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Dynamic Charging Using Off-Resonant Coil

Array With Receiver-side Compensation”

Tatsuya Ohashi

Abstract

In inductive power transfer (IPT) system, basics compensation topologies:
series-series (S-S), series-parallel (S-P), parallel-series (P-S), and parallel-parallel
(P-P), are commonly used. On one hand, a compensation circuit topology
mounted only on the receiver- side that achieves constant voltage functional-
ity has been proposed. We adopt this method in the designing an IPT system
using many small coils to deliver power to a moving receiver with larger coil. The
compensation circuit at the receiver will be designed to approximately cancel out
all the reactive components in the coupling link between the receiving coil and the
nearby transmitting coils. As a result, the load will be seen almost directly from
the source, and thus, stable output voltage can be achieved even if the receiver
moves and/or if the load resistance varies. In principle, since this system does not
install a compensation circuit on the transmitter side, the current flowing through
into the uncoupled transmitting coil becomes small due to its reactive component,
which contributes not only to reduction of leakage electromagnetic field but also
to sensorless operation that automatically switch transmitting coils without a
sensor. Simulation results and experiment results confirm that proposed system

shows the effectiveness of our proposed method.

*Master’s Thesis, Graduate School of Science and Technology, Nara Institute of Science and
Technology, March 13, 2020.
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11 ZEAHEEREROZ A4 1Y I 2L —>a YETIL

#2 VIal—YavRITA—X

Primary | Secondary
Coil inductance Lyg | 32.9 pH | 94.6 pH
Coil size 50 x 50 cm
Coil gap 5 cm
coupling coefficient k 0.42
Mutual inductance M 23.8 uH
Capacitance C'y 69.4 nF
Capacitance Cy 8.9 nF
Capacitance Cs 26.5 nF
Operating frequency 200 kHz
Input voltage Vi, 10V
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(a) 2=0[cm] (b) 2=13.75[cm)] (¢) z=27.5[cm)]

(d) z=41.25[cm)] (e) z=55[cm] (f) 2=68.75[cm]
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Stop
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X[mm]
53 106
23 WS
R 3 FENTA-X
Primary | Secondary
Coil inductance Lty | 6.44 pH | 27.15 pH
Coil resistance 670 mf2 1.03 ©
Coil size 43 x 43 mm
Coil gap 3.0 mm
Mutual inductance M 6.16 pH
Capacitance Cy 29.5 nF
Capacitance Cy 2.26 pF
Capacitance Cj 102.7 nF
Operating frequency 200 kHz
Input voltage Vi, 7.0V
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3.2.2 EERIA
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4. ZRITEHEICH T2 EEERFES & Mm XL
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F4 ¥Ialb—YaryNIA—X&

Primary | Secondary
Coil inductance Lty | 8.7 pH | 34.1 pH
Coil size 50 x 50 cm
Coil gap 5 cm
coupling coefficient k 0.46
Mutual inductance M 8.0 uH
Capacitance C4 904.2 nF
Capacitance Cy 24.3 nF
Capacitance Cs 78.3 nF
Operating frequency 200 kHz
Input voltage Vi, 10V

4.2 T
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ANVDERA VY RZ IR ZMEREF L2 e hnBEZNSNS, K29 IZKY Y 3
v T DEEMNERE R, BRI ZEBORY Y a Vit o T —EE LD,
BBLE 80N o7z,
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5. XEBEWIEEH D EE DY AT LFHH
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V=Y a v EWTHS. 22T, SEA2 055 5AOEEERIES & O/
R WET B

X 30 ZEHN2O0H55E5EDYIalL—YavETIL

5.1 ¥ 2T LR

M 30 IZZEHMN2O0HDLEDYIal—varvETIVERLE YIal—
VaVNTA—RERFIZRT. 9DDEBIANNE 3IODODDXEBIANINEED
2R Ryt Ryp TR I N T WS, 2002 FEIIZM 31 TRT LD ICEEIA L
Ol IZHLE L, Ry OAEZEE LR S R,y 2BEIZE- L EOKZEI
DARHEIEILE Y AT LA 2K TOEENRERTET 5. ZERPETNT
NHNZ L TWAB Z L 2HEND D720 Ry DALER 3 DDRXEEIA I XML T
WBALE 12=330[cm] L EXE I INVDOEHTH % 2=302.5[cm] D 2 DDNNX—2T
TNZTNRFERHT 217 5.

34



K5 VIal—YarynRITA—X&

Primary | Secondary
Coil inductance Lrg | 23.7 pH | 72.7 pH
Coil size 50 x 50 cm
Coil gap 5 cm
coupling coefficient k 0.53
Mutual inductance M 22.2 pH
Capacitance C4 434.8 nF
Capacitance Cy 12.5 nF
Capacitance Cs 28.4 nF
Operating frequency 200 kHz
Input voltage Vi, 10V
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5.2 RriEFTAE
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