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Abstract A transfer function from an input voltage to an input current of wireless power transfer is characterized
by resonance frequencies, quality factors, and coupling coefficient of a transmitter and receiver. In this paper, the
settling time of the system is estimated from the dominant pole of the transfer function and a rise time of the
input voltage for a soft start operation is determined based on the analyzed settling time. The simulations and
experiments demonstrate the effectiveness of the proposed method and their results show a design trade-off between
overshoot and settling time due to the voltage rise time.
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Fig. 1 Equlvalent circuit of the wireless power transfer system.
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Fig. 2 Waveforms without soft start operation (step response).
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Fig. 3 Diagram of soft start operation.

Tab. 1 Specifications of coils

Parameter Value
Resonance frequency 85 kHz
Transmitter coil resistance Ry | 867 m$2
Transmitter coil inductance L | 292 pH
Transmitter quality factor Q1 180
Receiver coil resistance Ro 362 mQ)
Receiver coil inductance Lo 224 pH
Receiver quality factor Q2 328
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Fig. 4 Equivalent circuit with induced voltages.
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Fig. 5 Block diagram of wireless power transfer.
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Fig. 7 Evaluation contents (I1max, Ov, and ts).
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Fig. 8 Simulation results with soft start operation (73 = 0.5 T%).

Input voltage V, vl
o

L
o
=1

150,

0 2 4
Time [ms]

6

(a) Input voltage V1

Fig. 9 Simulation results with soft start operation (T3 = T5).

Input current I, [A]

0 2 4 6 8

Time [ms]

(b) Input current Iy

Input current I, [A]

0

2 4 6 8
Time [ms]

(b) Input current Iy

150 3
5 100 z 2
>~ 50 —_ 1 -
> !
g o 2 o——
3 3
2 50 - -t =
= 5
Q =3
< -100 = -2
Y 2z 4 6 E) 0 2 4 6 8
Time [ms] Time [ms]

(a) Input voltage Vi

Fig. 10 Simulation results with soft start operation (T = 2 T5).
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Tab. 2 Comparison of simulation results.

Tr | Iimax [A] | Ov [%] | ts [ms
0 (step) | 16.8 1440 | 5.9
0.5 Ts 2.23 105 4.0
T, 1.61 477 | 49
2 T, 1.34 229 | 70
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Tab. 3 Comparison of experimental results.
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