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MeasurementsofDetonationPressures

ofInitiatingExplosives
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I.Introduction

DetonationpressureoEaninitiatingexplosive

isconsideredtobeapredominantfactoroE

sympathetic detonation between adjoining

rooms in a detonatorplant. Detonation

pressuremeasurementisnecessaryEordesi-

gninganexplosion･prooEconstruction.

Delonation pressure measurement was

carriedoutbyanion･gapmethodninwhich

theshockvelocitiesinzLnexplosiveandin

aninertmaterialinconlaetwiththeexplosive

weremeasured. Thedetonationpressureis

obtainedt)fromtherehtionofpressure(P)･
particlevelocity (ly)intheinertmaterial.

Met8aCrylresin wasused as the inert

material,because its p-W relation is
analogoustothatoEexplosivesanditsacous･

ticapproximationisheldintheexplosives.

Detonation velocityandpressureobserved

werecomparedwiththosecalculatedEton

T.Hikitaand T.Kihara's formula3)oE

detonationcharacteristics.

ⅠⅠ.ExperimentAl

1.SAmPle

DiazodinitrophenoHDDNP)(granuhrcrystal,

bulkdensityA-0.62and0.48;needleCrystal,

bulkdensity A=0.38),mercuryfulminate

O)ulkdensityA=1.515)andtricinate(bulk

densityA-1.03)wereusedassamples.The

samplewasloaded partbypartinthree

血 estogetuniEomityoHoadingdensityin
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apolypropylenecylinder(lmmin山ickness.

40mm im innerdiameter and65mm in

length). LoadingdensitieswerepoE=0.55-

1.20forDDNP,pol=1.60-2.50tormercury

fulminateandp｡∫=1.50-2.10Eortricinate.

Thepolypropylenecylinderchargedwithwas

setonanacrylplate(10mminthickness,

50mminwidth and50mm inlength).h

血eupperpartofthecylinder(20mm im

length)waslooselyloadedwithDDNP(17g

forメ-0.62DDNP,13gforA-0.48,9gfor

J-0.38,13gformercuryfulminateand13g

fortricinate).Andthewholechargewas

丘redwithafusehc8dinsertedinthecentre

oEtheupperpart.

Tricinatewasloadedinawetstate(water
PlLtL
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content:About130/.),becauseitsfriction

sensitivityl)isveryhlgh inthedrystateand

wastested8Lterbeingcompletelydriedat

so℃ toconstantWeightforabout丘vedays.

Thepolypropylenecylinderwasusedto

holdthecharge,8Sitretainedbettergeomelzy

thananothercommonplastics.

TheformingtooloEtheexplosiveswas

madeoEbrass. ItiSShowninFig.1.

2.Method

AniongapWastwoenameledwirestwisted

togetIler(S.W.G.No.36,0.192mmindi且.).

Average detomtion velocity in20mm of

lengthoftheexplosiveandaverageShock

velocityinlOmmofthicknessoEacrylplate

wasobservedwithasynchroscope inan

cxtemaltriggcringmode.Theblockdiagram

isshowninFig.2.

Fk,2 BlockdiagmmO
EdetonationpreSSurCmeasur

ement① :iu9C-head⑳ :poIypr
opyknecylinder(40inirLnCrdin.,li

nthickness)◎:iongap◎ :initiatingexplos
ive@:metaACrylphte

◎:ironArLViL①:coAXiAIcable⑧

;pulseshper◎:C.R.0･ ⑳ :exploder3.CAIculat

ionoEdetonationpressureAccordingto

Rices,McQueenaJldWdshetal.い,anapproximatelinearrela

tiont光tWeenshockvelocityandpAr

dclevelocityis:DP=Co+kWu

(1)DN :ShockwzIVe

VelocityininertmaterialCo:Soundve

locityininertmaterial,2;000m/Wcfo

rAcrylplateVo1.21.I一o.2.tlll k :Coedicient,1.

61forACry

lphleWM:P

arddevelocityoEErcesurhceRelationbet

weenshockvelocityandshockp

ressureinaninertmaterialis8hownaSfo

llows: PN=pou･DM･WN (2)PH:Sho

ckwavepressureininertmaterialpo.V:Inertmaterialdensity,1.19ForaCryl

plateShock impedanceinexplosiveandiner

tmaterialaregivenasfollows:Z'-
(POD)∫,I.ll-(POD)u (3)1'.:ShockimpedanceoEe

xplosivepoJ:LoadingdensityoEe

xplosiveD.:DetonationvelocityZ.V:Shockim

pedanceOEinertmaterialDetonationpress

ureisfound8Sfollows:pl-慕 (I･･IN) (4)

P,:Equaltodetonationpressur

e Lh4.Results(1) ExamplesTypicaloscillogramsobtainedbythe

ion･gapmethodam showninFig.3.As

shown inFig.3,inthecaseOEahigherloadin

gdensity,detonationvelocityoEthe丘rstlOmm,the



(a)tP.PtTgpe･sfn=sP.iy6i2.;=p雫 霊 ,sweepvekcily-

2fLSCC/cm(C)?.?t
Tgpe･S3n=sP.iv3i2.･,=poILv=/ih2.swce,ve,0_c

lty-2pseeè);V

望ita:!a_;e妻f?,gesit13第 fi?'5=vI占え･ら-ccpv-veIocityobtainedfroman
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0.5 1.0 1.,Loadingdensityp.

.(g/cm3)Fig.4 Loadingdensitye仔ectondetonation
ve]ocityands

hockvelocityDDNP Detonati
on Shockvdocity velocity

Granuhr,A=0.62-0- -●.･.Gnnular,A-0.48-△一 ･･･▲-
Needle, A-0.32-ロー -･ll･･.Cateulateddeton

a!ionveloclty-〇･-L岨dingdensity,

po'(g/cm8)Fjg.5 LoadingdensityeEEectondeto

-nationpresst)reDDNp-O-:granuhr., A=0.62

-△-:granuhr., A=0.48-ロー:needle., A
=0.32･･r〇･･･:calculateddeto

natiorLpressurepresstlreOfDDNPisshown

inFig.5.Thedetonationpressuregreatlyincr

easesastheloadingdensityincreases,butthep
resIsureisalittlelowerthantheca

lculatedvalue.Yol.29.No.2.t9-8 (5) Me

rctlryfulminateandtricinateTheeuectso

HoadingdensityondetonationvelocityandShockvelocityoEmercu

ryLullminateandtricinateareshowninFig.
6
.
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Loadingdensity,POS(g/cJnS)

Fig .dLoadingdensityeffectonde

tona-Lionvelocityandshockveloci

tyDetona.lionShockve]oclty Veloc

ityCalculateddetonationvel∝ityMcrcur

yfulminate-0- ･.･+･･･ ･･･0･･･TricirLate

･-△- ･･･▲- ･･･△･･･Thedetonationvelociti

esofmercuryFul-minateandtric

inateincreaseastheloadingdensityinc

resesbutthevelocityincreaseisnotso

remarkableasthatofDDNP.ThedetonationvelocityofmercuryEul･

minateaCCOrdswith thevaluemearuredbyY.Mizu

shima'simageconvertertubemethodandthec

alculatedvalue.Theobserveddetonatio

rLVelocityoftricinatealsoaccordswiththe

calculatedvalueandishigherthanthatoEmercuryEulmiJ)ate.

TheeHcctsoEloadingdensityondet

onationpressureofmercuryFulminateandtr

icinateareshowninFig.7.The observed detona

tion pressures oLmercuryfulminateandtricinate

increaseastheloadingdensityincr

easesbutthepressllreincreasesareno

tSOremarkableasthatoEDDNP.

The observ



TAtlleI･(a) ResultsoEneastJremeJltby
DDNP

TableI



ion-gapmethod

D"EShockveLocity(蛭望) PArticleve10citytVm(m/see) shock I Dpeio=naG,?n(AAVeraged DeviAliOn 摩 車 PressurePTn(kg′cm り Aye-ge

d i D:二3,023.3 161.6 113,347.5 227.9 I23,8)8.5 38L.9 124,136.8 384.7 12 635.6836.91,)29.5I,368.5 23.569.6 Ⅰ9.616.8事 341,784.1 45,lO6.日 27155,950.5 64,577.6 I 2567,729.6 9l,

247.6ー 262,810.3a,l54.4a,629.83.915.7Ii 313.4l 101.4i :?,:;i ll12llll 503.3717.0),012.3I,212.I 芸.,::!IH ::::::芸芋.2;..: 日 ;:;,q:;

l Ti a9l 8I2,557.7 三≡三㌦ l453.7 12 346.4

lO,928.2 ⊆ 9,217.7 33,007.I 625.5

23,730.3 ! 25.562.0 . IO3,599.44,l47.9 I,002.7l,334.1 47,2Ⅰ6.168.928.1･ 57,019.1I 93,445.8
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1.0 1.5 2.0 2.5Loadingdensity.o

of(g/cmS)Fig.7 LoadingdclnSily,cffcctondetona-
lionpressure

MercuryLtlIminate
Tricimle r)c

tonation
Pressu

re一〇
一一△ - Calculate

dtle10Rationpressure-〇 ･-･･･△-ⅠⅠⅠ.Co

ncltISion8I.Thedetonationvelocityan

dpressureoEDDNPremarkablydependuponthe

loadingdensityandare

higherthanthoseofmercuryfulminateandt

Ticinate.2.TheeuectsoLblJlkdens

ityandczystalfo仙 ofDDNPonthed

etonationvelodtyandpressurearenotdisti

nguished.3.ThedetonationvelocityAndpressureo

LmercuryEulmiJ)ateare)overthanthoseo

ftncmate.4.ThedetonationvelocityaCCO

rdswiththecakulatedvaluebutthedetonation

pressu托isalittlelowerthanthecalcu

latedvalue.IV.ConBider&tion80n SOund▼elocityitl

metJLACryhteAccordingtoRice.McQueenan

dWalshetal.,thesoundvelocityinmeta

acrylateisgivenasC0-2,500m/seeatt

hedensitypow=2g/cma. Asmentionedatx)ye

,theshockvelocityoceasionaJ)yhappenedt

obelowerthanthisvalue.A

discussionconcerningthevelocit

ylSgivent*]ow.26 1.CalculationoE

soundvelocity(1) AssumingthePoiss

on'sratiototXzeroandtheYoung'smod

ulustobe3×101kg/cm20),the soundveloci

ty (Longi･tudinalelasticwave ve一ocity)inan acr

ylbarisgiyenbythefollowing:

Co=(E/p)IIBE:Young'smodulus,

3×101kg/cm2p･.density oE metaacryla

te,1.19g/cml(observedvalue)∴ Co≒

1,570m/see(2) WhenthePoisson'sratiois

0.358),thesoundvelocity in anacrylplateisgiven

bythefollowing:Co=IE/y[(I-ン)(1-リ)(i-2y)]I

IllJj:pOISSOn'sratio,0.35.'.C.51,

990m/see2.Observedvalue
ofsoundvelocityinmetalacrylate

(1) MeasurementThe block diagram

oEsound velocitymeasurementisshownin Fi

g.8. TwopiecesoEaluminium foil(lmm i

nthickness)werecementedorLtheboth且

atendsofanaczylbar. Oneendsubject

edtoashockwasconnectedtoa sy

nchroscopethroughapulseshaperwilha

coaxialcable.A soundwavetraVeledthrou

gh thebarwascatchedwithapiezotite(

10mm indid.,Fig.8 BIockdiagmmOrSOundvelocity

mcJIStJremertt① :hammcr
⑥ :spongephte㊨ :aluminiumEoil (30
x50Oxloo)(Iinthick

ness) ⑳ :inpedaJICeCOnVeTter(122) gunrod @ :C.A.0.acr

ylbar ㊥ :coaxialcablepie20titehar ⑩:pulse



2mm inthickness)Cementedontheopposite

endandwasrecordedwiththesymchroscope.

ASSampleS,aCⅣ11)arsof 10-90mm in

lengthand10-30mm indiameterwereused.

(2) Exampleofmeasurement

Anexampleofmeasurementisshownin

Fig.9.

Fig･言meo.S,ci望農brPcm(sS.huonwii)ngwtahvee

lrlT,eI:芸だ≡ 妄 ≡ 三 :…==-:=-:蕊TAtlle2

Sot)ndvelcc.tyinmetAaCryhtej∃lo I,733.II,73

3.1 I,733.Il l I,733.IlO 20

｢｢高さ.oI,778.01,802.0 I,794.030 2,218.92,162.

l2,l28.92,098.42,218.9 2,203.750 2,Old.I2,0

16.1I,976.2 2,002.770 ),971.8),971.8I,97

1.8I,971.8I,971.8 l,97l.890 1,982.31,982.3I,98
2,3I,982.3

2,222.2 2,030.320 19.9 2,010.I
2,010.I2,OlO.I

2,OlO.1 2,0Ⅰ0.130 19.8 1,978.0I,978.0

1.978.0 l,978.0Yet2?.No.も1†娼 (3)

ResultsResultsaresummariヱedinTable2.

(

4) ConclusionsFrom t

heobserved,thesounedvelocityinmetaacry

latewasusedasCo-2,∝氾m/see,alsowithreE

cmingtothecalculatedvalue.Acknow
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起爆薬の爆蕗圧力測定に関する研究

沢 田

火工晶工場における,危険工轟の設計に関する研究

の一宛として.耐燥資料を得るため,および工室岡の

火薬類の殉億の主要因と考えられる,起燦薬餌の煙塵

圧力測定を行なった｡

潤走方法は,イオンーギャ･Jプ故により,爆薬の爆

速と療養圧を受ける不活性物質中のショック速度を測

定し,

圧力 (L9-粒子速度 (Ill)の関係より間接的に療養

圧力を算出した｡

不活性物質としては,p-Ⅳ 特性が爆薬 と大差な

く,音響学的近似がよく成立するといわれているメタ

アクリル樹脂を選んだ｡メタアクリル樹脂の比重Po.V

=l･19とし,音速 (C.)紘,計昇結果を参考にし,
突放的に求めた Co≒2,000m/see.を用いた｡

28

継 男

起爆薬としては,DDNP(粒状,仮比蛮 A--0.62

0.48;針状,A=,.32).雷こう,トリシネートを選

び,3者を夫々装明比韮Po.Y=0.55-1.20,1.60-

2.50,1.50-2.10に圧搾して,これらの爆速,療養

圧力に及ぼす好管を求めた｡Ii方疋田,一木原氏の爆

壷特性計井方式により求めた伍と比故した｡

その結果,

DDNPの爆速,虐政圧力は,生成時の鑑比歪,結

唱形による弟典は所芽ではないが,装填比盃に著しく

依存し,雷こう,トリシネートよりも大である｡

常こうの爆述.:'議曲圧力はトリシネ-トよりも小で
ある｡

爆速は何れも計罪値とよく一致するが,療養圧力は

計算俵よりも粁 小となった｡

(124) エ乗火薬協会辞




