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Abstract:Bymeansofopticalfibreprobe,optical-electricalconverter,andoscillographdiagnostictechnique,therundis-
tancetodetonationwasmeasuredasafunctionofinitialshockpressureinaTATB/HMX-basedexplosive.Highampli-
tudeandshortdurationshockstimuligeneratedbyanelectricgunwereusedtoinitiatethecylindricalwedgesofexplosive
material.Theexperimentaltechniquewasdescribed,andtheresultsintheformofPOPplotsfortheTATB/HMX-based
formulationwerepresented.Theseexperimentaldatamaygivesomeinsightintotheeffectofpulsedurationontheinitia-
tionandgrowthtodetonationcharacteristicsininsensitivehighexplosives.Fortheshort-durationshockloading,the
effectofthepulsedurationontherundistancetodetonationofexplosiveisobvious.Underthesameexperimentalcondi-
tions,thelongerthepulseduration,theshortertherundistancetodetonation.Andforthesamepulseduration,the
highertheloadingpressure,theshortertherundistancetodetonation.
Keywords:mechanicsofexplosion;rundistancetodetonation;short-durationshockinitiation;TATB/HMX-basedex-
plosive;electricgun

1 Introduction

  Insensitivehighexplosives(IHEs)suchasTATBprovidesignificantimprovementsinsafetyfor
theHEformulatorwhencomparedwithHMXandRDX[1].Inordertoexploittheincreasedsafety,it
isnecessarytocharacterizetheresponseofIHEstoavarietyofstimuli.Inthispaper,therundis-
tancetodetonationasafunctionofshockpressurehasbeenmeasureddirectlyinaTATB/HMX-based
explosive.Theeffectofpulsedurationontheinitiationandgrowthtodetonationcharacteristicsinthis
highexplosivehasalsobeenstudied.Twowell-knowntechniqueshavebeencombined:theelectric
gun,whichprovidesahighpressure,shortshockpulseofknownamplitudeandduration,andtheex-
plosivewedgemethod,wheretheprogressofapropagatingreactionfrontcanbefollowedasafunc-
tionofdistancethroughtheexplosive.Themeasuringmethodofrundistancetodetonationinexplo-
siveisdescribedhere.

2 Experimentalset-upandmethod

  Electricgunhasproventobeagoodtoolideallysuitedtoshort-durationshockinitiationstudies
ofexplosives[2].Itcanproduceawell-characterized,planarandreproducibleshockstimulusthatcan
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beequaledinprecisiononlybythemuchmorecostlyandcomplicatedexplosivelenstechnique.
  TheprincipleoftheelectricgunisthatathinpolyesterflyerdiscalongashortbarrelofPMMAis
acceleratedtoahighvelocitytoimpactanexplosivesample[2~3].Thedrivefortheflyerisprovidedby
theexpandingplasmaofanelectrically-explodedmetallicfoilconfinedbehindtheflyer.Theflyerve-
locityiscontrolledbychangingthechargingvoltageofthecapacitor,i.e.theenergydischarged
throughthefoil.AccordingtotheflyervelocityandtheHugoniotdataoftheflyerandexplosive,the
inputshockpressureinthetargetcanbecalculated.Inaddition,aknowledgeoftheflyerdensityand
thicknessallowsthepulsedurationofshockpressuretobecalculated.Table1givesdetailsofthee-
lectricgunusedinthepresentstudy.

Table1Theparametersoftheelectricgun

Parameters Values

Storagecapacitance 31.8μF

Circuitresistance 11mΩ

Inductance 49nH

Chargingvoltage ~30kV

Dischargingperiodofshortcircuit 7.9μs

Storedenergy 14.4kJ

Mylarflyer ⌀19mm×(0.07,0.15and0.20mm)

Aluminumfoil 20mm×20mm×0.028mm

PMMAbarrel ⌀19mm×(6and8mm)

Flyersimultaneityatimpact ≤25ns

Fig.1Theexplosivewedge

  Theexplosivesamplesareintheformofcylindricalwedges
withthediameterof16mm,thetoethicknessoflessthan0.5
mmandthetoeangleis30°.Becauseofthedifficultyofmachi-
ning,thetoethicknesswasnotuniformandshouldbemeasured
withtoolmicroscopebeforeassembly.Explosivecomposition
TATB/HMX/othersis80/15/5,anditsdensityis(1.84±0.01)

g/cm3.Figure1showsthefulldetailsoftheexplosivesamples.
  Therundistancetodetonationismeasuredbyusingoptical
fibredetectorsandanoscillographtorecordtheimpactsignals
whentheshockwave,sub-detonationanddetonationwaveim-
pacttheopticalfibres,andtheproducedopticalsignalsarecon-
vertedtotheelectricalsignalsbytheoptical-electricalconverter.
Thetimeofimpactfollowstheprogressofthereactionwavefromsub-detonationinputshocktosta-
bledetonation.Theendfaceoftheopticalfibreiscoatedbyathinlayerofaluminumfilmtocoverthe
lightofdetonationproductsandtogainneatsignals.Theopticalfibreprobes,0.05mmdiameter,are
alignedtobeplacedacrosstheangledfaceoftheexplosivewedgewiththehelpofablackedPMMA
holder.Theprecisespacebetweentwoopticalfibresaremeasuredwiththetoolmicroscope.Forever-
yexperiment,16opticalfibresareusedandarrayedasinFigure2.Figure3isthephotooftheexperi-
mentalexplosivewedgeandopticalfibrearray.
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Fig.2Sketchoftheholder/opticalfibrearray/HEwedge
intheexperimentalconfiguration

Fig.3Thephotooftheexperimentaltarget
andopticalfibrearray

3 Results

  AscanbeseeninTable1,thediameteroftheflyerislargerthanthatofthetargetinorderto
produceone-dimensionalplanarshockwaveintheexplosivewedge.AccordingtotheHugoniotdataof
thematerialsandthevelocityoftheflyer,theinputshockpressureiscalculated.Thevelocityofthe
flyerismeasuredbyVISAR(velocityinterferometersystemforanyreflector).Basedonthemeasured
velocitiesoftheflyer,thecoefficientsoftheelectricalGurneyformulaaredetermined,whichde-
scribestherelationshipbetweenthevelocityandtheburstcurrentdensityofthefoil.SincenoHugo-
niotisfoundforourresearchexplosive,thatofanotherexplosive,TATB/bond(95/5)isused.Be-
causeourresearchexplosivecontainsonly15% HMX,andtheHugoniotsofHMXandTATBare
similaroverthelimitedpressurerangestudied[2],theerrorisverylittle.Table2showstheHugoniot
dataofthematerialsused,whereρreferstodensity.Table3showstheexperimentalconditions,

wherel,b,δbrefertothelength,widthandthicknessofbridgefoilrespectively;d,δfrefertothedi-
ameterandthicknessofflyerrespectively;Jreferstocurrentdensityoffoilexplosion,vtovelocityof
flyer,pHtoshockpressure,τtodurationofpressure.

Table2ShockHugoniotdataoftheusedmaterials

Materials ρ/(g/cm3) ShockHugoniotexpression

Mylar 1.40 D =2.54+1.49u[4]

TATB/Bond(95/5) 1.89 D =2.559+1.441u[5]

Table3Experimentalconditions

l/mm b/mm δb/mm d/mm δf/mm J/(GA/m2)vf/(km/s) pH/GPa τ/μs

20 20 0.028 19

0.20

357.86 2.870 10.71 0.089
373.83 3.071 11.83 0.087
393.53 3.326 13.28 0.084
414.75 3.609 15.04 0.080
430.76 3.828 16.45 0.079

0.15

373.83 3.483 14.25 0.061
386.50 3.668 15.46 0.060
412.39 4.056 17.96 0.057
413.30 4.070 18.05 0.057
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  Figure4showsthetypicalrecordoftheoscillograph,thetimeofimpactisdeterminedbytheon-
setofthezoomingsignal.AndFigure5showstheprocessedresult.InFigure5xreferstothedis-
tanceofeachopticalfibreprobetotheendfaceofPMMAfixedholder,ttothetimeofshockwave
reachingeachopticalfibreprobe.
  AscanbeseeninFigure5,thereactionwaveshowsaninitialaccelerationuptotheTpoint
wherethemaximumvelocityisreachedandthevelocityremainsconstant.Comparedwiththevelocity
ofstabledetonationmeasured,itisdeterminedthattheTpointcorrespondstotheonsetofstabledet-
onation.

Fig.4Typicalimpactsignalsofopticalfibreprobes

Fig.5Theprocessedresultofsomeexperimental
conditions

Fig.6POPplotsforthestudiedexplosiveatdifferent

pulsedurationsofloadingpressure
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  POPplotsaredelineatedinFigure6foreachpulseduration,exceptthepulsedurationof0.021
~0.024μswhichfailstodetonatetheexplosiveatourexperimentalpressures.InFigure6handp
denoterundistancetodetonationandshockpressurerespectively.
  ThecorrespondingPOPrelationshipexpressionsaregainedbylinearfittinggiveninFormulas
(1)to(2)

lgh=2.141-1.471lgp   τ=0.079~0.089μs (1)

lgh=2.545-1.657lgp   τ=0.057~0.061μs (2)

4 Discussions

  Herethepulsedurationislessthan0.1μs,whichisassumedtobeashortpulse.Fortheshort-
durationshockloading,theeffectofthepulsedurationontherundistancetodetonationofexplosive
isobvious.Underthesameexperimentalconditions,thelongerthepulseduration,theshortertherun
distancetodetonation(seeninFigure6).Andforthesamepulseduration,thehighertheloading
pressure,theshortertherundistancetodetonation.
  Theinfluencingfactorsonexperimentalmeasurementshouldbepaidattentionto.Thegapbe-
tweentheexplosivewedgeandthesteelbarrelatthetoecausesthelateralrarefactionwavetoweaken
thestrengthoftheinputshockpressure.Sotherundistancetodetonationwillbecomelonger,orit
needshigherinputshockpressuretodetonatetheexplosiveintheshortdistance.Forthinnerflyer,i.
e.theshorterpulse,thebackrarefactioncomesearlier,soitneedshigherinputpressureorlonger
distancetodetonation.Heretheexplosiveisn’tinitiatedtodetonationbythepulsewithdurationof
0.021~0.024μsatourexperimentalpressures,thepossiblereasonsarethatthestateoftheflyeris
bad,perhapseitisdestroyedandthevelocitybecomeslow,besidesthestronginfluenceofthelateral
andbackrarefactionwavesatthesametime.Thereforeitneedsmoreenergytocompensateforthe
losscausedbyrarefactionwaves.Consideringthesetworarefactionwaves,itcanbeunderstoodthat
therundistancetodetonationisalittlelonger.
  Let’slookatthedataofPBX9503providedinthereference[4].Themaincompositionsofthese
twoexplosivesarethesameexceptthetypeofbond,andthepulsedurationofloadingpressureis0.8
~0.11μswhichiswiderthanourpulsedurationofloadingpressure.Theamplitudeoftheloading
pressureinreference[4]is15~26GPa.Forourexperiments,theamplitudeoftheloadingpressure
withpulsedurationof0.079~0.089μsisnotmorethan18GPa,anditis14~19GPaforthepulse
durationof0.057~0.061μs.Comparedtheconditionsofthereference[4]withours,itcanbecon-
cludedthatourmeasuredresultsarereasonable.

5 Conclusions

  Bycombiningtheelectricgunandexplosivewedgetechniques,therundistancetodetonationhas
beenmeasureddirectlyinaTATB/HMX-basedexplosivewiththeopticalfiberprobeandoptical-elec-
tricalconverter.POPplotsandexpressionshavebeenconstructedbymeasuringtherundistanceasa
functionofinputshockpressurefordifferentpulsedurationofloadingpressure.Theexperimentalre-
sultsshowthatthepulsedurationhaseffectontherundistancetodetonation.Fortheshort-duration
shockloading,underthesameexperimentalconditions,thelongerthepulseduration,theshorterthe
rundistancetodetonation.Andforthesamepulseduration,thehighertheloadingpressure,the
shortertherundistancetodetonation.
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一种以TATB/HMX为基炸药的到爆轰距离
*
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  摘要:利用光纤探针/光电转换器/示波器技术和楔形炸药块方法,采取电炮驱动薄飞片冲击加载产生高

压短脉冲激励的装置,测量了一种以TATB/HMX为基炸药的到爆轰距离,研究了到爆轰距离与初始冲击波

压力幅值和脉宽的关系,给出了该炸药的POP曲线和表达式。实验结果有助于了解压力脉宽对钝感炸药的

冲击起爆和爆轰成长的影响。对于短脉冲冲击加载,入射压力脉宽对炸药的到爆轰距离影响明显,相同实验

条件下,压力脉宽越长,炸药的到爆轰距离越短;相同压力脉宽下,加载压力越高,炸药的到爆轰距离越短。

  关键词:爆炸力学;到爆轰距离;短脉冲冲击起爆;以TATB/HMX为基炸药;电炮

  中图分类号:TQ564;TJ410.1   国标学科代码:130·3510   文献标志码:A
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