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ABSTRACT
The design options for the 100 A leads for the Superconducting Super Collider (SSC)

corrector magnets (corrector element power leads or CEPL) include the use of high temperature
superconductors (HTSC). The subject of this report presents preliminary measurements of
resistance characteristics for the ZerRes Company lead that was tested at the SSC. This

information is useful for determining the operating characteristics of the lead.

INTRODUCTION
Many studies are available that discuss the analysis, optimization, and tersting of current leads

for cryogenic applicationsl's. These references contain some discussion about the use of low
temperature superconductor material in these leads. Keilin and Klimenko® provide an approach
to estimate the reduction in heat load using superconductors and how the reduction is related to
the transition temperature of the superconductor. Hull® discusses several approaches to using high
T leads.

The design goals for a current lead to be used in a cryogenic installation such as the SSC are
(1) that the top end be maintained warm to prevent frost formation that could cause electrical
short circuits and possibly mechanical damage to the lead. (2) The cold end must be maintained
sufficiently below the transition temperature of the superconducting cable connecting to the
magnets so that it does not quench. (3) The heat transfer to the end of the lead at liquid helium
temperatures must be below specified limit. (4) The helium consumption used to cool the leads
must be below specified limit. (5) It is desirable to obtain stable operation of the leads with
minimum impact to the cryogenic system. (6) The lead must have sufficient mass to permit short

duration excursions from its design operating point without damage to the lead.

HTC POWER LEAD DESCRIPTION AND TEST APPARATUS
The ZerRes lead is shown in Figure 1 along with the placement of the thermometers, voltage

taps and Hall effect sensor (HES). The lead is constructed with 20 YBCO filaments in an epoxy



matrix. The outer diameter of the epoxy is about 10 mm and the cross section of the YBCO high
temperature superconductor is 0.2 cm?, Copper sheet metal strips were formed around the lead to
help achieve a uniform temperature of the lead during the tests.

The TVO resistance thermometers and the Hall effect sensor were obtained from the Joint
Institute of Nuclear Research/ Laboratory of High Energies (JINR/LHE) in Dubna Russia. The
measurement current was supplied by Keithly 224 Programmable Current sources. The magnet
current supply was a Xantrex LX20-6 with 0-20 V, and 0-6 A capabilities. The lead power supply
was a HP6011A with 0-20 V/0-120 A capability. The thermometer and HES outputs were
measured with a Keithly 197A Autoranging microvolt digital multi-meter. The lead voltage drop
was measured with a Keithly 182 Sensitive digital volt meter (nanovolt meter).

Measurements in an applied external magnetic field were conducted in two configurations.
These are illustrated in Figures 2 and 3. The magnets were constructed using laminated iron cores.
For configuration #1 there were 600 turns of wire, and for configuration #2 there were 1000 turns,
The magnetic field was mapped using a Hall effect sensor with a sensitivity of 65 WV/mT. The
results of the field mappings are provided in Appendices B and C for configurations #1 and #2
respectively.

The resistance of the lead and the resistivity were determined using equations (1) and (2).

AV
R=—F (1)
RAyTsc
p=—1 @

EXPERIMENTAL VOLTAGE CHARACTERISTICS OF HTSC MODULE
The raw and reduced data from an experiment performed in August 1993 at the SSCL is

provided in the table of Appendix A. A plot of the measured resistivity for the average lead

temperature (based on measurements of the two end temperatures) is provided in Figure 4. This



indicates that the transition to the superconducting state is complete below about 70 K. At 77K
the critical current of these leads is around 40 A as shown in Figure 5.

In Figure 6 the influence of magnetic field on the critical current at 77 K is demonstrated. The
critical current decreases as the external magnetic field is increased. For fields of 2609 Gauss and
higher, the lead resistance for 1 A never became as low as its no field value.

The dependence of the lead resistance on the external magnetic field is provided in figure 7.
The lead resistance appears to be reaching a plateau at different levels for the different currents.

The results for three step changes consisting of (a) a step change in lead current from 15-20 A
with a field of 340 Gauss, (b) a step change in current from 20-25 A with a field of 340 Gauss, and
(c) a step change in external field from 0-340 Gauss for a lead current of 20 A. These were all
performed in a liquid nitrogen bath (~77 K). The results indicate that it takes several seconds to
reach a stable operating condition after a step change as described. The 20-25 A step change
reaches a maximum resistance at around 55 seconds, and then the resistance decreases. This may
be due to the multi-filamentary construction of the lead and redistribution of the current within the

lead.

CONCLUSIONS AND RECOMMENDATIONS
Measurement of the ZerRes 100 A high temperature superconductor lead have been

performed with and without externally applied magnetic fields at liquid nitrogen temperatures.
Additional testing to measure the thermal conductivity and electrical properties down to liquid
helium temperatures are required. The 100 A lead was shown to reach a critical current below the
design point at liquid nitrogen temperatures. The temperature of the entire lead must be

maintained below 77 K in order to achieve its design operating current.
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Figure 1: Schematic of instrumentation for high temperature superconductor lead
measurements. T1, T2, T3 are TVO thermometers, HES1 is a Hall Effect Sensor.
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Figure 2: Schematic showing placement of HTC lead and magnet for configuration #1.
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Figure 3: Schematic showing placement of HTC lead and magnet for configuration #2.
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NOMENCLATURE

Aprsc - Cross sectional area of the high temperature superconductor (cm?).
I - Electrical current (amperes).

L - Lead conductor temperature at bottom end of lead (K).

T;.T5,T3- Lead conductor temperature at bottom, middle and top of lead (K).
AV - Voltage drop across high temperature superconductor lead.

p - Electrical resistivity of the material (Ohm-cm).
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APPENDIX A
HTSC resistivity measurements with no externally applied magnetic fields.
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APPENDIX B
HTSC resistivity measurements with externally applied magnetic field configuration #1.
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APPENDIX C
HTSC resistivity measurements with externally applied magnetic field configuration #2.
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APPENDIX D
HTSC resistivity measurements with step changes in current and externally applied magnetic field
for configuration #2.
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