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Lowvulnerability,high performance,andSuperior
●

aglngOfpla8ticbondedexploSiveB

HitoshiMiyoshi★

Theprimarycharacteristics0fPBX8(Pla8ticBondedRxplo8iveB)arelowvulnerability,high

performance,andsuperioraging,comparedtotheconventionalexp108ive8,i.e.TNT,Compa,
Octoland800n.

ChugokuKayaku,Chuka,hasbeenengagedintheStudyofPBX8for22year卓.In1980,

Chukalicen8edproductiontechnologyforPBXN･4.Weproceededtopre88thePBXN･4molding

powderandproce88editwithalathe.WediscoveredthattheperformanceandsafetyofPBX8

wereexcellent.In】983,ChtJkainitiatedaStudyofcastablePBX8usingPBXN･105a8ab88eline.

Wea180licensedtheproductionofPBXN･3,PBXN･5andPBXN･301.As8iBtinginourdevelopment

and8tudyeWort8WasthefactthatChukn hadtheexten8iveexperienceintheproductionand

qtlalitycontrolofHMX,RDX,andHNS(HexamitroStilbene),whichweretheprimaryingredient8

inPBX8.ThedevelopmentofPBXshasprOgre88edsmoothly.InordertodiErerentiateChuka'B

developedPBX8fromother8,Wedevisedanamingconvention.Chuka'SPBX8Werereferredto

a8PBXK･Cl106,PBXK･P1205orPBXK･E6201.a8tandsfortheimitialletterofChuh'8president,

Mr.Kozu.Cmeansca8table,Ppre8Sable,andiextrudable,respectively.The丘r8tdigitoffour

figure8meansthemainexplo8ivethati8COmpri8edinthePBX;li8HMX,2RDX,3CL･20

(Hexanitrohexaa2iai80Wurt21itan),5NTO(3･nitro･1,2,4･triazol･5･one),6PETN.TheSecond

digiti8thetypeofbinder8y8tem8;Iiさenergeticbinder,2inertbinder.Thethirdandfourth

digitSAreCOn8eCutivenumbersrelatingtotheorderofdevelopment.

Inthi8Paper,Wewillpresentourthreedevelopmentalre8tIlt80f2PBX8a8Wella8aCOmbined

compositionStudy.Thefir8tCOmPO8itionisalowvulnerabilityPBXthatCOn8i8t80fNTO,

HMX,andbinder.Shock8en8itivityte卓t,raStCOOk･oErte8t,andothervariouste8t8WereCOnducted.

Theresult8Wereascertained88fetyperformance.The8eCOndPBXStudiedcon8i8t80fCL･20

andbinder.ThisPBXhasahigh performanceformetalacceleration.Detonationvelocityfor

thi8PBXiSAbout8700m8̀l･sincethi卓PBXhasahighnowability,loadingitincomplex

shapedchargewarheadsi8Veryeasy.Thethirdpresentedre8ultiSanaging8tudyof6typesof

PBX8.Interms0fAgingtheoryforPBX8,WehaveidentifiednoprevailingmechAniBm.We

thinkthattherealageexplorationi8thebestWayforconfirmingtheagingphenomena.Since

1995,wehavebeenconductingavarietyofevaluationte8t8fortheagedPBX8.Thesete8t8

includeddetonationvelocity,underwaterexplosion,cardgap8en8itivity,friction8en8itivity,

drophammerSen8itivity,DTA(DimerentialThermalAnaly8i8),TG(Thermal･gravinetry),ten8ile

parameter8test,VacuumStabilityteatandnondeStruCtivetesting.Moat8tudiedPBX80fgood

agingperformancewereconfirmed.
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1.Introduction

A8erie80f8eriouBmunit,ionaccident8have

happenedoverrecentdecade8.Example8arethe

destructionof43aircra氏atBienHoa,Vietnamin

1965(27dead,95injured);the4SeparateUSN

carriersbetween1966and1981(220dead,708
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injured);andanotheraccidentatBien‖oain1972

whichdestroyed70helicoptersandtheentire

munitionsStockpile(4Iinjured).

MorerecenteventsaretheCampDoh accident

duringDesertStorm(58injured,84tanks/vehicles

destroyed),theKur8kSubmarinetragedy(118

dead);theexpIoBionofatrucklloadofexploBiveSin

Xinjiang(60dead,170injured);theBnschede

rlreWOrk8depotexplosion(20dead,562injured);

andtheBhamtpurammunitiondepotrlre(2dead,

10injured).Theconsistentfactorinallofthese

eventsisthattheconvent.ionalvulnerable

explosivesinvolvedledtocatastrophicandghastly

conSequenCe8･lM

Tbenhance8urVivabilityoflogisticalandhctical

developmentand叩plicationofPBXSar

ethemostpromisingtechnicalSOlutionforproducinglM.ChukahasbeenengagedintheStu

dyofPBXsfor22years,andhasacquiredthemanufacturingabilityofalltypeorPBX8.they

are,pre88able,caStableandextrudablePBX8.TheplarLtforca8LablePBX8i8 ShowninF

ig1.TheleftpictureshowstOberemovlngthemlXlngrodsfromthecontaineraHheendorthe

mlXlngprocess.Themixe

dPBXinthecontainerismovedtotheloadingpo

sitionaStherightpictureShow8.Thepiston

i8SetOVerthecontainerandpu8he8downthePBXto

theprojectilesorthewarheadsunderdeaeration.At

theoutsetofthispaper,WepresentalowFig.1

TheplantforcastablePBXs.ThemlXlngprocessiSShownintheleftandtheloadingproce88
right.InconformitywiththeExplosiveControlLaw.blastWavebarriersSurroundthemixingfa

cilitie8.ThemixingproceSSiSCOnductedunderdeAerationAndwarmlngCOndition.Afterthemixingh
88beendone.thecontaineriSmovedtoaloadingposition.Thepistoni8SetOverthecontainerand

pu8hesdown



and811retytestsWasCOnducted.Lastly,wepresent

aninterimreportoraglngteStSforSixtypes0f

PBX8,theyare,PBXK･C9102.PBXK･2203.PBXX-

C2202,PBXK･C1203.PBXK･C1109andPBXK-

C1106.Theingredientsandcompositionratioof

thesePBXSWillbepresentedinthe8eCtion4.These

PBXB.mnt一ufacturedinlargevolume,havebeen

adoptedformanytypes0fmunitionsbytheJapan

DefenseAgency.

2.LowvulnerabilityPらx

2.1Experiments

ThetrendtowardsmoredeeplyburiedtargetOf

increasedhardnessimpartsnewrequlrementStO

beconsideredbythewarheaddesigner.Tomeet

thenewrequirement8,highperrbrmanee,low

vulnerabilityPBXsareneeded.NTOiSaprOmlSlng

energeticmaterialForsuch in8enSitive

munition81lSI.chukah朋 beenstudyingNTOfor

about10yearsinordertodetermineitsSuitability

forPBXsbl.Themainpoints0fresearchofNTO

aretocontrolparticleShapeanddistributions.aS

wellAStOdevelopanenVirol一mentallyfriendly

8ynthesiS.

TheNTObasedPBXwasdevelopedforanew

missilewarhead.rrhi8PBXconsistsofHMX,

NTO.aluminumpowderandpolyurethallebinderン

andtlleCOmpOSitionratiois35,30,22and13weight

percent.respectively.PBXK･C1203wasSelectedas

Areferenceexplosiveinordertoevaluate

performanceoftheNTObasedPBX.PBXK･CI203

eonsi8180rHMXandpolyurethanebinder,andthe

compositionratiois87811d13weightpercent,

respectively.

WeconductedmanytestsOverafour-Weekperiod

attheYoshiiplanttestrange.Thetestsincluded

aSfollows.

-Ten8ilcStrertgth,elongationandelastic

moduluS;compre88iveStrength;coeWICientorlinear

expansion;density.TheseLest8Werede8ignedto

concentrateonthephy8iczIIpropertiesorthePBX.

-Detonationvelocity;peakoverpre88ureand

impulSe･TheseteSt8WereCOndllCtedforexp108ively

performanco.

-IgniLionpoint;DTA;drophammerSensitivity;

frictionSensitivity;electro8taLic8enSitivity;card

gapSensitivity;Susantest;bulletimpact

sensitivity;fastCOOk･ofrtest.Thesete8tBWere

evaluatedforsafetyperformance.

･Vacuumstability;tensile8trength.elongation

andelasticmodulus;compressiveStrengLh;

coemcientorlinearexpansion;density;detonation

velocity;peakoverpreSSureandimpu18e;DrrA.

Thesete8t8WereCOntrOlledforaglngperformance.

2.2Resu一tsanddiscussions

TheresultsofthesetestsareShowninTable1,

ThereSult8WereSimilarformostparts.Wewould

liketodiscusstheresult.8associatedwithalow

vulnerabilityorin8enSitivity.

TheSusantestwasdesignedtomeasurethe

effectivenessofpenetratinghardtargetsbythe

projectileloadedexploSive8.There8ult80fthetest,

therefore,areverycrttcialtodesigntheinsensitive

munitions.Therearemanyevaluationmethods

oftheSusantest,butwe8electedthemethodof

comparlngprojectilevelocitiesAta20%orrelative

energyrelease.There8ultforPBXK･C1203was

397m811andfortheNTObasedPBX421ms'..
TheNTObasedPBXdemonStrate8eX(:ellent

insensitiveperformance6%higheragainsthard

targetsthanPBXKIC1203.FortheSakeof

comparison,theSu8anLestreSult80rCompBare

addedFig.2.ASyouCanSee,CompBindicate5

55%higherlevelortheenergyreleasethanthe

NTObasedPBXandPBXN･C1203attheimpact

velocityor400m良--.

Fig.2TheStlsantest.re8ultS.Comparingwith20%



Table1TestsresultsforPBXK･C12O3andNTObasedPBX

TestⅠtems Units Temp.(C) PBXK-C1203 NTObaSedPBXAt B★

A★ B★Tensilestrength,elongationandelaSticmodulu8 TensileStrength kL,cm-: -351 3.1

･1.6 5.5 8.720 2.0 2.2 1.8 3.8

71 1.7 I.tJ 1.4 2.8Elongation % ･35 5.7 3.9 10

.0 6.02tI 15.8 5

.6 13.9 6.071 17.5 7.1 16.1 7.8Elast

icModuluS kgcm-2 -35 81.7 :m3.9 78.3 354.12(ー

22.7 110.7 2.1.Jl 108.271 20.4 58.8 14.

0 64.9Compressivestrength kgcm●2 -35 ll

.5 10.4 19.0 23.220 LI.3 6.0 8.6 ll.871 3.1 ･1.5

7.1 8.0CoefrlCientoflineareXpanSion lC-1 -35 6.5e-5 7.5e.5
6.le.5 7.Oe-571 7.5e-5 7.7e-5 6.4e-

5 7.2e-5Density gem-3 1.69 - I.769 1.770Detonationvel∝ity nlS̀l 8200 8300 7430 7320

peakoverpressurelp.0.andimpulse LⅠmpulse MPa 1.72 1.73 1.20 1.40Pa-S 2.39C2 3.34e-2

2.68e2 2.95LL2IgniLionpointl48econddelay

C Nofire - Norlre -DTAIEXothermicstArttemp

. C 180-210 20̀l 219 221lExothermicpeakLemp. C 250-280 252 2.l8

2.17Drophammersensitivity 1/6explosion:c

m 49 - 17.5 -Friction8enSitivity kgr 19.2

- >36EIectroStaticsensitivity J >0.45 - >0.45

CArdgAp8enBitivity Gpa I.91 1.71

2.24 2.04Su88nteSt l20%RehLiveenergyreleasem8'l

397 - 421 -BulletimpactSemsitiVity ReactionleVel Burning

- Burning -FaStcook-ofrtest Reac

tionlevel ★★ ★★★VacuumStability Ga8VO

lumemlg●l 0.050 0.027 0.057 0.039*A:ImmediatelyaftermakingSampleSA:Exposeat71C
for28days**Noreaction&Burnlng ★**NoreLICL

ionThecardgaptestiSalsoimp

ortanttoevaluatetheSenSitivityofexploSiveS

againstshockwave･ThL･Shockwavepre88urereq

uiredfora50%detonationprobabilityi81.92

GPaofPBXK･C1203and2.21GPaortheNTObasedPB

X.Thefastcook-offtestswereconductedbyusi

ngsimulatedwar

headswithanexternaldiameterof80mm.When

twosamplesWereteSted,bothwere"Noreaction"incaseOrtheNTObasedP

BX.whilethere

sultsofPBXK･C1203were"Noreaction"ando

ne●̀Burning".Basedontheseresults,Weconfir

medthattheNTObasedPBXwasmoreinsensitivethanPBXK･ C1203.3.CL-20basedPBXs3.1

ExporimentsCL･20iSahigh･energy,high-de

nsitysolidenergeticmaterialorexplosive.CL120

wasrlrStpreparedin1987byDr.A

rnoldNielsenatNWC(nowNavalWarfareCerLterWe

aponsDiviBion,ChinaLake).FormulationsbasedonCL-20



Tab一e2Test.8result.8forCIJ･20basedPBXSandreferencePBXs

TeStltrems Units PBXK-C3101 PBXK-C3201 PBXK-C1106 PBXK-C

l203Detonationvel∝ity m8一I 8650 8一lOO

8360 8200Cardgap8enSitiVity mm

59 57 44 44Vacuum8tability mlgーl

★ 0.Ilo 0.02 0.OLIDTA;Exothermicpeaktemp C 197 198 250 2

50*IncapablemeaSuremenLwarheadsthath

vehigh peneLmtionperformance.Therearetwoa

pproachesforpreparedPBX8incaseOfloadingsh

apedchargewarheads.thati8,pressOrC88LYo

ucansmoothlyandeasilyrillwarheadhavingcom

plexinnerStruCture8Withtheca8tablePBXs,bu

titisdirrICulttoproduceacompositionratio

thatcompr18eBmoreexplosiveriller.Fromte

chnicalpapersWehaveStudiedworldwideapplica

tionexamplesofthepressablePBXsSHOJ,a

ndChukah88about20yearsorexperienceinmanu

fACturingthePBXs.Wefiguredthatyoucouldnotpre

ciselyassuretheadhesiveneSSbetweenthepressede

xplosiverlllerSandthelinermaterialof8haped

charges.Therefore,ChukahasdecidedtoSelec

tthecastablePBXsforShapedchargesthathave

high pent!LrAtionperformance.Initially.nume

rousteBtSWereruninordertoevaluatetheperform

anceandBafetyofCL･20basedPBXs.Thati8tO的y,

detonationvelocity,cardgap8enSitivity,vacuumStabilityandDTAwe

recarriedoutfortwomonth8.PBXR-C3IOla

ndPBXK･C3201werete8tedwithaCL･20conte

ntof81and86weightpercent.respectively.An

energeticbindersystem,usingBDNFA/FA8anenerge

ticpla8tici2ier,Wa卓usedforPBXK･C3LOIA

ndinertonePBXKIC3201,PBXK･C1106andP

BXK･C1203WereselectedasthereferencePBXs.P

BXK･Cl106conSi8tSOfHMXAndenergeticbinder,wi

ththecompositionratioor82and18wei

ghtpercent,respectively.TheingredientsandratioofPBXK･CI203

hvealreadybeenmentioned.

3.2ResultSanddiscussionsThere8ult80fthe

setestsareShowninTable2.Inthetable,PBXK

･CllO6hasbeenSelectedaSanexplosiveforShap

edcharge8becauseOrthehighdetonationve

locity.ComparedLodetonationvelocityorPBXK･Cl106,PBXK-C310日63.5% higher,8650

m8■1,andPBXK･C3201i80.5%higher,8400m8'1.

ThesensitivityagainstshockwaveofPBXK

･C3101andPBXK･C3201i8lowerthanreferencePBX

8.butwefiguredthatthelowSen8itivitywasdue

tohigh binderratio,althoughBenBitivityofCL･

20washigherthanoneofHMX.Inorde

rtoobtainbetterpenetrationperformance,the8tu

die8forincre881ngthecontentofCl/20hasbeen

carriedout.Withoptimi2:ingparticledistribu

tions0rCL-20,PBXK･C3102wasdeveloped.PB

XK･C3102Con8i8t80rCL･208mdenergeticbinder.ar

Ldthecompo8itionratioi882andIAweightperce

nt,respectively.PBXKICl106wa8SelectedaS

areferencePBX.Theenergeticbinderratioof

PBXK･C･3102andPBXK-ClLOGisidentical,andexplosivefillerofthesePBXsis

CL･20andHMX,respectively.Theshapedchar

gewarheadsofspecificchargediameter,incorporat

edcopperliners,WereteSted,andtheresultingp

enetrationdepths,penetrationvelocities,penetratio

nprofile8arLdjetvelocitie8werenoted･We

partlypresentthepenetrationdepthsdividedby

thechargediameter(CD).Thepenetrationdata0f

PBXK-C-3102were7.6,7.3and7.2CD,

andPBXK-CllO67.18md6.8CD.PerforJnanCeOf

penetrationofPBXK･C3102wasenhancedbyabou

t6%.comparedtoPBXK･C1106.DetDnationvelocit

yofPBXX-C3102WASmeasuredatthesametimew

ithpenetrationte8t8,andtheresulLSWere

8740,8710and8670ms･l,andaverage87)0m

8●]･Den8ityofPBXK-C3102wasl･84拷cm̀JaSact

ualmeasurement,arLdachievedmorethan99% orthetheo

reticalmaximumdensity(TMD).The8etests

WerenewoneS.ChukabelievesfirmlythatPBX

K･C3102isapromisingPBXfortheShaped

chargewarheads,althoughsomeproductioncapabili

tiesWererequiredtoimprove.J(ayakuGakkaishi･Vo



4.AgingtestsofsixtypesPBXs

4.1Experiments

Chukn hasmanufacturedmanytypesofPBX

foralor帽time.So,itisimportantandt!ssentialto

conlTlrmthepropertiesofaging,lnOrdertoensure

consistentqualityandperformanceofPBXloaded

munition8･ThetheoreticalstudiesonaglngOf

PBX8havebeencarriedoutbymanySCientistS

andenglneerSallovertheworldtl相,butwebelieve

thatnoreliablemethodsforconfirm]ngaglngOf
PBXsexistsofar.

SincelggS,Chukahasbeenconductinga

varietyofevaluationteBtSforagedPBXs.These

testsincludeddetonationvelocity,underwater

explosion,cardgapSensitivity.fdction8en8itivity,

drophammerSensitivity,DTA,TG,tensile

parameterstest,Vacuum Stabilitytestand

nondestructivetesting.

ThecompositionratioofPBXK-Cl106and

PBXK･C1203hasalreadybeenmentioned,but

otherPBX8appearinthispaperforthefirsttime.

PBXK･C9102wasprimarilydevelopedin1984,

improvlngSensitivityandproductivityofPBXN･

105.PBXKIC9102conBi8t.80fammonium

perchlorate,aluminumpowder,RDXandenergetic

binder,andthecompositionratiois47,22,15and

16weightpercent,respectively.ThisPBXhasa

uniquecharacteristicthatkeepsblastpressureat

ahigherlevelthanaverageexplosivesorPBXs.

TheingredientsofPBXX･C2202andPBXXIC2203

areidenticalandthecompositionratiodiffers.These

PBX8COnSistofRDXandinertbinder,andthe

compoundingratioofRDXis85and80weight

percent,respectively.PBXK･C1109consists0f

HMX.aluminumpowderandenergeticbinder,and

thecompositionratioiS60.2,23and16.8weight

percent,respectively.

4.2R88ultsanddiscussions

lnordertoconfirmtheaglngOfthesePBXS,

signirICantdiuerenceanalysisandstatisticsanalysis

wereimplemented･TheresultswereSimilarfor

mostpartsandwehadnotendencytochange

propertiesofthosePBXsduetoaging･Therefore,

webelieverlrmlythtthesePBXshavetheproperty

ofsuperioraglng,butfromtheresultsorcardgap

sensitivity,wefoundthatsensitivityshowedslightly

6a 5くク貞 ;_'○ら!2.iト10 + C1106C9102C1203+ CIZO3+ q10タ

J

1 2 3 4 5

Ehped YcirIFi83ChndngoE6enSiliyiLyduetoAかg,Sensitivity
increasingtrendsarefound.8叫LheRndconclusionofagin
g8houldbeevaluatedbmtheten･yea

rresults.anupwardtendencyduetoaging.Weco

nsiderthatsincethesetrendsarethefindings0fEive･

yearaging,thefinalconclusionofagingshouldb

eevaluatedfromtheten-yearresults.Theresults

0fcardgapsensitivitywereShowninFig.3.As y

oucansee,thechanglngtendencyofthesePBXS

i8Similar.EspeciallythreetypesofPBXexcep

tforPBXK-C2203AndPBXK･C9102arejustal

ltheSame.Theultimategoalofagingtestsi8

tOforecastdamageanddeteriorationofPBXsin

performancebyacceleratedaglngteStS.Sampl

esare,forinstance.applied71Cfor28days.If

thesampleconditionsofthi6acceleratedagingtest

Wereequaltooneoractualtime,forinstance.ten

-yearaglngtests,itissaidthattheelapseoft

enyearsisequlValenttoexposesamplesaも71Cf

or28days.Inotherwords,youcouldpredict

theSampleconditionsafter10yearsfo

rJIweeks.Inthispaper,WeCannotexhibit

theinterimdatabecauseanalysesofa由11gareinsufr

lCient,andwedon'twantLopresentanimprecise

conclusion.Infiveyear白'timewewouldliketop

resentthatdataandproposeanequationofconvers

ionbetweenacceleratedtimesandactu

alyears.5.

ConclusionsWeconfirmedthrough numerousteS

tBthattheNTO basedPBX hadtheprop

ertyoflowvulnerability,andPBXK･C3102al

sohadhighpenetrationperformance･Agingte

St8Wereinprogress,andreliablereSultswill

beobtainedwithinfiveyear8'time･Wewouldliketocontinue



OurresearchAnddevelopmentofPBXSforAimlng

atsaferandhiLlherperformance.
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