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Uses of Fabry-Perot velocimeters in studies of high explosives detonation

R. D. Breithauiit and C. M. Tarver

Lawrence Livermore National l,at:x-_ratory
Chemisn'y and Materials Science Department, Livermore, CA 94550

IN'I'I/OI)UCTION

The Fabry Perot has become an important and wlluable tool by whic'ti explosive performance
information can be obtained relatively easily and inexpensively. Prillc,iple uses oi' the Fabry Perot k,,',.vebeen
free surface, and particle velocity measurements in one dimensional studies of explosive peffomlance. In the
cylinder test, it has been very useful to resolve early wall motions.

We have refined methods of chilracterizing new explosives i.e, equation of state, C-J pressure, via
the cylinder shot, flat plate, and particle velocity techniques, All of these use Fab,'y Perot as one of t.he

: ' principle diagnostics, Each of these experimental techniques are discussed briefly and some of the results
obtained. Modeling developed to fit Fabry-l_erot results are described along with future testing.

EX PER IM ENTA L

Nanosecond time resolution detonation studies can Ix: routinely ca:'ried out with the use oi' F'fl)ry-
Perot. 'Previous researche,'s have used several techniques to study detonation flow. Hayes and Erickson ."
used thin gauges or foils sandwiche?.t between layers of explosive, L,arge tnagnets were required to produce
fields in which the foil position was driven by the detonation front. Manganin pressure gnuges have also
been used to obtain pressure versus time in explosives for some time as well as ultra-fast arriwfl pins which
measure wave front velocities.

Using Fabry-Perot or VISAR laser interferometry one can measure velocity directly with a minimum
disturbance to the detonation flow. lt is a non contitct method and records velocity directly and continually,
not at time of arriwd points as with pins. Experimenttfl assernbly is easily acconaplished whereas other
meth{xts rc,quire precise and careful placement of wires or gauges within layers of explosive,

We have established a methck-i whereby explosives can be very carefully chm'acterized with only a
dozen experiments using Fabry-Perot. They are the following:

• • Duplicate cylinder experiments.
• Six head-on fiat plate push experiments.

K • Four particle velocity experiments.

FABRY F'EI/()T SYSTEMS

We have several Fabry Perot systems available tbr explosive performance studies. A schematic
layout of our present system is shown in Figure 1. Fabry systems were first installed into our Site 300
explosive firing bunkers. They have evolved to the present teclaniques of using laser amplifiers, fiber optics,
and splitting thebeams for recording two velocities from the same experiment, 2

Fabry F'erot velocimeters h;,ve also been used on large, 100mm diameter gr.iris, which can _lccelerate
projectiles over 2.0 mm/us. These Fabry systems usually look at the rear surfaces of explosives or metal

• plates which were impacted by a pl_,aer projectile.

i

* Work performed under the auspices of the U,S, Department of Energy by the Lawrence Livemore National l..atvratory under
contract No, W-7405-ENG-48,
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Ata other Fabry Perot System has been built to support two separate shot tanks, Explosive capacity of
one tank is 10'0 gms and the other is capable of firing 350 gins. One Fabry-Perot system supl_orts either shot
tank by simply movitag a single mirror, Shots in these tanks are relatively small and inexpensive to corlctuct
and Several experiments can be done on a single day. An electric gun _°is used to fire shots which reduces
the amount of explosive in a tank. By using different flyer velocities and slapper thicknesses we can taylor
impact conditions for ignition studies:

FREE SU -' ' S.IUI)IESRia ACE ....

Ttiin metal plates are bonded to the top of tim explosivt: and the acceler;ttion of the plates is recorded
with the Fabry- Perot. Shown in Figure 2 is a l;_.youtof typical shot assembly. We initially used copper to
measure free surface velocities of explosives. The thicker, (),Smrn; copper plates st)ailed, Tantalum has
been successfully used without spalling and continues to be otlr primary metal for free surfnce

. measurements.

We tiave staIidardized tantalum plate to explosive thickness aS shown in Table 1 Specimens are 25,4
mm in diameter and weigh 5, 10, and 15 grmns, respectively,

TABI, E I

Plate Thickness ItE Thick hess
0.102 mm 6.0 mm
0.254 6.0
0.508 12.0

The ().102 mm thick plate is thin enough tlaat :the reaction zone characteristically will accelerate the
thin plate to a higher initial jump off and a much steeper pull-back than thicker plates.

PARTICLE VELOCITY MEASUREMENTS

A detonation front can be observed as it exits the explosive into a material of the same or very nearly
the same impedance. By impedance matching, the structure of the front is undiz_turbed and can be observed.
We have successfully used NaC1 and LiF crystals toconduct these measurement_. Shown in Figure 3 is a
schematic of the experimen'tal arrangement,

, The crystals are coated with 4(X)0 angstroms of gold on one surface. The explosive speciinens are
, lapped flat to obtain intimate contact _tween the crystal and the explosive, The gold surface is put next to

the explosive, the laser beam goes ttu'ough the crystal and reflects off of the gold. Wnckcrle :_has rneasurcd
the index of refraction of several nmterials, The two crystals we are using have a constant correction over a
lnrge pressure range. A typical record is shown in Figure 4,

CYI_,IN I) E R TESTS

"l'he tr;.tdition;.i1 cylinder test used only streak cameras to measure detonation product expansions of
explosives. Results belween explosives were compared at large expansions; R-R0of 19 mm, Early time
results were of poor quality for two reasons. Magnification of the cylinder did not allow high resolution of
the first few microseconds of expansion, Secondly, air shock produced by the copper wall for the first
microseconds made analysis diffictllt, s

The addition of the Fabry Perot now allows fox"accurate and precise measurements of the early wall
n_otion, When shocked the wall angle jumps 5 to 10 degrees ft'ore normal depending upon the explosive
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being tested, We have obtained very gocxt results by first posilioning tile beam at 7 degrees and collecting a
minimum return from a defuse spot ota the cylinder,

The Fabry Perot wall velocity from a cylinder experiment was 3 % to. 4 % below that of the streak
cameras, Tlm additional veltx_ity from the streak camerascan be accounted for ii one adds the motion due to
the detonation wave moving up the tut._ to tile radial expansion given by the expanding explosive products,
By adding this phase velocity we obtain very go{×t agreement between techniquesl

REACTIVE FI.,OW MOI)EI_,ING

lt has become clear from tile tlat plate anct particle velocity measurements that old equations of state
de not fit some results, This is especially true for explosives which have a finite time duration reaction zone,
For some experimental techniques the reaction zone is tt,o narrow to be observed. With tile resolution of the,

',. Fabry-Perot, at_proxirnately 10 nano secon(ts, shown in tqgure 5, Reaction zones are easily seen, as
Hydrodynamic c0mp£1ter modeling is now required to handle the two phases era detonation front. Firstly tile

•"a lspike which has a very high pressure and falls _o a point which tlas tmen generally called tlm C-J [Chap -nan-
, Jouguet], and then the e:,cpanding ctetona.tion products. '_ In order to handle both we now use Reactive Flow

m_x:teling to harldle both rates as shown in F;igtlre 6,

: COMI_'I, ETla;I) IICXPLOSIVIg S'l UI)ILS
t

With the use of the Fabry-Perot we have ref'ined Equation of States for several explosives. Some of
the explosives completed are PETN, TNT, LX-17, I,X-04, PBX-9404, and LX-14. We have repeated

i cylinder shots with Fabry-Perot and conducted both ilat plate and particle velocity testing on these materials,

I Use of' tile Fabry Perot has given chemists the ability to resolve chemical reactions during detonation
m which has been very difficult to do in tile past. By conducting particle vel_x.:itytests one can cleterrnine
! carbon formation during the detoi_ation pr¢×:luct expansion, Tests were conducted to observe evidence of

i carbon formation irl tile detonation products of three explosives. PETN which dees not form carbon and

i TNT and LX-17 wtlich have cartxm in their t)roctucts were testect, s Explosives with multiple componentshave also been tested, such IaS Baratol a in which tile percentage of barium nitrate reacting was detennined,
Solid propellants have also been studied for their multicomponet nature, They usually exhibit large reaction

zones and have lm'ge failure diameters, Typically they contain an explosive component, rubbery binder,
aluminum, energetic liquid, and anoxidizer, Several of these mixtures have been successftflly characterized.

. Presently we are conductit_g a series of tests on three composite explosives to determine t!ow
altlnlillUlll reacts. For the first test series we are using 5 micron spherical il[I.illlinLlnl., The Table below lists
the compositions testedl From these studies one can determine the optirrmm weight percentage of alurr_irlutn

, for tile t_st performance, 7

Tal)le 4

o Composition Wit , % Aluillinum
PETN/Aluminum 5,1 (),20,30,40
TNT/AluIIrlinunl 5,10,20,30,40
RDX/A 1urain um 5 ,,10,20,30,40

I Lastly, one of the mc)st important uses of the Fabry Perot has been the characterization of new

explosives', "I'hese are normally formulated in very limited quantities of material By using the electric gun
and 25,4 turn diameter sarnl_les which weigh less than 20 grams each we can obtain free surface velocity and
particle velocity information on qualities less the I(X) gms of material, From these early tests one can
determine if larger and more expensive tests should be conducted,

I
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F U T Ull E S T tj D I E S

The composite explosive series using tile 5 micron spherical alunainum will soon be completed. The
next pla,lse of the project will be to use flake aluminum, which has a much larger reactive surface area than
the spherical particles. Then we will add an oxidizer such as ammoniu m perchlor_lte ox"mnmoniuna nitrate,

Some new high density energetic explosives are being scaled up presently, The first test series ,,viii
be done using fhtt plate and particle vehvity nie_tsurements as per Table 1. If they have go{xi perfommnce
we will Continue testing in lm'ger experiments suc h as cylinder shots.

A new experimental technique we wish to l)Ursue is to obt_dn tx_th sideways w_dl velocity, as inthe
cylinder test, as well as head on, as in the tlat plate test from the same expe_'iment. Ttiis could im done using
t'ilmr oi)tics and splitting the Ix:am. From this one experiment we can measure large expansions much like the

. cylinder test, and tdso small exl:mnsions in the heild on. flat plate tests.
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Figure 1, l.,ayouf of ii Fabry-Perot experirnental setup typically used at H,N[.,,

Figure 2. Flat plate experinmntal setup
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Figure 3. Particale velocity experimental setup,

Figure 4, Particle velocity record,
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Figure 5, Two sequential rate laws were used, first going to37 GPa and then going to 34 Gl-'a,
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Figure 6. comparisonol-RF versusstandardCJ prediction of pressurewaveprofile shows ",'pecmcs, ' °'
impulse" in reaction zone.
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