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ABSTRACT

A bidirectional“slapper detonator” has been proven effectivefor producinga
sphericallyexpandingshock wave. Two bridge foilsare used to propel flyers in
oppositedirections,thereby initiatingtwo explosivepelle~ each embeddedin one
hemisphereofa sphericalsystem. ThisdetonWionsystemproducesanearly perfect
sphericallyexpandingdetonationfront.

I. BACKGROUND

The.4ir ForceWeaponsLaboratory(AFWLI hasbeen
working with the Denver ResearchInstitute(DR1) on a
programthat requ!resthe productionof a spherically
expandingshockwave. In an attemptto producesucha
shock.AFWL h~sheen usingReynoldsIndustries’RP-2
detonatorsembeddedin sphericalcharges.However.that
systemhasbeenfoundto fire asymmetricallybecauseof
theimidirectionidnatureof theRP-2detonator.To solve
thisproblem.Los AlamosNationalLaboratory(LANL)
proposedusingabidirectionalslapperdetonatorsystemto
improvethesymmetryof theexplosion.

Bidirectionalslapperdetonatorsare simply back-to-
back slappercircuits. The bidirectionalslapper/cable
assemblycalled the ER-347 was developedat LANL.
ConstructicmoftheER-347anduseofthedevicetoinitiate
asphericalchargeamdescribedinLANL repo~LA-9283-
MS (October1982). Thus,thecurrentprogramrequired
littledevelopmentworkandwasprimarilya design,con-
stmction.andcharacterizationexercise.

II. TASK DESCRIFI’ION

The objectiveof theLANL programwa..to fabricate
andcharacterizea bidirectionalslappersystemthatwill
readilyinitiatesphericalchargesmadeupof theexplosive
compoundPBX-9501. As an adjunctto this work, we
conductedexperimentswiththeRP-2detonatorsystemfor
comparisonpurposesandtoseewhetherthatsystemmight
beimprovedif thedetonatorwerepositionedslightlyaway
from the equatorof the sphere,which would move the
centerof initiationawayfromthegeometricalcenterof the
charge.

Characterizationof thesystemincluded1) test-firing
the slapper/cableassembliesusingonly pelletsof the
explosivecompoundpentaerythritoltetranitrate(PETN);
2) fabricatingandtestingsmallsphericalexplosiveassem-
blies,usingbothslappersandRP-2detonatorsasinitiators,
forthepqose ofobtainingacompositemapof thebreak-
out pattern:and 3) making 8-lb sphericalassemblies,
mappingthebreak-outpattern,an~ if theassemblieswere
judgedacceptable,shippingthreeof themhr test-firingat
DRI.



111.BIDIRECTIONALSLAPPEIUCABLE
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Figure I showsthedesignof the ER-347 bridge circuit. circuit isfolded on irselfaroundan insuhttingfilrn. For best

The slappercircuit isetchedfrom -4,6-pm Microcladcop- performance, it iscssenfialthatthebridgesbeasperfectly
peron50.8-pm-thickKapton.Theslapper/cablewembly alignedw’itheachotheraspossible.one hundredER-347
is made upof two bridgesin series,placedbitckto back so citbleswere fabricatedundmettsuredforproperalignment.
that the slappersare propelled in opposite directions to We selectedfifty of theseto be usedin the test%

initiate the explosivepellets. Figure 2 showshow the
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IV, INITIATIONTESTS

A. ER-347with PelletsOnly
Figure 3 shows the components of the bidirectional

detonationsyslem.Thebarrelsoneachsideof theslapper
cablehelp directthe Kaptonflyer towardthe explosive
pellets,whichare placeddirectlyover thebarrels. We
testedtheseassembliestodetermine1)transittime(t,) vs
tiringvoltage,2) transittimethrougheachpellet.and3) the
timedifference(At,)betweenthetwopellets.The PETN
pelletsusedinthesetestswere5.72 mmthickand12.5mm
in diameter;pelletdensitywas1,65g/cmJ.
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The wsemb}ieswere viewed on the rotatingmirror
camera,M showninFig.4. ThestreakcametuwiIsfocJ.scd
on the mirror imagesso that the sidesof the pellets
appearedasblurredimagesin thephotographicanddy-
namicrecords.Figure5 is itsetof film tracesrecordedin
thesetests.
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Fig. 4. .’ltreakcameru viern’qfbitlirectional assembly.

#“ig.3. Slapper detonator systemcomponents.



Fig. 5. Film record of bidirectionaislaWer\cah\e systemwithpellets only
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B. ER-.347with SmallHigh-ExplosiveSpheres
After determining that the hidirectitmal slappers}stcm

is capable of initiating two pellets with g{xxt liming. we
tired small I - 1.S-in.-diam). spherical.high-exphmivet}IE)
itsscmbliestoobtain itcmmpmitemapoft!w break-output-

tems. The cumpnnwtisof thmc itssemblicsappear in Fig.
6. The 1.tkt-g/cm’ PBX-9501 hemisphereswere machined
It) accommodate the barrels. pellets. wtd slepper/cable
assembly’.whichwerethenembeddedintheHE. Figure7
shows how the assembled components create a nearly
perfectsphericalawernbl)..
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Fig. 8 (u). ER-347 with initialing pellets 5.72 mm th”ck. Fig 8 (b). ER-347with initiating pellets 4.IOmm thick.

Figures 8(a-bj are film tracesof theexperiments.An pelletswereused. Weobtainedthebestresultsfromthis
ideal sphericallyexpandingdetonationwave produces experiment.The tracesarerelativelyfla~ indicatingthat
perfectlyflattraces.ThetracesinFig.8(a).fromanexperi- thedetonationwavebrokeuniformlyonall surfacesof the
mentin which5.72-mm-thickpelletswereused,indicate charge:themfom,weselected4.1-mmpelletstobeusedin
thatthesepelletsproducedunevenwaveforms,thecenter the8-lb assemblies.
of the chargefiring -0.1 IOps early. In Fig. 8(b)arefilm
tracesfmrnanexperimentin which4. l-mm-thick PETN
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Fig. 9. Spherical u.metxhlywith RP-2 dkwmztor und
PBX-9407 pt4{et.
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In thenexttest.theRP-2 wasplaced2.0 mm fromthe
eq~ittor.anda 2-mm-thickPBX-9407 pelletwasusedto
till thespacecreatedby movingthedetonator.The film
tracesfromthisexperiment,shownin Fig. IO(b).indicate
a slight improvement: however. the bmk-out pattern
remainsquite asymmetrical.indicatingthat the solid
hemisphericalwssemblyw a sstil! tiring -0.400 USearly.
The tracesin F@.Iotc) arefroma testin whicha 4-mm-
thick pellet was used. Note that the break-outpattern
becomesmoreunevenasthe detonatorisbackedoff
fartherfromtheequatorialposition.An additionalexperi-
ment was conductedwith a IV3X-9407 pellet locatedin
eachhemisphere.Testresults.shownin Fig. I(Xd), indi-
catethatthisconfigtirationdoesnotimprovethesymme~y
of thedetonationwaveform.
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U-e le~t-firedX-lb tiv.rmblics lilw rhl)sc10k firtid iII

DRI m orderto mapimdcnmptirc[heh p

producedby diippcr systemswd RP-2 detwwtm.
s t rcamera\ iewed!hrw Clpcrimcnis.

The ~wcakciimeriii~ fncuscdon thr inirmr tmtiges. The

awrnbl} is immersed in water. to aidin thequenchingof
light andtopretentmerwritinginthed}namicfilm record.

()\ ”eral],the t~~[resultsfnr [he x-lb wernhlies were
identicalto [how ohtitinedwiththesmallawcmhlies. In
Fig. 123refilm tracesof theexperimentin whichweused
thehidirectirmaldappercahle. .-$sthefiattmcesshownin
Fig. 12 indicate.we ohtiiinedthe bestresultsfrom this
experiment.
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Fig. Ii. Experimental ~etupJiw8-Ih .~pltericsutassenibl).

In theothertwo cxperinwm we uwxitheRP-2 firing
mode.ThedetonatorwascmheddcdintheHE chargeina
manner\imilar tothatuwdfnrttmsmallertiwcmblie~.The
streakcamera setupfor thesetest~was like that dewribed
for[he testoftht slapperaswmbly. The film tracesin Fig.
Is are f:(,m thefirstexperiment,m whichtheRP-2deto-
natorwasplaceddirectlyat theequtitorof theassembly.
Testresul!sindicatethatthewnlidhemispherefiredcurly.
In thewxondexperiment.theRP-2detonatorW*SIncated
2.0 mm from Ihe centerof the >phere.imda PBX-W[}7
pellet was usedto fill the spacecrtxitcdby movingthe
detonator.Figure14showsfilm tracesofthatexperiment.
Result..indicatethatthisarrangementhiida reverseeffect
onthesystem:thesolidhemisphericalasscmhlyfiredluter
thanthehalfcontainingtheRP-2detrmator.We therefore
com-ludethat moving the centerof initiationdne~not
improw theexpandingsymmetryof thistyp of s}stem.
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Three!LlbassemblieswithER-347slappercableswere
shippedto DRI. As partof ourwork.we alsosupplieda
specialfireset,designatedTSD-34. with eachof the8-lb
assemblies. Becauseof thepro.xlmityof thefiresetto the
HE charge.thefiresetoneachtestwasdestroyed.Along
withthetiresets,wesentall theequipment(cabling control

unit and spare connectors)requiredfor the DRI tests.
Whentheas~emblieswerefiredatDRLtestresultsshowed
thesphericalinitiiitionto beverysymme:ncal.

VI. (X)NCLUS1ONS

We hiivedemonstratedthatthe ER-347 bidirectional
slappers}’sreminitiatespellew in both directionsw“ith
excellenttime correlationandprnducesa perfectlysym-

,...

Fig. 14. /$-lb assemht]swith RP-2 detonator and2-mm-
thick PBX-9407pellet.

metricalexpandingshockwave. Wehavealsoshownthat
theRP-2detonatorsystemdoesnotproduceasymmetrical
explosionandthatmovingthecenterot mitiwiun dway
from the equatorial center does not improve the
symmetry.llterefore.weconcludethattheslappersystem
isthemoreeffectivemeansof producingasphericallyex-
vandingshockwave.
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