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Three-Phase Wireless Power Supply System Using Matrix Converter
Koki Yamanokuchi, Student Member, Shunsuke Takuma, Student Member, Keisuke Kusaka, Member,
Jun-ichi Itoh, Senior Member (Nagaoka University of Technology)

This paper proposes the three-phase wireless power transfer (WPT) system with three-phase to three-phase matrix

converter. The proposed system directly converts the power from AC grid to high-frequency AC for WPT. The three-

phase WPT system with the matrix converter is effective to expand the lifetime of the WPT system. New hybrid

commutation method, which is suitable for the WPT system with a resonant characteristic is proposed to avoid the

commutation failure of the matrix converter. The strategy of the proposed hybrid commutation is based on an

estimation of the current direction considering to the resonant characteristic and elimination of the commutation in the

critical area. The proposed commutation method achieves AC input-current THD of 3.7% with the resonant three-

phase load without a current sensor on the high-frequency side. Furthermore, the proposed WPT system achieves an

system efficiency of 88.5% at 1-kW load.
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Fig. 1. Three-phase wireless power transfer installed matrix converter
Uy 7 A3 N"=2DANHENh&7 77 LTn5H AT A e e w,

BT PEIRBA T & 2R 2 i3 2 el 2 =T,

2IZEH WPT VAT A DniE oA VORLE &SR Z R
T, VAYXY LV AREHE LT, @X@)TREINTWVD 12
oYL A Rag vzl =4 WPT AT L% H»
%, ZAR12 AL WPT > 25 L& W5 &, HifE WPT o
AT BZHAT 1 BB OWMFERINED 20, HHE
R TE D, E6IT, EEBEKEGSNTZ220Y L/ A
RaAf L &GHELET S 2 & TIRAVBAR S v oL s
ND AR, 120DV v ) A RaA )L aEfF>=F PWT
AT MIRET WPT 12 LT 5,

AL T, WPT A LD 1 kAL 2 RFNZENEIVE
FNWCHIR 2 T UV 2T H SIS FRAEHWD, 2 b0
HFa TP K AL NVDHCA VF T B R ARk
WHTHET 2L OBFT22 LT, BENOALSEE
St L, koA NV CE L DR & B HER O EEE K
FIRIT D, eBARBLTIE, VAT LAOKREE(LE RIEZ
T WPT v A7 LADOAREEES A 20 kHz &35, {ZkfE
BELBEERENPELNWEEX, v ) vy IR RN—HFD
HAOhERPRBLZ 1 &5, ZORBMEERFMA L, BRRERS
K CIIHEHE IR 2 Jfl 5%,

3. T hYy I RAUN—Z D

(3-1) {R#8 AC/DC/IAC T F =

AKESCTHE, <~ MY v Z 2ar"—2OHIE L LR
AC/DC/AC 27 XA W50, {{F8 AC/DC/AC Z#i)7
T~ b U v 7 A3 =2 O AT BRI & 52
RCIETHDZ L ZFM LT, #HIf2RAEER KT
LARAREER A R — B L THEZ D,

ARE R R AIXZE M N7 PAERIC X - THRIET D
O, Z0L &, MBEER A R —F X1 VAR 1T S,
PWM g & A N\ —Z O L > CTER ST A A
OF VTNV AERRTDHIET, v ) w7 AT LN~
BDAA F U TNNVAEERT D, 72720, AA v F 7
BB O 7= Ic, BRSO € X7 by L EEm
AUNR—=HDRT NVEFEOZ A I 7R SES,

XK 3 ICERBIETERONRT MV E AL v F o T —

100

Luig iy1 L iy
ry o] U1 ﬁ o | > U2
S ML TA I =l M
L AW Liza 3
le/ X \ Lot v

= \ Luoa
- L
sz \ WZB-

Ivi Vi Iz Vz
- —»

Fig. 2. Connection and placement of transmission coils

in Fig. 1.
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Fig. 3. Space vector for virtual current source PWM rectifier.

V,
010, b v, 110
10175 2 001 v =[Sw Sw Sw
Vout ! Sun Svn Swn
100
011 Vioonn =[l 0 Oj
Va Va 011
Sector _(ON OFF OFFJ
oo |, Ve 101 OFF ON ON
10 °° 010

Fig. 4. Space vector for voltage source inverter.
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Fig. 5. Suppression of commutation failure at input voltage change

from R to S.
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Fig. 6. Simulation of voltage commutation.
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Fig. 7. Simulation of proposed commutation.
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Fig. 8 . Waveforms of the matrix converter with the proposed
commutation method.
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