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1,.D. Hanskmugh, T. R. tile,
R. J,.&mnbso, ard K. D. willimsm, Jr.

Im Alms Z7ienti.ficIatOratcq, Universityof California

Ics Al&wins,wr4xico

~lla IV-P is a 5+n linearthetapinch at the
LOS Mama scientificI.akmratoryprimrily used to
sbilyerd effsc’~of lhear tkta-pinch plasmas. Cm
mtld thatmay he usd b rdm plasm * loss frun
1= tlmtapinchm is to insertmaterti - Phys.

‘NO different,=serm.linsthat inserterd plugshave ,
-n fabrimt-”1ard ins.talkdm Scylla IV-P. ‘l&
psssrWe of the mterial d pl@lmk- ti~ti tn
inuease the plmra mfimnmt tim ty 20% to 30%;
ti plam3 stabilityis increased(them=].mtble is
wess@ # * ~+ neu~ ~~~ is ~ *
graded. TIE designof the erd plug inserticm+
anima are descrik in sanedetailard infonmticn
is prtmentd on end plq erosion. Material-d
frm tl’bsd plugmust ke eitherrmmwd by the vaannn
qstm or it platesout on tk vacuunsystm surfaces.
Acmdenad gas~plughaskan prqmsoitielimimte
~1.un9 a~iatd with ablatedsolidrnatcrial;a third
- P@ aa=bly for this iS kx2irqdCS@lld which in-
-acryostat cmtal witha condmadgaa. Apre
Imtyp2of this cryogenicallycml~ erd plug (q
pl@ has km fahricatrdand tisted. Thesedata are
presentedand the insertionmzbnim descriked.

Inttiucticm

A linear -pinch jm an op-emld cmf iguratim
has a confinemm’ tlm limitd by loss of pti M

qmY mlt the -l ds. Cne techniqueof rmlucing
tlusplasm 10ss is to simplyinsertmaterialplugs
intothe erilsof the 1imar G-pinch. Mlcme ad kmel
have analymd the theoreticaleffecton plaem para-
mters by & use of end phlgstie of Al, C, I.AD,ard
SolidD2. P* impingingan the em pllq faceablates

th PIIXJmaterialand drives a cunpressivewave back
dcnm the plama colm. Calculaticm irdicabsthat h
xatures will incrcme as the md pluq Z is increaad,
lmt * ed plugmaterialmust be relativelyla Z to
keep tk plainsinpurityrediationlossesacce~lc.
The optinunPhq IWkertilh4S yet to bc deterrer,ed.

R-mi-PllXJw imentsms lla IV-P

ScylliiIV-P is a S-m long, 11-cm+me lin-
+pinch at IDS AlarmsScientificIatmrntory(ML). It
is drivw Ly c 2 Ml cdp~citorW. Using a 1.1 MI dis-
charge,magneticfieldrisesto 50 kG in abut 3.4Ps.
‘I?UEdischargetube is initially_ dam b leas than

10-6mrr and then find with M+tmr of D2. PlamI

parroters (witlwlteml Plugs)are. Ti = 1.5- 2.0 kev,

T = 400 - 600 eV, n = 1.6x1016m-;, ard ~ = 12.5Ps.
& mschinelis fittd with 2*. dim, so-m-long plasm
eqxmsiorlCbltXWS On mch = i. l’k!Sd p@lS Uti M2rS
5-cmMIiam3.8-an-thickquartzdiscswhich elhnimate
plama flm cut ths emls cf the -pinch. Initialex-

parhwmtil rmuLts2 arc smnarizcd in Fiqums 1 arkl2.
Streakplxxqraphs shcw that.the p]asm+olm vmtble
iJIStabi]ity iS kdl SU~rcSSLd aId d,mnpxlbY HU2 p~@S-
emc of mi plugs,and that tk plasm persistsfor

2&30% I.mgerwith ml plugs. Figure 1 shcm that
the * plugscausean incrase in plasm energyden-
sity at the middleof the machine,ard Figure 2 *
that tlm presenceof eml plugs have littleeffect m
=1 neutronyieldtmt do result in a mre uniform
neutronyield. ‘Iherefore,the use of erd plugsdoes
~ to incra the ~forlmnce ofalinea.r~
pinch.

Em Plug mgineering

Severalcriterianust be mt in th design of
erd plugsand theirassd.atd insertim mchanisms.
The criteriafor the ScyllalV-P en5 plugs and in-
mlm mhanims are:

1. lm. plq MaterialIralstbe lm.-z (tn
rd m plainsrafliatim10ssss),
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, 2.

3.

4.

5.

6.

7.

a.

9.

R plugmaterialad tdder must be ncm-
nctdlic (toprevat nagncticfield
~rtu.rbaticms),

‘llIcplug materialwhich is ercrlcs.1nzsstnat
result in ablatd rmtilic nwterial (to
prevat magneticfieldperturht.icmscm
subsequentstintscausal& met.all.iccoats
inside* mchine) ,

R erd plq must te ~ate.ly psiticmed
in & pinch tore (fora reproducible
-bt) ,

‘Ilx!eml plug lmldermust km ~quately
rigid W shxk resistant,

W erd plug rust ~ caphle of h+q with-
drawn for replactmmt wi~tit brddng
inch.1[Ievacuum,

~ d plug mat k easilyreplaceable,

The mms-alllengthcf the imertion wh-
anisnrnsstk stmrtenoughb fit into the
lirnitalspaceavailablecm the erds of
*ha IV-P,ad

W cqqmic~ly+xmled * pluq (cryo-pluq)
mst be able to imdense variti t~i OF
gases cm its fxcmts~-face.

Of t&se a-iterianmker (2)ad (8)&me the most
limitingcm the esqin~ing design. @artz ad torcm
nitridehave been usd as erd plq materialsin Sqlla
IV-P;the use of lithiu’cdeuterideti sa@.ire is
cmtemplated for future.exper*ts.

Figure3 illustratesthe approachused to mt
these criteria. ‘l’hevalve is opd ard an outer bar-
rel tildingthe md plug is slid into place h the
~un Systan. A differentially-pmqd doubleViton
&ring =1 is the vacmm imurvlaryon this outer hv-
rel. A 1.27-aa-diamhl.1-nutad lead scrm is uasd
to mve the cd plug through& expnsim chamkr and
inti the dischargetti. TYlecd plug is then psi-
ticrd by wing the barrel. FiguI e 4 is a photajraph
of the firstti?l of the cld plug islsertionmwxhanisin
which,while it w>rked,had cerkaindrawhcks. ‘lb

replaceor closely~ ‘nc the end plug, the enttie
assmbly hti to &! rurcnmlfron tk nwchke. WSmbly
was difficult,FLtiacccssibility was limitd. The dif-
ferentiallypmqx.dslidingSU1 vxxlialwell, ard the
pxitionirq nmchmisn wrkd adequately. l’heattach-
nmnt of the quartztmlder tuk to the stainlesssteel
tulx!rrovedby the 1- screwprcducedmany chi@
-z t@S &ause of the slide fit arrangement.
Attachmentof tk erd plug to the qmrtz tolderby a
slidefit WS not sufficientlystable. Attentionwas
p3id to the minimizationof virtualleaks,ad the plq
assanblymuld ke prim@ dmm by a roughing- prior
to qening the valve. Prm#Om has provedno problan,
tut * insertionmechanismwas not cunpati.blewith a
-Plw .

lb r~tify thesedraticks, the insertionrwsh-
anisn@ tolderwere redf~signsdas sb.+n in Fi(gure5.
Changesincltie: Macor (aComing machinableglass-
ceramic)insertsb allm the end plug to k .scr*
intotk quartzholder;a Macor insertin the ad of the
quartz;mlderto allcaqit to k scre.+dinto &e stAn-
less st~l tute;the hll-nut/led scrw size was in-
creasd to 2.54-ursard a centerhole was drilledti
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Fi@re 4. MX3C1 I end p]ug design.
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allw pr~s h k mmqht up bhi]tithe face of tih.?
d P1-ig; a cbrb?r wiLh a rirmvab]c ~~if.wi nq windcwwas
i rldd upstream of tlw valve to al! LW.JeYamin,ILion ‘and
quickreplacarentGf ud pluqs;.amlr,ltri.d~fistcnlb.rs
inSteL of the lavyepl~ were u:d for alignrcntof
E e barrelto ~nprove~mcessfiility. lllcs!improve
Hts have greatlyimprovedtireease of assmmbly and
irtcreasdrcrnpnentaccessibility.

It was initiallyfearedthat end plug erosion
ratesv.cmldkm quitehi~n hsd on energyclepsit.ion
considerations.F.L,.si~rates as high as l-iMI1 p= sbt
wre estimtd; ha~ily, actualad pldq e~osionrates
have * quite lW with mm surfacepitting“.otoi.
Figure6 shs the erosionon the face of an cd pluy
expsd to 29 plasmaslmts. The rra..xtierosionrats
is le.s:i*7 1 microrlw .5Fmt;this indicat~.;that
erosionof ~ plug faces in preSCIltapplications is
not a Lrobkm, ad the criteriaof no metallicablatd
materialmy be ?ess restrictivethan first t.bught.

Cry&Plug Erlginailq

An irlsertionmu~lmni9nmmpatible with the cgo-
plug is shown in Figure7. It will utilizetw tele
smping Hhani=- which allcw the tzansferof liquid
heliunfollcwinginsertionof the plug. A schmnatic
draWhg Of the c~~@lc ti plllgl 1S S- h Figure8.
~ unit is Onsbmctd of quartzand pyrex;a full
.-le prototypeuni.Lhas Lcen designed,fabricated,*
testrdwith variousrondensiblegases. SLice the ccm-
dsnsd cryqe.nis not temperatureshieldd, it is ex-
Psd to 300”Kthmmal radiation. This heat 1A
(estimatedat 1 watt) zuxlits resu]t-antAT acrossthe
cxxdensedcryogenad quartzsubstr.1te determinethe
mxknnn thiclawssof c.ombscrlsolidat a mximm all-

able vqmr pressureof.10-6~rr. mpriments w2re
run with argm and n=n using liquidheliumat 4‘F as
the CQdant. With ,argon,thickmxms in excessof
1.25an were routinelyachieval;mith ]Icmn,< 0.1 cm.
lkuterimnwas not solidifial; the A1’acrossthe quartz
raisd the condensingsurfacetemperatureto > 6‘K
wluchpreventd nwetingthe va~r pressuredesigncri-

teriaof ~ 10-6 ‘RX-r,

Figure5. Mel II cd plug design.
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‘IIWuse of end plugs on a linearO-pinchha~ ken
successfullydommstratd fran koth physicsard engi-
neeringstandwtits. Lcw solidend plug e~osionrates
in.licatethat end plugstnic~htk usablecm a reactor.
Sincerrutexialand plugs are essentiallypassive,they
lendI&mselves to ~inations with O* nmtFc& of
d plugging.

The autlmrswuld like to actildge the assist-
ance of R. 1[.Barnesad the machinistsin the ML
CITlmachineskp WFo -e nkm”yof the mcchani9nparts
and the effortsof R. W. Kcwish,V. P. Vigil,ti
J. P. t4mtoyawkm helped in the assmbly and tistal-
lationof thesedevices.
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