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ABSTRACT

This paper describes developments at Argonne National Laboratory of near-
term applications for high-temperature superconductors. Current leads and
magnetic bearings are discussed in detail.

1. Introduction

Since the discovery of high-temperature superconductors (HTSs),
Argonne National L; boratory (ANL) has been active in a broad spectrum of
activities in developing these materials for applications. Work at every stage
of development has involved industrial collaboration in order to accelerate
commercialization. While most of the development work has been devoted
to improving the properties of current-carrying wires, some effort has beer_
devoted to applications that can utilize HTSs with properties available now or
in the near future. In this paper, I discuss advances made at my laboratory in
the area of current leads and magnetic bearings.

2. Current Leads

The use of HTSs in cryostat current leads, delivering electrical power
from ambient-temperature supplies to devices operating in liquid helium, is
a near-term HTS application. _,'_ The advantage of HTSs in this application is
that because joule heating is eliminated in the HTS part of the lead, heat
leakage into the liquid helium is reduced, resulting in longer operating times
for open systems and reduced refrigeration requirements for closed systems.
Because the thermal conductivities of HTSs are relatively, low, lead lengths
can be relatively short. Current densities of 100-1000 A/cm 2 (at T < 77 K and B
< 20 mT), obtainable with present bulk-sintering methods, allow the use of
leads that occupy a reasonably small volume and are not overly expensive in
many designs. Lower current densities are also advantageous in providing a
longer transient response time if part of the HTS becomes normal.

In a collaboration with the Westinghouse Science and Technology
Center, 3 we designed and fabricated a vapor-cooled lead that superconducted
2 kA in its HTS part, and we demonstrated experimentally that the helium
boiloff from this lead was less than the theoretical best that could be expected
from a normal-metal vapor-cooled lead of the same current rating. We have
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shown theoretically that it is necessary to have an intermediate-temperature
heat intercept if HTS leads are to achieve heat leakage significantly lower than
those of the best vapor-cooled conventional leads. 4 Experimentally, we have
demonstrated leads with a heat leakage about one-tenth that of conventional
leads. 5

In collaboration with Superconductivity, Inc. (SI), we have been
designing and testing 1.5 kA HTS leads for use in a superconducting magnetic
energy storage device. 6'7 The HTS leads are expected to eventually replace the
conventional leads in SI's commercial devices, allowing smaller helium

liquefiers to be used and increasing the allowable time for outage of a
liquefier.

In collaboration with Intermagnetics General Corp., we have explored
the use of powder-in-tube (PIT) HTS leads. Because of a favorable
temperature dependence for the thermal conductivity of certain silver alloys
that could be used for the HTS sheath, PIT HTS leads may have certain

advantages in producing low heat leakage without danger of burnup. 8
Calculations demonstrating this are shown in Fig. 1, which shows lead
performance in terms of helium boiloff per ampere of current m/I (and also
heat leakage per ampere of current Q) as a function of the shape factor
(current density J times lead length L) for three different materials used as
conduction-cooled leads. CR-1 is a silver-gold alloy, and KKSW-1 is a silver-
palladium alloy. 8 At shape factors higher than the right end of the solid lines,
the lead will burn up. As shown in Fig. 1, without danger of burnup, Y-Ba-
Cu-O (YBCO) can achieve heat leakage (the lower end of the dashed line) as
low as 4.2 mW/A, CR-1 can achieve 6.1 mW/A, and KKSW-1 can achieve 1.4
mW/A.

In a recently started collaboration with Babcock and Wilcox, we are
designing and will test HTS leads of about 20 kA to be used in a 0.1 MWh
SMES device.

3. Magnetic Bearings

Magnetic bearings constitute another near-term application for HTSs. In
this application, it is not necessary to transport current between grains of the
HTS. Rather, current within each grain is sufficient to provide magnetization
for the generation of magnetic pressure. Of course, if current does flow
between grains, magnetization is improved; however, quite satisfactory
performance may be generally obtained with only intragranular current flow.
Considerable effort has been expended to elucidate much of the basic
levitation phenomena associated with permanent magnets interacting with
HTSs. 9"15 As flux pinning has steadily improved and grain size in good
quality specimens has increased, magnetic pressures have also increased, so
that magnetic pressures of 100 kPa are now obtainable with a variety of
processing methods based on melt processing of Y-Ba-Cu-O.
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Fig. 1. Helium boiloff rate per ampere of current versus shape factor for conduction-
cooled leads at normal steady state. The dashed lines indicate performance in the

superconducting state; the solid lines indicate performance in thenormal state.

A cylindrical permanent magnet levitated over an HTS becomes a good
bearing when the magnet rotates easily about its axis of symmetry but exhibits
high stiffness to lateral and vertical displacements. It is sometimes stated that
such magnets are frictionless, probably because there are no contacting parts.
Strictly speaking, there will always be some rotational drag caused by eddy
currents, magnetic hysteresis, or air friction, and thus there will always be an
effective coefficient of friction. Some HTS bearings reported in the literature
have displayed relatively high coefficients of friction. In a collaboration with
United Technologies Research Center, we 12 fabricated an HTS bearing that
exhibited an equivalent coefficient of friction of 8 x 10"6. During that
co_'.aboration we later reduced this value to 4 x 10"6.

With a low coefficient of friction, HTS bearings have the potential for
use in low-loss energy-storage flywheels. State-of-the-art conventional
magnetic bearings typically have an effective coefficient of friction of about
10 "'_. Conventional roller bearings have even more friction. Even
considering the refrigeration losses at 77 K, low-lo,_s HTS bearings should
have lower loss and allow flywheels to spin longer than with any other
bearing technology. We consider the low-loss HTS bearing an enabling
technology for many flywheel applications and are presently pursuing a
project in this area with Commonwealth Research Corporation. In that
collaboration, we have reduced the coefficient of friction to 9 x 10 "7. A

schematic of the experimental apparatus in which this was accomplished is
shown in Fig. 2.
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Fig. 2. Schematic of experimental apparatus to measure coefficient of friction
for superconducting bearings.

4. Conclusions

Near-term applications of HTS, using presently obtainable current
densities and magnetizations, include liquid-nitrogen depth sensors, cryostat
current leads, and magnetic bearings. The depth sensors are already

commercially available. HTS current leads are now becoming available
commercially. Superconducting bearings are expected to enable high-
efficiency flywheels.
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