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Abstract

Fabrication of some of the more critical components of ion
cyclotron range of frequencies (TCRF) 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 III-D and
TFTR. Details of brazing procedures and test results, including
rf 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 for heating fusion plasmas with rf waves in the
ICRF. 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
hardware includes coaxial rf vacuum 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 III-D. and antennas that are being built for the TFTR.
Tore Supra, and the Advanced Toroidal Facility (ATF).

Figure 1 is a cross-sectional view of an ORNL 50-ft rf
feedthrough. A critical component is the cylindrical alumina
sealed between the inner and outer conductors. It must havr
high transparency to rf waves and withstand high rf voltage
hip to 100 kV) while maintaining vacuum nn one side and
insulating gas pressure on thr other. Brazed U> each end "f

the insulator are metal rings that seal to the adjacent -trur
ture with metal or elastomer O-rings. The braze joints ;'.nii
insulator must be moderately strong to withstand axial and
transverse forces.

The first ORNL feedthroughs used a commercially avail-
able insulating break assembly consisting "I an alumina rviin-
der with thin Kovar sieeves brazed to the ends. Performance
of this feedthrough was limited by 'he size r.f the insulator and
by the composition and geometry of the sleeves. T<> improve
the performance, a new insulator assembly was deveioned.

We began our development <>f an insulator assembly In
brazing niobium to alumina. Niobium has fairiy good eiectrirai
conductivity ( ~-14% that of copper), and its thermal ••xDansion
closely matches that of alumina. Relatively thick iti-mml nio-
bium end pieces were brazed to the Hat ends of a '.)H% alumina
cylinder using an active metal type iTicusil* I brazing alloy foil.
Leak-tight assemblies were routineiv produced. However, when
they were installed into feedthrough assemblies. th«" slight Hex-
ing of the niobium due to uneven clamping pressure frequently
cracked the braze joints and caused leaks. Even when .success-
fully installed, the assemblies were susceptible to shock. The
problem was more severe with metal seals than with elastomer
O-rings. The end pieces were made thinner, .inii the braze
joints were made on the outside of thr alumina, but limited sur-
cess was realized with these modifications. During this lime,
development of an insulator assembly with copper <*nu pieces
was undertaken. The resulting design is used for support and
insulation of the variable capacitors and the feedthnmgh in the
compact loop antennas.

Another critical part of a compact loop antenna assembly
is the Faraday shield. Figure 2 shows the Fnr.iday shield on
a development antenna. This array of tubes must *hieid the

Fig. 1. ORNL 50-11 feedthmugh.

"Rcsparch sponsored by the Office •>(" Fusion Energy. I'.S.

Fig. 2. Graphite Faraday .-i/ "n 'ieveioonit-n! ,in!T,nn.
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radiating element from the plasma that it heats. The Fara-
day shield must be highly transparent to rf 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 Inconel allov with
graphite brazed to the side facing the plasma. For short-pulse
{ ~-5-s} applications, active cooling usually is not required, but
for long-pulse tens of seconds to continuous-wave (cwji oper-
ation, coolant must flow through the elements.

Copper-to-Alumina Insulator Development

Design Considerations

Copper is an excellent choice of material for this application
because of its high electrical and thermal conductivities. The
drawback, however, is the large difference in the thermal ex-
pansions of copper and alumina | -• 1% at HoO'Cj. This problem
was addressed by making the braze joints along tapered sur-
iaces on the outside enris 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 heating to brazing temperature. Then, during eooldown.
the contracting cooper is restrained by the alumina and yields.
The vieid strength of copper is low (•-" • |0 J N cm2) compared
to the cornpressive strength of alumina ( '2 • 10" N 'cm2). In
addition, the copper is machined with thin cross sections to
further weaken its total yield strength Isee Fig. 3).
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Fig. •'{. Cross .section of I.he ends of the insula tor .

Fig. 4. Insula tor par t s and brazing fixture.

par t s a re degreased and chemicailv etched in a "Spsiht iii:>
solut ion.

T h e a l u m i n a and copper pieces, with s t r ips of n . l J .Vrnm
thick Ticusil brazing alloy posit ioned in the tapered interface*
are stacked toge ther on the brazing fixture ;is -iiown >n l-is •">
This assembly is placed in ;i vacuum furnace, heated '<> •»."•(I ( '
held a t this t e m p e r a t u r e for JO inin. and allowed '•• <•'.>! :
vacuum to "ii)°C.

Fig. o. Insula tor pa r t s on fixture for brazing.

Brazing Prori'duro

Figure -1 shows the par ts of an insulator assembly and a fix
ture for holding them in al ignment dur ing brazing. The '.lft"'r
a lumina cylinder is '.)."> cm in d iamete r and I 1.7 cm long. It has
a O.")-cm-i hick wall and I ."> bv 5-rnm tapered ends . The cor-
responding 15' tapered surfaces on I lie cupper pieces are ma-
chined with a smaller d iamen-r than the iiiurnina: I he iimounl
of difference is equal 'o the ' he rma l expansion difference be
•'vecn copper and a lumina . \ narrow step machined at ' he
'>oMom of each t aper (¥d surface provides a slot) for the . 'nds "I
' he a iumina .

file brazing lixlure consists of .1 st.iiniess -iieei bo t tom
'lange .vit.li a >pindle weideri at the center ami a heavy :op
Mange with a center hoie ' h a t slides onto ihe -pimilr . Moth
Hannes have ^leps *hai fit '• he inside liiarnerers .if The cooper
end nieces.

I lie aiumina ana crazing allov are cleaned before brnzinir

'*ith an ammnnia-ivnc ricaner ami fthvi .ucofiol. Hie copper

Brazing Results
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Thermal Tests
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Mechanical Tests

Tests were pe r fo rmed ti- l i e t e rn ime ttir eifcrt . it* -inv. of
t h e brazini^ ailov on t he • n e c h a n n a i - t r e n a t h of ii:e Inrom-i.
Brazed and nnl>razed "ubes -.verr lensil '- tes ted to d e t e r m i n e
t heir Yield streni^t hs. \ o .1 p p r e n a ble (lilferen<"e in sr r ens t h <.vas
found. Also, p h o t o m i c r o g r a p h s of the I)ra7e(i nitiec showed no
significant fiilFusion.

C o i i r l i i . s i m i

iirazed !•> IM'/'r
ri 'or use in r!

fnsu ia to r assemoi ies const n i c t ed 01 r-u
a l u n n n a w n h I ic-isil -ulov : ia ' .e ' l e m p r i
^"eed' h ro i iuhs a n o a n t e n n a s . Mi '"namcai - t r i - i ^ th is .Ldefjuaie.
a n d rf jjerforriiance is ^omi .

I-'ar.idav -hieid e ie inenis c o n s t n i f t e n of !nr^>nel and ^ r a p n
: le b razed with Ticusil ha ' .e been ~at i^ 'actoriU' produce*; "\ nen
close foierrinces of ' h e p a r ' s 'vere : riainr<iined.
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