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Design and optimization of novel three—dimensional coupling mechanism for
wireless power transfer
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Abstract: In order to further improve the space freedom of the wireless power transfer (WPT) system, a new semi—spheroid
transmitting mechanism is proposed. From the theoretical point of view, the characteristics of three—dimensional
(3D) WPT system are analyzed using mutual inductance superposition principle and equivalent circuit model.
The simulation model of array 3D power transmission system is established, and the distribution of magnetic field
under different control modes is analyzed. The transmission performance of the system was studied from the per-
spective of distance characteristics and magnetic field distribution, respectively. A three —dimensional wireless
energy transmission experimental system is established to verify the transmission performance of the transmission
mechanism. The results show that the new structure can achieve energy transfer with an efficiency of 19.2% up to
400 mm. At the same distance, the maximum efficiency deviation of the load coil receiving power in all direc-
tions on the same horizontal plane is only 8%, and it has a high uniformity magnetic field. The experimental re-
sults show that the new type of 3D coupling mechanism has good transmission performance such as high spatial
freedom and directionless.
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Fig.1 Schematic diagram of 3D transmitter mechanism
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Fig.2 Equivalent circuit model

HIP 2 a2 R TR R S L -1 20T
LA, 2 n LRI N TRk Bl . R T X Rk
Rl FIE L RE R 5, T LAGE IS8 H A R B0 52 00
Hr ZRGE PRI o AR S s R, T U3 LA

Tt



24 2 P, 5 TR H RE AR = AR AL BT T Sk - 77 -
joMy Ro+j(wl, - wlcz ) joMy oM,
. . . 1 . 1
]CUMB ]CUMB R; +](CUL3— wCs ) ]wM3/l I,
JoMi “ Ro+j(oL, - ! ) JMis, s
- n- n- an_l - n I
jlen jM(n—l)n Ru + RL +j( wLu - wé’m )
Vi<6,
V,<6,
: (1)
Vn—l < 07!—1
0
M=k NLL (i,j=1,2,n;i#j) (2) 2 {FE#R

b My ekl i S8 j Z ARIHE S LI ky 2R
(G  Z I IR R RG R, ARG, 5 Tk
LRl n HRIR 5 C o OB A R A ALK B P A B
7, T RLS SRR E IR €, 3 | DRI R IR
HUE S L OER o DRI G w IR ABR, 5
TAEBURA K R N« DR BB 1 T 5
AR LI Vi S 0 A R 2 Bl e R N £ e i 7
A BN B B3 0, R 5 @ A R BT L 2R S IR
ZeRl LRI R e o SO TR 51 ARG
A IR O L R BB A i 2R S0 10 HH L A TR R 3R
B, RERIRCRFIEAN -
LR,

p]Rl +I22R2+ b +12,1(R”+RL)

R,
(L/L)R,+ (L/L)R2 + +++ +(L4/I,)R,. + R, + R,

(3)
K1, = Lsin(ot) , I RH I, 456 (1) —K
(3), 45 AHN LS FUBGE RAESHL, T DR BT
INEEX G &S AT E
n=f(w,My,Mpy,* ,M,y.,R.) (4)
TERGH, YR G LB SE R/ A 2tz T
(BRSO Z 5, A TR R A SR ) 1y B
JEREL WIS R RRCE S G LB Z AR
n=f(w,dp,dy, " duy.,R.) (5)
T ALk el Z (0] IR d 504k 18l 2 (] (1) 25 )
SR, PRI, RGALF A2 A Rl 4 el 2 []
AR 1) DR A ) DR A% | #7425 DX 3R 52

21 {HEERER

HRYE BRI 43 T B TS Hh — 4 To 4k F BB A5 i & 4
B, R T Bz 25 A AE — 4k 25 o) vh BT R AR 15 5
R, ST EAR AL, IR S AR Z — W IE -+
TR HEERR B HRAR , HEA S8 LR, 12 A4~ IE
TONTE R FRAE LS4 A X RRPE , 4 A2 1 - i A
WATIERE RS RS HT, BD 6 AN 1E il IE 72k Pl
G, AT A B pr i ik = 4E i e R R, Bk &
SR SENER 1 s,

*1 WPT EHZ&BEHESH
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Fig.3 Top view of transmitter mechanism
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Fig.4 Magnetic flux density mode as magnetic field

direction is controlled by different phases
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Tab.2 Simulation parameters of WPT receiver coil
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Fig.5 System model of transmission characteristic
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Tab.3 Parameters of WPT receiver coil
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