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A korlatlanul elérheto energia igérete
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hvts  Korszerii vezeték nélkiili energiaatviteli médok
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A képek forrasa: Wikipedia, Jenshan Lin
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hvts  Korszerii vezeték nélkiili energiaatviteli médok

HIGH-POWERED LASER === E
EFFICIENCY: 15-30%

DISTANCE: Less than 10W over

distances of 100+ metres

USES: Lamps, speakers,

electronic photoframes, laptops

MUST HAVE DIRECT LINE-OF-SIGHT
AND SAFETY CUT-OFF

NON-RESONANT INDUCTION )

EFFICIENCY: 70%

DISTANCE: 5W with close contact
tocharging pad

USES: Phones, PDAs

v
r

78 "' RESONANT INDUCTION
EFFICIENCY: 70%

DISTANCE: 50W over 50cm
USES: TVs, laptops
DOESN'T REQUIRE DIRECT LINE-OF-SIGHT

forras: NewScientist
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Torténeti hattér — Tesla munkassaga

Tesla el6adasa 1891-ben

A Wardenclyffe-torony

A képek forrasa: Wikipedia
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https://en.wikipedia.org/wiki/Wireless_power_transfer

Nicola Tesla

Soljacic et al.

Oveges Jozsef

Kis fizika Il.

-

Nemzeti Tankonyvkiado

2017.02.16.

... egy tankonyv a
“vasfiggonyon” innen...
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1. Az plektromos rezonancia. Kisérlet. Nagy fesziiltségre késziilt

C, slrit6bol és 20—30 menetfi L, dnindukciés tekercsb8l készitsiink
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A rezonancia alapu vezetek nelkuli
energiaatvitel alapjai
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Hol aramlik az energia?

Poynting-vektor
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A képek forrédsa: www.emfrf.com, Vago I. Villamossagtan II.
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http://www.emfrf.com/what-is-emf-101-report/

Csatolt rezgések — Idealis eset
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https://en.wikipedia.org/wiki/Pendulum

Csatolt rezgések — Veszteséges eset

Wy-ra normalt érték
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Gerjesztett rezgés, teljesitmenyatvitel
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lllesztés, teljesitményatalakitas

Inverter
; : Sa
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Primary  Secondary
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~
thq
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Teljes WPT rendszer (AirFuel/Rezence)

Rx Resonator

Power Receiving Unit (PRU)

Power Transmitting Unit (PTU)

Client

Regulator DC to DC Device

Load

f f MCU &
T Out-band |q—————————— .
AAA Resonant Signaling B |
Coupling Bidirectional |
@ 6.78 MHz Communication :
_ @ 2.4 GHz Band
|
|
|
Matching Power Power :
Circuit Amp Supply |
|
Voltage [
t MCU & Control + |
Tx Resonator gl ——————————" -
Signaling
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Forras: Rezence™ Specification



Teljes WPT rendszer (WPC/Qi)

Wireless Transmitter Wireless Receiver
RX Vour
| f lcolL +| V@A
Vrect  Voltage HOySten
| | '"ngtj'ﬁ'g't’2 Regulation
PRI SEC 0 ; :
+—i A l I3
TX " T
Controller _ Portable
4| |: 0 l Linear Devics
1 = || Controller (System
1 - Load up
N TX |; sy g to 5W)
lFEEDBACK COIL | E I_ RX Communication é
I i (‘ & Control T
5 § COMM DRV |
SENSE B

Forras: www.low-powerdesign.com
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http://www.low-powerdesign.com/article_TI-Qi

Az atvitel matematikai leirasa
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Keétkapu-reprezentacio

ZS i1|::- -':-'Jiz
Vs V +1 +2 V
lCD li Sla—| Sik V. Zig —*5-21 2 |4

s—1 | _ | S St G
S_2 Sa1 S22 S42

Mi van a ,dobozban” ?
« Koncentralt paramétert halozat
e Csatolt mdédusok elméletén alapuld modell

 Direkt térszamitasi modell
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Lloop L coil : L coil L loop
Vl Rloop Rcoil : Rcoil Rloop V%/
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Csatolt modusok elmelete (CMT)

vy (t) = vs(t) vy (t) =0
- ay(t)] -— |as(t)] R
vy (1) vy (t) = ui(t)

[rs,vs(t>]<_. Ty || wls <_>[ I ]

Ks = \/QFS K K] = QPZ
- y, - y,
generator ado rezonator vevs rezondtor terhelés

dCL1 . . —+

— = Jwio1 - (Ty + Ty)ay + jras + /2T, v

dCLQ . .

o T Jwa0z — (Ty +T'))as + jray

’Ul_ = —'Ui'_ + QPS aq

’U2_ — v/ Qrg a9
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Téerszamitas alkalmazasa — Példa

becsatolé hurok primer kapu
_\ < adotekercs
/ (hélix)

desztillalt viz

/

szekunder kapu

vevotekercs
(spiral) kicsatolé hurok
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L ENGIp,
o Eep,

Térszamitas alkalmazasa — Példa @

%
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Téerszamitas alkalmazasa — Példa

Teljesitményaramlas
(a komplex Poynting-vektor valos részének trajektoriai)

10,5 MHz 10,75 MHz 11,3 MHz
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Hatasfok — Definiciok

.| L
-ff-| _[ﬂ S, _[:5_| « Uzemi hatasfok = p

7 P,
A
i H i b
«  Atviteli hatasfok = —
PS Pav,s Pav,l Pav,s
A ~ 4 Pav |
» Elérhet6 hatasfok Ny = —2
! ! ! | Pav,s
, P
g 0.8 « Teljes hatasfok =P
-l Tranziens hatasfok o = zto)
 Tranziens hatasfo =
: W1(0)
= 04 F
=
= 02
0/
0

2017.02.16. Vezetek nélkuli energiaatvitel (ESZK)



hvts Hatasfok — Az illesztés fontossaga
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Hatasfok — Josagi szam

« (Csatolasi tényez6
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. woLl . UJOLQ
Ql - Rl ’ QQ — RQ

« Josagi szam (figure of merit)

¢ = 2k\/Q1Q2

 Hatasfok

1—+/¢?+1
e
97 . <_2arctan gb)
770 T 1_|_¢2 eXp ¢

2

Tt max — 1+2

|S21]% =

¢
1+ /1+¢?

2017.02.16. Vezetek nélkuli energiaatvitel (ESZK)



A csatolas jellege

» szoros csatolas (tight coupling): ka~1

» laza csatolas (loose coupling): kE<l

* gyenge csatolas (weak coupling): K < Wy CRITICALLY COUPLED
.~ OVER COUPLED

* tul-, alul- és kritikusan csatolt rsz. e N R o

o
' -
e

.. UNDER COUPLED

(over / under / critically coupled):

So1 MAGNITUDE
o o ©
iR A

o
3
.'

T FREQUENCY IMHz)

103 12
forras: WO 2012/045050
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Q o

a 2 mm

b 20 cm

= R . D 20— 120 cm
OCu 57MS/m

C 470 pF

O B o, Qo 3000

100

0.4 0.6

1 1.2 1.4

Jellemz6 Erték Megnevezés
L 1,18 uH hurok 6nindukcits egyiitthatoja
C 470 pF kondenzétor kapacitasa
M 98,.8nH kélesonds indukeids egyiitthato
R 68,5m§2  vezeték ellenallasa (egy hurokra)
B, 0,13mQ  sugarzasi ellenallas (egy hurokra)
f 6,78 MHz rezonanciafrekvencia
W 42,6 Mrad/s rezonancia-korfrekvencia
A 442 m szabadtéri hullamhossz
) 25,6 pm behatolasi mélység rézben
Bina 0,084 hurkok csatolasi tényezgje
K 1,79 Mrad/s CMT csatolasi egyiitthato
QL 730 hurok josagi tényezGje
Qc 3000 kondenzétor josagi tényezdje
Qo 587 eredé ,,belsG” josagi tényezd
Lo 0,036 Mrad/s CMT ,bels¢” csillapitasi egyiitthato
@ 49,3 CMT josagi szam (figure of merit)
Mo 94 % tranziens hatéasfok

2017.02.16.
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Alkalmazasok
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Viselheto és mobileszkozok toltése

napipiac.unas.hu ne
www.tylt.com

Top spiral coil =————>

2 base turns =———>

Shielding ferrite =————>

forras: Jenshan Lin: “A Perspective on Far-Field and Near-Field Wireless Power Transfer”
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http://napipiac.unas.hu/wireless-mobiltelefon-tolto
http://www.tylt.com/

Viselheto és mobileszkozok toltése

WO 2009/131990

PC monitor screen

Mains connection
(e.g. 110 VAC)
1)

ower base
tegrated in
lamp pedestal
Power base integrated in
pedestal

WO 2010/093728

o Mains conne

Wireless chavginql/¢ Digital camera ' (e.g. 110 VA
e.g.

enabled Wireless charging

el

Desk top Power Wireless keyboard

Wireless charging enabled

7 &2

Wireless mouse
Wireless charging enabled

EP 2 533 394
1025 1035
) / /\
Wireless mous,e'::"' ! P
ot A \\-
ireles /) ' \
kweybloard F/===="= 4 ‘/ %

Parasitic loop

WO 2009/131990 % ’

7
1022 1 02/0 1030 1037

WO 2010/093724

2017.02.16. Vezetek nélkuli energiaatvitel (ESZK)



hvts  Elektromos jarmiivek toltése allé helyzetben

Energy
RM?!'PGH B management “mm | Battery ]

system
5

Inductive pick-up
Electromagnetic field T 1T 1 1 1 Energy transfer

Charging conductor

Electric grid I electriccarsreport.com

(1) Power Feed

@ Primary Coil

@ Secondary Coil

@ Rectifier

© Battery
Communication system

Conductix-Wampfler WiTricity
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http://electriccarsreport.com/2011/05/volvo-working-on-wireless-charging-for-electric-cars/

hvts

Pickup module

Road embedded Regulator

power line
Power Inverter

Dower > Regulator
Inverter 'i Tl _— - A
i »s %‘v—f 2 e
f\ / :g i\
l_segment | ‘ segment || segment ‘ | segment

APower OFF | [ Power OFF || Power OFF || Power DFF'

KAIST — OLEV

Bombardier — Primove
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hvts  Elektromos jarmiivek toltése haladas kozben

Lights &
Transmitter Stand

Electroad DWPT N am

Transmitted
Microwave

Transmitting Antennas

Rectennas

Stanford University Kyoto University, ATR
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L ENGIp,
o Eep,

hvts  Elektromos jarmiivek toltése haladas kézben (@

. o) #2 o}
Tire Steel belt prmTmmeoeee Vehicle frame
__—— Steel be : " ;
[ - T#z T (" AN
. i @ i
——— Aluminum wheel : 2 ;
S B S . S ¢ 1 Aluminum wheel
‘¢— ——— Steel belt
Asphalt v C i Iron plate
~~ Iron plate LR ;
- AN
O#1 & :
R Electrified roadway
Tire
Brake
Aluminum__h
wheel e { Shock absorber e RF power
L DC power
Upright 13.56MHz
/ . RF inverter In-vehicle
Bearing [ I e unit Morter
P,
\\.4/’ LPE
Collecting part
Shaft 2 ep L I Motorcycle
Balun roller stand
;}f Z’I e :;;';EE::E:-E::;;;
7 ir— p— Asph:
SIS s Lower-arm Impedance | \ phalt .
matching J Metal plate o | rethane foam
Wheel hub i R TA 24m L"‘-—— \‘IL‘IHI Pliﬁh.‘
with tire Tie-rod )
' In-vehicle unit
Impedance

matching

............................................................................

Toyohashi University of Technology (kapacitiv)
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WPT RECEIVER

TX ANTENNA DRONEx
RADIATION PATTERN — ‘ -
RX ANTENNA >
MULTI-BEAM ~,
RADIATION PATTERN

fs

fs

f3 %
f2 i Iz

AUTOMATIC
TRACKING

(1) SIW LW Antenna

(2) Circulator

(3) LW Spatial Multiplexer
y (4) MW to DC rectifier
(5) DC line to batteries
(6) VCO LO

er f;

Technical University of Cartagena

MARES Autonomous Underwater Vehicle

Docking
Station

Modular
Sections

Vertical S
Thrusters

Radio

/ Antenna

y Horizontal

Thrusters

Shore Power
& Comms

Acoustic /

Transducer

INESTEC
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hvts Gyogyaszati alkalmazas — Implantatumok

Deep Brain Mol € Cochlear Implants
Neurostimulators J . :
\ -

Cardiac Defibrillators/
Pacemakers

L1 Tramsmitter ool
LY Buler aal

42mm
20mm a2

Insulin Pumps

Foot Drop
Implants

<R
Gastric ~~
Stimulators
A
.-_; N

Haitham Hassanieh et al. (MIT)

Brain

Wireless Power and
Data Exchange

don Jai Han, Chieh Chan 2012

> /’ .
Diagnostic “>==-"  Mechanical Arm

.. controlled by Brain
heartmateii.com Y
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http://heartmateii.com/
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hvts Gyogyaszati alkalmazas — Diagnosztika

Endoscopic
Capsule

Wireless

Control
Unit e
(9]
=
©
endoszkop-kapszula
Power Supply
Four LED
i 3 Patient
“  Thelmage \
_ - Sensor The Power Relay \
_~ in Jacket \
\ On-Chip
Spiral Coil

: |
Wireless |

The Image , 7"
KA Power |

Our Batteryless Recorder
Capsule Endoscopy
Prototype

lab-on-a-chip koncepcio

The Power
Transmitters

A képek forrasa: T. Sun, X. Xie, Z. Wang, Wireless Power Transfer for Medical Microsystems, Springer, 2013
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Katonai alkalmazasok

http://www.cerdec.army.mil

mil-embedded.com
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http://www.cerdec.army.mil/
http://mil-embedded.com/
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NG

Egyéb alkalmazasok...

A

PCB és chip kozotti energiaatvitel robotok taplalasa

Magnetic-field
Resonance coupling

Stacked Memory (DDR) A A

L el
[zzl 1l:: Hl ; #\F\:;coil
1 TR0l VT X
1 10 ]] | Txcoi
::J - 9% — i — - =4 ==

' — DC-DC
f / Processor |R‘°°“ﬁ“ Converter

Through Silicon Via (TSV)

I
I
:
I
]
|

PCB-Package

J. Song et al, KAIST

napelemes tetdcserép energiacsereje

\\: //KSS
\Ejj R /30
29 (é—
e 30D = 3(> <29 — 3() 2 o

— 27 ~ 2] —

Receiver

WO 2013/112248 Van Neste et al, University of Alberta
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Kockazatok és korlatok
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hvts Egészsegugyi kockazat — Magneses ter

A
\2e-1T — |EEE Uncontrolled Environment
10" \ —— —— |EEE Controlled Environment
\ _____________ ICNIRP Guidelines for
2 g Occupational Environment
10 \
|_
Iy 10 \ Typical Freg.
& N\, Region of Interest
()
0 N 2e-4T of WPT
-4 : 3
;-5, 10
LL
O peak
© 2 eak
Qc) 10 p
o
=
6
10 average
average
107

|
1 10 10° 10° 10* 10° 10° 10" 10® 10° 10" 10"

Frequency (Hz)

Forras: T. Sun, X. Xie, Z. Wang, Wireless Power Transfer for Medical Microsystems, Springer, 2013
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hvts Egészsegugyi kockazat — Elektromos ter

A
—— |EEE Uncontrolled Environment
—— —— |IEEE Controlled Environment
o ——\ _____________ ICNIRP Guidelines for
fg 10* Occupational Environment
= peak
% / NG /
= S [ peak
e
B 49 /
10
2 610V/m /
o/ A S R A W A ] E Typical
= Region of Interest
o of WPT
= average
O
L average
>

3 6 7 8 9 10 11

1 10 10° 10° 10 10> 10° 10" 10° 10° 10" 10
Frequency (Hz)

Forras: T. Sun, X. Xie, Z. Wang, Wireless Power Transfer for Medical Microsystems, Springer, 2013

2017.02.16. Vezetek nélkuli energiaatvitel (ESZK)



RF Safety 2013 (FCC 13-39)

Controlled E and H

= ncontrolled E and H
Controlled Power Density
Uncontrolled Power Density

3

T T T T 1177

10.0

¥ 10 Wim? = 1 mW/cm3

T T T T T1TTT

1.0

T T T TTTTT

0.1

1 1.63 A/m or/614 V/im
1.63.
—_ £ ‘\\
€ 194.5 - <
£ ]
1 -
2 T
3 | &
2 1=
& 0.163
d
19.45 , 1
0 1 10

N

W

100 1,000 10,000
Frequency (MHz)

BL[uTes1al

1.9528e+0035
. 1.8673e+0@3
1.7836e+2@3
1.699%e+083
1. 6152e+0@35
1,5310e+0835
1. 4468e+005

1.3626e+0@35

1, 2784e+003
1.1942e+085
| 1.1100e+803

1.8258e+0835
9. 4161e+002

9. 5741e+082
7.7321e+002
6.8901e+8@2
6.8431e+@8@2
5.20651e+002

100,000

A képek forrasai: Jenshan Lin; Comsol; A. Christ et al IEEE T Electromagn Compat 2013
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hvts

Elektromagneses kompatibilitas (EMC)

I5M
frekvencia
sav MHz

6,765 - 6,795
13,553 - 13,567
26,957 — 27,283

40,66 — 40,70
433,05 — 434,79
2400 — 2500
5725 - 5875

24 000 — 24 250
61 000 — 61 500
122 000 — 123 000
244 000 — 246 000

savkozépi
frekvencia
MHz

6,780
13,560
27,120
40,68
433,92
2450
5800
24 125
61 250
122 500
245 000

Standard Operating frequency
Qi 110-300 kHz
AirFuel/Rezence/A4WP 6.78 MHz
megj.
Company Operating frequency
b WiTricity [15, 16] 145 kHz
q Qualcomm Halo [9, 21] 20 kHz
3 Conductix-Wampfler [23] N/A
f Bombardier [25, 32] N/A
- Momentum Dynamics [15, 29] N/A
ower (30, 31 85 kHz
b HEVO Power [30, 31] KH
a
il
d
b University/Institution Operating frequency
b KAIST [10] 20 kHz
b Utah State University (WAVE) [15, 40] N/A
ORNL [41] N/A
University of Auckland [42] N/A
Setsunan University [43] 1.20-2.45 GHz
Tokohu University [44] 360 kHz
Utah State University [45] N/A
University of Tokyo/WiTricity [6, 46-48] 13.56 MHz
Saitama University [52] 30 kHz
University of British Columbia [53] 150 Hz

Forrasok: Matai G. Magyar Tudomany 2002; T.M. Fisher et al, Wireless Power Transfer 2014.
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A fejlodes 16 iranyvonalai
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K+F trend — Tudomanyos kutatas

A kutatas foldrajzi megoszlasa*

*a WPTC 2016 konferencia statisztikaja

2017.02.16.
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W Japan

B USA
Korea

W [taly

B UK
Germany

W Taiwan
China

B France
Portugal

W other, EU

M other, non-EU




K+F trend — Tudomanyos kutatas

A kutatas intenzitasa alkalmazasi terulet szerint*

M consumer electronics

M sensors, loT, energy
harvesting, RFID

EV charging
B medical implants
W |C, packaging
other
M generic (or unspecified)

*a WPTC 2016 konferencia statisztikaja
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K+F trend — Tudomanyos kutatas

WPT technologiak részesedése a kutatasban®

}m{
M near-field (magnetic)
B RF (microwave)
Inductive (non-resonant)
W near-field (electric)

M optical (laser)
other, or combined

*a WPTC 2016 konferencia statisztikaja
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K+F trend — Tudomanyos kutatas

Az egyes részproblémakra forditott kutatbmunka aranya*

M resonator design

M circuit design
communication & control

M rectenna design

W safety, EMC
modeling & simulation

B antenna design, beam forming
new application

M mixed, or general theory

*a WPTC 2016 konferencia statisztikaja
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K+F trend a szabadalmak tukrében

2017.02.16.

Priority Date (Year)
Country of Origination -
20
mUS
mJP 15
KR
M other 10
5 I I
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Patent Owner
wirricity (N
UT-Batelle -
Quaicomm (D
Panasonic -
LG Electronics -
Chugoku Electric Power -
Broadcom —
oter [
0 5 10 15 20 25
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Piaci trend — Erdekcsoportok

A4WP Membership | 190+ MEMEERS |

/sus CAMON  plegand EEmEE  TTA @GN N WE S € Logiech '"iws
N r"amrc;aﬂl_lm€¢ Elentec () Tewros htC @ LG Elnetranios . v F‘-ﬂ‘ﬁ‘gﬂﬂ &y
AIRCHP nasonic _ === 0z s 00902 I T 0 e i MAAMTARD [ | i
iﬁ! CUINTIC T m::mmns -'-'-"i;“i}"&?"-- SONY v“et- % v GO Ogle
SRS RENESAS 'h.. SN noRDIC M [ENERGY STAR| y

intel) {2 Gill Eectroni : Sy
HosiDen i @IDT I——— _"fEcmnﬁp . /;?)\POWER"“' II']CIPI @

i) Samdisk Pt et

H"—'-HTE"F w(-W!Trlﬂlty QUALCM oA s

i 2 u ‘ ' ©ON Semiconductor’
fontline A TUVheiriand T : e T Ly oactive-semi p g oy
_— w ELECTRO MECHANICS Sunierd iCIRR@UND = /“;J A

ALLION ALPS ..o g
. | Haier ~— _cgmow (P05

ETCRRG Rt dial FOXCONnn ' . .
QiAo TECHREIN [PANTECH
apeiker CSR STDK Bws  DINZIEE AT4®  Flayers . IDT OM’Cmseml %

(R

L

P?Iﬂ AX e . @ . LG Innotek OomRron ‘-;- ELECTRIC POWER BverpuISe
Becd fizk ENTS <ffanrim ‘lw @ Hello TECI'I sy Sl(€CH EPRI| i e mLeyege?gr\}

o SLAATORMI ELECTRIC . T :
PN L . THRODES ®iD.ID 3 Busr O mumese,  (Chruna COVERSALLINEED

Pl wiiicane, e %
== N CICOES TerinRich

------------

‘ iance P T ol
#:’m( l. NBESFA! re UE\'—)} 5@1@) nxr

telegesis.}f "gz___tmwj‘ ”,ﬂj” ?:‘f’:zgﬂfgrsmm M“'”‘“"““::";::;:'

= SoftBank

|
verizonvireless

@
oKW, sony Corp. fperaran
’ — rosuea @ LG Lnergizee Wireless Power Consortium 213 tag
Consumer Brands [Q| SzabVé ny]

nrim

Wireless Power
Technology

PRIV

[ SANGFEI
") & 3 i# &

9 coNvENIENT
POWER

SGS
DLST= /v &

/A TOVRheinland®

vvvvvvvvvvvvvv

AirFuel Alliance (AAWP+PMA) 120 tag
[Rezence szabvany]

EMS, ODM Testing and Certification

2017.02.16. Vezetek nélkuli energiaatvitel (ESZK)



hvta Piaci trend — Ado6- és vevoegyseégek piaca

World market for wireless power — revenue ($ billions) Wireless Power Receivers vs. Transmitters (MU)

16 250% 1,000
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200%
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4 | | !
[ | 50% l
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Transmitters  we=== Receivers QOverall y-0-y growth (%)
Source: IHS ® 2015 S
Source: IHS © 2013 IHS
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Piaci trend — Felhasznalasi teruletek

Deployment of Wireless Power Transmitters in 2018 (% of Units Shipped)

m Stand Alone
Automotive in-Cabin
m Automotive (EV charging)

= Furniture
= Restaurants/Hospitality
Other
Source: IHS ©2013 IHS

The World Market for Wireless Power Receivers - ByMajor Application (MU)

1,000
= Others
» Wearable Tech
Tablet PCs
® Mobile Phones
0
[aV] o <t Te] w M~ [0}
S S S o o o S
Source: IHS o N N N N N ) © 2013 IHS
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Piaci trend — Szabalyozas hatasa

Wireless Power Market ($Bn)

2012

2013

2014 2015 2016 2017 2018

Wireless Power Market ($Bn)

2012

2013

2014 2015 2016 2017 2018
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—|HS 2014 Forecast

Impact of unaligned
standards

Source: IHS

=|HS 2014 Forecast

Impact of much tighter
legislation

Source: IHS
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http://www.micropross.com/
http://www.hirado.hu/
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Koszonom a figyelmet!
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