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Screeningte卓tOfgas-generatingagentsu81ng
●

cloBedStrandburner
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InordertotesttheeffectivenessofthegaS･generatingagentsofairbaginnatorstobeusedin

motorvehicles,itisimportanttOmeasurethegasgenerationbehaviorwithinaclo8edve88el

thatcloselyBimulate8theairbag.The60L･tanktesti8OneOfthemostwidelyusedmethods.

However,60L-tanktestapparatusarenotVeryCOmmOnininstitutesotherthanautomobile

companiesandexplosivesmanufacturers.Ⅰnaddition,thereiBaneedforarelativelylarge

amount(20g)ofsampleforeachtest.

Inthisstudy,wedevisedanewmethodofSCrt!enlngtestOfg88･generatingageJlt8,utili2:inga

closedchimney･typestrandburner.Comparedtotheconventionalmethods,thenewmethod

havethemeritsinthat:1)thereisnoneedtoadditionallypurchase60L-tankte8tequipments;

2)itrequireslessamountof8ampleSCOmparedtothe60L･tanktest(totalSampleweight:60L･

tanktest20g;newmethod4g);3)iti8ClosertOthe60L-tanktestinvolumethantheSmall-

scaledeflagrationtest(volume:8m811Scaledenagrationtest52mL;mewmethodLIL);and4)it

iseasytoobservetheburningbehaviorofthepellet.

1btestthevalidityofthemethod,wecomparedtheresults0ftherateofpreSBureri8einside

thevesselwiththoseofthe60IJ･tanktestforcompositionsCOmSiBtingoftetraヱ01e/oxidizermixture8.

IntheSCreeningtest,thecompositiontobeteBtedw88preparedbysievinganddryingpowder

samplesoftetrazoleandoxidi2:er,thenmlXlngatadesignatedfuel/oxidiZer･Weightratiobythe

useOfarotarymixer.Thecompositionwasthenpre88edintoa4gpellet.Unlikethelinear

burningratemeasurement,nOrestrictingagentWa卓appliedatthebottomandatthesidesof

thepellet.Aftermountingthepelletinsidetheve88el,N2gasW88introduced.Thevesselwas

closed,aftercheckingthattheoperationalpressurereachedthedesignatedlevel,Thedeflagration

ofthepelletwasinitiatedbytheuseofanichromewire.Thepressurechangeinsidethestrand

burnerafterignitionWASmeasuredemploylngaStrain･gaugepressuresensor.Thedenagl.ation

behaviorofthepelletwasalsomonitoredbyavideocamera.

ComparingtheresultsbetweentherateofpresSureriseinsidethestrandburnerandthe

pressureriSeafter50mS,togetherwiththerateofpressureriseinsidethetankofthe60L･tank

forthetestedcompositions,therewerelinearrelationshipsforgaS･generAtingagentsWhose

fuelarecomposedofdifferenttetrazole8,indicatinggoodcorrelation.Therewasalsoalinear

relationshipfortheresultoftherateorpressurerisebetweentheStrandburnerandthe
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lnordertotesttheefrectivene880fthegas-

generatingagents0fairbaginflatorstobeusedin
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motorvehicles,itiSimportanttomeasurethegas

generationbehaviorwithinaclosedve88elthat

closelySimulatestheairbag.The60L･tanktestiS

oneorthemostWidelyusedmethods.However,

60L-tanktest8yStemSarenotVeryCOmmOnin

institutesotherthanautomobilecompaniesand

explosivesmanufacturer8,1naddition,thereisa

needforarelativelylargeamount(20g)ofsample

foreachtest.

Inthis8tudy,wedevisedanewmethodor

screenlngtestOfgas･genemtingagents,utilizing

achimney･typeStrandburnerwithitsorifice

closed.We8180examinedthevalidityofthenew

methodbycomparingtherateofpre88ureri8e

insidetheStrandburnerandthetotalpreSSure

riseandtherateorpressureriseinsidethe60IJ･

tank,togetherwiththerateorpressureriseinside

thecombustor.

2.Newmethodofovaluation

Thenewmethodorevaluatingtheperfわrmance

ofthegas-generatingagenttobeuSedforairbag

innatoremploysthechimney･typestrandbumer,

whichiBCOmmOnlyusedforthemeasurementOf

thelinearburningrateor8trand8COn8istingof

propellantsorgas･generatingagents.

Thenewmethodhasthelbllowlngadvantages:

1)ThereiSnOneedtoadditionallypurchase60L･

tanktestequlpmentS;

2日trequiressmalleramountOfsamples(1btal

sampleweight:60L･tanktest20g;lL･tanktest

～(Hy "H2N･･･-N 2%JNJN-N

25g;mewmethod4g);

3)ItiBClo畠ertOthe60L･tAnktestinvolumethan

theSmall･sealeden也grationtestl'(volume:

smallSCaledeflagrationtest52mL;new

method4L);and

4)ItiseasytOObservetheburningbehaviorof

thestrand.

3.Experimental

3.1 Reagentsused

5･Amino･lH-tetrazole(abbreviatedas5-ATE

fromnowon;NipponKoki,Co.I.td.)andguanidine

saltof1,5●･bi･1H･tetrazole(abbreviatedas15BG

fromnowon;TbyoKaBei,Co,Ltd.)werechosenaS

thefuelofthegas-generatingagent,asShownin

Fig.1.TheoxidizerswereKC10'(KantoChemical.

Co.Ltd.),KNO3(WakoChemical,Co.Ltd.),

Sr(NO3)2(WakoChemical,Co.Ltd.),NH.NO3(Wako

Chemical,Co,Ltd.)andCuO(WakoChemical,

Co.Ltd.).Eachpowderreagentwasfirstground

employlngaporcelainballmill,Sievedthrough 100

mesh(149pmpass)Sieve,thendriedinvaetLOfor

24hoursat45℃andstoredinadessicatorforat

least24hours.

3.2. Preparationofthesamp一e

Thereagent8WeremiXedatade8ignatedmixing

ratioa8ShowninTable.I,bytheu畠eOfarotary

mixer.Afterdryingthemixtureagalninvacuofor

24hoursat45℃andstoredinade8iccator,itwas

thenpressedintoacylindricalpellet(diameter

NY N=

N
＼
/

NH
出｣L.H2N人 H2

h)8･azELiz10･lH･tBtraWle(6･ATZ) 0))GtI姐idine組ltof1,5'･bi･lH.tetrzL2K)lB(18BG)

Fig.1Schematicdiagramofthe60L･tanktestsystem

Table.1Tbtra2;01C/Oxidizermixturestested(unit:wt%)

Samplenumber Fuel 0Xidizer Additive5-ATE 15BG NHINO3 Sr(NOB)2 KNO.1 CuO K
CⅠ01 UreaNo.l 23.3 - 57.

1 - - 19.6 - -No.2 33.4 - 33.6 - - - 33.0

-No.3 36.5 - 63.5
- - - -No.4 - 37.5

- - 62.5 - - -No,5 - 37.5 - -



Fig･2Schematicdiagramofthescreenlngtestutilizin



Fig.3Chemicalstructuresoftetrazolecomp

oundsCOn8ideredinthi卓StudycmparativelySmall･

Thecombu8tOrWa号theninstalledinsidethe60L-tank

.A洗ertheve88eli8closed,thepellet与in8idethe

combu8tOrWereignitedbytheu8eOf】】/KNO3ignit

er.Then,thechangeinpre88ureattwolocation8i

n8idethetank,PtaALlandPt.BL2,8rLdthechang

einpre88ureinsidethecombu8tOrPe｡.nbWerem

ea8uredemploying8train･gaugeBen80r8(Ⅸyowa

Dengyo,CotLtd･'PGM･10ECforthepre88ureinsi

dethetankandPGM-500KEforthecombustor).The

dataWererecordedonaI)L708Edatarecorder(Yo

kogawaDenki,Co.Ltd).Thechangeintempera

tureinsidethetank,TtAnt,wasal80mCa8uredbyK-thermocoup

leandthedatawasrecordedonthe8amedatarecorder.

3.3.3.Analysis3.3.3.1.Rateofpressure

risewithinthestrandburnerThe8Chematic

diagramofthepre88ure･timecharacteristicwithinth

echimney･typeStrandburnerforapelletofcertaincom

positioniSglVeninFig.4.Theri8einpress

ure,APBlmnJbu,附 ,iSgivenbyAP.I,dh,A.,=I?,e

.I-P,Dilia) lMPa] (1)Thetimefromtheinitialtothepeakpr

e88ure,At｡t.andbu,ne,.i8givenbyAもt.andh.

R.,=ち.at一烏n仙l 【SJ (2)Fron(I)and(2),theaveragerateofpreseure
ri母e,
凡...lmBdb u,A.,.

iSgivenby,
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Resultsanddiscussions岩 岳 Thecomparisonbetweentheave

ragerateof8 蔓毒40 pres8ureriseforthe4L･st

randburnerandthatofa 8 thecombustorofthe6O
L'tank･foreachsetof

0 50 100 150 200 2

50Time【ns]- Tankl【kPa】 ････-lTank
2【kPd 一･一･coJTLb.lMPJFig.5Timeprofileofthech
angeinpressureinsidethetankAndI.heco

mbustorforthe60Ltanktest(5･ATZ/Sr

(NOユ)2miⅩtureteSted)pressureWithinthetankbegi

nstOrise,andreachesthemaximumafter40-

looms.TheaveragerateofpressureriseWithin

thecombu8tOr,凡V.｡mhu叫wasderivedSimilarlythroughequatio

ns(1)',(2)Iand(3)I.APm.mb,.如,=P,ea
t-Pinitial 【MPa】 (1)'At AV"n h.細,≡tp.

nk-tin主.hl lsJ (2)IRAYCOmb..如,=APnvc.山 8tO./(Ln,

el】.L.･Atnyc｡mbu8b,)lMPaS

■1g●-1 (3)ITheri8einpressureafter

50m8,APAO.M.fnL･t."k,andtheaveragerateOfp

reS'SureriSewithinthe60L･tankafter50m8,臥 .COL.I

.Ant,Werealsoderivedfrom(4),(5)and(6).Thes

evaluesa一ter50msareimportantSincetheairbag

i8requiredtoachievefull-bagexpanSionwithinatimerangeOf

40-50msafterlgnition.AR ､m..,.nL..…k=P.60

m.-Pinil.れl 【MPn] (4)AL5.3.:0.0050-ち血lls)(ii己ijdisnotnece

ssarilyequA)to0)(5)RLVA.L･bnk=AP601;.anthZ)印L･.AA一

∠】t紬m.LMPas'1g̀1)(6)Where,mr.oレ.A lg),isthetotalmassofpe

lletsinacombu8tOr.3.3.3.3.Evaluationoftheval

idityofthenewmethodlnorderloevaluate

thevalidityorthenewmethod,thecorrelationsb

etweentheaveragerateofpreSSureri8eWithint

he4L-strandburnerand1)theaveragerateOfpressurerise

withinthecombu8tOr;2)thetotalpressurerisewithinthe60L

-tankafter50m8;and3)theaveragerateOfpressureriseWithinthe experiment,iSglVenin

Fig.6.Numberdisplayedinthediagramcorrespon

dstOtheSamplenumberlist.edinTable1.Forboth5･ATZmixt

uresAnd【]}･(}･eJM]JO一SnqtJJ
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ionshipbetweenaveragerates
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Table2CorrelativeexpresSion8betweentheaveragerateofpre8Sureriseinsidetheclosed
4L-Strandburner(SCTA･50,KyowaGiken,Co.Ltd.)andthere8ult80fthe60L
-tanktest(NipponKoki,Co.Ltd.)

EXpreSSion ValuesofaH,btMPa8-1g-I),cH,anddl8.
ど)5-ATZmiXt,ures 15BGmixt.

ures(WithoutSpacer) (Space

rused)Ravcombll仙r =&.RAY.BL..IndhTYIOr+b &=2.46XlOIZ a

=1.67x103b=1

8.9 b=lO.5R8V60m8,60LLAJ)k =C.RdVHLrAndbume'

0.568 0.796APAV的m-,60L.LdAk=d.RAY_Btmndh
ume, 0
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lMPa･S-1･g-1】● 5-ATZmixtu
res ▲ 15BGmixttJJYS(without

spcer) (Spw tLSed)Fig.8Relationshipb
etweenaveragerateofpressurer
iseinchimneytype8trandburn
erandpre88ureriSeinside60L･t

ankat50mS(NumbercorreSpOndstothesamplenumber

liさtedinTable.I)15BGmixtures,therewerel

inearrelation8hip8betweentheaveragerateOfp

ressurerisewithinthestrandburnerandthato

fI,hecombustorofthe60L-tank.Therewas

adifferenceinthetendencylnCOrrelation8for

5･ATZmixturesAnd15BGmixture888Shownin

Fig,6andTable.2,becauseaSPaCerWasinserted

intothecombu8tOrinthecaseOf15BGmixtures,

whereasintheca卓eof5･ATZmixture8,aS

paCerWasnotused.Thecomparisonbetween

theaveragerateofpre88ureri8eWithintheSt

randburnerandtheaveragerateofpreBSureriSe

ofthe60L･tankat50msafterignitioni8glVenin

Fig.7.Forboth5･ATEmixturesand15BGm

ixtures,therewerelinearrelation8hipBbetween

theaveragerateOfpres8ureriSeWithinthestrandburnerAndthe averagerateofpreSBureriSe

Ofth

e60L-tankat50ms.Thecomparisonbetween

theaveragerateofpre68ureriseWithinthest

randburnerandthetotalpreSSureriseorthe60L

･tankat50mSafterignitioni8glVeninFig.8.Also

inthisCase,therewerelinearrelationShipSbetwe

entheaveragerateofpressureriseWithintheSt

randburnerandthepressureriseofthe60L･tAnkat5

0msafterignition,forboth5-ATEmixturcBand1

5BGmixtures.Figs.7and8showthat,despitethedi

Lrerenceininternalvolumeandstructurebe

tweenthe4LlBtrandburnerandthe60L･tank,both

thetotalpre88ureriseandtheaveragerateofpree

Sureriseafter50m8forthe60L-tankte8tCanbe

estimatedfromtheresultofthes

trandburnerI.e8t.Ⅰnconclusion,therewerel

inearrelationshipsbetweenthere8ultSforI.heclose

d41.･strandburnerandthe60L-tank,Suggestingthe

possibilitya8thenewscreenlngtestOfgaS
･generatingagent

s.5.00nclusionsAnewmethodofscreenlngtes

tOfgas-generatingagentswasdevi8ed,whichutil

i2:eSa4Lchimney･typestrandburner.Inordertoe

xaminethevalidityofthescreenlngtest,CO

mpari80nSWeremadebetweenthenewSCreening

methodandthe60L･tanktestforga8･generatingag

entsWhosefuelarecomposedoftetrazoles.nam

ely5-ATZand15BG.ABaresult,therewasalinearr

elationshipbetweentherateofpreSSureri母einsid

ethestrandburnerandthoseinsidethecombus

torofthe60L･tankforthete8tedcompositio

ns,indicatinggoodcorrelation.Therewasalsoa

linearrelation8hipfortheresultsoftherateofpreSSurerise



thestrandburnerArLdthe60L･L8nkAfter50mS, orgaB･generatingAgents.

andalsobetweentherateorpre88ureriseOfthe

strandburner8ndthepressureri6einsidethe尽oll References

tankafter50m8.TheresultsBuggeStedthe 1)Wu,a.Z.,Arai,M.,Mat8uZaWa,T.andTamura,

possibilityorthenewmethodASASCreeningtest M.,KiZJⅦkuGLZkkiu-BhL,55,3,p.96-102(1994)
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