A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained In
DOE’s Research and Development
Reports to busiress, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.




came o uness
LA-UR -85-1993 ( CNL SRl — ‘:) L/

MASTER

Los Alamos National Labaoratory 18 operated by 'he University of California tor the United States Departmant of EnerQy under contract W-7405-ENG-368

LA-UR--85-1993
DE85 014130

TITLE: TESTS OF AN EXPLOSIVE-DRIVEN COAXIAL CENERATOR

AUTHOR(S): R. S. Caird, M-6 J. H. Goforth, M-6
D. J. Erickson, M-6 B L. Freeman, M-6
C. M. Fowler, M-6 L. R. Veeser, P-14
R. F. Benjamin, M-6 F. S. Felber, JAYCOR, San Diego, CA
A. H. Williams, M-6
SUBMITTED TO: 5th IEEE Pulsed Power Conference, 10-12 June 1985,

Hyatt Regency Hotel, Crystal City, VA

DISCLAIMER

"This report was prepared as an account of work sponsored by an ngency of the United States
Governmenl. Neitlier the United States Government nor any agency thercol, nor any of their
cmployces, makes uny wairnnty, express or implied, or assumes any legnl linbility or responsi-
bllity for the nceuracy, completeness, or usctulness of any information, apparatus, product, or
process disclosed, or represents that ita use would not infrit. -+ privately owned rights, Refor-
ciee lierein to any specific commore’nl product, process, or scrvice by trade nume, trademark,
manulucturer, of otherwlse Jocs not nocessarily constitute or imply ity endorsonont, recom-
mieidntion, o favoring by the United States Government or any agency thereof. The views
ndd oplnlons of authors expressed hercin do not accessarily state or refleel those of the
United States Government cr any agoucy thoreof,

Ny accoptanc e of this artticle the pubhinher cecognizes that the U § Govatamaont telans a nonexclusive royally-trge hicensa to publish or taptoduce
the publigbod form ol th conlabytion o 1o Jliaw othars o do s0. for U S Govarnment putposes

The Los Alamos Nabonai Laboralory tequests that the pubhsher wlantity his arhicie as work performed under (he ausprcas of the U S Dapartmant of Enargy

2/} I > Los Alamos National Laboratory
--:1@% /AX @Wﬂ@ Los Alamos,New Mexico 87545

Hi | L 'L L
S MO 2829 581 UM TRIBUTION OF TINS DOCUNENT (8 UMLIRITLY ¢ )\)
{


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


TESTS JF AN EXPLOSIVE-DRIVEN COAXIAL GENERATOR*

R. S. Caird. D, J. Brickaon, C. M. Fowlear,
R. F. Benjamio, L. R. Veesar, A. H. Williams,
J. H. Goforth aad B. L. Freeman

Loa Alamos National Labcratory
Loe Alamos, M 87545

and
P, S. Falber

JAYCOR
PO Box 85154
San Diego, CA 92138

Abstract

The resulcs of four teets on an exploasive—driven
aveeping-wave ccaxial generator are veported. The
firat shot of the series used a capacitor bank to sup-
ply the Inftial current. The remalafag three ghots
used an explosive-driven sweeping-wave helical geaera-
tor to boost the inftial current. Ou the final shot,
a peak cutreacr of 50 MA wae reached itn a 12 nil load,
corresponding to a peak energy of 15 MJ. The peak
power was 1.5 TW and the rinal current-doubling time
was 12.5 us. In additfon to conventional Rogowsky
loupe. Faralay rotaLion sensore ware eaployed to wmea-
sure the current. Arrays of micruballoon oprical-
fibe: ping were used to weasure the shape of the

armature undar the action of the magnatic fcrces in Fig. 1. Operation of cthe gweaping-wave coaxjal
the generator. The coaxial generator should be generatot. The dashed 1ines represent the
capable of achfaeving still nigher output energies if positions of the armature and daeronation
highar input energfes are provided. front near the end of the run.
Principle of Operarion Descriprion of the Coaxial Gemerator

The awcaping-wave coaxial generaror was deesigned A sfmplified crogs-sectional view of the
{n reeponse to tequiremcnts of the Los Alamos 1m- sweeping—wave coaxial genccrator {a shown In Fig. 2.
ploding foil program. A power aource was nceded that The explosive 1s PBL 9501, 76.5 cm long and 22.9 ca In
would delfver 20 MJ to a 10 nH Inductive 'oad with a diamcter. The welght {8 about 58 kg. The armarure {3
final current—doubling .fme of 10 us. Zystem design a tully anncaled 6061 aluminua tabe, 22,9 cm I.D.
conefderatfone Irdfcatad that the output should ba co- with a [1.5 sm wall. The srator 1g formed from OFHC
axial and the gaoncrator volume should be ~vacuated. coppar. The aaxfmuwm fnner diamerer is 62.9 cm. The
[he ratjonale bo?lad these requiraments has been pre- “alf-angle of the 1npur cone §a 700, that of rhe ouc-
sonted elsevhare, ™’ put cone 1s 199 Although the fnetde dimenuione of

the atartor were held to close tolarances, the wall

fhe behavior of the sweeping-wave coaxfal genera- thicknecas varied from 9.7 ma to 12.2 mn, Lead gheet
tor 13 depicred acheaatically In Fig. 1. 1Injrially, a (12.7 wa thick) was wrapped cloacly around the oautput
curcent through the gencrator ind load produces mag- cone and lead to [nhibit exparsiton ander aagaetic
natfc €lux In the generator volume. The armature (s A forceu. The load wap a coaxial Inditor futmed by an
hollow actal tubo fflled with cxplosive thar s dctlo- ex:eanfon ol the armatuce and an dter uwection of
nated at the loput and of the dovice. The ararture rhitk copper aard-ioldered ro the throat of the ourput
okpanda radially. ffret crovwbarring the laput and N
trapping tha [lux. Af  the dotonation €-ont coves
toward the oyt put and, the armatare -sgmed the conl- The 1nsulator at the Japut end wia machined froas
val  jhape 1udivated fo the flgure, The flux fu the glws=f1lled polyutethane plastic nd used foar the
Agcioriior voluse wnd load {s conuerved approximsteiy, vatuum  acal. The vacuum wan  pravided bv & turbye=
wince pgood conductars  are  auwed thiouphout. An rhe aolecalar pump backed by a  @echanlcal fatapyap,
Arneratyr volase ind Inductance degcreaqe, the currgnt LLTRINT ] anllly for the uhgla wan fu the range
finteaneds aud the Flux s awept [nto 1he Lload, Tne I1-5 x 17 ' Totr. A P-30 plane-wivi Gy3atem was -jaod o
t3ial snvigy dellivery tlac of the doevice 1 set by the fnjtlale the maln Lharge,
leagth  of  the genciatar and the detonat fon vel wity,
The curteqt =doubling time {a act by the t{ae  1egafoed The aalf-angle of the armatare cone s 8o agred
fa. the ge ot tada famee to decreate from e Load to be M.487 yider no- laad condt tonn, Mie wple  af
fnductance valae ta setg at the end of the 1un, The 190 fut the utatar (oan 2ad abtalacd (10 ent feit=n of
vane wglle of  the ateature abaald antch | xn-l-ly 1he the offectn pf the mapguel 1¢ predngte- an l."" armatue
aale of the tarar st the oggat end,” If the evpanatan under  fall  load conditlona,” The Tattial

artmatgre  augle (6 maller than The atata anglie, the genetatal Indptamee vadg 70,5 ail; the Inad  lodedd angee
generatart ogutpgt W'l e shavted befare ol the  flun wasw 12,8 nH, glving a ae=lagi catrent salt {slioanlan
han heea leflveted 1 the Toad, If 1he arpatale aovle owf n hg,

I grearer thag the arddor angle, rthete will he & 1311

i the autpat patar “hat w111 fnctease The calrent - A hellea  qweeplng 'wave haodiar genes .|.!|‘ wnn
doubling 1 (. el weties wlith the caaxfal geaeeatar a6 the thier

fall powet cxpetlsenty, The booaier gave an talt lal
* Yotk wappatlied hy the (F Depantaonnl il Fner gy, cureeat of () MA {n the (onaxlal genscalor Jhen  gandd
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Fig. 2. Simplified drawing of the ccaxfal generator used fn the tcats.

with the available 900 kJ capaci=or  bank. The.
ult{mate capability of the boostet Is 14 MA fnto the
coaxlal geuerator {f the capacitor bink anergy were to
be doubled.

The primary clectrical diaganontics conslatad of
curreat pickups at the Inputs to the two generalaots
and in the load. Ve uscd both conventional Rogowsky
loops and fibec-optic Faraday votation sounsors. The
lattar technique has been reported elsewhore in nome
datai].” The two types of cutrent measuremcnts agreed
to within a few percent. The dI/dt records wore
obtajned from the Ropgowsky loope alone] ltowever, uu-
merical  Integration wvay oaployed to annure that they
agreed with the puwaive [ategralors and the Paraday
totatloun nensors,

Acrays of wuptical -fiber plag wore diatelbuted
alung the outsfde f the stator output cone fn order
to meayure  the arvival (fme of the amrmature at the
atator.  This acagurement gave a good oglimate of  the
offectn of Y. ' . wtp on the dyuamicn  of the
Armature. Aty it lags or plaatfc apheres  were
uned  An senno: coen o gt eany, prennute pulans goen
thiough a snphere, tae  ahock -hoated atqon omltn A
bulght  flawh,  The technique wd {13 applicnt lon o
the c'ngxl’.ll Renetator han alao hwen  dogerihod  olves

where, ’1

Fxpotiwnial Reaulty

Fout  ahote woers flhied fu the taat aotfon,  The
Tlvnt shot omploysd only the capacitor  bank <1thout

the booster gonerator 44 the Initjal curreat source.
The puipose was to teet tho diagnostic and timing
setup and to provide comparfson data from a low-powat
shot, The Inftfal curront was 2,1 MA; the peak cur-
rent was 13.2 MA. Peak mulilplicatfon was 6.22 ---
941 of the wo-loss cetimate, The optical-fiber ping
ahowed thit the armature fmpacted the stator output
cone f{rst at the large dinmeter end. The contact
polut then swept towird the output end {In good
agteamcnt with the no-load calculatfone.

The lant three shots wara fired with the helical
hooster fn sevfes with the —oaxial gouerator. 1In all
caseq, tihe finitlal cutrent fa the coaxial generator
was 9.5 MA. This cutcent w8 det by thoe capibilities
of the avallable capacitor bank. The firvut full-power
test gave poor elactrical data owling to the coullapre
of the load under angnotic forees, A solid braws plup
vad placed fa the armdture undet the load gedtion for
the last twu shota. Lo both cases, a peak curient of
50 4A was obtajned cotrenpondfag (o enorgy of
19.6 MA, The curreunt doubling t{re was 12,5 ps.  The
carreat ve, time curve In shown {n ¥ig. 3. ¥or coa-
patison, 1he low-power cutve §a showvn auftably scaled
with the fuput cutrent fu the later toents. At peak
cutrent,  the  long 149 about 10% greater than that fou
the low-power shiot, The optical pta rtecordn fadlcated
egtont fally the  aame awoeplap of the armatwme-sgator
cotitact that wan obuseved (ot the low-power aliot o For
completoneaq,  the power  and  =netgy  cutves for the
full-power  dhole  ate  dhown fn Fipgn. 4 and ]
reqpoct lvnly,
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Fig. J. Current va. time curve for the coaxial

gansrator. Tha solid line is the dara from a
high-powor shot; the dashed line fs the data
from th low-power shot scaled to the same
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The test reqults show that the perfotmnee of the
voanfal genctator wan little affscted by the high om -
tonte up 1o the 15 W lovel. 1t {8 safe 1o say thar,
with a larger capaciion hank, ve can teach 20 MJ with
thila ayatea. Alsn, since the final cutvent ~doubling
tims In propoitional (o the load Inductiance for thin
acnotator, 4 10 ys doubling time would be obtained for
a 10 alt load,
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Fig, 5. Energy de!jvevred to the 12.5 nll load in the
high-powar shot. The curve {s calculated
from LI</2.
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