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Variable Temperature Total AC Loss and Stability
Characterization Facility
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Abstract—The design of a versatile ac loss and stability charac-
terization facility for high temperature superconducting materials
suitable for variable temperature measurements is described. A
non-metallic vessel inside a transverse field double-helix magnet
acts as the measurement chamber. A cryocooler cools the samples
to a target measurement temperature between 35 and 80 K. The fa-
cility is suitable for measurements on samples as long as 15 cm with
ac transport current and ac background magnetic field, both at
variable frequency. The facility allows for sample rotation to vary
its orientation with respect to the magnetic field. Initial tempera-
ture measurements showed that the sample could be maintained
at uniform temperature to 0.5 K. AC loss measurements per-
formed on a precursor setup, identical in concept, confirmed the
suitability of the double-helix magnet design and cryocooler based
cooling arrangement.

Index Terms—AC loss, high-temperature superconductors, sta-
bility, superconducting filaments and wires.

I. INTRODUCTION

LARGE-SCALE power applications of high temperature
superconductors (HTS) are looking more promising

with the advances in commercial production of long-length,
high-performance (YBCO) coated conductors
[1], [2]. The interest in evaluation of ac losses of YBCO coated
conductors has increased in the recent past to generate much
needed engineering data [3]–[14]. The topic of quench sta-
bility and normal zone propagation is also attracting attention
[15], [16]. Reliable data on ac losses and quench stability
are essential in designing cryogenic systems and protection
mechanisms for superconducting power equipment. Thorough
understanding of ac loss and stability mechanisms also helps
in the development of YBCO coated conductors with reduced
ac loss and increased stability. Both ac losses and stability of
HTS materials are functions of temperature, transport current
density, background magnetic field, magnetic field orientation
with respect to the sample, frequency of transport current and
magnetic field, and the phase difference between transport
current and magnetic field. There have been several reports on
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TABLE I
PARAMETER RANGE FOR THE AC LOSS AND STABILITY

MEASUREMENT FACILITY

improved measurement techniques for obtaining reliable data
on HTS materials. Most reported measurements have been at
77 K in a liquid nitrogen bath [3]–[9] with a few reports of
lower temperature measurements [10]–[12]. It is difficult to
measure ac loss and stability properties at lower temperatures
primarily due to the problems associated in maintaining a
uniform temperature while a transport current of hundreds of
amperes is injected through the sample. Another difficulty is in
providing uniform magnetic field across a reasonable length of
the sample; both ac loss and stability measurements demand
long sample lengths to ensure reliable data.

The focus of HTS research at the Center for Advanced Power
Systems (CAPS) has been on the development of a versatile fa-
cility for measuring ac loss and stability characteristics at vari-
able temperatures under simultaneous ac transport current and
ac background magnetic field. The new feature of the facility
is a transverse field helical magnet with a bore diameter large
enough to accommodate a cold head of a cryocooler enabling
variable temperature measurements in a background ac mag-
netic field. Two precursor measurement systems have been de-
signed and tested to validate the suitability of the above com-
ponents. In the first, a smaller magnet with an identical design
concept was used for ac loss measurements at 77 K and in the
second, a cryocooler based variable temperature measurement
setup was adapted for self-field ac loss measurements on YBCO
samples in the temperature range of 35–80 K [13], [14], [17].
This paper describes the concept, design, and the main compo-
nents of the new comprehensive measurement setup as well as
results from the two precursor systems.

II. THE DESIGN CONCEPT

The target values of the various parameters for the measure-
ment setup are listed in Table I. The concepts are similar to
that used by other groups for measurements at 77 K [3]–[12].
The main challenges involved in designing the facility were
achieving variable but stable temperatures in the bore of ac
magnet and creating a uniform ac magnetic throughout the
sample length of 15 cm. The magnet is a layered double helix
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Fig. 1. Schematic of the variable temperature ac loss and stability measurement
facility.

winding with a bore diameter of 16.50 cm and a uniform mag-
netic field up to 200 mT over a length of 20 cm. A Cryomech
AL 330 cryocooler with a capacity of 170 W and 40 W at
50 K and 20 K, respectively is used to cool the sample to the
required temperature. The measurement chamber consists of
a sealed glass fiber reinforced plastic (GFRP) tube. The cold
head of the cryocooler sits near the top of the measurement
chamber, which extends into the bore of the magnet. Fig. 1
depicts a schematic of the measurement set up with its various
components. The following sections describe the details of the
critical components of the set up.

A. The Magnet

Fig. 2 depicts a photograph of the magnet used to produce
background transverse ac field. The double-helix dipole magnet
has two sets of tilted coils, each consisting of three layers. The
coils are wound with Litz copper wire. The tilted coils are con-
nected in series in such a way to cancel the axial field com-
ponent producing a transverse field perpendicular to the axis
of the coil. Fig. 3 depicts the concept of double-helix dipole
magnet. The magnet produces a highly uniform magnetic field
over a region of 20 cm in length as depicted in Fig. 4. The mag-
netic field values depicted in Fig. 4 are the calculated values.
The calculated values were confirmed by measurements with a
hall sensor at a few representative current values. The magnet
is suspended in a cryostat so that it can be cooled with liquid
nitrogen during operation. There is a gap between windings to
allow liquid nitrogen flow between layers for efficient cooling.
The magnet conductor sits in machined helical groves and is
directly exposed to liquid nitrogen without any epoxy or insu-
lation. The field constant is 1.487 , requiring 135 A to
generate a field of 200 mT. The magnet is powered with a set

Fig. 2. View of double-helix magnet assembly showing the outer helix.

Fig. 3. The concept of the layered double-helix transverse-field magnet shown
Figs. 1 and 2.

Fig. 4. A plot of magnetic field strength along the length of the magnet showing
a 25 cm long uniform field region.

of four AE Techron 7782 amplifiers suitable for variable fre-
quency operation. The magnet has a bore diameter of 16.50 cm
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to accommodate the 16.25 cm OD, 14.60 cm ID GFRP tube that
serves as the measurement chamber.

B. Measurement Chamber

As depicted in Fig. 1, the sample chamber is made up of a
thick walled GFRP tube sealed at the bottom. The top of the
tube is attached to a rotatable stainless steel CF flange and the
flange-tube joint sealed with Stycast. A feed through collar with
four KF40 ports rests on the top of the tube flange. The bottom
of the collar seals the steel flange that supports the GFRP tube.
The top of the collar is sealed with the cold head flange via a CF
joint. The collar, the GFRP tube, and the cold head flange as-
sembly together form the vacuum tight measurement chamber.
The collar provides access to the current leads, instrumentation
wiring, and vacuum ports. The rotatable flange allows for the
rotation of the sample to change its relative orientation with re-
spect to the magnetic field. The sample holder is suitable for
measurements under vacuum in semi-adiabatic conditions or in
helium gas atmosphere to provide better thermal equilibrium.
The sample chamber can also be filled with liquid nitrogen or
liquid helium to perform experiments in a bath of cryogen.

C. Cold Head and Sample Holder Assembly

The maximum allowed magnetic field around the cold head
is 0.5 mT. Hence, the cold head and sample holder assembly
was designed to place the cold head just above the top of the
magnet and the sample in the center of the magnet. The sample
holder is a G10 block suspended from the bottom of the cold
head using copper rods that also act as current leads. The G10
block supports a sapphire plate on which the sample sits and
the current leads on either end of the sapphire plate. The current
leads are thermally anchored to the cold head with a thin sap-
phire plate acting as an electrical insulator. As shown in Fig. 1,
the copper current-lead rods from the cold head anchor points
are coplanar with the G10 sample holder as well as the supercon-
ducting sample. A resistive heater located between the sapphire
plate and the G10 sample holder is used for temperature control.

III. RESULTS AND DISCUSSION

The magnet, cryostat, power supplies, cryocooler, measure-
ment chamber, and sample holder were assembled and tested for
vacuum integrity and temperature uniformity. The cryostat that
houses the magnet was filled with liquid nitrogen. The measure-
ment chamber was pumped to Torr vacuum. With the cold
head operating, the temperature at several positions along the
sample holder and current leads was recorded to check for tem-
perature gradients. Fig. 5 depicts temperature traces as a func-
tion of time. It took about 4 hours for the sample to reach 35 K.
These measurements showed that a uniform temperature could
be maintained across a 15 cm long sample with a maximum vari-
ation of 0.5 K.

The suitability of the double-helix magnet design was con-
firmed through total ac loss measurements at 77 K in a smaller
magnet, identical in concept to the magnet described above.
Fig. 6 depicts total ac loss at 77 K on an YBCO sample. The
details of the measurements at 77 K are reported previously
[13], [14].

Fig. 5. Temperature recorded on the cold head and several locations of the cur-
rent leads and sample region.

Fig. 6. Total ac loss of a YBCO coated conductor sample, at 77 K, as a func-
tion of transport current at different background ac field strengths measured by
electromagnetic (lines) and calorimetric method (symbols).

Fig. 7. Self-field loss as a function of transport current at various temperatures
between 50 and 84 K for silver sheathed Bi-2223 superconducting tape.

The possibility of obtaining uniform temperature over a
15 cm long sample in 35–80 K range has been confirmed in
self-field ac loss measurements and stability/quench propa-
gation measurements using a Cryomech AL330 cryocooler
[17]. Uniform temperature within 0.5 K was maintained
throughout the measurement range. Fig. 7 depicts measure-
ments of self-field ac loss on a Bi2223 tape between 50 K and
80 K.
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The facility described is also suitable for stability and quench
propagation studies on HTS materials under simultaneous ac/dc
magnetic field and ac/dc transport current because the experi-
mental requirements are identical to those of ac loss measure-
ments. Stability and quench propagation measurements have
been performed by other researchers under dc transport current
[18], [19]. The facility reported here would allow for experi-
ments at variable temperatures under ac transport current and
ac magnetic field.

IV. CONCLUSION

A versatile experimental facility was setup to measure ac loss
and stability properties of HTS materials at variable tempera-
tures. The setup allows for total ac loss measurements with ac
transport current and ac background magnetic field. It is possible
to measure samples as long as 15 cm and to vary their orienta-
tion with respect to the magnetic field. A novel double-helical
magnet with a large bore made it possible to accommodate the
cold head to enable measurements between 35 and 100 K. The
experimental facility will be used to understand ac loss and sta-
bility characteristics and to generate engineering data on YBCO
and other HTS materials at wide range of operating parameters.
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