
LA-UR -79-3111

TITLE: CERAMIC l’UROIl)ALVACUUM CI-LUWR FOR THE ZT-40 EXPERIMENT

AUTHOR(S): R. S. Dike and A. Haberstich

SUBMllTED TO: 8th Symposium on Engineering Problems of Fusion Research

San Francisco, CA

November 13-16, 1979

r“ ‘“
— DucL41MFn

1

,.. . . . .
. .

.,.

,.
. . . .. . . .

,.. . .
,..

‘5 By OCOXJIMCU of Ihls mhclr!, Itm pubhdwr ruwqnlms that Iho

% U.S. Gwmrrrrmnt rmams a nonuncluw!, rovd!v kc hrmmu

to pubh>h or rormxhmr th(! IIUhlISFNM fnrm nf this mn!nbu-

Iiwu or 10 allow ollwn 10 do wr. for U.S. (krw!rmwnt pur

Imms.

Tlw Lm Alanrm Sclonuhc Laboratory n!qumls that IIIH IJd).

Idtnr Ir.kmil fv thm artlclu 10 ml k perlurmml umh!r Ilw am.

IXCUS of IInr U.S. omfwlmcnt 01 E mryv

L%? LOSALAMOS SCIENTIFIC LABORATORY
Post Off Ice Box 1663 Los Alamos, New Mexico 87545
An Affirmative ActIon/Equal OpporiunlV Ern@cvw

Form No. ~ R3

SL No. 3Sa
13/7s

UNITCD ●TATK8
OCPfi RTMCNT OF KNltwa V
F-” --.-* W.. .L. ---- .

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



CERAMIC TOROIDAL VACUUM CHAJ4’MR FOR TM ZT-40 EXPI?RIWNT*

by

R. S. Dike, A. Wberettch
Los Almoa Scienciflc Laboratory

of the
Univerelty of California

Los Alamoe, New Mexico 87545

SUMUARY
We dincuea the design ●nd fabrication of the

large ceramic vacuum veeeel now in uae in the zT-40
●mperlment. ZT-40 la the Iatemt experiment in the
Loo Alamoa Reversed-Field Pinch program. It hsa been

preceded by two smaller dwicea, ZT-1 ●nd ZT-S, both
of vhlch ●mployed similar ceramic weasels. The new
torus has a ~jor diameter of 228 cm, a minor
diameter of 40 cm, and it ia made of 99.5Z pure
alumina. The design includes a number of sapphire
viewing windowa ●a well ●a ceramic diagnoatie ●nd
pump porcn. Preeented are aweral deaiun featurea
unique In toroidal chamber fabrication using

●~gmanted ceramtca. The ae~nta are sealed together
by way of a newly dwelooed glazi: technology or
joined by maana of Viton O-rinq: of ●pecial
fabrication ●nd seat deaiRn. We alao diecueo the
●lectrical and thermal Inaulatton ●pplied to thie
veaael aa well aa the handling technique used to
accomplish ftnal tnatallation in the experiment.

The vacuum chamber In one of the main
constituents of meet magnetic fualon devices. ThIa
veaeel aervee aa the container for the ionizod plaama
●nd it must be capable of achieti~g a very low baee
preeaure. Many different meteriale ●ither of a
conducting or dielectric nature are suitable for ❑uch
a chamber. Becauae of the fact rising magnetic
fields in our reverned-field pinch ❑tudiee at
Loa Alamoa, we have ueed non conducting material
almomt ●xclusively. me praaent ZT-40 machine, eee
FIR. 1, ueee 99.5% pure alumina, aa did ita
predeceaaorE, the ZT-I snd ZT-S ●xpertmenta*.

●Work performed under the auaptcee of the U.S.
Department of Energy.

FiRure 1
ZT.411 ●rperimant, artlmt”a concept.

All the ceramic torus aaoembllea used in theee
atudiea were fitted within a solid conducting shall.
The shell acta aa the primary, ●nd the ionized
deuterium gaa within the ceramic torus acta ●e the
secondary of an electrical tranafo~r. Am primary
current ia applied t~ the shell, an approximately
●qual ●nd opposite current la induced in the ,gaa. In
order to obtain efficient coupling between these two
conductor, the fit of the torus within the shell
-at be extremely precise. Therefore, the centrol of
the roundneaa tol?rance on both ge-tries la a major
concern, and strict adharence to It is mandato~.

Ceramic tori of the nature required for such
●xperimentation ●re meet difficult to fabricate in
large monolithic ahapea with reasonable tolerance.
To overcome the etate-of-the-art limitation, the
present Z’I-40 chamber, ae prior devices, la divided
into ●weral emall, wedge-shaped eegmenta. Each
ae~ent la ground aa a straight cylinder, then
tapered ●t some predetermined anRle, and finally step
jointed ●e ohown in Fig. 2. When these eeg~nte :re
fitted tO.tpther. a toroidal-shaped vaaael ie obtained
with very cloee tolerance in both major and minor
diametera. The angle chosen for tapering the
aegmente ia determined ao that the chord length
deviation from a true circular arc ia held to an
acceptable value. Another factor in ●ngle choice la
the deairabiltty of having the number of ●egmenta
divialble by a factor conaietent with the electrical,
pumplnn, and diaflnoatic requirement. Vacuum la
aeintatned in thene veaaela through the uae of Viton
O-rings installed between the aegmenta at the step
joint area. Figure 3 ahowa a typical O-ring joint
where the step arrangement ehielda the O-ring from
plaama radiation. Seattng or compreaaing the O-ring
ia accompiiahed by ●tmoaphertc preaaure, and ae the
veaeel ia being ●vacuated, the torus decreaaea in
major diameter. ThIe reaction ie a function of the
●munt of oqueeze experienced by each O-ring.

With our firnt ceramic tone, designed in the
●arly 1970’n and shown in FIR. 4, we had aoma
difficulty in achieving r&li4ble eeala with the
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FIRure 2
Fitted ceramic eeRmenta.
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Pi Rure 3
()-rtn~ jntnt, ●arly dest Rn.

Figur@ 5
Tubulntton segment, zT-41).

Ffgurp b
Ceramic sepmpnt~, ZT-1 experiment.

c[rcu]nr n-~ing joints. This was partially dup to

the rrlat[vmly nmnll minor dinmeter (4” 1. D. or
iO.16 cm) and resultant ~mal 1 cnmpre~stve load
avallahle from utmosphprlc pretqsurp (proportion.ql to

th- ~qunre of the radius). lt was found that by

chnnginR the O-rinK crnns s~etlnn from round to

nql~.nrt., a larRPr nenllnR area adjacent to the cpramic
wnllq wan nchfev~d. Thts nnd the USP of lubrtc.qnt on

th- O-rtnpn mar% ft pnnmfhl~ to ohtatn Eood wnlfng

contilttonn. Other improvem~nts were gradunl 1y

Intrn,luc-d that furtl,pr enhanc-d thp vacuum nnd
opprntln~ conditions of this rnrlipr machlnp and the

expmrtt=nc- nnfned durtng this work helped determine

the d@~tRn philosophy of the ZT-40 torug.
Fluure 5 nhnun n typic.ql ZT-411 ceramic nPRment.

It hns 15.75” (411 cm) I. D. nnd n WJI1 thlckncss of
. 315” (rim). It ham a tsper of 6° .qnd nlxty such
n~gment~ .nr~ thprefore :equl red to fnrm n complete

tornldnl shnp~. This pnrttru’ar qp?ment, whfch in
on~ nf four, has threp tuhu]ntlonn. ThP two nmmll

onP* .qrm for diaRnO#tlc p~lrpnmP!l, vhPrP#s the Iargor

tub- fq uswi as one of the pump pnrt-. The
tilhlll.qtlnns qhnwn h~r.-, am [n other megmentn, have
hPon att.qrhod to th- cylin rlea! ~happ by mennn nf A

typP Of Rlaan
d

new ❑enl (ft=vPlnped at I,A!31, by thr
Incal cmr.qmicm spcttn~. l%e .qrnllnE msterial in a

Rla!49 pnwrfor ept=clffc~lly choncn tn m.qtch the

sxnnnnfon cnpfflct~nt of thp cernmlc and tn cnntrnl
th~ flow of th* mix in itn moltPn cnndftlnn. The

gla~s pnwdor in npplied at the jnlnt nf the two

Ftgure 6
Cro!lp of follr ~P~ment.a, ZT-40.

assemhlles and Ftred at an Plevntt=d temprraturc. The
rpnult, mft-r ftrlng, ta n stronR hrrmettc joint thnt
la completely nfin nrfmn[c.

FiRurP 6 show a Rrnup nf four r+eRments, stnckerf
one upnn each othpr. It rnn h~ mhnerved h~re thnt
the stralRht chord lPngthtl of the =e,qmrnts prr?sent n
nntlcetible thnu~h nmall rfcwtatlon from the mafnr
c1 rclllar nrc. This ~rnup of four megmentn wmrl
annpmhled uslnR rho snmp qo,nlfng method ns Pxplainwl
nhnvn. ThP ri@nllnf! wns p~rformorl hv tht= eramlc

5fahr{entnr .lftPr t.orhnoln~y tr.allnfnr from LASl, .
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Figure 7
Window segments, ZT-40.

Ffgure 7 shows another stngie segment that is
used for diagnostic viewing. This particular segment
has 14 holes bored into its side, and in each opening

is nserted a sapp’?ire wtndow. The windows are also
glas:; sealed in place, and here, as in the other
glass-seal joints, extreme care was taken to assure
that no glass migrated to the insfde ceramf c
surfaces. Figure 8 shows a typical window cross
section.

Figure 9 shows the general arrangement of the
various segments in the torofdal configuration.
There are twelve dia~nostlc segments 30° apart and
betwpen these se~ments are 12 glass-sealed groups of
four segments. I’he torus has a major diameter of 228
cm and is foined together by 24 O-ring seals. These
O-rings and their seat design were form! !lated to
provt ffe optimum sealing with as little outgaaaing as
possible. FfgurP 10 shnws a typical joint cross
section. It can he seen tl,at the sides or sealing
surfaces of the ceramic I.ve been tapered at 15°.
Thfs feature prevents excessive outward extrusion of
the O-rin,e as well as providing better confinement
whf le under compression. The O-rfng used here IS
accuaiiy rectangular In cross sectton and here a~din
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Fig~re 8
Window croqs secttot,, ZT-40.
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Figure 9
Torus se~menr arrangement r-40.
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Figure 10
()-rin~ joint, ZT-4(1 deSigfi.

It was found to be better even after testing round
and oval cross sections. The material is Viton with
the carbon black eliminqtr+d from the mix, to make the
material much snfter--prrhaps in the 50-60 durometer
rangf=. No Rrease is used on the O-ring s~rfaces
sincp hydrocarbons in this area will eventually seep
into the vacullrn chamber and seriously contaminate the
plasma. The no-grease rpqwi remrnt placed seriuus
restrictions on the qunlity of surface finishes that
would he tolerable, not only on the ceramic 9crfaces
adjacent to the Viton bl]t also nn the surfaces of the
seal itqelf. The surfnces of the O-rinR mold were
grollnrl and polished an th$t the seal would have
mirror quality finish, and the ceramic fabricator ‘1

was rqul r~d tn polish the tapered surfaces of the
ceramic se~ments tn a 4-2 mlcrrr Inch ftniah.



We dlscumsed shove hcu th~ pump ports and

dlnpnn~tfc tubulstfons w@. - •~rur~d to thp se~memt

Itself. The nth-r end of thl tuhulattons premtted
mor* prohl emn. Tlw method ,,f attachinR ●ppropriate
fhtnRes to thto c~rnmic ●d COUIJ ~ot h u-d by
applyfnE the customary ceramic metnlizing technique
and subsequent braze to otalnleas are-<l. One reason
wa e th~t Kovar (a nickel alloy), ordinarily used aa
one of the int~rface ❑etala, ia ferro meplettc and

it~ presence could havr perturbed the plaama. ?iflure

II ah-a our alternative +ealgn of the attachment
arrangement to the cernmic. Xc till be noted that

the tapered flare on the end of the ceramic tube
●ffectively capturea che lower flange thus making it

possible. through boltlnR, to tighten the upper
flange down and thereby compreea an O-ring againat
the top surface of the ceramic. These aurfacea were
alao hi~hly polished and here ai?ain lt became
posqlble to achieve a leak-tight jofnt without the
uap of grease nn the O-ring.

After the ~egments had been individually leak

tested and meaaured for dimensional acruracy. they
were aasembled into the taroidal shape as shown in
Fig. 12. l%e out-of-roundneaa of the aaaembly
turned out to be leas than one millimeter. While the
tome W83 In the pumped-dm condition, aevaral
●lectrical features were Installed inc]udiltR heater
wlre9 for aub~equeni bake-out capability. R. F.
antPnna ntrfps for possible pre-ionization us,, and
neveral helical sensors to provide a me.lng of
detectinR maRnetic field perturbattona durtnR machine
operatton.

Electrical and thermal inaulatton made of
etlfcone rubber wae then wrapped over the diagnostic
wires and around the torus aesembly, aa ehown in
FiA. 13. Several layt-r9 were installed. Moat
ine,]lation plece9 were cut in ahapea :har matched the
outer surface of the ceramic aegmente.. Theee pieces

were wrapped so that each succeeding layer ovcrl~l?ped
the Eapa of the former layer undern~ath. Thie

pattern creattHa path of several inches to prevent

VO] taR@ trackinR from the ceramic surface to the
primary shell. This lahyrlnth arrangement and the

multiple layers of eilicone rr!hber alaa provide a
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FIRUW II
Ceramic tuhwlatfnn attachment., ZT-AO.

Figure 12
Ceramic torue, ZT-40.

Figure 13
Innwlatlon wrap, ZT-~~.

deRr@e of thermal ln9ulatton between the ceramic and
metal shel I when the m~chine ia bein R out-Ransed hy
energizing the heater wires and by discharge
cleaninE.

T’he completed torus waa moved from ita na~emblv

and teatinE ares to the primary shell ae a alngle
unit. DurinR thin operation, the chmmber wae under
vacuum and wae rlleconnected from the pump. FiRure lfI
ehowa the unit suspended from an overhead crane,
rendy for inatnllatfon. An array conei9tinR of
etronRback, Ilftlng brldlm, and nylon harness wan
deniRned to perform thi~ function. The harneae acted
as the main cnnntratninR member armund the torus and
had two UlrL!: strap~ that tiRhcened arnund the
periphery. At riRht anRles to thesm, twelve other
ntrlrp , tiRhtened arnund the minor circumference.
From the ,Jwncture of each ❑tran. Ii ftfnn chains wert=

—--r .-— .—--—. —

secured in orries with tennion apringm which were in

turn attached to :1 circular strnnsback.
The tennton SprinR9 were uepd to prnvtde equal

tennton in each of thr 12 chain lenRtha, furth~r
anmurinR uniform awpport of the torus durinR its
tran9pnrtatlon. After II travel of about 35 feet,

.1
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