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Wireless Power Transfer Technologies

➢ Nikola Tesla (New York American, May 22, 1904)

▪ Tesla's Tower 1)

• Scheme of drawing millions of volts of electricity

through the air

• From Niagara Falls out to cities, factories and

private houses from the towers without wires.

➢ MIT (Science, July, 2006)

▪ Wireless Power Transfer via Strongly Coupled

Magnetic Resonances 2)

• Self-resonant coils in a strongly coupled regime

• Experimental demonstration of wireless power

transfer

• 60 watts with ~40% coil-to-coil efficiency over

distances of 2 meters

Ref. : 1) http://www.teslasociety.com/tesla_tower.htm 2) http://www.witricity.com/pages/papers.html
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Applications of Wireless Power Transfer Technology
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Categorization of Wireless Power Transfer Technologies

Magnetic Resonant
(Magnetic Induction / Resonance)

Microwave

Frequency
kHz ~ MHz

(20, 60, 85 kHz for EV)
(100~300 kHz, 6.78 MHz for Mobile)

GHz
(2.45 GHz, 5.8 GHz)

Distance cm ~ m m ~ km

Power
mW ~ MW

(mW~W for Sensor)
(kW~MW for EV and Train)

mW ~ GW
(mW for Sensor, IoT)
(5~10 W for Mobile)
(kW~MW for SPS*)

Efficiency 50 % ~ 95 % 10 % ~ 70 %

Application Mobile, EV Mobile, Long Dist.

*SPS: Solar Power Satellite
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Electric Vehicle – Necessity of Green Transportation

Air Pollution,

Energy consumption,

Traffic Accident,

Discomfort

Exhaustion of

Oil Resource

Environmental

Pollution

Demand for eco-friendly,

low-cost, and highly-efficient 

transportation system
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 The dependency of the battery in electric vehicles is increasing.

Electric Vehicle – Battery Dependency

Source: International Energy Agency 2009 (http://www.iea.org) Source: JP Morgan
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 Battery charging/changing time is still longer than fueling.

 Battery is the most expensive part in EV.

Electric Vehicle – Problems in Battery

Lithium Ion Battery
59%

Electro-mechanic
Devices

19%

Motor
15%

Transmission
5%

Power Electronics
2%

EV Battery Charging Issues
(Charging Time, Driving Distance, Safety)

EV Battery Issues
(Weight, Price, Capacity)
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Project Overview – Project Progress

2009

2010

2011

2012

2013

2014

2015

2016
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2009  MEST *

[Core technology]

2010-2011 MKE*

[Practical technology]

2012-2013 MLTM*

[Commercialization]

Outcome

• Development of

original power supply 

and collection

technology

• Implementation and 

verification of core 

technology

• Improving core 

technology

• Development of 

common-core 

technology to verify 

usability

• Construction of 

standard power supply 

infrastructure and bus 

system

• Commercial operation 

of OLEV bus and 

infrastructure by local 

governments (2013)

Cost 25 million 15 million 20 million

Specification

Air Gap 20 cm 20 cm 20 cm

Efficiency Max. 72% Max. 80% Max. 85%

Power

Capacity
60kW 75kW 100kW

Patents
•Domestic : 125

•Foreign : 9

•Domestic : 127

•Foreign :52

•Domestic : 12

•Foreign : 3

* MEST : Ministry of  Education, Science and Technology     * MKE : Ministry of  Knowledge Economy     * MLTM : Ministry of  Land, Transport and Maritime 

Affairs 

R&D Achievements
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Previous Work (PATH Project in California)
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Comparison of WPT Technologies in Vehicles

Field Institute
Charging 

Type
Contents

Vehicle

PATH

Charging

during stop and 

driving

- Air gap : 7.5cm

- Efficiency : 60%

- Capacity : 60kW

Wampfler
Charging 

at stop

- Air gap : 3cm 

- Efficiency : 86%

- Capacity : 60kW(30kW x 2)

Showa
Charging 

at stop

- Air gap : 10cm 

- Efficiency : 92%(30,60kW), 93%(150kW)

- Capacity : 30kW, 60kW, 150kW

OLEV

Charging 

during stop

and driving

- Air gap : 20cm (35cm: core to core)

- Efficiency :Max. 85%  

- Capacity : 100kW

- EMF Level : below 6.25 µT
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Solving battery and charging problems by developing OLEV, 

which enables wireless electric power transmission while vehicle is stopping or running.

Project Overview – Concept

Power collection with high transmission
efficiency installed at vehicle underbody

Business-competitive under-
road power supply

Reduced capacity to 1/3~1/5 
of BEV batteryPower Inverter

3phase
440V/60Hz

200A
20kHz

Powered Track

Pick-up System

Battery

A pickup device installed under the vehicle works to collect the magnetic field from power 
cables laid under the road and convert it into electric energy for vehicle operation.
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Power inverter

•Generate high-frequency 

current

•High-efficiency resonant 

control

Road embedded

power line

•Meet safety standards for 

EMF

Pickup module

•Installed under vehicle

•Contactless power transfer

Regulator

•Battery charge or motor 

driving

•Charging while stopping or 

driving

Principle & Core Technology – Principle
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• Acquisition of core technology : 

SMFIR(Shaped Magnetic Field in Resonance)

• The SMFIR is “Shaped Magnetic Field in Resonance” 
technology, which safely delivers high amounts of energy 

to an electric vehicle while it is stationary or in motion.

Source Current
Magnetic flux B

(travels through air)

Generate 

Voltage 

Amperes 

law

Faradays law

(induction)

Principle & Core Technology – Core Technology
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Mechanism of Wireless Power Transfer

2v

AC Supply

2i

1i

Magnetic Field

Resonance
Inductive

Coupling

Device Coil

Rx Resonant Coil

Source Coil

Tx Resonant Coil

• Voltage induced at port 2

• Matching circuit for resonance

• Design Parameters: Power circuits, 

Magnetic field design, Frequency

• Feedback by i2

• Maximum power transfer at resonance 

frequency

𝑣 = 𝜔𝑀
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Coil and Core Design for Dynamic/Static Wireless Charging

Induced current

II

Resonant Magnetic Field

Power Lines (1st coil)

Ferrite Induced Current

Resonant Magnetic Field

II 2I

Pickup coil
(2nd Coil)

Ferrite

Power Lines (1st coil)

Resonant Magnetic Field

Vertical Magnetic Flux Type Horizontal Magnetic Flux Type

20 cm
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Coil and Core Design for Dynamic/Static Wireless Charging

High Induced Voltage Lateral Displacement Tolerance

Type I Type II
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Implementation of pickup module

Mechanical structure of pickup module

Pickup System
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Pickup Modules for Wireless Charging Electric Bus

Power supply and pickup system implemented in laboratory
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Output Power and Efficiency

Output powers, power loss, and power transfer 
efficiency as functions of pickup current 
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Effect of Lateral Displacement on the Efficiency
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Implementation of power line module

Pre-casting concrete type of power line module

Power Line Module
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Origin Acceleration Constant driving Deceleration Destination

Driving 

mode

Charging while

stopped

Charging while

driving
Battery powered

Regenerative

braking

Charging while 

stopping

Features

- Installation ratio of power supply line is  below 20% 

- Power loss is minimized  by  applying segmentation control technology to power supply lines

- No extra time is required for recharging battery because of  real time wireless charging

- Safe and convenient charging

Wireless Charging Technology for Bus Operation



2525

R&D Achievements

Contents Progress Remarks

Electromagnetic

Field

Completion of frequency allocation 

(20kHz, 60kHz)

KCC
(Korea Communications 

Commission)

Road Structure

Revision of the road 

decree allowing power line 

installation 

MLTM
(Minister of Land, Transport and 

Maritime Affairs)

Electrical Safety
Electrical safety standards for OLEV 

power supply system
Private region / Public region

MKE
(Ministry of Knowledge 

Economy) 

Vehicle Certification
OLEV vehicle safety standards

Private region / Public region

MLTM
(Minister of Land, Transport and 

Maritime Affairs)
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Seoul Grand Park (July 2011) Yeosu Expo 2012 (May~Aug. 2012)

Gumi City (March 2014) Sejong City (June 2015)

OLEV Systems in Korea

Installation: 372.5m(16%) of total 2.2 km

Installation: 144m(0.6%) of total 24km

Installation: 60m(1.6%) of total 3.76 km

Installation: 36m(3%) of total 1.2 km

OLEV Shuttle Bus at KAIST (Oct. 2012)
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Bus-centered public

Transportation system
Railroad(KTX)

systems

STEP.3

 Verifying  the economic 

feasibility and safety   

through the  bus-

centered   public 

transportation  market

 Installation of power 

supply line near the 

stopping  and 

intersection place

Passenger

car

STEP.2STEP.1

 Maximizing the 

charging  efficiency 

by minimizing 

air gap 

 Solving the speed 

constraint problem   

of   railroad 

(KTX etc) and  

reducing tunnel 

construction 

cost 

 Sharing of online 

electric bus 

infrastructure

 Utilizing the 

proven  technology  

and marketability 

obtained through 

the bus and 

railroad project

Wireless Charging Infrastructure Projects

(Public parking lot, shopping mall parking lot and taxi stop area)

Commercialization Strategy
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WPT in Railway System
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Application of Wireless Power Transfer in Railway System

Catenary and pantograph is NOT 
appropriate for high speed railway.

Removal of catenary and pantograph
à No Friction

à High Speed

à Low Maintenance Cost

Pantograph

Catenary Cable
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▪ Social Effect
Every year in Korea, 13.2 people lose their lives due to high 
power overhead lines.

▪ Economic Effect
Tunnel Size Reduction (85.7m2  74.5m2)
Construction Cost: 5% Reduction

Railway Application of WPT Technology

30
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▪ Comparison with Third Rail System

Railway Application of WPT Technology

31

Power Supply Cost ($/km)

Third Rail 1,800,000

Wireless Power 750,000
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 Smaller core-to-core gap and no lateral displacement in railway system.

 Higher frequency for higher power with low current.

Design of Wireless Power Transfer System
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15m(stopping) 15m(driving)

◈ Held a demonstration of 60kHz power supply and pickup technology at the Osong

Catenary-free Test Course, with its application to catenary-free trams(Jun. 4, 2013)

Osong Wireless Power Railway Test Site

<Pick up>

Technology Transfer & Commercialization Status
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 Transmitter track and tuning capacitors   Tuned at 60 kHz

Capacity 200 kW Rated current 66.6 Arms

Switching 

frequency
60 kHz Segment length 15 m

No. of coil turns 6 Efficiency  97 %

Transmitter track Tuning capacitors

WPT for Tram – Configuration of Power Line Module
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 Pickup and tuning capacitors   Tuned at 60 kHz

Rate power 60 kW/module
Rated output 

voltage
AC 600 V@ 60 kHz

Resonance 

frequency
60 kHz

Rated output 

current
100 A (25 A/CH)

Airgap 7 cm Coil structure 1:2:1 layer

WPT for Tram – Configuration of Pickup Module
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EMC Issues for Vehicular WPT
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 Electromagnetic Compatibility (EMC)

EMC Problems in WPT System

EMC
Electromagnetic 
Compatibility

EMF
Electromagnetic 

Field

EMI
Electromagnetic 

Interference

• Fundamental Frequency

• Near Field

• Harmonic Frequency

• Far Field
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 ITU-R (International Telecommunication Union – Radiocommunication)

➢ Recommend standard frequency by unanimous approval

➢ Considering 100~200 kHz, 6.78 MHz for mobile, 20, 60, 85 kHz for EV, and 
2.45, 5.8 GHz for Microwave Power Transmission

 IEC (International Electrotechnical Commission)

➢ Organizing regulation and standard of each country

➢ JPT61980 TC69 is in charge of WPT EV standardization

 IEC CISPR

➢ Reviewing EMI regulation and standard measurement issues from electric 
system

➢ CISPR 11 WG1 TF WPT in charge of WPT EV standardization especially EM 
radiation

 SAE J2954

➢ Non-governmental organization

➢ Lead by automotive industry

➢ 20 kHz / 60 kHz for Heavy Duty Vehicle, 85 kHz for Light Duty Vehicle

Standardization of Wireless Power Transfer for EV
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Introduction – Biological Effect from Electromagnetic Field

Treatment of Tumor using Electromagnetic Field
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 Concerns on Electromagnetic Field

Introduction – Biological Effect from Electromagnetic Field

Lyon, France, May 31, 2011 ‐
The WHO/International Agency 
for Research on Cancer (IARC) 
has classified radiofrequency 
electromagnetic fields as 
possibly carcinogenic to humans 
(Group 2B), based on an 
increased risk for glioma, a 
malignant type of brain cancer, 
associated with wireless phone 
use.

Group 1
Carcinogenic to 

humans

Group 2A
Probably carcinogenic 

to humans

Group 2B
Possibly carcinogenic 

to humans

Group 3

Not classifiable as to 

its carcinogenicity to 

humans

Group 4

Probably not 

carcinogenic to 

humans
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 Cost of new devices and the wireless charging pad top the list of concerns for consumers. 

 There is a fair amount of concern over the health and safety risks as well.

Concerns on Wireless Charging System
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▪ Applications of WPT to EV is being developed actively by leading 

companies.

Electromagnetic Shielding

Magnetic Field

Source :  Infiniti LE concept introduced by NISSAN motor company 
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 Guidelines of time-varying magnetic fields by ICNIRP

EMF Regulations

M
a

g
n

e
ti

c
 F

lu
x 

D
e

n
si

ty
 (
µ
T
)

6.25 µT
(1998)

27 µT
(2010)

Frequency (Hz)
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EMF Measurement – IEC 62110
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 Balancing with Coil and Magnetic Material

EMF Reduction using Magnetic Material

EMF Observation

Position
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▪ Generation of electromagnetic field (EMF) and shielding

Electromagnetic Shielding

Induced Cancelling

Magnetic Field

Receiving Coil
Transmitting Coil

Incident

Magnetic Field

Resonant

Reactive Shield
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▪ The principle of the EMF Cancellation by using reactive shield

Reactive Shielding Coil – Type 1

I

Capacitor for

Resonance

x

z

VInd

y

Incident
Magnetic Field

Source Coil

Load Coil

Resonant Reactive Shield Coil

Induced Cancelling
Magnetic Field

sh

sh

sh

ind

sh

ind
sh

R
Cj

Lj

V

Z

V
I
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S. Kim, H. H. Park, J. Kim, J. Kim, and S. Ahn, "Design and Analysis of a Resonant Reactive Shield for a Wireless 

Power Electric Vehicle," IEEE Trans. on Microwave Theory and Techniques, Vol. 62, No. 4, pp.1057-1066, Apr. 2014.
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 180-degree phase difference is best condition for maximum cancellation.

 Resonant reactive shield current needs additional 90-degree phase delay.

Desired Phase for Maximum Cancellation

Desired phase of the resonant reactive shield current

Phase (Degree)

Phase (Degree)

0 deg

90 deg

180 deg

Incident field

(Reference)

Induced voltage

(90-degree phase delay)

Desired Cancelling field

(additional 90-degree phase delay)
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▪ Simulated EMF cancellation by reactive shield

Electromagnetic Field Noise

Load Coil

Source Coil Reactive
Shield Coil

Total Magnetic Field Reduced 
by Reactive Shield

Observation Points
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▪ Dimensions of source coil, load coil, and reactive coil

Measurement Setup

300mm 300mm

190mm 190mm

50mm 50mm

24mm

19mm

50mm

280mm

280mm
25mm

Ferrite Ferrite

Source coil Load coil Shield coil

Source coil Load coil Shield coil

300mm300mm
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▪ The principle of the EMF Cancellation

Electromagnetic Field Noise

S. Kim, H. H. Park, J. Kim, J. Kim, and S. Ahn, "Design and Analysis of a Resonant Reactive Shield for a Wireless 

Power Electric Vehicle," IEEE Trans. on Microwave Theory and Techniques, Vol. 62, No. 4, pp.1057-1066, Apr. 2014.



52

 The resonant reactive shield generates the induced cancelling magnetic field. 

 The resonant reactive shield uses leakage magnetic field for cancelling magnetic field.

 The resonant reactive shield controls the magnitude and phase of the cancelling 

magnetic field by four capacitors.

Reactive Shielding Coil – Type 2

Concept of proposed resonant reactive shield for a wireless power transfer system
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 Total magnetic field is significantly reduced at the observation position by applying the 

proposed double-reactive shield.

Simulation of the Shielding Performance

Proposed double-reactive shield
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Comparison of the Results

 The total magnetic field is reduced by a maximum of 80% at 0.15 m from ground.

H. Moon, S. Kim, H. H. Park, and S. Ahn, "Design of a Resonant Reactive Shield with Double Coils and a Phase

Shifter for Wireless Charging of Electric Vehicles," IEEE Trans. on Magnetics, vol. 51, no. 3, Apr. 2015.
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Researches on Electromagnetic Interference



56

 EMI Radiation Measurement at 10m

Researches on Electromagnetic Field Reduction

99.01 dB㎶/m

55.85 dB㎶/m
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Researches on Electromagnetic Field Reduction

EMI reduction from high power Inverter is required.

 EMI filter can reduce harmonic frequency in 150 kHz~10 MHz

Wireless System Construction Guideline (Based on Wireless System Regulation 14-3)

Not only above 150 kHz, but also 60 kHz ~ 140 kHz
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 Wireless power transfer technology is the key of future electric vehicle 

system.

 Fundamental and applied technologies for wireless charging electric 

vehicle have been done in Korea since 2009.

 Public buses are commercialized, and railway systems, and passenger 

cars are being developed.

 Some problems such as electromagnetic issues should be solved for 

commercialization.

Summary
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