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WPT system with flying-capacitor converter

on both primary and secondary side for current harmonics reduction

Rintaro Kusui®, Keisuke Kusaka, Jun-ichi Itoh (Nagaoka University of Technology)

A wireless power transmission system with a flying capacitor converter (FCC) as the primary power supply has been proposed

to reduce current harmonics that cause radiation noise in low-order harmonics. However, a diode rectifier on the secondary side

applies a square wave voltage to the secondary transmission coil. Owing to the harmonics components on the square wave, current

harmonics are not sufficiently reduced. In this paper, a WPT system is proposed in which an FCC is also used on the secondary

side to reduce the voltage harmonics applied to the secondary transmission coil. The proposed system reduces the primary and

secondary side current odd-order harmonics by more than 10 dB compared to the conventional system, as confirmed by simulation

and experiment with a prototype. In addition, the radiation noise is reduced by the proposed system by 22.0dB at the 3rd-order

component.
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(a) WPT system with inverter on primary side

and diode-rectifier on secondary side.
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(b) WPT system with flying-capacitor converter
on primary side and diode-rectifier on secondary side.

Fig. 1. Conventional configuration of WPT system.
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Fig. 2. Equivalent circuit of S-S compensated WPT system.
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Fig. 3. Proposed WPT system configuration
with flying capacitor converter

on both primary and secondary side.

Table 1. Simulation and experimental conditions.

Prameters Symbol Value
Input/Output Voc | Inv-D.Rec:340 V
DC voltage Vbe; |FCC-D.Rec:370 V
FCC-FCC:420 V
Rated output power Pout 1 kw
Transmission frequency f 81.0 kHz
Dead time Tyq 250 ns
Self-inductance Li,L, 595 uH
Resonant capacitors C.,C, 6.3 nF
Coupling coefficient k 0.275
Number of level for FCC n 5
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(a) Inverter on primary side

and diode rectifier on secondary side.
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(b) Flying-capacitor converter on primary side
and diode rectifier on secondary side.

Fig. 4. Operation waveform of proposed system.
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Fig. 5. Operation waveform of proposed system.
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Unfolder output voltage vacl [250V/d|v]

T Secondary cofl current L [BA/IVT ]
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(a) Conventional configuration of WPT system with inverter on

primary side and diode rectifier on secondary side.

Unfolder output voltage Vacl [250V/d|v]

Primary coil wrrrc]a% rl\;m[gﬁdn?? o2 [Sfldlv]g 4[ps/d|v]

(b) Conventional configuration of WPT system

with flying-capacitor converter on primary side

and diode rectifier on secondary side.

Rectifier input voltage Vac, [250V/div™
: Unfolder output voltage Vac1 [250V/d|v]

(c) Proposed WPT system with flying-capacitor converter on both
primary and secondary side.
Fig. 6. Operation waveforms of proposed and conventional WPT

systems.
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PE-23-092
PSE-23-098
SPC-23-148

Inv. - Diode Rec.

FCC- Diode/:zec. /

FCC-FCC

0.01 0.1 1 10
Frequency [MHz]

(b) Rectifier input voltage

U}
Inv. - Diode Rec. /
FCC - Diode Rec.
FCC-FCC

LD
[SS
(=]

0.01 0.1 1 10
Frequency [MHz]

(d) Secondary coil current.

Fig. 7. Result of harmonics analysis.
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Table 2. Rate of change for low-order harmonics of primary

and secondary side current from configuration with
inverter on primary side and diode rectifier on secondary

side.

Number of order

Value | Configuration
3rd | 5th [ 7th | 9th | 11th

Primary [FCC- D. Rec.| 42.9 | 155 | 34.6 | 132 | 74.8
current
[%] FCC-FCC || 3.14 | 46.2 | 39.4 | 75.4 | 72.6

Secondary | FCC - D. Rec.|[ 84.8 | 163 | 79.2 | 72.3 | 112
current
[%] FCC-FCC | 850 | 7.75| 24.9 [ 54.9 | 49.0
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Fig. 9. Measurement result of radiation noise at 80cm from

center of the transmission coils with EM-6992.
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