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Abstract

To break through the bottlenecks of the loss and size of conventional conductors and mag-
netic materials, replacing copper inductors by zero-resistance superconducting inductors
can be a promising solution. The experimental, theoretical and numerical investigations
into the loss characteristics of an air-core superconducting inductor have been carried out.
All these results show that the loss from a superconducting inductor in the boost chopper
circuit was reduced remarkably up to 373 times smaller than the loss from the magnetic-
core copper inductor having the same conditions. Moreover, the actual volume and weight
of the superconducting inductor are only 5.61% and 10.97% of those of the copper induc-
tor having the same inductance and current capacities. Advanced numerical models have
been built to verify the experiments that their results of superconducting losses as well as
the current and frequency dependencies are well matched. A compact, low-loss and low-
cost cryostat has been designed to accommodate the superconducting inductor, which can
further improve the practicability for superconducting inductor to be equipped into vari-
ous power electronic applications. The superconducting inductor can lead power electronic
devices towards ultra-high-efficiency power conversion.

1 INTRODUCTION

AS one of the most common components of power electronic
circuits, power inductor is widely used in diverse alternating-
current (AC) and direct-current (DC) power conversion sys-
tems [1]. Specifically, various types of air-core and magnetic-
core power inductors can be served as transient electromagnetic
energy buffers, filters, oscillators, dampers etc. To properly con-
trol transient energy flow in the circuit, all the power induc-
tors should be designed with a certain inductance and current
ratings. Considering both the engineering current density and
inherent resistivity of copper conductor, air-core inductor is suf-
fered from the large size, heavy mass and high loss. In order to
achieve a compact structure, various types of high-permeability
magnetic cores are adopted. Compared to air-core inductors, the
magnetic-core inductor having the same inductance capacity can
be wound by a much smaller number of coil turns, resulting in
an obvious decrease of unit size.

Considering the ever-increasing developments of clean and
renewable energy sources all over the world in recent years,
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three principal performance requirements of power inductors
used in various power electronic circuits are the small size, high
current and low loss. For the operations of six basic DC-DC
converters of Buck, Boost, Buck-Boost, Cuk, Sepic and Zeta,
and a number of modified chopper circuits [2, 3], power induc-
tors are generally controlled by a series of electronic power
switches to charge and discharge repeatedly for implementing
continuous electromagnetic energy interactions between high-
voltage side and low-voltage side. However, high-frequency
operations cause serious magnetic loss inside the cores and high
copper loss inside the windings due to combined effects of hys-
teresis, eddy, skin and proximity phenomena. From an engineer-
ing application point of view, at present there are two main solu-
tions which are using copper litz wires and optimizing magnetic
core structure [4].

In addition to various low-loss inductor designs at room
temperature, cryogenic operations of magnetic-core inductors
have also been investigated as preliminary trials. It is found that
magnetic losses generally increase as temperature decreases,
and this counteracts the reduction in copper losses and the total
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inductor loss is almost the same as its room-temperature value
[5, 6]. Even worse, if the whole inductor is immersed into the
cryogenic liquid nitrogen at 77 K, the real power dissipation to
take away the heat generated should be multiplied by more than
10 times of the inductor loss occurs at cryogenic temperature.
Even when the magnetic core is removed for forming an
air-core inductor, copper resistivity can only be reduced by a
factor of 5 from 300 to 77 K.

Fortunately, high temperature superconducting (HTS) induc-
tor wound by zero-resistance superconductor is a great substi-
tute for conventional copper unit at 77 K [7]. In Shanghai Super-
conductor Technology Co. Ltd., a commercial ReBCO tape with
average width of 4.8 mm and average thickness of 0.33 mm
has a typical critical current of 220 A at 77 K, correspond-
ing to approximately 138.89 A/mm2 without any conducting
loss. By comparison, copper wire is normally with a resistiv-
ity of 0.02 µΩ m and a current density of 2 A/mm2, result-
ing in a unit loss of 0.08 µW m/mm2. Moreover, the benefit
of high current density in HTS tape makes it available to wind
a small-size inductor which involves no magnetic core at all.
In theory, this superconducting inductor can be considered as
an ideal inductor without both the copper loss and magnetic
loss.

At present, benefited from the unique advantages of zero
energy loss, high current density and compact device size, a
great number of theoretical and experimental studies have done
regarding superconducting coils/magnets (also can be regarded
as power inductors). Prototypes have been investigated and used
into large-scale power and energy systems such as supercon-
ducting magnetic energy storage [8], superconducting fault cur-
rent limiter [9], superconducting power transformer [10], super-
conducting magnetic resonance imaging [11] and superconduct-
ing nuclear fusion [12], where the operating environments are
with DC or relatively low frequencies such as 50/60 Hz. How-
ever, these large-scale superconducting inductors require fairly
high capital cost and relatively large installation dimension. For
most power electronics applications (operating frequency gen-
erally over 5000 Hz), the power inductors need relatively small
inductance ranging from tens to hundreds of microhenry (µH),
where the total cost of superconducting inductor will be much
cheaper as less amount of superconducting material is needed.
Therefore, a new combination of the compact superconduct-
ing inductor and the power electronic circuits can be well
expected to achieve the high-efficiency and economic power
conversions.

To break through the technological bottlenecks rooted from
conventional conductors and magnetic materials, this paper
presents the use of a highly efficient ultra-low-loss supercon-
ducting inductor. The characteristics of operating loss of a
superconducting inductor prototype have been analysed based
on both the experimental loss tests and simulations, which can
clarify the feasibility and practicability of using this supercon-
ducting power electronic circuit towards an ultra-high-efficiency
power conversion.

2 THE LOSS MECHANISM OF
SUPERCONDUCTOR

The superconducting materials are generally recognized as the
perfect conductors which have the lossless behaviour. However,
from engineering aspects, the practical superconducting tapes
and coils suffer a certain amount of loss, particularly when they
are involved in the AC system, for example, working with the
AC magnetic field or AC transport current [13]. These losses are
usually called the AC loss of superconductors. The total AC loss
of HTS coils is normally composed of these losses: the hystere-
sis loss from superconducting layer, and the eddy-current loss
in the metal (e.g., silver and copper) layers, which are the dom-
inant losses in the state-of-the-art HTS wires, while the cou-
pling loss and magnetic loss are much less significant in these
wires [14]. There are several experimental methods, such as the
electrical method, magnetic method and calorimetric method,
which could measure particular losses, but when the complex-
ity of system increases, these measurements will give rise to
problematic interactions and become less efficient [15]. There-
fore, a powerful numerical tool to simulate the accurate AC loss
is essentially important. Based on our previous work [15, 16],
the finite-element method (FEM) using the H-formulation has
been proved as one of the most reliable approaches to com-
pute the AC loss from various complex superconducting sys-
tems, such as our supercomputing power conversion system.

Furthermore, the superconducting power conversion device
in this article not only involved the conventional AC loss, but
also encountered the superconducting dynamic loss [17]. This
is a relatively deeper physics of a superconductor carrying a
DC current and simultaneously in the presence of AC magnetic
field, and then it induces an extra magnetic flux [18]:

Δ𝜙 =
2al Ia

Ic

(
Ba − Ba,th

)
(1)

where Ic is the critical current of HTS tape, a and l are the width
and length of HTS wires, Ba,th is the threshold field, and the Ba

is the half peak-peak value of the applied field and in this article
it was induced by the triangle AC ripple signal from the power
electronics. Fortunately the physics of superconducting dynamic
loss can also be properly calculated by the H-formulation [19].
Therefore the total loss in the HTS coil for this supercomputing
power conversion system can be calculated as:

Ptotal loss = Pac loss + Pdynamic loss + Pinductive loss (2)

The modelling of Equation (2) can be carried out using the
H-formulation based on the FEM software COMSOL.

3 EXPERIMENTAL INVESTIGATIONS

The air-core HTS inductor tested in this work is a single pancake
coil wound by 20 coil turns. Its inner diameter, outer diameter,
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FIGURE 1 A boost chopper circuit to evaluate the loss characteristics of HTS ReBCO air-core inductor

FIGURE 2 Prototype of the low-temperature boost chopper testing
platform

thickness and height are about 200 mm, 219.2 mm, 9.6 mm and
4.8 mm, respectively. The total inductance L is about 203.44 µH.
The entire preparation process of coating, packing, insulating
and winding are presented in the dotted box in Figure 1.

To evaluate the loss characteristics of the air-core HTS induc-
tor, a boost chopper testing circuit is built, as shown in Figure 2.
The HTS inductor is installed inside a low-temperature con-
tainer and fully immersed into the liquid nitrogen at 77 K. With
the sufficient cooling capacity from the surrounding cryogenic
refrigerant, the experimental inductor operates at superconduct-
ing state and exhibits zero resistance with DC. Two power
MOSFETs and their equipped drive circuits are adopted to build
a boost chopper module. Several low-loss copper strips and bars
are used to connect different circuit elements and modules.

As for the control of the testing circuit, complementary
PWM control signals are sent to two power MOSFETs for
implementing a repeated charging and discharging operations

TABLE 1 Main electrical specifications of the boost chopper circuit

Uin (V) Iin (A) D
Uout

(V)

Iout

(A) R (Ω) P (W)

8.1 90 0.7 27 27 1 729

14.4 90 0.6 36 36 1 1296

22.5 90 0.5 45 45 1 2025

32.4 90 0.4 54 54 1 2916

44.1 90 0.3 63 63 1 3969

of the superconducting inductor. If ignoring tiny amount of line
impedance and switching resistance, transient inductor current
can be considered as a triangular wave with DC bias. In general,
this DC bias current is also called the steady-state operating cur-
rent. A current ripple factor K, which is defined as the ratio of
peak triangular current Iac to DC bias current Idc, can be esti-
mated by

K =
Iac

Idc
=

RD(1 − D)2

2 fL
(3)

where R is the load resistance, f and D are the switching fre-
quency and duty cycle of PWM signal. This AC ripple estima-
tion formula has been well proved by practical measurements.
In the cases of f = 1, 2 and 3 kHz, the current ripple factors
obtained from the experimental inductor currents in Figure 3
are about 0.32, 0.17 and 0.12, respectively. These experimental
deviations are less than 0.02 as compared to their corresponding
ideal values in (3).

During the tests, switching frequencies and duty cycles are
set within the ranges of 1–10 kHz and 0.3–0.7, respectively.
In each test, both the switching frequency and duty cycle are
firstly set to obtain a fixed voltage-boosting ratio. Afterwards
the DC source outputs a linear rising voltage for 100 s, resulting
a gradual increase of operating current up to 90 A. A commer-
cial power analyser Tektronix PA3000 is adopted to collect real-
time conducting loss data. Table 1 summarizes the main electri-
cal specifications of the boost chopper circuit.

Figure 4 shows the measured and fitted results of supercon-
ducting losses PHTS with different switching frequencies, duty
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FIGURE 3 Experimental results of input/output voltages (Uin,Uout) and
inductor current Iin with different switching frequencies (D = 0.5, Idc = 90 A,
R = 1 Ω)

cycles and operating currents. It can be seen that overall trend of
the measured data shows an exponential rising behaviour with
the increase of operating current. To depict the mathematical
relation between superconducting loss and operating current, a
double-exponential function is fitted as follows:

PHTS = p1 exp
(

p2Idc

)
+ p3 exp

(
p4Idc

)
(4)

where p1 - p4 are four fitted parameters depending on the
switching frequency and duty cycle of PWM signal. For a fixed
current of 90 A, the measured loss data shows an exponential
damping behaviour with the increase of switching frequency
and/or duty cycle. Therefore, a similar function in (4) can also
be fitted in Figure 5 to match with the measured loss data by
substituting the functional variables.
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FIGURE 4 Measured and fitted results of superconducting losses with
different switching frequencies, duty cycles and operating currents

FIGURE 5 Measured and fitted results of superconducting losses with
different switching frequencies and duty cycles (Idc = 90 A)

From the data analyses above, two basic conclusions can be
made as follows: (i) For a fixed current ripple factor, supercon-
ducting loss has a positive correlation with DC bias current; (ii)
for a fixed DC bias current, superconducting loss has a nega-
tive correlation with both switching frequency and duty cycle.
To summarize, the transient power dissipation in each switch-
ing cycle increases with the increase of DC current and/or AC
ripple.

The losses in the superconducting inductor are measured
with the frequency range 10–100 kHz. For the frequency
increasing up to 100 kHz, the amplitude of current ripple
gradually decreases. Basically, the loss of the superconducting
inductor shows declining trend from the frequency 10 to
100 kHz, and there is no turning point, although there are
some small fluctuations during the measurements at 15.6, 20.5,
34.1 kHz. However, the loss saturates when the frequency is
over 60 kHz. One reason could be owing to the lower limit of
measurable loss by the power analyser, and the other reason
could be due to the dynamic equilibrium of the frequency and
unit cycle loss. Meanwhile, with the increasing frequency, the
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FIGURE 6 Peak current density and instantaneous superconducting loss
distributions inside the superconducting inductor with the AC ripple
frequencies of 1 kHz, 3 kHz and 10 kHz (Idc = 90 A, D = 0.5)

chopper power MOSFETs suffer higher switching losses, which
would weaken the overall efficiency of the chopper circuit. Con-
sequently, considering both the losses from superconducting
inductor and power switches, the operating frequency at 10 kHz
is a reasonable choice for this circuit. We plan to further opti-
mize and balance the losses from superconducting inductor and
power switches, which can be beneficial to improve the overall
efficiency of the cryogenic power electronic system in the
future.

4 SIMULATION ANALYSIS

Figure 6 shows the simulation results of peak current density
and instantaneous total loss distributions inside the supercon-
ducting power inductor with the AC ripple frequencies of 1, 3
and 10 kHz. By comparison, the 1 kHz case in Figure 6a occu-
pies the largest current density, because at relatively lower fre-
quency the AC bias effect is stronger and leads to a higher peak
transport current, while the 10 kHz case in Figure 6c carries
much less peak transport current. Although the superconduct-
ing eddy-current loss is proportional to the square of frequency
and the superconducting hysteresis loss has a linear relationship
with the frequency [20], the total superconducting losses are
decreasing notably with the increase of frequency, which can be
clearly seen by comparing Figure 6d at 1 kHz and Figure 6f at
10 kHz. The main reason is due to the amplitude of AC ripple
decreases remarkably with the increase of frequency, as the slope
of the AC ripple is intrinsically unchanged. The much smaller
AC ripple causes much less superconducting AC loss, and it
could even minimise the superconducting dynamic loss as the
induced AC field even could not reach the threshold field.

Figure 7 presents the comparison of simulation and experi-
ment regarding the superconducting total losses. It can be seen
that up to 30% difference are between the simulation and exper-
iment with lower operating frequencies, which could attribute
to that the power analyser could not handle the superconduct-
ing dynamic loss properly, while the simulation can provide
reasonable values. However, when the operating frequency is
high the simulation results are smaller than the measurement
results, which could be due to the high frequency noise com-
ponents could be more obvious with the small measurement
signals. Overall, the simulation well matches the experiment.

FIGURE 7 Comparison of simulation and experiment regarding the
superconducting losses with different frequencies of the AC ripple current
(Idc = 90 A, D = 0.5)

The skin effect in normal metals is important for higher fre-
quency. However, the superconductor is different from the nor-
mal metals, and even for low frequency operation the current in
the superconductor looks like having the “skin effect-like” phe-
nomenon. As can be seen from the internal coated layer struc-
ture in Figure 1, the actual thickness of the superconducting
layer is only 3–4 µm, which accounts for a very small proportion
of the total thickness of the superconducting tape product (330
µm). Therefore, the “skin effect-like” phenomenon has already
been well simulated by our advanced FEM model, and all the
current has been properly verified to flow in the superconduct-
ing layer.

5 PERFORMANCE COMPARISONS
AND EVALUATIONS

In this work, a 200-µH class copper inductor is also made for
the comparative analysis. To design a current rating of 100 A, six
parallel enamelled copper wires with each wire having a diame-
ter of 2.0 mm are used to wind 37 turns onto a cylinder-shaped
magnetic core assembly. This core assembly is stacked directly
by four Si-Fe magnetic powder cores KSF301026. The whole
inductor has an average diameter of 90 mm and an average
height of 85 mm, resulting in a total volume of about 540.75 cm3

and a total weight of about 2.46 kg. Figure 8 shows the design
configuration and device photo of a 200-µH class copper induc-
tor. This copper inductor prototype is fabricated using typical
engineering design methods, and its main electrical parameters
including the current rating are also verified by experiments.

To further clarify the ultra-low-loss benefit of the supercon-
ducting inductor, the same testing conditions of operating cur-
rents, switching frequencies and duty cycles in Figures 4 and 5
are also applied to the copper inductor. Figure 9 shows the
measurements and fitting results of the losses in the copper
inductor with different switching frequencies and duty cycles
(Idc = 90 A). If comparing each set of the copper inductor
losses in Figure 9 to the superconducting inductor losses in
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FIGURE 8 Design configuration and prototype photo of a copper
inductor

FIGURE 9 Measurements and fitting results of the losses in the copper
inductor with different switching frequencies and duty cycles (Idc = 90 A)
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FIGURE 10 Comparison of 200-µH class superconducting inductor and
copper inductor regarding the volume, weight and loss

Figure 5, tremendous advantages of superconducting inductor
can be seen as the losses are generally over 100 times smaller
and some are even more than 300 times smaller. Figure 10 also
summarizes three main advantages of superconducting induc-
tor as compared to the conventional inductor, it is much smaller
(about 17 times) and lighter (about 9 times), and more impor-
tantly in that specific occasion it has much less loss (373 times
smaller).

(a) (b)

FIGURE 11 Measured and fitted results of (a) copper loss and (b)
superconducting losses with different operating currents (f = 10 kHz, D = 0.5)
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FIGURE 12 Increase in chopper efficiency when replacing the
conventional copper inductor by the superconducting inductor (f = 10 kHz,
D = 0.5)

Most measurements of the total losses are proportional to
the square of the amplitude of the current flowing in the cop-
per inductor. To be more precise, for a testing condition of
f = 10 kHz and D = 0.5, the measured copper loss data is up
to about 54.1 W at 90 A, as shown in Figure 11a. The corre-
sponding equivalent lossy resistance is about 6.68 mΩ, which is
slightly higher than the total DC resistance of 6.51 mΩ. This
means that the winding loss actually counts for a significant
majority of the total loss in this copper inductor. Unlike the
copper winding having a relatively fixed lossy resistance, the
total loss in the superconducting winding depends largely on
the amplitude of AC ripple in each switching cycle, which has
been convincingly proved by both experimental and numerical
results in Sections 3 and 4. As shown in Figures 4d and 11b,
under the same testing condition of Idc = 90 A and D = 0.5,
the total loss of the superconducting inductor decreases signif-
icantly from about 1575 mW at f = 1 kHz to about 145 mW at
f = 10 kHz. By contrast, the superconducting loss measured at
f = 10 kHz is only about 0.27% of that in the copper inductor.
Despite a typical cryogenic cooling efficiency of 10% is con-
sidered [21], the actual power dissipation of the superconduct-
ing air-core inductor can be reduced significantly to about 2.7%
compared to magnetic-core copper inductor. This means the
proposed novel solution of replacing copper inductor by super-
conducting inductor can improve the operating efficiency of the
chopper circuit if considering the substantial reduction in induc-
tor loss. Figure 12 shows the increase in chopper efficiency with
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FIGURE 13 Three typical superconducting inductors assembled with
pancake-shape units

different operating currents. It can be seen that the overall effi-
ciency improvement shows a gradual rising trend as the current
increases. This is mainly because the HTS loss barely changes
but the copper loss is proportional to the square of the operat-
ing current. For the case with an operating current 90 A and an
output power 2 kW, the corresponding efficiency increment is
up to 2.6% approximately in the experiment. Consequently, the
superconducting inductor can well reduce the loss and improve
the overall efficiency for high-current and high-power power
electronic applications.

6 PRACTICAL PROTOTYPE DESIGN
AND COST ESTIMATION

The superconducting inductor is practical for a wide range of
power electronic devices, from small-scale to large-scale appli-
cations. This article has already proved the superconducting
inductor has been well acting as an inductive component in a
lab-scale power electronic circuit, but also shows great advan-
tages of much lower power loss (up to 373 times smaller) com-
pared to conventional inductors. It is understandable that if
engineers use superconducting inductors in high-power appli-
cations, the total inductance and its allowable operating current
capacity should be larger as well. Taking another advantage of
the compact geometry of the single superconducting inductor
unit (only about 5 mm thick for the superconducting coil), they
can be easily and efficiently stacked together and using the series
connection or parallel connection, or series-parallel connection,
as shown in the Figure 13. By using such configurations, the
exact value of inductance can be realized and the overall size
of the superconducting inductor can be still compact, which
shows the flexibility of superconducting inductor towards dif-
ferent scales of power electronic applications.

The cryogenic environment of superconducting inductor is
convenient to achieve as well. In this experiment, we used a
small size liquid nitrogen container to accommodate the super-
conducting inductor. Merely about 10% occupancy was in the
temperature 77 K, and major components (over 90%) were in
the room temperature, as usual.

FIGURE 14 Compact and low-loss cryostat design for superconducting
inductor in high-current power electronic applications

In order to further improve the practical feasibility of super-
conducting inductor to be equipped into different kinds of
real power electronic devices, we developed a delicate cryostat
(shown in Figure 14) for superconducting inductors, whose ves-
sel is connected to the liquid nitrogen and gas nitrogen valves
for the supply and circulation. The cost of the compact cryo-
stat is about $100 and the overall cost of the superconducting
inductor system is below $300. The cryostat has the advan-
tages of compactness, low-loss, and low-cost. The total vol-
ume of the cryostat is only 0.18 × 0.18 × 0.1 m3, and it can
contain 2 L liquid nitrogen. For instance, the total loss in the
cryostat (heat dissipation and superconducting loss) is around
0.476 W, for a boost chopper circuit with 180 A current at
10 kHz. By calculation it uses 0.25 L liquid nitrogen (less than
$0.5) per day, and the liquid nitrogen can be kept with proper
level for 3–5 days and can be automatically refilled by the pro-
grammed and electric-controlled valve. If two copper induc-
tors shown in Figure 8 are connected in parallel to achieve the
current rating of 180 A, the total copper loss will be about
108. 2 W. Given a cooling efficiency of 10% [14], the actual
power dissipation of the whole cryostat in Figure 14 is about
4.76 W. Then the corresponding efficiency increment is esti-
mated to be about 2.55% when replacing the copper inductor
by the proposed superconducting inductor with an advanced
cryostat.

If the overall volume with the cryostat is considered, the size
of the 200-µH superconducting inductor is larger than the cop-
per inductor for this particular small power electronic circuit.
However, it should be noticed that this merely a small-scale
power electronic circuit, and for large-scale system the super-
conducting inductor can be much more advantageous. With the
falling down price and the increasing production of supercon-
ducting materials, as well as the convenience of compact and
low loss/cost cryogenic technology, it will be fully feasible that
the superconducting inductor can be used by a great number
of high-capacity power electronic applications such as the water
electrolysis system [22, 23], photovoltaic power plant [24, 25],
electric vehicle (EV) charging station [26, 27], and internal data
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center [28, 29]. Most of these potential applications use low volt-
ages but extremely high currents in the future low-carbon power
and energy systems. This implies that a typical MW-class power
conversion device might be operating with current level over 10
kA, which can be difficult to use conventional copper inductors
with tremendous sizes.

The present solution mainly uses the parallel operation and
combined control of up to several hundreds of power con-
version units using conventional copper inductors [30–32].
This significantly enlarges the overall size of the integrated
system, and also increases the investment of both the capi-
tal cost and operating cost. Worse, due to the system hard-
ware redundancy and control complexity, conventional cop-
per inductor based power conversion assemblies are more
likely to suffer from the potential risk of power supply distur-
bances and faults. However, the compact power conversion unit
using a high-current low-loss superconducting inductor can be
expected to solve these issues and realize high-reliability power
networks.

It should also be noted that the cryogenic operation of
the power electronic switches like MOSFET has promis-
ing prospects because their reduced on-state resistances and
improved energy efficiencies are better than the situations in
the room temperature [33–35]. In particular, this so-called cryo-
genic power conversion is well suited to combine with our
proposed superconducting inductor device which already has
been using the proper self-contained cryogenic environments
[36–38]. In addition to the significant efficiency improvement
achieved by the uses of superconducting inductor and cryogenic
power electronic switches, this emerging cryogenic power con-
version technology also has the several accessary advantages as
follows [21]: (1) Elimination of large-volume and heavy-weight
drawbacks in conventional air or water cooled devices; (2) elim-
ination of potential overheating risks in MOSFETs; (3) per-
mission of high current and power ratings. Therefore, based
on experimental and theoretical analyses on the high-efficiency
superconducting inductor in this paper, and the loss character-
istics of cryogenic power electronic switches in the literatures
[33–38], there would be further balance and optimization of the
operating parameters of superconductor elements and semicon-
ductor devices in various cryogenic power conversion systems,
with proper design guidelines [39-41].

7 CONCLUSION

Experimental, theoretical and numerical investigations into
the loss characteristics of a superconducting power electronic
inductor have been presented. The results show that super-
conducting loss has a positive correlation with operating cur-
rent, but negative correlation with both switching frequency
and duty cycle. Two main superconducting losses, the super-
conducting AC loss and superconducting dynamic loss, have
been accurately modelled based on the physical mechanisms,
which have also verified that the experimental results are in
reasonable ranges. Both the experiment and simulation show
the loss from a superconducting inductor in the boost chopper

circuit is reduced significantly up to 373 times lower than the
loss from the magnetic-core copper inductor having the same
conditions. Furthermore, the actual volume and weight of the
superconducting inductor are only 5.61% and 10.97% of those
of the copper inductor having the same inductance and current
criteria.

A compact, low-loss and low-cost cryostat has been designed
to accommodate the superconducting inductor, which can fur-
ther improve the feasibility to introduce the superconducting
inductor to be installed into various power electronic applica-
tions. The overall cost of the superconducting inductor together
with the cryostat is below $300, and the maintenance is also
cheap and simple and can be automatically done by the pro-
grammed and electric-controlled device. The new contents
of this paper lay some technical bases for the wide uses of
ultra-low-loss superconducting inductor into diverse high-dense
high-power high-efficiency power electronic circuits and power
conversion systems.
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