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Abstract: In the wireless power transfer system, there is an optimal radius value for the disc transmitter coil to
maximize the transmission power, and the change of the transmission distance will also cause the change of the
optimal radius value of the transmitter coil. To solve this problem, a method to quantify the relationship between the
optimal radius of the transmitter coil and the transmission distance was proposed,and then the optimization design of
the transmitter coil was guided. First, from the analysis of the system space magnetic field, the existence of the
optimal transmitter radius was proved, and then the expression between the optimal transmitter radius and the
transmission distance was explored and fitted, and the tapered spiral transmitter coil with the optimal coil radius of
each turn was designed. Finally, it was verified by finite element simulation that the optimized tapered coil system
increase the mutual inductance by 140.16% compared with the traditional cylindrical coil system, and the
surrounding environment has less magnetic leakage, which prove the superiority of the optimized tapered spiral
coil.

Key words: wireless power transfer; optimal transmitter radius; tapered spiral coil; cylindrical spiral coil;

transmission performance

To 2k 1 BEAL iy (wireless power transfer, WPT)
BARAE S — g B AR B i X e BOR By
HH AR R M 3 1 A A T A 7 7 R E R
AR AT HL BERY 2 B Oy O I AL R
FEEINGE U, O i A AU A L )
PR B 45 26 T 9 P i Rk 07 [

HET M H AT Z . 112006 45 56 R4S L T.4%
B Marin Soljacic BHIF /)N 2H 7 4 h i He 4k =X T
2 vl PR LR , BEAR 2 I IR U0l e
Hi AR (magnetically-coupled resonant wireless power
transfer, MCR-WPT) FEAH & HAL f if 2 0 A%
R AR IR R Z R — B AR

EE B : FL0(1981—) , % it PH, Email : Wanghly 1981@126.com

57



wAEF 2021F £51% FH244

Fo,E R TR LS F R LB WPT & 4th4b

JCLR FE FL AT T ST R

Sh3E SR AR HL RE A% i A% 4 B AR 14 % 1 fE
FIEE /I 5%, Z2 LA RIS ALK Bl 3 F 2
FRHARRER o 7K ki A Y — i T 6 2 b
PUVEHE Y Fre R AL R AR IB B D7 58, T T st i
Hh i BELT S b S BT 2 B BB AL i R T TR A
P B ) 1) R, SCHR[9 AT 373 73 A1 A e (4 2 R A%
FE AR, BT T — A IE S T LA AR A K
TRER R 3 254, JF 0 5 TR S S5 5K T AL
T NG FE R R GEHEATRCR 0T o SCHR[10HR 4
AUAT SRR H —Fh A2 TP Y IR AR 2 Pl 254, T T
WFFEKT A EMAT AR S UL T R,
SLE AR RWIZRGAEK T 100 W A% iy 2 5
H72% B2 N BERE ALy s T AR . RV H At
X ICLR HLREAL R BORTE A R RO T 50 $
T 2% AR I BT R 2 B 25 b (R A0 ] 7 3 ] LA
J7 33 5 9 [a] ik SR AT BE M R A7 46 18] ) e L i
i, EORIRE AR T R SR TE R R BE , R TCH
RE AL B AR FH A AN T 2L ) AL

AR SCHE T JC LR L REAL i 2R Gt P R 4
2Pl m L AR BB, WIESE 1 R LR I8 A e
o 5 A i B S 2 TR YOG R o ied Atk s T R
LR, Bt 1 HEE IR S S R 8 g 4 [ A S
LR AR BRE FE AL i B N R fE,
WEJCRER=E 2 Gl N A S WINTTE PN E 3 R I
ARG E IR

1 RAAR IR B FEG 5T

1.1 T&EHEE

1 G A U0 L BB AR i R AL ) SR AR 4
B, B SRR | R SRR BRI ik
R MR L 25 R Rk ik £ B 2 R A7 fE e A
B %) 723 [ 38 38, X6 T LI 1 304 T B A FE W) e
PO e B b R YR 2 g e A A 7
AR 1 1) 22 I LA R R P T, ke B B 4
I LR I A MEAE T R0 T R A il R L 2R 8
SEPLABH P, {45 H S R T D R R R
HoREAR T B fa B A BE R . IR
T, K SR VEDKS m A H f B Ak L Ak Sy v A
Wik, BIFE 2 [R] 1] B b e A5 4 i A oA 3
(] B 42 AKMMEE HL 25 1 FE Wk Bl T AR AR 4ok
A TR B v i 17 e S R B B b 2 48k H
RE , Ak 25 B2 USO8 i e RN B 48K s R RS
BT FLRE-RE I e - FL RE Y A Ak .
58

A M AR

J\
7 % L% Iy
DR AR
i ¥ | &
iz %

BT RERRS TEL AL R G

Fig.1 ~ Composition of magnetically coupled wireless

=3

SEEm
EEER

power transfer system

12 REBESHIGSN

1 2 Sy <P T 458X A S 2 B AR A2 Pl 4
IO B REAL il R G0 o R SN AR e SN 46 [
BB R R, A o, THIRIEE S d, , f2 9 026
2420 R~ (ny=1)d, , 38 AL R HLI N 15 1
LRV I N ARy, TR ny, WL E)BE D ), YiOK
2L Z Rl AL s H o

zZA

X

&2 Rl e G R 40
Fig.2 Disc coil wireless power transfer system
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Fig.3 The curve of the flux linkage with the outer

radius of the transmitter coil change
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Fig.4 The relationships between the optimal radius of the

transmitter coil and the maximum value of the flux

linkage and the transmission distance
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Fig.5 The fitting curve of the optimal radius of the

transmitter coil and the transmission distance
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Tab.l  Radius design of tapered spiral transmitter coil
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Tab.2  Optimal radius of the optimized tapered

spiral transmitter coil
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Fig.8 Mutual inductance simulation values of WPT system

WERE RGN TAEMR R 200 kHz, HETEIRTE %
ST WPT 2 4t HLJSE M 85.185 01 nH, HE TP 12
JiE % 5t £k Bl WPT & 4t H & {H N 204.578 608 nH,
A HHEIE W2 i % S 26 T8 WPT 2 G 78 HLAT B /D 1Y)
FEA /NI (R BT B B i B . AR
TRICIiE & ST WPT 2248, 98 & 5 2k 1Bl 1
FEM AR T 34.3% , HAE R 42T+ T 140.16%,
RITL58 BH A SCIF £ HR 19 A1 A 1) TV B8 e & 55 2 1
WPT 25t 225 AR AL i fE o
322 HLEEIREE

TETCEL ARG R G T L REA S U2 PPN R
S I E R EEERR , K G R S WPT
FRGAEH TAER XA AR 0 52 ), 76 AR 175 Ol
A B AR G0 R R R BT A U R A

19k WPT 2 G 1 L i A 358 43 A (1, 0 3ol 4%
TR FVHE I BE K S 4k BBl WPT 2R 45 11 L
IREE o A 1 B, AT AR 2R G0 1 3 43 A R G 4
BB AR AR 2 P R L AR A H A [

(b) ST E A SR Bl WP T R 2 14 L REFR 5

B9 WPT RGN RE IG5 A
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