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Abstract

In this study, a low frequency wireless power transfer (LFWPT) device has been designed and implemented. The aim of
investigation of low frequency system is to eliminate the un-healthy situation due to non-ionized radiation of the high frequency
regimes. The transmitter uses a special winding to transmit the electromagnetic signals to the environment, especially for a few
centimeters distance. The receiver winding, which is the same with the transmitter winding catches the signal and stores it in
capacitor. The system uses maximum 17,649 Hz to transmit the signal, that is fairly low compared to the other studies in the
literature. A DC-AC inverter is used to obtain high frequency signals for the transmitter circuit. The experiments have proven that
the receiving antenna can get 1 V amplitude from the transmitted peak-to-peak amplitude of 140 V at the operation frequency.
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Introduction

Electrical form of energy has a wide application area in our
daily-life such as transportation, medicine, agriculture, com-
munication, industry, illumination. Almost all devices use the
electricity, thereby the electrical devices require a power trans-
mission and that transmission is mainly made from the net-
work connection via a cable [1-3]. Due to Joule heating and
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damages on the cables, there may be accidents in the houses
and industries in addition to the cable costs. Therefore, to
eliminate these artifacts, there exist a continuous trend to
transmit the electrical power without a cable or any other
conducting material between the network connection point
and device. This goal has caused many attempts to design
and implement different wireless power transmitting systems,
which are mainly made for frequencies higher than 100 kHz,
however such a high frequency regime for the transmission
causes a non-ionizing electromagnetic pollution [4]. That is
especially a problem for health. According to the international
standards, there exist a number of available regulations on the
thresholds of the non-ionizing radiation [5]. To fulfill these
regulations, the main task is to make energy transmission at
low frequency band. The present work mainly focuses on this
idea to test the achievements of low frequency transmission
[6, 71.

According to the literature, there exist many applica-
tions on wireless transfer systems [8—11]. The main idea
has become the transmission of electricity in near distance
economically and efficiently. Strictly speaking, the trans-
mission is provided between a transmitter and receiver by
using a resonance frequency. For instance, a three-phase
ac voltage can be converted to a dc voltage via a rectifier
first, then this dc voltage can be converted to a higher
frequency ac voltage and sent to an antenna. The receiver
antenna would get the signal at the identical resonant fre-
quency. Afterwards, it can be stored into a capacitor or a
battery via a dc conversion.
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Table 1  Components used in simulation

Item no Item Description
1 Transmitter Inductor 0.7 mH

2 Receiver Inductor 0.7 mH

3 Capacitor 900 pF

4 Resonance frequency (Hz) 17,649

Historically, Tesla invented some different wireless power
transmission components at the beginning of 1900 [12]. After
one century, the wireless power transmission gets much inter-
est due to the raising importance of electricity in all sectors
from mobile to electric vehicles [13]. For instance, wireless
chargers are nothing else than the application of wireless pow-
er transfer. Indeed, the transfer is possible for short distances
as for cellphones [14—17]. Another issue related to the power
transfer is the antenna structure. The antennas which operate
well for information, cannot be used for transferring energy.
Since their modulation is capable to send or receive the infor-
mation. However, the large amount of energy is lost in the air
media. Apart from such antenna structures, multi-directional
antennas with directed radiation modes can be used for the
wireless transfer, efficiently.

In many recent applications such as laptops, mobile
phones, etc., very close distances with low powers (i.e. mW)
are encountered [18, 19]. Besides, a more efficient, radiation-
free and medium distance wireless solutions are focused with
long life oscillatory electromagnetic modes.

The methodology of power transfer is related to the
phenomena of resonant coupled circuits principle. This
principle indeed provides a connection between two cir-
cuits, which are not far away from each other. For medi-
um and long distances, the nature of these couplings has
not been fully understood and that is an on-going work.

Continuous

For instance, the works in MIT proved that the power can
be transferred with this principle in 2007. The power
P=60 W was transferred in a wireless manner to 2 meters
away with 60% efficiency [14-20]. However, the efficien-
cy still stays as main problem.

If this principle can be applied for larger scales in power
and distance, there will be so many advantages such as;

1) High voltage transmission lines will be removed.

2) The connection between the electrical plants will be easier
globally.

3) High expenditures on transmission lines and related com-
ponents will be removed.

4) Freedom of preferences for transmitting institution and
clients will be obtained.

5) The electricity cost for the clients will decrease.

6) The power will be delivered via air media to the harsh
environmental locations easily.

7) There will be no unplanned electricity cuttings and short
circuits caused by transmission lines and transformers.

8) The forest fires caused by transmission lines will be
prevented.

9) The power cable accidents involved by the workers and
technicians will be prevented.

In spite of all mentioned advantages, some disadvantages
of wireless power transfer like high power loss, non-direction-
ality, inefficiency for longer distances are inevitable for this
type of power transfer. In the present work, initially the wire-
less power transmission systems are briefly introduced. Then,
a theoretical study with Matlab application will be presented
in Sec. 3. The novel part of the work is to use low frequency
circuit elements to generate and recover the power signal to
our knowledge. The experiments results and main findings are
given in Section 4. Finally, the paper ends with a conclusions
section.
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Fig. 1 System simulated in MatLab Simulink
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Fig. 2 a PWM signals of single phase full bridge inverter, b transmitter and receiver antenna voltage waveforms
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Fig. 3 a Load current and b voltage waveforms

Wireless Power Transmission

In recent years, wireless power transmission systems have
become so important for human beings, especially for charg-
ing the electrical vehicles and mobile phones. For electrical
vehicles, wireless power transmission instead of charging with
a power cable, has become more secure for drivers and pas-
sengers since most of the batteries are charged in a short time
with high amounts of charge capacity. Since the inductive
wireless power transmission is mostly suitable for such a
charging application, many of the literature studies use the
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inductive systems as in Refs. [21, 22]. In the inductive unit,
there exist two types of antennas: Circular coil system with a
centered core and a toroidal coil system.

Another important issue is to decrease the charging time,
since the customers prefer the short charging durations in the
products. However, the smaller coils can cause some thermal
problems. Therefore, serial connected resonant capacitors are
preferred in many circuits. In Ref. [23], a 7 kW wireless sys-
tem was explored and the effects of coil geometries, core
losses and connection coefficients were examined. The effi-
ciency was also found for these geometries. Kudo and co-
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Fig. 4 The THD values of a transmitter antenna voltage and b receiver antenna voltage
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Fig. 5 a The overall experimental setup, b Spiral type transmitter and receiver antennas (Antenna A), ¢ Toroidal transmitter and receiver antennas

(Antenna B)

workers [24] suggested a more efficient system with lower
voltage scales and higher electrical charge amounts, thereby
a double layer capacitor system with low voltage and high
currents which was considered for low electrical load.

In the literature, changing the full-bridge rectifier with a
current doubler rectifier is not an appropriate selection, be-
cause the inductors used in the current doubler rectifier are
physically bigger and heavier than the diodes of full-bridge
rectifiers. Apart from that, current doubler rectifiers can be
preferred especially for high power systems due to the fact
that the secondary coils are heavier than the ones in the recti-
fier. In another work, Chigira, et al., [25] practiced a current
doubler rectifier system and found that the solenoidal coils
exhibit better performance than the circular ones in the

Table 2 Experimental Components

Item no Item Description

1 Diodes DSEI 12-20

2 IGBT Switches 2MBI100U-4A
3 Transmitter Inductor 0.7 mH

4 Receiver Inductor 0.7 mH

5 Capacitors 0.2 uF

6 Resonance frequency 13.33 kHz

@ Springer

directional power transmission. They also offered a new H-
shaped coil system and tested that in their work.

Simulations

The simulations are entirely performed in MatLab package
program. In the simulations, a dc-ac converter and controller
units have been designed for the energy transmitter. An ap-
propriate PWM signal is applied into the converter via a
STM32F407VG Controller.

The block diagram of overall system simulated in MatLab
Simulink is given in Fig.1. Components used in simulation
program are presented in Table 1.

Figure 2(a) gives a sample of pulse waveforms with a pe-
riodic output. The antenna’s transmitter and receiver voltage
waveforms are given by Fig. 2(b). As it is obvious from the
signals, they show ideal sinusoidal signal characteristic with
low THD values. Load current and voltage waveforms are
shown in Fig. 3(a, b).

At the terminals of receiver unit, an electrical load has been
connected (Fig. 1). The current is found as 11 mA (Fig. 3(a)).
In the case of voltage, amplitude is observed as 0.11 V (Fig.
3(b)). It is obvious from Fig. 3 that the output over the load is
ideal sinusoidal, too.

The maximum THD values of the voltages from the trans-
mitter and receiver antennas are given in Fig. 4(a, b). It is clear
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that the THD values differ for the transmitting and receiving
units. Strictly speaking, the lowest THD value is obtained at
the receiver antenna unit with 0.87%. However, the THD
value increases for the transmitting antenna unit due to the
switching process of IGBTs and transmitting unit filter. The
THD value of the transmitter antenna voltage is measured as
3.59%, which is appropriate for such low frequency wireless
power transfer applications. Note also that both THD plots
indicate the superharmonics of the fundamental frequency of
17,649 Hz. For the transmitting antenna, almost four
superharmonics appear, however, in the case of receiver an-
tenna, only two superharmonics exist due to the low THD
value.

Experimental Results and Discussion

The experimental setup of the work is given in Fig. 5(a). The
upper left corner is the controller unit and the lower left corner
shows the IGBT units for low frequency excitation. Lower
right corner is the feeding transformers of controllers. The
energy storage is shown in upper right corner with capacitors.
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In the experimental work, the diodes DSEI 12-20 are used.
2MBI100U-4A IGBTs are used for the resonance frequency
adjustment and dc-ac conversion in converter. The output sig-
nal of the converter has been directly applied into the antenna.
While Fig. 5(b) gives the larger form of controller unit,
Figs. 5(b, c) show the antenna types, which are used in this
work. Components used in experiments are given in Table 2.

During the operation of the power transmitter, received
output signals of IGBTs for the operation of circuit are pre-
sented in Fig. 6.

Figure 7(a) gives the signal from the transmitter circuit
antenna A. The signal is highly affected by the radio frequen-
cies at the surrounding media. Note that it is in the order of 10
Volts, therefore, it can be said that the spiral type antennas are
not appropriate for such low frequency applications (i.e.
13,330 Hz). However, Antenna B (i.e. toroidal antenna) gives
more clear results as shown in Fig. 7(b) with 2 cm distance,
the signal from the transmitting circuit decreases to 1.2 V in
amplitude from the value of 140 V.

Conclusions

A wireless power transfer system has been designed and im-
plemented in this paper. The system operates at 17,649 Hz in
simulated model, which is a low frequency compared to the
other microwave frequency wireless power transferring sys-
tems theoretically. The experimental structure is also con-
structed in this work. The experimental setup enables trans-
mission of power at lower frequencies like 13,330 Hz. Such
low frequency values are in radio-frequency limits and pro-
duce lower non-ionizing radiation compared to the microwave
frequencies. According to the simulation results, the transmit-
ter and receiver voltage waveforms are sinosidal with low
THD values. On the other hand, for experimental work, two
types of antennas have been tested and it is found that unlike
simulation study results, spiral type antenna produces highly

3hi 1 1,00V

Fig. 7 a Transmitted signal from the Antenna A, b Transmitted and received signals from the Antenna B with 2 cm distance
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harmonic output and it is not appropriate for such purposes.
Meanwhile, toroidal type antennas have exhibited a better
result, that is one of the innovative findings of the present
work. Since the frequency is low, the signal decays tremen-
dously at the receiving circuit. Strictly speaking, 1.2 V is ob-
tained in the receiver circuit while 140 V is transmitted. Thus
high amount of signal is lost in the media.
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