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Demonstration of a Power Reception Control Method Using Multiple Buck Converters

for Dynamic Wireless Power Transfer in a Multi-Receiver System

Ryota Kojima, Student Member, Takehiro Imura, Member, Yoichi Hori, Fellow (Tokyo University of Science)

In multi-input, multi-output Dynamic Wireless Power Transfer during vehicle operation, the ripple in the power

supplied to the vehicle is significant, necessitating control of the received power. In this paper, we demonstrate power

control using a buck converter. After conducting multiple measurements of power control and comparing the average

values, we confirmed that the two control methods from previous studies can improve the ripple rate of the received

power by 55.2 points and 67.4 points, respectively. Furthermore, experiments conducted with various transmission

coil coverage rates confirmed that power control can be performed appropriately within a coverage range of 100% to

60%.
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Fig. 1. Double-LCC Circuit Diagram.
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Fig. 3. Multiple Rx Side Circuit Diagram.
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Table 1. Parameters of the System.
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Oscilloscope
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Controller —

Tx and Rx Side
Bidirectional Power Supply

Name Symbol Value
Speed v 2 km/h
DC Power Supply Voltage Vbc_in 200V
Battery Voltage Vbat 40V
Operating Frequency fo 85 kHz
Target Power Pres 500 W
Buck Converter Carrier Frequency foc 50 kHz
Tx Side Coil Length dir 500 mm
Tx Side Coil Width dwr 200 mm
Distance Between Tx Side Coils dpr 200 mm
Rx Side Coil Length dir 200 mm
Rx Side Coil Width dwr 200 mm
Distance Between Rx Side Coils dgrr 75 mm
Gap Tx to Rx drr 80 mm
Table 2. Parameters of Tx Side Circuit.
Tx1 Tx2 Tx3 Tx4 Tx5
Ly [uH] 208.58 206.97 205.66 204.42 204.50
rr [mQ] 171.21 168.84 159.60 161.58 159.55
Lot [1H] 49.44 48.85 48.80 48.71 49.06
ror [MQ] 41.55 40.03 38.73 40.03 39.25
Cpr [nF] 70.00 69.97 70.00 70.00 69.84
Csr [nF] 22.13 22.09 22.10 22.09 22.09
Table 3. Parameters of Rx Side Circuit.
Rx1 Rx2 Rx3
Lg [nH] 51.31 50.53 52.00
R [mQ] 109.77 454.56 90.18
Lor [1H] 26.03 26.63 26.17
Tor [MQ] 23.52 47.61 22.24
Cpr [nF] 129.96 129.77 130.33
Csr [nF] 137.63 136.98 137.50
Lpc [#H] 317.09 315.51 319.23
Cpc [pF] 36.45 40.34 28.81

Fig. 5. Tx Coil and Rx Side.
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Fig. 6. Experiment System Configuration.
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Fig. 7. Power Pyy in Rgoy=71.4% and drg=75 mm.
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Table 4. Average and SD of the Pulsation Rate 17 [%)].
No Control Control A Control B
Ist Trial 77.1 22.8 10.8
2nd Trial 77.0 223 9.4
3rd Trial 77.2 20.1 8.9
4th Trial 77.0 22.8 9.6
Sth Trial 77.1 21.6 9.6
Average 77.1 219 9.7
Standard Deviation 0.075 1.011 0.625

(3-3) A ILHEEHOELL  EEIA AVOHEEFERL,
EZBaANOMRdgrE TNENEL S G TZBEOZEE
JIONREIFErZ R IET 2, AL TiE, BGEEE 100%01 5
60%FE T 10% 7 DB b S, FRELERIZ I CTRAIE & H
A, I B OBEERIAT L CRIET D, F7o. Wil
DT 2—T 4 ITRIER 2B 5 5~9 sec DOFLPHN T
EESOFLMEN 500 W & 72 HETEE LT\,

FT. HERE 100%D%E TEHIE I TR O EE SO
7 < 7 % Fig. 8 127" %, Fig. 8 (b), ()& V., HEkENE< .

aﬁ:%/lﬂimﬁ WCEE L T RPL N T HilEE A & il g

WEHRICEAHIAE & U CEYICEET 5 Z LD, F
7‘:\ Z D& ZONRENFRILEERIEIREDS 64.5%, HilfH A FEITHE
23 10.2%, it B EITHN 74% TH Y . Z OFER DGR
H 100%DHA HHIE B OJ A HIH A X0 b IRER £ (K
TEXDLZENGnD,

FRRICEGE R E 60%F T 10% T OE b S o&Hli
FATHE D JRENZR O EFE F % Table 5 (2787, Table5 L0
W OERRICI VT Bl B 05038 A XV & RS
RERMTEDZ EBDND, £72, Table 5 L0, Eifilf

WZEBW TR HE 90%0D & & 03r=81.0% & & b IRENE K
%<iﬁofk\6 ENGMD, T T, BEEER 90%D L&
DZEEIIDT T 7 % Fig. 9 12777, Fig. 8 (a)& Fig. 9 (a)%
ttﬁ@“é &L HGRERD 10% T o722 & TEIMEEXMIC

DEINREBORN L VIR 7o TEY | ZADRE)HE
@1ﬁﬁlk%b\ﬁlf&)é_k7b>§z\7b %, L2vL, Table 5 &
Fig. 9 (b), (¢) £ ¥ . r=81.0% DRI T THHIME A & flfH B 1
WUNCENHEZFATTETCND Z LR TE B,

WIZ, WIERE RO T THEREN R S /NE VR0, =60%D &
XDZBEEND VT 7 % Fig. 10 13777, Fig 10@&E V. %
B 60% COZEEL, IREBOEAMIENbOD, ET)
OHRBIEIZ/NE <, Table 5 2>5H b0 518 U r=70.2% & i
DOEER LD HARBIR I NS REE 2o TV D, F
7= Fig. 10 (b), ()& V. BEREE 60%DIRPL T T REHZR <
BHEEZFAITTE D Z EBHERTE B,

Btz ZEaA VOB FRdrg & 2L S TRBEOHIE



% AT o T fE$ % Table 6, Table 7 12", dgg=50 mm & L7

L EDORIE

FE % Table 6, dgg=25mm & L7= & & OHEH

% Table 7 |Z7”9", Table 5, Table 6, Table 7 7> & il A &
B OKNREN S % T 5 & BERERD 100~60%DHiFH
T, drgPHEBEEZBD ST HIME B 050361 A L0 b
WREVE AR CTE D 2 &30 n5D,

800
700
600
500
400
300
200
100

BH (W]

800
700
600
500
400
300
200
100

B (W]

800
700
600
500
400
300
200
100

BAH (W]

—5 afE";j:JP ref 4

01 2 3 45 6 7 8 9 10111213 14

BFfE £ [sec]
(a) No Control.

— BiEEAP_ref

| —% §€'ij OLIt

012 3 45 6 7 8 9 1011121314
B £ [sec]

(b) Control A.

— BIEE NP _ref -

01 2 3 45 6 7 8 91011121314
BRS¢ [sec]

(c) Control B.

Fig. 9. Power P,y in R.oy=90% and dgr=75 mm.
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Fig. 8. Power Pyy¢ in Reoy=100% and drg=75 mm.
Table 5. Pulsation Rate ¢ [%] for Each R o, in dgg=75 mm.
Reov No Control Control A Control B
100% 64.5 102 7.4
90% 81.0 18.1 10.0
80% 73.4 213 10.3
70% 77.1 19.1 9.7
60% 70.2 253 10.3

Table 6. Pulsation Rate ¢ [%] for Each R.o, in dggp=50 mm.
Reov No Control Control A Control B
100% 63.2 10.2 9.3
90% 732 224 10.7
80% 62.7 37.0 9.1
70% 64.5 225 11.2
60% 60.0 254 11.4

Table 7. Pulsation Rate ¢ [%] for Each R.o, in dggp=25 mm.
Reov No Control Control A Control B
100% 545 10.6 8.3
90% 573 13.2 8.3
80% 51.1 18.4 10.5
70% 559 21.6 10.9
60% 61.4 11.7 94
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Fig. 10. Power P,y in R o,=00% and drg=75 mm.
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