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Improved interoperability evaluation method for magnetic
coupler of wireless EV charging

JIANG Jinhai, LAN Yu, SONG Kai, YANG Guang

(School of Electrical Engineering and Automation, Harbin Institute of Technology, Harbin 150001, China)

Abstract; The interoperability of different assemblies is an essential factor affecting the popularization of wireless
electric vehicle charging technology. Interoperability refers to the ability of the system to output rated power with
specified efficiency when different ground and vehicle assemblies are paired. Aiming at the problems of incomplete
evaluation criteria and low accuracy of evaluation results, this paper introduces the detuning factor and load factor
representing the system resonance and load, respectively, and proposes an interoperability evaluation method based
on two factors. Firstly, the limitations of the traditional evaluation method based on interface impedance are
revealed. Secondly, the relationship between the detuning/load factors and system power, efficiency, and current
limits are established. Then, according to the limits specified in national standards, the two factors’ interoperable
region and its boundary functions are deduced, and the interoperability evaluation criterion based on the two factors
is obtained. Experiments show that the proposed method can evaluate interoperability comprehensively from output
power, system efficiency, and current limits. It not only solves the problem of incomplete evaluation criteria in the
traditional method, but also improves the accuracy of interoperability evaluation results.
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Fig.1 Interoperability of WEVC system
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Fig.2  Circuit characterization of the interface impedance
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Fig. 10  Experimental results of Z;, with multiple measurements

LE LRTIR TR 5 B R TR VP A S
BRIV I 45 R — B, 1T 5 i BT T b A
A DU R G A BRI TR IR S L ) R
TR, s T A GBIk B R B 9
e R AL 2ZZ AR

4 2 ®

AR SO 0 35 T o 11 BHAT A BB E P AN Oy
PATAE BV A K AT v B P AR A ) R
WFFE, $ T 562 18 DR - A0 0 280 PR 1) g e 7R o
FRHPTPEA I, BG5BT .

1) 38 i 5] ARAME R G IR R JE 7 (6)
AR AR 0 RN 7 (&), FEE T 1H N ST

TR 5 R Gk A SR R T R A A K
KA I T AP I BT HC R 31 B of
WA BIREALE

2) AR [ G R ML B DR R IR,
3 A R (80U 5 B ¥ B B G300 5 e 8, B
T 45 DM EL A7 53 ) R 35 2 XU IH 7 FRAEL” S L B A
M FEEAAT TR T A% G2 BT PE A 3l A 2 1 1)
BB TE T I as R AR 1

5 xkKkEZ

Sy 2 5 R T T B K
Tk Fe AR AL AR R e 1T LT AR 7
ST AR



53

Ly A OB SR IO T R R S LA ELARA AR T 1 -9

1) i g 1 BELA70 R v DI, mT L EEORS 48 2%
JEHL PG A 2R R HUBRAS A SR A 3R Y
SN, T B B A 2 DB, LA RSB ™ it DA
B

2) i AT DI E A K B 2 ) LR A R i
P PTG S T DX, BE— 5 34 0 B AR A R
Fildl , o€ 3 B SR T T L R G i LR A DR
(L

2% ik

(1)K, 20y, KM, 55, VA4 s i I HE 2 2 SR B oY
[J]. WM, 2019, 38(11) 44
ZHANG Xuan, LI Xuling, ZHANG Wei, et al. Research on safety
requirements for electric vehicle charging interoperability [ J ].
Electrotechnical Application, 2019,38 (11) . 44. DOI. 10. 19514/
j. enki. ¢n32 —1628/tm. 2019. 11. 012

[2] 225 BBy ALk e R Geid SR Tl s AT [ 1], AR Rt
2, 2017(7) :65
LAN Hao. Analysis on the general requirements of wireless charging
system for electric vehicle [ J ], Standard Science, 2017, 7. 65.
DOI:10.3969/j. issn. 1674 - 5698.2017.07.013

[3]BAGCHI A C, KAMINENI A, ZANE R A, et al. Review and
comparative analysis of topologies and control methods in dynamic
wireless charging of electric vehicles[ J]. TEEE Journal of Emerging
and Selected Topics in Power Electronics, 2021, 9(4) :4947. DOI .
10.1109/JESTPE. 2021. 3058968

[4]SAE J2954; Wireless power transfer for light-duty plug-in/electric
vehicles and alignment methodology [ S]. Warrendale, PA, USA.
SAE International , 2019

[51GB/T 38775.7 -2021. HLBIIRETLARAL 7 765 TR
PEMEZER Rl o[ ST, bt th bR ik, 2021
GB/T 38775.7 —2021. Electric vehicle wireless power transfer-Part
7 : Interoperability requirements and testing-vehicle side [S]. Beijing:
Standards Press of China, 2021

[6]OMBACH G, KURSCHNER D, MATHAR S, et al. Optimum
magnetic solution for interoperable system for stationary wireless EV
charging[ C]//Tenth International Conference on Ecological Vehicles
and Renewable Energies ( EVER). Monte Carlo, Monaco: IEEE,
2015:1. DOI.10.1109/EVER. 2015. 7112996

[7]SIMON O, MAHLEIN J, TURKI F, et al. Field test results of
interoperable electric vehicle wireless power transfer [ C ]//18th
European Conference on Power Electronics and Applications ( EPE16
ECCE Europe ). Karlsruhe, Germany: IEEE, 2016 1. DOI; 10.
1109/EPE. 2016. 7695694

[8]OMBACH G. Design and safety considerations of interoperable
wireless charging system for automotive [ C ]//2014 Ninth
International Conference on Ecological Vehicles and Renewable
Energies (EVER). Monte-Carlo, Monaco: IEEE, 2014 1. DOI;
10. 1109/EVER. 2014. 6844157

[9]SCHNEIDER J, CARISON R, SIROTA ], et al. Validation of
wireless power transfer up to 11kW based on SAE J2954 with bench
and vehicle testing[ C]//WCX SAE World Congress Experience.
Detroit, MI, United states; SAE International, 2019, 1. DOI. 10.
4271/2019 - 01 - 0868
[10]MILLER J M, SCHRAFEL P C, LONG B R, et al. The WPT
dilemma-high K or high Q[ C]//2016 IEEE PELS Workshop on
Emerging Technologies: Wireless Power Transfer ( WoW ).
Knoxville, TN, USA.IEEE, 2016 128. DOI. 10. 1109/ WoW.
2016.7772079

[11]SONG K, WEI R, ZHANG H, et al. Interoperability evaluation of
wireless EV charging systems using coil ampere-turns [ C]//2019
22nd International Conference on Electrical Machines and Systems
(ICEMS). Harbin, China; IEEE, 2019 1. DOI. 10. 1109/
ICEMS. 2019. 8921585

[12]BARTH D, CORTESE G, DARRAT A H, et al. Interoperability
rating of wireless charging equipment using a decoupled impedance
interface [ C ]//2020 IEEE Vehicle Power and Propulsion
Conference ( VPPC). Gijon, Spain: IEEE, 2020. 1. DOI: 10.
1109/VPPC49601. 2020. 9330964

[13]HASSLER M, NIEDERMEIER F, KRAMMER J, et al. A method
for interoperable interface description of inductive power transfer
systems [ C ]//2018 IEEE PELS Workshop on Emerging
Technologies: Wireless Power Transfer ( WoW ). Montreal, QC,
Canada: IEEE, 2018. 1. DOI. 10.1109/WoW. 2018. 8450902

[14]KRAUS D, HASSLER M, COVIC G A, et al. Impedance based
design method for interoperable wireless power transfer systems
[ C]//2021 IEEE Energy Conversion Congress and Exposition
(ECCE). Vancouver, BC, Canada: IEEE, 2021. 1580. DOI.
10.1109/ECCE47101.2021. 9595472

[15]SHI B, YANG F, WEI B, et al. Electrical interoperability
evaluating of wireless electric vehicle charging systems based on
impedance space[ J]. World Electric Vehicle Journal, 2021, 12
(4):245. DOI;10. 3390/ wevj12040245

[16 15Kk, Mriidl, DHE, 55, BT =SMEMERINRELL T
RGUHBAEEIP N T RS ()], R AL TR AR, 2022,
42(4) :1569
ZHANG Xian, CHEN Zhixin, SHA Lin, et al. Research on
interoperability evaluation method of electric vehicle wireless power
transfer system based on three parameters characterization [ J].
Proceedings of the CSEE, 2022, 42(4) :1569. DOI. 10. 13334/
j-0258-8013. pesee. 201981

[17]5Kik, HET, Uk, % BN E LT RE AR S L e
[ ARV E MR P2 (1], B T RR 24, 2020, 35(19) .
4150
ZHANG Xian, BAI Xuening, SHA Lin, et al. Research on
interoperability evaluation method of different coils in wireless
charging system of electric vehicles [ J ]. Transactions of China
Electrotechnical Society, 2020, 35(19): 4150. DOI. 10. 19595/
j. enki. 1000 — 6753. tces. 191225

(HEE Twed)



