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Abstract—The Fusion ENgineering
International eXperiment (FENIX) Test Facility
has been operational since 1991 at the Lawrence
Livermore National Laboratory for testing the
International Thermonuclear Experimental
Reactor (ITER) prototype conductors. These
conductors are designed to operate stably with
transport current of more than 40 kA at a
magnetic field of 13T. The FENIX (facility
consists of four magnet sets that are configured
to allow easy access to the 40-cm high-field
region with a test cross-section area of
10 * 15 cm2. FENIX provides test conditions
that closely simulate the ITER magnet operation
mode. Performed experiments include
measurements of critical current, current-sharing
temperature, forced-flow properties, stability,
joint performance and cyclic fatigue effects. This
paper describes the design and performance of
these experiments. .

I. INTRODUCTION

The FENIX facility [1], which became operational at the
end of 1991, was designed for testing prototype conductors for
ITER superconducting magnets [2]. It provides test
conditions simulating the ITER magnet operating
environment, and most importantly, it also accommodates
specific experiments to determine the operation margins for
the prototype conductors. The goal of the FENIX Conductor
Testing Program is to perform quality assurance testing of
ITER conductor and to determine its operational margins.
Magnetic field above 14 T and transport current over 50 kA
are generated by the FENIX facility. An experimental
program that measures critical parameters, current-sharing
properties, forced-flow properties, stability margins, joint
performance and cyclic fatigue effects is described below.

A. - Description of the FENIX Facility

In the current design of the ITER machine, the Nb3Sn
cable-in-conduit conductor (CICC) has been chosen for both
the Toroidal Field and Central Solenoid magnet systems. For
the ongoing ITER magnet R&D program (2], fabrication and
testing of short lengths of such conductors are deemed of
prominent importance. The FENIX facility was designed and
constructed to meet the urgent needs of the ITER conductor
development program. The major operation parameters are
listed in Table 1.

TABLE |
MAJOR PARAMETERS OF FENIX CONDUCTOR TESTS

Maximum field (1) 14
Maximum current (kA) 50
Maximum conductor length (m) 47*2
Uniform high-ficld length (m) 04
Condudtor forced cooling

Number of paths 2

Inlet pressure (MPa) 051025

Maximum total flow rate (g/s) 10
Conductor bath cooling

Bath temperature (K) 42104.4

B. Facility Operation

Both the FENIX magnet and test-sample cryogenic
systems are operating well and can fully simulate ITER
operational conditions. The 14-T magnet system is
adequately cooled by a CTI-2800 helium refrigerator with a
rated capacity of 300 W. Samples under testing in FENIX are
cooled by forced-flow supercritical 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. Out of the bath, for each leg of the
conductor sample, a cooling circuit is provided with a heater
to control temperature. Flow returns from each leg to the
counterflow heat exchanger and then exits with flow
instrumentation and control. The scheme, as shown in
Fig. 1, is designed for accurate measurements of flow and
temperature in the CICC. More importantly, the temperature
and flow of each leg can be separately controlled and measured
while operating under nominal test conditions of 50-kA
transport current and 14-T steady-state magnetic field.

II. ITER PROTOTYPE CONDUCTOR TEST
A. Samples and Instrumentation Arrangements

Each FENIX sample consists of a pair of straight pieces
of CICC that are jointed at the bottom, each leg is connected
to the top facility power leads with its termination.
Although the transport current flows in series in the two legs,
each cooling circuit is independently controlled. Thus, each
leg can be tested for its critical parameters separately and
independently. A typical sample assembly that measures 6.7
m in length is shown in Fig. 2.

Each sample conductor pair is heavily instrumented with
different types of sensors and controls, as shown in the
schematic of the instrumentation and control arrangement in
Fig. 1.






