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Transient Control Based on Transmitter Current Envelope Model
for In-motion Wireless Power Transfer
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In-motion wireless power transfer (WPT) is expected to solve many problems of electric vehicles (EVs). In order
to transfer a large amount of energy to vehicles running at high speed, quick-start charging is needed. However, the
sudden starting of the power transmission causes a large current overshoot, which damages the equipment of the WPT
system. Therefore, it is commonly thought that the transient property of current must be improved. However, a tran-
sient control method with an accurate circuit model for EV applications is yet to be developed. Here, we propose a
novel control method using the envelope model of the transient response. We applied the precise envelope model with
d-q conversion to the starting of the power transmission considering the different modes of diodes. By calculating the
inversion of the circuit model, the input voltage trajectory that achieves the desired current trajectory was theoretically

obtained. Finally, the proposed method enabled quick-start charging without causing any current overshoot. This
method is expected to be an essential technique for the practical use of in-motion WPT.
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Fig. 1. Experimental electric vehicle FPEV4-Sawyer in
our group.
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Fig.2. S-S (Series-Series) compensation circuit with a receiving-side constant voltage load.

NeHOTHEZITI ZE2EALL L, —DDaf L kD
TERR DS S4ms & FERICAE S, Ed 2 B - 2R
WML 7220, FLARETRERIINVTF—2ES
IT4E, BRI IR COREMRIRER % EFiE £ T
L L2 ERH L5, —HT, BEER AT v ZTIRICABIC
ZAhE e % &, KEM - ZEMERIOGBHEIE E LTRE
A== a—FPEL B0, Z I CERDBIENE %
ML, BEROEHKERE#Z 2\ WHiT% { DER%
R 2 2 L2, EAficE o“(%@f;uﬁﬁﬁf% % a0,
WEHEINE ORI Z B & LT, XEM - ZEBMoOMmGIZE
WTaAWEMRa Y T U 2 ETNCEERT % S-S (Series-
Series) HR % LCC H 7% &4 M P X ey —C, @
EINEDET NV ZERT 23 eI &L @B, 2
T, BREHIEAD WPT TiZ 85kHz & Vo -EmAHEOR
a7 W, BIRLEEOBRRHEZ EEFIH T 2 Dl
AR OBN 2 o HEETh 2, —H TERIRCEEDES
EZ KA LA THhIUL, BRRHEX D DI 2 0I5B
L2 L0 HBENES L k20, AFHET IV
ZEHT 24 B FEPHEI N TEZ I 900,
L2 L 245 ORERIRTETIE, 2% MEhiam & KE
L iz it 9 2 2 L 3% o7z, EBEOAEfTH WPT
TlE, ZEM A VYA A4 — FEHie DC-DC a2 v /3 —
FRBEL TNy TV — LR IN, ZRMERELES—E
ez, 2070, FEIIAM TR —EDEITEZ
T 2EBEAM & LTS 2 005N TH 5, KT,
JEPEIREE I BT 2 ZEBMMEIRMEIE—E Tld 7 S HFICEH L
TWw37z®, BELEBROLTH 2 FHEILICIE 2 T
@ﬁ?é:kuﬁﬁ@fﬁéoiﬁa&i,ﬁﬁﬁﬁﬁ@
WPT [HEIZ B 1) 205 O TG E 7L 2 3RE L,
DL 7z & E DBEFIIE O PR % EfE _uaﬁ—g“z, z
EWTHRI L 72,
7R Uk (18) DET Y ¥ 7 Cld, ZEPERS oK
L, A4 — FERBIHEICEET 2 BT —FD
R L BRI WP o7%2, L, ERAFENATY
ROIREED GIREZ IR T 2 RDLTIE, ¥4 A4 — N
DEEHWHEINC 72 2 B AEHE— F b EbETHEEL
el TUER s\, AT, STk (18) DEMaEHET T
V% BIRAEKEE — FICHIRR L, Zdz v dE)insg
DOHIHFEZRET 5, mtic, RBRELOEELZ MAT-
LAB/Simulink I2 Xk %¥ 32— arvB8LUERICKS
THRAES 5,

2. BELEOSBRETI VY

(2-1) S-S A= WPT O (i k& ARETIE, S-S
(Series-Series) HRD AR IS E, BH - EROEKHE
METNVEZEHT 5,

S-S 753 WPT D43, Fig. 2 @ T FIE (AR T BT
x5, WRIIREATRND WPT [MIEgiZ N> P 2Rl %
Fio TV 3 7D ICEBRPHIRFEBO LK E 2 D, Sl
WRBEBNEREICTFS LR, Z2 2 TRRRICE L TUIS R
WIEDHEARER DO AIEH L, Ry OMEE 57
NS WE L THEET 2, ZD7%DFH ’[i*ﬁ%&b)lﬁ*) é
T DAFRIETGT B\ TEEARPARIE D A % FH > o

L N—=H| izﬁ’ﬁ’aﬁ%ﬁ@i@ﬁﬁﬁﬁkI_JLEJJf’Fﬂ{EZﬁOD
BERIEZHEAL, A VN=F DAL v FV ITDIL I
TP (3 LAOVERE) §3 2 8T, RFEL v oA
AR %

0< |yl < 4& .................................. (D)

P d
DETEZ NS, R, Ry ZZFNZFEEM[MaA N - ZE
a4 VoW THD, L, L 320z rukdEM a4

ZEMaf VOHBA V¥ I YA TH S, L, IM
HAVE 759 ATHD, HOREK &k

Ly,

k e )
EVIHBIRICH D, C, ClEznZIukEM - ZEMO
HIRav 7T oERETH S, 4 v N—F DEIfEMT
WEF w & L, HIREM

1 1
w = i 3)
VLG, VLG

D7z STV 5 EARE L T 2479 .

(2-2) BROBRER/ICHOEEFEEI  §ifficid
N7G@ ), EHH - BIROBERME T3 74 < Z D& ICE H
LAETNERENT 2, & 2ZI$MRER o, WM
¢ THY, RIEH Ar) &) IRIBIEUCHE > TR T 28
BT %

x(t) = A(t) - cos(w - t + ¢)
=Re(A(D)- /- /")

=Re {(xd([) + jxq(t)) . ejwt} ................ )
ERELY, ThE 72—

IEEJ Trans. IA, Vol.140, No.5, 2020



TUEHRE 7 VIS HED CRPDEE IR (R E—RE, k)

E, =/ Ei}

3 fp
Fig.3. The equivalent circuit when the diode rectifier
does not conduct.
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Fig.4. The waveform of the receiving-side AC voltage
when the diode rectifier conducts.
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Fig.5. The phase relation between v, and i5.
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Table 1. Parameters in the simulation and experiment

Parameter ‘ Value
Operating frequency fy 88.19kHz
Transmitter inductance L 429.0 uH
Transmitter resistance R; 342.5mQ
Receiver inductance L, 377.7uH
Receiver resistance R; 429.0 mQ
Coupling coefficient k 0.035
Transmitting-side DC-link voltage E| 100V
Final value of the amplitude of

transmitting-side current 7} qx 848A
Receiving-side DC-link voltage E, 50V
Capacitance of Smoothing capacitor Cy 4700 uF

Control period of transmitting-side inverter | 100 us
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