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Three-Dimensional Magnetic Resonant Coil System with Double
Transmitter Coil for Enhancement of Wireless Charging Efficiency
and Charging Flexibility
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Department of Mechanical and Control Engineering, Handong Global University
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Abstract Wireless charging has been considered an essential part of recent mobile devices. Moreover,
various wireless charging systems have emerged through many studies. Among the systems, in the 2D flat
coil system, the transmitter coil and receiver coil are arranged horizontally as close as possible to
improve the charging efficiency. Nowadays, the 3D coil system has been proposed by adding some slope
to flat 2D coils to reduce the volume. On the other hand, the 3D coil system has a lower charging
efficiency than the 2D system that decreases rapidly with increasing distance. This paper proposes a new
system that improves the low efficiency and charging freedom, which are the drawbacks of the existing
3D systems. The proposed system was designed in three-dimensions, and another transmitter coil was
added to the transmitter coil to improve the transmission efficiency and flexibility. The measurement
showed that the charging efficiency of the proposed system was 40.10% when the distance between coils
was 8 mm, which is 20.5 % improvement over the existing one. The proposed method can be applied
when new wireless charging systems are designed and improve charging efficiency can be improved.
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Fig. 1. A simple series RLC resonant circuit.
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Fig. 2. An equivalent circuit of coupled resonator
system. Tx denotes transmitter coil and Rx
denotes receiver coil and RL denotes load
resistor. When the two circuits have same
resonant frequency, the coils are able to
exchange energy.
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Where, Lg,p, is mutual inductance between

Transmitter coil and receiver coil, Ly, is a self
inductance of Transmitter coil, Lp, is a self

inductance of receiver coil.
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Inner Transmitter
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Receiver
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Fig. 3. An equivalent circuit of proposed double
transmitter coil system. Tx_in denotes the
inner transmitter coil and Tx_out denotes
the outer transmitter coil and Rx denotes
receiver coil. There are two resonant
frequencies, between three circuits.
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Where, n denotes index of the coil ; p, denotes

the largest radius of the spiral curve; d is the

0
—— is the turn

distance between each curve; o
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(a)

R hemisphere

b
Fig. 4. A design process of 3D hemispherical coil.
(a) A flat 2D coil structure (b) Hemispherical 3D
coil structure. By projecting a 2D flat spiral coil to
the hemisphere surface, the 3D coil system was
designed.

Txp: (X2(0), Y2(0), Z2(6))

Tx o (X1(0), Y1(8), Z,(9))

Rx: (X3(0), Y1(8), Z3(8))

Y

Fig. 5. A proposed 3D double transmitter coil system
in cartesian coordinates. Tx_out, Tx_in and
Rx coils are sequentially numbered as 1,2,3.
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Where, n denotes index of the coil which is 1 is

Tx_out, 2 is Tx_in, 3 is Rx; D, denotes the

vertical space of the coil along the 7 axis:

By ermispnere 1 the radius of hemisphere.
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55mm

55mm

Litz wire : ¢.08mm(Dia.) * 105 turn, Cross Section of Coil : 0.525 mm * 0.525 mm

Fig. 6. A geometric setup of the proposed coil
system. There are three coils which are
Tx_in(Yellow Coil), Tx_out(Red Coil),
Rx(Blue Coil).
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Fig. 7. A maxwell simulation setup and results
(a) A distance set up between the coils. A four
stages of distance step is set up to know the

effect of spacing distance between coils (b)
Measurement of magnetic flux vector Blteslal
inside the 3D coil system.
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Coupling Coefficient Versus Spacing Experiment Result
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Fig. 8. A simulation results from MAXWELL.
(@) Mutual inductance simulation results. (b)
Coupling Coefficient simulation results. From the

experimental results, mutual inductance and
coupling coefficient are both declined with
increasing distance. However, the results from

inner transmitter coil(Tx_in) and outer transmitter
coil(Tx_out) does not change because only the
position of receiver(Rx) coil changes.
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R_Tx_out
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R_Load é

\|L

(a)

0.060hm " 33F
R_Tx_out "C_Tx_out

o

0.040hm ¢ 1yF
R_Tx_in" C_Tx_in

3D_Dual_TX_ Coil_system

(b)
Fig. 9. An equivalent simulation circuit of 3D coil
system
(@) A SIMPLORER simulation circuit. (b) A PSIM
simulation circuit. R_load in the both circuits is 4.7

Q0.

Table 1. Measurement results of the proposed coil

systems
Tx_out Tx_in Rx
Measured 006 (@ | 0045121 | 006 2]
resistance
Simulated 0.06 (] 0.04 (] 0.06 (2]
resistance
_ Resistance 0 &) 111 [%) 0 %
simulation error
Measured Hi Hi Hi
self-inductance 6.3 [nh) 1.2 () 63 (i)
Simulated
self-inductance 55 [/L‘FI] 09 [/LAFI] 55 UL}I]
S‘elf*in(.iuctance 12.6 %] 25 (% 12.6 [%]
Simulation error
Capacitance 0.33 [uF 0.1 [puF 0.33 (A
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. A Charging efficiency simulation results
from SIMPLORER and PSIM. There are
two inflection point in the graph, which
are 108 kHz and 205 kHz, at the resonant
frequency of the circuit. High charging
efficiency can be achieved at these two
points.
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Fig. 11. A photo of experimental setup.
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Charging Efficiency Versus Spacing Experiment Result
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Fig. 12. A charging efficiency measurement results.
Two simulation results, and two
experiment results are plotted in the
graph from the top. All of the results are

measured at 107 kHz.
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