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Analysis and Design Technique of a Spiral Inductor for a
Wireless Charging of Electric Vehicle
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Abstract The coils to transmit the electric energy are necessary to charge an electric vehicle
wirelessly. There are several types of coils, from basic circular coils to DD-type coils for
enhancing the coupling effect between two coils. However, DD-type coils with a good coupling
effect between coils have a disadvantage in use because of the structure complexity of the power
conversion device of transmitting and receiving side. In this paper, we propose a method to
calculate the inductance value and to design the size of the spiral inductor which is convenient to
fabricate when the power is transmitted wirelessly by using two coils in free space. Since the
bifurcation phenomenon occurs when the XLm value is similar to the load resistance value in the
resonator the XLm value was selected to be equal to the minimum load resistance value to
minimize this phenomenon, and the inductance value required for the resonator was calculated. In
order to realize the calculated inductance value by the spiral inductor, the relationship between
the inductance value and the size, the number of turns, the total coil length of a spiral inductor
was investigated. In addition, the change of coupling coefficient k according to the horizontal
separation of two coils was examined and an appropriate inductor was selected.
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Fig. . Configuration of a wireless power transmission
inverter and a transformer equivalent circuit and a
resonator circuit; (a) a typical configuration of a
wireless  power transmission inverter, (b) a
transformer equivalent circuit of a magnetic coupling
circuit, (c) a resonator circuit including all circuit
elements, (d) resonator circuit divided into two
parts, three component circuit and two component
circuit, (e) a resonator circuit divided into two parts,
two component circuit and three component circuit
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Fig. 2. Frequency characteristics of a resonator according
to the load resistance values.
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Table 1. Comparison of the calculated values and the
p-spice simulation values of resonant frequencies

calculation p—spice
frequency ) )
values simulation Results
fi (kHz) 89.5 89.5
fi1 (kHz) 81.0 81.0
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Fig. 3. Relationship between a inductance value and a
number of turns, a coil area, a coil length of ro=30
cm inductor
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Table 2. Comparison of inductance calculation and
Maxwell simulation values of the inductors

(cm) N N length area

rolem urn No.

° (cm) (%)
37 16 3396.2 316
30.3 19 3134.3 439
24.6 24 2984.3 62.8
20.2 38 2960.4 93.9

lculati Maxwell

calculation _
simulation LA=Bl  10
rocm) value(A)

result(B) (%)

LGH)

L(H)
37 337.9 346.4 252

30.3 337.6 334.3 0.98
24.6 336.8 325.6 3.33
20.2 336.8 330.6 1.84
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Fig. 4. Coil position for calculating the coupling coefficient
of two coils
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Table 3. The k values of two inductors of the same
size according to the horizontal separation

calculation k values

area(%)| value eflro | efry | el
LgH) | =0 | =05 | =1
37 16 | 316 337.9 0.22 | 0.18 | 0.08
303 | 19 | 439 337.6 0.19 | 0.16 | 0.07
246 | 24 | 628 336.8 0.16 | 0.13 | 0.06
202 | 38 | 939 336.8 0.12 | 0.09 | 0.04

Io turn
(cm) | No.
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Table 4. The k values of two inductors of the different
sizes according to the horizontal separation

calculation k values
. lo
No. | inductor (m) value elr, | eflrs | el
cm
LGH) =0 | =05 =1
Lp 37 337.9
1 0.11 ] 0.10 | 0.03

Ls 20.2 336.8

Lp 37 337.9
2 0.2 | 0.15 | 0.06
Ls 30.3 337.6
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Table 5. Calculated inductance values of the inductors
according to ro

Io turn length area calculation
(cm) No. (cm) (%) value L(H)
30 9 1593.9 226 956

15 18 1288.7 74 97.3

B 6. F 7ol QIHE A3l k 4 d=20 cm
Table 6. The coupling coefficient k value of two inductors,

ad=20 cm

; k values

No. | inductor ( O) elro elro elro

em 0 | =05 | =t
Lp 30

1 Ls 0 0.17 0.13 0.07
Lp 15

2 Ls 5 0.07 0.06 0.04
Lp 30

3 Ls 15 0.08 0.07 0.03
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