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InitiationofExplosivesbyUltrasonics*
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8tLmn叩 ;E叩losivcsmayheinitiatedbyult招きOnicsoEproperfrequency

rangemd8u広cientintensity. P&pezsconoemingthis丘eldarecited仙d

thediqerentresultsmaybeunderstoodbyconsideringtheinteractionoEthe

bubbleswiththesurroundingmedium,Onbpossiblewithin8frequencyrange
de丘nedbythecineJrL&ticviSCOSityoEthestm unditlgmediutnzLndthediameter

ofthebubbles. Theeigenfrequenq oEtheexploSiyecontainerAndthe
frequencyoEinitiationArethecouplingmembersbetw改nexplosiveAnd

coA点neznentimportantinrespecttosafetyconsideration. AJsotheitnpact

8enSitivityyAryingwiththediameterOfthebubbtesmaybeunderstoodin
theseterrrLS.

InGermany(F良G)permittedexplosives
mustShowAtransmissionoEdetonationof

AtleA8t3cm inAcon点nementSimihrto

practicalconditions.AssuchApproxim&tions

oEpracticalcon丘nement8fortestingthis,
coal/concretemort8ZS2/1and20/18ze used

representing inclu8ionsandborehol飴 OE

diqerentstrengthl).

AtBerggewerkschLdicheVersuchsstrecke,
Dortmund-Deme,An叩 rimentalAZTange･

meELtaccordingto点g.1hadbeenestablished

forproohg thi8COndition. Sincesuch

mortw Aree7iPenSiyeAndalotofwaste

ariseAEterexperiments,AhelgiatlimBtitudonli)
8ugge8ted to tJSeaBtCeltubeofproper

dimensionsLotSuchteSt8. TheBetubes&ze

EorrepeAdnguse. In丘g.2thissteelttlbe

arrangementisShown. ThedimensionsoE

ithadbeenaltereduntiltheresultsmatched

foroncL蝕edtypeoEexplosive(cl的9ⅠⅠⅠ

rImproyedyersh oEExp]08iyBtOqelP(1971)
1日⊥161 ､

yd:略 No.7.1Wl

permittedexplosiveiAW-GernAt)y).

ItmtIStbesuggestedthAtthiBmethodisn't

applicableEorexplosiyesingeneral,since
theirdetonationvelocityoEI,500 tosome
thousondm/siSlessormaybeles than

theshock,zespectivesoundvelocityinsteel

ofabout5,∝氾m/S. Accordingtothisthe

receplor"lmows"abouttheinitiatioELOEthe

donorjustbeforethedetonationFronttraWlled

toit,88theEoIIowiJIgexperimentprooEes:

Enhrging thediSt&nCe D betweenthe

Ca血dg田 Lrom a m8由maIdistance no

detonationoEthesecotldcd dgeoccured.
ButintrducinginthemidoLthetubeA

tightclosingloam phLg,detonationofthe
second ca山idge occured agaiJl,even by
enhJgingthemaximaldistance D.Precaut･

ionshad beentakentopreventpossit)le

initiadons by impactofloan particles.

FinzLllythedetonationtrazuEerfailedbyaxial

isolation ofthesecondcartridge.by.soft

materialslikeAbsorbentcotton.Inthi与CiLBe
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88her r■亡叩,brEqrL叫● 一■DJJNOJ如■ LA hれFIf･1ConVcorLCretetnOrtArfordeternitLati
onoEthetransmissionofdeton8tioMCCOrdingtoBerggewerksdlaEtlicheVersuchsstrecke,Dortmund-tkmeI).

frqJd■■fJILrJ-ftJ▲

■DJJP4hrJ■I■A dld).FIB.2SeAmteS881eelttldeArrangementFordet
erminationoEdletmnSmissionoEdetonl8Lion8imihrtol一). ThediqerencctotheorighdisthesteJnming

8ttheenJS,aSCOtnmOnittGermany,see五g.1,

nodirectcontactbetweentheinsideBu血 c

eofthetubeAndtheoutside8urtAeCOfthe

cdridgehadbeen possible.Accordingtot

hi8iti88SSuJnedth tradialvibratio

tL90EtheSteel-tubeareresponSibelLot

initiALion., AcotLBdcylbrAdonJIOEtheqtee

l-ttLbe(fig.2)G.S.Fields) investigAt

ed the possiblevibrationsoEApushedrod. Theresultis, thatthepuibleyibratioJ

n811dmodcSAJeextnordinazynumerousa

ndcomplex. Heobservedbendingvebr8tion8w

ithAlotofnotllamOnicovertones,longitudindvibra
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kngth.TheI.equenciesoflongitudinaland

bendingvibrationsarebelow30kC/ら. He

foundthAtthevibr8tion8Are Very Sensitive

totheconditionoEexcitation.

Accordingtotheconditionofexcitation

in丘g.2iti8889umedthatAlongitudinal

vibrationoEthetTltkisnotveryreasonable.

The possiblefrequenciesoE thetending

vibratioJnOEthettlk (ASSt)nedZLSarod,
diqerenc飴 betweenrodAndtubezuesmall)

8托 250C/a.2.3;6.3;12.2;20;30;and
42kC/Sormore. Thefrequenciesa托low

AndthevibrationsAredampenedbysandin

th'LBexperiment.

AccordingtotheexcitAtionoEthetut*by

theinsidedetonatingcartridge,oneshould

expectintenseradialmodes. Thiscouldbe

checkedbyinitiationoE8SecondaryCha摺e

outsidethetub.

G.S.Fielda) treAtedthecaseofradial

modesof8tubewitharbitrarywAllthickness.

FortheradialfrequenciesJTtheotpines

f･〒最/piiT,i)諾12,i
with

E Young8mOdul,
･,Y Poisonrate7

p density,
11 Outsidediameter,
r2insidediameter,
&̀orderoLvibrationmode.

htTOducing

l-2p
m一=1=㌻

(1)

(2)

oneobt8in軸 勾fromtheintersectionofthe

hnctionsFSandtTe:

F5--慧 :E mJ3 '33)'' (3)

F6-i豊 荒 野 (4,
Jo( )AndJI()8托theB鰯elfunctions

Yo1.35-No.2.1剛

&ndNo( )re8PeCtiveNl( )theNeumAnn

FunctionsoEdiuerentorderwhichAretabuh.

teds∝Foremmplel).

In丘g.3theEunctioJWFBAJldFT8withrI/

rl方0.5(See点g.2)Andm=0.572&托plotted
AndoneobtAincS

S1-1.28

屯=6.5

38=12.6･-･･
withequAtion(1)oneobtAheSEorther8di81

eigenLrequeELCies

f1-1.28×25.8=33.0【kc/8]

JT2- 167.7kC/8

FF 325.1kc/8･･-･

AccordingtotheconditionoEexcitationof

thetube(see丘g.2)iti8ABSumedthatJTi

should be faYOured becAuSetheiniti8ted

cartridgeiseccentricprobablycAtJSingmore

intensevibrationswithonenodalphne. IL

so,inthenodalplanethemaximumdyTIAmic

fozICeistobeexpected. AEter80mee事Peri･

mentsthesteeltubehadbeende9tmyedAnd

inhcttheAreAOEfracturehadbeeninthe

centeroEthecylinder.Itisthereforeassumed

thatinitiationoEtheSecondcartridgeoccured

byintensevibrationsoEthefrequencyoE

about170kC/8.

Recemtredlt88btlttheidthtionoE

e印lodye8bytlltr8dPd cB:

W_T.Richa血 andA.L.LoomisS) 丘rstly

aLre托pOrdtlgin1927aboutSuchexpe血 entB.

TheyhadanultrzLSOuiegeneratorProducing

l00 to50kC/Sand2kVAelectdcdoutput.

They托POrtedth&tnitrogeniodideexploded

bysuLScientexposingto80nicsAndtheyEAiled

detonatingAmmoniuJnnitrate.

N.Lbrine虻OC)Eotlnd1935th8tultru nic$

oflMC/SAnd8mintensityoE5.8W/cmtin

thesystemdetonatednitrogeniodide,crySt&･

ninesilverfulminateand払rtholletpowders

onthebasisoEperoxideswith Andwithout

perchloratesintheczLSethAtACOuSticcouplind

betweentheoBCilhtorcrystalAndtheexploSiye
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FI甘.3 DeterminzltionoEarYaluesfortherad'd Erequ
enci缶OLthesteeltubeoEGg.2.3fArcgiyenbytheintersectionsoftheLllnClionsFSATIdFo

8∝Ordingtoequ.(3)and(4)hdbeen

performedbyAnotWettinginertliquid.

IEtheBubSt8nCeSlmdbeenpressedorlmdbe

enSubmergedinpara缶noil,onlynitrogeniod

ide8ndtheshocksensitiveBert･houetpow

derdetotlAtedsinceairhadbeenAbsent.

She didnlsucceed in initiatingnitrocompounds,evenby

oveTSt憾 ingthe鴫Cinatorcrystal.ButP

.Ren8ud7)1951couldn'tAndAnyinitiation

byultraSOnic90日 MC/SAndintheciLSe OE

dyTIAmiteddition&Ilyat20kC/S,with anedi

JnAtedACOuSticintensityoEtheoSCilhtor

oEAboutl00W/cm王. Theinyesti･g&tedsub

stanceshadtN2en:mercuryfulmi･n&te,cy8nur
ictri拡ide,leAd拡ide,TIitrogly･cerine,d

iAヱOCOmpOulld oEm-nitroaniline,hem et

hylenelriperoxidedi&mine (HMDT),gehtinou

sdynamitecontAiningairbubblestXtween0.1

AndInmdiameter.leadpicrate,AmmOnium

picrate,and8mmOniumInitrate.Theresul

ts0EM8rineSCOhepintedouttobetheeue

ctoEmech8nicAlpushingbytileo8duAtor,8incethe点rst6explosiveslisted above

Are vezy S

ensitive to mcchnicAltreatment.Someadd

itionalcommentsandinvcStigAt.ionsarecitedinthemoTIOgrAph

oEF.P.BowdenandA.D.

YoqeB).FtLrtheron expdtbeTLtBPurenitr

oglycerine,dynAmitewithbubblesof

0.1to1.5mm diameterAnd 8 Verysensitiv

eexplosiveconsidngof90%rodks

a)Iand10% NGrEGDN 60/40hd tk nt托ated

with Frequenciesbetweem22and25kC/8andan

oscilhtor+)8COtJSticintensityofAbo

ut500W/cn B. UsinganeXPOnentidtom oEd

uminiunAgoodAcotJBtic8dAPdontotheexplos

iyehadt光enObtained,resuldJlginanAcousticintensityoE

abotJt220W/cmtintheexplosive.Nitroglyce

rinedidn'tdetonateinspiteoftheEaC

tthatithadbeenbhckenedbytheexperimentdJ.tre

atment,Causedby8braSion｡-66-+lDr

.OhLfrom BerBbuforschungGmbH,El8Sen-Kray]IAminJeptedtolコEormaking
AYAhbehis伽CilhtorArm



ノー√

I

oEthedu皿initLn hom. CAyide8hadk n

formedbyc且vitAtionofabout1to2mm

diATneter. AIsothe hom pushedtothe

I)ottomofthevesselcontainingthgnitrogly･

cerine. TheacotJStic pressurehdbeen

About33bar.

TheaCOtJSticiJnPedAncehadtansimihr
intheea紀OfdynamiteAndrock881teg l0-

8ive. InnociLSeadetonationhadtN5en

observedinspiteoftheEActthAtduring

ACOtWtic treatmentOEdyTIAmite and salt

exploBiyefumeswereobservedresultingfrom

thebuming. AEterexperimentthesalthd

tan8intered.Nobuminghadbeenob erved

AfterremoyitIgoftheckSCilhtor.Thisresult

iBduetothebreakdownoEACOtdccoupling

EortheczLSeOfarisinggasesfrom burnitlg.

Onlyyerysmallacousticintensitiesmaycome

intotheByStem(aboutlO~lW/cm2According

totheACOuSticimpedance).

A岱uminganadiAb8ticexponent∫of1.4

respective1.25foran8COuBticp托SStm Of

33barAtenperatuJeOEmorethanso℃

respectiveso℃ shouldt光ObtAimedresulting

Athernddecompositionoberved.

DbC叫 ionoEthereBdtB:

AccorditLgtOtheown experimentsaJld

thecited earnerinyeSdg&tioABitiB騨冶Sible

tlmtinid&tionbyultrasonicBmayOrnZLy

noto∝tm,dependiJIgOnthecircu地 ces,
8tlCh dBeXCiting血equenq,intensity,8Jld

StructureOftheexplosive(bubbles).

Accordingtoarecetldytreatedimiti8tion

modeI'710) SmallI)ubbleSin respecttOthe

wAyelength9howdiqerentt治lmYiourwhetller

theyw GzedbyyiscotuforceBinthem血

or騨tAnobilityinmpecttotheBurrtmndhg

meditn.ThislxhyiotlrdependsonRoth'S

number9.

n=ま-壷
2CR2

f frequenq of80nicAttack,
VAlもPLL2.1軌

(5)

JT.Clm cteriSticfrequency
R 托diusofthebubble

p. densityofthemedium

ワ ViscoSityofthemedium･
As 8hownC)IO)8mintenctionofthebubbk

ispossibletobemendonedforv血 cS0Fa

btweenAbout0.1And50,紀e五g.4. The

intenctionispWSiblebytheylbr86otL$Ofthe

bubblesandtheirmobilityinrespecttothe

iL
t

一

圭.5

ま.,
i.I

王.45

｢ ㍍ 5 10 9FI8.4 tASStJLngent
tgPForthehtemcdcAoE8bubble
widlthesurroundingmcdiumABEunctio
TIOERoth'stltLmberp. SiACetheloB
StAngeZItLot8btL･bbleoEzerod
ensityistLePd▼e,g血8re

Ob血 ed. G血各町eredid bylwo-WIYeCO
7IGprBtioT).nismew stl18tthedbtlbb
le-W8▼e-isApn刑∬$OrLothestinuh血g Erequ也eyIvi血

(hephzLSeWgle+p.mat血 anddetonation

maybecomepossible.ABaumingAconsi

stenceofroo血gA叩hdtAt55℃ fordynamite

&ndthe8dtexplosiveonemaycdcuhtewith &
kineJnAticyiscoSityoLtheorderoEIOJSt.

TheviBCOSityofthesdtexplosivei8not

determinedbytheSAb叫 idcSthe恥ely世 bu

tbytheirduidityinr

especttoeachother.IntAbellfornitr

oglycerimemddyn且血tere8PeCtive 8dtexpl

o9iyethechAracte血ticfrequenciesI.AndR
ot的 numberBareCAIcu･lated ASfuJICtionofthe



bubblesandtheexcitingErequencyf. Mop
reovertheware-lengthzLSumingABound

velocityoEAbout2,(X氾m/8isnoted.Acco･
rdingtothezLSStLmptionsl≫RiszeAlized.･

T&b]e 1

Nitroglyoerine Dymmite,8dtexplosiye I

Ⅴ岳cosity.(P) 0.36 -101D蝕Sity(g/cnB) 1.6kincmaticyiscosity(St)

0.225charzLCteriSticfrepucncyf,(Rincm) 0.toe/R*
～500′Rl～-,---(25kC/8)hem

～8 ･}8(170kC/S)incn

～Ⅰ.2 ･一1.2/.EAs2R= /. P(25kC/S) EmkC/SJ f. P(
25kC/S)Pt170kC/S)1cm 0.43C/S 58000 4

00000 2kC/a 12.5JI 855mm L.6C/S
15500 IOOOOO 8kC/a a.5● 21●lmm 43

C/a 580 4000 200kc/9 0.l3F. 0.8580.5mm , 160C/a 150 loo° 800kc/8 0.■06 ◆

0.2*0.1mm 4.3kC/S 6 40 20MC/SI.3L0

-A 810~S0.01mm 430kC/8 0.0

6 0.4 2GC/らI.310-8 810-i■shows

PO粥払lehteraCtionln点g.4thelosstangen

t,CharaCterisingtheinteractionoEthebubbl

ewith themedi_tim,aSfunctionoE9i8

plottedforabubbleof,Zerodensityp'. Ac

cordingto丘g.4andthentLEnedcydueso

Ehbel1areiLSOnableintenctionoEtheb

ubbleswiththesum un-dingznediun isp鴨Sible

onlyForbubble-di8neteZSOfabout0.1

to0.05mm innitro.glycerine(25kC/S),but

thebubblesformedbyc8VitAtionhad8h

owJ)diaJneteSrbetween1and2mm A

ndnointeractionhadt光empo岱ibleofrr

easonablemAgmitude.In▲thecASeOfdyT

L8miteandsdt既Plosive8V占ak interactionby2

5kC/ashould tkpossiblefortheciLSe

OfbubblediiLneter80fabout0.5tolmm,but

8StrongOneLot170kC/S. This resultoftheoud

ined cdctll･AtionsagzeeBWithexperitnenta

lFacts:BtlmingAndsinteringonlyduring

ultrasonicattackwithLrequencieBOEAbout25kC/8,

butdeton･Atio'ninitiatedbyfrequencies

ofabout170kc/;.lTheinterdependenceofthesensitivityof Anexp]osivewith bub

bleJiAmeterandtheviscosityiSntnew,J.F.R
oth ll)1966hadihownthisforsomes

ySteTEL8byexperiments.He点ued80mel

iquidexplo9iy飴 inba野 byvaryingthezLmO

ultOEairiniL HegotbAgswithlmbblesof

vq ingdidLmeterSintheliquidexplosive

AJld Found A strongdependenceofthec

ridc81impctenergybytreAtingthesein

theEdingweighttest.Thking asazneasu托

forthe excititlgFrequencythes騨edofh

lloEtheweight,itispossibletointroduc

e8rehtiye Roth'snumber8pPrO血 ately.

HisreSultSconsideredbythismodelar
eShownin8g.5. Sincethesteepn鰯 Ofthe

impactdepeJld80nthezLnOuJltOEairinthe

b8夢,theexCidngfrequency cAnnZtbe con

Side托dconstant,btrtonemay see thatthe seJ

Witiyitylot.theexplosivenearlydependso

nR28ccordin-gtoequatio

n(5),aSSumingthat.reactionoでct-Sfor

ide丘niterangeofa.ExperimeAtSbadbeendoneAt払rg
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scorrespondtohistwodiqerentcxperimeJltAIarmJlgementS.
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