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Summary

Toroidal fielda for some fusion devices will be
produced by an array of larpe superconduct:ng coils.
Their mize, space limitation, and field requirerents
dictate that they be high performance coils, Once
inatalled, accussibility for maintenance and repairs
is geverely restricted; therefore, pood reliability
is an obviocus necessity.

cufficient coil fabrication will ha undertaken
to develop and test methods that are reliable, fast,
and economical., Industrial participation will be
encouraged from the outset to insure smnoth transition
from development phases to production phases, Ini-
tially, practice equipment for three meter bore circu-
lar cotls will) “e develecped. Oval shape coil forms
will be included in the practice fucility later,
Equipment that is more automated will be developed
with the expectation of winding faster and obtaining
good coil quality. Alternate tvpes of coil construc-
tion, methods of winding and insulating, will he
investigated, Handling and assembly problems will
be studied. All technolopy developed must be feasible
for scaling up when ruch larper colls are needed.
Experimental power reactors may need coils kaving six
meter or larger bores, ¢ o 0 ©

Fabrication of superconducting mapnet coils for
fusion devices invnlve some unique responaibilities,
The coils will be larpe, expensive, rany in numbar
and must have hiph magnetic performance. Once
installed, they will bo very inaccessible for mainte-
tance and repalr. It (s apparent the c-st will be
prohibitive unless the maxirum reliability is ohtained
with maximum ‘abrication efficiency,

It is the opinlon at 0Oak Ridpe that the state-of-
the-art in coil fabrication can and should be expanded
but any increment step forward must build on the solid
foundation of years of established experience. How-
ever, most of this experience has been with rocm tem~
perature colls. As this propram progresses it will
require an ever enlarring industrial pzrticipation.
Continuing contacts and visits have been maintained
with {ndustrial and government apency fabricators
during the last year., A review of these contacts
reveal considerable expertise and interest in the
fusion program, Some companies, penerally the smaller
ones, do not desire or in some cases even accept engi-
neering and development wnrk. Thev are only interested
in working from the customer's cciplete speciflcations
and drawings., ~his does not imply that that they can-
not do excellent work and on occasion they can be very
ingenious in developing solutions for unforseen
problems that arise during fabrication., Other compa-
niles prefer to starc with such basic parameters as
bore aize, available coil space, and magnet field
requirements. With chis infecrmation they would desipn,
develop, and fabricate the coils completely. Although
this is thefir preference, they will alseo fabricate to
the customer’s speciflcations as in the first instance.

The first coil ta be fah{icated in this program
will be the background coil (* 1 m bore) for the
Eccentric {nil Test (UCT). This coil will magnetically
simulate a full toroidal field for a single test coil
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placed inside its bore with the two coil center lines
parallel but di-;laced, 1If new fabrication techniques
can be proven in time to fabricate this coil, they will
be used. Othervise, in the interest of time, the coils
will be fabricated using the best conventional tech~
nigues available,

The Compact Torus {CT) wi.l consist of a toroidal
array of background field coils with one space open to
accept a test coil (all coil bores ¥ 3 m). Particular
attention has been directed toward developing tech-
niqueg for the CT test coil. Space has been set aside
in the Y-~12 electric shep for this winding development
work (Fig. 1). Essential components for this facility
are on order and the first practice winding i3 scheduled
for early 1976. The facility is adaptable far round or
oval=shaped colls, Actual windings will spiral radi-
ally outward forming pies. Alternate pies are con~
nected at theilr inside diameters forming pancakes. The
two pies of a pancake must be wound in opposite dirre=-
tions, and consequently, all winding equipment must be
able to turn clockwise or counterclociwise, A pancake
may be fabricated by placing the midpoint of a length
of conductor at the inner radius and each half length
epirals radially outward with opposite rotation so the
ends are on the outer circumference. This means one
half of the conductor wiil be carried on the winding
tahle while the other half 1s being wound. Next the
conductor in the winding table i3 placed on the payout
spool and is ready for winding. On occasien it is
desirable to back up the winding to correct or rework
an unacceptable portiom and this reversible feature
is bullt into the equipment, Space for two pavout
spools has heen allotted in case it is necessary to
interleave stainless steel reinforcing with the super-
conductor. Ample space has been reserved between the
payout spools to insert necessary work stations such
as straiphtening, tensicn, insulating, etc, All
stations consider the dasirability of keeping the
mechanical asbuse at a minirum in the superconductor.

At the present time, supercenductor manufacturers can
ogly promige conductors with small cross secticns

(V3 % 10 mm), This dictates coils wound with many
tums having large circumferences and increases the
need to automate as much equipment as possible tc
reduce winding time with assurance of no loss in coil
quality, Initial conductor winding speed of 3-4 meters
per minute is expected and later this will be increased
to 6-10 meters per minute. Large coils imply that the
conductor spools as received from the suppliers will be
large and hegvy. To avoid overstressing the conductar
being pulled from the payoff spool the conductor
tension 1s sensed and the spool's rotational inertia

is removed by a hydraulic motor maintaining minir-am
tension from spool.l The spool will also reverse
rotation if backup conditiocns are necessary., A conduc=-
tor straightener is present, but to avoid unnecessary
flexing it will automatically operate only when present
tolerance settings are exceeded (Fig, 2).

A tension device is being constructed that will
not bend or mar the conductor or its insulation (Fig, 2).
The tension will he automatically controlled within

*Research sponsored by the U, S. Enerpgy Research and Development Adminisetration wunder contract with Unien

Carbide Corporatica,



prowe ol ns, vanttogd e ettected by sult-

. able electronics that also measure and record the
tensf{on versus the number of tumrms in a ple (Fig. 3).
Interlocks that shut down the system are provided in
crge of conductor breakage, 1033 of power, or abnor-
mal excursions of the tension,

Conceptual studles and drawinges have been pre-
pared for conductor splicers, cleaning, insulating,
handling fixtures, coill leads, and winding table
clamps, Several types of splices are under considera-
tion and a program is beinp set up for mechanically
and electrically testing and evaluating splices in
liquid helium with a background magnet field.
Insulation used in the windings will be subject to a
wide range of temperatures and pressures during fabri-
cation and operation. A coatinulng literature search
and testing at room temperature and liquid nitrogen
temperature are aimed at selecting the best material
to meet these requirements. Also some Insulations
must have unique shapes to permit helium circulation
through the windings. Molded insulation sheets to be
placed batween pancakes and having built in cooling
channels 13 being developed for this purpose, A photo-
graph (Flg, 4) shows a 3M round practice bobbin
mounted on the winding table, Additional gutdes and
tampers are installed at the winding tab’s that wilil
reduce handwork. The winding table clamps will rotate
with the table and will automatically release and
withdraw on each revolution to avold interference with
new material being laid in place.

All windings will be clamped securely throughout
the fabrication. At no time will all the clamps be
removed and probably never more than one at a time.
Errors in the roundness, radial height, and axial
width will be corpensated for by adding extra fillers
and sheets of insulatlon after winding all pancakes.
Axial clamps will be lifted one at 3 time and segments
of the outer bobbin flange will be pressed down and
welded in their place. Some work stations will pe
omitted at first, or temporary substitutes will be
used, until concepts materialize into actuval hardware,

An element of uncertainty exist with all newly
developed equipment, For this reason backup methods
are constantly being studied. Some wethods anticipate
only minor changes in existing design. Others are
quite different and involve such concepts as winding
with forced coecled conductors. The case for using
forced cooled superconductors has bhecome steadiiy
stronger, Furthermore, the possible need for going
to higher fields may mean that it will te desirable
to use two types of superconductor (NbTi and Nb3Sn}
in the TF colls, These significant changes have
prompted studies of special winding techniques to
effectively produce such coils, A major task will
be fabrication of pulsed coils that are located near
the surface of the toroidal shell, Preliminary fabri-
cation studies have begun in this area.

Development of toroidal field coils must evene
tually converge on colls having bores of 6-10 meters
1f they are toc be useful in an Ixperimental Power
Reactor (EPR). Since all coll development leads to
4 scale up to large colls, no development has been
congldered unless it is clear that it can be scaled
up for futuvce use. Althouph some prelimirary studies
have heen made for fabricating, handling, and shipping
of large coils, the greatest effort Is currently being
conducted in englneering and a comprehensive report
will be submitted later this year. This report will
supply the criteria for the conceptual desipn of the
Superconducting Magnet Fabrication and Test Laboratory
(SMFTL). Actual coil fahrication will be included in
this report on.v Insofar as they effect the bullding
and buiiding fa-ilitles,

It is considered prudent to malntain parallel
e{forts on the problems of fahricating larpe as well
as amall ccils if large zolls are to be fabricated in

the time trames needed. Eifort expended on large coil
ptoblems are also useful for keeping the ultimate
goals in sharp focus,
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Fig. 1. Winding equipment planned for practice winding of round and oval bobbins with ~ 3 bores, Room is
available for winding the superconductor and a stainless interleaved material either clockwise or
counterclockwise,

Fig. 2, The conductor straiphtener (left end) consists of two sets of rollers for straightening in two planes.
The constant tension device (right end) is for superconductor or interleaving material., The current
in a DC torque motor {s controlled to maintain counstant tension oa two spring loaded belts sandwiching
the conductor. The conductor is protected from danage since the belts move with the conductor.

Backup operatfon is possible 1f aeeded,
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Fig. 3, Controls for the constant tension device, A load cell measures actual tensicn and LC torque motor
controller raintains constant tension cn the conductor hy varying tne current. Interlocks shut down
entire system {f tengion deviates from preset range. A recorder maintains a reccrd of tension Vs,
Forward and reverse directions are determined by slope of recorded trace.
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Fige 4, Yound aluminum practice bobbin (3 hore) shown rounted on winding table,
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