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Wireless Power Transfer System Based on Semi-random Magnetic Flux
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Abstract - In this paper, a wireless power transfer system with semi-random magnetic flux is studied. Directions of
semi-random magnetic flux are changing almost randomly which can induce voltages at coils irrelevantly to coil's posture. So,
very convenient charging is possible. Semi-random magnetic flux can be generated by a coil system which has three coils
perpendicular to each other and carrying currents with different frequencies. A prototype for charging mobile devices is

constructed and tested, and the proposal is verified.
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Table 1 Specification of the prototype converter and feeder

o 3 N& 4
A Ve 32 [v]
A= Tox 1.3 [A]
=24 66 [mm]
A% 24
L 41.2 [uH]
AT S
R I > RC) = S Ly, 406 [uH]
Lac 424 [pH]
f, 0.9 [MHz]
=& Z=phs f, 10 [MHz]
f. 1.1 [MHz]
Wz 24 [mm]
oA 38 [mm]
Sy SE=lell
l:l\j_J_E'_ ;‘__]_/’\_ 10
A1 QIHE A Liickup 12.7 [UH]

1226

ige 8 4+ Atk

Azt FARoe AFRE  THOJRQEE MBRI20VLSFTS
schottky TIOIQEE AMSSIRACE. dFst AYS A7) 25 buck
convertere= LM2575-3.3& AMZ35I0] 3.3 [VIE €tk 18 11
2 olFofA FA FUo] |V AYe FHE ARNE UE
th 54 FUe WAE 33 [mm]Q1 FHol ZAM i1, S
A= BW A9 E410] HIXIE 53 [mm]Q Ak QUTh O]

g Xle OJ" 10 381 gF FY9 pEEeE (2 &
WA JISR0] z-F AOIT)E )= x-z BHOA ¢ &
7F 455 Q1 Folth (3)2 ¢ ¢ 7t 54741 FHoltt, ()=
22 thsst "o2 E 4 o] S04 &atirt. FHHE o]

(o5

d Fss xdcke 793 tisT ZeR & + e 790
16712 F+gElo] ok I8 12& (1) QIR =9 F& Hof
771 dgeR (e IY WO HAHo] z-5 dEa dAlske
Z10% ¢ TN SEE AR SYE Fuket) A0 {71
H g & + 3tk ), ¢ e I ¥4 deo] tE
i UEh= AYe HOEDL (9] 49w IY MO A a,
+a, IE0JOIA T a®t bo] SE& AR FueQl .8} f, 4
I8 10 oHE E9de B 58 AR o e ne @0

(V/div]), I @0: e, d, Ba (2[A/diV]), AIZE: 1[ps/div]
Fig. 10 Inverter voltage and feeder Currents: top: 1. (20
[V/div]), others: &, #n, &a (2[A/div]), time base: 1 [1

s/div]

I8 11 718 58 QA ) -5, @ x-z HH
p=0=45°(3) @=y=0=5474°, (4) x-y =W
p=y=45°

Fig. 11 Measurement points of Induced voltage: (1) x-axis,
(2) x-z plane @=0=45° (3) o=y =0=54.74°, (4)
X-y plane p=y =45°



l\ f\/’\f\i f\ /'\f\l

}
‘frg'i:,iak«

VRVAVAVRTRIAVATRY

a8 12 (1) fIR0IA |718 " (10 [Vzdivl, 1 lus / div]):
(a) ag WS, (b) a, W8 (© ap Y, () a, +a,28

Fig. 12 Induced voltage at location (1) (10 [V/div], 1 [u
s/div]): (a) ag, (b) ay, (¢) ay (d) a, +aydirection

A

f

f\ fi‘i, A

i F

fy AT
j ‘*f“»».-\.,fu

'\ L
VYV YV

I3 13 (2) IROIA F71E K*?;(10 [(V/div], 1 [ps/div]): (a)
ar W8, (b) ay (a) WE, (0) a, WE

Fig. 13 Induced voltage at location (2)(10 [V/div], 1 [us/
div]): (@ ar, (b) as (ap), (c) ay direction

Trans. KIEE. Vol. 66, No. 8, AUG, 2017

I8 14 3) AR §718 A} (10 [V/div], 1 [ps/div]): (a)
ag &8 (b) ay & B () a W

Fig. 14 Induced voltage at location (3) (10 [V/div], 1 [us/
div]): (a) ag, (b) perpendicular to as, (3) ay direction

38 15 58 A9 1 F

Holl Qe O A9 Bd e
Fig. 15 Feeder coils and five pickup modules with rectifier/

regulator

= OF LERL, olo) Qs wiz0] dao] UElke 2 &
At} W=o] Fules F Fi A9 RAFuolth. 18
2 @9 PRI Fdct RrIdetoltt. 18 14 9)2] fIA]
Al BT f71RYoltk. O 156+ " 99 54 I 9
S 20 [mm]E 5|2l HEARZE XL AAZF EEle AF9
s ¥+ e Zle HoF7] flsto oAl 719 gd BE
1 3ol sof d¥dEs 2ot LEDE 2 &+ ALES i
C}. Qujol 8& 7ol I8 REs AYsHAL 7S siRich
Z AW 2Ee 33[V] €88 Wi, LEDE Xgoto] 1 [W]Q
Fo7t ddwo] Atk

& A

B2
lﬂI

o

il

1227



M7|ste|=2%| 667 83 20174 8%
321 &

{9 dgg Soto] AFS FHEASEE AlgSshe FAEY
S FAXl= {71 "Ago] ol o] Je FS0] 875t 91X
U RRAIZE EAISHAl @201 "] wIXE M W@E uf 8 [V]
A, 7F8 =2 1 20 [VIE 9K @& 2102 850} 1 H
7} 1:3 BLolth ¥ AHEL BAE AHEE FRIZE FH0|
AFESHH 1:5 9] Y[ Hao: dFst EHFYE e
T+ Atk E80] AX] F2 A|AHOAl= LDO(Low Drop Out)
Ay HiEEolHE ARgsto] &g CHASE 4= Uk WA
2 ZXe #4159 Ao HiuE F
okl gatdolEtal @ 4= QUth 2 dhy
=0] oIl AR sFEI 3 A=
AlSHOA S287 7ol Fgo] &E E2
S=ato] it} THLE I8 1500419 Zo] thr9l
SUH 82 7IEY RAMYAE AlAHOA J
o] ZE Ao IFetA Hrt. EMIQH &A= ouXIzt
Al FateZ BAREE ShLo] Fukettg AMSdhe Z0] H
aff sk 4 Aot [22].

oot

40
ooz 1
Ofh
2
o
)

1
)
o
ro
il
2

[

i
1o

o

2 folr gl
10
o)

o o T;E
i il
)
2 o o HI o

1

jival

)

H
vl

P

44 E
2 =RoMe EdE x&e o]t FATYES AlL"o]
tistol =siRich. &7 FLOl Aol wishA] g2 Sde o

Ejo] |Stig 71718 AREA Fil Sdslo e Aget A
S goleloltt. & AtollME A91E 4ARE GaN FETE A
8510] 1 [MHz] 229 Fulez SEAIZCL Qo) wet Fut
T S AAE Hdslo Feket AHEE €8 4 o |Ulg
71710 ®ol S&57IE Ittt

0] =g Rdustu AedolstadTtH]2016W)o] 9
o

References

[1] H. Sakamoto and K. Harada, “A novel circuit for non-
contact charging through electromagnetic coupling”,
IEEE PESC ‘92 record, pp. 168-174, 1992.

[2] A. Esser, “Contactless charging communication for
electric vehicle”, IEEE Industry Application Society
Annual Meeting, pp. 1024-1028, 1993.

[3] K. Hatanaka, F. Sato, H. Hatsuki, S. Kikuchi, .
Murakami, M. Kawase and T. Satoh, “Power-transmission

1228

of a desk with a cord-free power supply”, IEEE trans.
Magnetics, vol. 38, no. 5, pp. 3329-3331, 2002.

[4] S.-J. Jeon, J. Heo, K. W. Lee and G. H. Cho,
“Characteristics of the type core for contactless battery
charger”, KIPE Trans. vol. 8, no. 5, pp. 407-417, 2003

[5] J. Boys, “Inductive Power Transfer Across an Extended
Gap”, WO 98/50993, 1998.

[6] C.-S. Wang, O. H. Stielau and G. A. Covic, “Design
considerations for a contactless electric vehicle battery
charger”, IEEE trans. Ind. Elec. vol. 52, no. 5, pp. 1308-
1314, 2005.

[7] A. Kurs, A. Karalis, R. Moffatt, J.D. Joannopoulos, P.
Fisher and M. Soljacic, “Wireless Power Transfer via
strongly coupled magnetic resonances’, Science, vol. 317,
no. 83, pp. 83-86, 2007.

[8] A. Karalis, A.B. Kurs, R. Moffatt, J.D. Joannopoulos, P.H.
Fisher and M. Soljacic, “Wireless Energy Transfer’, US
7825543 B2, 2010.

[9] Seong-Jeub Jeon, Bo Yune Song, Jae Gue Shin, Dae-Won
Seo, Sung Jun Son, and Dong-Ho Cho, "Pickup with
compensating winding for KAIST OLEV”, Proc. of 42nd
KIEE Summer Conference, pp. 3-4, 2011.

[10] J. Wang, S. L. Ho WN. Fu and M. Sun, “Analytical
design study a novel Witricity charger with lateral and
angular misalignments for efficient wireless energy
transmission”, IEEE trans. Magnetics. vol. 47, no. 10, pp.
2616-2619, 2011.

[11] D.-S. Lee, D.-N. Lim and S.-J. Jeon, “Wireless power
transfer system insensitive to pickup’s posture,” KIEE
Trans. vol. 63, no. 7, pp. 910-915, 2014.

[12] O. Jonah, S\V. Georgakopoulos and MM. Tentzeris,
“Orientation insensitive power transfer by magnetic
resonance for mobile device”, 2013 IEEE Wireless power
Transfer Conference, pp. 5-8, 2013.

[13] D.-N. Lim, D.-S. Lee and S.-J. Jeon, “Output
characteristics of pickup according to pickup’s posture’,
Proc. of 8" Conference on National Defence Technology,
pp. 824-828, 2012.

[14] WM. Ng, C. Zhang, D. Lin and S.Y.R. Hui, "Two- and
three-dimensional wireless power transfer", IEEE Trans.
Power Electronics, vol. 29, no. 9, pp. 4470-4474, 2014.

[15] D.-N. Lim, D.-S. Lee, S.-I. Jeon, and K. S. Lee, “Wireless
power transfer system Suitable for wristwatch type
equipment”, Proc. of IEEE WPTC 2014, pp. 174-177, 2014.

[16] B.-J. Che, G.-H. Yang, F.-Y. Meng, K. Zhang, J.-H. Fu,
Q. Wu and L. Sun, "Omnidirectional non-radiative
wireless power transfer with rotating magnetic field and
efficiency improvement by metamaterial”, Appl. Phys. A,
vol. 116, pp.1579 -1586, 2014.



[17] S.-J. Jeon, “2-phase drive for electric vehicle charging’,
Proc. of KIEE Summer Conference 2015, pp. 1-2, 2015.

[18] D.C. Cheng, "Fundamentals of engineering electro-
magnetics", Addison-Wesley, 1993.

[19] R. L. Steigerwald, "A comparison of half-bridge resonant
converter topologies", IEEE Trans. Power Electronics, vol.
3, no. 2, pp. 174-182, 1988.

[20] J. Heo and S.-J. Jeon, “Half-Bridge Resonant Converter
with Coreless Isolation Transformer”, KIEE Trans. vol.
66, no. 4, pp. 636-642, 2017.

[21] S.-J. Jeon, “Resonant circuit for pickup of semi-random
flux-based wireless power transfer system", Proc. of
KIEE Summer Conference 2015, pp. 24-25, 2015.

[22] JT. Boys and P.G. Handley, "Spread spectrum
switching: low noise modulation technique for PWM
inverter drives", IEE Proc. B, vol. 139, no. 3, pp. 252-260,
1992

3] & (Joon Heo)
19679 3 A 20014 8¥ 31Y BHAU
1 ARESH} £, 20056 29 259 2
oistul thsh AARSSH SSHAAL 20114
29 259 RASta thste MAREsk} 8t
AFE 3. 20088 6€~2014E 8€ (F)
e A=TA tiE
Tel: 010-6322-7345
E-mail: hj10000@hanmail.net

ox 1o

A A & (Seong-Jeub Jeon)
1957 . 1980 =AthEtn ®7I1Zstat
£¢. 1982 st=ebled &7 2[R
Skt ZSPAAL 2001E sl A7)
2 [AhEsht sl 19823 38 ~1985
28 sh=E|sd hd. 1985E 3E~
1986 8 SH=A7|A A 1986E
9d~SIA RAthetnl AAESH} s
Tel: 051-629-6216
Fax: 051-629-6210
E-mail: jeub@pknu.ac.kr

Trans. KIEE. Vol. 66, No. 8, AUG, 2017

1229





