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Abstract. In this paper the development of structure and
circuit solution for a bidirectional wireless power trans-
mission system is presented, based on current fed push-pull
inverter. Existing solutions are analyzed, as well their
structures and characteristics. The principle of operation
of the developed circuit solution is described in receiving/
transmitting mode, an electrical principal circuit is given

with respective ratios calculated. The SPICE modeling of

the system was performed, and the theoretically calculated
dependency of energy transmission efficiency from the
transmitted power was obtained. The developed structure
includes a step-up DC-DC converter, which enables to
obtain the output voltage of the system, active in receiving
mode, being equal or higher than the voltage of the power
supply of energy-transmitting system. Therefore, the pro-
posed bidirectional wireless power transmitting system can
be utilized within a swarm robotic system with unified
robots, having identical power supply batteries. Practical
application of the proposed solution is relevant for energy
transmission among autonomous robots, energy transmis-
sion from power supply source to robot and in reverse
direction.

Keywords

Bidirectional wireless power transmission system,
current fed push-pull inverter, swarm robotics,
synchronous rectifier

1. Introduction

In the course of operation, autonomous robotic de-
vices need routinely replenish their energy resource. In this
case energy resource replenishment consists in battery
recharge procedure, what is, essentially, energy transmis-
sion from the power source to the robot. Among the com-
mon solutions of this problem various wired and contact-
type energy transmission approaches are particularly im-
portant. Both kinds of approaches assume presence of con-
nection sockets or contact pairs and often require operator
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intervention into the robotic system operation process, what
imposes certain constraints on the workflow. To reduce
human involvement into the robot operation workflow and
simplify the battery positioning and subsequent recharge
process, wireless power transmission (WPT) devices may
be employed. The most common solutions in this domain
are based on electromagnetic induction and enable one-way
energy transmission from the source to the consuming
device. Unidirectional energy transmission, pertinent to
these methods, limits their usage and precludes energy
transmission among robotic devices such as [1] and [2],
although such transmission mode is relevant in the domain
of swarm robotics. Bidirectional energy transmission al-
lows to go with a single wireless energy transmission sys-
tem per robot to recharge the battery from power source
and to transmit energy among robots.

Design and circuitry of bidirectional WPT systems is
more complicated than in unidirectional ones and requires
more complex and reliable control methods. Hence, there
exists an obvious need of bidirectional WPT development,
which would improve operational autonomy of robotic
complexes and reduce human involvement into their
operation.

Mathematical model of bidirectional WPT control,
enabling energy transmission from one transmitter to sev-
eral receivers at once, and its operability check using
a prototype WPT system were described in [3]. Resonant
circuit of every part of the system was built according to
series-parallel design. System circuits are adjusted to work
on a resonant frequency, and every rectifier is operated
either in inverter mode or in rectifier mode, depending on
the direction of energy transmission. The direction and
value of the transmitted energy is defined by the opening
angle of the controlled rectifier switches. In [3], a mathe-
matical model is presented, which demonstrates the fol-
lowing: value and direction of the energy flow between
several systems may be controlled using phase and ampli-
tude modulation of voltage, where the energy flows can be
used together or separately. WPT system, presented in this
paper, has the following characteristics: power 1500 W,
operation frequency 20 kHz, energy transmission system
efficiency 85% by air gap 40 mm, supply voltage 200 V.

CIRCUITS
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In [4], a hybrid bidirectional WPT system is pro-
posed. The system consists of two pairs of coils. Here one
pair acts as a transmitting part, and another one as a re-
ceiving part. Both the transmitting part of the system and
the receiving one have two circuits, connected at common
leg, whereas one of the circuits is designed according to
serial topology and another one according to serial-parallel
topology. Phase modulation is utilized to regulate the am-
plitude of the voltage, generated in the receiving circuit.
The maximum transmitted power of the system is 3.3 kW
with energy transmission efficiency of 91% by optimal
layout of transmitting and receiving circuits relative to each
other.

For faster battery recharge, which also could retain
the battery service life, a bidirectional WPT system for
electric cars is proposed in [5]. This energy transmission
system has power of 6.6 kW and a constant operational
frequency of 20.3 kHz irrespective from the air gap. Supply
voltage of the transmitting part is 400 V, whereas the out-
put voltage of the receiving part varies from 350 to 450 V,
maximum current in the coil is 16.5 A. Energy transmis-
sion efficiency under maximum load depending on the air
gap size equals from 88.1 to 95.3%. Sustainable system
performance with coil diameter of 500 mm is achieved by
air gap size under 200 mm.

To increase the energy transmission efficiency in low
power conditions, frequency control and hybrid frequency-
phase control were proposed in [6]. Using hybrid control, it
is convenient to maintain the operational frequency closer
to the resonance frequency within the whole frequency
setting range, what is more difficult within the usual fre-
quency control approach. The proposed hybrid control
strategy enables transmitted power setting in the broad
range from 0 to 1.8 kW in a limited frequency range of
154 kHz. The proposed invertor with hybrid control uses
phase shift to control power level. Maximum output power
of the energy transmission system is up to 1.8 kW, nominal
transmitted power is 1 kW by air gap of 200 mm and volt-
age of 100 V. In [7], a bidirectional WPT system for elec-
tric cars is proposed, with relatively high intended capacity:
22 kW. To exclude high reactive currents, a serial reso-
nance circuit is employed. The prototype system has the
following characteristics: coil dimensions 600 x 600 mm,
nominal transmitted power 11 kW. Energy transmission
distance remained unclear since it was not specified by the
authors. This WPT system is powered from a DC source
with voltage of 300 V and useful current of 35 A. The
energy transmission efficiency reaches 96% in this device.
The system consists of two parts: mobile and stationary
ones. Alteration of transmitted power value during opera-
tion on resonance frequency is enabled via adjustment of
the operational frequency via pulse-width modulation on
the lower control frequency. The converter can work based
on zero switching of power switches in the whole range of
the transmitted power. Using pulse-width modulation for
transmitted power adjustment, a higher system efficiency
can be ensured, than the pulse-frequency modulation.
When the transmitted power of the system is 11 kW, both
methods ensure a virtually equal efficiency.

When a parallel resonance circuit is used in the
transmitting part of WPT system, high voltage ripples arise
on inverter switches, and, to compensate for them, in [8] it
is proposed to add a capacitor to the system, which should
be mounted serially with the resonance circuit. This circuit
solution enables establishment of a serial-parallel reso-
nance circuit in the system. Simultaneous application of
resonance circuits of such type in both parts of the system
(transmitting and receiving ones) causes system instability.
Therefore, in this paper the serially-parallel resonance
circuit is applied only in the transmitting part of the system,
whereas in the receiving part a serial resonance circuit is
used. For experimental testing of circuit solutions, a proto-
type system was assembled with power of 1.2 kW, con-
suming input voltage of 325 V and taking input current of
3.7 A. Power switching frequency corresponds to the reso-
nance performance mode of 50 kHz. The resulting effi-
ciency of the system approaches to 92%.

Authors of [9] presented a methodology for achieving
the optimal design of a bidirectional WPT, where the
circuits of the transmitting and receiving parts are
assembled in serial-parallel way. The 8-kW prototype
works at a resonance frequency of 40 kHz with efficiency
of 92%.

Authors of [10] develop an integrated circuit, which
includes a bidirectional WPT control system, and imple-
ments a battery-to-battery energy transmission system on it.
Every coil has four windings with inner diameter of 19 mm
and outer diameter of 33 mm. Air gap between the receiv-
ing and the transmitting part of the system is 6 mm. The
power supply voltage in the transmitting part is 4.2V,
current amplitude in the coil is about 0.8 A. Current am-
plitude in the coil of the receiving part is equal to 0.7 A,
output voltage is 4.1 V. This wireless energy transmission
system is operated at frequency of 6.78 MHz, whereas its
output power is 1.55 W. In nominal operating mode the
system shows efficiency of 58.6%.

Axial shifts and changes of air gap size between re-
ceiver and transmitter in wireless energy transmission sys-
tems, operating at resonance frequency, cause the decrease
of energy transmission efficiency. To compensate for shift
influence on transmitted power, authors of [11] propose
a system with adjustable resonance frequency. This solu-
tion is implemented to account for the power losses, arising
by air gap size change. The resonance circuit is controlled
by frequency modulation. Voltage amplitude at the trans-
mitting and receiving coils is 13 V, this voltage is con-
verted via synchronous buck-boost mechanism from the
input and output voltage of 4 V. The operating frequency
of the system is adjusted in the range from 110 kHz to
205 kHz. The round-shaped coil with inner diameter of
21.7 mm and outer diameter of 32 mm has 18 windings.
The input and output voltage of the energy transmission
system is 4 volts, transmitted power is 2.5 W, voltage am-
plitude at coils of receiving and transmitting circuits is
13 V, current amplitude at coils is 0.625 A. With air gap
size of 2 mm and lateral shifts up to 8 mm energy transmis-
sion efficiency is 70%.
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Authors of [12] propose a controller for bidirectional
power flow adjustment without information transfer to
control the system between the receiving and the transmit-
ting part. The proposed controller can be utilized as with
unidirectional, as with bidirectional WPT, handling one or
several workloads at a time. The value of the transmitted
energy and direction of its transfer is controlled via phase
shift of control signals with key opening. If the value of the
power switch opening phase equals to 180 degrees, no
energy transmission in the system occurs, and the values of
0 and 360 degrees correspond to the maximum transmitted
energy in forward and backward directions, respectively.
For operability check of the proposed controller, a proto-
type system was assembled with power of 1.5 kW, con-
sisting of a receiving part, transmitting part, and a control
system. This system of bidirectional energy transfer has
operating frequency of 20 kHz and shows energy transmis-
sion efficiency of 85% by a 55-mm wide air gap.

In the paper [13], a bidirectional system for transmis-
sion of energy and information is presented. The transmit-
ted power is adjusted using phase shift of the power switch
opening angle. The operational frequency of the system is
500 kHz. Robust operation of the system is ensured by the
air gap up to 50 mm and by lateral shift of the coils up to
20 mm. The transmitted signal has an 8-bit encoding.

In the most of the wireless energy transmission sys-
tems considered here, serial and serial-parallel resonance
circuit topologies are used, because axial coil shift, air gap
size and load value change less seriously influence the
energy transmission efficiency. WPT power increase posi-
tively affects the efficiency and operation stability of the
whole system by greater size of the air gap.

The analysis performed here showed, that the major-
ity of the WPT systems belongs to the high-power class
(above 1 kW) and have great outer dimensions, as they are
intended for use in electric cars. The second-large category
is comprised of low-power systems (1-10 W) to be used in
mobile autonomous electronics, these devices are much
more compact, than the systems for the electric vehicles.
Prototypes of the systems considered here are assembled on
the basis of the half-bridge of bridge inverters. They re-
quire a dedicated control system, which implements bidi-
rectional energy transmission algorithms. One of the com-
mon downsides of the most systems considered here is the
need of operational frequency adjustment, depending on
the mutual positioning of the receiving and the transmitting
parts and workload value. When the system goes out of the
resonance, the overall power and efficiency of the system
decreases. The systems, employed in electric transport and
mobile electronics, require operator intervention into mu-
tual positioning of the receiving and transmitting parts of
the system. Such intervention further ensures its perfor-
mance in resonance mode. The purpose of this paper is
development of a moderate-power bidirectional WPT sys-
tem (operational range from 10 W to 1 kW), which will
work in resonance mode with high efficiency and trans-
mitted power, irrespective of the mutual positioning of the
receiving and the transmitting parts of the system.

2. Design of the Bidirectional WPT
System

In earlier works we developed some unidirectional
WPTs, equipped with cored and coreless coils [14], [15].
Within the earlier research we revealed, that developed
prototypes with coreless coils are characterized by minor
weight, better efficiency, and greater energy transmission
distance, compared to the similar devices. Unidirectional
energy transmission systems are easily compatible with
various mobile service platforms [16]. Similar research,
concerning energy resource distribution in robotic swarm
[17], justified the need of development of bidirectional
systems. The findings, made in context of the unidirec-
tional systems, enabled the development of bidirectional
WPT transmission system, presented in Fig. 1.

The main system unit is the resonant self-oscillator,
that can be operated as a synchronous rectifier. Energy
transmission is performed using electromagnetic induction
via inductively-coupled parallel resonance circuits. The
resonance circuits, in turn, are frequency-setting (1) for the
self-oscillator, if the system operates in power transmitting
mode:

1
R (1)
S 27[\/%

where L is coil inductance, H, and C is capacity, F.

Resonant circuits are identical, and the system is gen-
erally symmetrical relative to inductively-coupled circuits.
DC-DC boost converter is used here, hence EMF, induced
in the receiving coil, has a lesser amplitude, compared to
the EMF from the transmitting coil, because of the active
losses in the resonance circuits, as well because of the air
gap with high magnetic resistance. EMF amplitude in the
transmitting coil is calculated according to (2) [18, 19, 20]:

Ul'ﬂ = E‘Vvdc (2)
where V. is source voltage.

Therefore, with boost converter involved, it is possi-
ble to obtain output voltage equal to source voltage, when
the system operates in receiver mode, and above source
level, when the system operates in transmitter mode.
Because of this feature, the system can be used for energy
redistribution among autonomous devices, where the
energy is supplied from batteries with equal operational
voltage.

M
bi-directional power transmission system
g P f ¢ N
Mode control| | Resonant oscillator /|| .|
circuits synchronous rectifier|
i i bi-directional
DC-DC boost |__{Load shedding <~  power
converter circuit transmission
¥ system
Energy Consumer /
Energy Source

Fig. 1. Flowchart of the bidirectional WPT system.
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3. Circuit Solution of the Bidirectional
WPT system

Circuit solution of the bidirectional WPT system, pre-
sented in Fig.2 and 3, is developed based on previous
research. Within those research papers WPT system on
coreless coils were described [14], [21] and a synchronous
rectifier was developed, as well synchronous rectifier
losses were calculated to use such rectifier in the receiving
part of WPT system [22], [23].

The receiving and the transmitting parts of WPT sys-
tem are based on identical circuit solutions. In Fig. 2, the
first part of circuit including a self-oscillator is shown,
which can be operated in the synchronous rectifier mode
and ensures smooth load connection.

The self-oscillator is implemented on transistors VT1
and VT2, and the transmitting/receiving resonance circuit
L1C1 works as its frequency-setting circuit. The principle
of circuit operation, which ensures smooth load connection,
consists in the following: we increase the timeframe, while
the transistor VT3 remains open, whereas the overall pro-
cess duration is defined by the values C3 and R6, as well
by VT3 parameters.

The second part of the principal diagram is presented
in Fig. 3. The parts of the principal diagram of the bidirec-
tional energy transmission system are connected in the
points labeled by «+SR/RO» and «GND». The second part
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Fig. 2. Principal diagram of bidirectional WPT system, part 1.
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Fig. 3. Principal diagram of bidirectional WPT system, part 2.

of the principal diagram includes a DC-DC boost con-
verter, based on XL6009 chip, as well switching circuits on
transistors VT4 and VTS.

4. WPT System Operating Principle in
Energy Transmission Mode

Switching of WPT system into energy transmission
mode is triggered by a high-level signal, transmitted
through the circuit, labeled as «TM/RM», while the power
supply is connected to the circuit between the points
«+OUT/IN» and «GND». Before that, it should be ensured,
that no rectangular signal exists in the frequency control
point, labeled as «FR_C», where the label indicates the
operating mode of the system. If a rectangular signal with
operating frequency of the system is active, it indicates,
that the bidirectional WPT operates in receiver mode, and
switching the system into energy transmission mode is not
permitted. High-level signal in the «TM/RM» circuit is fed
via limiting resistor R10 to the base of the VT6 transistor
and opens it. VT6 activation causes VT4 to close and VTS5
to activate itself. VT4 closure disables the internal circuits
of DC-DC converter, and VT5 bypasses the D3 diode;
therefore, the «+» of power supply is connected to the point
«+SR/RO». After the supply voltage has been enabled
between the points «+SR/RO» and «GNDy, the current
begins to flow to the VT3 gate, opening it and therefore
bypassing its internal diode. As well, this current goes to
the gates of the field MOSFET-transistors VT1 and VT2,
charging the gate capacities via R3 and R4 resistors,
thereby triggering the self-oscillator. To ensure reliable
transistors activation and decrease of dynamic losses, it
was empirically revealed, that calculation of the required
value of the gate resistors R;4 can be performed according
to (3):

J 3)
4300, f

where C, is the gate capacity of the transistors in action.
Equation (3) is derived on premise, that the gate capacity
charging should occur within a 1/10 period.

Calculation methodology, presented in [22], can be
used for loss calculation in the self-oscillator, which oper-
ates in energy transmission mode, whereas loss calculation
in the resonance circuit may be performed as follows (4):

e :‘/EI;(R1+EH) “4)

where R, is active resistance of loop coil, and E is
equivalent serial resistance of loop capacitor.

5. WPT System Operating Principle in
Energy Reception Mode

The operation of WPT system switching into energy
reception mode is triggered by a low-level signal, trans-
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mitted into the circuit. This circuit is labeled as «TM/RMp.
In this case the transistor VTS is deactivated, and its inter-
nal diode is connected parallel to D3. Further VT4 will be
activated, as the required voltage level will be reached at
point «+SR/ROy», and the current will flow to its gate
through the throttle of the DC-DC boost converter and D3
diode. After start of the bidirectional WPT system in en-
ergy reception mode, EMF is induced in the coil L1, which
acts as the receiving one in this operating mode, and the
electrolytic capacity C2 begins to charge via internal diodes
of the MOSFET transistors. As soon Cl accumulates the
baseline voltage, needed to activation the MOSFET chan-
nel (VT1, VT2), the transistor opens, and bypasses the
internal diode through an open channel, having much lower
resistance, than the dynamic resistance of diode. Diodes
D1, D2 should prevent through current on transistors VT1,
VT2. The D1 diode is blanking the transistor VT2 on the
opposite rectifier leg, while the transistor VT1 is open. This
occurs due to the fact that the cathode of the diode D1 is
connected to the ground while VT1 is open, and it dis-
charges the gate of transistor VT2. The latter pair on the
other leg (diode D2 and transistor VT1) performs equally
to the former one (diode D1 and transistor VT2). R1, R2
enable the gate to discharge and the transistor to close,
when the receiving coil is devoid of EMF. The DZ1-R4
and DZ2-R3 circuits make up a parametric stabilizer,
needed to limit the voltage in the gate-source transistor
circuit. Also, R3, R4 resistors enable charging of gate ele-
ment, when the transistor opens. C1 and L2 comprise the
smoothing rectifier filter; here the C1 element is also nec-
essary to store power, needed to supply the power switches.
The voltage on C2 capacitor, while the system operates in
energy reception mode, is calculated according to (5):

U =k Pa )

m c \/5

where k. is coupling coefficient between the inductively
coupled receiving and transmitting coils.

When the rectified voltage arises in the point
«+SR/RO», capacitor C3 begins to charge via resistor R6,
as well as the gate capacity VT3 connected to it in parallel
mode. Transistor VT3 opens smoothly, connecting the DC-
DC converter to the resonance self-oscillator, which
operates in rectifier mode. Further transistor VT4 triggers,
and DC-DC boost converter starts. Then at output of the
reverse wireless energy transmission system at the point
«+OUT/IN» output voltage arises, which value is set by the
adjustable resistor R15.

6. SPICE Modeling of the Developed
Circuit

Initial operability check of the proposed circuit solu-
tion was performed in a SPICE simulator. The original
circuit solution was simplified for this model by omitting
the DC-DC converter; though, in the calculation of the
output power and efficiency, the efficiency of the DC-DC
converter was taken to be 87%. Transistors VT3 were re-

placed by the active resistance of 0.065 Ohm in the re-
ceiving and in the transmitting parts of the system. The
transistor VTS5 also was replaced by the active resistance of
0.065 Ohm in the transmitting part of the system. Equiva-
lent serial resistance of the capacitor of the resonant circuit
and active resistance of the coil were taken equal to
0.01 Ohm. Here the inductance of the receiving and trans-
mitting coil L1 equals to 14 pH, capacitance of the reso-
nant capacitor C1 equals to 0.47 uF. Based on our previous
research, the coupling coefficient of the coils of the re-
ceiving and the transmitting parts of the system was taken
to be k. = 0.85, this value could be achieved with the coils
being in close proximity to each other. The curve of de-
pendency of the energy transmission efficiency from the
transmitted power, established upon the modeled data, is
presented in Fig. 4.

Modeling of the circuit performance was performed
for active load with resistance from 1 to 250 Ohm. The
maximum output power of 8.81 W was achieved by load
resistance of 2 Ohm. The maximum efficiency of 60.05%
is achieved by output power of 3.73 W. The current and
voltage waveforms, reflecting the system performance
without load are presented in Fig. 5, voltage of the power
source of the transmitting system is 8.4 V.
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Fig. 4. Dependency of the energy transmission efficiency
from the transmitted power.
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As follows from Fig. 5, the operational frequency of
the system without load was ~43 kHz, whereas the maxi-
mum level of output voltage of the receiving system was
7.56 V.

The performed modeling enabled the experimental
verification of the operability of the proposed circuit solu-
tion. It also enabled to derive the theoretical dependency of
system efficiency from the transmitted power by specified
parameters and constraints. For further stages of the re-
search, experimental system prototypes were assembled.

7. Experimental Verification of Circuit
Design

To test the developed circuit solution, experimental
models of the system were assembled and mounted on
mobile autonomous robotic platforms [24], and small repli-
cas of these platforms, all having the same kinematic prop-
erties, were used for experiments. The system models,
shown in Fig. 6, mounted on platforms, have identical
electrical circuitry and resonant circuits.

Each of the coils of the resonant circuit has 12 turns
with center tap, whereas the cross-section of the winding
wire is 0.374 mm®. As resonant circuit capacitors, film
MPP capacitors with a low value of equivalent series re-
sistance were used here.

In the course of the experimental verification, system
models were connected to Li-ion batteries of robotic plat-
forms, as shown in Fig. 7, with an operating voltage of
7.4V and capacity of 2500 mA/h.

One of the models was operated in energy transfer
mode and the other model was operated in energy reception
mode. Figure 8 shows the waveform of the voltage curves
on the transmitting and receiving coils. Here the battery,
connected to the system sample, operating in the energy
reception mode is charged, and the output current has the
minimum value. Consequently, the system operation with-
out load.

models of the

Fig. 7. Experimental
mounted on mobile autonomous platforms.

developed system

ICh= i W 500ps
ECH2 .~ 000V

Chi 10.0%

Fig. 8. The voltage curves on the transmitting and receiving
coils with a charged battery.

In Fig. 8 and in subsequent figures, the voltage curves
at the transmitting and receiving coil are indicated in red
and blue respectively. The voltage values at the receiving
and transmitting coils show sinusoidal shapes without dis-
tortion, and close amplitudes. The phase of the curves is
shifted by 180 degrees, since the coils have the same
winding path, and are mounted in the opposite direction to
each other.

Figure 9 shows the voltage curves for a charging
current of 0.38 A, where distance between the coils differs.
It is evident from Fig. 9 that, when the system is under
load, the sinusoidal shape of the curves is preserved, but
with some distortions. As the distance between the coils
increases to 20 mm, a change in the phase shift between the
voltage values on the coils is observed.

Using scale-up, we successfully revealed insignificant
distortions in voltage curve shape on the transmitting coil,
as presented in Fig. 10.

When opening the transistor power keys of the self-
oscillator, the transition process occurs; it is periodic as such,

- Trig'd

i Pos: 000us M Pos: 0.00us e
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(a) (b)

The voltage curve shape on the transmitting and
receiving coils during battery charging process. Two
coils are in close proximity (a), distance of 20 mm is
between the coils (b).

Fig. 9.
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Fig. 10. Transition process when opening transistors of the
oscillator. No load (a), at a load current of 0.38 A (b).
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and increase in the load current of the system causes the
increase in the amplitude of the oscillations. The presence
of this transient stage increases the losses on the transistors,
which can adversely affect the overall efficiency of the
system with a significant transmitted power. To reduce the
amplitude and time of the transition process is possible by
reducing the resistance value of the gate resistors R3 and R4.

8. Discussion

In contrast to other research papers in this domain, in
our paper particular attention is paid to the circuitry and
operating principle of the bidirectional energy transmission
system. The majority of works considered in the context of
this research, primarily deal with control systems, without
detailed considerations of the system structure, circuitry
and operating principles. The systems, proposed in the
reviewed literature, typically have a power unit, imple-
mented with bridge and half-bridge inverters with a dedi-
cated control system, or as fully integrated solutions.

The advantages of the bidirectional WPT system,
considered here, over the similar solutions from the other
reviewed work, consist in implementation of an integrated
control system, which can be operated in energy transmis-
sion mode and in the presence of a power unit, which does
not require a dedicated control system, because it is imple-
mented as a resonant self-oscillator. Using a resonant self-
oscillator and identical circuits both in receiving and
transmitting parts of the system, we ensure continuous
performance in resonant mode, and such approach requires
no operating frequency adjustment, irrespective of the
distance between the coils and their shifts, what allows to
boost the parameters of efficiency and transmitted power of
the system. This feature allows to use the system by low
alignment accuracy of the transmitting and receiving coils,
thereby reducing resulting dimensions and weight of the
whole system, preserving the required level of transmitted
power, what is particularly relevant in autonomous robotics.

9. Conclusions

This paper presents structure and principal circuit dia-
gram of a bidirectional WPT system, based on a self-oscil-
lator with a parallel resonance circuit. Operating principle
of the developed circuit solution is described in energy
transmission and reception modes. SPICE-modeling and
experimental verification of the operability of the proposed
system in the modes of receiving and transmitting energy
were performed, and waveforms of the voltage at the re-
ceiving and transmitting coils were obtained. The voltage
curve at the receiving and transmitting coils has a sinusoi-
dal shape with insignificant distortions when the system is
working under load. The distinctive feature of the pre-
sented WPT system is that it enables to obtain voltage,
equal to source voltage (in receiver mode) or higher than
source voltage (in transmitter mode). The system, pre-
sented in this paper, can be utilized for redistribution of

energy resources among the autonomous agents of robotic
systems, powered by batteries of equal or different operat-
ing voltage. Further research will be aimed to derive per-
formance characteristics of the developed circuit solution,
as well to establish a calculation and optimization method-
ology to be used with receiving and transmitting coils.
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