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Fig.1 Electromagnetic energy flow of single conductor
326 IO T) il v 28 PN A 2 T TR 0 R A T A Dl AR )
T, T B EE O R LAy v Rl
Urlr

—ez
2np3 In(b/ a)

E
S‘
U

Sg =ExxHy =

] U
PRzg)sSRdA:J.O 2 ja pIZ{TZ)/a)dp:URlR
(3)
K, ¢ A EAEAAFR R T AL
X (3) RH, M T WA ER b BT LI KR
B AE AN KER FLMNIRT R, FANES
LY T ) I WG D )
AR UG ) B Ze N, B[R] e R A

W, Eh R E A AT A9 L R A i A
ER': IRZeZ (4)
ona

A, o WRFLIE T,
XA, FLHUI R T S AN LR

Jite, DA RSN LA, T4
IR ]R Il%

Sp=Ep xHy = 73 e, = 55—, =
omna TOR 2om”a” py

PR—CJ.)SRdA j dIOZGnadez 2R (5

M RE o HEN B3 22 N BT 1 B 30 4 T 1% 0 3 LR 1A

(A H- T, I EVRE O T 1) O Hh LT 2 R TR )
.

H130 (5D W g, 3 L A B ) Dh A<l i
20 0] () FL R o A R 1), 3 AR KT FL B S 3R R A 4 7
W P2 BtAR S IE ] i L AR BRI, HEA
AR D) DL H BRI A i 2l
Fil 36 B A R OF AN A, X D F T B R ) I R
fih A i3 S 1t T AR SCHE
1.2 HA N, M8 E R G R AR LD

X TR 3 e S 2 Bl O A 1 9% A2 A L AL I 38
Jih R AR AR W OB R RELE DL, SE IR Ny
MK L3 SRS A L rh — B A R D R, A

2 B P GE A DL S A R N E T A . MR
BN ISR TR A
HL:ILdNL N
t pLe(0,) (6)
E =—jw ,UOILNLpL
. 2d, 1

Kb, I IR BRIy h TR
LA LS S B R P E BB dis A
Ny IREAE = SR o ARG TAEMA .
Ny [ R (10 A2 0 B R AR R By R ] R A

S, =E, xH| =—jou, NN pre, =
247
.2
. . M|W P
O, =—-0S,-dd=jou, 3 VL'2TE}’LdL=_]a)L|[L|
247
(7
A, LONIRZAE AR RO, * oI,
WA (7) WEN, Ny EREAE IR E 2 Zh

A AMUHE )y, LR AR AR IR A AT ]
) R S, O AN e D

X HT X Ny IR A R A s % 1) E U
PEBEAT 7087, BOE R T A TARRE, Zugas
() I B S LG 37 10 G RN, ABURE 225 1) v LI 23 A1
2o B2 Bros S e i Wy S A Es R
Ay T A IS 2 T g TR

fBE By IR B R 9T R, HANFAE BB,
VR B O A AN A AE HLRE D R o S B kol 3 N
BROEAL . WS tL, HhO 9 K17 o 5 T WG 3
3, Rk



o540 B2 10 3] I AgklE

T B0 S B JE £ D e AR i AR S LR RE A

L5 R AR E R 3059

2
& & ®Mm
rm.
TTRRRRE
r&.

2 7% I s HL T BE VR A PR 2

Fig.2 Electromagnetic energy flow of transformers
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Fig.3 Electromagnetic energy flow of capacitors
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Fig.5 Electromagnetic energy flow of general wireless
power transfer systems
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Tab.2 Experimental parameters of WPT system
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Abstract

This paper analyzes the electromagnetic energy flow and coupling characteristics in wireless

power transmission (WPT) systems. Addressing the complexities in accurately depicting the electromagnetic
energy transformation within WPT systems, the research overcomes challenges associated with the intricate
mathematical methods and the absence of models capable of characterizing spatial energy flow distribution.

A model for electromagnetic energy flow in WPT under sinusoidal excitation is established based on
Poynting’s theorem. A reduced-order mathematical model is developed by analyzing common electromagnetic
energy flow characteristics of basic electrical components. This model qualitatively explores the energy coupling
in the transmission space. The coexistence of inductive and capacitive coupling in WPT systems is discussed,
emphasizing the significance of enhancing near-field electromagnetic coupling for overall system performance.

The working mode of WPT in the electromagnetic near-field region is presented from the perspective of the
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energy flow mechanism. An experimental platform is constructed to verify the inductive and the capacitive
coupling methods.

The electromagnetic energy flow characteristics of conductors, transformers, and capacitors are analyzed,
facilitating power transmission through the electromagnetic fields in their vicinity rather than by themselves. The
electromagnetic energy flow characteristics of WPT systems are discussed as a combination of multiple RLC
circuits. It is found that electromagnetic power is partly stored in the electromagnetic fields of individual circuits
(self-energy) and partly in the fields between circuits (mutual energy). The analysis is simplified by considering a
system with two RLC series circuits, revealing that WPT relies on mutual coupling between the primary and
secondary sides for contactless power transfer.

The paper also discusses typical magnetic resonant WPT systems using the image method to analyze the
field strength distribution in the coupling space. The symmetry between inductive and capacitive coupling
characteristics is revealed, offering guidance for practical engineering design. Experiments are conducted to
verify the coexistence of inductive and capacitive couplings and to analyze their frequency characteristics.
Results indicate that as the operating frequency increases, the ratio of capacitive coupling to inductive coupling
increases, which is significant for understanding WPT technology.

In conclusion, the paper analyzes the electromagnetic energy flow and coupling characteristics in WPT
systems, offering valuable insights for the theoretical research and practical application of WPT technology. It
highlights the importance of understanding the coexistence of inductive and capacitive couplings and their
frequency characteristics to enhance the performance of WPT systems.

Keywords: Wireless power transfer, electromagnetic energy flow, electromagnetic near-field, inductive
coupling, capacitive coupling

(HiE FEWF)





