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Research on Optimum Design Contactless Transformers using Soup Plate Like Ferrite Cores
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Contactless power supplier is composed of a transformer having the distinct primary and secondary cores

separated by air gap. Because of the electromagnetic compatibility problem, it is essential to keep the

leakage magnetic fields around the contactless power supplier as possible as low.

We have clarified that the wavelets multi-resolution analysis to the magnetic field distributions around

contactless transformer leads to obtain one of the reasonable core shapes by observing the wavelets spectra

of measured magnetic field vector distributions. Furthermore, it has been revealed that a tested trial

transformer gives nearly 80 percent power transmission efficiency even though the primary and secondary

coils cores are separated by 10mm air gap. Further, this paper is one of the success research solutions to

overcome the specific absorption rate (SAR) problem based on the finite elements and optimization

methodologies.

Thus, a contactless flat shaped transformer whose primal and secondary ferrite cores are separated has

been successfully optimized by combining the finite elements with linear programming optimization

approaches.

Key Words: Contact-less power supplier, Magnetic field visualization, Wavelets multi-resolution analysis,

SAR, Optimization.
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Fig.1 U shape ferrite core transformer

Table 1 Specification of the transformer employing

U shape cores.

U shape core TDKPE22UU
Number of turns of primary coil 30turns
Number of turns of secondary coil 30turns
Diameter of primary coil 0.4mm

Diameter of secondary coil 0.4mm

Fig.2  Soup plate like ferrite core transformer

Table 2 Specification of the Soup plate like ferrite core

transformer.
Outer diameter 105mm
Inner diameter 99mm
Thickness 7mm
Depth of the cylinder cut 1mm
Length of the spiral winding 506mm
Diameter of the wire 0.4mm
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Fig.3 Magnetic field vector distribution around the U shape
ferrite core transformer

Fig.4 Magnetic field vector distribution around the soup plate
like ferrite core transformer.
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Fig.7 The wavelet multi-resolution analysis results of the
transformer employing U shape cores
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Fig.8 The wavelet multi-resolution analysis results of the
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Table 3. Coupling factor « of the transformer employing
soup plate like ferrite cores (frequency: 30[kHz])

Gap[mm]| O 1 3 5 7 10

Li[uH] | 578.6 | 348.2 | 231.1 | 181.6 | 169.9 | 133.9

L,[uH] | 572.7 | 348.1 | 229.4 | 181.0 | 168.3 | 133.3

L[pnH] | 2297.4 | 1358.2 | 881.8 | 669.4 | 617.6 | 450.8

Lo[uH] | 16.9 | 26.1 | 414 | 56.0 | 61.1 | 843

K 0.99 0.96 0.91 0.84 0.82 0.69
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Table 4.  Efficiency of power conversion employing soup
plate like ferrite core (R:1[€])

A1 (W] 17 (W] B [%]
2.22 0.53 23.9
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Fig.13 Circuit model of a secondary resonance type
transformer
5.1 ARERZEICSIDIEEHRATHOES
Fig. 14 IZ¥ 2 a2 b—ya VICAWEEERDOET V&
AT B, BEV I 2 b—va ik, AARESRE S
v 47— Femtet (MURATA ¥ 7 b7 =7 ) CiTo 7=,

|
I
&

Fig.14  Simulation model of the transformer employing the
soup plate like ferrite cores.
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Fig.15 The computed self-inductances versus air-gap lengths.
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Fig.16 One of the simulated magnetic field vector distributions
of the transformer. Unit of color bar is Tesla

Fig.17 Measured magnetic field vector distribution at resonant
state under 1Q loaded
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Table 5. Experimented power transmission rate (R: 1[€2])

CluF] AJ3 WL | HD WD | e (%]
20 1.99 153 76.8
40 1.97 1.63 82.7
60 2.23 161 722
80 3.23 191 59.1
100 3.11 1.99 64.0
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