THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2013 Sep.; 24(9), 873~882.

http://dx.doi.org/10.5515/KJKIEES.2013.24.9.873
ISSN 1226-3133 (Print) - ISSN 2288-226X (Online)

13.56 MHz B4 o|U#] A4 A A=Y 3840
AR} AAEMD o2 2 EA

A Method of Prediction and Analysis of Electromagnetic Interference
(EMI) in Wireless Power Transfer System Operating at 13.56 MHz
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Abstract

The effective way of estimation and analysis of EMI(Electromagnetic Interference) in Wireless Power Transfer
System operating at 13.56 MHz is proposed. In this paper methodology of driving magnetic field strength and electric
loop current of two antennas which are in free space and on PEC plane using image theory and duality is proposed.
Perfect electric conductor(PEC) is planar, infinite in extent, and perfectly conducting plane. And we will refer it as
PEC plane. A equivalent circuit model is used to analyze. Using this theoretical analysis, we can derive maximum
magnetic field strength of the far-field region numerically using measured data of near-field maximum magnetic field
strength. The experimental results using commercial numerical simulation tool are in agreement with the theoretical
results. Also, using the derivation of maximum magnetic field strength in the far-field region, we can easily estimate the
maximum allowable power dissipation that meets EMI regulations.
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13.56 MHz

a8 1. A 20X Y] Qe Y
Fig. 1. Two antennas in free space.
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Fig. 2. Equivalent circuit of Fig. 1.
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Table 1. Parameters used in Fig. 2, Fig. 3.
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Table 2. Comparison of (a) theoretical and (b) simula-
ted magnetic fields of a small loop antenna
in free space with ¢=0.05 m, #=0.1 m.

Equation Simulation Error
[A/m] [A/m] [%]
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Fig. 4. Two antennas on PEC plane.
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Fig. 5. Equivalent circuit of Fig. 4.
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Table 5. Magnetic fields of a small loop antenna at
two near distances(r,=1 m, r,’=0.9 m) and

currents of each loop in free space.

Parameters Equation

7.009 - 7107° A/m

near_peak,r =r,

9.614-107° A/m

,
near_peak,r =1,

E 6. Af 09 F9 A2 T ol ¥ 2
ﬂﬂ(r: m, 7, =09 m)lxe] A714E v
2oz £33 10 mlNe) 7% o2
3} 54 94 3

Table 6. Comparison of (a) theoretical and (b) simu-

lated magnetic fields of a small loop ante-
nna in free space estimated magnetic field us-
ing two magnetic fields at two near distan-
ces(r,=1 m, r,/=0.9 m).

2y

Equation Simulation Error
[A/m] [A/m] (%]

=l0m | 2.731-107" 2.63-1077 3.7

413 B3 wRiow 78 AHE H F FX
SV} ¢=02 m 740 E "olA 91y, PECHO
A =08 m Eo] B "ol e AT, A=
mellX SAE AN ANVHH, 0 peas picr—r )
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Z 10 m A2 AN ANV H,,, pear,pre) T
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Rt U] AL (r,=1 moIA e A71E vgo R
T3 10 moll A 9] 271789 o] 2% £ &4
3 LAES v A

¢

¥

HE 7. PECY $9)d =9 #e& = oyl 2Ag
(r,=1 mellA e A714E wgoz {53 10
mol A& 27172 o] gk A d Y gk

Table 7. Comparison of (a) theoretical and (b) simu-

lated magnetic fields of a small loop ante-
nna upper PEC plane estimated magnetic fi-
eld using two magnetic fields at near dis-
tance(r,=1 m).

Equation Simulation Error
1 0.049 A [A/m] [A/m] [%]
b 0.04 A =10m | 8865-10°° | 875-10° | 1.31
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