ght of the overall teachings of the 30 disclosure. For exanple, although
amoni um perchlorate is a preferred oxidizer due to its. gas generating
ability and itﬁ' ropensity to be adsorbed in silicone,. other gas generant

const | TREHES SHIANG ng THeses inglader buki aliezevas Kinuved f o mléeic?'as Wefhdrint

vehi cl | on, systens ¢o al so be "sprinkled" over the 8 I
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“to thengaspayatet aby reRMSHES)UENTHeb/RIFEOSRRIL N £Q:x el U 'S, Patent No

5,035,757 (herein i ncorpora,t ed by rﬁ?g?eﬁ%e% . S%%&r%?oﬁg,% 8 S99YRcPd

from t¥& PR Biazalesr andl ewstal mnaz oloesnetah satgs ahernsd, WBF,alo@&E&
0

t her eqf, / oxidizers 5 selected fromthe group consisting nmet al

an né).érﬁlr% aﬂ ﬁ{dtrpaﬁes,groHpt FPpgistingpef cmetalaged, ngnmetal gvitrates, e nitntbs f v

gas gqrethlrated)Hnd S8t Sies Pk di nql the particul ar

enbodi ments di scl osed herei (r)l&are ﬁr@taﬁ%-tggﬁggaﬁtl ?%@%‘ﬁ&*?r&cgﬂt%ﬂameﬁot

limting asA¢®ordiegI9CIRE ; i 1on . wWhich is to be given the full

breadth of any ol 2}3 V\hidc%{]mgtr}%rcﬁﬁ?@%ﬁ?@?r%’ﬁ?%@ad&r@m Bis sreaniiméeei n,
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7 gas_gg{enertgt o)é("{1 r use in a vehicle occupant protection éystem -
conpr iLYHY:*8 R3¢ eédran wiaigsa vhicht arndlesivdbie $eranthedéscApeoan

ITmer heeéih, ap ARHL d L rppel l.ant cup defined by and within the

i nner vvaIII at gt e Saggoéﬁ[j_eg@&a{)efntg&ﬁgre ousi ng; nonolithic gas generant .

conposition formed within the propellant cup and in 10 flush communi cation

with the inner wall, wherein said gas generant




conposi tion conprises silicone and an oxidizer; and an initiator fixed
wi t hi ngsaj defjrst end énd ignitably comunicating @ith said MIMIAYIH gas
generant conpositi-on for conmbustion thereof. 15 2. The gas generator of
claiml1l wherein said nonolithic gas generant ~conposition conprises 15-30%
by wei ght of silicone and 70-85% by wei ght of ammoni um perchlorate. 3. The
gas generator of claim 1l wherein said nonolithic gas generant 20
conposi tion conprises 15-30% by weWghClaifn:si | i cone and 70- 85% by wei ght of
pot assi um perchl orate. 4. The gas generator of claim 1l further conprising
an autoignition material nolded between the inner wall and the nonolithic
- gas ge era% conposi tion 25 5, The gas generator of claim1l wherein said

gas gehera BRerateh forcesmin aatehicie) eammpandrprosectioresystamd a fuel , said
sili Cq-ftﬁnﬁﬁgmbi: sing 15-30% by weight and said oxidizer conprising 70-85%
by weight. 3076. A gas generator for use in a vehicle occupant protection
SyBt era heg | SdiiQini : - 96027 housi.ng containjng a first
end and a g@go%ﬂghdﬁga%ﬁr%%%g@ E\'/vg?z?g%%%néh an u"i"ét'n'%d'l ‘f",""h %C{)E@I | ant cup
defined by auterwathin the inner wall at the second end of said housing; 5
a nmonolithic gas generant conposition formed within the propellant cup and
in flaBforedanticlpadéfimedbyhanidevititinethewahbs WhEEEHRe %@&Qn&!%dgﬁf;ggﬁm
conpositi 02 COII;F. ri ses about 27% by wei ght of silicone and about o by
- wei ght of 19rm perchlorate;. and an initiator fixed within said first
‘end - and io%l??il.%abl comuni cating with said 10 nonolithic gas generant o
cormpost GRY AIHP %a&rgﬁg?ﬁa@ﬁ QoRRpeYtionformegaw ithim shatpoppélantusep andanvehi cl e
opgupant  prRisCERnaNibaBh WRARHShRS 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




a housing containing & first end and a second end,f and an inner wall and an
15’oug§; g@!l;‘a propel |l ant cup defined by and wi thin the inner MAY 2@05 t he
second® SR s ai d housi ng; a nonolithic gas generant conposition forned
within the propellant cup and in flush ecomrunication with the inner wall,
wherein said gas generant 20 conposition conprises 15-30% by wei ght of
silicong and 70-85% by weight of an oxidizer; and an initiator fixed

wi t hi EQP&'F‘H GRAEHR I Hr$igeind abHya senomahiend iamgl aw tifnaraivdll apehahi t hi ¢ gas
generant cogp@sitipn for conbustion thereof. 25 8. The gas generator of
claim7 wherein sai’'d oxidizer is selected fromthe the. group of netal and

nonmetahrdidiiai L] , tehlorates. chlgrates, and mxtures, ,
t her eofb dgj A Ee%t%ﬁogé%@éggge%(fm e % s'“BSthaj[ Bt the segopdind ef saislipant
prot ecti on h@sisgst em wherein the gas generator has a propellant cup, the
met hod conprising the steps of: 5702-96027 11 MAY 2005 inserting uncured

si Pi cenmonalitiic gawegpnepsitl @rhpesiiohhRITAIY REiHAR!the tB.rBP fdnt &%?tan &
surface are f the silicone; sprinkling granul ated ox Sl zer overt e at

| east one d gRMUpPURIcgtionhwithsihe inore wall, oohbiein sdie gasagsrratast | i cone and
t he granul El:fo‘?ﬂ oxi dizer:. and,curi the siljcone conbined with the at

| east one gas Bgsn'g')régn%gﬁggﬁﬁ BPLEREZ A dPY H‘é‘?'@b?qtﬁ“!ﬁ% andaboritt 3% gas
generant  daNpRSgli 80 amrhBhiurh HerBhRPSle: cup in flush conmunication wth
an inner wall of the propell an{&gup. %ﬂ(?l.’adﬁ?e met hod "of claim9 further

conpr iasi iniidtbe fieeipwdthih RSRY fiFdt%erd BRATIQARADI - llapt..cyp for
rﬁoéili fying the surface area prior to tﬁéggﬁ?engéé}pbgﬁleéqasﬁgﬂrﬁﬁ'ﬂod of

aim9 whépenglithie geargengranepoirpasitichu éoredombuanibnettiered® t enper at ur e,
for at- |least twenty-four hours. 12. The nethod of claim9 wherein the
curing step is conducted at 651C for - about four hours. '

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




20 13. ;’{keg'rret hod of cl.aim9 wherein the curing step is conducted at 1 500C

for aBblA®%94% een mindtes. 14. The nethod of cl aim 9 further 1ddVipYi 2005

the step of adding a granulated fu€el to the at |east one surface area. 25

15. The method of claim9 wherein the nonolithic gas generant conposition

conpri ses 15-30% by wei ght silicone and 70-85% by wei ght of ammoni um

per chl or at e!"S80HNG Unsuied stlispoednte tias peopélthtiour hlﬁeﬁéﬁgimagﬁsiﬁégr%& 12
CT

I 1 MAY 2005 57%-3?%%7 GAS GENERAECE AND METHOD OF ASSEMBLY Al
Assenbly of a gaS generat'dfaadarsrPldee silikengtep of addi ng uncured 5 ,
silicone tog& p_25._ Ganul ated oxidizer irs then added over the
" top of theslzrfrp{l@%é}%nmcﬁa%ﬁl %’\5\'}856{(?"&' dhe atdepsiepae surimcecsnsarafsthe he
silicone is curesilicbfe ROVEABINk! thehu SATFIENLifAL,L 4R an inner wall 14 of
the propellant cup 25. O her g_ranu‘ljate g%a{géé'léér)lgpgn ec%rﬁgprqtﬁgnts may be
“added as wel | . AP¥aéizergendrator 10 assenbled in this manner provides nore

‘predictable burn rates of a 10 gas generant -conposition 26 and therefore
nmore predi (ﬁtﬁm%t%ﬁflﬁomrﬂmﬂbheﬁhwithgﬁm gehaisatare 48s gblerant

constituent and thereby forming a monolithic gas generant
composition within the propeliant'cup in flush comhunication With
| ~aninner wall of the propeilant éup. |
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.

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





