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DesignandperformanceevaluationofENERFOILT"ignition
enhancersforpassengersideairbaginflators

SekSwanCHA対+,Graeme仙anLEPER'' andKyotakamAAn'叫

Anewpyrotechnicmaterial,ENERFOILT"ignitionmm,hasbeenusedtoproduceanew

classoEi騨IitionenhanciTIgSystemforpassengersideairbagidators.ThisipidonrIImis

znatL血cttJLedbyphysicalvapordeposidonoEmagnesitlnOntoaPTFE丘lmsubstrate.The

tmlqueformoEthisTTuteriala11ow8OnetOdesipipidoTltrainusingstan血rd別Tnhandling

techniquessuchasembossing,cuttingandrolling.Thsznanl血cttJringmethodprduceshighly

e瓜cientandcosteEfecdyeignidonelementsasdescribedinthispaper.

PropellaJ)IbasedairbagidatorreqturesyeryfastignidoれtimeofafevmillisQCOndsto

achieyecomplekcombustionoEthepropellantgraiJISwithinabout50millisecotl血.TTIepresent

paperdescdbesthetechTIiquesdeyelopedatICIExplosiyestoobtainsuchhatipidondmes
withtheENE肝OIL 'ligTlitionrllm.ExperimentsshowedthatthedegreeoEreactionoEthe

ENERFOIL-̀ filmandthetimetoreachmaximumpressuredependedstronglyonthe

Sepぴadonofthe点lmhyers,whichⅥscarefdlycontrolledbyembossingoEthe刷m.The

optimumseparadonbetweenlayerswasshowntobeabout300micrometers.Theconfinement
oftheENERFOILllignitionfilmelementwasalsoshowntobeimportantThisConhement

wasproyidedbyeitheracoTlrITLingtubeorbythesepazadonbetweenpropellantgrains.With

optimuminterplyseparationandproperconhement,fdlreactionoftheENERFOIL-"ignition

eTlhancercouldbeachievedinlessthan4millisecondsかomhstctlrrenttOatypicalairbag

innatorsquib.

¶leeueCdyenessoEthepresentENERFOm T"ignitionenhancingsystemwasderrLOnStrated

itItestsusingthissystemtoigniteICIlsMICROSAF llpropellantpinsinatypicalpssenger

sideinL]atorconfigtmtion.Ipitionofthepropellantgrainswereshown tobewellwithin4

miliseconds,iTldependentofinitialtemperattlreS.Experimentalidatorandtankpressures

proyidedpositiyeproofoEtheexcellentperEomatICeOEthepresentigTIitionsystematall

temperattLreSOEinterest.
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nowequippedwithdriyersideairbags.By1998all

passeTlgerCarSwillalsohayetobeequippedwith

passengersideairbags.MostoEthecurreTItgas

generabrsarebasedonsolidpropellants,specifically
sodium拡idebasedpropellantsofvadousformuhdons.

Gasgeneratorsrequreyeryfast血JICtionaltimesoE

between30to60milIiseconds,dependingonthe

loはtionoEtheairbagintheautomobile.lnorderto

achievesuchhatgasgenerationtime,thepropellant

mustbecapableofbumingEast.Furthermorethe

iptidonofthepropellaJItStLrhcesmustbepromptaJld

uTliEorm.Inordertoproduce8uCh血stignition,the

ignitionsystemmustcompleteitsownreacdonwithin

afewmillisecondsanddistributeitscombustion

productsandheattoallpropeIhtsurfacestJJliEordy
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andsimdtaneotdywithoutsigni丘cantdamagestothe

propellantgratns.Thisisparticularlychallenglngln

thecaseofapassengersidegasgeneratorswhich

containmorepropellaJItandareustJallyinaelongated

conrlgtLration.IthasbeenshownlBtobeextremely

difficultandexpensiyetoprovideanignitionsystem

thatwoddignitesolid伊Sgenerantpelletsandd ers

uniformlythroughouttheeTltirelengthoEthe

generator.nesolutionsadoptedinthepstwereboth

expensiveaTLdhazardousiTlmanufacturingand

handling.OTleOEtheselutilizedacenterperforated

tubefilledwithboronpotassiumnitratepowderanda

coaxialfastdeflagratiTlgCord.Anotherdesip2coated

thepropellantgralnswithaboostermatedal.

Thepresentpperdescribesanewignitionsystem

developedatICIExplosives.Thisnewsystemis

manufacturedfromanewpyrotechnicTnaterial,

ENERFOIL'■Ignitionfilm uslngSimplefilm

processingequipment.Thesimplegeometryand

straightforwardmanufacturingtechniqueused

substantiallyoyercomesthecostandhandlinghazard

ofthesesystems.Thegeometdccon丘gtLradonsofthe

GlmharebeenEotndtobeimportanttoobtainopdmum

performance血･oTntllistypeofmaterial.Thedesign

criteriaandtestresultsareglYeninthisbaper.

ExperirTlentaI

PropertiesofENERFOILllJIgnitionFilrn

ENERFOILTIIgnitionFilm isavariantof

magTleSium･polytetrafluoroethyIene,PTFE･Itis

manufacturedbythenoyelprocessofphysicalyactltJm

vapourdepositioninyentedbyAllfordandothers3･l･In

thisprocess,asheetofPTFEiscoatedwith

magnesitJmOnbothsidesgIYlngaSandwichstructtlre

oEwellcontrolleddimensions.TheENERFOm TY別m

thusproducedpossessesexcellentsafetypropertiesS,

sipi丘ca'ndybetterthaTlidendcalchemi calcomposidon

producedinpwderform.Thermalstabilityisbetter

than450.CbyDSCandtithetoignitionat550.CiS30

seconds.ImpctaJldAictionsensi也VitiesbytheBA帆

testingmethodsexceeded16joulesand360N

respectiyely.Staticelectricityignitionthresholdis

20jo°es.

Ballisticpropertieshavebeencomputedby

therTnOChemicalcalculations.TheisochoriCatld

isobaricfhmetemperattLreSare5010Kand3800K

respectiyely.ThecomputedheatoEreactioniS9･l

bUnlg.Uncon血edflamespreadratewasfoundtobe

approximtely1TTVsatatmosphericpresstdeSanddth

confinementthe爪amepropapdonrateiscloseto300

rrVs.MoredetailsonthepropertiesoEENERFOIL ～

IgmidoTIFilmcanbeEotLndinRef岳.4and5.

tnthepresentapplication,thedlicknessoEthePTFE

filmWasoftheorderoE25micronsandthtofthe

magnesiumwasabout8micronsperside.The

magnesiumcoatingthicknesswasselectedtobring

theoyerallcompositionofthefinishedfilmto

StoichiometriC.Thematerialusedinthepresentstudy

wasmamhcttuedinanexperimentalcoaterattheUK

DefenceRescazchAgency,FortHalstead,Seyenoaks,

U.X.ThepyrotecllnicmTnProducedinthismachine

hadawid仙oE152孤,limitedbythesizeoEthecoater,
andlengthsoEabout10m.

IgnitionEnbncerPreparation

Alltestsampleswerecuttotherequireddimensions

fromthe10mlengthsheets.Thecutsheetswere

pre-treatedbyembossing6withrowsoEdimples.Itwas

donebypassiTlgtheprecutsheetbetweenasteelroller

withthesurfacemachinedwiththedesiredpattern

andaruhherroller.Mostofthesamples･testedinthe

presentstudyusedapattemconsistingofregularly

spaceddhplesat3EEElCentresineachdirecdonand

eachdiTnplewasapproxiTTはtely3皿 Squareatthebase,

0.79皿Squareatthetop,and0.79也 high.The

resultantembossedpattemontheENERFOmllsheet

haddimplesapproximately3孤 Squareatthebottom,

0.2皿 SquareaHhetopand0.4皿higll.Theupper

layeroEthemagnesiumwasruPttLredaroundthe

peripheryoEthetopofthedimplestoexposethePTFE

GlTrLatthemapesiurm FEinterface.Theembossing

thtnhstheeqectofincreasingtheipidoTISeTISidvity

oEthematerialaTldproyidingcontrouedseparation

betweenstackedlayers.

Inmosttests,thesamplesheetswerecutinto

quadrilateralshapewithatleasttwooppositesides

parallel.Oneoftheparallelsidewasattachedtoand

woundarounda3班diameterforTnerwithcontrolled

tensiontoobtainafinishedcoilwiththedesired

interplyseparatioTIdistances.TheformerwastheTL

withdnwnfromthecoilleayingahollowcoreinthe

coil(Fig.1).ThetopaTldbottomedgesofthesheet

thusformedhelices,otIeinternalandtheother

extemal,co･axialwiththeforTnerandextendingat

eachendalongthecoil.Duringtests,theendwith

theintemalheliceswasinsertedtofacetheigniting
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Fig.1 ENERFOIL～ignitionenhancerdesign
considerations

squibasshowninFig.1.The･presentbllovceTIter

coredesignconhesthesquibcombustionproducts

andguidesthemtof)owoyertheexp sedhelicaledge

oEthecoil.Thustheinternalhelicaledgeisignited

almostsimultaneously.Onceignited,thecombtlSdon

oEtheENERFOILT-Sheetproceedsrapidly

downstreamthroughtheinterplyspaces.The

propagationspeedoEthecombustionisalso

sipirICandyincreasedbytheselfconhementoEthe

coillayers.nebottomendhelicaledge血cesoutd

anditproyidesquickreleaseofthecombustion

productstoadjacentpropellantp ins.Tusspimlwrap

design,pardcdarlythatwithparalleltopandbottom

edges,alsohcilitatesproducdonallowingonetouse

relatiyelysimplecontinuouspaperwrapping

technologles.

BallisticTestSetup

Thehollow-core,Coiledignitionenhancerwas

illSertedintoa12.7Adiameterperforatedstainless

steeltube260mlong.0.9DAwallthickness.The

perEoradonsoftheconLhingtubecot)Sistofanumber

of2･7mholes･TheassembledENERFOIL'Nignition

enhancerwasplacedinthecenteroEacylindrical

combustiontestyesseI(baIIisticbomb)which

simulatesthephysicaldimensionsoEatypical

passengersideaiztIaginhtorOTig.2).nepropellant

gralnSandfilternormallyusedinanin爪atorwere

replacedwithcoresofnylonandstainlesssteel,

respectiyely,withholesdrilledintothemtosimulate

theporosityoftherealgrainsand点Iterelements.ne

resuldngballisdcbombhadafteffectiyeBeevolume

oE200cc･Thissindatesthepropellantcombustion

chamberofatypぬlpassengersidepsgenerator.The

topandbttomedgesoEtheconrlniTIgtubewere

insertedintothetopandbottomcorersofthevessel

leayinganunsupprtedleng血of235也･Insometests.
whereconfinementeffectsofthepropellantgrains

wereinvesdpted,theco血 ingtubeⅦSnotusedand

thenyloncorewasreplacedwithinertpropellant

grains･hmosttests,squibsqCIIGNl193)co鵬 iming

155mgofTi/KC104wereusedtoignitethe

ENERFOIL T"ignitionenhancers.Theetldofthe

enhancerwasposidonedwithiT15也oEthesquibetld

surface.Thisstrengthofsquibwasfoundtobe

suEficieTIttOignitepromptlyallconEigtmtionsof

E'NERFOm ,■igmitionenb肌CerSinvestigated･Squibs

loadedwiththesamecompositionoEotherweights

werealsostudiedaJldreportedinthefoIIowlng.

Theballisticbombwasinstrumentedwithtwo

presstLretmnSducers(Eistler211B2).Oneofthese

transducerswasmountedintheendnaTIgeOpposite
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Table1 DimensionsoLENERFOILTMEnhancersforlnterplySeparationExperiment

Sample Sidelm Side2心血 hcludedangledegree OD氾 Weightgm Sep.arationml

CrOnS1 132 369 75

8 ー4.0 762 132 36

9 75 9 3.78 1173 132 369 75 lO 3.80 15

94 132 369 75 ll 3

.83 2045 133 319 73

ll 3.34 2476 135 2

70 70 ll 2.78 3037 ◆ 139 222 66 ll 2.29

3478 145 171 62 ll 1.74 4769 156 12

5 54 ll I.27 508tothesquib,withcommunicatin

gholethrough theE)an且etomeasurethepresstlre

insidetheconfiningtube.Anotherpressuretransducer

wasmotlntedinthecylindricald loEthetIallisti

cbomb.Itmeasuresthepresst

uefromtheconfiningtubeintothefreevolumeoEthe

ballisticbomb.ThestartoEthecurrentpdsetothe

squibwasusedtotriggerthedigぬIrecorderCrekt

ronixTesdab)whichwasusedtorecordthesignals血

omthetwopre温Suretransducers.Thedmeatthestart

ofthe点dngctm ntpu)sewastakenasthereferencetimeforallpr

essureslgnaIsreferredtoin

thefoIIowlng.ResLJltsarldDiscLJSSionEffectoflnt

erplySeparationToinyestigatetheeaectsofthe

interplysepazationontheperformanceoEacoilof

ENERFOn ,～ipitionenhncer,aseriesoEexperiments

wascarriedout.Tntheseexperiments,theENERFO
IL'■sheetswerecutinparallelogramshapeかom126mw

iderruterialwithaTlaveragearealdensityof82.5g

m/m2. Theoyeralllengthsofthefinishedcoilw

erekepttoaconstantyalueoE229m.ThedimensioTISOf

thesheetsareshowninTable1.Side1inTable1refer

stothesidesparalleltotheformerandSide

2referstothetopandbottomsides.Thecutsheets

wereembossedandwoundwithcontrolledtensionto

obtaincoilstothedesiredoutsidediameters.Thei

nterplyseparationdistanceswereestimatedbythe

oreticilcalculationassumingthatthecoilwasforme

dbyacontinuousspiralwithconstantseparationdist

ance.hpractice,theoutsidediameterwaslimitedtoll班 .Therefore, inordertoincreasetheinterpl

yseparation,thedimensioTISOEthecutsheetsforS

amplesS･9hadtobealtered.nesampleswerei

nsertedintoperforatedtubes.Thesetubeshad32rent

ingholes,2.7mdiameter,(total

areaof183tnn2)distributedeyetdyalongthe血e

elengthofthetube.Thepresstweinsidethecon血ing

tul)eattheendoppsitetothesquibandthtintheb

allisdcbombforSamplenumber6isshoyminFig.

3.metubepresstJrereachedlieakyalueatabo

ut1.2millisecondsanddecayedfromthenonasthe

combustionproductscontinuedloYemtintotheballist

icbombchamber.WhilethesquibrcACdoTldmeisabou

t1ms.thereforeitt00konlyaboutOBmsforthe

combusdoTVsh∝kfronttotrayelthroughthe299Jnlengt

hoftheENERFOm '"ignitionenhancer.Externaltothe

conkingtube,thepressurestartedtoincreaseatth

esametimeasthepressureinsidethetube.Theslightd

ifferencesinthetwostartingtimesinFig.3wasdue

totllel∝ adonsoEthetwopresstlretranSducersrelady

etothesquibposidon.meexternalpresstJreincrease

dcontinuotlSlyandreacheditspeakvalueat3.47ms.Itthend

ecayedslowlywithtimeduetollleCoolingofth

eproductsaれ一gases.Themaximumyaluesofthee

xtemalpressuresforthediuerentsamplesofTable1

arenormalizedbytheweightofthesamplesandplott

edinFig.4asafunctionoEtheinterply-Separation.Th

edashedlinewasa丘ttothedataandshowsthet

rendofthepresstlrevariationwithseparation.Thetimetoreac
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Fig.4Effectsofinterplyseparationoncombustionef

ficiencyoEENERFOILllignidonenhancersshowsthat

thepressurehcreaseswithseparationuptoabout250

micronsandremainsfairlyconstantafterthat.Th

edmestopeakpresstueremainfairlyconstantatb

etween2.8and4.2msaboyeabout200microtIssep

aradon.However,itsvalueincreasessharplyatsepar

ationbelow200microns･Similartrendisalsoobserved

inthemaximtm tubepressureasshowninFig.5.Her

e.aboye200micronsseparatioTl,thepeakpresstJZ,

eincm scssharplywhilethedmetoreachsuchpresst

lredecreasestoaconstaTItYalue･Below200micr

ons,thepeakdmeincreaseswithareductioninthesepzationdistance.Bothsetsofdatasugge

stachangeinthecombustionmechamismsofthecoil

edenhancer.Aboye200micronssepandon,pttlpgado

noEcombustionthrotIgh theinterplyspaceswasextremely血stasindicatedbytheyeryshortelapsed

time(0.
2msestimated)かomsquib血ncdoniTIgtOthe

arrivalofthepeakpressureatthe eTldoEtheconhiTLg

S
P

LJ○岩
!1JPJJ一〇tLlu

tube.
These resultsintheignitionandcombustioTIOf

theiTLdiyidualplyalTnOStSimultaneouslyalongits

entirelengthtogeneratehighpressuresoutsidethe

tubeiTIVeryShorttimesoEbetweqn2.
8to4.
2ms.
DiscountiTlgthesquibreactionandhmepropagatioTl
dmeofabout1.
2ms.
thesetimescorrespndtoatotal

btJmdmeof1.
6to3msoralinearbumrateof12.

5

to6.
6孤/sEora40micronsthickpyrotechnicsheet.
SimilarburnrateswerereportedbyKubotaand

SeriZaWa
8forMdPTFEinthepressurerangeoE

between2to0.
8MPa.
Howeyer,t
hebtmdmesbelow
200micmnsarelongerbyafactorof4-9.
ThepressureoutsidetheconfiTLedtubecanbe
interpretedasanin
di
cadonoEthee銃CiencyoEenergy

trans
f
erredintotheかeespaceintheballisticI)omb.
Sinceignitio nofsolidpropellantsdependsstronglyon

t
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OOFig.6 Effectofconrlningtube(
229mlong)dischargeareaonENERFOtL 'tenhancer

performancetodehyerhighenerwinashortdme,i.

e.highrateofenerwoutput.ThedataoEFig.4sugge

ststhat.inordertoassurecoTISistentEastcombus

tionandmoste伝cienttlSeOfcoiledENERFOtL TNi卯id

oTIenhancers,theinterplysepntionshoddbecontrolledtoaboy

e200microAS,Preferabl

yat300miCronstoassurereprodtuibility.Effec

tsofConfinementTheconbusdoTLrateOfMdPTFE,likemo

stsolidpropellaJltS,dependsonpresstJreB.Inord
ertoachieyehighcombustionrate,itisnecessary

tocontroltheyendngratetoachieveasudiciendyh

ighcombustionchamberpresstJre.Toyedかthishypoth

esis,aseriesofexperimentswascarriedoutinwh

ichthentmberoEvemdngholesintheconkingtu

bewasyaried.TheresultingbaIIisticbombpeakpressureandthe correspndingdmesareshowninFig.

6.Asexpected.thepressured∝reaseSwhiletheti

meincmseswithanincreaseinthevendngar ea.Ho

weyer,itwasnotpracticaltoreducerenting

areamuchbelowthe183m 2,oraboutl%ofthe

surfacetubearea.Neyertheless,theperformance

oEtheENERFOm T"ipition.eyenwiththisven血garea.wassu抗cie

ntlyenergedctoproducefastigmidonofairbag

propellantgralnS'Theconfinementcanbeproyided

byeithertheconfiningtubeorbytheitlter-P ]nSP

aCeSbetweenpropellantgrains.TestswithdtJJnmyp

ropellantpinswithcontrolledseparationshowe

dnoreductionin.perEomanceoEtheENERFOm T"enhan

cer,proyidedthattheventingareathroughthe
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E伽ctofSqLlibLoadJq orllgnitfonofENERFO)LTLI

EnhanCer

TheENERFOm ll'ztLaterialisyeryinsensiかeto

therTnalignidon.ThereEoFe,itisexpectedtorequre
astrongsqtJlbtoeaecdyelyignitetheenhaJICermade

hmthiSmateda).AsedesoEexpenmentⅦ carried

outtodeterminetheminimumloadingrequired.

SpecialsquibsweremadewithdifferentamountoE

pyrotechnicpowder(T抑【CIOl).Theseweretasted

withENEⅣOm llenhJICerSwithdimensionssimil肝

tothtoESample7inTable1.Thepeakpressures

andthetimetoreachthesepresstqesoutsidethe

con点niTIgtubeare8hoⅦ inFig.7.Theresdtsshow

th上maximtm enhancerperformanceva8aChieyed

wittlSquibloadiTIgaboye125mg.Infact,the

perEonm mCeⅦ Sacceptableeyenatthelowesttested

SquibloadoE100mg.Therefore,thestaJtdardICIsquib

loadon55mgisde斤nitelysuuicient.

PerformanceofENERFOILTLIIgnJttonEnhanCerhl

Passen90rSideln伽tors

TTLePerforTmJ)CeOfopdmi2edENERFOmT.ignidon

enhncers9wasverifiedbyfullscaletestsin

experimentalpassengersidegasgenerators10

desipedbyICIusingICl●,"MICROSAF'"propellant

p in81… .TheMICROSAF-̀propellantEomdation

wasNaNJFe20JSiO2(63J29/8)withalinearbtm rate

oE39班/8.Thepropellantp inswerepressedwafers

hayiTlgdimeASionBOE35皿 OD.14mIDand4u

thickne$8.OnesurhceoEthe卵inshad8radialridges

(0.25m height)exteTIding6.5m from the

circumferenceoEtheinnerholeand8radiaIridges

extendingthesamedistancefrom theouter
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Therefore,lgnitionoEthepropellantgralnSurfaces

mustharebeeneffectedweltbefore4.2ms..The

presstlreinthe60litertank,inwhichtheinhtorwas

tested,showedafirstgastimeof3.6ms.The

combustionchamberpressurecontinuestorise.
r飽Chingapeakdlendecr助SeSduetoexhtutofgases

ibmtheidator.Thepressureshowsachangeinthe

rateofdecreaseat51.5ms.Thisiscausedbythe

compledonoEcombusdonoEthepropellant卵 iTIS.h

thiscase,theyerysharpchangeintheslopeoEthe

ctmeisastrongindicationthatthepropelhntgralTI

surfacescompletedcombustionsimultaneously.The

latterwasonlypossibleifallexposedpropellaht

surhceswereipitedevenlyandsimultaneously.This

ISprovenbytheexcellenthtbetweentheexpenmental

ctlrVeandthetheoreticallypredictedpresstJreLtom

ICrsLumpedParameterAirbagGasGenerator

Modelll.hthemode),i卯idoTIOEthepropelhntp ins

wasasstmedtocommenceat1.5msandprogessiyely

spreadthroughoutallpropellantsurLhcesinthenext

3.5ms.

ToeyaluatetheminimummassofENERFOILTN

ignitionenhancerneededtoefEectiveIyignitethe

propellantgralnS,aSeriesofexpenmentswascarried

outwiththesamegasgeneratordesignandpropellant

load.Howeyer.theindividualmassoftheenhancerS

wasvariedbyvaryiTlgthelengthofthesheetinthe

direcdonwindingwhilekeepingtheoyera]llengthoE

the血ishedcoilconstant(229m).Theshotswere

cardedoutWiththegeneratorsconditionedt0-29oC.

nepeakgeneratorpressuresandthetimestor%ch

suchpresstlreSareShowninFig.9.Thepeakpressure

increaseswithanincreaseofenhancermassreaching

maximumvalueoEabout12MPaabove2.5gm.The

correspondingtimedecreasestoabout23

milliseconds.Twoshotswerecarriedoutusing2.2

gmoEenhancerwithoutthesteelconkingtube.The

expenmentalpeakpresstmsanddmesarealsoshown

inFig.9(circles).nepresstLreSaZ,ehigherthantht

forequivalentmassincon血ingtubesaTIdthetimes

toreachsuchpresstJreSWerelower.Thisshowsthat

theENERFOILT"ignidoTlenhancerfunctionedmore

efficientlyuslngconfinementproyidedbythe

propellantgrainsonly.Thiswaspartlyduetothe

eliminationoEheatlossestotheconLiniTIgtube.

Thedelaytimetodetectionof点rstgasinthetest

tank.i一lWhichthegasgeneratorWastested,isan

importantftncdona】panmeterforthegasgenerator.

Astmmaryofthesedehytimeskomalargenumber

ofgeTleratOrtestsat-290,20oand66.Careshown in

Fig.10.Allthesetestsusedoptimauywound

ENERFOrL '"igni血nenhancers.ThebtmtpresstJre

oEthegeneratorcanbeseentobeacontrollinghctor

ofthedelaytime.Atlowbtmtingpressu代SOEabout

1.4MPa,itcanbeseenthatthedelaytimeswereall

between2to6milliseconds,almostindependentof

theinitialgeneratorpresstwes.Thiswasdueto.the

temperattlreindependentperfo血 ncecharacteristic

oEtheENERFOILTlignitionenhancer.Higher

burstingpresstLreSrequiredlongerpumpuptimein

thegasgenerabrandcatJSedlongerdehytiJneSbefore

thereleaseofpsesbnthegenerator.Neyertheless.
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tn伽IGeneratorTenperatWe.OcFig.10Delayt
imesto点rsttankgasoEENERFOIL'lignitionsyStemwithMICROSAF-"propellantiTt]CIaJldoth

ergeneratOrSeyenwithbu持dngpreSStLreSaS

highas15MPa,thedelaytimesWerebelow13msa

t-29'C.ConcTusIonsRcsdtsp托Sentedinthis

pperdemonstratedcl飽rlythesuperiorperformancecapa

bilityoEtheTCIENERFOTL llipidonenhncers･insoli

dpropellantbasedairbagpsgenerators.How

eyer,inorderloobtainthehigherreactionrateand

thebestperformancebtnthisnewclass0ETTuteria),
therearesomelimitationsoT)ehstoobseryeind

esiplngandusingtheenhancer.Themostimporta

nt血ctorScontrollingtheopdmtJn血mctioningoEthes

eenhaJICerSveEe8hoymtobedleinterp

lyseparation,yhichmustbekeptto250micronsorhigher,andthedegreeoE

conhementofthee血 ncer.whichshoddbekepttoab

out180d oErentingarc且EortypicalenhncersoE230
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新規イグニッションエンハンサー ｢エナフォイル｣の設計と性能評価

SekKwa_nCHAN事,GraemeAllan LEIPER桝.飯山給高+++

新規火工晶 ｢ユナフォイル｣はPTFE上にマグネシウムを物理蒸着 したものであり,助

手席用エアバッグインフレ-ターの新 しいイグニッションエソ-ソサーシステムを生産す

るために使われている｡この材料のユニークな形状を利用して様々な形の点火噂火線の設

計が可能であり,またこの材料は高効率.低コストの点火要素という特徴がある｡

この報告ではエナフォイルフィルムを使って高速点火時間を得る技術について述べた｡

本実験により.エナフォイルの反応のレベルと最高圧に逮する時間は層間の分離距離に強/
く依存することがわかった｡それはフィルムをエンボスすることによって制御することが

できた｡最適な居間分離距離は約300ミクT,ソであった｡またフィルムの同定も重要であ

る串がわかった｡この固定は国定チューブにするとか,ガス発生剤の中で分離固定するこ

とによって行われる｡最適分灘距離及び適切な固定を選ぶことによって,標準的なイ･/7

レータースタイプへの初電流から-ナ7ォイルの十分な反応までの時間を4ミリ秒内にす

ることができた｡

現行のエナフォイルのイグニッションエソ-ンサーシステムとしての効果は,代表的な

助手席インフレーターの仕様であるICIのガス発生剤 ｢マイクpサ7｣へ点火するテスト

を行ったところ,点火時間は実用温度領域で初期温度に無関係に,十分4ミリ秒以下であ

り,タンク圧も良好であることがわかった｡

('ICIExplosivesCanadaResewchCenter.701RichelieuBIvd.McMastervine,
Quebec,Canada,J3G6N3

. ''ICIExplosivesArdeerSite,Stevenston,Ayrshire,KA203LN,Scotland

…*ァイ ･シー ･アイ ･ジャパン株式会社 〒140 東京都品川区東品川2-2
-20 m 天王洲ビル)

-102- 火薬学会誌


