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We are seeking new levels of cooperation and new %ﬁtﬁﬁl'ﬁﬁi}ﬁ&#ﬂﬁﬁ!ﬁ

relationships between all stakeholders
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Old charger New charger LALLSTAAS

20min drive needs 20min drive needs ERICMET HFTHAD \ )
charging(30A) charging(150A) — f=&Z1E30~100VTCANT=TRILT—D %N F|FHTES

electric charge: Q=CV=IT, Q=CAV=IAT Tx/\274+4—5L (BEEAE)
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Bus can be charged
at bus-stops
in 30 secs.
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Research Direction

» Main Issues in Magnetic Resonance Coupling:
- Resonance Frequency vs ISM band

- Efficiency at Variable Position & Load
- Power Source
- Safety

 Research Direction

* kHz~MHz ~ GHz < Impedance * Efficient Power
Antennas Matching System Source

* Asymmetrical * Frequency * Analysis with
Antennas Matching System Power Electronics
» Multiple Receiver ¢ Battery/Capacitor  Theories
Analysis Charging System

* Repeater Antennas 1
N

’

Asymmetrical Antenna Design 3

The Antennas may be asymmetrical as long
as their self resonance frequency is similar

Y

\ 13

All Antennas must have:
* Identical Self Resonance Frequency
* High Q value = Low Ohmic Loss and Low Radiation

P

Antenna Design

MHz

kHz

Smaller sized antennas, Narrow ISM Band, No efficient
power source
Power source exists, Wide ISM Band , Larger antennas

N

\

2.2 Repeater antennas

12



2.3 Effect of repeater antennas

Parameter of antenna I

Radius: » =150 mm

Turn: ¢t =5.5

Pitch: p,=5 mm
Length between layers p;, = 8 mm
Impedance of port is 50

Without a repeater antenna

S, =10 mm :>.<:
Sa

S, =320 mm (- -
>

With a repeater antenna | Repeater antenna

S, =10 mm
S, =320 mm

125 130 135 140 145
Frequency [MHz]

125 130 135 140 145
Frequency [MHz]

0 d
125 13.0 135 140 145
Frequency [MHz]

n ,; : Efficiency
7 ,; : Ratio of power reflection

Short range has HIGH efficiency

Long range has LOW efficiency

Long range with
repeater antenna
has HIGH efficiency

13

Repeater antenna

Transmitting Receiving

3.1 Cross coupling

antenna antenna

OO0

3D

| L, is increased gradually |

O
QO

Naisig

L,=279.6nH, k;=0.025 |

L,=11.024uH, C,=12.467pF |

il

Power source

AN

=

18

2.4 Repeater antennas: 0-10 v

Transmitting Receiving — — -— -—
antenna antenna ) i
s, = 10mm
\ / '»
0 OO
125 130 135 140 145
1 pp—— Frequency [MHz]
100 100 100
2 oo e e o
=60 =60 — 60
3 Y Yt Y 1-3 | “4 “ a0 “a0
20 20 zg
0 0
4 S 125 130 135 140 145 125 130 105 120 145 QSRS Tts ol Lo e
100 100 100
5 COCDCDCEOTOEODC 80 80 80
46 =60 = 60 = 60 1 ‘
- =40 =40 =40
6 D) 5 % = P M
0 o 0 —
7 OO e L e R e
100 100 100
8 COCEDOCOCEOCEDC OO OO 80 ] 80 80 |
79 =50 W=zl F W ez W
9 COTOTOTOTOTCOTOTOTOTOTD Zg Z(Ul Z(U]
125 130 135 140 145 125 130 135 140 145 125 130 135 140 145
10
COCDCDEDCCDCCTIOCICED Frequency [MHz] Frequency [MHz] Frequency [MHz]
h— ~ 7 100
'z 80 . .
g0 | 1 ' Long distance power transfer is
Repeater antennas 10 i I - p
2 possible by using many repeater
Transmitting Receiving 25 190 133 w0 145 antennas.
antenna antenna 7«‘_ There are ohmic loss and radiation
T loss.
Number of Number of

repeater antenna

repeater antenna

The efficiency is decreased only about
1% at each repeater antenna.

3.2 Equivalent circuit considering cross coupling

OO0

2 c L2
VS VR
E L22 L2 §
R

R
L

O
Tt

Li2 L2

19



System Control System Control

* kHz (Wide ISM Band) : « kHz (Wide ISM Band) :
- Frequency Matching System - Frequency Matching System

2
e MHz (Narrow ISM Band): | 2.
- Impedance Matching System il 0 o

L L
100 110 120 130 140 150

frequency [kHz]
o UHF receiving 100 o wio comrol
i (860-960MHz) o = 50
433MHz 245GHz u—' L]
: ¥ ! under 135kHz 13.56MHz \ 2\ 60 ] -
ss0m / i » e,
a) g= T " =,
= iransiilting ol @ | w | | !
_ = = REV atifenfs 200 400 6{;0 [n]ajgt]) 1000 1200
= e | / [ | | HiEAPC gp
fl'. W 1k 10k IOEk 1M 101\[4H l]OOM ¢ 104 FWD Experimental Results
R ; requency [Hz . . — —
ey ISM Band Maximum Efficiency can be maintained even when positional
= 1501 . 0 /D10
ASvst (:) £— t"".n , i h ional shift : ed shifts occur by shifting the frequency of the power source to the
YySteém 10 maintain maximum €Iriciency wnen positional Snirts occurs 1s neeaed. 5 resonance frequency %

System Control System Control

« MHz (Narrow ISM Band):
- Impedance Matching System

Antennas

* MHz (Narrow ISM Band):
- Impedance Matching System g

Impedance Matching Antennag Maleum efﬁClel’lcy can aISO be
Receiving Circuit . .
i Antenna ; achieved by matching the resonance

Vector : - ! frequency to the power source
Match: ransmittin | .

KL Ze 2 iﬁg‘fy";; ™ Circut Zo? frequency (13.56MHZ) using an
; Impedance Matching Circuit

100 2 100
v‘. @1 00 = 80 \ A / —+—n11(Experiment)

= 80 —+—n11(Experiment) 0; 80 = I
= 60 \‘ ( o= 121 (Experiment) g 60 5 60 . erimen) —
5 — 1S S = qll -5 — n21(Simulati k )
2w N 21 Simuition) EI:&J’ 40 ﬁ (Experiment) g T n = : (E;l;mmm)
= —

20 20 - n2l 20 2l

0 J¥ ‘é & J 0 (Experiment) 0 _J ? v k J 0 N (Experiment)

; o BB » 8 10 12 14 16 18 20 22 7 o B, » 8 10 12 1m\w\ 20 22
Frequency{MHz] Frequency[MHz] Frequency[MHz] Not Resonating Frequency[MHz] Resonating
Before Impedance Matching

" \After Inpedance Matching 17 Before Impedance Matching \After Impedance Matching 18



Power Electronics

* Analysis with Power Electronics
— Analysis without using S-Parameters

Power Electronics

» EV charging system

« Using V, I only!! - System Design

- Using self resonance frequency only to transmit energy

_ - EDLC/Battery Charging circuit

eceiving

= o VAL A o - Power transfer antennas as a posmon sensor
0| VoA Lt to assist in parking o

Signal
generator

DC/DC -

EDLC
Charging

L ] \
VJ Transmitting 20 F }f \
Antenna 10 | / -
: I !

Control
This system may also be used without any control if we can create a
system that does not create a reflected wave.

¢ NO coaxial cable

From receiving antenna
¢ [nput Impedance = 0Q

* Length of Antenna << Wavelength 19 AN 20
b §

b

car 2 (N i
ar 2 (New Metropolitan Electric Car)

KAIST is planning
é’f/ Online EV (OLEV)
© to be charged from roads.

@ v

President of KAIST

2009.9. KAIST OnLine Electric Vehicle Project



] : — - Pick —up
| Power line ‘ vy device

—
Cost-effective on-th '\‘ /  Highly-efficient pick-up device at t
e-road power suppl \‘ he botiom of the vehicle

y

 Ulilizing the Hybrid Bus, co-developed by Hyundai Heavy Industry and Daewoo Bus, KAIST has been successful in demons
trating the KAIST’s core technology in on-the-road power supply system and pick-up device attached to the bus.

2 Kaist! | =V

ESLHIMTEDRENE
 BREAAOERKOEHHE EUEIEM

LA TN T
g ’f':&'@ .

s A o

———

=ML E

— EEROR) w5 E 5
nE—ADHHEE, FinihirERE

— 2RFTEKES O HIH
nERELRILOEDIRIE

— BREREOHE



- 1996 F5E Ko
"ERETE—F1EEE, BAETL—F(EFA],
B RO EELREXEHE, /—FPCIZK A,

D C-COMS 773 —ILESHFHIENDEREE

HER e

COMS3 C-COMSH1 C-COMS2
(PERBMDARAR)  (Fr/ N 2ER8) (Fv/ U 2EkE))
(EitERSE)) HEAN—43) (DDAURAILE—ER)

In-Wheel Motors

Main Batteries
(18 Units, 216[V])
S

Inverter unit

Electric Power Steering

Electrical
Wire Harnesses &
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Motion Sensors
(Yaw Rate Sensor,
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