Design of Resonant Inductors for Capacitive Wireless Charging Systems

INTRODUCTION

oPenetration of EVs remains low — main hurdles are:
— High cost
— Limited range
oDynamic WPT can reduce battery size and enable unlimited range
oWPT enables autonomous charging
Battery

Management
Systems

Grid
Intelligent Integration
Vehicle Control
Electrification

Autonomous

Driving

Dynamic |
Wireless
| Charging

PSMA High Frequency Power Magnetics Workshop — March 18, 2023

Sounak Maji and Khurram Afridi
Cornell University

CAPACITIVE WPT SYSTEMS

o Capacitive WPT systems:
—Small and light
— Easy to embed in the roadway
— Does not limit frequency
—Inexpensive
oCapacitive WPT couplers are simpler than inductive counterparts
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SUMMARY
oIntroduced high quality factor Semi-Toroidal Interleaved-Foil (STIF) Inductor
and Toroidal Interleaved-Foil (TIF) Inductor

oAnalytically compared quality factors of five different solenoidal inductors
with the STIF and TIF

eoDemonstrated parasitics-based matching network design
oDemonstrated 3.7-kW capacitive WPT system with 94.7% efficiency
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TopoLoGY OF CAPACITIVE WPT SYSTEM
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PARASITICS-BASED IMATCHING NETWORKS

fronee -
Y — Simulated

Calculated

fo =185 MHz \zf,,
P e

00 100 20,0 Freq [MHz] 30.0 1400 500
“— Capacitive —+—— Inductive —< Capacitive *
fo 2fo

ward wire

— Simulated
= = Calculated

return wire

forward wires

Freq [MHz]

REFERENCES

oB. Regensburger, S. Sinha, A. Kumar, S. Maji and K. K. Afridi, "High-Performance Multi-MHz Capacitive Wireless
Power Transfer System for EV Charging Utilizing Interleaved-Foil Coupled Inductors," IEEE Journal of Emerging and
Selected Topics in Power Electronics.

o B. Regensburger, S. Sinha, A. Kumar and K. K. Afridi, "A 3.75-kW High-Power-Transfer-Density Capacitive Wireless
Charging System for EVs Utilizing Toroidal-Interleaved-Foil Coupled Inductors,"” Proceedings of the IEEE
Transportation Electrification Conference & Expo (ITEC), Chicago, IL, USA, June 2020

o5. Sinha, A. Kumar and K. K. Afridi, "Improved design optimization of efficient matching networks for capacitive
wireless power transfer systems," Proceedings of the IEEE Applied Power Electronics Conference and Exposition
(APEC), San Antonio, T, March 2018.

oS. Maji, S. Sinha and K. K. Afridi, "Theoretical Limits of Power Transfer in Capacitive Wireless Charging Systems,"
Proceedings of the IEEE 21st Workshop on Control and Modeling for Power Electronics (COMPEL), Aalborg, Denmark,
Nov 2020.

oS. Sinha, A. Kumar, B. Regensburger and K. K. Afridi, "A New Design Approach to Mitigating the Effect of Parasitics in
Capacitive Wireless Power Transfer Systems for Electric Vehicle Charging," in IEEE Transactions on Transportation
Electrification, vol. 5, no. 4, pp. 1040-1059, December 2019.




	 

