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Analysis of the Position Characteristics of Wireless Power Transmission with Relay Coils
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Abstract: Relay coil is an effective method to improve the performance of wireless power transmission. But
the selection of relay coil position is usually based on experience. To elucidate the mechanism of the impact of relay
coils on system performance, the port impedance differences between typical two-coil and relay-type coupling
mechanisms were compared. The dynamic sweep analysis was used to summarize the influence of relative position
on mutual inductance. Experiments was conducted. The impact of relative spatial position of relay coils on system
performance was verified, as well as the correctness of theoretical and simulation analysis. The research on the
position characteristics of relay coils has some reference significance for the optimization design of relay-type
wireless power transmission.
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Fig.1 Schematic diagram of wireless power

transmission with relay coils
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Fig.2  Equivalent circuit of wireless power

transmission with relay coils
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Tab.1 Impedance parameters for typical two-coil and

relay-type wireless power transmission

SR MR ek S5

R, R, R, (oM,,)* /(R +X.)

R, 0 R &M, M, /(R} +X?)
R, R, R, + R (oM, )?/(R} +X})
X, X, X, =X, (oM, /(R +X})
X, oM, oM, - X, oM, M, /(R +X2)
X, X, X, =X, (oM, )’ /(R +X})

2 PURRE MRS AT

gk Jo L L RE AL i R L RIAR S P O
22

FREZHOIE , AL 1A 23 [ 7 B H A
S 28 (AL, BB R,) JLF-TE 0, {5 & 5t
P 5 rh gk Ze Bl B B M, Th Ak 2 BE S sk
Pl E) ELJER M, 5 rh AR 24 P A B RS DDA G, o sl
JEXF RGE R BRI R R
2.1 ZEEER

AR B[R] AR A B, BERGE SCR - 5T
— 2V i 52 BE I LR HE S 7 AR U R B Y
[l % P O LU o LR IR T 2 P AR B RS R
R AR LT 8 . B E SO

M = f (9)

AP, W LR 1, R TR TR B 2 B
32 HE B R HE 5 M, O 2B 1 X 2R 2 B LUK
M, =M,,

P = (9) AT RN, 25 2k Bl 52 5 1) i ik o A= AR Ak
R, 9 2 B[] 1) Bt 2 % o e A 8 Ak . TEARBR
TC AR o ST R 7 2 PR LA AR
P 3 BTz, R 2 BRI R V8 i - Hok ), LA
R 448 2 mm, 2[R 1 2.5 mm, ZZ B8 P9 4% 200
mm, [T 57 20, £ 5 1 55 150 mm, K& 56 BV &
[P 5, 4 ek e WSk P AR R A " I, e i 4k P T
SEHE G AR A AN BT 4 FT s

—_—

K3 MLk R 5 LA A 2
Fig.3 Model of two-coil coupler
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Fig.4 The influence of relative position of coils on magnetic flux
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position of receiving coil
22 fIEFH
RT3 BT v Ak 2 A XA AR A X R G
BRI, B SRR X B 2,
TE L 3 J7 7 1 M8 0 2k LR 5 LA R A rh s i vh

ARk B, th Ak 1B 0 S80S & ST I B ) 2
e IRl o S S AN W4 B ] A i B 1
K30 em, FE UKL Bl K AE A ) R0 B RS L AH
B0 T 2 L 1) 0 ) A 4 B S DR R 15 em . AT RO
15 FAE RGP 6 FIfR o

6 rhak=CILk i R AL RN G AL () ELAE 1Y
Fig.6 Model of relay-type coupler

[ 7 Bt 7 Sk rh 2k 28 B R TS AR A 0 B JRR
SO . AT LU I, Ak Sk B ARG B 1 AR X &
SR B S R Vel (B B M, LT TEse . &5
AP S gk el Rl B M, Th AR B S HE 2
Pl 1] M, RS AE A 5 18] 5 R 4 el
B R LT 6 —3

50 ,
; : ——M,,
40P\ [ ——M,,, |/
: | +Ml,1
E& 30

Y\ 1) 0 % P 25 /cm
() 1) i B

fan) H 1
N i s
& ‘ s
= \ """""""
L R S \
00 5 10 1I5 20
RS B B /o
()1
5 T T

HE/uH

0 20 m 60 50
FARLARAL/(%)
()t B i 8%

B7  HEE Ak P i B AL
Fig.7 Mutual inductance changing with the position of relay coil

23



wAAES) 20255 HS55K H24

TRARDE 45« R 2R AR A% iy o 2k 2% P 4 B 4 M 4 A7

P T 4 A A 2 P 2 D s
i 2 B 6 TR PR BT, v B 5 Bl
2 2 ) B B 2 R TR L IR 2 IR o
AL % N RS I L TR M, M, 07 A
JEXRRIG . 24 2k A B 16 B GRS
P 28 P X kS 24 A B 160 B B A
i R AL SR TR M, M, FE A
B8,

L 2R B MR A U H  TRRAET  P
4 B ] R 45 L 24 T ) £ 0
B SET LIRS L IR 7 5o 4R 5 S A%
LIS B | A4S o 2 e 2 1
160 050 00 2 S B0 S 3 R, T T
S SR AT R GE e ., SE i R
I W

3 I

R T I UE v 4k £ B AR XA B AR AL X R G A
PSR S R, R T an il 8 s i 4k X
AP . 2B YL S80S 1 AR — 3, 1%
TE RGNS IR R S 85 kHz, kBl h T2 T T.4%¢
il , S8 e — S, R AT Ik A
w2k 2k BB ) A3 o 76.6 mHL, 731 wH, 744
pH F145.77 pH, AMZEHLZS 53 5108 45.77 nF , 47.96
nk,47.12 nk,

K8 LA

Fig.8  Experiment platform

P19 JIT 718 A v 24k 28 B R XoF A7 A0 A o A5 i 2
RHBRBFEM . K 9a 0"t kL AL T
52 SRR WLk B rp e SR A I A R &
SRR T 10 B8 2y, A AR B I B AR 3R 1 B Mk B
RSN, AT L 4k 2R 18] 58 0 & 54k el 1)
BRI 2k B B sl il i v, A% i T R PR AR 2 S 4
KGRI | 78 K 5 Rz WA 2 Pl o ) i 2 55 2 el Ak
A I KA R, i AR 2 Bl AR
] fi B 5F, ] Ob i IR i sk 5 1 7h th iy
JERAR AL AR ], T A5 2 23 52 3 2 1 K /)

24

Y FE IR A I 25 A 8 em ARG B KRIhR . K
9c 7R M Ak 2k B kA A Al S 5] X A% B g 3
R R, A B AR 5 K] Te h E
AR RGE A, IS TE S, TS A DR R
T 60 Wl 2 M N, iR gg TR, ARG
T T, AR £ R 70° ~75° 1) 3k B e KA, 1
JG S R

250

— [
W j=3
(=3 (=]

TEH IR IW
g

0 -7 0 7
Y1) fii #4 HE 2 /em
(a)h 1 fii
500 1.0
400 10.8
N A .
a3 0.6 7
ﬁ 00 | \ 061?5
= 3 | &
£ 2 FEHACE 043
100 10.2
? N
0 = 0.0
0 5 10 15 20
i e AR B 25/ cm
(bR a1 i %
500 ‘ 1.0
400 R 10.8
= et
g . 5
5 300 o N 0.6
5 (G \ §
| Mt St W S 0
@ 2 4 3
100 : 0.2
% 20 40 60 o 0
FABER S/ (°)
()i IR B

P19 ZR G0k BB R b Ak 2 P 7 A AL R

Fig.9 Performance changing with the position of relay coil
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