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of

Then,the two-Lerrm ftm ctlOn Which
maybecalled a''Linearformuh●'has

WhllesaLetyfusehastm nwldelyused beenpresented
lndustn;llblaStlng forthe )gnlt】On
black powperdlargeOrdetonatiOrL

caps.notheorerlCalann)ysISOnitscorn-
buStioncharactrIstlCShask enattempt-
ed From thepDlntSOEvleWOEsafety

andefrlCIenCyln bhstlng,aSafetyFuse
mustbe rellable ln Itsuruformlty.lnd

stablLltyOfrLlteOEburnlng ､Vhlch are
greatly lnnuenced by cozldltEOnS under
lVhlchltlSbllrnt

Thcory

1 PrcsstJreandburnlngrate
From thepractJCalpo】nlofvlew.the

burnlng eヽlocICty(vcrn/see)ofasolld
explosIVehasbeen expressedbyprevlous
authors,as こl functlOtl Of pressure

(pkg/cmZ)aIWhlch )tburns MostoL
tlleSe runCt10mS have ben emplnCnl
although some thecretICal deductlOnS
haveLm nattem咋d_
The most classical but l:OnVenlent

Euncnonisthefollowing whICh mayh巳
calledns''n･thpolVeTformula I.

tr.-azpl (1)

12

t･.-4'+A,p (2)

From the stalldplntofthe klnetlC

theory ofgas,the folloWlng functlOn
lヽ'hlCh may tX CaLled "propcrnonal

formula●●hasL治enSuggCSted

vFbTP (3)

LEI the presentatJthorJsa oplrHOnL)
TlOneOfthe three equal)onsdescrlbed
aboveci一n representthe behavIOur Of

pressure-T;lteCurvesOverWlderangeol

pressureandhesu皇geStedamorege†leral
funcLlOn,that】S.

LFa'Pl+L･.p (一I)

Tt'sconslderedthat(3)holdsfoThIgh
pr6Sure mnge lvhlle (2) holds ln

medlum Pressurerange exClud)ngnear

zeroprB Sure Forlo､v pTe弘 ure range
mcludlTlgrteこlrZeroPrBSu∫e.thefuJICt10n
(1)lSthemostrnt10Jnlandconvenlent
aHeaSta一Pn巴はnt

JL TernlXratureOEcombustionandburn.
lograte

JJltheauthor●sslmpli丘ed assurnpt!on
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overlolVpressurerange,theactlVat10n
ofsollde〉叩losIVeSurhCebythecolllSIOIl
ofcombustionproductsplaysasltlaller
partforcombustlOnWh)1ethe･lCtlV･ltlOn
bytherュd)atLOnfroTnhotgasestocool
surfacepLaysamajorroll ThlSeIlergy
transfermaybe expressedtothefirst
approxlmatlOnbyp≠Tん,whereTISthe
temperatureoftheburntgasesForthe
TこIdlatlOnFrom SOlldbody (thecombus-
ttonresldue),7J-0,/--1.whlleforgase･
ousCO,').'l-1/,,A-35,forgaseousJl･.0,
～--/R,l･-3andothergasessuchasO=.
N:,shownoremLlrkableradlatlOn
Forhlghpressurer'lnge.the actlVa-

ttonofcoolsurfacebythecolllSIOEtOf

actlVegaseousmoleculesplaysaTnaJOr
part,therefore.thetemper.ttureOfcom･
bustlOnT mlghtaffectthecombl▲StLOEl
ratebytherelationPC-I/I"､Vherei,･kac-
tlVatlOnenergy and A-gasconstant
Theretorlngeneral.

V-a,r･1)I+b,1"-lNr

u∫■■tl■■■rウニ.∴_t1-

-vJ' ･.-UT.

一匹]-V･ ローvBレ
｣L一一し6-

Flg1 Arrat)gemenEOfpo"dergralnS

alollg二日目はLSOfaLTu5e

皿 LoadlngdensltyandburrHngT'ate
ltmaybcasstlmed thatagralnOf

powderunderdlSCuSSIOnlSaら(】Ildcube
whosesldele【lgthlSI,,andthatthe
dlStanCebetヽVeentlVOgratnSalongthe
dlreCtlOnOfburnlnglSI.asISSChcma-
tlCallysholVnlnFJg1rnF)g 1,tl.and
I,｡representthellnearburrltngVeloc】tleS

throl】ghthesolldgralnprOperandthrough
gaseousproductsalongthedlrectlOnOL
burntngrespectively
ltlSaSSurnedtha=hepropagat10Z10f

combust10nfromonegra】ntoanotherlS
throughgaseousmedlum FlrSt,1fthe
densltyOfcoreAg/cmllS.lSSulnedto
be1,andthenllmtXerOflayersoEgralnS

wlthln1clnalongtheaIこLSOfasafety
fuse.lSe)咋ressedbyM.thenwehave,

JII(l.十J.)=lcm

TlmeOfcolnbustlonfor1cm th上(:kneSS

ISrepresentedbyI

JII(lpj ･1-ILlJiL+｣Ui=(

IfWetraIISfelthedensltyA.to
then tlletotalth1(:knessof tlle

I:lJ.I
solid

becomeSLVり(,.､Vhllethatofgaseousspace

decreasestor,lり車 ^ l/ク

Tfvヽetake∠70-1.A-Ad, then

- ､′吾,巨 qlli･;-j'′q(:;i ･::)
-▲､′Al(鴇 .吉 )=箸 ･苛 AA

orburnlngVeloclty

t･C-/sec-チ-｣,∫(Lp晶.Aま),

wllh-hesubsrltutlOnNqLq.+:JqE･-1 "e

obtaln･I毒-ウE･
Illt4

V=V.十｣Vl.(.I.--I.)dl
lFtherealdensltyOfthesolld lSln-

dECatedbySg/cTn'.therLSl/N'-AB-1.
therefore,JlfLF S-i

わ-両 莞 )AIs--㌻ (5)

･r-Lt轡
Flg 2 Pro亡ed一lreOf】uSいflC8tlOn
fortrg>t･.

InFlg2,tlVOp】eCeSOfa safetyfuse,
each pleCebelng10cm lnler)gth,are
separatedbyadlStanCeIalongthedzrec･
tlOnOfbllrntngWhenI-10cm,thetotal
tlmeOicombustlOnlSabout254secfor

atyplCalbrandofsafetyfuse,ヽlhllethlS
EtlSe､Vlthalerlgthof20cmburnswlthln
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≡t=citeB;htaht%ee:lee,a.sc;tyem.;n;:こ;vaega;:: V=arApl(評 (9,′

through space 】s at leas- 戸品 -25 or ･=･11･･(部 (9)"

cm/sec･wnhthatfor thefusepr- rl steadybuzTMngCfaSafelyfuse
t=芸-08cnVsec. lherefore･wemay a ら l Ex阿 -enCeha,,h｡wnthatan.｡｡Lutm｡1
sumethat

L.>t･. (6)

Then lヽeObtam

r-L･(AS)l (7)

R SchWabq has derlVed adttferent

EuncLLOnfortheEel?_tlonbetweenloadlng
densltyllnddetonatlOnVelocltyOfpoIV-
dery explosIVeSaSSumlngforthatcase

lg<t, (8)

Frornthee:叩larLatTOrlabovedescnkd,
thegeneraHormuh forburnlngVeloclty
l】uybelヽrlltenasEolloヽvs

L･-(仰 ･わー晶pl(三)i (9)

r<lfCltrpJt･-1oeLLtJ･｢止Jl一-phrlcd

L4-gこらor■bF】g 3D151rlbtltlOT-O
tdtschlrgedgasfromasafetさfusc safetyfuseburnswlthunif

orm burnlngratelnopenatmospherewhlc

h lStheCaselnrOutlnetestsExactlysFkak
lng,therelationbel､､eentheto

talbuTnlngLLndthetotal一engthofafuse

LmlghtbeexpressedbyL-J一十B.LIVhere .1,
andB.arecotlStaJltS･lspractlcal
ty -lllSVerySmall,ヽ ,ヽamayassulTLC

IVlthoutserlOuSerrortllこItt- B-/･.that
lSltheburnlng】SSte･17dyTh

ed】stanceofthetT｡hVeloFacom-bllSt-On
frorlt】SmeasuredlTOmthe】gnlt-ed

endand】slndlCatedby2cmForこICert

LTIlnPerJOdafterthelgnltlOn,thegaseo
usproductsofcombushonarelTLalnlyd
tschar苦edfrom ThelgnlledendLx=Cause

laLeralresIStaIICeforthedlS･chargeo
fgasIS greaterthanthatLoraxlaldisc
hargeThlSprIOdmaybedesIcrlhedns"

cnd-dlSChargel氾rlOd".whlleafter
th千spemodthedlSChargelSCarnedout

throughthehterltlporous＼Vallofa lu
scand tJllSSecondstagemaybccallcd''1ater.ll(lisch;lrgCfnr)

Od一°ThetlrnOuntOfdlSCharge Gr,p
erurHttlmelS.aCCOrdmgtothertLles

ofther-motIyn'tTnlCS,aSFollowso･=,,
I(Lil)A-1-/L2iklT,I,I1,(ll)WhereA-raい

ooFthespeclttcheatsofthegaseousprod
ucts.lrCOnStantPressuretothatntcons

t.TntVOlun._C,ど- thecon-stantolg
ravlty,J･'- effectlVeSeCt10nalarep･of

dtschユT-ge,p-gasCOllStant.T-temIXra
rureOfgas.9-pre弱ureOfgas,andや】Sth

eCoeL7icICntOEresistanceford)scharglngL7olV AstheresistanceE

orgaseousdlSCh',.rgcalong theaxisotafuseInCrea
SCS.TISthecombust10nproceeds.TnthepresentpaFX:ruhlchdea

lslmth 甲 mLtyt光 apprOXIrnately expressedbyaprob一em o1-era rangeOflo肌erp
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1Vherev～lSthevalueofゥりat正-0
)E1denotestheeffectlVeareafor
htemldlSChargethroughporousstnlCruTe
ofthes.de､ValloEafuseforl'nltlength
(ユcrrL)oEこlfuse,thenthetorateEfectlVe
areaavallabletorthedlSChaTgCOfllle
gaseousProductsmaybeeL･preSSedby
7rDt/JI+岬,WhereDISthedlarneteroE
theseetIOnOfapoヽvdercore

Thercforeatanydlstancea:

vJ--中●(7rD!
/4+q.I
)/(1+b)(13)

Jnsteadystate()fbuTEllngthevalue
oEpj●shouldbeindependentofthe

dlStanCeI.
rhuslヽeObraintheLolloW･
lJlgCOndltlOn

throughlateralWF.
1日s

o･-甲｡iTbxKp=恥
議
ム''･(19)

01couTちethereht10n(7㍉=0.+
0
.holdsForThetotaHenslhoEafuseLcm
thelotaJamountofgas

O'L-(恥F.I(p)L(20)

theamountoEdlscharsefromJgmtedend

oJ-∫:仙
這
正人坤軸F.A-I,)･

tL一
三芋
10g(l･b
L)
i
(2.)

Theamount｡tlateraldlSCharge

･･.-苧 I ｡4' GJZl.'恥∫7‰-
lfI]SSrn?.ll

V,I- pl=p･(汀.D圭 p.I.(15)

､､'here I･'- secnonalareaofthepoll,der
core

lf之･S一arge pF'-9･-若 (15)

く15)an(l(】5)Imean thatshortlyafter
thelgnJ【lOnthedzschargeoEgasISmalnly
reLIHzed throughan lgnlted end lVhlLe
･lfter･l CertLllnTXnOdthegas】sdlscharg-
edrhrough tllateralヽvall
(a)AmountofdlSl:bargeln-̀crld-dIS-
ch?.rget光rJOd'■

･E､､･edehĉ･=(k三1)lil./keg.J1.,ll",

-(恥]･̂'p)乙㌘ 1｡g(1･bL) (22)

-f､､edeheo?.Ji-T,

thenr･1=S:JLi=憲 …4.-% (23)

As theranOIOr7･+1areeasllyde-
lefmlnCdbyslrnPLeexpeTlment;ItlOn,We
caJILtndthevalueofthecoe打1Clentb

(ら)AmourttofdJSChargelTla川Iateral
dlSCharge叩rlOd

TotalamountofgaseounsdlSChargelS
thesamelVlththatJnCase(a),thLltlS.

Gr,(I-(恥FOKt,)L (20)

TheaTnOuntOFa:くIaldischargerem111nS
r】-esITIITt.e<TlfLer先>x. Vヽhere才,denotes

(iLPOWdeTCOnSrnnt) (16) rhc lcngth whlCh correspondsto the

､vhcreA-125.Rr-(.(foICCOfpowder) PerlOdofen'ldlSCharge
thcll＼VeObtaln

oJ･-(Q,oFJl-p)tat-21303
･og(1･bx.))-const(24)

Theamountoflateraldlschargcafter
エ>2.1SaSfollows

Gr./A-(,[～).I.JJz･)L-(tPoJ･oKp)

(2･)等 310g(1IbI.)I

F(伽f'+A,p)L-Const (25)

V VelocllyOfburnmg lnaStatlOnary
l:OndlI10n

15

･,-3,oi c-/scc

lnsteadyburnlngthetotalamountof
gilSeOuSdLSCh.lrgeperunlttllnelS

O,=(中｡F.EIzJ く17)

Amount oE dlSCharge per unlt time

throughtheJgnltedendlS

G･印 ｡F･r完 L,7･ (18)

Amoullt OE d】scharge lXr unlt tlme



rfWedenotethedensltyofpolヽdercore
by4 theWelghtoFpowderperunlt
lengthofafusels7r/4D亡A Ifafuseburns
lVlth burnlngVetOClty1,the仙eZghrOf
powderburntperuruttl111elS;t/4D=Al
IrlSteadyburnlngthlSWetghHSthesame
wlththetotLH amountofdlSChargeper
unittZme,thatlS0.-,/bll.Kp,】Ewea5-
sllmeThereremalnSnOSOlldresidue Tf
Therelssomesolzdresldue,thlSamount
canbet'lketlInto(:alculatlOnmOdlfylng
thevalueof (po

ThusIVeObta)n ,p.Ji'p-Al･

･vlththerelatl｡nV=･Jpn(AS-)舌 (9)′′･､､,e

findpoKp-･lJ)≠SiA言,therefore,

pi欝 )tAl (26)

｡rv=.JTT･(V,aK)亡si未如き(告) (27)

AsISShownbytheequation(27),vls
lndeperLdent of the d】ameter of the
poIVderco】e Wlththe sllbstltutlOnOf

K -芳 lntO(27)Iweobtazn

v=(207-pq,O-･･LL卓4'q~五㌧中 (27)′

Forexamp一e,lfweassume～-05,/1-2
forJ-CTA,jL-038V.Twherel'.zsthe
speclflcvoJurneorgasatnormaltem-
peratureandpressure,ヽvefind

I.-吐 些二C,I,.MTl･SMTA9,･ (27)′′I,-Lt

ThereL乙IrlOn(27)′′ElveseStlmatlOnOn
theeffectsOfvarlOuSfactorssuchas,
temperatureOEcombustlOnT,realdenszty
ofpo､vderS,frlCtlOnalcoe抗clent9】.,
specltlCVOlurrLCOLgasVD,andtheload-
1ngdenslty∠J 恥 dependsnotonlyon
thestructureOEafusebutalsoonthe
natureand:lmOuntOfsolldresldueafter

burnlng,andtheadhesIVepropertyOFthlS
resldueagalnStthelnSldewanoffuse
thre;lds Moreover,m a commerclal
safety fuse.Core threads and lnSlde
threadsofafusecontrlbutesomearnotlntS

oEgasestothetotalamountofgaseous
productsWhlChareproduced from the
powderproper Thesecorrectionsmust
betakenIntoaccountbymodlfymgthe
,ヽnLueoFthel:Oe朽clentや.
Ⅵ BurnlngvelocltyOfsafetyfuseunder
laterallycornpletetamplng
lnprこICtlC三lluse,1tlSmoreCOmmOnthat
asafetyfuselSlgnLtedWhllelt】Slateral-
lytampedlnaI)orehole,thecompleteness
oftamplngnuCtuatlngfromcasetocase
TnthlSCase,theburmngoccuzTSnOTnOre
understat10naryCO】1dltlOnbutaccelerat-
JrLglSreallzed,therefore,thescLlutlOnOf
lheproblem lSpraCtlCallyImportant
Tncompletetamplngqtendstozero.

therefore,theamotlntOfdlSChargeper
unLttmleatthelengthofafuseェ

o･=駕 砦 (28)

InequatlOn(28),thevalueofp

IVlthでhcd】stance2,Ontheother

VarleS

hand,

theamountofgasproducedbyburnlnglS

o{-JIo･.1,～(i)主A-Fo･11,¶SをA書 (29)

AlthoughthevalueoFp ln(29)varleS
WlththedlStanCea,theamount(28)
correspondswlththatof(2g)atarblt-
rary3,thereforelVeget

q'iJioi'p-FJp"S}A3

or p-(響 )fi(1咄 声 (訓,

V--1ti- Iz,～(芸)古

=(-二や IA 抑 (1- 辛

+,Tk (,poEIT'･S志 A惜 ))I

(1十biE)1一･ (31)

rfWedenotethevalueofvata- 0,by
lo.thenl･omeansthebl汀n】ngVelocltyln
freealllVlthoutlateraltaTnplng

l.=L｡(1+La).I. (32)

t6
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Ifl'-05.then

ll.-γ.(1+b才) (33)

rEIPraCtlCe.thetotaltlmeOfcombus･
tIOnI.lsImportantfor､vh]Chweobtaln

J= =旦二且 1_.
･･-I川.(1.bX).,(.一･,(ト 2,.)bL.｡

((l･bI/.-::-i) (3"

rf ll-05.then

Lz-I｡窒-tlJ"(1･b'･)-

ぢ堅担g(1+bL)
rJl (35)

且 ErnplrtCalResults and Calculatlon
foramounts0EllaS

ETnplrlCalResultsObtalne(lforthetwo
klndsofcommerclalsafetyfuses,brand

1and2,are tabtllこIted lnTable 1and

plottedlnFlg 5

･L l.TT T 二二≒ '･･i巨 r･~cyllEdtT

Aslleareableto flndthevalueof
AbythelnethoddescrltcdlnrV,､veea一一
fmdthevalueofIzbyplortmg f.-I,for

aglVenValueofbtryJngViLr]OuSassumed
valuesfornlVhlCharetobelnt】】erarlge
bel:lVeetl1ごIndzeroThenuTnCrlCatValue

ofI,Ln(3Jl)】sveryserlSlt)VetO the帆ll
mutech:LngeOFl･,therefore,weareable rd)
to(letermlneTheexponent71WlthConst-
derユbleaccurこICy

ErJ)erJn(･ntnl

I Experlnlentalprocedure
The.TtpParntuSeSused】ntheexperlrnent

EoabrSL,鷺 iatrniiu:(5hfr,ili;:uouilisLl'ol漕 i'(?jf E喜; ≡…≡≡‡…貢 重 義 ?;rnEtnc,ogEeg-

TZ-eprocedureemployedISVerySLmple (a) LW eLSu,lng吋】,Ode,
･lnd l【maye:lSlly t光 understoo(tfrortl Fzg 4 AT)r- LL- EormcjLAUrlng
thelllustTarlOnlnドl雷 1 AmOtJn一OfdL5ChLLrgedgas

Table1 TorAIAmOuZltbfp与(G.(･)andamot.nto[etltld'9,hユrger¢J.)
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i_

Flg 5 shoWsthatforbrLtnd 1after

rJ=B.-30cm (forbrand2.L=x.=20cm)
theamountofenddlSChargetcJ一dstoa
constant value, therefore Eor brand

1,xF30crn)sthebound:ユrybetweenend-

dISChargeperlOd and lateral-dlSCharge
perlOd Forbrand1ntL= 30crrt

M 3lL'v h .t7lZH (V'1さtofNJd p 血･日 中 )

(ゝ)1''t,h ･t【山2･くy･LEM.'ll･elfd･rJやi)

･ECOI'監誌 -｡tm Ed At

F唱 5 TotAIzur)ountolgJutltlLILLrnOlltlt

orend-dZsbbrge

S:-2=hl(‰ =品 -1BO

b.I.-195.b1-0065

Forbrand2atL=20crn

Table2Tot瓜】tlmCOr｡OTllbtLStZOI】
lAteTAllycomT)lctctJITZlph]g

(Ll)Otz.e°ed

名臣 121･hL-030,b,=0015

Thesmooth curvesshown lnFI尽5
arecalculatedbythefolloWmgeqtxLrlOn

(;.L='pJ-･A,,･,(L一三欝og(1÷bL,)(21,

whllethevalueof(伽fl人,p)1SCalculated
bytheEollo､vlugrehtlOn

(,pJ･'J{7･)-OiLl (20)

TtmaybcscanfrolnFJg 5tha-agree･
mentbctweeIltheObservedandcalculilt･

edresultsISgood

皿 EmplrlCalresultsforburnlng WJth
latemltalnplngilndcalculatedresults

SaEetyfusebrand1､､-aslrlSulatedag･
alnStlalernld】schargeofgasbyCoverlng
t】ghtlythesldeotlいvlth】nsulatlngtape
Eore]ectrlCCodeand thin(_opfNerWlre
To;､scermlnthIlttheretx=nolateral

eSCaPeOfgag,ttlCtotalamountofgas
dlSChargednxlatlyfrom the】gnJtederLd
Was=L150 meaSured ForvarioustOtこll

IengthsoFthesafetyfuse,brand1,とhe
relatlOTlt*tlヽ,eCnthetotaltlmeOEcom･

bust10nEJand thetota一lengthofthe
fuseI.lvasmc.lSurCdforthlSStateOF

latenltycompTetetamplng,theresults
belngShoIVnlnTab一e2andFlg6
ThetheoTet】Calrelat】onbehveenhand

r.At)rttoILlHcngthor托 fuseIITlth

㌃完ー㌃lw言 完 二 ,Lb,.芸og
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IlsasfolloIVS･

t･-(1-2'i去((1+bL声-1) (叫

8ythemeasurernenloF total一lmeOE

bu-1ngOfafusefora glVen Length

｡
叫
当

此
又
tqF
輔

が
､uT

.{

F】g6DeteTm-1nuOtlOftheexpqent
nbyll⊃erehuJEIT)
bモIVeet)tOultlnleof
coTtlbtStlOIl且ndtotAHeTlgtbofAlll父
LwithlzLter山ayc ompleteLAmplng

(L=100⊂mlnt
hlSexample)wlthout
lateraltampln g,lVe

Obtained

r
･=
農

芸 -0833cmlsec･lVithsubstit1

0n()fassurr.㍗edvaluesf

or,-I-113 ㌢ nto(35).wecal
cuhtetherela-ttonbel:wee
nL.andLWlththevIl

luea- 0065cm~1'rhecalcuh
tedresultsareShownlTI

Table2arLdlnFlg6 Ther
esultsIn°-lateth.lt II芦0231JSth

emostprobable

J)iscuSSion1 Stablllty
OfcoFtlbustlOnEnpractzCa
luse,thesta･blIItyOfcoT
nbustionlSOneofthemo

st】mprtantre-qulSitesforsafety FtlSeS 0.=(恥F

●R1-a,p (17)′WhlLetheamountof

gasevolvedatcombustlOnfrontbyburn
lngOfapowderperu

rLILt)rTleisO.=(FJtl)-(F..LSi

Ai)pl=0,p' (36)Steadybumingcanbere
allZedatpres-surep.a= hecombust10n

Front.p-t光lngdeterrtllnedbythecrossing
po)ntp.oFthestralghEllne(17yandacurv
e(36)coltCaVedownwardasareshownzn0-prel

at】onslnFlg71fally SmalldlSturba
nce causes ll】tIncreaseOfthlsstar)ona

rypressurep.,say,tolJ.+6p,thentherat
eofgasevolu･tlOElby burLl川g WlllbelnCrea5edby

6Ge-1･C'tJI-16p
(37)therelatlOn
foundcasllybydlEfe rentlatlng

(36)belngwlthrespecttop.lVhlletheこI
TnOulttOfdlS-char苫eWlll

beIncreasedbyo

-GFOlep (38)ThelrldexfortlleStabili

tyofcortLbus-t10nmayberepresented
bythespeedoEreadJuStmeAtOEthisdis
ttubed pressurep.+etJtOtheoriginalp,
ThisSpeed.ld,maybeassumed tobe
proportlOnaltothed!fferenCebe

tween(60,一dG.)The aT

nOuntOf gas0.dlSChargedperunl= 1rnelS FI古7 STAB;】Ilt,OfcomblBtl
OntorvnrlOt即 -repr6entedasafunctior10t a._rate｡fgAHVOlt!…zlb)bt'rnlZ'gOf

T泊､rlterc_山sccpressurepbyequat10El(17) 0,-raSCOEtota一gas dl父tLBtgeI:亡加｡
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11']-const(SG.leGr｡) (3())

IEtheslgnbefore(39)LSrl-Copposlte
tothatofthedlSturbanceon pressure,
+l)̂p,then,thesttltlOnary pressureCan
againk estabIIShcd.､､'hlleLnitnOpPOSlte
caseanysm.ill(llSturbancewilleont)nl】e
to enlarge lcndl)lg tO an aCCClerat1-1g
conbustLOn,Orm CaseOfnegatlVedls-
ttLrbance(-62')le:ldlrLgtOfadlngOutOF
colnbuslloll

Fortunately,lrLpmCrlCe,thes)gn of
J【LIStheopposltCtOthatofagLVen
dlSturbance67)こIStSSho､vn ln ドLg?,
case(1),(2),く3),､､･h-1ethecase(1),
Wherethec).poncnr7LOfburnlngVeloclty
)slargerthan1,doesnotexist

_I(I-const(CI-IIC･J)'L~1)67, (Ilo)

Itzsobviousth:ltForthecase(3)

71=Othestabllltyisthebest,､vhllefor
thecase(2),wherelJisnearzero,rue
stabllzty】sfairlygood lnthecase(1)
1ヽ･here lr一1thesl.lbllltyterldstoWorse,
therefore,l爪prこICLLCliL,､VCShoulddeslgn
asafetytusesoasLOrealizeiLSl-1こ11ler
valueohL,and,lfposs】ble,"shouldLx:
zeTOWhlChlSthec.TISeOfa''gasIcssfuse-I
Thee)叩Onent71maybcurlllZedユSa
pr=LCIICallnde)LOLstごIbllltyOfcombustlOZI
otasafetyfuse
Jl Erfectsofthestructureof:lfuscon

stablllryOfcombustlOrl
Makoto Klmurこ1こlrld Kazuo Kudol)

havefoundthe(･xponents†ItorVar10uS
klndsofsafetyfusesby the tcchnlque
ntldthetheory developedbythepresellt
author
Someoftheresultsobtained W】11be

dlSCuSSedfromrhcpresentauthor●Spolnl
ofvleW

AccordlngtOthe sllllPlllZed assumptlOn
preseIltedlilthlSp;ll)eZ,thee)こPOllenrlI
､vllLtendto毒forH･.0 vapourI一lCOm･
bust･OnpTOduCts.､vllllcforCO三, 'JIS去
1ftheenergy tr:lTlfeTtO theunburnt
l泊Ⅵderfrom theco】rLbustlOnproductsls
lllalnlythroughsolldresldue,thenthe
c).ponentllWllltendto2:erO
t31ackpowderJJlaSこlfctyfusedoesnot

produceIleobee.,tuscltCOrlSIStSOfpotas-
slum llltrate KNO.. S111phur S .lnd
charcoal(malnLyC)､､-hlle 】nこICOm~
merclatSafetyfusethecorethreadsand
thelnnermOStThreadsofこIEusedecom-

7nSeandburn",lrh-hepo､vder･therefore,
the〟erfecいVepOヽ､der‥Include.tosoTne
extent.hydrogczIEro】1日､,hlChHの vLIPOur
couldbepzoduce(lznこしquantltymoreOr
less
lrtTable3(a)7'decreases､､herbcllrborL

becorLleST-lChlnthepo､､der,､vhllH､･hen
KhTO,ln-Creases,theH三O vapourfrom

heTnpytlrnthread maybelnCreaSed･"

beconllngb)gger
lnT.lble3(b)7HnCreaSeS"henKNO,

becom es richer,lncreaslng the:‖110unt
ofll,0 from thecombusnonorheTnP

yarnthre.lds
r.ITable3(C)7日 nCreaSeS､VhetHhe

degrees of carbonLZユtlOn Of chalCOal
decrease, 1nCreaSmg the contents Or

hydrogenlrLCharcoals
lnTable3(a)7'mCreaSeS､､,henThe

､､-eightofpo､yderpermeterOfaftlSa
lIICreaSeS,mCre乙lSIIlgtheaznountO‖一cmp-
yarllburl一tbytllepO､､(】er

paPerthreadlSmoreeaSllyburntthan
heTnpy.lrEl.therefore,-heamodJ1-0日tO
produced tsgreaterLnCaseOFpaper
threadLhnnHlCaseOfllempyarnTable

3(e)sho､､,sth.1日=nC.easesaSthemLl-
terlalsofthreadschaTlgefromhcmT)yこIrEl
Intopaper
Tf､vecha咽ethema-erLalsohhesecotld

layerOfafuse(seCortdtothelllnermOSt
layer)from paperEntOCOttOn,Theexl氾･
nen日日ndlCateSr)0nhangeasLSStlOl＼n
lnT.lble3(b).(heresultsh0､､,logttlat
thesecondlayerdoesnotlnterLcrewlrh
thecombustionofthepowderltSelf

Thecoverlr'gbyasphaltonthesecond
layerdoesllUtalso乙llfecttlleCXPOllent
TlaSISShownltlTable3(g),thereason
may bethesame､vith thatdcscrlbed
above

Tf～teChangetheInnermostlhreLlds
Into nOn-COmbustlble glass-woolyarn,
thenonlytheblack powderburnswlth
noJltOnll(lll,LthrlChcarbonこIlldsolld
resldue.thusthee:叩onen=′wlllbeconle_
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mllC7-sITLallerTable3 (h)sho＼､sthat (f) E打ectotsecontthyer

Tablc3 ReEntLOnbetwccnttle叩 nent Coml楓 LOn
- u-IthestrtleturCOEsafety ky･01ls･■cr
ruseS･ iS2035

(zL) EEr∝tofi;Sol(StnTl～Lant)

話 芸 35,0 3温

話 芸 芸 3漂
65 20 15 0126
70 20 10 0139

(b】 IfrectorKyOTlOcorlStAt}t)

<5 25 :氾 0_0328

50 20 30 0.C504
55 15 30 0CE28

〟) 10 30 0C63
65 5 30 0097

ltldeJEOf ≠ tlegr亡tOIciLrbon,zAt,Or)
rOOmZJItL011 )I1t一therelerseOrder

詔.語 呂監書芸 ■::,hXno,dn霊 L怒
5C00 0050I:Ornl榔1tOn(Kヽ 0145,-メ
5941 0053 5120>'0357'')

fd) TI打ccLOf8mOu】⊃tOlpo､Yderper
mcICrO【Aruse

c- - t･on 7̂ mo11T,totpo"der

Compcslljozl

F■Per8 llemp)8rn130.031
ccLLOn6 0_030

ヲ ヲ ヲ 慧LT.rn… 冨琵

(gJ Eだectoh sphzILtcoヽcrLtlg Sm ndh〉er

ComI籾ItlO:I A叩hJIL
Kil10I S 0
62 18 2O rlOlle 0.129

tll17) 0.Ia
thkLI Ol75

50 15 3S I)one IS80
thick O.014

45 20 3S phOincek S:監

(h) に打et:IoEnob-I:XImb115lblelnherTTIOSt
lユyCr(G hs>1rOOlyarn)

Kl王1d IT)nenl⊃OStlA)er SJeCOr･一tla)er

C, glass"冨IyEL'n ,apcrthrc8°8 0C-

C= 8 0(】19tI
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