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Abstract. Realisation of a high-speed drive using a BLDC motor, especially that of low and medium power and
with rotational speed of up to 40 000 rpm designed for use in aviation appliances, became possible due to rapid pro-
gress in electronic power control technology. An increase of both capability and diversity of electronic power circuits
results from the increase of semiconductor element voltage and current operational ranges simultaneously with the
improvement of their dynamical parameters, as well as from application of up-to-date microprocessor and program-
mable circuits for control purposes. Choice of topology for a drive system to be used in aviation appliances, including
the electronic power converter, is based on the following quality and economy-related criteria: single-phase supply and
sinusoidal waveform of power network current; high efficiency and reliability; small overall dimensions; minimum
number of semiconductor elements; and low price. Various technical solutions are possible here, concerning both the

scope of the power circuit and the control system.
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1. Introduction

To efficiently use electricity, increase the range and re-
duce the weight of an aircraft, a high efficiency and low
weight drive system has to be used to drive the pro-
peller. Hybrid systems use both an electric motor and
an internal gasoline engine. The tasks of the motors are
different, for example, the plane hovers and flies due to
the energy obtained from the batteries, but it also has
an onboard gasoline engine as an additional, second-
ary drive (or vice versa: the electric drive may function
as a supporting drive). In the paper, the use of high-
speed motors supplied through electronic power con-
verters is proposed. Recently, small high speed brush-
less DC (BLDC) motors have become very popular in
many application areas (Jurecka, Bencalik 2012; Gap-
inski, Stefanski 2014; Kaddour 2014; Jurkovi¢, Zarko
2012). BLDC motors consist of a permanent magnet

rotor with a three-phase stator winding. Such solutions
do not use brushes for commutation; instead, they are
electronically commutated. Since it has no mechan-
ical commutator, the BLDC motor is more reliable
than a conventional DC motor. A BLDC motor drive
would result in the reduction of the mass of the whole
drive system, also BLDC motors offer longer life and
require less maintenance than conventional brushed
DC motors. In addition, the ratio of torque delivered
to the size of the motor is higher, making them use-
ful in applications where space and weight are critical
factors. The speed and torque of the motor depend
on the strength of the magnetic field generated by the
energized windings of the motor, which depend on the
current through them. Therefore, an adjustment of the
rotor current would change the motor’s speed (Sanita,
Kuncheria 2013; Bo et al. 2010).
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2. Converter design for a BLDC motor

The choice of topology for a drive system including an
electronic power converter is based on quality and eco-
nomy related criteria (Rajashekara, Akin 2013). A BLDC
motor is driven by voltage strokes coupled with a given
rotor position. These voltage strokes must be applied
properly to the active phases of the three-phase wind-
ing system so that the angle between the stator flux and
the rotor flux is kept close to 90° to obtain maximum
generated torque. By simply varying the voltage across
the motor, one can control the speed of the motor. When
using PWM outputs to control the six switches of the
three-phase bridge, it is easy to achieve the variation
of the motor voltage by changing the duty cycle of the
PWM signal (Binkowski et al. 2011).

The drive system consists of a three-phase inverter,
a BLDC permanent magnet motor, and a DC power sup-
ply (Binkowski 2011).

The whole control system shown in Figure 1 has
been implemented in an FPGA Cyclon II. The applied
system has 8256 logic elements. For the program support
of the FPGA software package, Quartus was used. Fig-
ure 2 shows a block diagram of the current and voltage
control system realized in Quartus.

When a motor works in the catwalk state its speed
is controlled, and, in the case of short-term power black-
outs, the drive’s control and adjustment remain active.

There are two ways to control the phase-currents of
a BLDC: firstly, through the measurement of the phase
currents, which are compared and forced to follow a
quasi-square template; secondly, through the measure-
ment of the DC link current, which is used to get the
magnitude of the phase-currents. In the first case, the
control is complicated, because three quasi-square cur-
rent templates shifted 120 for the three phases have to
be generated. The measured currents are sensed through
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current sensors and converted to voltage signals. These
signals are then rectified, and a DC component with a
value of the ceiling of the currents is obtained, as shown
in Figure 1. This DC signal is compared with a desired
reference, and from this comparison an error signal is
obtained. This error is then passed through a PI control
to generate the PWM for all the six transistors of the in-
verter, which are sequentially activated by the shaft posi-
tion sensor. The control strategy also allows regenerative
breaking. When the brake signal is applied, the stator
field is reversed by 180 electric degrees (Fig. 2). This ac-
tion produces an instantaneous change in the direction
of torque, causing fast decrease of the speed of the ma-
chine, which begins to return its energy to the DC link
(Luongo et al. 2011; Sobczynski 2009).
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Fig. 1. Block diagram of the BLDC converter
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Fig. 2. Diagram of the implemented control system
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3. Results

The proposed method of control is implemented us-
ing a BLDC motor of supply voltage of 24-30 V. The
three phase inverter is constructed using IGBT switches
(Fig. 3). The gating signal required for these switches is
given through the rotor position sensor. The controller
turns off and on the voltage supplied by the batteries as
pulses, typically at 8 kHz. The inductance in the system
acts like a damper; therefore, the motor actually gets a
very smoothed-out current supply with a trivial 8-kHz
ripple. The ripples are so small in proportion to the aver-
age voltage, and the inertia in the system is so high that
the motor runs at a virtually constant speed.

Fig. 3. Photo of the converter and the BLDC motor
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Fig. 4. Output voltage waveforms of the inverter
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Fig. 5. Phase current waveforms of the BLDC motor

Controllers not only change the battery energy
flow, they also protect the motor and batteries from any
spikes, shorts, or other anomalies that might occur in the
system.

Motor phase currents and voltage waveforms were
registered. The output waveforms are given below. Fig-
ure 4 shows the output voltage waveforms of the inverter.
Figure 5 shows the phase currents of the BLDC motor.

4. Conclusions

The electric airplane industry is clearly in its infancy, but
developments are happening fast. Its future depends on
the cost and energy density of batteries. Flight time is
directly proportional to the energy stored, and the en-
ergy stored is proportional to the weight of the batter-
ies. Most aircraft to date do not have custom controllers,
so a converter and control system was proposed. In the
paper, the development, test results and assessment of
an advanced cost effective BLDC motor converter for
aerospace applications are presented and discussed. The
development and certification of any new equipment for
aerospace industry requires quality, performance, safety
and reliability. Results from this part of investigation
can be used as a hardware and software design base.
The presented preliminary elaboration will accelerate
the BLDC drive design process.
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