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LLNL Superconducting Magnets Test Facility

N. Martovetsky, R. Manahan, J.Moller

Lawrence Livermore National Laboratory, Livermore, CA, USA

J. Zbasnik

Lawrence Berkeley National Laboratory, Berkeley, CA, USA

Abstract- The FENIX facility at Lawrence Livermore National
Laboratory was upgraded and refurbished in 1996-1998 for
testing CICC superconducting magnets. The FENIX facility
was used for superconducting high current, short sample tests
for fusion programs in the late 1980-s —early 1990-s. The new
facility includes a 4-m diameter vacuum vessel, two
refrigerators, a 40 kA, 42 V computer controlled power
supply, a new switchyard with a dump resistor, a new helium
distribution valve box, several sets of power leads, data
acquisition system and other auxiliary systems, which provide
a lot of flexibility in testing of a wide variety of
superconducting magnets in a wide range of parameters.

The detailed parameters and capabilities of this test facility
and its systems are described in the paper.

Index Terms—Facility, superconducting magnet, CIC
conductors, testing

1. INTRODUCTION

The FENIX test facility was constructed at LLNL to
support the development of high current conductors for
fusion, particularly, for the ITER machine. The facility had
the capability to test conductors in a magnetic field up to
13.5 T and with transport currents up to 40 kA. The detailed
description of the facility is given in [1]. In 1994 the facility
was moth balled. In 1996 —1998 we rebuilt the facility for
testing superconducting magnets with cable-in-conduit
(CIC) conductors. A new power supply, a new switch yard,
40 kA vapor cooled leads, a distribution cold box and
transfer lines were added and integrated into the facility.

The facility was successfully used for testing a SMES
model coil in collaboration with Toshiba Corporation in
1998.
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II. SYSTEM OVERVIEW

The facility consist of two refrigerators, which produce
liquid and supercritical helium at 4.5 K, helium distribution
system, complete closed gas management system, power
supply, protection system, data acquisition systems and
auxiliary systems.

The main parameters of the facility are listed in Table 1.

Table 1. Main parameters of the LLNL Superconducting
magnets test facility

SYSTEM PARAMETERS

Refrigeration 2 refrigerators 400 W at
4.5 K or 140 l/hour
combined

up to 23 g/s supercritical

helium

Liquid helium storage 9000 LHe tank

Gas management system | Complete package-
dryers, purifiers, storage

Power supplies 1.40 kA, 42 V
computerized control
2. 5kA, 12V
3. 10kA, 12V

4.1 m ID, 6.6 m tall,
LN2 shielded

Vacuum vessel

Data acquisition system 144 channels, 96
isolation amplifiers

A layout of the experimental hall is shown in Fig.1.

III. REFRIGERATION SYSTEM

The refrigeration system at LLNL facility consists of two
refrigerators and auxiliary systems — gas and liquid
distribution, gas handling, purification, cooling, vacuum,
etc.

The Airco refrigerator has about 180 W of refrigeration at
4.5 K and higher and mass flow up to 23 g/s of supercritical
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Fig.1 LLNL Superconducting magnet testing facility

helium at maximum pressure of 12.5 bar. In liquefaction
mode it produces about 60 I/hour.

The CTI 2800 is used mainly as a liquefier with 80 I/hour
capacity. In refrigeration mode it has the power of 220 W at
4.5 K.

The LLNL facility has a distribution cold box to provide
very flexible options for the magnet refrigeration with
supercritical and liquid helium at different mass flow rates,
inlet temperatures and pressures.

IV. POWER SUPPLY

A new, 1.7 MW DC, 40.5 kA, +/- 42 V two quadrant power
supply was procured and installed in 1998. The power
supply has a 0.1% regulation accuracy for both voltage and
current output. It can work with inductive loads in a wide
range of parameters.

Computer control allows for a wide range of the
waveforms, including single or a train of rectangular or
trapezoidal pulses, complex pulses with several flat tops,
etc.

The ripple of current in the power supply is very low, which
makes it very convenient for testing the superconducting
magnets.

V. PROTECTION SYSTEM

A schematic of the protection system and controls are
shown in Fig. 2.

The protection system consists of a dump resistor, two
circuit breakers and two power switches.

The switches are capable of carrying the DC current, but
can not break the circuit at high voltage. The circuit
breakers for 40 kA DC are not commercially available. We
used commercially available components to build a reliable
protection system. When quench is detected in the
superconducting magnet, the power switches open first and
then with a 0.5 s delay, the circuit breakers open an the
energy is dissipated in the dump resistor. Using two
switches and two breakers reduces the probability of a fault
dramatically.
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Fig.2 Protection system schematic

The protection system was configured for testing the 40
mH, 40 kA superconducting SMES Model Coil [2]. It is
capable of evacuation of the stored energy of 32 MJ at 40

kA current and 300 V. The system can be easily upgraded
to 800 V maximum discharge voltage.

The dump resistor was designed to heat up to about 200 C.
The material of the resistor is low carbon steel. When
resistor heats up, resistance increases and this makes
evacuation of the stored energy more efficient than if
resistance would have been unchanged during protective
discharge.

VI. VACUUM VESSEL

The usable volume for testing in the vacuum vessel is 4.1 m
in diameter and about 6 m high. The vessel has LN2 shields
covering about 60% of the inner surface and 40-kA vapor
cooled leads.

There are 4 helium gas cooled columns in the vessel,
capable of supporting more than 50 t of the dead weight of
the tested object.

Fig. 3 shows a 3.7-m coil [2] inside the vacuum vessel.

Fig.3 A SMES model coil installed in the test facility



VII. 40 KA VAPOR COOLED POWER LEADS

We built 40 kA vapor cooled leads for testing the SMES
model coil. Each vapor-cooled lead has a conventional
copper lead and a superconducting bus inside a long 3.5 m
can, filled with liquid helium. The level of helium in the
can is maintained automatically by a level sensor.

VII. DATA ACQUISITION SYSTEM

The data acquisition system at LLNL facility can process
144 channels of data. There are 96 isolation amplifiers with
isolation voltages from 300 to 1000 V.

The bandwidth of the main data system is from fraction of a
Hertz to 10 Hz.

There is also an additional fast data acquisition system,
which can take 16 channels of transients with up to 1 MHz
frequency.

IX. CONCLUSION

The LLNL superconducting magnets testing facility
provides a complete set of subsystems for testing the

superconducting magnets in a wide range of parameters.
The facility was successfully used in 1998 by testing a 40
kA 32 MJ coil in wide variety tests.
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