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Coil Design Scheme using Single-Turn FEM Simulation for Efficiency Optimization of

Inductive Power Transfer System

Seung-Ha Ryu!, Chanh-Tin Truong!, and Sung-Jin Choi®

Abstract

Inductive power transfer (IPT) is an attractive power transmission solution that is already used in many
applications. In the IPT system, optimal coil design is essential to achieve high power efficiency, but the
effective design method is yet to be investigated. The inductance formula and finite element method (FEM) are
popular means to link the coil geometric parameters and circuit parameters; however, the former lacks
generality and accuracy, and the latter consumes much computation time. This study proposes a novel coil
design method to achieve speed and generality without much loss of accuracy. By introducing one-turn
permeance simulation in each FEM phase combined with curve fitting and optimization by MATLAB in the
efficiency calculation phase, the iteration number of FEM can be considerably reduced, and the generality can
be retained. The proposed method is verified through a 100 W IPT system experiment.

Key words: Wireless power transfer, Inductive power transfer, FEM(Finite Eelements Method), FEA(Finite

Elements Analysis), Curve fitting technique, Coil design optimization
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TABLE 0
DESIGN CONSTRAINTS

Parameter Values
Output Power (Pgy) 100W
Operating frequency (f,) 100kHz

Output voltage (Vo) 45V
Input voltage (Vi) <45V
Load resistance (Ry) 20.25Q

10mm < Ry, < 100mm

10mm < Ry < 100mm

Inner radius (R;,)

Outer radius (Rou)

Air gap (g) 9%5mm
Wire diameter (dy) 3.4mm
Coil thickness (ty) 34mm

Ferrite W-D-H 200mm x 200mm X 5mm
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TABLE I
COIL GEOMETRY PARAMETERS AND
TURN RATIO

Paramters

Values

Rout

98.4mm

R;

10mm

Turn Ratio

26

TABLE IV
CIRCUIT PARAMETERS OF SINGLE
TURN COIL

Paramters Values
Lo 0.151pH
Ry 0.02mQ
k 0.168

TABLE V
CIRCUIT PARAMETERS
CONSIDERING TURN RATIO

Paramters Values
L 102.076pH
R 13.52mQ

Reference [8] _
Proposed method -

0:00:00 0:14:24 0:28:48 0:43:12 0:57:36 1:12:00 1:26:24 1:40:48
mFEM = Matlab

Fig. 10. Comparison graph of coil design time between
reference [8] and proposed method.
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10mm < R, < 100mm
10mm < R,,, < 100mm (17)
Rin < Rout

step size : 10mm
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Fig. 11. Hardware experiment setup.

TABLE VI
EXPERIMENT PARAMETERS
Parameters Experiment values
Ly, Ly 102.82uH, 104pH
G, G 22.19nF, 22.7mF
Ry, Re 9me, 99.7mQ
k 0.158
Ru 19.82
Vout 458V
Pout %W
£ 104.5kHz
Voltage gain 1.39
Efficiency 97.4%
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