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Design and optimization of a novel semi-enclosed core structure

based on magnetic circuit models

XIE Zhehui, XIA Nenghong

(College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: The wireless power transfer technology has been applied to the robot charging system based on its safety and
reliability. In order to improve the coupling performance of the system and reduce the electromagnetic radiation a-
round the coil, a magnetic coupling resonance of a novel semi-enclosed magnetic core structure is proposed. Firstly,
the magnetic circuit model is established with a disc core, and the expressions about coupling coefficient are derived,
which provide the basis for designing magnetic core structures. The reluctance of mutual-coupling area is reduced by
adding a certain height magnetic ring on the outer edge of the transformer with disc core. Meanwhile, a certain inner
diameter of the core is removed from the bottom core to increase the reluctance of self-coupling area. Secondly, the
magnetic circuit model of the new Semi-enclosed magnetic core is established, and the coupling coefficient expression

of the new magnetic core system is derived. Three structural parameters (magnetic ring wall thickness, magnetic ring
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height, core inner diameter) affecting the system performance are obtained. Based on Ansys Maxwell simulation,

three parameters impact is analyzed for the coupling coefficient and electromagnetic radiation, and the magnetic core

structure parameters are optimized by parameter scanning. Finally, the simulation results are verified by setting up an

experimental platform. Compared with the system with a disc core, the new Semi-enclosed core structure has a 5. 1%

improvement in the coupling coefficient, and the new core offers 1. 46 times improvement in the shielding effect under

the coil.

Key words: magnetic circuit model; semi-enclosed core structure; electromagnetic radiation; parameter optimization

To e L RE % i 2 T i s G o HL RE 22 B
o 2 G 52 LT W B fih #) RE B A B LIS
HL 7 A 5 PR N BT g A T AR A
Poni B Z N T AR AT . AMIEL
AE A% i 28 G0 1) I Rl 4 el =2 1) B o ok, HLPE AL fiE i
BEPAATE RIS 2SR S E RET
W, DAL R R GURR A R B o i B ok e R Ge A%
REVERE A BT R 47

JOLK e RE 1% i 2R 40 19 A% 070 SR AR W 7 T
i HAIE 5 BT R 2R G0 B 3 AR S 0 s ) L G A
G ARSCUA R T LA A TC L FE L R G/ R
- T [ 2k Pl 45 48 D X R PE AT 05 3d G BT AR
3 A8 T A5 (0 T S 5 P R AR v R GG REEfiE . TR
[8-10 19 s AN [A] JE R 14 f o 235 40 O 348 58 R 42 119
G PERE . Ak AU EE B RS LU BRI 55 5 3C
WKL LT 23 A 4 B e 45 4 1) T 285 T 394 58 R 4% i 2
R U A A iy B S B A 0T 5 SRR 12 ] rh
T — iR TR T S A Rl A [ AT R gL (H
SR KB B O 22 BUAN 4 I BILAs A 1 B 6 5 AL AR
WFE AT THLS AL T RS .

AR SO T — ol T 2 o B RS A A L TR
V52 8l 114 T S A T 2L B 2R ) e e o 18 5y
A5 B AT R o /0 R DX BEL RIS R F R X g
PR BT HE 24 . s RO A R B E T 7
A 1e) o7 E Y W OE AR DB BT AR AR 45 B Ansys
Maxwel 47 FRICAT H o B 45 5 fe A0 U 25 H9 S 50
2 1o 2 GE AL RE M 8 LI/ FL R A0 N 0 AR L I R

IR R SN RO (AR gy
L1 SHmBHEE

10101 (5 A 0 i s A A
BTG S FiE R TR S R, — K

TE R % 3 AT v 220 W RS R Y R BEL L AN 3 IR E S K
V14 0 308 s A I T SR RS AR A 8T 1 iR . IR 1 ()
52 5 0 ) JC 2k e L R AT A R T 40 B, &4 &
S5 B, LR HE A S R 43 A 1 BRI R B
Y OZ T #3873 A REAE HEAT 2347

P B B

5=
JEERSS

B 050100 mm % G 0 50100 mm
P &P A [B]
s WS

(a) A LI G (b)F AL FIE &

E1 HuZBRER

Figure 1 Model of circle coil coupler
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Figure 2 Magnetic flux distribution of disc core
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Figure 3 Equivalent magnetic circuit model
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Figure 4 Magnetic circuit model of semi-enclosed

core structure
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Figure 5 Equivalent circuit model
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Table 1 Parameters of the simulation model
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Table 2 Simulation result
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Figure 6 Radial magnetic flux density at

10 mm under transformer coil
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Figure 7 Influence of semi-enclosed core

thickness on coupling coefficient
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Figure 10 Radial magnetic flux density at 10 mm under

transformer coil corresponding to different height
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Figure 11 Influence of semi-enclosed core inner

radius on coupling coefficient
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transformer coil corresponding to different

core inner radius
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Figure 13 Experimental setup

Table 3 Parameters of the experimental prototype
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