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Cdl Design for k DARHT LinearInduction Accelerators

M. Bums, P. Allison, L. Edcy, D. Lisk& C. Md.kr, J. Ruhc, H. Tucker, L. Walling
Los Alarnos National Laturatmy, P.O. Box 1663, b Alamm, NM 87545

Abstimt

T’IE hal-Axis Radiographic Hydrtxcs (D- fd.ity
will anpioy two Iincar indtmkm ~umtxs us pctxluce

in~, txtanssbablursg x-ray puks fcw flash rdogmpby.

TIM ~~w cdl design ftx a 3-kA. 1620 McV, @rM

m,wtigh-ekmbcmtip=acd ~cdlis
y f~ kgh-v~mgc SUW4 while ab minimizingk

uamwsw impcdancc.Mcawwnalls d high-vollaged rf. .
~ arcnrmmarimd-

1. lNrRoDUcnoN
Tk IMRHT fxility at h A18moa will gcncrale irmasc

k.rnsmrahhrng x-ray pulses fm rdkgmphy using two li~
inckticm ~cekralors (LIA), IZcch LIA will pmlucz a 3-kA,

16- m 20McV, 40-ns fhmop, high-brighmcas electron Miam

@ng a4-McV injccmr and n W& M250-kV iruklkm CC41.S,

Each cdl consisls of an oil-insulated femkc ewe, M
-haling gap wish -fully @sJcd ckrsmka d i~,

and a mlenoid magncl [G t.ranspl lhc ekclrtM W. This

~ summarizes W &sign of Ihc axcl~ng gq rcgkm.
TIM cell dcvclopmcm prcccss included hc design,

fabrication, and bxing of lhtw promtypc c-d ctilgum.icms.

In c.lnmological order, lhcsc arc referred m u Maj O, Mod 1,

ad Mcxl 2 n,ld urc shown in Fitz. 1.

DARHT CCIIdmgns,

The fundarncnull pnrnmcuxs of shc accckrmcw dcmrnlnod

ti bdC hl~)ll[ of ca.chc(mfi~llfalirm, To ~VidC k S’Cqllil’Cd

puk wid~h while using rcndily availnbk rrutcrial, I I TDK

PEI 111fcrrilc mroids (237 mm ID, 503 mm OD, 25,4 mm

..—.
Wtmk pylwnwd umlw thr mu~piucm of he U,S, Dqmrlrncnl d

Fmcfw

sbkk)mwcspcci&dfcr Ihccdlcmc. High-vollftgcb’cakdown
ofti--g gapispevatibyting tminirnum gap
width of 14.6 mm. The cdl be is 14 S.?mm. which is a

unnprxr&c tu4wctm tlwhrgckwcncedcd tolirnilgrowrhof

rbctmmkm%akuP (BBU)hsadility udrhcmnall brcquircd

mpro’kbp fcKdlcxrkzm&l ma@lctandlo*CQSIS.

lb high-vcdlagc (kYign ti ~wn Humllc-nls of

Ihaacpotolypcais dsa,wal in Sm.km2.Sadcrn3dcals

Widl CaklMKm“d ~dthcbansvmchpcdam

of ah cadi-.

Il. HIGH-VOLTAGEDESIGN
We Iimiud k peak design clwmic field SIJCSS 10

2CH3kVAm for hc 1~ 304 mainlcsa steel ekcmx)cs rlm fomrr
k x=lcraling gqIm This cmd.idon rquircd a minimum gap

wid(.h of 14.6 mm so sustain h 292-kV gap pcmnbal

gc.ncrati by h failure mode in which W ccl] is pulsed

wishrxd ekd.rm b kting.

‘W ckaign of dtc ~ separating k oil-fdkd ferris.t

ccNcfromllhcvmJum * d k cell became h falls of
W high. volugc daaign. Empirical elcarical breakdown
fcmnulas tiind W initial layotrI of each insulmm, and

Ihcsr dcldcci ekctrk fkld mockling was uuricd CWIusing Ihc
two-dimensional flnbelemeru codes POISSON and

FIJJX2D. Tlw tm&hwn cleclric fscld was ma.aimid by
optimizing h ~gk &em lhc insulatcw and IJWc.akulatod

CkCUiC ~ti b. ~iS mgk shouki ix held ~ 4&’ fw

lhc crrx-linkrxl fmlyuyrerw insulmcrr, and to do his in tic

Mod O &sign required placing a conducing ring witiin the

insu~ H k ncgalive elexrodc vacuum Iripk point, The

-d v~um-aide surf= d h W I and hkxj 2 insulalcms

avokls lhc fabximr chalkngca cmcourrlcrcd with the Mod O
insulalor ring, The mdmum calculated clauic field wcss

across IJW Mar 2 huuhw was 93 kV/cm,

Crcrdhkd pdyatyscnc (M narrw Rcxo!ilc) was sIacd
for the Insuk Ixcauac of iu low dickcti cotwam (c=2,S)

and cxccllcru mcchmical propades, The Insulamr is

compfcsscd from O 100.5 mm when im.aflcd to avoid smtdl

gaps Imlwam lhc elcctrdca and lhc insulalor, which can cau.sc

signifrcmm fkld enhanmmnt,

Inwmxirsn of k chrorr &am Willl Ihc hrsulah,l moy Iced

10 insulmor charging md UV-irdtmd brcakdo m, llrc Mud ()

tilgn cam-l IMs effctt by @ally shicldirrg ItIt insulam
frrnn hc cbxtm brn. lltc Mod I design ignores r-his[co”.urc

in favor of rcduccd machining COSU, The Mod 2 design

canplclcly ahiclds k insulaKN In a way lha[ ah rcduccs the

&sign’s Irannvcrsc Impcchncc, D@nllml rnodclln~ of ihc

complicmcd Mod 2 geometry rqulrcd Irrcrcnsing [hc

aaclcdng gsp wkhh to 19. I mm,
L,M, Esrlcy, eI, al, [ l], have complclcd dcmllcd

mc~wrcmcnln of the breakdown vol(agc for cm-h CCII



conliguratim. hlod O lcsls were carried oui with lwo full-ti

CCIISdriven by u Iow-impxkmcc (10 Q) Blumlein. Full-sized

Mod 1 and Mod 2 gcomcuies were investigated using a higtm

im~dartcc (240 f)) cahlc pulser, which avoided lhc cost of

fabricating tic ferrite core potion of W eclls. TIE Blumlcin

provided a squurc pulse wiltr lhc voltage above 90% of l.hc
@ vrduc for id-ml 70 ns. Thr qumc wavcfarrr frcmn tie

cabfe plsw remisincd rrbovc 90% of WE peak fw 1S0 ns.

Approximulcly 2000 sho~ were rcecwdc.d in lesting lhe

Mod O design. These included conditioning shots al lower

vollagcs a.s WCII as shoLs up 10 tic brc.akcbwn vollage. In a

similar way. the cable pulscr was used fm 33,(DO shots M

Mod I and roughly 4(!W shols on MCKI 2. The high-

impodance cubic pulscr did not drive large crmcnls when lhc

gaps broke down, unlike the Iow-impiarwe Blurnlcirr syslcrn.

Thus, k ublc pulscr muy huvc provided kwcx high-vollagc

ccmditioming bun [bc Blumlcin systcm. The measured Mod 1

ond W 2 breakdown vulugcs lismd in Table I uc lhe kvcfs
m whkh breakdown wus observed for qqxoxim@cly half lhc
slms al tiI ~[cn[itil. These breakdowns dsmagcd lhc cells so

Ituu Lmakdown continutx.1 tiI 4(N kV. No prrrmcm[ damage

wos done to the clccmd~’s or insukuors, Imwcver, and lhcsc

pans could Ix rcusd d’(~’r cleaning, MIXI O faikd cm he tenl.h

shot al -3fW kV, and lcslillg wiM sloppxl at that point,

. ‘hhlc I . Nlt’mumd 13rcakcbwrr Vollagc

Mcd O

[1[, Cl:l.1. 1*.liWDANCE

‘ilw BBU inslfihilily rt’sulls in high-(requc~y Lransvcme

oscilla~ions 01’ Ilw chx’lrtm Iw:un, which smears lhc limc-
Inlcgrald IW:IIII sp)l si/c w IIW ikx.clcmlof rind faus. llris
incre~s Ihc rwllogr;ildlit” SIR~Isi/.c and decrca%es tic .ymlial

resolution 01’ IIIC rcsullill~ r:dit)grnph. Growth of IJW BBU

instability is d~’[nmdcnl ulxnl IIIC ucll Uansvcrsc im@mc.

l%my 121 mdit’:llcs W :

z 4W
(1) f—-)= ,1~,

(IJ 1)

(1)

mmleled. The fcrrilc properties were dctcrmincd by

nW3surcrncmrsof small ferrilc sarnplcs [41.
I’hebw-im- CCU&gn process began wilh lhe Mcd

O configuration, which was an evolulion of existing LIA

cksigns. Mcud ! was a mcdunicaf simplification of Mod O

whik also improving k cell’s high vohage ctw-aclerislics.

W2Aa’tiCUWm [5]m AWtiti_WlOW
frequcrbcy while also hiding W insulator from the clcmon

beam Our sluditx of tksc configurations wilh AMOS have

shown lhal lhc lransversxt irnpda.rw can Ix rcduccd by using a
Iowdielcclricanslant insulalor rnalmial, pkwing Ihc insulalor

close LO k cell bore, avoiding gaps fxtwccn tic ncgalivc

ekctrodc and he ferrite core, rnalching rf waves inm tic core

by ecrntmlling the amounl of fernlc exposed to lhe cavity,

using exba (mite picas m damp avily modes, and properly

chcosing h gcomuq of IJE atxekraling gap.
L. Walling, eI. al. [6], have ccnnplcled measuremcn~ of

W tmnsw~ im@ame & -h cell &sign. These tests have

shown IJUNan imprtarrl fcatme of lhc ccl] is lhc high- /olmgc
drive rods altaehcd 10 the negative chxtrcde in two places 18(P

apart The drive rods W k wial symmc~y of rhc CCII

rw.rhing in azimurhaf varkions in the impu.huwc dml r; nol

be modeled by AMOS. Figure 2 shows the Unns<crsc

impdanec mcasurerncm fm I.IW Mod O gcomcwy in bolh the

horimm,al (pralIcl w he tivc rods) and vcm.im.l(pxpendicuku

to h drive rods) planes with W drive rods tcrmintilcd in

3on.

0 200 400 600 000 1000

Frq (MHz)
Fig. 2. Mod () lmnrwcrw impedance in the horizonlul and

Vcakal plar’w,

P, Allison, cl, uI, 171, have shown lhul n)mtin~ ptiirs O(

cciln W’ along he WCCIWW can tic udvam.ugc of this mode

splitling and reduce [he cffcclivc illlpcdum”c of Mc cell. Wilh

tii~ installation pallern, tic Kvcrugc of [IIC h(~rimnurl und
vcr-lkxd imfx&mccs is I.lw quanlhy of imlnwlwwc. Illis vuluc

~ouhl lx! roughly 670 tUm 10 mcfl h’ I)ARI 1’1’Iwr[tmnum’c

goals.

I:igure 3 SJK)WS Ihc uwugc in~pcdumc vs [rrqm’ncy [or till

[hrcc CCII c(mfiguruti(ms using lhc hollljw ~’oll~l~t.llsillioll”
rc~i~(~ di,scuwed lxh)w, “l’he ,wnnll-ulnl~liludr t)willuli~nls in

euch curve arc Ihc rxwuh of thulibrulilnl vrr(ws. ‘l’hc tlvcrull

rnenwsrcmcnl acumy is c.~lirrltikll It) Ik’ l~tllrr IIUUI 20%, ‘1111.

Ink impcdulwc I’r)r lhc M(rd () dCSIKII wiIs 7,11 tJ/111 UI

I 14 Mli/ (q=2.29). “llw M(RI I cell is mIIi’11 W(IIW with II



T’hiSti r&Ulti-LhC MM12CkSigntO671 Q/ma1816M3-&
(q=l.61). TIEshiefdcd-gapccmfigmlb ltn grcally _

k rmsgnitldc of Iow-frequency - Wislmulh dmping
ksrk (- Fig.1), however, mc-=~’’mmcnss dsJw Mcd2cdf

~ thm IIIC high-frequency rndc grows so 1020 Cl/m u
(580M1-1.L

14W
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Fig. 3. Awage ransvcrscimpcdanccvs fmqucncy.

As&hod to=hsidcof fhccdlis ancrdosamfromwhich

s.hc drive rods cnkr the cell and in which is placed t
com~ resistor. Tlwsc rcsistrxs arc ekctrically in

palkl wifh she accelerating gap and hdp lo reduce gap
vcdtsgc fbcu@ons duc 10chlrcmkun C- variWhs.

Tlm IJUU enclosurdrcsismr designs stmm in Fig. 4 were
invcd~ in the belief lh811mcsc assunW may nffcct Lhc
cell implancc. In h first design, IJW high-vo!lage cabk

fcding she cell was comccscd dtidy fo lhc dsivc ml, and a

adid rcaistor ran along side hc cable from she drive rod m

grouml. A hollow, cylindrical rcsiacsr was plti conxially

arod the csblc m hc b enclosure. IRc Ihird cmcksurc
was designed to be similar 10 ● high-powu rf W. This

design u rcfcmcd to as d’ic rf-hccn becauac IJW =iskx is

smusmkd by an exponcntiaJ hom IJ’UI mainfains a caulanl

im~ akmg WC kngth of IJW rcsisW.

Shmwukumcc nwwurcmcms of each cnclowc &sign MC

shown m Fig, 5. The rcsulrs ck-arly indicm tiI IJM rf-han
is be most $ucccssful design, Measurcmcms of she

~ccclcmting CCIIS with Ihc various enclosures ●ltachcd,

IrQWCWr, inchrxc lhat tic c(JmpcnW.ion raisioc enclosure has
vay Iissk cffccl on Ltrct.rwrsvcrsc impcdancc of k cell. his

result may lx ~culiu.r 10 [hc specific gcomclry of hcsc

tip?ls!

IV. UXWLLJslONs

We will ccmstrucl a series of Mcd 2 cclh for systcm-kvcl

intcgres.al Icm of [hc DARllT accclcratcws. This cksign

CXJSIW UK km high-volmgc and impcdmw pcoprtks. The

stkkkd gq did nm signillcnmly reduce the@ imprdancc

can- m Mod 0, bul did allow complclc ahicldlng of k
irmslma from s.hcclcdnml-warnnndslerip mxckratinggap.

●<’ J/j/11/
*,’ ‘- ~Im Cm-L m-m au

/

~“
Fig. 4. hlCWPC ccrmpnsalionrcsislm enclosures
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