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Abstract

The results of four tests oo sn explosive—driven
aveaping-wave ccaxial genarator are reported. The
firat shot of the series used a capacitor bank to sup-
ply the 1inftial current, The remainfing three ashots
used an exploslve—driven sweeping-wave helical genera-
tor to boost the initial current. Oun the final ghot,
a peak currenr of 50 MA wvas reached ifn a 12 nil Lload,

corresponding to a peak energy of L5 MJ. The peak
power was 1.5 TW and the rinai current—doubling time
wvas 2.5 ups. In addition to conventfonal Rogowsky

loups, Faralay rotation sensors ware eaployed to mes-
sure the current. Arrays of sicruballoon optical-
fibe: ping were used to measure the shape of the
armature under the acrion of the magnetic fcrces fn
the generator. The coaxfal generator should be
capable of achfaving still nigher output energiaes if
highar input energifes are provided.

Principle of Operarfon

The awcaoping-wgve coaxial generaror waa deslgned
In response to requiremcnts of the Los Alamos {e-
ploding fofl program. A power 3ource was nceded that
would delfver 20 MJ to a 10 nH {nductive ‘oad with s
final currant~doubling .{we of 10 us. Iystem desigu
cone{derationsg Indicatad that rte output should be co-
ax{al aud thg gancrator volume should be -vacuated.
[he ratfoaalo bo?lad theso requitamuenta has been pro-
sauted ¢f{gevhare. ™!

he behavior of rhe sweeplng-wave coaxial ganera-
tor ig dapfcred Acheaat ically in Fig. 1. Inttially, a
rurrent throogh the gonerator and load ptoduccs mag-
netic €lux in the goucrator volume. The armature {s a
hollow a-1al tubo filied with explosive that s decto-
nated At the {tuput and of rle dovice. The armstyre
capanda radlally. firet crowbarring the {aput auwd
ttapping rla flux. Af  the lotunation f:ont aoves
toward tho dutgl amf, rhe ttmatare cwames the conl-
cal  gtwape  tudlrated i the flgure. The Tlux {n the
Avieritor vitfume i load s conwarved Appttximeteiy,
i good condncrors 1ire  aued thianpluegt . An 1 e
pgewcrator witfase tad Lidact ace deg raaa, it gatt
and the Flux {2 awept {pto 1he [oad, T
tatal enetyy defivery 1{ac of tine device ts «et by 1l

facte e

fe.gthh of the geuctatdat and t fom detaseat fuy viel -t Y.
The auttent ~dunbiiag 11me 1a act by the 1o tegitied
fa. 1he ge atat tadatt i e ten o, teaar from e famt
Tudactam e vafae ta s at the et of the e, The
e amgle af  the areatats atewfd aatch .x---ply 1 he
astgle af  the  Atatar At e o gt R | YT
amatgre aegle {6 malfer than the atatar angie, 1he
gesteratarl autgat Wil e gtucted betute o] the  flun

teftypted te the If 1t Avmtate aw i
1ttt wWill he n 13t
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Fig. 1. Operation of the sweeping-wave coaxial
generaror. The dashed 1lines repregent the
positions of the armature and detonstion
front near the end of the run.

Descriprion of the Coaxial Genmerator
A simpliffed crogg-gectfonal view of the
sweeping—wave coaxial gen-rator s shown (n Fig. 2.

The exrloaive 1s PBL 9501, 76.5 cm long and 22.9 ca in
dlamctor. The welght 18 about 58 kg. The armature {3
a tully anncaled 606l alusinua tabe, 22.9 ce I.D.
with a {1,586 mm wall. The stator is formed from OFHC
coppar. The nmaximum fancr diamcter 18 62,9 ce. The
~al€-angle of the i1nput cone 18 700, chat of rhe ouc-
put couce e 199. Although the ingide Jdimermions of
the atator were held ro close tolerancea, rhe wall
thickness varied from 9.7 mm to 12.2 ma,. tead gheet
(12.7 ma thick) was wrapped clodely atonnd the autpur
cone and load to 1uhiblt expariion andet magaetic
forceu, The load was a coaxial tudtor furtmed by an
ex:oanlon ot the aecmarure and an out¢r wection of
thitk copper aard-soldered ro the throat of the wvutpul
L Qo

end win martiined fram
tnd  ued  for

The t1usuiator at the (nput

plun=~filied polyutathane plaatic the

varunm  aeal. The vacunm wan  gpinviird bv a4 tarhe-
mtlocalar  pumpe backed by A medhaaload Fataqump,
Vai anm -*-ml 1ty for the unota wan {u the ringe

-5 x 11 Totr. A P-30 plaar-~wivi Gyv3tem waa -tatil 112
falt 1ty the matn lat ge,

Tite  talf-angle of tlhe araarate 1one win B ceppdd
ta be A7 pnder no- Lol ootnd bt 1o, Mie  auple  af
l"o fat thier atater yona Jan ahtataed (v-m cut {1t of

the of Terta ot the maqutt 11 predn- e an [.I..- atmat gqte

evyeialan gnfia fuil (oad rrmtit funa,” The taltial
grnetatat toletam e wad 715 wtl; the taald tada b auee
was 12,8 al, glviag a ae-la3as caorrent malt {glt at {an
wf W hg_

A lieltoa aweeplag 'wave  basdtar fears it wan
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fall
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Fig. 2. Simplified drawing of the ccaxial genc¢tator used in the 1cats.

with the available 900 kJ vapaci:or bank, The.
ultimate capability of the bovstet 1s 14 MA into the
coaxial geuerator {f the capacitor bink anergy were to
be doubled.

The primary electrieal diagnontics rousiatad of
current plckups at the fnputs to 1the two gunstatora
und 1in t1he load. Ve osed both conventional Rogowsky
loops aud filbor-optic Paradsy rotation sousors. The
lat1er  technique has been reported elsewhere in nome
datail.” The two types of rutron! measuremcuts agrved
to within a few percent. The dI/dt records wora
ablafued from the Rogowsky loopie altour; lowevor, uu-
merical  Iutvgratiox way smployed 10 tsnure that they
ngremd with the puoaive fntegrators aud the  Facalay
rotatfon senpury,

Arrays of aptienl-fiber plug  were diat cibuted
alung the untalde 1f the sttt oulput eoue  {u acdi
1o meadure the arvfval t{me uf the Arentute at the
atator.  This mcarutement gave a gl ogtimate uf  (he
efforts of 1. % . ¢« wtn an the  dywamies  of the
Atmature. Aty et Laga e glant{e aphetes  were
[T L B Y S DTV TIT e i rany, prenonte finf ko paey
thevugh o aphere,  tae alowk sheat el argue vafin A
e fght  flawh, The  tovhutgue vul feta appticat fan
the |'l|l.|lL.I| Rttt han afan been et fhed  of o=

wiere, 21

Fxpuitfwout al Renunfin

Fiet aboita wers fleod o the tawt wntfen, The
Tleat abatt omplaymd anlv the  vcapac ftoe hauk 211 futn

the hooster goucrator a8 the Inftial current sgource,
The puipese wase to teet tho diagnostic and tieing
scrup and 10 provide (omparison data (rom a low-powat
shot . The {Initfal current was 2.1 MA; tha peak cur-
rent wa3 13.2 MA. Peak mol.iplication was 6.22 ---
941 of the no-foes cetimare, The optical-fiber pins
dhowed thit the armature fmpacted the stator output
cone first at the large diameter end, The cuntact
ptiur then guwept toward the owlpwt end {n good
agteement wilh the no-load calculatlons.

The (ant three shotg wara fired with the helical
hovdier In getfer with the voaxial gauerator. In all
raseq, rie Inftfal cutrent In the roaxial geuerator
was 9.5 MA.  Thin cueremt Wt Bel by the capibiifties
uf 1he avaiiable cuparttor bauk. The fivat full-power
1esl geve poor eluvtirival data nwlug to the cullapse
uf the load under mugrt f¢ forces, A aulid braus plup
vy pliced (n the armdture wwder Lthe Load gertfun for
the fast twn shots. In both vuses, a peak currewt of
50 A way oblajned rvotrenpoudiug to e vsusrgy af
159.6 MA. The vuctewt -ahwthliug 1 re was 12,5 8. The
vutrent ve, time cntve {n whowe In ¥ig., 3. Fiar  eam-
patfapn, the fuw -ver qutve 184 shown anltahty scaled
with the fupul cuttent fu the bator teuta, A1 peak
vittont ;. the  bang {a abowt 10% preater than that for
the law-paviet gsludl, The ot feal plue teerde fudicated
sgwe fably the wame awseplup of the atmatute-stator
vautart that vau sthastvand fur the fow-pver shont 7 Fin
vumpletsmad,  the  poawst gl cnet gy cntves fin the
faelb-poawnr dlutle e wlowen fu Fign. &  and 4
reqpert funly,
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Fig. 3. Currsnt vs. time curve for the coaxfal

gansrator. Tha solid line {5 the data from a
high-powor shot; the dashed line is the data
from the low-powar shot sceied to the same
faftial curreat.
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The Lol resulis show 1hat the pet futmite il the
voaxial gounetatot wan Htile afferted by the high et -
toutq ugt 1o the 15 W tavel. 110 {8 sale in 94y 1w,
with a faiger vapacilit hank, ve van 1each 20 MJ with
1hin aystea: Alwo, since the [lual anttend <dunbilug
time fn  proged fonal 1 the bead fudiptanee for thin
aeneratur, 4 10 ys doubling 11me nuid be ablained fu
a (0 nil toad,

Fig. 5.
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hlgh-porr shot. The curve 1is calculated
from LI</2.
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