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Multiple-Transceiver Coil Arrangement Design for Achievement of High-Power
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Abstract

In this study, a coil arrangement design method is proposed to significantly improve power transfer efficiency (PTE) in a multi-
ple-transceiver wireless power transfer system. First, PTE equation is simplified through the system equivalent circuit. Then, it is verified
that the system has identical Tx currents and large mutual inductances between each Tx coil and Rx coil are close to the maximum
PTE. Based on the results, the design of the stacked coil structure Tx and Rx coils are perfectly overlapped such that the system can
maintain large mutual inductances. To validate the remarkable PTE performance of the stacked structure, the calculation of mutual in-
ductances among all coils and PTE simulation of the systems are conducted according to the normalized transmission distance.
Consequently, the PTE of the stacked structure is up to 20 % higher than that of the conventional planar structure.
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Fig. 1. Multiple-transceiver WPT mechanism for simulta-
neous charging of several batteries.
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Fig. 2. Equivalent circuit of multiple-transceiver WPT system.
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Table 1. System parameters for simulation.

Notes Symbol Value
Tx/Rx coil inductance Ly, Li 146 pH
Tx/Rx coil resistance R, R, 0.07 Q
Source resistance Ry 0.01 Q
Rx load resistance R 1Q
Operating frequency fo 100 kHz
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Fig. 3. Power transfer efficiency of multiple-transceiver WPT
system accordiéng to mutual inductance ratio.
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Table 2. Achievement condition of power transfer efficiency
according to the system coil arrangement. 081
Power ; Mpaio for coil arrangement z 06}
Q
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Table 3. Coil parameters for mutual inductance calcu- (a) PTE for Mpai=0.9
lation.
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Coil parameter Value
Outer diameter 43 mm 081
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N 5‘ 0.6
Thickness 2 mm £
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Table 4. Comparison of mutual Inductance ratio for 3x3
coil arrangement.

Stacked Planar
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?nf Cal fnl\ﬁ Cal fﬁ Cal ISEIII\H/I Cal Sx Cal
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Table 5. System parameters for simulation.

Notes Symbol Value
Operating frequency Jo 100 kHz
Source voltage Vsi, Vao, Vss 10V
LCC inductance Ls), Ly, Lss 222 pH
LCC capacitance Cr, Cpo, Cps 1.11 pF
Coil resonant capacitance Cri, Cp, Cn3 017 pF

Tx resistance Rr1, R, Rp3 0.08 Q
Rx coil resistance Ri, Ro, Rs 0.07 Q
Tx/Rx coil inductance z:: Z: ]Lg 146 pH
Tx current Iy, Ir, It 5A
Rx load resistance Ri1, R, Rz 1Q
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T8 8. LCC JIHE 7 444
Fig. 8. Equivalent circuit of transmitter with LCC inverter.
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Table 6. ADS simulation results for 3x3 multiple- transceiver
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Stacked arrangement Planar arrangement
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Fig. 9. Power transfer efficiency according to normalized
transfer distance.



oA 02 o8] 22 Mpuio S 2EFE Ix1 ZY A& o] AZHTHH UAV % EV 59 o ZgAlolHlt &&
3 AL fAe A3E EAT di=2 o1 HE Mrao Ho7 AMgd ASR dtsm, 53] x4t WAt o}
o] Z7I=HH Ix] Y A2HET o H dE 28 22 ATARD FZ A & EE AF FI1AA A Y
Ao BASU e nreith v BE AF S A 2" H8ethd B E 3948 & 5 s A
A FAA Mpaio”F 04 ©1dS TEehe A5 12 o8 7lgEch
9 B&S Ixl ZY A 2FH} Py 7 A2E B
AR ¥ &2 88 AsS BAth 53], 33 wjA References
A di=186914 A5d FE2E HHEE FEREH 20
% oA T =L 80 %9 &S SAT & gl9on, &4 [1] S.Y.R. Hui, W. C. Ho, "A new generation of universal
A 7 Abo] RE AF olHE AT} M, 3 7S o] AkA ¢l contactless battery charging platform for portable con-
A9 (Mrai=1) %+ BT E 2 o] 7} YIS wH 9] 953 sumer electronic equipment,”" [EEE Transactions on
AE AL g8 AL Fols 4 Yot Power Electronics, vol. 20, no. 3, pp. 620-627, May
2005.
V.4 B [2] J. M. Miller, O. C. Onar, and M. Chinthavali, "Primary
side power flow control of wireless power transfer for
2 =rdME o 54 FARYEAS ALY = electric vehicle charging," IEEE Journal of Emerging
= A8 AF 28 G2 A 2FFA I wiA] AA and Selected Topics in Power Electronics, vol. 3, no. 1,
£ Algtstdnh WA te FAAEAE A2/ e 71 pp. 147-162, Mar. 2015.
2o tigt aiAS Bl Ay dE 2§ oS s A [3] T. C. Beh, M. Kato, T. Imura, S. Oh, and Y. Hori,
ettt 183 52 A8 A% 58 @4 8% % "Automated impedance matching system for robust wire-
A0 E AMgskE Y MFE St wet BE H4A less power transfer via magnetic resonance coupling,”
Y Ato] 7hsd AT YA SFEYE AR IEEE Transactions on Industrial Electronics, vol. 60, no.
= eIt oy e dH4E ERHE tF $74 ZY 9, pp. 3689-3698, Sep. 2013.
Abe] BE A3 JIHEXE HUEZ FAAT] A & [4] T. H. Kim, G. H. Yun, W. Y. Lee, and J. G. Yook,
FA TGS 77 s AAe wA e A% 1Y v "Asymmetric coil structures for highly efficient wireless
2 FZE AQFSA T power transfer systems," IEEE Transactions on Micro-
Abehs AFd 72 5% A8 HdF & AT wave Theory and Techniques, vol. 66, no. 7, pp. 3443-
S Fo3l7] s AlAHe BE £5A T Alo] A% 3451, Jul. 2018.
QY zst T2 veg AL AF A e 49 [5] S. H. Yoon, T. H. Kim, J. K. Park, S. T. Kim, G. H.
A% a& AEY oA AAE Felsiginh 1 A Aot Yun, and J. G. Yook, "Improvement of power transfer
e 458 ZY wiXE 719 sy Y mjxEY efficiency using negative impedance converter for wire-
A 20 % o] H =& AE A5 288 24T 7 o less power transfer system with magnetic resonant cou-
Ak pling," The Journal of Korean Institute of Electromag-
2 =59 BN AnE FI3YE u, Atees F= netic Engineering and Science, vol. 28, no. 12, pp.
3 ] T A e B2 AY A% 28 A5 B 933-940, Dec. 2017.
Ak 33 FA7) & AWEA JHskE AA tF § [6] T. H. Kim, G. H. Yun, W. Lee, and J. G. Yook, "Highly
T FAAYAS A 2E Fdste] oy HiEE FA efficient WPT system with negative impedance converter
Aol thek 84 HZol esith 18 olye A for Q-factor improvement," IEEE Access, vol. 7, pp.

169



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 2, February. 2025.

108750-108760, Aug. 2019.

[7] K. Hatanaka, F. Sato, H. Matsuki, S. Kikuchi, J.
Murakami, and M. Kawase, et al., "Power transmission
of a desk with a cord-free power supply," IEEE Transac-
tions on Magnetics, vol. 38, no. 5, pp. 3329-3331, Sep.
2002.

[8] C. Sritongon, P. Wisestherrakul, N. Hansupho, S.
Nutwong, A. Sangswang, and S. Naetiladdanon, et al.,
"Novel IPT multi-transmitter coils with increase mis-
alignment tolerance and system efficiency," in 2018
IEEE International Symposium on Circuits and Systems
(ISCAS), Florence, May 2018, pp. 1-5.

[9] H. J. Kim, K. Kim, S. Han, D. W. Seo, and J. W. Choi,
"Nearly non-coupling coil array allowing many in-
dependent channels for magnetic communication," [EEE
Access, vol. 6, pp. 34190-34197, Jun. 2018.

[10] S. J. Jeon, D. W. Seo, "Capacitance tuning method for
maximum output power in multiple-transmitter wireless
power transfer system," [EEE Access, vol. 8, pp.
181674-181682, Oct. 2020.

[11] S. J. Jeon, D. W. Seo, "Effect of additional transmitting
coils on transfer distance in multipleple-transmitter
wireless power transfer system," IEEE Access, vol. 10,
pp. 9174-9183, Jan. 2022.

A A A [FeHt T T
https://orcid.org/0000-0002-8364-7752

2019\ 2¥: st st A mha et
ﬁ (Z3H4h
= = 20213 29: F=refrh sty A upgstat
= (FEHA
‘ ‘;’4. 20213 129 ~3A: FLHGATL AL
X ]
[F ZAE0H FAAYAE: wlE2], RF 5

170

[12] H. Kim, S. J. Jeon, and D. W. Seo, "Experiment and
analysis of a high-efficient stacked multiple-Tx WPT
system with identical Tx currents," International Jour-
nal of Electrical Power and Energy Systems, vol. 155,
p. 109475, Sep. 2024.

[13] H. Son, Y. Seon, and H. Ryu, "Multiple-copter(drone)
and secondary battery," Journal of the Korean Battery
Society, vol. 1, no. 1, pp. 44-50, Jun. 2021.

[14] A. Sharma, P. Zanotti, and L. P. Musunur, "Enabling
the electric future of mobility: Robotic automation for
electric vehicle battery assembly," IEEE Access, vol. 7,
pp. 170961-170991, Nov. 2019.

[15] K. Kim, H. J. Kim, D. W. Seo, and J. W. Choi,
"Magnetically decoupled modular coil array for dynam-
ic wireless power transfer with magnetic beamforming,"
IEEE Access, vol. 10, pp. 42121-42140, Apr. 2022.

[16] S. Raju, R. Wu, M. Chan, and C. P. Yue, "Modeling
of mutual coupling between planar inductors in wireless
power applications," IEEE Transactions on Power Ele-
ctronics, vol. 29, no. 1, pp. 481-490, Jan. 2014.

[17] S. Huh, D. Ahn, "Two-transmitter wireless power trans-
fer with optimal activation and current selection of
transmitters," IEEE Transactions on Power Electronics,
vol. 33, no. 6, pp. 4957-4967, Jun. 2018.



