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A Proposal for Reducing Standby Losses and Detecting Vehicles by Series-Splitting Double-LCC
Transmission Coils Using N-Legged Converter for Dynamic Wireless Power Transfer

Yusuke Sato™®, Student Member, Takehiro Imura™, Member,
Yoichi Hori*, Fellow

20XX @ H @ H%ZAff, 20XX 4@ H @ HEAt)

In recent years, various studies have been conducted to popularize electric vehicles in order to achieve carbon
neutrality. Toward this end, the method of dynamic wireless power Transfer (DWPT) for these vehicle is attracting
considerable attention as it can shorten the charging time and contribute to battery downsizing. However, since a
vehicle passes by in a short period of time, the duration for which the vehicle is not on the transmission coil is long,
and the standby loss on the transmission side causes a loss of efficiency. This study proposes a new vehicle detection
method using the voltage from divider circuit of the transmission coils in the DWPT system. The proposed method is
expected to reduce standby losses due to copper losses in the transmission coils and the inverter losses. The

effectiveness of the proposed system has been verified through experiments.
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Fig. 1. Double-LCC compensation topology.
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Fig. 3. Voltage waveform of NLC phase shift control.
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(a) 3D graph of Z;¢c, k, R;.
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(b) 2D graph of Z; ¢, k
Fig. 5. Inputimpedance Z;;c vs. coupling coefficient k
and R; based on Eq.(9).
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Fig. 6. Connection structure of transmitting coils in NLC.
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(a) Principle of vehicle detection by voltage divider.
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Fig. 7.  Principle of vehicle detection
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of voltage divider detection segment.
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(b) 2D graph of Z;¢c, k
Fig. 9. Inputimpedance Z; ;- vs. coupling coefficient k
and R; based on Eq.(8).
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(b) Arrangement of transmitting and receiving coils

Fig. 12. Transmitting and Receiving Coil.
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Fig. 13. Coupling coefficient between transmitting and

Time [s]

receiving coils in this system.

Table 1. Parameters on the transmitting side
Tx1 Tx2 Tx3 Tx4 Tx5
Ly [uH] 206.6 | 206.1 | 2059 | 205.5 | 205.1
rr [mQ] | 155 150 147 155 148
Lop [WH] | 49.26 | 493 | 4932 | 493 | 493
ror [mQ] | 53 49 88 79 69
Cpr [nF] | 7237 | 717 | 7142 | 714 | 7115
Cyr [nF] 2246 | 2239 | 22.22 | 22.15 | 22.52

Table 2. Parameters on the receiving side

Rx1 Rx2 Rx3

Le [WH] | 5122 | 5165 | 51.7

re[mQ] | 625 | 745 | 705

Log [WH] | 2623 | 266 | 265

ror [m@] | 227 | 388 | 388

Cpg [nF] | 1103 | 1123 | 1113

CxnF] | 1743 | 1719 | 173

Table 3. Parameters of the system

Symbol Value
Voer Viar 80V
fow 85 kHz

Tx coil size 500 X 200 mm

Rx coil size 200 % 200 mm

Gap Tx to Rx 100 mm

Speed 1 m/s
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Fig. 14 Voltage divider for single receiving.
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Fig. 15 Voltage divider for multiple receiving.
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Fig. 16. Waveforms of voltage V¢, current I ¢,
and each transmitting coil current Iy

in the transmitting side LCC circuit.

Table 4. Measurement results

w/o w/

Txi Tx1 Tx2 Tx3 Tx4 TxS
Current of Tx

2.701 0.780 | 0.638 | 0.586 | 0.617 | 0.526

coil : Iy [A]

Decrease rate of
28.9 23.6 21.7 22.8 19.5
Ir [%]

Decrease rate of
8.3 5.6 4.7 5.2 3.8

Copper loss [%]
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