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[O2 4] Example of an equivalent circuit model for coil module

in wireless power transfer system (CSSR topology)
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{H# 1> Parameters for verification of safety and reliability

Part paraIIZeters Unit Description
Zi1aL € |Input impedance at source to TX part
Power| Vskc V' |Output voltage of source
source Ispe A |Output current of source
part Psre W |Output power of source
Pr % |Power factor at source to TX part
Viry V  |Voltage of TX coil (inductor)
D’( Iy A |Current through TX coil (inductor)
;Zi Verx V |Voltage of TX tuning capacitor
Iery A |Current through TX tuning capacitor
Virx V |Voltage of RX coil (inductor)
R}.( Iiry A |Current through RX coil (inductor)
;Zi Very V |Voltage of RX tuning capacitor
Tery A |Current through RX tuning capacitor
Vip V |Transferred voltage to load
Load LIip A |Transferred current to load
part Py W | Transferred power to load
Eprr % |Efficiency of real-power transfer

{H# 2> Variables for sensitivity simulation

Part Vari1a3bles Unit Description
Frep | Hz |Operation frequency
Power Vare | V |Output voltage of source, V"™ typology
S(;)erie Lspe A |Output current of source, C topology
Rere Q |Internal resistance of source
Ly H |TX coil inductance
TX Cry F |TX tuning capacitance
;Zi Riry | Q |Internal resistance of TX coil (inductor)
Rery & |Internal resistance of TX tuning capacitor
TX~ . . .
RX k Magnetic field coupling coefficient
Ly H |RX coil inductance
RX Cry F |RX tuning capacitance
;Zi Ry & |Internal resistance of RX coil (inductor)
Rery | & |Internal resistance of RX tuning capacitor
I;)O;? Rip & |Load impedance (resistance)
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FA A A A2 Aol (18 3]3S W,
Power Transmission part®] AC-DC Converter®l] A 5-E P

Receiving part®] Voltage Regulator7tA]| ¢ E& F-&Eo|A A
Aup7h Ak & 9tk 3] 7Y 25O £ FY(Trans-
mission Coil)3} 7 Y (Receiving Coil)o| A WALE = A
Zpatel A3k 2 g £ o] stk 8 tE FEAA

WAL = AAbake] Al71E FAIE = 814 T, Power Trans-

Power

mission part 2 Power Receiving part®] 74 -5-ol= Aolx &
9J3HS ¢hd A} (shielding) T2 HALE & A5k A7)
£ A5 F2aAE YA $4 LI - ZY9Y
AgdllE TG BAEE A7 o] &dte] FAoE
A Adapy| Wi, 29 FHs 7 A AA AL
HE AR A7E FaA7E Ve 448 otk
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Y9 AS, gurE 0 Z DC-AC Converter( H EY)
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2 Yeh}7] wFol], Frequency domaino]A]e] <t
&[98 5] (@9 22> FHE Jepta, AF 29
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Frequency [kHz]

(a) Voltage spectrum

40

-60
10’ 10% 10° 10" 10°
Frequency [kHz]

(b) Current spectrum

[Z18 5] Spectrum of typical wireless power transfer system

aol] A= AFo] ok 300 W AE(50 W~1 kW ¥ 91)9
T4 AY AF A" FARE 2ol
olw] T Zo| A 300 mm o] A M)A (i(ﬂo =
Aol A 425 mm A2, 125 mm + 300 mm) 25 E B-field
O] A7) v -AEE S WA S o] §-5ke] AlAketH oF 300
G A=7t "ok 299 =4 ZA M E F 10,000 mG 3
E4 xmw Y48 Aolth 2 Fosol wet g2
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14 -turn Ioop coil (10Acurrent) \ \

! B-field along the distance :

B-field [mG]

10’ 10° 10°
Distance [mm]

[Z1B 6] Magnetic-field distribution around the loop coil

AT FEo| el AYHTL Yo
Biot-Savart’s Law

Mo)‘ i - dl - sinf
4m

2

dB(
r

o =4m - 107 [Tm/A]

32 ®Xiot AL S E 7| F(EMF)

FA A AF 2SN ES BE A3 7794 W
AHEE Azmte) A7) (I8 713 <E 3D R E Ho B
& Hpe} o], ICNIRPA A #3k= AA JFE st
uidelines 43 oF 3}™, EMF(Electromagnetic
field) mol2etal BEH, 53] 714 F3h4 M9 A
7457F Bt
33 ™At LA 518 T[E -EMI

= ICNIRP Guidelines %3+ o}
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§ ICNIRP Regulation

270mG
L (3kHz~10MHz)

B-field [mG]

¥ H .SmG
of i i (800Hz~150kHz)

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

: I : S (A 1mG @ 13.56MHz

10” 1 ol - I\ l‘ I. 11 il |= !ﬂ \ -

10% 10" 10° 10" 10° 10° 10 10° 10° 107 10°
Frequency [Hz]

10° 10™ 10" 10™

[Z12] 7] Reference levels for general public exposure to time-
varying electric and magnetic fields in ICNIRP guide-

lines

{# 3> Reference levels for general public exposure to time-

varying electric and magnetic fields in ICNIRP guide-
lines in 1998

Frequency E-field strength | H-field strength | B-field
rangy (Vm (Am) (uT)
Up to 1 Hz - 3.2x10* 4x10*
1~8 Hz 10,000 3.2x10%f* 4x10%f*
8~25 Hz 10,000 4,000/ 5,000/f
0.025~0.8 kHz 250/f 4f 5/f
0.8~3 kHz 250/f 5 6.25
3~150 kHz 87 5 6.25
0.15~1 MHz 87 0.73/f 0.92/f
1~10 MHz 87/f" 0.73/f 0.92/f
10~400 MHz 28 0.073 0.092
400~2,000 MHz|  1.3757'"* 0.0037/f" | 0.0046/f"
2~300 GHz 61 0.16 0.20

Ve, #9919 A4 717129 YO A FH 71719 A4

CISPR 5¢] =A|

=S [e)
AL 21__

Z] 3l7] 9)&ted, T 2 Limitationg <
8] EMI @d7gelzta s, (1% 8] 3 [1¢
2t Vol A

273
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(& 4> Reference levels for general public exposure to time-
varying electric and magnetic fields in ICNIRP guide-
lines in 2010

Frequency E-field strength Magnetic field | Magnetic
an E (kv m') strength flux field
& HAm'Y) | B(T
1~8 Hz 5 32x10%% | 4x107%f?
8~25 Hz 5 4x10°f 5x10%f
25~50 Hz 5 1.6x107 2x10°*
50~400 Hz 2.5x10%f 1.6x10° 2x107*
400 Hz~3 kHz 2.5x10%f 6.4x10%f 8x10%f
3 kHz~10 MHz|  83x1072 21 27x107°
Receiving antenna
/'/
/// / Measuring
Suppcmng \ / Reflected ray
/
e

Groundpiane EC 75306

(a) Concept of electric field strength measurements made on an
open area test site (OATS) with the direct and reflective rays
arriving at the receiving antenna in the frequency range 9 kHz
to 1 GHz

Reference point
of antenna

Turntable Absorbers EC £2405

(b) Hlustration of height scan requirements for the radiated field
measurement method above 1 GHz
(118 8] Limitation of radiated emission from high-speed digital

system (Example, CISPR-16-2-3 Ed.2)"

100 T R BEEL
(a) Quasi-peak (class A) : :

E 90 (b) Quasi-peak (class B)
=
) {c) Peak (class A)
= (d) Peak (class B)
S 70f (e) Average (class A)
= (f) Average (ciass EI)
= 80—~ = H
= :
=) I
T B
= i
£ 40 I o o v e i ¢
=3 H
‘E 30 —--——-‘:(b)
£ o0f---i-
10 i = 4
10 10° 10 10

Frequency [MHz]

[O& 9] Limits for radiated disturbance in CISPR 22 Ed.5.2,

Ch.6 (1
= Axg A A FFeoF A ES LS & 5 QA
k=3
=

SQ% AFTY A, HF AN aFste st
HAKRE; Radiated emission) 174 F53teof gtk o &
oA [I9 10]% 22 AsAE A% AAs 445 9
Zate Al Fatol X}Ei} Al Aed 5 9l

= el 1 2 T4 A9 AE A2 5 F3)
F7F20 kHzoﬂH 110 kHz 522 9} 100 kHz 9] F34
g &850 mel, 53] AM gL digelxle] dxpr] 7
/]\j 61}\}94 HM(E il—Eo] 57].3].@1;} AM E]_]:]_Q_ 1:]-]012- 526
kHzoI Al 1.6 MHz Ate] €] Fahpell A 7} A3 9 %2 9
kHzot}h. FM 2tt] 2 & 88 MHzol A 108 MHz Ato] 9] -3}
ol A 200 kHz®] i Z02 957 gtk den| A
73$-91 & 54 MHzol A 72 MHz7HA], 76 MHzol| A 88 MHz7}
A, 174 MHzl A 216 MHz7HA], 470 MHzo Al 806 MHz7HA]
o] Fakr gl A 6 MHz9 t 9 &2 2=tk oF AM
e Fubg YO R THiEH e Aol HFEAA,
ZUHEFM 2] Q9 dHu A Foke oo s 74 A

o] Uetg 7hsAol W & SR ofdnt

N. 2M B o A AL} 47§
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(a) CE (Conducted emission)

432 000000 M1
N A0 aih s,

Nﬁ w3 R

oom By 200 A60 oo

Fraquency in Hz

(b) RE (Radiated emission), 1 GHz ©]3}

s ARARABAARAN, 1 Vg e Wik

Fraquency in Mz

(¢) RE (Radiated emission), 1 GHz ©]%
[J& 10] Limitation of radiated emission from electronic de-

vices in vehicle (Example)

AT A& FUAAT, T A 7ol AA FES WAE X
3L AT T Y AF AILF A ARzt o] 47t
FES TS A WA 9] AbE = 20101 KAIST OLEV(On-line

Electrical Vehicle) 7]&©]2ta & 4= girhM

OLEVE 98 74 A8 A% 7le (249 1] (@9 2
o, Mol 200 kWe] ¥ g5 FatE HEstr] flate] 20
kHz FoHell Al 200 A F] A{7F SeA, & AellA &
71 % ICNIRP Guidelines o] Z33l= ofF 743 #7|%
o] ZY FW FAHUE T4 FHE ope}, HA I
o] A ¢] 247]42] Al 7] % ICNIRP GuidelineS 2H&:a}#] 23}

60

T golglth AR el MA dell Mo At 54 7)Eo]
RAAT, [T2E 1] (b)$F 2ol F2 &l ARt 77} 7%
L

A s oA o] 271739 A71E F2A717 S8t
04 H&d 71€° (T3 129k 3Fo] Akt A 71 el2d

7] 37, Metal ShleldE o gsto] ALHE AAuE 2 dhed,

1 enil
 prom—

KAIST OLEV
(On-Line Electric Vehicle)

Pormgn Linn (17 o0l

12)

(a) Concept of wireless power transfer technology for OLEV!

@ Measuring points

H>215m H<15m

(b) Measurement of electromagnetic field™”!

[Z18 11] OLEV (On-line electric vehicle) technology

Coil only Coil + Ferrite Coil + Ferrite + Metal Shield

[Z18 12] Electromagnetic shielding technology to suppress the
[15]

electromagnetic field noise for WPT system
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S A A oA 9] HAstke] A7) ICNIRP Guidelines
e FE olstE FAAFTH
A A AR A A9 AT A7E FAAA e E

Bstal, (29 13] (9 2ol M2 ddxe] xHatute] A
7] ICNIRP Guidelines TH-3tA] %3}Sith ©] 27 Ferrite
FO Metal S o] &3t A7 7|4 HE5A] Eots 43
A HE&H AR} F4 714> Magnetic-field Cancelation
oItk [28 13] (b)9F 752 Resonant loop coil & ©]-&
ato] A& v ek A7t BEL, T A9 A

AR A AR E A7)l SHAAM, AdH R F

l‘

l

271749 A71E [28 13] ()9 2ol £4A1A ICNIRP
GuidelineS ¥HE3l7l & Ach!
side Wall
Magnetic Field Magnetic Field i
by Pickup Coil by Active:Shield Pickup Coil (2 ol
e Ty T i
- @
Chrcellation_y:

i p"h_}' ~  Active Shield
i % 1 (%a | Underground @

Power Lines (1" Coi}?i

Capacitor Array
for Resonance

Without Shield

62.5 mG

EMF [mG]

With_Shield

1 2 3 4 5 6 7 8 9
Measurement Position

[Z12 13] Magnetic field cancelation technology in OLEV system

42 Mt F4 A 7|s0 et H

o Ao A 77 HAst A 71 Magnetic-field
Cancelation 7]% ©]9]o = 4 A 74 Al A 2A
e AAnke] A71E Fo17] e AT S5 ASH R
AP ek & Aol A= ofef ok 22> WY
g AE A L"HAAN WAEE AAEE 4 s A E

S EERRIE

A Y AE A LFAAMY AR 4 7] At
1. TX coil current LC filtering 7]&
2. Decoupled inductor 7]&

3. Spread spectrum 7]
4-2-1 TX Coil Current LC Filtering 7| &

17194 A % 4:% flsto] HEE Qi

Harmonic Noise Filters &1 4 Qth

Transmission Coil 2 AEH & 721 AR AF ~HEH

S Z2A7)7] Y5t A8 E g2 oy, a4 0 g Axpu
w022 22N F gl
AL

i \ / A
N pescecsssss
: A HBIA ) r il Selecti ::
| AL
\ v
| I | IR S S A
1
() i ' 1 labaa e dad
i i 400nF ! 1 o coIL
! \yl i comwo @ corus ( cortz@
1 \! [
: Wl 208 gpa]|  Jcon cuRagy COILS
_%—IWY‘ & . 4
: - 4 ZJJL\.E
]
1
1
]
1
]
]

(R &
RS G . R
: S Resonant Circuits
[}

= H
[}

[ 14] Block diagram of the automotive wireless charger Al3
(http://cache.freescale.com/files/microcontrollers/doc/us
er_guide/WCT100XAWCAUG_V3.3.pdf)
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AdetA HH, dalEE 129 Axnte] Al717F @46
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Ful-Bridge] | DC-DC —_ £ v J_
Rectifier Converter Inverter Regulator =

(Diode) (Buck) ‘ -

Power Supply
Frequency 20kHz HH-RMCC

| Freq= 100 kHz
07me

B field [mG]

L e s WW“WH
\ \ |
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Frequency (kHz)

(a) Conventional coil module without decoupled inductor

D L Decoupled L Battery
H H ] —.
Ful-Bridge| | DC-DC HieAE = 2 L
Rectifier Converter | = p Regulator =
(Diode) (Buck) vetier '|',
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(b) Coil module with decoupled inductor

[Z12 15] Decoupled inductor to reduce harmonic noise from

wireless power transfer system
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[Z13 16] Spread spectrum technology to suppress the electro-
magnetic-field from WPT system
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