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[ Powering the devices wirelessly as transferring the WIFI signals J

Conceptional WPT for Household Electronic Devices
(credit: WiTricity)

WIRELESS CHARGING ROOM DELIVERS POWER THROUGH THE AIR
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Room-scale magnetoquasistatic wireless power
transfer (credit: Nature Electronics)
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(b) WPT for EV charging (Credit: Plugless Power)
a Fig.2(a) Wireless Power Transmission (WPT)
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Fig.1 Applications of WPT techniques Fig.2(b) Number of articles published in WPT [1]

[1] Wireless energy: Paving the way for smart cities and a greener future, Energy & Buildings 2023
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Introduction - Overview
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Smart Homes

EVs/loT/5G/Robotics

* Enhancing mobility and convenience.

* Low maintenance/battery-free

* Cable-free/non-destructive/safety

* Improving Portability

e Harsh Environments (e.g underwater)

* Facilitates widespread adoption of
loT sensors/device
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(b) Loosely Coupled WPT system using Resonance Technique

Fig.3 Typical system diagram of the WPT system
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Fig.4 Diagram of Existing WPT Technologies

Techniques Organisations
a Inducti fer (IPT A - :
nductive power transfer (IPT) » Wireless Power Consortium (WPC)
* Capacitive power transfer (CPT) * AirFuel Alliance (AFA)
* Microwave power transfer (MPT) * Society of Automotive Engineers (SAE)
* Laser power transfer (LPT) * Near Field Communication (NFC)
_ Acoustic power transfer (APT) Y




Comparisons of different WPT Technologies
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(a) Comparisons of different WPT technologies in Power and Distance*
Fig.5 Comparisons of different WPT technologies

Magnetic Inductive/Resonance have the highest power efficiency
The microwave technique can transfer the highest power in the record
Microwave/Laser WPT can transfer power the longest

* Data is from A Review of Metamaterials in Wireless Power Transfer, MDPI, Materials
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(b) Comparisons of different WPT technologies in
Power and Frequency
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Magnetic resonance WPT technique is
the best candidate for smart home
applications according to the capability of
power, frequency and transfer distance
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Challenges in the WPT System for Smart Home
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Challenges and Opportunities for WPT System
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Fig.5 How Power Electronics Techniques contribute to WPT

measurement, modulation) .
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{ HIGH EFFICIENT, LONG-DISTANCE, ALIGNMENT-FREE WPT TECHNIQUES J

o

- Wireless -

lsi Transmitter

WPT for mobile and loT devices
WPT for EV and Robotics
WPT with Renewable energy




WPT System Design
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Case Study: Bidirectional compact wireless charging system using GaN device

NEWCASTLE

B [teslal
Input & Output . Power transmitter Sy Power receiver 1.5235E-002
Power range EfflClenCy Forward power flow mode _ — — . 122002 | A
rati ng LC resonator 1, 3204E-002 ) ) -
Ri 1 1 S 1, 2188E-002 Aligned distance <
|Pp_e Safety ol s 1 J i &, 1.1173E-002 variation Angular
requirements f Lots7e-00z T:sallgnment
WPT 8. 1256€-003
System . 7.1099€-003
Cost Thermal 6.0942E-003
5.07856-003 Lateral |
. 4. 0626E-003 misalignment
Dynamlc EMC ¢ i S [ 3.0472E-003
= 2 2.03156-003| &~ S Apil 9 g
Coil 1 < > Coil 2 <7
response Volume/weight Backward power flow mode : 1.0156E-003
Power receiver Power transmitter 8. 1008E-008

@ Design requirements

in(1A/div) Aligned d=4mm
" [ s FRERY s’

1(25V/d|v) H

; \,/“\NM\J

in(l /dlv)

(25V/d|v)

Developed bidirectional wireless charging

system using GaN device

(5) Experiment Validation

@ System structure/Control

60 (mm)

F|n|te Element Analysis (FEA)

®

o

RV

V.u(5V/dv)
i 2A7dv)

- 1 .. Val5V/di)

Iw(2A/div)
a=90" (lus/dw)

Ll 1a/dw)
V.u(SVidiv)

iu(24/div)

£

Vo[5V/div)

w(2A/dv)
a=180" (lus/div)
L1A/div)

~

%

@ Simulation Verification



ke Northumbria
- [ o ot
Research Case Study — Siemens project ‘d:\:\)'ce/::h);

Award-winning Research in Bidirectional wireless power transfer system

Winner of Siemens European Competition in Power Electronics 2018

Fig. 6 Prototype of the proposed bidirectional wireless charging system

-

Features o o N
«  Wireless power transfer » Close loop control via wireless communication

» Bidirectional power flow

High power transfer ability: Laptop application

N High switching frequency: 500kHz

)
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Bidirectional WPT system - Simulation
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(d) Simulation results under lateral misalignment

Fig. 7 FEA Analysis for Bidirectional WPT
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Research Project — 3D Testing Platform

Fig. 10 Photo of 3D testing platform for WPT System | WPT Testing




WPT - Demonstrations

(b) Smartwatch (d) WPT for Robotics

( C) PT for Multiple LEDs
Fig. 13 WPT Demonstration in mobile devices/LEDs/Robotics




Ongoing Research (1) — WPT with Metamaterial

Integration of Metamaterials structure for Mhz - WPT
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e Unigue Manipulation of Electromagnetic Fields
* Significant Increase in Transmission Distance

* Improve the efficiency of the power conversion
* Flexibility and Tunability
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Fig. 14 WPT System with Metamaterial
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Ongoing Research (2) — WPT for SAW Devices

Primary side

. Secondary side )|

—_———————

————\ ( \Ir————\
N A N

-------- |

........ |

AC TCPI I L

G|1,4 Iz,3
PWM
Generator

Prey
PI Controller

a) Diagram of WPT-SAW system (a) SAW device for de-icing [1] (b) SAW device for medicine delivery [2]
W/ Fig. 16 Applications of SAW devices
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Conclusions

 Rapid Development: The global WPT market is booming, driven by applications in consumer
electronics, EVs, robotics, and smart cities.

* Diverse Technologies: Various WPT methods, each with unique advantages, are paving the way for
more efficient and long-range wireless power solutions.

* Research and Innovation: Ongoing research focuses on enhancing WPT efficiency, extending range,
and integrating with advanced materials like metamaterials.

* Challenges and Opportunities: Addressing challenges such as efficiency, range, and cost can unlock
new opportunities in bidirectional power delivery, advanced resonant technologies, and novel control
algorithms. High-bandwidth Measurement Equipment tailored for WPT is required

* Future Prospects: High-efficiency, long-distance, alignment-free WPT techniques hold the promise of

revolutionizing power delivery in smart homes and mobile applications, contributing to a greener and

more connected future




Powering the future wirelessly!
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