
Fig. 3. Superconducting coils schematic with a variable capacitor
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Analysis of the coupling factor according to diameter 
of superconducting transmitting and receiving coils

▣ Abstract
 In this paper, a variable WCS using superconducting coils is proposed. In the general WCS,

the frequency selection characteristic changes according to the mutual inductance value,
which is based on the distance between the transmitter and receiver coils; that is, the
wider the distance is, the more rapidly the efficiency decreases. EV may have different
frequency selection characteristics depending on the vehicle clearance.

 In this study, the mutual inductance value according to the changing clearance of the
vehicle was analyzed, and it was ensured that the constant frequency selection
characteristics would be maintained by varying the capacitor value.

 The study results confirmed that the variable WCS demonstrates higher efficiency than
the general WCS.

▣ Theory

𝑊𝑖𝑟𝑒𝑙𝑒𝑠𝑠 𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =
1

2𝜋 𝐿𝐶
(1)

 Resonance frequency

When two objects share the same frequency, energy is transferred between them. This
frequency is resonance frequency. Eq. (1) represents the resonance frequency. The values of
L and C can be adjusted to create selectivity at specific frequencies.

Fig. 1. The modeling of the transmitter and receiver coils.

 Experiment design

- As the coil shall be applied to the lower section of the vehicle, it was made into a spiral
type with a small volume.

- Two transmitter and receiver coils made of superconducting material were designed.
- 350 kHz was selected for the resonance frequency.
- Table 1 shows the coil design parameters.

TABLE I

PARAMETER OF SUPERCONDUCTING COIL

Parameters Value

Material Superconductor

Diameter 20 [cm]

Pitch 1[cm]

Height 1.2[cm]

Inductance (L) 16.73 [μH]

Capacitance (C) 12.36 [nF]

Impedance matching 0 [Ω]

▣ Experimental
Mutual Inductance

- At the 20 cm interval, it was resonated at 350 kHz, thereby confirming that it was about -
27.1 dB. However, the reflection coefficients were -0.5, -0.3, and -3 dB respectively at the 
frequency of 350 kHz. 

- The transmitting coefficients for the different distances were -22, -1.87, -12, and -31 dB, 
respectively.

Fig. 2. S-parameters according to the changing distance of the wireless charging system (a) S11 (b) S21
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▣ Experimental

𝑊𝑖𝑟𝑒𝑙𝑒𝑠𝑠 𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =
1

2𝜋 (𝐿±𝑴)𝐶
(1)

 Variable wireless charging system

- Fig. 3 shows the proposed variable WCS.
- To change the capacitor value according to the change in the mutual inductance, 

capacitors were connected in parallel using a switching system. 

TABLE II

Mutual-inductance & Capacitance according distance

Distance 20 [cm] 30 [cm] 40 [cm]

Wireless Charging 

Frequency
350[kHz] 362[kHz] 371[kHz]

Inductance & Capacitance
16.73 [μH] & 12.36[nF]

Mutual Inductance 0 [μH] -1.09 [μH] -1.94 [μH] 

Capacitance @ 350kHz 12.36 [nF] 13.22 [nF] 13.89 [nF]

- The inductance of each coil and the mutual inductance occurring between the two coils 
affect the resonance frequency. 

- Eq. (2) is a resonance frequency equation that considers the mutual inductance.

- Table 2 shows the mutual inductance according to the distance, which was calculated 
using Fig. 2. The mutual inductance was calculated using Eq. (2).

Fig. 4. Smith chart according to the distance of the 
variable wireless charging system
(a) 20cm (b) 30cm (c) 40cm

▣ Conclusion

TABLE III

Comparison of experimental results

Normal

Capacitor @ 350 [kHz]

Variable Capacitor @ 

350 [kHz]

20 [cm]
S11 [dB] -27.1 -27.1

S21 [dB] -1.87 -1.87

30 [cm]
S11 [dB] -0.3 -24.8

S21 [dB] -12 -2

40 [cm]
S11 [dB] -3 -26

S21 [dB] -31 -1.91

(a) (b)

(c)

Fig. 5. S-parameters according to the distance of the variable wireless charging system S-
Parameter (a) 20cm (b) 30cm (c) 40cm

- Table 3 sums up the S-parameter values according to the availability of a variable 
capacitor in the WCS. When the variable capacitor was not applied to the WCS, the 
resonance frequency was affected by the mutual inductance of the coil, and the 
transmitting characteristics between the coils were rapidly reduced.


