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Maximum Efficiency at Varying Load and Coupling Coefficient in WPT
with MHz Band Operation Using Class-E Inverter and DC/DC Converter
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Takehiro Imura, Yoichi Hori (Tokyo University of Science)

We will use circuit analysis to prove maximum efficiency in WPT for MHz band operation in circuits with Class E inverters
and DC/DC converters that can handle load and distance variations, while satisfying zero-voltage switching (ZVS) and considering

distance and load.
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Fig. 5. Design curves of output power of theoretical equations and
simulations as functions of R, for fixed coupling coefficients

when ZDS condition is satisfied.



1
0.8
- 0.6
o
=
3 k=0.01(sim)
o A k=0.
= 04 .
] & k=0.05(sim)
@ k=0.1(sim)
0.2 =—k=0.01(theory)
—k=0.05(theory)
==k=0.1(theory)
0 1 1 1
0 5 10 15 20
Req[Q]

6 ZDS &iraiitilc LR EREE [EE L7 B R (OXT T 2 i
AL v Ialb—va KD RORG
Fig. 6. Design curves of efficiency of theoretical equations and
simulations as functions of R, for fixed coupling coefficients

when ZDS condition is satisfied.

HERRIC L AR L VI 2 L—3 3 LT X AR RO
W DERGDFERN T D2 L BbnD, Lol Ry
SN E EICHRRICEAFREVIaL—vaitkd
FRPD =L RN LRDND, ZORKE LTI, R
INEL 2B, RGE)TRIEFIOREIRTH b EHOANE
FIBKREL RV FTETCLEY, Q EN/NMSLoTLED
TEDICERE S-S TWinhbiZ B2 6D
(5, 6 M),

160
140
120
100 |
80 r
60
40
20

0 1 1 1
0 5 10 15 20
Req[Q]

C1[pF]

T ZDS St 27z LTS8 Req \ I8 % € DR%EF iR
Fig. 7. Design curve of C; as functions of R,

when ZDS condition is satisfied.

Cs [NF]

O B N W A OO N OO
T

0 5 10 15 20
Req[Q]

8 ZDS KIEAT LI R \CHIT B C O R
Fig. 8. Design curve of Cj as functions of R,

when ZDS condition is satisfied.

7. 81F. Reg PZEALIZ VY, F(17), 18) & AW TCs & €y
WREMEICEEEIEEZ M TBY, 0B ThH D, ¢ &
CIEAE B PR D IS & > TIEEN /2. Reg DEALD I
WZEEEZTS (X7, 83H),

F7o k=0050% X|ZAMER L7cSE TOMIE &
AR 9, X 10 1R

800
el =50)
~— 600
3
o
3
B 400
5
o
5
© 200
0 1 1 1
0 5 10 15 20
Req [Q]

9 k=0050& S ICAFENZEE LSS
Rl T2 I ab—a i X MBS Ok
Fig. 9. Design curves of output power of simulations as functions R.q

for fixed load resistances when k = 0.05.



0.8

0.6
>
(&)
c
2
S 0.4
b

0.2

0 1 1 1
0 5 10 15 20
Req[Q]

B 10 k=0.050 L S ICAMESEEE LIhE
RT3 5y 3 a2 L—v 3 2 L D40 EHiiR
Fig. 10.  Design curves of efficiency of simulations as functions R,

for fixed load resistances when k = 0.05.

AREIINEE L TLE 5 HEICIER DN ZE L L
TLEIHLODDC/DC 2L NR—F DT 2—7 1 —b &l
SHDZELIE D TR EAEE DI ETE, R F L
WIHAITITATTERRA R > THORERCHABIRNITE A
EE LRV, ZD7-H DC/DC A R"—F 2 HN5Z LT
AREINHIET D22 ENTETND (K9, 10 B),

4. #EH

AFa T AR E LA N TE 5 EfR
A 2 /3—% DCIDC 2 > /3— % % I\ 2Bl T D MHz #58)
ED WPT IZBWT E kA X=X ORHTHD ZVS &
ZDS % & b LI T CREA RIS ATk A B 58
L 7= B RN DWW TR MRAT 21T > 72,

R OF R B REARENET 2548 TIIE LT 5
TR RNEN R D, TR L TCT 2a—7T 4 —EE
BT DI ELICE o TR EEALSED ZENTE, RIE
ERFOINDRGICT DT EMTEIL, FIAMRIIA LT
AT, O AEREICK L CORKIERHF LD
RegM—EICRE- TRV, AMENNRR 256 THT 2
—F 4= EERTLZ LI TRRDEELEOND
RegilTHZ L TEIZ, ZNHDZ LFTIal—i 3T
BREETH I ENTE, VI alb—Ta  REICRBWTHE
BB 6.78 MHz TAMHELHI10 Q. #EA145%520.05 D L X
VAT BN 82.4 %k ERK LTz,

X [

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(1n)

(12)

(13)

(14)

X. Lu, P. Wang, D. Niyato, D. I. Kim and Z. Han: "Wireless Charging
Technologies: Fundamentals, Standards, and Network Applications", [EEE
Communications Surveys & Tutorials, vol. 18, no. 2, pp. 1413-1452,
Secondquarter 2016.

T. Imura and Y. Hori: "Maximizing Air Gap and Efficiency of Magnetic
Resonant Coupling for Wireless Power Transfer Using Equivalent Circuit
and Neumann Formula", IEEE Transactions on Industrial Electronics, vol.
58, no. 10, pp. 4746-4752, Oct. 2011.

R. Zhang and C. K. Ho: "MIMO Broadcasting for Simultaneous Wireless
Information and Power Transfer", IEEE Transactions on Wireless
Communications, vol. 12, no. 5, pp. 1989-2001, May 2013.

S. Moon, B. -C. Kim, S. -Y. Cho, C. -H. Ahn and G. -W. Moon: "Analysis
and Design of a Wireless Power Transfer System With an Intermediate Coil
for High Efficiency", IEEE Transactions on Industrial Electronics, vol. 61,
no. 11, pp. 5861-5870, Nov. 2014.

Yungtack Jang and M. M. Jovanovic: "A contactless electrical energy
transmission system for portable-telephone battery chargers", IEEE
Transactions on Industrial Electronics, vol. 50, no. 3, pp. 520-527, June
2003.

Chwei-Sen Wang, O. H. Stielau and G. A. Covic: "Design considerations
for a contactless electric vehicle battery charger", IEEE Transactions on
Industrial Electronics, vol. 52, no. 5, pp. 1308-1314, Oct. 2005.

J. Sallan, J. L. Villa, A. Llombart and J. F. Sanz: "Optimal Design of ICPT
Systems Applied to Electric Vehicle Battery Charge", IEEE Transactions on
Industrial Electronics, vol. 56, no. 6, pp. 2140-2149, June 2009.

Y. Wang, Z. Sun, Y. Guan and D. Xu: "Overview of Megahertz Wireless
Power Transfer", Proceedings of the IEEE, vol. 111, no. 5, pp. 528-554, May
2023.

Y. Shao, H. Zhang, M. Liu and C. Ma: "Explicit Design of Impedance
Matching Networks for Robust MHz WPT Systems With Different
Features", IEEE Transactions on Power Electronics, vol. 37, no. 9, pp.
11382-11393, Sept. 2022.

Y. Komiyama A. Komanaka, H. Ota, Y. Ito, T. Mishima, T. Uematsu, A.
Konishi, W. Zhu, K. Nguyen and H. Sekiya: "Analysis and Design of High-
Frequency WPT System Using Load-Independent Inverter With Robustness
Against Load Variations and Coil Misalignment", IEEE Access, vol. 12, pp.
23043-23056, 2024.

Y. Shao, N. Kang, H. Zhang, R. Ma, M. Liu and C. Ma: "A Lightweight and
Robust Drone MHz WPT System via Novel Coil Design and Impedance
Matching", IEEE Transactions on Industry Applications, vol. 59, no. 3, pp.
3851-3864, May-June 2023.

Y. Liu and H. Feng: "Maximum Efficiency Tracking Control Method for
WPT System Based on Dynamic Coupling Coefficient Identification and
Impedance Matching Network", IEEE Journal of Emerging and Selected
Topics in Power Electronics, vol. 8, no. 4, pp. 3633-3643, Dec. 2020.

T. Nagashima, X. Wei, E. Bou, E. Alarcon, M. K. Kazimierczuk and H.
Sekiya: "Steady-State Analysis of Isolated Class-E2 Converter Outside
Nominal Operation", IEEE Transactions on Industrial Electronics, vol. 64,
no. 4, pp. 3227-3238, April 2017.

M. K. Kazimierczuk and D. Czarkowski: Resonant Power Converter, 2nd
ed. Hoboken NJ, USA: Wiley, 2011.



