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Characteristics of Wireless Power Transmission Using Superconductor Coil to
Improve the Efficiency According to the Shielding Materials
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Abstract - The magnetic resonance method requires high quality factor(Q-factor) of resonators. Superconductor coils were
used in this study to increase the Q-factor of wireless power transfer(WPT) systems in the magnetic resonance method. The
results showed better transfer efficiency compared to copper coils. However, as superconducting coils should be cooled below
critical temperatures, they require cooling containers. In this viewpoint, shielding materials for the cooling containers were
applied for the analysis of the WPT characteristics. The shielding materials were applied at both ends of the transmitter and
receiver coils. Iron, aluminum, and plastic were used for shielding. The electric field distribution and S-parameters (S11, S21)
of superconducting coils were compared and analyzed according to the shield materials. As a result, plastic shielding showed
better transfer efficiency, while iron and aluminum had less efficiency. Also, the maximum magnetic field distribution of the
coils according to the shielding materials was analyzed. It was found that plastic shielding had 5 times bigger power transfer
rate than iron or aluminum. It is suggested that the reliability of superconducting WPT systems can be secured if plastic is
used for the cooling containers of superconducting resonance coils.
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1. Introduction Quality-factor (Q-factor) of transmitter and receiver coils to
secure resonance characteristics and transfer distance. The
Q-factor,

change or nearby conductors[1-3].

Wireless power transfer (WPT) is the technology that however, can be affected by the impedance

sends energy without any connection to other adaptors or For this reason, a

cables. The technology has two types, radiative or superconducting coil was applied in this study to enhance

non-radiative. The magnetic induction method is a radiative
type. This method is used for wireless recharge in smart
phones and electric toothbrushes.

Being sensitive to magnetic field direction, however, this
method shows high transfer efficiency only when transmitter
and receiver coils have same direction. The magnetic
resonance method is a non-radiative type. In this method,
transmitter and receiver coils resonate in the same
frequency based on the resonant coupling to transfer
energy. Hence, it is less sensitive to the directions of
transmitter and receiver coils than the magnetic induction

method. The magnetic resonance method requires high
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the Q-factor of the magnetic resonance method. As a result,
the superconducting coil showed higher Q-factor than the
copper one. Also, it was confirmed that the transfer
efficiency of the superconducting coil was higher than that
of the copper one[4, 5]. As the superconducting coil needs
to be cooled below the critical temperature, it requires
additional equipment, which is a cooling container. The coil
is closely located to the cooling container. In this case,
electromagnetic interference can occur according to the
materials of composition of the cooling container, and it can
affect the transfer efficiency of the superconducting coil.
For this reason, studies on shielding materials are required
to block the impacts of the electromagnetic interference and
outside noises. In this study, shielding materials were
applied at both ends of the transmitter and receiver coils.
The materials were plastic, aluminum, and iron. The Electric
field(E-field) and S-parameter of the superconducting coil
were analyzed.
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2. Experimental Principles and Design

2.1 Electromagnetic Shielding Effectiveness Theory
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Fig. 1 Electromagnetic Shielding Principle

The electromagnetic shielding effect refers to the
limitation in or entry into a specific area where there are
conductors or ferromagnetic materials. The principle is as
shown in Fig. 1. The electromagnetic wave incident on a
shielding material undergoes absorption, reflection,
diffraction or penetration. The sum of the shielding effects
is called the shielding efficiency. Equation (1) shows the

shielding efficiency.

SE = SR+SA+SB 1)

Sr is the attenuation by reflection, Sa is the attenuation
by absorption, and Sg is the attenuation by internal
reflection of the shielding material. In Equation (1), Sa is
ignored because there is hardly any shielding effect at 10
dB or higher. Equation (2) and (3) show Sg and S, wherein
o is the volume resistivity, F is the frequency, and t is the

thickness.
SR = 50 +10log(pF)-1 2)
SA = 1.7t(F/p)0.5 3)
IL = 10log(P1/P2) (4)

To measure the shielding effect, power is applied to the
wireless power transmission system, and the received power
is measured with and without the shielding materials on the
transmission side (P; and P, respectively). The ratio of the
received power values is the insertion loss, which is
expressed as in Eq. 4[6-9].
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2.2 Experimental Design

Fig. 2 is a WPT system using the magnetic resonance
method with superconducting coils. Table 1 1is the
specifications of the superconducting resonance coil. The
WPT  characteristics and shielding performance were
examined with the shielding materials applied to the coil.
The materials were plastic, aluminum, and iron. Table 2 is
the specifications of the materials. The shielding materials
were 100mm away from the transmitter coil. The same

distance was applied to the receiver coil.

Shielding materials

Resonance Coil( X)i Resonance Coil(Rx)

Source coil [/}
\

38 2 A% QAo AHME HES WPT AlAH
Fig. 2 WPT system with shielding materials applied to
superconducting resonance coils

Table 1 Specification of superconductor coil

Source || Resonance Resonance Load
coil coil(Tx) coil(Rx) coil
Turn 1 5 5 1
Diamet
1AmEer ) osg 325.7 3257 253
(mm)
Thick
ickness 3 10 10 3
(mm)

Table 2 Specification of shielding materials

Iron Aluminum Plastic
Shielding Shielding Shielding
materials materials materials
Width
' 700 700 700
(mm)
1 h
sngt 700 700 700
(mm)
Thickness
2 2 2
(mm)
SHlw 24 685
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2.3 Experimental Results and Analysis

Fig. 3 is the S-parameters of the superconducting coils.
They are the graph representing the reflection coefficient(Siy)
and penetration coefficient(S;;) when no shielding materials
were applied. The resonance frequency is 9.86MHz. The
reflection(Sy1))  was  -26.6658dB, and the penetration
coefficient(Sp)) was —7.3960dB. Fig. 4 is the S-parameters
under iron shielding
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Fig. 3 S-parameters (a) Su(b) Su  of superconducting
resonance coils
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Fig. 4 S-parameters (a) Sii (b) Su of superconducting
resonance coils with iron shielding

Su and Sy were -0.1169dB and -62.3860dB respectively
at 9.86MHz. The resonance frequency that had maximum
S-parameters under iron shielding was 9.74MHz, when Si;
and Sy were -18.3705 and -36.7709dB respectively. Fig. 5
is the S-parameters under aluminum shielding. The
reflection coefficient and penetration coefficient were
measured at the same frequency as there was no shielding.
-0.3575dB, -56.2253dB.  The

S-parameters were measured at the resonance frequency

Si1 was and Sy was

that had maximum characteristics under aluminum shielding.

The resonance frequency was 9.70MHz. Max_S;; was

686
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resonance coils with aluminum shielding

HTS-Plastic Shield_S-parameter s usioshaa &
k0

5,00

-10.00

-25.00

dB(S(1,1))

£-30.00
0.00

2000

40,00

-60.00

dB(S(2,1))

-80.00

-100.00
2,00 925 950 o75 10,00 1025 1050 1075 11.00
Freq [MHz)

I8 6 = 3T 7YY ZetAE AHA HEo wWE
S-parameter (a) Si1 (b) Sa
(b) Sa1 of superconducting

Fig. 6 S-parameters (a) Sn
resonance coils with plastic shielding

-19.2027dB and Max_Sy; was -49.6361dB under aluminum
shielding. It was confirmed that the resonance frequency
and S-parameter varied when shielding materials were
applied. This is because when the electromagnetic waves
meet the aluminum or iron shielding, the eddy current is
generated by electromagnetic induction and it reflects the
waves. ig. 6 is the S-parameters under plastic shielding. Si;
and Sp; were measured at 9.86MHz in the same previous
manner, and they were respectively -0.0679dB and
-46.4489dB. The resonance frequency that had maximum
characteristics under plastic shielding was 9.61MHz, when
Max_Si1 was -28.8951dB and Max_Sp was -9.4393dB. These
values were found to be similar to the S-parameters of the
coil without any shielding. The insulation materials such as
plastic do not reflect the electromagnetic waves, but pass
them. Thus, S-parameters were not affected.

Fig. 7 is the E-field distribution of superconducting
resonance coils with shielding. The resonance characteristics
of superconducting coils according to shielding materials
were identified. Fig. 7(a) is the E-field under iron shielding.
The maximum electric strengths of the transmitter and
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Fig. 7 E-field distribution of superconducting resonance
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coils with shielding (a) iron (b) aluminum (c) plastic

receiver were found to be 4.6416-E™[v/m] and
2.1544-E[V/m] respectively. Fig. 7(b) is the E-field under
aluminum shielding. The maximum electric strengths of the
transmitter and receiver coils were 85700-E™™'[V/m] and
2.1544-E[V/m] respectively. Fig. 7(c) is the E-field under
plastic shielding. The maximum electrical strength of the
transmitter was 1.5849-E%[V/m], and that of the receiver
was 2.5119-E'[v/m]. It was confirmed that plastic had the
highest the best
characteristics in the S-parameter analysis.

electrical strength and resonance
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3. Conclusion

It is essential that superconducting WPT systems have
cooling containers. The containers, however, interfere with
electromagnetic waves of transmitter and receiver coils
according to their materials and characteristics, and affect
transfer efficiency. Thus, studies on the WPT characteristics
according to container materials are necessary. Shielding
materials were applied at both ends of the transmitter and
receiver coils in this study. The S-parameters and E-fields
with and without shielding were compared. Iron, aluminum,
and plastic were used as shielding materials.

As a the with
aluminum or iron shielding, which are conductors, were not
good they
shielding, however,

result, S-parameter characteristics

as reflected electromagnetic waves. Plastic
was found to pass energy without
specific influence. Also, the proportion of the electric field
distribution was examined to see how much electromagnetic
wave from a source diminishes. Plastic shielding showed the
highest received proportion as it passed energy without
significantly affecting the transfer efficiency. Iron and
aluminum showed lower proportion as they caused energy
loss while the electromagnetic waves were penetrated or
absorbed.

It is suggested that the

superconducting WPT systems can be improved if cooling

transfer  efficiency  of

containers are manufactured using plastic shielding materials
based on the results of this study.
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