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Current leads in superconducting magnets are widely adopted for heavy current transmission, and HTS DC cables have great
advantages when used as current leads for such purposes. However, as an important parameter of HTS DC cables, AC loss has a
strong impact on the stability and operation cost of current leads. In this paper, experiments were conducted to measure AC ripple
losses of HTS tapes and HTS cables, and simulations of HTS tapes were carried out. The paper has reached conclusions on the
relation between AC losses and power frequencies.

1. Introduction

Current leads are among the most important components
in superconducting equipment, such as superconducting
electric apparatus and superconducting magnets. Generally,
high temperature superconductors (HTS) are widely used as
current leads, as they may reduce heat leakage along current
leads from room temperature to liquid nitrogen or liquid
helium. Bi-2223-based hybrid current leads have been used
extensively in accelerators and superconducting magnets
[1]. Recently, 2G coated conductors have been reported
for current leads (CL) application [2], demonstrating the
feasibility of HTS tapes for CL application. Although DC
current is always applied to the magnets and accelerators, AC
ripple currents exist simultaneously with DC current during
the transient processes of excitations and deexcitations, thus
incurringACLosses in theHTS tapes. AC loss is an important
factor for HTS electric equipment in that it determines the
capacity of the accompanying cryogenic cooling system [3].
References [3–7] have experimentally researched the AC
loss behavior of superconducting tapes under AC ripple
superimposed on a DC offset current, providing useful
guidance for the evaluation of AC losses when the DC and
AC ripple currents exist simultaneously. References [8–13]

provide some measuring methods of AC losses, but the
applied frequencies of AC ripple currents are not typical in
actual power systems.

This paper aims to research experimentally AC ripple cur-
rent losses of HTS tapes and the HTS cable for the common
frequency range in the actual power system. Simulations of
HTS tapes were also carried out under this study.The applied
AC ripple current was the odd multiples of basic frequency.
AC losses were measured under different amplitudes of
AC currents and at different frequencies. Moreover, in the
experiment, DC currents were themost part, while AC ripple
currents were a small part of the total current, which is more
consistent with superconducting electric DC equipment in
reality. At the end of the paper, experiment data was provided
and analysis was given about the causes for the phenomena.

2. Experimental Setup

2.1. Parameters of the YBCO Tape. The YBCO supercon-
ductors are made by Suzhou Advanced Materials Research
Institute, and their critical current is 60A at 77K. The width
is 2.5mm, and the thickness is 0.18mm. The specification of
the superconductor was listed in Table 1. Although the critical
current of the YBCO tape was a little lower, it was fit for the

Hindawi
Advances in Condensed Matter Physics
Volume 2018, Article ID 1904817, 5 pages
https://doi.org/10.1155/2018/1904817

http://orcid.org/0000-0002-6741-2072
https://doi.org/10.1155/2018/1904817


2 Advances in Condensed Matter Physics

Table 1: Specification of the superconductor.

Electric parameter
Width 2.5mm
Thickness 0.18mm
Critical current 60A
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Figure 1: The schematic picture of the total current which includes
the DC current and the AC ripple current.

experiments because of the capacity limit of the adjustable
capacitor.

First, the critical characteristics of the HTS tape were
measured, and the results were highly consistent with the
critical current. Then we set up the experimental platform
at which the AC losses were measured under the DC and
AC ripple currents. The total current was shown in Figure 1,
where we used the amplitude values for AC currents [5].
Thus, the total current is the sum of the DC current and the
amplitude of the AC current.

2.2. Experimental Setup. In order to generate the hybrid
source signal, a DC current source and an AC current source
were paralleled. An adjustable capacitor was used in case
the DC current might circulate to the branch of the AC
current source. During the experiments, a fixed DC current
was set to the HTS tape. Then, we changed the frequency
of the AC current source to the set value. At the same
time, the capacitor was adjusted because of the change of
frequency. A lock-in amplifier was used to find the in-phase
component of the voltage. In the experiment, we measured
the frequency of 50Hz, 150Hz, 250Hz, and 350Hz. They
are the odd multiples of the basic frequency and the most
typical frequency components in the power system and the
electric equipment. Every time the data acquisition system
recorded the data for the following analysis. Figure 2 showed
the schematic experimental platform andFigure 3 showed the
real experiments photos. Since the critical current is 60A, the
highest total current we applied was 1.2 times 𝐼

𝑐
, that is, 72A.

The AC current was measured by the Rogowski coil and the
total current by the shunt resistor.

3. Experimental Results

First, we fixed the DC current to 45A.Then we increased the
AC current step by step from 5A to 27A at a fixed frequency.
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Figure 2: The schematic experimental platform.
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Figure 3: The real experimental photos.

Figure 4 showed the result of AC losses with the DC current
of 45A and the different amplitude of AC currents at the
frequency of 250Hz and 350Hz. From the result, we could
see that the AC losses increased with the amplitude of the AC
current. When the total current approached 72A, the losses
increased greatly compared with that of 50A. Figure 4 also
showed that the AC loss was irrelevant to the frequency.

Figure 5 showed that, at a fixed AC current, the AC losses
only slightly increased with the increase of the frequency.
It signified that the AC losses were not much related to the
frequency from 50Hz to 350Hz. On the other hand, the
amplitude of the AC current had much more impact on the
AC losses. With the increase of the amplitude of the AC
current, the AC losses increased prominently.

Then, we fixed the DC current at 55A. With the same
steps as previously, we got the results as Figures 6 and 7
showed. We can see that the AC losses slightly increased
with the frequency when the total current was 60A. And the
amplitude of theAC current hadmore effect on theAC losses.
In order to research the effect of the DC current and the AC
ripple current, we changed the different component of the
total current while keeping the total current fixed. Figure 8
showed the experimental result. It showed that, at the same
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Figure 4: The AC losses at the DC current of 45A at the frequency
of 250Hz and 350Hz.
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Figure 5: The AC losses at the DC current of 45A at different
amplitude and different frequencies.

total current of 65A, the AC loss at which the DC current
was 45A and the AC current was 20A was larger than that at
which the DC current was 55A and the AC current was 10A.
It signified that the component of the AC current had much
more effect on theAC losses.Why did it happen like that?The
current distribution was the starting point. With “ripples” of
larger amplitudes, it is the edges of the HTS tape that make
the predominant contribution to the loss [14].

Figure 9 showed the result of the AC losses of the 0.3m
HTS cable. The DC current was 200A and the AC ripple
current ranged from 5A to 25A. The AC losses were also
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Figure 6: The AC losses at the DC current of 55A at the frequency
of 250Hz and 350Hz.
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Figure 7: The AC losses at the DC current of 55A at different
amplitude and different frequencies.

insensitive to the frequency and increased with the AC ripple
currents.

4. Simulation Results

To verify the measurement, a two-dimensional finite element
method model based on H-formulation and the 𝐸-𝐽 power
law was established. AC losses of HTS tapes were simulated,
with the coexistence of DC and AC ripple currents.

The simulation result was shown in Figure 10. The
comparison was made with the simulation result and the
measurements. Experimental results had a little discrepancy
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Figure 8: The AC losses at the same total current of 65A but at the different DC current and the AC current.
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Figure 9: The AC losses of the 0.3m HTS cable at the DC current
of 200A at different frequencies and different AC currents.

compared to the simulated results when the AC current was
small.This discrepancywasmostly caused by the background
noise during measurement when the current was small. The
trends of themeasured curves and simulated curvewere quite
similar. Moreover, the losses all increase as the total currents
increase towards the critical value.

5. Conclusion

This paper studies AC ripple losses of HTS tapes through
experiments and simulations. We found the following in the
experiments: (1) AC losses increased with the amplitude of
AC currents, when holding the DC current constant. (2)
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Figure 10: Comparisons of the measured results and the simulated
results of the HTS tape.

When the sum of DC current and the amplitude of AC ripple
current approaches the critical current, AC losses increased
remarkably. (3) AC ripple currents had minor effects on the
total AC loss when the ratio of AC to DC current was small.
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