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Abstract

Arraym of optical-fiber pinm, known as microballoon optical pinm, have been ueed to dia3-
nose tho dynamic deformation of an explosive pulsed-power generator. The pin data determine
the eff!cctm of multimegampere electrical current loading on generator performance. The pins
are required to work in the adverse environment of the generator, consisting of explosives
and explosive products and very large, rapidly-changing electrical currant8 that give rise
to intenme electromagnetic interference.

me optical pin is a shock arrival-time sensor consisting of an optical fiber tipped with
a gas-filled microballoon about 200 microns in diameter. when a
impinges on the microballoon,

strong pressure pulse
the shock-heated gas with!.n the spherical shell emits a bright

flaah. The light is transmitted via the optical fiber to an electronic strmak camera which
simultaneously recordm signala from many pinm. The signals from an array of these sensors
meaoure the time profile of the impact of the exploclve-driven armature witi~ the stationary
conical stator. Details of the microballoon pin are described at thim meeting by BenJamln

and ?layer.

The microballoon pin was compared with the conventional flash-gap technique in which air,
confined in a much larger space, is shock-heated to produce a time-of-arrival flash. The
two methode gave essentially identical results on the first shot. Sinc- the microballoon
was more convenient to use and indicated a greater range of usefulness in future
applications, we used it exclusively on the subeequant ahot$. The microballoon opticaL-
fiber pin gave ua the data necessary for the next generator design iteration and will be
used extensively in the future.

Introduction

Explosive-driven maqnotic flux compremmion generators have been u e
produce regagauaa magnetic fields and rnegajoule electrif:al pulses. f,~ ‘~e ~~~ic;;a~~er~~

:~r~h. explosive i. converted to electrical energy. We have tested a large coaxial genera-
denigned to produce 20 NJ of ●lectrical ●nergy in a 10 nH inductive .oad with a cur-

rent-doubling time of 10 US. Microballoon optical-fiber pills were ueed to obtain <lat~
needed for correcting Cuture generator design.. The generator is shown schematically in
Flq. 1.

An initiaL c~lrrent, which providee the worklflg magnntic fLux, is establlmhed in the coax-
ial qanorator by the tli.scharqeof a capacitor bank and the subsequent action of a helical
hooe .er 3enerator. ‘Thinhelical booster yenerator has a long rise-time and amplifies the in-
itial current by h factor Or 3f3i The coaxial (~enerator mupplies a further current
amplification of 5-6 with a shorter rise-time. The explonive is ,ietondted at the input end.
A, the ,Ietonation front moves toward the Load end at a velocity of 8.8 km/s, the armature is
driven radially outward at 3.3 km/. to form a conical shape. The magnetic flux is trapped
botwean the moving armature and the stationary stator an,l is eventually swept into the coa8-
Lal load v9Lurne. The internal diameter of the atator is about 63 cm at the widemt pcint,
‘I%ehigh-performance -xploeive 1s in a cylinder 23 cm in iinmeter and 76.5 cm long. The to-
tal weight of ●xplooive in the boooter find coaxial generators combine[l
stator carrt~e currents in axceos IIf 50 MA, changing at rate. of 5 . 1019 ~~~ut ’50 Kg. ‘,he

The physical
.?nd91*ctromagnetic ●nvironments are therefore hareh in the extreme, We are replacing 0[
c,]mplomentlnq many of our eloc.tridal i!idqnostlcg by optical techniques,
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Figuro 1. Coaxial generator with optical arrival-time pins imbeddod in thm stator.

ExporLmantal arrange~,wnt

7%. optical pin atationo wero dlstributad in two straight ‘Lnoo on tho surfaca of
stator

tho
Conm with 16 stations par line. Tho line8 wore 90J apart to permit an ●mtimatm of

tha azimuthaL synsnatry of tha armaturo mtion. Th@ ●tatar b’ls fabrlcaterl with a half-aagle
of 190--- our computod ●stimato of tho arnturo cons angle under fu!.1-current condition-.
‘(’haflrmt ●tat~on wag 2.5 cm IM1OW tho top of tho con.. Tha remaining stations were llls-
tributad at equal Lntarvalm alol,q a slant dimtanco of 49.5 cm to tho output throat. A btind
holo was drilled into t.~ stator at aach ●tatLOC t~ rOCLiVa a micrc$balloon or flaah-gap at
tha bottom of tha hola. Whan th~ armature otruck the ntat,)r, 4 atrony mhock tiam sent
through tho rotator wall aud impinged on the opticsl pin. Tha llstanca from tha bottom of
tha hole to tho lnncr surfaco of tho stator was held constant to equalize the transit tLmes
of the ●hockad material. ThQ micr>balloons wora gaa -Silled qlase or plaatic npherae about
200 micronm in .iiamatar glued I I the ●nrlo of IJptlcal fibers with an Lndex-nutchlng remin.
Whan a ●trong, faot praemure pulcm traversoa the sphere, tha nhock-haated gas emitm a bright
flamh Of light. T’hio light. is then tranmmittwl by the ~ptir:ml flher to an electronic streak
camera in the firing bunker 25 m mway. The run of the flharo waa cmrsfully poeltloned so
that no chock wavas from tho explosive could damtqo the Ciberm ba:orm the impact measi!rement
wag completod. A more detallet

!
I!@script 01} or tha optical-fih.r pin is qivan in an

accompanying paper by BenjemLn and ~aym~.
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HKvor, w found that our timing waa accurate to a few microeocondm and the ●ignalm foil in
tho central region of the sweep on all four shots. The camera resolution was only 100 no
for theoe shots ping to the slow ewcp speeds- The turn-on time @f the pins waa probably
less than 10 n-.

The fiber-holdor at the cameras had space for only 16 Pins on theme shota in order to
almplify the early triale. Two cameras were available for the first shot to implement the
comparirnon of the microballoona and the flaoh gapa. We had only one camera on the last
three experimenter therefore, only half the 8tat~on8 were occupied. There ia no reaaon the
number of pine recorded could not be increaaed to 100 (set by the spatial resolution of the
camara) .

E~erimental re,eults

The first shot wan fired with an initial current of 2 MA provided by the capacitor bank
alone. NO helical boomtor was used. The purpose was to check the no-load predictions and

the diagnostic techniques. The data from the first shot are plotted in Fig. 2. Top and
side refer to the two lines of Statione 909 apart. The arrival time ia plotted against the
station number.
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TM anaaturm Cirmt hit8 the rotator nmar the Lnput end and ●waepm rapidly tward thm output
●nd. For comparison, a pradictad arrival curve i. premmnted that wam calculated from a two-
dimonsional hydrodynamics coda. TJIim pradictmd curva im very aonmitiva to tho armature cone
angla --- a Cha>go of 0.58 in the angle would ●ntirely remove the on. microseco,ld discrep-
ancy naar station 14. Such angular accurncy excaedm the accuracy of tha codeJ consequently,

w, conclude that the agreommnt ia excellent. The departure from l~noarity at station 14
reflects tho fact that tho armature ahapa departm from a cone at SMO1.L expanslonm. It i9
also evidant that tho flaoh-gap data aro indistinguishable from those of the microballoons.

m, aucceading three shots wore conductad at full current and amployed microballoon pins
entirely since they were more convenient to field and seemed applicable to a wider Variety
of oit.ationw. Good data were obtainad on all three shote. The data from one of the tests
are plotted in Fig. 3. The peak current wan 50 MA. Again, the no-load curve is iisplayed
for comparison purpoaee. On the bania of thie data, we were able to conclude that the gen-
erator dynamicm were unaffected by current loading at the 50 MA level..

An interemt~ng effect wae evident in tha recordm of the three full-power shots . An
early, Low-intenoity streak wa 9 obeerved in many cases prior to the bright flanh that
indicated tha arrival of the main shock. We conjecture that the magnetic forces caueed the
atator to move a few tenths of a millimeter before the generator run w,~a complete. The
early light signal might be eliminated by Leaving a small gap between the bottom of the hole
and the pin.
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Conclu8ion8

Tho microballom fiber-optic pin has provod ita reliability and ueefulnona as a shock-
arrival eenmor in tho very homtila environ-nt of explosive-driven generator experiments.
We plan to ●mploy itm capabilities ●xtensively in future generator development.
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