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Abstract

Fahrication of some of the more critical components of ion
cyclotron range of frequencies (ICRF) antenna and feedthrough
assemblies has involved the brazing of alumina ceramic and
graphite to various metals. Copper end pieces have been suc-
cessfully brazed to alumina cylinders for use in feedthroughs
for TEXTOR and in feedthroughs and capacitors for a Toka-
mak Fusion Test Reactor (TFTR) antenna. Copper-plated In-
conel rods and tubes have been armored with graphite for con-
struction of Faraday shields on antennas {for Doublet [II-D and
TFTR. Details of brazing procedures and test resuits. inclnding
f performance. mechanical strength, and thermal capabilities,
are presented.

Introduction

The rf technology program at the Oak Ridge National
Laboratory (ORNL) is actively involved in the development
of hardware ‘or heating fusion plasmas with rf waves in the
[CRF. Components designed and fabricated at ORNL have
been installed on or are planned for present-day fusion exper-
iments throughout the U.S. and EURATOM programs. This
kardware includes coaxial rf vacaum feedthroughs that are be-
ing used on the TEXTOR tokamak in the Federal Republic of
Germany, a compact loop antenna that has been delivered to
Doublet 11I-D. and antennas that are being built for the TFTR.
Tore Supra. and the Advanced Toroidal Faciiity (ATF).

Figure 1 is a cross-sectional view of an ORNL 50-Q rf
feedthrough. A critical component is the cylindrical alumina
sealed hetween the inner and outer conductors. It must have
high transparency to rf waves and withstand high rf voltage
fup to 100 kV) while maintaining vacuum on one side and
insutating gas pressure on the other. Brazed 1o ecach end of

200 mm CONFLAT FLANGES
—— (10 in. 0D}

POTENTIAL -
CONTOURS

: COGLANT
/ CHANNELS

e

ALUMINA
CERAMIC

NIOBIUM
RING

Fig. 1. ORNL 50-( feedthrough.
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the insulator are metal rings that seal to the adjacent -truc-
ture with metal or elastomer O-rings. The braze joints and
insulator must be moderately strong to withstand axial and
transverse forces.

The first ORNL feedthroughs used a commerciaily avail-
able insulating break assembly consisting of an alumina cviin-
der witli thin Kovar siecves hrazed to the ends. Performance
of this feedthrough was limited by rhe size of the insnlator and
by the composition and geometry of the sleeves. To improve
the performance. a new insuiator assembly was develoned.

We began our development of an insulator assembly by
brazing niobium to alumina. Niobiura has fairiv good electricai
conductivity ( ~ 4% that of copper}. and its thermai expansion
closely matches that of alumina. Relativeiv thick 16-mmji nio-
bium end pieces were hrazed to the flat ends of a 96% zlumina
cylinder using an active metal type i TicusilT) brazing alloy fail.
Leak-tight assemblies were routineiv produced. However. when
they were installed into feedthrough assemblies. the siignt flex-
ing of the niobium due to uneven ciamping nressure frequentiy
cracked the braze joints and caused leaks. ven when success-
fully installed. the assemblies were susceptible 1o shock. The
problem was more severe with metal seals than with eiastomer
O-rings. The end pieces were made thinner. and the braze
joints were made on the nutside of the alumina. but limited suc-
cess was realized with these modifications. During this time.
development of an insufator asscmbly with copper end pieces
was undertaken. The resulting design is nused for support and
insulation of the variable capacitors and the feedthrsugh in the
compact loop antennas.

Another critical part of a compact ioop antenna assembly
is the Faradav shield. Figure 2 shows the Faraday sineid on
a development antenna. This array of tubes must shieid the

Fig. 2. Graphite Faraday snield on devejopment antenna.
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radiating element from the plasma that 1t heats. The Fara-
dayv shield must be highly transparent 1o of waves: it must
also withstand the erosion and heat from plasma particles that
bombard it without contaminating the plasma. The Faraday
shield elements are made of copper-plated [nconel allov with
graphite brazed to the stde {acing the plasma. For short-pulse
{ ~-5-5) applications. active cooling usually is not required. but
for long-pulse ;tens of seconds to continuaus-wave {cw)i oper-
ation. coolant must flow through the elements.

Copper-to-Alumina Insulator Development
Design Considerations

('opperis an excellent choice of material for this application
hecause of its high electrical and thermal conductivities. The
drawback. however, is the large difference in the thermal ex-
pansions ol copper and aluwmina { ~ 1% at 850°C'}. This problem
was addressed bv making the braze joints along tapered sur-
faces on the outside ends of the alumina. The parts are allowed
to settle together. maintaining close contact at the tapered sur-
faces as the copper pieces expand more than the alumina dur-
ing neating to bhrazing temperature. Then, during cooldown,
the contracting copper is restrained by the alumina and vields.
The vield strength of copperis low (-7 - 10° N em?) compared
to the compressive strength of alumina (-2 - 10° N'cm®). In
addition. the copper 1s machined with thin cross sections to
further weaken its total vield strength {see Fig. 3).
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Fig. 3. Cross section of the ends of the insulator.

Brazing Procedure

Figure 4 shows the parts of an insulator assembly and a ti
ture for holding them in alignment during brazing. The 96%
alumina cylinder is 4.5 cmin diameter and 11.7 em long, It has
a 0.5-cm-thick wall and 13 bhv 3-mm tapered ends. The ror-
responding 157 tapered surfaces on the copper pieces are ma-
~mined with a smailer diamerer than the ainmina: the amonnt
of diference is equal o the thermal expansion difference be
\ narrow step machinea at the

fween copper and aburmina.
nottom of each tapered surface provides a ston for the ends o
*he ainmina.

Thee brazing fixture consists of 4 stainiess steei botiom
Hange with a ~oindle weidea at the center and a heave oo
Janeze with a center hoie that -hides onto rpe <pindle. Both
Hanges have steps *hat Ht the nside diameters of the conper
end pieces.

ihe ainmina ana srazing allov are cleaned before bhrasing
with an ammonia-tvoe cleaner and ethvi aieonal. The copper

Fig. 4. Insulator parts and brazing tixture,

parts are degreased and chemicailv etchea 1n a “hrght aip’
solution.

The alumina and copper pieces. with strips of 1,125 mm-
thick Ticusil brazing allov positioned in the taperea imterfaces.
are stacked together on the brazing hxture as ~hown o fig 3
This assembly is placed in a vacuum furnace. heated 1o =20 €
held at this temperature for 20 mn. and allowed 10 coot o
vacuum to 307

Fig. 5. Insuiator parts on tixture for brazng.

Brazing Results

Figure 6 shows a brazed insniator assemblyv. Dhe fnegparar
area hetween the copper ends snonid he free of hraze mate-ia;
Figure 7 shows an area where braze matertai has migrated no
the insulator awav from tie end preces. Phis degrades sertor
mance: the matertal must be remaoved v ocaremt eran s
optimum performance 1= to be obramed.
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Brazing Resales
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Fig. 14, Results of noor contact during brazing

Therinal Tests

Tests were made nn sampie graphite armored Inconet finoes
to determine thetr ability 1o withstand the heat tlux of ener
getic particles. Une tibe was restrainen at the ends ~o that 1
could not expand freeiv: another was nnrestrained. Both sere

cooled with water lowimng at 20 em’® < Fach sampie was ex

posed 1o a 23-keV hivdrogen particie heam at an ave Dower
:(-\'pi .)f 1 1 \\- (‘l"H"
recetved 1000 1-s beam mibses at @ WS repetition rate.
tnbes withstood these tests with o visiome etfects

Ipeak evel of 20003 cms L Fach snnpie

Bath

Mechanical Tests

determine the eifect. i1 anv, of
the brazing ailov on the mechanieal ~trength of 1
Brazed and unbrazed :nhes were tensiie tested to determine

[ests were performed ti-

[neoned.

their vield strengths. No appreciabie dilference in <rrenath was
found. Mso. photomicrographs of the brazed 1nbes showeda no
significant rittfusion.

Conrclusion

Insulator assemolies constructen of conper brazed o 955
alununa witn Fieasid adev rave Heen aroainced for ase moof
feedthremghs ana antennas. “leenanmicar ~trength is adeguate,
and rf performance 13 good,

Faradav shield elements consirneten of Ineonel and grapn
‘e brazed with Ticnsi have been <atsfactorily produces wnen
cloge toterances of the parss were mamtarmed.
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assumes any legal liability or responsibility for the accuracy, complc.eness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendatior, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United Sta.es Government or any agency thereof.



