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CFRAMIC TOROIDAL VACUUM CHAMBER FOR THE ZT-40 EXPERIMFENT®
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Los Alamoa Scientific Laboratory
of the
University of California
Los Alamos, New Mexico 87545

SUMMARY

We diacuss the design and fabrication of rhe
large ceramic vacuum vessel nov in uge in the ZT-40
experiment. 2ZT-40 is the latest experiment 1in the

Los Alamos Reversed-Field Pinch program. It hss been
preceded by two smaller devices, ZT-1 and ZT-S, both
of wvhich employed similar ceramic veassels. The new
torus has a major diameter of 228 cm, a mwiner
diameter of 40 em, and {t 1is made of 99.5% pure
alumina. The design includes s number of sasapphire
viewing windows aa wvell as ceramic diagnostic and
pump portd. Presented are aeveral design features
unique In toroidsal chamsber fabrication using
segmented ceramica. The segments are sealed together
by way of a newly developed glaz, ~ technolegy or
joined bY means of Viton O-ringa: of special
fabrication and seat deaign. We also discuss the
electrical and thermal 1insulation applied to thie
vessel as well aa the handling technique used to
accomplish fina' {nstallation in the cxperiment.

The vacuum
constituents of
vessel serves aas

chamber 1{na one of the main
most magnetie fusion devicea. This
the container for the ionized plaama
and it rmust be capable of achieving a very low base
pressure. Many different materials either of a
conducting or dielectric nature are suitable for such

a chamber. Because of the fast rising magnetic
fields in our reversed=field pinch astudies at
Los Alamos, we have used non conducting material
almoat exclusively. The preeent ZT-40 machine, fee
Fig. 1, uses 99.5% pure alumina, as ldid ite
predecessors, the ZT-~1 &nd ZT-S experiments’.

*Work performed under the auspices of the U.S.

Department of Energy.
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Figure 1
ZT .40 erperiment, artist’s concept.

All the ceramic torus ssaemblies used in these
studieg were fitted within a solid conducting shell.
The shell acts as the primery, and the ionized
deuterium gas within the ceramic torus acts ss the
secondary of an electrical transformer. As primary
current 1is applied to the shell, an approximately
equal and opposite current (s induced in the gas. 1In
order to obtain efficient coupling between these two
conductors, the fit of the torus within the shell
must be extremely precise. Therefore, the cantrol of
the roundneas tolerance on both geometriea is a major
concern, and strict adherence to it is mandatory.

Ceramic tori of the nature required for such
erperimentation are most difficult to fabricate 1in
large monolithic shapes with reasonable tolerances.
Te overcome the state-of-the-art limitation, the
present 21-40 chamber, ae prior devices, is divided
into several small, wvedge-shaped segments. Each
segment 18 ground a® a etraight cylinder, then
tapered at some predetermined angle, and finally step
jointed as shown in Fig. 2. When these segments .re
fitted together, a toroidal-shaped vessel is obtained
with very close tolerances in both major and minor
diameters. The angle chosen for tapering the
segments is determined so that the chord length
deviation from a true circular arc 1is held to an
acceptable value. Another factor in sngle choice is
the deairability of having the number of segments
divisible by a factor consistent with the electrical,
pumping, and diagnostic requirements. Vacuum 18
maintained 1in these vessels through the use of Viton
O-rings installed between the segments at the astep

joint area. Figure 3 shows a typical O-ring joint
vhere the etep arrangement shields the O-ring from
plasma radiation. Seating or compressing the O-ring

is accompiished by atmospheric preseure, and as the
vessel 1{s Leing evacuated, the torus decreases in
major diameter. This reaction is a function of the
amount of squeeze experienced by each O=ring.

With our first ceramic torus, designed in the
early 1970°as and shown 1in PFig. 4, we had some
difficulty 1in achieving reélianble seals with the
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Fitted ceramic sepments.
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Figure 3
O-ring joint, early deatgn.

Figure 4
Ceramic sepments, ZT-1 experiment.

circular ND-ring joints. This was partially due to
the vrelatfively amall minor diameter (4" I. D. or
i0.16 cm) and resultant small compreasive load
available from astmoapheric pressure (propnrtional to
the square of the radlus). Tt was found that by
changing the O-ring cross section from round to
square, a larger mealing area adjacent to the ceramic

walles was achieved: This and the use of lubricant on

the O=rinps made it pommihle to ohtain pood aAealing
conditiona. Other improvementAa were gradually
intrnduced that further enhanced the vacuum and

conditions of thia earlier machine and the
anined during this work helped determine
the design phflosophy of the 2ZT-40 torus.

Figure S5 shows a typical ZT-40) ceramic segment.
It has 15.75" (40 em) I. D« nnd a wall thickness of
315" (Amm). 1t has a taper of 6 and sixty such
sepgments are therefore sequired to form a complete
torofdal shape. This partiecu’ar seement, which is
one of four, has three tubulations. The two small
ones  arne for diagnoatic purpnses, whereaa the larger
tuhe {9 usnd a9 one of the pump ports. The
tubulatinng shown here, as {n other segments, have
heen attached to the cylin!rlcn! shape by means of a
new type of glass nseal develnped at LASL by the
1acal ceramica seectior. The Bealing material {8 a
glass powdar specifically chosen to mateh  the
expansfon corfricient of the ceramic and tn contrnl
the flow of the mix in its molten condition. The
glass powder {a applied at the joint of the two
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Figure 5
Tubulation segment, ZT-40.
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Flgure 6
Group of four segments, ZT-40.

The
that

assemhlies and fired at an elevated temperature.
repult, after firing, 18 a atrong hermetic joint
fn completely non erganlc.

Figure 6§ shows a group of four Segments, Stacked
one upon each other. It can he ohserved here that
the stralight chord lengths of the sepments present a
noticeahle though amall deviation from the mafor
circular are. This group of four mepments was
assembled using the same araling method as explained
ahnve. The sealing was performed by the Soramic
fabricator after technology tranafer From LASL-.
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Figure 7
Window segments, ZT-40.

Figure 7 shows another singie segment that 1{s
used for diagnostic viewing. This particular segment
has 14 holes bored {nto its side, and in each opening
is nserted a sanpiire window. The windows are also
glas:s sealed in place, and here, as 1in the other
glass-seal joints, extreme care was taken to assure
that no glass migrated to the {ngide ceramic
surfaces. Figure 8 shows a typical window cross
section.

Figure 9 shows the general arrangement of the
various segments {in the torotdal configuration.
Ther: are twelve diagnostic segments 30° apart and
between these segments are 12 glass-sealed groups of
four segments. The torus has a major diameter of 22R
em and is joined together by 24 O-ring seals. These
O-rings and their seat design were formulated to
provide optimum sealing with as little outgassing as
possible. Figure 10 sghows a typical Joint cross
section. It can be seen tliat the sides or sealing
surfaces of the ceramic 1ve been tapered at 15°.

This feature prevents excessive outward extrusion of
the O-ring as well as providing better confinement
while under compression. The O~tring used here {3

actually rectangular in cross section and here again
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Figure 8
Window cross gectiorn, 72T=40.
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Figure 10
O-ring foint, ZT-40 desi{gn.

it was found to be better even after testing round
and oval cross sections. The material is Viton with
the carbon black eliminated from the mix, to make the
material much softer--perhaps in the 50-60 durometer
range. No grease 138 used on the O-ring surfaces
since hydrocarbons in this area will eventually seep
into the vacuum chamher and seriously contaminate the
plasma. The no-grease requirement placed serfous
redtrictions on the quality of surface fin{shes that
would be tolerable, not only on the ceramic surfaces
adjacent to the Viton but also on the surfaces of the
seal {tgelf. The surfaces of the O-ring mold were
ground and polished =860 that the seal would have a
mirror quality finish, and the ceramic fabricator
was required to polish the tapered surfaces of the
ceramic segments to a 4-2 micro inch finish.




We discussed ahnve how the pump ports and
diagnoatic tubulations we.= psecuresd to the sepment
{tself. The other end of thi tubulations presented
mor® prohlems. The method of attaching appropriaste
flanges to this ceramic end couli not be used by
applving the customary ceramic meta.izing technique
and subsequent braze to stainless sre~]l. One reason
was that Kovar (a nickel alloy), ardinarily used as
one of the interface metals, 18 ferro magietic and
its presence could have perturbed the plasma. Figure
11 shows our alternative 4Jesign of the attachment
arrangement to the ceramic. It will be noted that
the tapered flare on the end of the ceramic tube
effectively capturea che lover flange thus making it
possible, through bolting, to tighten the upper
flange down and thereby compress an O-ring against
the top surface of the ceramic. These surfaces were
also highly polished and here again it became
posaible to achieve a leak-tight joint without the
use of grease on the O-ring.

After the segments had been individially leak
tested and measured for dimensional accuracy, they
vere assembled 1into the toroidal shape as shown in
Fig. 12. The out-of-roundnesa of the asgembly
turned out to be less than one millimeter. While the
torus wss in the pumped-down condition, Several
electrical features were installed includinp heater
virea for subsequen: bake-out capability. R. F.
antenna atrips for possible pre-ionization use¢, and
several helical sensors to provide A means of
deteeting magnetic field perturbations during machine
operation.

Electrical and thermal 1{insulation made  of
sil1icone rubber was then wrapped over the diagnostic
wires and around the torus assembly, as shown in
Fig. 13. Several layers were installed. Most
insulation pieces were cut in shapes *hat matched the
outer gurface of the ceramic segments. These pileces
were wrapped so that each succeeding layer over lapped
the gaps of the former layer underneath. This
pattern creatwa path of several inches to nrevent
voltage tracking from the ceramic surface to the
primary shell. This labyrinth arrangement and the
multiple layers of silicone ruhber alao provide a
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Figure 11
Ceramic tubulation attachmente, 7T-40.

Figure 12
Ceramic toruas, ZT=-40.

Figure 13
Insulation wrap, ZT-40.

degree of thermal insulation between the ceramic and
metal shell when the machine ia being out-gassed by
energizing the heater wires and by discharge
c¢leaning.

The completed torus was moved from its assembly
and testing ares to the primary shell as a saingle
unft. During this operation, the chamber was under
vacuum and was disconnected from the pump. Figure 14
shows the unit suspended from an overhead crane,
ready for 1installation. An array consisting of
strongback, 11fting bridlea, and nylon harness was
deaigned to perform this function. The harness acted
as the main constraining member around the torus and
had two girth: atraps that tightened around the
periphery. At ripht angles to these, twelve other
atrar ' tightened around the wminor circumference.
From the Juncture of each strap, 1lifting chains were
secured 1in scries with tenaion aprings which were In
turn attached to 21 circular strongback.

The tenafon springs were used to provide equal
tenaion in each of the 12 chain 1lengths, further
assuring uniform support of the torus during its
tranaponrtat{on. After a travel of about 35 feet,



Figure 14
Lifring harness, 2T-i0),

from the amserhly area to 4 poafitinn ahove the
hottom half of the pre-assemhled primarv ahell, the
torus was slow'v lowered and r.oated in place. Tha
remaining chell plecen  were inaralled shertly
thereafter. Figure 15 shows the final machine
assemhly. Z2T-4N ham been In operation since the
first plasma shot was fired on Nctobher 5, 1979.

Figurs 1§
Present 7?T=4N experirent.
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