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Parametric Design and Optimization of Dynamic
Wireless Power Transmission System
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Abstract: Wireless power transmission technology is widely used in various fields due to its con-
venient and fast operation, adapting to rapid replacement and maintenance, reducing the impact of
cableless maneuvering, rapid expansion, substantial reduction in device battery weight, no risk of
electric shock, and strong adaptability to extreme environments. For the given input and con-
straints, it is required to fully optimize the design of the coupling mechanism size and circuit pa-
rameters of the dynamic wireless energy transmission system, to meet the needs of a certain
output power efficiency. After the previous theoretical and simulation research on the magnetic
circuit of the circuit and the coupling mechanism, the theoretical basis of how the system output
characteristics will change with each parameter change of the system is obtained. Based on this,
the parametric design model of the dynamic wireless energy transmission system is established,
and the optimization design process and steps are carried out. With the most simplified calculation
process and the least workload, the parametric design of the launch track and circuit of the
dynamic wireless energy transmission system is realized. This research will have important guiding
significance for the multi-objective multi-parameter automatic optimization design of dynamic wire-

less energy transmission systems.
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Fig. 1 Circuit diagram of mutual inductance analysis of dual-transmission single-receive wireless power transfer system



10

FRL AR A

2021 4 1 H

KT AR L. L. 20300 i & 5 i
LRI SH B B RE 1S A B R A R

I BB H I JFERAME R A Ry M AR
B /o MRV AIEIRBIR ;. M, 1 M,

Ry, s RN h 5 55 £ Pl 0 H2 WA £ e ) O g i BELAEE 5
Ly oA J5300 v g i) e 2 v IR
A L
C, R K Gt d g I IRAME L 25 Csy C, 2051 TN

PR TAEREAT . R FRHRYE G5 &

L, Sy R 3 43 WA v B 1)
Co o SR K 358 v s 1 £ O b o FiL 2

SR A T e S 2 Ve 22 1) ) ELRR

1
wC,

U.—\l; :jwlix1lLl +].(UMIZI,72 _jlels +(7

1
0=
(jw(:],

1
s =jwl L
UAL Jw Lin2 1 + (jwcp

o= (=
n wC,

1
O=—joM I, —joM;I,; + (]'7() +jol, +st I+ Gol, +RIo
wl g

+jwl, Jer] I,

1

Jwlg

+ijp +Rp) I/)l +]'CUM121/)2 7].le15 - Ui 71/}1)

+jCU14p +R[)j IpZ +jwM121/,1 *].CUMZIS

1
jwcl

Jr]'CULP +Rl>) Ipz +jwM12Ip1 _jwles - (IinZ - I/)Z)

0=t (1.

JwC,

HARGEEEIR, REPA T BEIREN

— I — (ijz + R

I 7UAB[OU2<M1RL(M1 +MZ) JFLng) JrRLRst Jrjlez (szg +RLRS)]
o’ Li(w’L} +R.R,)
I 7UAB[w2(M2RL<M1 +M,;)+LiR,)+R.R,R, +jwM;;(w’L}+R.R,)]
w' L (w’L} +R.R.)
jUAB
I, =
P1 wl |
jUx\Li
I,, ——
P2 ol
| _UnR (M, 4+ M)
* Ll(w2L§+R1R\)
I :ijZUAIS(MI+M2)
o L, (0’L;+R.R,)

Forb, WA DI e S e g B AL A RS, PSR A
~ Umlw’R. (M, +M,)? 4+ 2R, (w’L} +R.R) + 2jwM, (w’L} + R R )]

AN I e S 4 V) [R) i i 2 WA 2k P 22 ) ) UK

1 I, =
m T i w’L?*(w’L} +R.R.,)
R AR
UZAIS[(UZRL(M] +M2)2 +2RI)(CUZL§ JFRLRS)]
w’L?*(w’L +R.R.,)

P, =Re [UABIinI + UABIin2:| -

EIOL RIS
(UngU%L\};RL(Ml +M2)2
Li(w*L; +R.R)?

—7J2 —
Po.=IuR. =

I T L A5 3 25 5 il b L B AR Ny
7Pou|7 U)-ngRL (M]+M2)2
TP, (@L:+R.R)O[w'R, (M, +M,)’ +2R,(w’L; +R.R.)]

ma (5) A (6) mLIAEE], Xk B IR A

M,

WA KVL & B, "l 45% 3] 3 A [ g% (19 B 4% 7

(D

(2

3

4

(5

(6)

BRI PIAS TAF A S 2k Bl 2 1) j) B2 FAH O, 5
J i e 3 2 P8 22 18] B 28 SURB & o O . T L3 e 3



%1

HIETLRE RN AL S B BT 5tk

11

2R 18 2 [) Y 52 SO 5 3 5008 L300 B A RO Y R
PR
1.2 MEHBRELLEECHREERBRSHG
BoM

I FER A7 5 A WU Bl T 2k E B AL iy R 40
AR LRI, X L B 2 ORI R G i o R 2 ] ) G

RATOTE M. T 2 S WU S5 B4 W0 T2k g it
ki R GUA L BR AR . FLrp, PN DI A B R B LA

R W B R T LCC R b2 . B Bl 01 A
AL E S BN, AR RS EA R, B R
PR R — 2, SR — 2l BT S AL
FL O ORI v B 26 A S B B AN AR 1 TR

x1 BEEEINSHIEEE
Tab. 1 Set value of each parameter of circuit simulation model
S8 Uin 2 fo Lyi2/Ls Ryi2/R Cizs Luos Crzs Ry
15 HAH 100 V 85 kHz 290 pH 0.5 Q 14. 94 nF 25 pH 158. 31 nF 10 Q

riLfl |1
B
- p AT T

HT ]
HZ$CLT RL < _)El
psiE

E\h@
Vp.

2
W H L]

O

N S iLf2 -(’\ Vp8 +>\ p7
—3 i_l
A i+ DO L= ]
’ L‘ y L2 P

[ o
[
MOSFET# il 1

-' B R
lin o

k2 i
= AR f
Pulse - JHU{“
Generajor] L LI

I MOSFET#; il > _)@

Pulse EE(ﬁlE‘ [y ES

Generator %
Display
WA @
- veR Lve2
V
Display 3

Display 2

& 11 RMS3  Absl

Displayl
Power L

2 WRHGBREPLEEEEARGRBHERE

Fig. 2 Circuit simulation model of dual-transmission single-receive wireless power transfer system
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Fig. 4 Magnetic field simulation model of coupling mechanism
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Tab.3 The input parameters of parametric design example

AR
28 Ui fo Ry R, R, D h L, L, T
BE 220 V 120 kHz 17 Q 10 0.5 Q 0.15 m 0.05 m 50 pH 15 pH 0.2s
AR SH
28 P 4ma Ndmd Ly max L max L min Al d max Ad A max C _Viax
HE 600 W 0.7 400 pH 0.45 m 0.3 m 0.015m  0.045m  0.015m 250 1000 V

x4 HOTHEHER

Tab. 4 The calculation results of the parametric design example

B 450
JE AR 38 TE
! 0.435 m
d 0 m
L, 399. 3 pH
Ly 41. 2 pH
C 42.7 nF
Cp 4.9 nF
CcC_V 489.2 V
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IR R, L BRI A, B —

SR B A R SR 2 LR e Wi 2k Bl 2 [ A o R
INTIRE RSN

2) FEWCLR B T & G 2k R PN s S 5iR EE  EL
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