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INTRODUCTION OPPORTUNITY
US Petroleum Consumption

= Transportation accounts for 71% of petroleum consumption, 'Z‘f,ii:’,i’;il?l,.’\ Flectricity = Current approaches to stationary

27% of total energy consumption, and 33% of total - and dynamic WPT for EVs mostly gy Y (7

greenhouse gas emissions in the US industia rely on inductive coupling it "n T / /oy ,'\J
= Electric vehicles (EVs) have much higher well-to-wheel = Inductive systems have limitations: 1 B

efficiency compared to gasoline vehicles fransposstion 2 Require expensive and fragile B! My,
= Penetration of EVs remains low — main hurdles are: ferrite cores for magnetic flux

o  High cost guidance and shielding

o Limited ange e o Relatively low operating

2 Long charging times - g frequencies to limit losses,

all due to limitations in battery technology - resulting in large size
= Cost effective, high power transfer density and safe dynamic = (HGHARRAA R  Capacitive charging of EVs through

tires has been tried

a Low efficiency due to carbon
black filler

o Inadequate power transfer due to
limited area

= Appropriately designed high

frequency capacitive WPT systems

can be less expensive, more

efficient and smaller than inductive
WPT systems

wireless power transfer (WPT) can drastically reduce the
need for batteries
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MODULAR CAPACITIVE WIRELESS POWER TRANSFER SYSTEM
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CAPACITIVE WPT PROTOTYPES SUMMARY AND CONCLUSIONS

Capacitive wireless power transfer systems can enable
efficient, high power transfer density and cost effective
dynamic and stationary WPT for electric vehicles

Modular approach can significantly enhance power transfer
density in large air-gap applications while meeting safety
requirements

MATCHING NETWORK OPTIMIZATION
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A capacitive WPT system with multistage L-section T ——— 4
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| | | 250 W 12-cm air-gap 3 kl’;.’,,"air_'g;,; Ongoing work validates effective large air-gap capacitive
= Each matchlng network Stage; provides gain and | capacitive WPT system capacitive WPT system wireless power transfer at high efficiency
compensation for the capacitive reactance of the coupling (under development) (under development)

plates, enabling effective power transfer

= Individual stages are optimally designed to maximize
overall efficiency of the system

= In the optimal design:

a Each stage on the primary side except the last stage
provides equal gain

REFERENCES

A. Kumar, S. Pervaiz, C.K. Chang, S. Korhummel, Z. Popovic and K.K.
Afridi, “"Investigation of Power Transfer Density Enhancement in Large Air-
Gap Capacitive Wireless Power Transfer Systems,” Proceedings of the
IEEE Wireless Power Transfer Conference (WPTC), Boulder, CO, May 2015

o Each stage on the secondary side except the first stage Testing under "fat"s_::f "ehI:Flle e“I:’ "'°!‘me':|t ~ “;Eta' shields S. Sinha, A. Kumar, S. Pervaiz, B. Regensburger and K.K. Afridi, “Design
provides equal gain emuiate the vehicle chassis and roa of Efficient Matching Networks for Capacitive Wireless Power Transfer
: : : : O S et ks g bertaon Systems,” Proceedings of the IEEE Workshop on Control and Modeling for
a Each intermediate stage provides equal compensation SWltchqodevoltage Power Electronics (COMPEL), Trondheim. Norway, June, 2016,
Z. e e J000E DUNDE FUREE A DN SR SRS DINE TRNDS I o SRDUEIDINE SN son IR IR D SN IO A. Kumar, S. Sinha, A. Sepahvand and K.K. Afridi, "Improved Design
imf’"—"/——‘——‘———‘—‘-’tﬂ““ Optimization Approach for High Efficiency Matching Networks,”
3 S ST S S P _ R R ot viltaage Proceedings of the IEEE Energy Conversion Congress and Exposition
o 85 . = 100 : _ _ _ _ : : : : | : : : : Output voltage ; ; | : -
Em./;_-‘l“m]wicn]nppmach e (ECCE), Milwaukee, WI, September, 2016.
S s 3 Numerical spproach S a R ww T  be) Ger e aer e ww e e K. Doubleday, S. Sinha, B. Regensburger, S. Pervaiz, A. Kumar and K.K.
mnoo ﬁm' o s ke s Experimental waveforms of capacitive WPT system Afridi , “"Design Tradeoffs in a Multi-Modular Capacitive Wireless Power
Prak Vollage Acoss Air-ga [V transferring 110 W power across a 12 cm air-gap at 90% Transfer System,” Proceedings of the IEEE Workshop on Emerging

Efficiency of optimized matching network efficiency Technologies: Wireless (WoW), Knoxville, TN, October, 2016 (accepted).




