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Old charger ‘ New charger
20min drive needs 20min drive needs
charging(30A) Charging(150A)

electric charge: Q=CV=IT, Q=CAV=IAT
100[F]X50[V]=150[A]X30[s]
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capacitor bus

battery bus Y




Bus can be charged
at bus-stops
in 30 secs. beautiful
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Recitifying

Circuit | |
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Receiving High-frequency
L Antenna _ m Power Source
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Transmitting

Antenna




Wireless Power Transfer

= Main types of Wireless Power Transfer

Range Low (few cm) Very High (~km) Mid Range (1zocm ~ 2m)
Efficiency High Low High

Wii Controller Charger SPS

Report from MIT (2007)

[tk CLPEERE 2mDEEIEE T6OWD EBERE AT
FE45%

R4 : Wireless Power Transfer via Strongly Coupled Magnetic Resonances
RA/MO0OUT)

gauit

60W

: : .lm
A. Kurs et al., Science 317, 83 -86 (2007 » - =
( ) Marin Soljaci (MIT 2007) 6
ILRKEERFTE R R2012-8-24 (yokoi)
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Equivalent Circuit

Trarismitting Gap N Resonance 1Condition:2
Antenna /——\ Antenna oLy + (L)% =0 Eq. (1)
}—\_\ Resonance Frequency:
ACO) < Wy = V:’:k =7 (L:Lm)c Eq. (2)
We = x/(lujk = \/(L—le)C Eq.(3)
k=tm=oren Eq. (4)

Equivalent Circuit of the system
without matching circuit Power Reflection Ratio, 111 = S1; X 100[%] Eg. (5)
Power Transmission Ratio, N1 = Sy; X 100[%]

_ 2jLinZow
S21(®) = 12,02~ (wLl—L2)+2jZy(0L—1)+22 Eq.(6)

The system can be analyzed and designed

based on the Equivalent Circuit.
Electromagnetic Analysis Model 8

001 -




receiving D 4
antenna !

transmitting
antenna

@7 VTFODINTA—H ©®) HEO7 T FDOEE

12 3.8: 7 2T F OREK

100
S S
g © 5
= =}
2 2
= =t
k5 32
14 15 16 17 18 19 5 17 18
frequency [MHz] frequency [MHz]
(a) fEERNHR (b) &R

X 3.9: B vy FICIBUT BARERNH BT SR D JE R

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 Antennas = Impedance Matching System = Efficient Power Source

= Asymmetrical Antennas = Frequency Matching System = Analysis with Power
= Multiple Receiver Analysis = Parameter Estimation Electronics Theories
= Repeater Antennas = Battery/Capacitor Charging

system

10




Antenna Design

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

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

11

u
= MHz (Narrow ISM Band):
= |mpedance Matching System : :
T g Maximum efficiency can also be
mpedance Matciun; Antennas . .
—r Quz%“— | S TaBC @R achieved by matching the resonance
Fq:r:f 'V1—||'—:—l—| 1 \—E T frequency to the power source
Z source=Z H ! .
A | Lt 5 | | frequency (13.56 MHz) using an
C - <kL - - -
L : ‘ZT: i I— Z“’“":',fZ‘D Impedance Matching Circuit
i | L iJ
| S —— S — |
100 prmee T 2 100 -
= 80 —+— 1 1(Exparmnent) X =¥ Py /\ r—
; 60 ne criment) g 6p Eltﬁ!.;=llky \ / I \ l
E 40 3 — m21amlstion) g 4p A l _(gllerim:nt)
= 20 ’2‘{ \ ¥ : ';i Lu 20 \‘ \ — n?;
0 4 v 0 _J v’ (Experiment)
7 2 13% - 8 10 12 14Te—a_ 20 =2
Frequency[MHz] Not Resonating Frequency[MHz] Resonating
Before Impedance Matching After Impedance Matching 17




Power Electronics

- Analysis with Power Electronics

= Analysis without using S-Parameters
= Using V, I only!!

= Using self resonance frequency only to transmit energy

Receiving

Antenna 100
T e

I N [} f -—g=10cm
zg n g=20cm
10 IR \ { .v g=40cm
60 f '
Ri=50Q g 50
Signal o * 40 |
genera tor =30 |
Vi Transmitting 20 ;
Antenna 10 ,
& 0 RS et andB L -

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

Input Impedance = 0Q2

Length of Antenna << Wavelength

18
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Length Diameter Pressure Hydrogen

m = Check valve Parts i mm MPa v mg

i . Check valve 55 4.6 1.1 0.8
= Stainless steel tube

0 Stainless steel tube 15 4.6 1.1 0.2
® =Regulator Regulator 150 4.6 14.7 20.2
= é = Flexible stainless steel tube Flexible stainless steel tube 1000 1.6 14.7 23.3
Total 53.5
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%% £0.053 g
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KREREEDT I UICLEIEEBIVICERRLONET—X)
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No Parts Length Diameter Volume 15 Stainless steel tube 1/4 inch 25 46 0.4
mm mm mL

16 Pressure sensor 50 46 0.8

1 Hydrogen filling gun 270 10.2 221
17 Stainless steel tube 1/4 inch 25 46 0.4

2 Flexible stainless steel hose 2150 10.2 176.0
18 Temperature sensor 50 4.6 0.8

3 Flexible stainless steel hose 2150 10.2 176.0
) . 19 Stainless steel tube 1/4 inch 615 4.6 10.1

4 Flexible stainless steel hose 3050 10.2 249.6
20 Three-way valve 60 4.6 1.0

5 Ball valve 120 10.2 9.8
. . 28 Stainless steel tube 1/4 inch 340 46 56

6 Stainless steel tube 1/2 inch 20 10.2 16
7 Check valve 85 102 7.0 2 Three-way valve 60 48 o
8 Stainless steel tube 1/2 inch 10 102 08 37 Stainless steel tube 1/4 inch 320 46 53
9 Filter 75 102 6.1 38 Three-way valve 60 4.6 1.0
10 Stainless steel tube 1/4 inch 45 46 07 39 Stainless steel tube 1/4 inch 2 48 04
11 Union Tee 50 46 0.8 40 Ball valve 160 46 26
12 Stainless steel tube 1/4 inch 90 46 15 “1 Stainless steel tube 1/4 inch 25 46 04
13 Stainless steel tube 1/4 inch 25 46 04 42 Check valve 60 46 1.0

Pressure gauge 50 46 0.8 43 Stainless steel tube 1/4 inch 25 4.6 04

EL: 3; . 14
" -
i%i ® 44 Regulator 160 4.6 26
° f° 7 M1k 1311 8
f T T 15 1000 16 20
|
.

Flexible stainless steel tube

s[H Total 689.1
i
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Setting value Mesured value Hydrogen

MPa MPa g
Condition 1 0.00 0.13 0.036 <«<—
Condition 2 0.30 0.29 0.082
Condition 3 0.60 0.70 0.195
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