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LASER-DRIVEN MINIATURE FLYER PLATES FOR SHOCK lNITfATION OF SECONDARY EXPLOSIVES

D. L. PAISLEY

Los Alamos Nalional Labcmuory, Los Altimos, Ncw Mexico 87545

Miniature flyer plates (cl -mm diameter X c 5-micron thick) of aluminum and oIner mweritils

are accelerated by # 10-ns pulsed Nd:YAG laser lo velocities >5 knds. Velocity profiles me
recorded by vclociiy interferometry (V ISAR) techniques and impact plannri[y by electronic

streak photography, Techniques for improving energy coupling from Imer 10 flyer plate will
be discussed. Flyer plate performance parameters will be compared with material propcr[ies,

The Pnt criteri? for sht.xk initiation of explosives will be compared for various flyer materials,
pressure, and pulse duration. Performance of secondary e~plosives (PETN, HNS. IIMX, various

PBX, o[hers) will be reported. These dam will detail [he experimental effccl of t (in Pnt )
approaching values of a few nanoseconds.

1. INTRODUCrlON

Current Iabor-mry techniques 10 generate

high-pressure shocks for initiitlion of

explosives rely on one of three msdilional

methods: Ivhoratory (powder or gas) guns.

exploding-foil clccmc guns,l or less

commonly, laser-driven ~hock-wuvcs.~~

I.uhoratory guns arc usually large and ctinrrol

easily accommorhtc free.stwrdin~ 2.micron -

[hick targc[s or impucum, I;;cctric guns

require a nonconducting flyer pktm (usuully

MylnrO or Kuptmr@ I or w ICJSI u diclm[rlc

l;~ycr he plwcd hciwccn Ih? exploding ft ii

xnd a vonductlng Ilycr pltile, in which Ihc

dielectric cmt~tiiu[cs the buck of Ihc flyer.

‘rhis results in II flyer O( IWI) distltw[

nl~l~rldls, l.~mrdrlvcn ~hock wuvcs dcpmlt

Ihe I:lser energy in a (CW ukln depths’ t~t the

tiir~ti mutrrlirl thu[ I* Iw:ng uh(wkml,

ilt}lilllll~ u [II MSIIIU ot II\;IIrtItil 1)11 th~ lit~~r

pulse side of Ihc twgct and depositing a

shock wnve in the rcmtsining target matcriul.

“ro generate these high-pressure pulses over

0 0,(11 cmz arcrt requires 10’2-1014 GW/cm~

:11 300 J’ Ihtit is currcn[ly available in only

lur~c high-energy Iitscr installations. We

hilvc modified a method by Sheffield et U16”7

u) improve upiical coupling and launch

Ihinncr (2.10 1A) to near one-dimensional

mettil flyer plates 10 velocities 25 km/see

wllh a high degree of planrsrily, rcliwblllty

und rcpcfittil)ilily.

? I; X1’l;Rlhll;NTAl. Ml;l’llol)

[ l~ing ir Spcctrwllhysics IX-R 3(; Iusrr. wc

:~rc nhle lo uccclcrwc 2 10 p Ihick. 4(H)
10(N) v diameler tilumlnurn uml roppcr
Ilvcr plmcs tu vclocllic~ 25
lllltl/1111~.rtl~ccl]ll~l wllh !() .100” IIIJ :11 1.(M LI

wJvrlrIIglh III N 1[) IIN I:WIIM I:lxrr l~ulw
Wr ;I~OLIim\plI\h Ihcsc VCI(NIIIICS I)v lll~l)ri)wltlg



the coupling coefficient from [he laser pulse
[o Ihe flyer plate by confining the laser-
beam side of [he flyer pla!e with a hlgh-
impedance transparent material (Figure I ),
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such as UV. fused quartz, and lowering the
power density below [he breakdown of the

quartz. The quar[z receives only surfisce
damage during the launch of the metal flyer
plale. The flyer-pla[e material is physically
vapor deposi[ed (PVD) on the quarlz

subslra[e by standard techniques resul[ing in
a flyer plute of controlled thickness and good
~[tachmenl wilh no voids between [he tlyer
plate and UV-fused quartz subs[rute. Using u
long focal -lcng[h lens lessens [he tolerisnuc in
[ l~cing the subs[rate/flyer plum usscmblv iII
J desired lwam diumetcr and dcllvcring Ihc
same power density shot-to-shut. The flycr-

plaIc diumelcrs tested have ban: 4(K), boo,”

and IO(XJ micron. These diamclcrs urc mw:h

grcuter (40-5(K)) lhan the 2-lo-p flyer

Ihlckncss, and launch techniques ensure u

high dc~rce of planarity iII impact, The

aluminum ond copper irrc within II f~w

pcrccnl of Ihclr hulk dcrrw[y. l;fl’iclcn~v (K F,

of [hc flyer pl;ltc/luscr energy on l;lrgct)

?fo% hiss hccn uchlcvcd by ch[)ntrolllng Ihc

mass of [he flyer [hat can be converted to a

metal plasma by depositing a dielectric

material (s0.25 V) be[ween two sepiw~te

metal deposits. The metal dcposi[ on !he

substrate can be converted to a me[al driving

plasma but no[ the metal intended as a ~yer

plate. By depositing a dielectric (typicalI},

A1203), a composite wi[h a higher shear

strength or an inhibited [hermal diffusion is

anticipated, resulting in a higher pressure

before shearing out a metal flyer plale. This

[echnique incrcascs kinetic energy et’(icicnt

by -JO%.

3. VISAR-VELOCITY PROFILES OF FLYER

PLATES

To de[ermine the velocity history of (hcse

~-1(1 micron flyer pltites. we use a vclocily

interferometer (i.e. VISAR),e The 1.06-IJ

Nd:YAG Iuscr 10 isccclcratc the flyer plxte and

the argon Iascr beam of !hc VISAR isre

op[icully ccdlincarly isligned (Figure 2) and

~nclllary electronics tire sycchroni~ed for

dala acquisitiori. Accelcrmions > IOV g’s hfive

been tschievcd with -W’% of mirximum

veloci!y ut[aincd in 20 ns (-2 X [.WIIIM of [he

Iuscr pulse), Figures J rcprcscnls IyplCill

vclocily profiles for flyer plulcs.
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4. ELF.CTRONIC STREAK CAMERA-

PLANARITY AND INTEGRITY OF PLATE

lMPAL~S

To determine !ha[ a netir one-dimensionisl

flyer pliIIeis launched and at whis[ distances

the plaIe w’111 remain one-dimensional, we

have performed experimcn[s impacling flyer

plQIes on PMMA (1.uci[cQD) where an

explosive sample would norm~lly he placed

(Figure 4). These dti[a (Figure 5) Lxmt’irm [he

dcgrcc of plunarlly, distrm!ers of [he flyer

plaks. and give u dis[ancc vs time Ihul cm

he correlated wi[h vclocily profiles, A

I’iduciul pulse is udded 10 [he s[re~k record

by pluclng a small sumplc d the Nd: YAG

Iascr beam on Ihc slrctik ctimcra. The spu[ial

kam profile for cnch lest is recorded wllh a

ch~lge Injucliorr LICVICC [(’[D) ctirner~ und

Cvaluulcd wllh l]CiImL’l)&(~ ,;of’lwtirc. The

I’WIIM of [hc fliII II}p hc~m profile closely

c(]rrclitlcs with Ihc (li~mctcr of [he flyer

Iuunchcd, In ICSIS with t~p[lmum

puramclcrs$ [he llllp&lL’1 lIIne vurlisll~)n ~)vcr

70(X of [he Impatl dlumclcr 1~ %4 ns

~

50 m-m target lens
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FIGURE 4
Electronic streak camera tochnlquo
for rocordlng Impact of flyer plato
on transparent target

Nd:YAO law Flbor OptiCal
boom dlamotor flduclal 91roah Cnmora

~~’c~~=

WI
-,

100 nsoc

1

II
\

FIGURE 5
Streak record of flyer plato
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5. PROMPT DETONATION OF FINE GRAIN

HNS

Numerous experimcnters8’9 have found

that fine-grain (small hot spoIs) explosives

exhibit small critical diameters for strong

shocks of short duration (-10”7- 10-8 s). By

using our laser-driven 2-p-thick aluminum

flyer plates, we have been able to promp[ly

detonate fine grain HNS of specific surface

-14 m2/g and M densi[ics 1.55 und 1.6 g/cm3

~t velocities as low as -1.8 mm/Ks resulling

in -8 GPa with a pulse durtuion of <1 ns. This

pressure, but not pulse length, is in basic

agreement with threshold of initiation by

exploding foil-driven plas[ic flyer pla Ies by

olher experimeters,8’9 Our pulse durations

ore much shorter (-l nsec vs -~~-loo n$~c).

We arc indebted to Nelson Mon[oya. Mel

Garci~, and David Sushi, LOS Al~mos, for
conducting [he tests and Willmi }Iemsing,

Los Alamos. for VISAR cons~ltis[ion and
sof[ware; ~nd Bisrry Bime’1 und Km Snow,
Los \lismos, ~nd Art B~iley. [;GG/Mound, for
vucuum deposl[lon of swnples.
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