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Formulation and Examination of advantage Distance of Repeating WPT

Takashi YOSHIKAWA, Yuuki KAMURO

We have studied HEMS (Home Energy Management System). In that study, we have regarded the wireless power
transmission as the most useful energy source for sensor network node. Sensor network nodes need more than 100uW
average power on working. Our scope of transmitting distance from power supplier to receiver is more than 1m. In our
previous study we have shown the experimental result of more than 0.55m transmitting distance with one turn small loop
coils and shown the possibility of further transmission by using other kinds of coil shape under the magnetic coupled
method. But in that case the transmitting distance was less than 1m. In order to achieve more than 1m power transmission
using only small size coils we have introduced intermediate coils between transmitting and receiving coils. As the results
we can show the possibility of 1m rage transmission referring to the HEMS specification. In such experiment, we have
one wondering that there is a exchanging point for transmitting efficiency between with intermediate coils and without

intermediate coils. In this paper we have clarified the reason under theoretical consideration and experiment.
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C;, C,=Added Capacitance

R;, R, = Resonant Coil Resistance

M Mutual Inductance

ZEI1

XI5 WPT OZA[E]K

SEMERE L VR 2 RDBE (2) KDL H IR DMHHE
R THREND [T,

_ (kQ)?

(1+ 1+(kQ)2)2 (2)

2T EITEZGE R A VRO AFRE. Q IXFhEN
OHIFaA LD QEEEL TWVD,
Q EIXELEIEHEHC AR TaA L EEZ RV RY —E
DT, RITHEERE kK OB L 10, HEREiT= AL
DOIIR, KEETRR - TR, HIRERANVL—T 2
ANOYE, (3) ROBMRIHK Y L,

k < d=3 (for example) (3)

AKX 6 DR ETNVEER D,

do < MNo

n times repeating "Rep
K6 VbE—T4rTaflEEoEKEET v

6 TS ML d o lICB W TSR 5o & LIZHE, —
DI =T T HEEY dEDOROYHRE & LT, nlE

V=T 4 7T HHEERLTVD,

(2) RKITRWCTHEHTD kQ (k& QDR &1 ~107%
BT HERTIRLIELIICHE 71X k0 O 1FICIH
B2 HELRD,

nod3(1<kQ<10) (4)
ob1  kQ o1 ":\ 10 1$o
1.601 3
£
Y lposd
¥ 1.604

[en]
(4}

1
T

K7 kQMEEmERFE

K6 DETINEESNT (4) XKEHNTY B—TFT 47
'ff\‘%/;jj$77rep%;ky)ék (5) itm*%&:fiéo ::Tnli
VE—T 4 7R THY, EETH L RICEE LTS
Do

-3 n+1
_ d
NRep = {770 <d_0> } (5)

(5) RDVRT L DIV B LR WEBEERE (-0) Tl
LR D 3 FITHLLH L CHHRIFME T D572 DM,
M0 SR LA A BT & RIS m kR 3(n+1)3F
LB U CRVRAMR T2 0 B, s, BEATRED)
BRHDICRETITH Y IE LB OREETHET D
BENREHELTY E—T 4 T EEDRDF N R
R TEIC D, T ORI W RBANTFET D
FERBMRTE D,

3.1 BARAFEDIREE

fife (5) TR W TR FET 2EN D020
TEOREZ WL DD OEFIET M OWTEERE L TH
oo ZZTINETEERPTRHB CTH o728 [22#im] &
WHEHEE, U E—T ¢ vV A VHMENME 2 R HEEER
R WD ERRT IIRE), £ 2 E CTORMEA PRI IERE
CEEHBZTERT D,
HREETNEKSIIRT, KL Dv=1L 1L T%
DODRMEZENZEN 2, 3, 455 LIZHEIZONTE R D,
T ZCHYENRHE d 01X DA, FOREDOE 5 0% 0.9 LTER
LCHEETo 7, FHEMARZK 9IRT,



Calculation Model

- Did=d, - -
Quad / m»09/ =~ /[ ‘
) ) 3D/4 ) R
113 £ TR=0.9/43)3"
Half / r]=0.912“1?/2 i
PP [F— L
N = 1

| Normalized Distance |

K8 Vb —F ¢ v nkDitEET L

® 0 090,.
| 100, 100
0.001 ?\:\NN‘ ;
1E-06 o 1
[ ]
& 109 "
[ Advantage Region
.g 1E-12 2
— L ] -
= Exchanging
iy e . Point 11!
(o)) L]
2 s R
-:E 1621 °
8 e :
C °
@ e Half —=—P2P ‘ Quad 1/3
= 1E27 .
L]
1E-30

N (Normalizsed Distance)

K9 Uv—F 4 mkTT IV OEER R R

QIR LIZBRIC, V=T ¢ VT REMENELS 25 &

(Half, 13 BFIDEGE), W2V =T 4 7 aAf Vi
WAV WEES (P2P) IZHEARTRERNRITILL 72
%, BT HRIE N MER I TR S A WX D & ) fb
Rlipotz, i, V=T 4 v T EEEEIEL 2D &

B EHOBE) . BRARIINe 0 K& <D (KTHEER
FIRASICEL TV, ZOBHSE51H)0TRT
T2OICLL T O E R LTCV,

~

’\',\‘),\J ‘/ ot **
~

Strike while the iron is hot.

-
EREREREY LT £ J 7

Repeat while power is strong.

10 [RD—TMmN S HIT8T)

3.2 BRADERL

ATEICRAWT, EERMICIRASNFEET 2L R LD
T, KEIZRWTCRAROERIE S 2D, FIAET LV E
B1 1R LE, RS ECTOEME d & LIRFR A ETO
Ve —TF 4 kA n & Lz, BPid, EEREORS
K11 (k) BEHRZTyped K (6)), ZhEn
BV E—TF 4 T TORWEEA, [mEDRIT 7. &7
%5 (X (7)), ZZTENENOHRIISRIZEEE o
IZBTAEREEDE o ZHOVTER LTS, FHEE
Bk % SETROREREREE v (<0), (FiEiCIE—4l
ELTy=—3&LLT5,) ELTbL,

e M d y 4
o M d=dn+1) G d=d/n+1) Y
n A J,
11 BRERoERICET LEHEET v
d
Npp = rlo(d_o)y (6)
n+1
M = {710 ((nj—l)%>y} (7)

BEA T gep= 7 DV 2D T, (6) K= (7) K
ERBWTCHEBT S LIRAEREd X (8) Kook HickEh
Do

1
n+1

d=do,"(n+1)n  (n#0) (8)

4. RifELDEEM

B TR LI B RISV T (8) T L
TR ERE N EEEOERRMEE G LTI N E I D
WTHRTETT 9. L TICHGED FIEEZ R~ T,
OEEBEOBEFEZIEST 2, X7 7 72 AV F
THERE y Z3KRD D,
@z IFEE d o (TR O ITANT DR 2 RD B,

(&EE d o =300[mm] & LT\ 5,)
@UVE—T v 7R¥%E 1R (V=T 4 v TafVEE
AFIZ—oOFEL) L LTR (8) MW TRAME o
EHEAET D,
CORRDO dOEEEZESNE ) E—T 0 7 HROR
REET 5, M1 21I20~QDFIHDOFEMZ R,



Measurement of transmitting efficiency

! D :
Transmit,:ting Coil Receivi'ng Coil
VNAGS) — T TR T TK— VNAR)
BT DXl X X

-Resonant Coil Resonant Coil

n+1
d =dyno Y(n+1) n

Calculate the exchanging point

D
Transmiti'ting Coil ! Receiviing Coil
VNA(S) —} : X K— VNA(R)
X K Z X X D

Resonant Coil Repeat|ng Coil  Resonant Coil

0.00

-10.00

-20.00

-30.00

-40.00
No Repeat
-50.00

-60.00

Transmitting Efficiency n(dB)

0.0 200.0 400.0 600.0 800.0 1000.0 1200.0
Transmitting Distance D(mm)

LOG-LOG
scale

o
o
)

Y
o
o
)

> & EN w N
o o o o o
o o o o o
i<} ) ) ) )
~
<
Il
|
)
e

@ doj= 300
1.0 10.0 100.0 1000.0
Transmitting Distance D(mm)

Transmitting Efficiency n(dB)

X1 2 BRAEEHE dOEHTFIE

K1 2128 LK D ICERNSRDIZAE, d o =300[mm],

70=001, y=—06%% (8) IZMXAT D LIRFIEHE d=
557[mm] & FHE SN D, FHEMARZIESRE & T

BITRT, IRFIEEBRDOZ AL VTN SVELE 72>
TWAER, SNBRHEDRELSBRVWRTOUETHDHZ &
R0, EHEGED VLT RADEEE TEERBL TV
REOHEREMET D LIFERYRERELNTND G
DEBZBND,

0.00

-10.00

One Repeat
-20.00

Exchanging Point

o

-30.00

-40.00 /

No Repeat
-50.00

Estimated Exchanging Point N <

Transmitting Efficiency n(dB)

-60.00

0.0 200.0 400.0 600.0 800.0 1000.0 1200.0
Transmitting Distance D(mm)

13  [PRSABREEDHEEE & FEHIHE R
5. #&
M E EEICBIT AV —F s v af vix A

ENFRARE T TS CHIEDNED DN TV D, ZhbD
WIETIEY ©—F 4 v 7 a4 L EBERICH W HBES O
M TRETDILONRETH LN, FEMEZE 2256
i, BT LHEESO AT AEMD D LRGN, K
WIFETIT Y B —TF ¢ v 7 BB B EITHT D A
DR ZETHEIC. YV E—T 1 v 7l ROBANEDE
ENDHEHEHCE L TEENR ALY 2557 DDER
1b&EIT -7,

W) B —T 4 T AV E WD I TR E E
BREXVBEDEREL RDIEAI LEXTEREHRD
oM EEIIXE TR RO L TRRA IR 548
BRI NI, Z ORI ERE T < FEARM 22245
BRI BIR S CZDORZHENE DV I R THRET IO
MNEVIHEERF L, ZOREVE—T 1 T af VMg
Aotz R TR R & L CER 2T o 72, ZOERILDOZ
BPEZRFET 272010, B RO FEZ Avwg
HUEHEXCTRAREZHE LA VE—T 47
34»%ﬁbf%%bt#%k [ELEEAR 18 D FEPUIE D 22 5
IIFEEVEZ S5 EFN TE LY ENHRTE I,

Fo. ZOBRBOBERICAWT, XV EVEELIRTY

E—T 4 T BT o TN b —Z IV DIREHRPE L 7R
D, RESNT—DRWRT D E F—F /L& LT REDRIZL
MERFCE 2B L0 H 2 &% [T — 1358V ) BIZET)
LD S LSRR B DT,

AfFtt HEMS ICAWA Py U —2 ) —
F~OERERR TR E L THRFEZET L2, BERK

MTIFEDED HN TV D ETRRE RIS b AR F
HWHATEXL LD TMEEZTEIAILEE (V2—TFT v 7K)
MHIEWE, DFY | BUERT STV 2 BTG EITE
ICHREBT D L —r R D0, FEEMBEIC TNy T U —

IZF % — T xR4T H HFRTH D2, BRI E IR RV



X—ZEBTHMICHET 2 HEN TEEABN R EITE

TREE L 2D, k2 A b & KIBICE T 2 F03AlBE L 72 5
ZO NS TAREMEZ G A TND E W) FEITR D, 5% O

BELTIYHATDEZ0,

SEXH
T B, TR X—N—RRT 4 T BN
P+ v NU—27 HEMS”, T K% T ¥R SHM 2R
¥ 4555, PP33—39, 2012.
HI B, A& L HEMS#EMA AR L-ENIE
JEETEBDAREMEIZOWTY, 2015483 A, TR
EREHVERAE 8%, PP.59-64, 2015.
T B, IEEVRREOMIE”, 201743 H, THEK
FLESERMERAE 5 11 5, PP39-48. 2018.3.15.
EHI e, B4 FIK,” HEMS @M & LTO Wireless
Power Transmission”, T %% K% T 3 & 5 5 2 Al L
% 6%, PP. 63-66, 2013
[5] &I B, 4 FIR, "LS =2 A /L% V72 Wireless Power
Transmission", I K7 TERMEHERALE F7 5,
PP. 31-36, 2014
[6] &I P&, F& MM, ” Last ImWPT (23315 % Dense 7
L Hopping ZhHEOMFE", 2019 4£ 3 A, ITHKET
EERMERE 5 13 5, 2019.
[71 &)1 B, 852 80, 78R ki1 > 7 & - Wireless
Power Transmission”, 2016 4£3 H, T KNF T ¥ E5H
FIRsfc 2 55 9 %5, PP47-54. 2015.3.15.

[1

—_

[2

—

13

—

—
N
—_





