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Abstract

The Fusion ENgineering International eXperiments (FENIX) Test Facility,
which was commissioned at the end of 1991, is the first facility in the world capable
of testing prototype conductors for the International Thermonuclear Experimental
Reactor (ITER) superconducting magnets. The FENIX facility provides test
conditions that simulate the ITER magnet operating environment; more
importantly, it also accommodates specific experiments to determine the
operational margins for the prototype conductors.

The FENIX facility generates magnetic fields close to 14 T and transport
currents over 40 kA for testing the prototype conductors. This paper describes an
experimental program that measures critical currents, current-sharing temperatures,
forced-flow properties, and cyclic effects.

INTRODUCTION

In the current design of the ITER machine, the Nb3Sn cable-in-conduit
conductor (CICC) has been chosen for both the toroidal and central solenoid systems.
For the ITER magnet research and development program, the fabrication and testing
of short lengths of such conductors are of prominent importance. The FENIX
facility was designed and constructed for meeting the urgent needs of the ITER
conductor development program.

Construction started in 1989, and the facility was completed in early 1991.
After a series of checkouts and modifications, the facility was commissioned for
conductor testing in December 1991 (Fig. 1). The major operation parameters are
listed in Table 1.

FACILITY OPERATION

Both the FENIX-magnet cryogenic systems and test-sample cryogenic systermns
are operating well and can fully simulate ITER operating conditions. The 14-T



Samples under test in FENIX are cooled by forced-flow helium. Room-
temperature helium flows to the test well, passes through a counterflow heat
exchanger in the upper part of the well, and then passes through a helium bath. Just
past the bath, for each leg of the conductor sample, a heater is provided for each
cooling circuit to control temperature. Flow returns from each leg to the
counterflow heat exchanger and then exits with flow instrumentation and control.
The instrumentation and control scheme, as shown in Fig. 2, is designed for
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Fig. 2. Schematic of cryogenic instrumentation and control for typical
FENIX sample conductor assembly.



CONDUCTOR TESTS AND RESULTS

In 1992 four sample conductors were tested in the FENIX facility through the
ITER collaboration. The design features of each sample are summarized in Table 2.
In Fig. 3, three European Community's/ITER sample cross sections are shown. An
extensive test program was developed and executed to characterize these samples.
Following is a summary of the test results of some specific experiments.

All sample conductors are designed for stable operation at 12.5 T and 40 kA.
The FENIX facility not only validated the design parameters but also tested the
conductors to the limits of temperature where current sharing takes place. Typical
results of three EC samples are illustrated in Fig. 4, where the fitting to the results
indicated that the effective strain on the strand was about -0.5%, which is
considerably lower than expected for CICC conductor using stainless-steel sheath.
This encouraging result also suggests that any degradation during the conductor
fabrication process was minimal. Another major result is shown in Fig. 5, where
the effect of forced-flow cooling on the performance of such large CICC conductor is
illustrated by its current-sharing curves, measured by sample voltage versus
temperature. The signatures of such effects are clearly seen on samples with
different designs. The cyclic effects were also studied by pulsing a 40-kA current at
125 T field The induced average transverse stress on the cable was estimated to be
about 15 MPa. No degradation was detected after 6000 current cycles.

Quench Temperatures
of EC/ITER Samples
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Fig. 4. Measured quench temperatures of EC/ITER samples
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