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MFTF TEST COIL CONSTRUCTION AND PERFORMANCE
D.N. Cornish, J.P. Zbasnik, R.L. Leber, D.G. Hirzel, J.E. Johnston, and.A.R. Rosdahl*

ABSTRACT

A solenoid coil, 105 cm inside and 167 cm out-
side diameter, has been constructed and tasted to
study the performance of the stabilized Nb-Ti
conductor to be used in .the Mirror Fusion Test
Facility (MFTF) being built at Lawrence Livermore
Laboratory. The insulaticn system of the test coil
is identical to that envisioned for MFTF. Cold-weld
joints were made in the conductor at the start and
finish of each layer; heaters were fitted to some of
these joints and also to the conductor at various
Tocations in the winding. This paper gives details
of the construction of the coil and the results of
the tests carried out to determine its propagation

and recovery characteristics.

I. INTRODUCTION

The plasma confinement field for the Mirror
Fusion Test Facility (MFTF) being constructed at
Lawrence Livermore Laboratory will be generated by a
pair of large Nb-Ti superconducting coils in a yin-
yang configuration.* For these coils, a cryo-

statically = stabilized conductor incorporating
internal, , liquid-helium-cooled surfaces has been
developed.~ To determine the performance charac-

teristics of the conductor, we fabricated and tested
2 105-cm i.d., 167-cm o.d. solenoid made from this
conductor.

The insulation system between the pancakes and
turns of the test coil is identical to that envi-
sioned for the MFTF coil so the conductor environ-
ment in the solenoid is representative of that in
the final coil. Normal zones were created by
wuieing heaters attached to the conductor: a study
of the behavior of these zones has established a
stability criterion for the conductor in a repre-
sentative environment.

I1. DESCRIPTION OF COILS AND EQUIPMENT

Figure 1 shows the solenoid being wound. The
winding was done in pancake fashion; the G-10**
epoxy-fiberglass dots that provide turn-to-turn
insulotion and coolant passages were wound in with
the conductor and the interpancake insulation was
slotted %o give 50% bearing surface. Joints in the
conductor were made by first stripping off the outer
copper stabilizer, then cold-welding the core, and
finally soldering the stabilizer back on. To
stagger the diccontinuity at the joint, the stahi-
lizer was replaced in two L-shaped pieces, 23 and 43
cn long. Joints were made altermatively at the
inside and then at the -outside diameter between
neighhoring pancakes as the winding progressed.
Table I 1ists parametric values for the conductor
and test coil.
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** Reference to a company ¢ product name does not
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Fig. 1. Various operations in winding the test coil
TABLE 1
Cnn_dgzior_and Coil Parameters
Parameter Value
Conductor:

Overall dimensions 12.45 x 12.45 m

Cu/superconductor ratio

(9th & 10th pancakes) 6.41
Cu/superconductor ratio
(11th pancake) 4.42

Effective Cu area

{9th & 10th pancakes) 105.7 mn2
Effective Cu area 5

{1th pancake) 101.7 mm=
Mass per unit length 1.05 kg/m
Available external

cooling surface 0.0225 m2/m

Available internal
cooling surface

0.0592 m2/m
Totai available ccoling surface

0.0817 m=/m
Coil:
Thickness of interturn

insulation 1.2 mm
Thickness of interpancake

insulation 1.7 mm
Inside radius 923.2 mm
Outside radius 834.6 mm
Winding length 256 mm
Total conductor mass 2080 kg
Winding tension 900 N

Figure 2 shows the location of the heaters,
potential taps, and strain gages on pancake 10.
Pancakes 9 and 11 were similarly equipped, but did
not have strain gages.

The heaters were fabricated in three steps: (1)
A sheet of 0.025-mm-thick stainless-steel foil was
laminated to a 0.076-mm-thick polyimide film using
M-Bond 600 adhesive, which was cured at 93°C for 2 h
with an applied pressure of 1.4 MPa (200 psi). The
resultant glue line was about G.002 mm thick. (2)
The stainless-foil was then photochemically etched
to form the individual, arc-shaped heaters. (3)
Finally, a top layer of polyimide film was glued
onto the shaped foil with the M-Bond 600. This top
Tayer had holes near the ends of each heater through




which connections ~=nuld be made.  This nrocess
yielded a cheet of ernugh heaters for ane pancake.,
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Fiq. 2. Lacatiang af tha heaters H),
aotential taps ‘Y1, ana steain qages /70
on o3ncake 10,

Tne heaters and strain nanng wera kanded tn the
too face of th: conductyr Zith AE-10 adhe ive, ruret
at 24 'C for a minimum of 6 h with an applind pres-
sure of 0.1 #Pa (70 psi). The thickness of this
gqlue line was approximately 0.01 mn,

A coating of VYnlan A glass clath imoregnated
with FR-1650-L polyurathane was  applied ta  all
exposed  tarminals  fheatars,  strain gaqes,  aad
potential taps) for mechanical streagth, insulation,
and moisture orotectina. A 12-h cure at 24 C and 14
%PA (? psi) wes used £ar this hending,

Each main heater oamned 3 A0 " arc and  was
ahout 40 cm Inng and 2.2 wn wide. These heatars
were Incated 3 to 4 turns nut from the hore tihe 7o
as to be in a theryal environment representative of
that experienced by th2 bulx of the conducinr hHuadle
and also to he close tn the peak field. A 3N-cm-
long heater was also fived to the high-field inint
between pancakes 13 and 14, By simultaneousiy en-
ergizing saveral heaters, a.q., those on different
nancakes, we could creste a variety of normal zones
in the c9il.

To measure the staSility of the conductor at
more than one Ffield, and at the siaw time to obtain
a higher field than was possibie with the test coil
alone, we mounted an additional backing-field coil
on each side ef the test coil. These coils, which
are part of another facility, were connected in
series and powered independently of the test coil.
Figure 3 shows the cnil assembly being connected tn
the suspension tutes before being lnwered into the
cryostat.

Cach coil had a protection system consisting of
a2 quench detector, a circuit breaker, and a water-
cooled, stainless-steel res sior. UYpon sensing a
quench, the detectors tripped the circuit breakers
and discharged the coils through their resistarc.
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stability limit.

A 30-cm-long heater attached to the inner (high~
field) joint between pancakes 13 and 14 wac used to
study the stability of a joint. At 6.2 T and 6200
A, the joint did not recover to the full supercon~
ducting state. The equivalent of 23 em remained
normal until the current was reduced to 6110 A, at
which time the current rapidly returned to the
superconducting core. This 23 cm is the same length
as the shorter piece of stabilizer replaced after
the joint was made. While the inner joints were
bei-g wound onto the coil, they were bent to a 50-cm
radius, 2and there was a tendency for the solder
bonding of the replaced stabilizer to give way at
the ends. This could explain the lower recovery
current at this point.

Strain gages were attached to the top face of the
conductor. The strain caused by magnetic loading was
very reproducible, and the maximum attained was on
the first turn and amounted to 0.18% at 7.5 T. Dur-
ing each test, the measured strain at zero-field did
not return to its initial value. The cumilative
zero field strain measured by the first-turn strain

s

?age increased by 0.32% during this series of tests.

t must be emphasized that in this work a single
strain gage was used. To define the strain field in
the conductor, i.e., to separate the tensile and
bending strains, an additional gage would be needed
on the oprosite face.

The axial comoression of the test coil under load
was also of considerable interest. During the wind-
ing pracess, we had kept o co-eful record of conduc-
tor and insulation thickness at six points around the
coil. The actual final coil length was measured and
found to be 6 mm greater than the sum of all these
dimensions. The coil was compressed between steel
end plates by a ring of bolts around the inside and
outside diameters of the coil. However, an excess of
about 1.5 mm was left in the coil, and linear poten-
tiometers were attached to the end plates to measure
any displacement during operation. Readings from
these d4id in fact confirm that the coil contracted
and relaxed by this 1.5 mu as the system was ener-
gized and de-energized.

Conclusions

Fabrication of the MFTF Test Coil was of great
value in determining the handling properties of the
conductor and insulation and the problems of making
in sitr joints, and in obtaining preliminary data on
coil buildup.

The conductor stability was within the expected
range and was both determinate and reproducible. The
conductor was docile in that above the stability
Timit the velocity of propagation was relatively slow
and a reduction in current caused it to recover if it
were not too far above this limit. Propagation was
limited to that along the conductor for 10's of
seconds, and propagation to the layers above did not
occur until several kilowatts were being dissipated.
A great deal of detailed information on the behavior
of both the conductor and the test coil was obtained.
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