EATHRT AV U AFREITE T 2 X EHM & BV 2 AT L OHIHIERE S X OEEBRMEGE

0 i Y

Rk IR Y YR P

Implementation and Experimental Validation of Control System for

Ground Facilities and Electric Vehicles in Dynamic Wireless Power Transfer
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Dynamic wireless power transfer for electric vehicles (EVs) should be recognized not as extended technologies of static

wireless charging but as a novel technology based on requirements of transportation systems. In this paper, a cooperative

control system for vehicle detection and power transfer is presented considering a unique set of challenges for dynamic

charging of EVs. The control strategy is expressed by a flowchart and implemented without signal communication between

ground facilities and EVs. Additionally, the state transition from vehicle detection to power transfer is demonstrated by

the experiments.
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Fig. 1 System structure of dynamic charging for
electric vehicles.
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Fig. 2 Vehicle detection problems with communication
and additional sensors.
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Fig. 3 Many and unspecified vehicles on the road.
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Fig. 4 Charging time for dynamic wireless power transfer considering vehicle velocity.
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Fig. 5 Circuit diagram of the dynamic wireless power transfer system.
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Fig. 6 Experimental setup.
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Table 1 Parameters of the experimental setup

Parameter ‘ Value
DC voltage source amplitude Vg 18V
Operating frequency fo 100 kHz
Transmitter inductance L 417.1 pH
Transmitter capacitance C 6.03 nF
Transmitter resistance R 1.83 Q
Receiver inductance Lo 208.5 uH
Receiver capacitance Cs 12.15 nF
Receiver resistance Ro 1.28 Q
DC-DC converter inductance L 1000 pH
DC-DC converter capacitance C 1000 pF
DC-DC converter resistance r 0.2 Q
Battery voltage E 6V
Searching period Tsearch 10 ms
Search pulse width Tpuise 0.5 us
ON threshold current Iith_on 300 mA
OFF threshold current Io¢h oy 2.5 A
OFF threshold differential current I1¢n_aifys | -4000 A/s
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Fig. 7 Input impedance of the dynamic wireless
power transfer system.
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(a) Rectification mode. (b) Short mode.

Fig. 8 Operation modes of Half Active Rectifier.

KD XA K — NEEFREIRE & FRRICEIESE, 1V 7 In6T %
WX —%%ETSH. —HT, REREICEAT S ETIERENR
24y F& ONREL UTZERERIE LTRSS 5. Zok
&, LR AREEE Ry =0 &2 d728, $RTOEVIC
KU CHEMMRAID IHEIC R 5.

HAR % Short mode & U7z & ED L,, \Zx[9 3 Z;, % Fig.
9IRY. REM LICZEMVEET S LT Ly, DINT 3
LE, Zin WRELRBIEDDDB. (2) R&D, Zin IFFEK
TRIND 72D, EEMA VN X P SEEFENE VL, 252
I, REWEREDME L 2RES DI LT Zin DL{LER
&z,

4.3. Y—F UL ADEA

AWFZE I HEMMERFIZ Fig. 10 (ORTH—F /LA ZEA
U, I 2BEL NV ETELRI/NS LT 2 L THIEE
NEMMHT S, 22T, —F /00 3% EROILIRERK
fo LAUAREE%2ES 3 LALOBEBERFE LTHIT 5.

%72, Fig. 11127 T ESIZ EV QEFHEEZEEL T —
F A Tocarch ZED D, ZTEIMMIEERITHIEL TOIRNY;
B, Zin BINS WD Y —F VA ZREMLTH TSI I A
HBUENME Lipon ETERLTLES. 20 E, ¥—F
E—FZ2RTULT, ROAMETRHET 5.

ZBEBMOELIZE T Zin BRELS LD L, [ 1T—ERHD
R U TH Ippon WCEELRLSARD, EEERME EV Z28EL
T, EXBE-NIBITT 5.

4.4. 7a—Fr—1}

HERAD S EBEBETO70—F v — b % Fig. 12135
T REMMEY —FE—FEREE—F, EVAIIEHE—N
CHRBE—NIZHEL TV S.

9, EVlIIAEXEICEA L CENE2ZKRT 5 E T, HAR

400

& 300

I

5]

c

S 200 /.
(7]

Q

£

£

2 100

£

0 /
0 10 20 30 40

Mutualinductace L,,, [uH]

Fig. 9 Mutual inductance L,, vs. input
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Fig. 12 Flowchart of road-side and vehicle-side systems.
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Fig. 13 Road-side voltage and current in search mode
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Fig. 14 Road-side voltage and current in transfer mode
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(a) Overall view
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Fig. 15 Waveforms while running at 10 km/h

Fig. 16 State transition from vehicle detection
to power transfer.
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