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Resume
Currently, various systems and devices for on-board equipment of modern 
aircraft are undergoing extensive transformations, particularly in terms of 
powering electrified aircraft. The main goal of authors of this article was to 
conduct an analysis of the selected electrified aircraft architecture in the 
scope of the HVDC system, among architectures in the 540 V voltage range 
(± 270 VDC) and 350 V, creating a  mathematical model and making the 
necessary tests and simulation studies on the developed model. In the above 
aspect, article presents selected test results of a proposed system consisting 
of aircraft generators with changing speeds, which power the bidirectional 
transistor converters operating in parallel. On the other hand, the energy, 
generated by generators equipped with a rectifier systems feeds a 0.4/15 kV 
booster transformer operating at idle. In the final part of the work, based on 
simulation studies (analysis, mathematical model, tests), important insights 
are presented and practical conclusions are formulated.
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primarily by improving the operational reliability of 
on-board electrical equipment, which in turn led to 
increased reliability of the entire aircraft. In conclusion, 
the concept of MEA has proven its worth in the following 
factors: efficiency of the entire aircraft, increase in its 
reliability and reduction in fuel consumption, and thus 
reduced the operating costs, as well [4-6]. 

In addition, the flexibility and economy of the 
aircraft have increased. The main power components 
that significantly affect the operation of the electricity 
network in accordance with the MEA trend are on-board 
sources in the form of synchronous permanent magnet 
generators PMSG (Permanent Magnets Synchronous 
Generator), switchable reluctance starters/generators 
SR S/G (Synchronous Reluctance Starter/Generator) 
by using a starter/generator unit, powered by voltage of 
270 VDC and AS S/G (Alternating Synchronous Starter/
Generator). 

The above on-board power sources are the key 
components of an autonomous system for generation, 
division and distribution of electricity. The complete 
electricity generating system, in accordance with the 
concept of a more electric aircraft, consists of: constant 

1	 Introduction 

Nowadays, modern planes are primarily designed 
in a context that takes into account the longest possible 
crossing of distances between various points located 
on the globe, hence in recent years a  new trend has 
appeared to increase the efficiency and effectiveness of 
on-board electric systems of the most advanced aircrafts. 

Additionally, taking into account the number of 
innovative avionics systems, including radio receivers 
on board of a  modern aircraft, there was a  need to 
increase the power of the classic electrical network of 
the aircraft, which in turn resulted in significant energy 
consumption, including in particular in the field of 
more/all electric aircraft MEA/AEA (More/All Electric 
Aircraft). Taking into account the requirements for the 
production of more useful power by on-board sources 
of the aircraft’s electrical network, the standard of the 
more electric aircraft MEA/AEA was developed, which 
is now being implemented to an increasing number of 
constructed aircrafts [1-3]. 

In the design process, the main factor determining 
the efficiency of the developed standard was dictated 
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systems supplied with DC current, it should be 
remembered to maintain a  constant value of useful 
power and continuous maintenance of DC current. 

The undesirable harmonic signals and noise 
appearing in the system were eliminated by using 
a  high-pass filter HPF (High-pass Filter), which was 
placed behind the generator system [13-15]. 

 

2	 Analysis and mathematical model of selected 
components of the on-board power system 
architecture according to the concept of 
a more electric aircraft

By entering the analysis process and creating 
a  mathematical description (model) of selected key 
components of the on-board autonomous power system, 
in accordance with the MEA trend, it should be noted 
that the basic elements of the considered system are 
the generator or integrated starter/generator unit in 
the scope of the EPS system and alternating current 
converter to direct current AC/DC for the PES system. 

In addition, in the case of analyzing on-board 
electro-energetic networks of modern aircraft, two types 
of AC networks should be considered. The first of 
these is a  network based on an alternating current 
AC generator with a  fixed (stabilized) frequency of 
400 Hz (in the case of conventional aircraft) or on an 
integrated unit in the form of an AC starter/generator 
with variable (non-stabilized frequency) of 360-900 Hz 
(in the case of electrified aircraft), which changes at 
a speed proportional to the angular velocity of the main 
engine shaft. 

Additionally, it should be added that the above 
type of electro-energetic power network is usually based 
on a  3-phase 200 V  network (classic civil and military 
aircraft) and a  3-phase 115 V  network (Airbus) or 230 
V  network (Boeing), for advanced civil and military 
aircraft compatible with the MEA concept. 

The second type of network is the electro-energetic 
power network based on electromechanical or electronic 
converters requiring, due to their design solution, high 
frequency and voltage [16-18]. 

speed drive CSD (Constant Speed Drive), integrated 
drive generator IDG (Integrated Drive Generator) 
and a  component responsible for producing constant 
rotational speed at variable frequency VSCF (Variable 
Speed Constant Frequency). Analyzing individual power 
generation systems, it should be noted that the VSCF 
system is characterized by greater efficiency compared 
to the CSD/IDG system, because the subunits associated 
with the VSCF system can be deployed in various places 
on the aircraft as opposed to the CSD/IDG system, 
where its mechanical elements, including the electro-
hydraulic transmission must be close to the engine [7-8]. 

In addition, in the event of a power system failure, 
replacement or repair in the case of the VSCF system is 
problem-free, which translates into proper maintenance 
of the electrical network operation during the flight. The 
electrical network of the aircraft requires the supply 
of DC and alternating AC; therefore, it is necessary 
to use devices that convert AC voltage and AC current 
into DC values. Usually, passive rectifiers, made of 
semiconductor diodes or active switching elements, 
such as thyristors, are most often used. Both elements 
generate additional harmonic signals, which reduce 
the efficiency of the generator. Undesired signals, in 
the form of harmonics, can be eliminated by using the 
passive filters or active filters [9-10]. 

This paper presents a  complete simulation model, 
mapping the actual on-board electrical network model 
in the field of power electronics systems PES (Power 
Electronics Systems) meeting the requirements of the 
more electric aircraft (MEA/AEA) concept. 

The simulation model was created for advanced 
aircraft power supply systems in the scope of on-board 
power source (generator), performing work based on 
the method of creating rotational speed and variable 
frequency of the VSCF system. The output power 
of the on-board electricity network is 90 kVA per 
transmission channel of the power supply network (in 
aircraft compliant with the MEA there are two) [11-12]. 

In the developed model, it was assumed that 
experimental tests will be carried out for various 
combinations of end devices (the so-called loads), 
alternating AC and direct DC. In the case of avionic 

 
Figure 1 A block diagram of a TRU system using a 12-pulse rectifier 
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voltage and current generation process is performed, 
which are then converted into DC values. This system 
is characterized by maintaining the final power at the 
output of the generating system. In the next range, 
an electric engine, operating in the variable rotational 
speed range provides the required value of the input 
power to the generator. 

This operation is carried out as a  result of 
maintaining a constant value of the rotational speed at 
the output of the generator. The output voltage, obtained 
at the PMSG synchronous generator output, is shaped 
by a frequency in the range from 400 to 800 Hz. 

The main components, responsible for 
implementation of the AC conversion operations into DC 
current, are multi-pulse rectifier circuits in the form of 
6-, 12- and 24-pulse rectifiers. The simulation tests used 
a rectifier built of 12 semiconductor diodes. In total, all 
the components in the system form transformer-rectifier 

2.1 	Analysis of on-board power sources  
in accordance with the MEA/AEA concept

The complete airplane power system includes 
an internal combustion engine, an electric starter 
and various types of generators, which are treated 
as integrated drive units. In addition to the specified 
components, responsible for the process of electricity 
generation and conversion, there is also a rectifier unit, 
useful power controllers, pneumatic actuators, anti-
icing systems and various elements of systems and 
subsystems, having an indirect impact on the operation 
of the aircraft’s on-board electrical network. 

The general block diagram of the on-board electricity 
network in the scope of the PES system, compatible with 
the MEA concept, is shown in the Figure 1.

Subsequently in the analysis, it should be noted 
that due to switching on the start-up system, the AC 

Figure 2 Method of controlling the DC voltage for different types of loads

 
Figure 3 Block diagram of the generator with an additional electrical circuit 
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electricity, together with AC/DC converters, allows more 
freedom in the field of more efficient power control in AC 
and DC circuits. This process is expressed based on the 
equations presented later in this article. The presented 
model takes into account the direct relationship between 
the sides of AC and DC, responsible for AC voltage and 
AC power generation, as well as the DC voltage and 
current [27-28]. 

In the mathematical analysis process, the 
assumption was made that the electric generator would 
be treated as a  synchronous machine with permanent 
magnets of an arcuate shape. This type of construction 
is referred to as SMPMSG (Surface Mounted Permanent 
Magnet Synchronous Generator). The analyzed 
generator uses permanent magnets with rare earth 
dopants, NdFeB type (very strong neodymium magnets)  
[29-30]. 

These magnets are mounted on the inner side of 
the rotor yoke, which simultaneously acts as the hull 
of an external generator. The number of magnetic 
poles of the generator was determined in the design 
process in accordance with the mathematical expression  
2p = 40. In addition, in order to further simplify the 
design of the synchronous generator, it was assumed 
that in the stator winding the number of grooves 
per pole and phase was equal to q = 1. The nominal 
frequency of the generator is fN = 400 Hz, as a  typical 
frequency in aerospace applications. 

The rotor is supplied with the DC voltage, which 
generates a  specific electric field, responsible for 
induction of electric charge in the circuit. The intensity 
of the electric field, and the rotational speed occurring 
in the electrical machine PMSM (Permanent Magnet 
Synchronous Machine), are expressed in terms of the 
capacitance of the capacitor in the DC circuit. 

The following figure shows a  block diagram of 
the analyzed synchronous generator with a  defined 
electric circuit based on permanent magnets. For the 
electric circuit, the current equation in the synchronous 
generator stator circuit can be represented as: 
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where: id, iq, i0 are the current in the axes d, q and 0, 
respectively, Qd, Qq are the electric charge present in 
the electric circuit in the axes d, q and 0, respectively 
and R is the resistance included in the generator 
electrical circuit. 

In addition, the parameters ud, uq, u0- determine 
the voltage values in the stator circuit. The sizes with 
the lower index f refer to the electric field appearing in 
the analyzed system. The electric charge flowing in the 
electric circuit of the synchronous generator at any time 
is determined b: 

devices in the form of TRU (Transformer Rectifier Unit), 
the general diagram of which for different types of loads 
is shown in Figure 2 [19-22].

The TRU system is characterized by a high power 
factor, with minimal distortion of harmonic voltage and 
current signals THD (Total Harmonic Distortion) at 
13 %. As a result, power losses occurring in the rectifier 
are negligible. Furthermore, the rectifier circuit is 
supplied through a  three-phase transformer connected 
in the star-star-delta Y/Y/D configuration (Figure 1). 

The method of connecting the transformer ensures 
supplying the voltage shifted in phase by an angle of 30° 
for the 12-pulse rectifier. The output voltage on the TRU 
rectifier (270 VDC) is regulated by the generator current 
and the electromagnetic field generated by the generator 
by means of the feedback proportional controller PI 
(Proportional-Integral Controller). 

The capacitor, present in the rectifier system, serves 
to smooth the DC end voltage. All the types of loads 
supplied with DC current are connected to an adjustable 
270 VDC power bus through special DC/DC converters, 
which is illustrated in the Figure 3.

In simulation tests, it was assumed that the 
maximum DC load value is 5.6 [kW], and the voltage 
transfer process is controlled by the PI controller. All the 
DC/DC converters in the system are of a  conventional 
type, which are based on IGBT (Insulated Gate Bipolar 
Transistor) elements [23-26]. 

2.2	 A mathematical model of AC/DC conversion 
for different positions of permanent magnets 
of an electric machine 

The structure of the on-board autonomous power 
system architecture, compatible with the MEA concept 
in the mathematical modelling process, was considered 
in the form of a  simplified model, which includes key 
components responsible for generating the on-board 
electricity, i.e. a PMSG (Permanent Magnet Synchronous 
Generator) and a  rectifier system responsible for the 
conversion process of alternating voltage AC to direct 
DC, which in the aviation application is transformer-
rectifier unit TRU (Transformer Rectifier Unit). 

The basic component, subjected to the analysis, 
is the arrangement and position of the rotor in the 
stator at the moment of shaping the magnetic field. The 
stator circuits are considered to be a system of two axes 
through which electric current flows. The components 
responsible for generating the magnetic field were 
modelled by appropriate connection of resistive and 
capacitive elements. Thanks to this approach, the 
proposed solution significantly improves the efficiency 
of the entire system, control of the useful and reactive 
power balance, as well as effectively performs the power 
division operation, depending on the current load on 
board of the modern aircraft. 

In addition, a system for dividing and distributing 
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such as: frequency of voltage operation and current. 
The mentioned parameters were related to the 

stator transformation relative to the d–q axes during 
the synchronous machine operation. The complete 
equations, describing the physical phenomena occurring 
during the operation of the synchronous generator, the 
block diagram of which is depicted in the Figure 4, are 
as follows:
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Simplified substitute scheme of a  synchronous 
generator is shown in Figure 4 with an additional circuit 
improving the control of the power generated by the 
apparatus, using for this purpose the phase locked loop 
PLL (Phase Locked Loop). 

An arc-shaped permanent magnet generator, placed 
in the stator, was modelled in the Matlab/Simulink 

,

,

,

,

Q C u C u i

dt
dQ

Q
dt
d

R
u

Q C u C u Q C u

C u Q C u

Q C u C u i

dt
dQ

Q
dt
d

R
u

Q C u i
dt
dQ

R
u

d d d fd d fd d

d
q

d

d d d fd d fd q q q

fq q fq

q q q fq q fq q

q
q

q

d

0 0 0

0 0 0 0
0

i

i

=- + =

= - -

=- + =- +

+ =-

=- + =

= - -

=- = -

-

-

-

-

	 (2)

where: Cfd – d and Cfq – q are equivalent capacities between 
the rotor and the stator in the d–q axes, respectively, 
in turn, by Cfq – qvfq is the value of the electric charge 
transferred from the rotor to the stator was defined. 

Next, the current equations for the rotor for the 
d–q axis were determined as [31-33]: 
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where: quantities Qfd and Qfq - were determined by the 
following relationships:
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where: Cffd, Cffq describe the rotor capacities in the d–q 
axes. 

In the next stage of mathematical considerations, 
an attempt was made to normalize variable quantities 
that characterize the work of a synchronous generator, 

 
Figure 4 Substitute diagram of electric circuit of the PMSG synchronous generator 
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introduced in individual harmonics of voltages and 
currents in both models and the time waveforms were 
compared. 

Figure 5 shows the waveforms for a  three-phase 
short circuit in point 2.1 (Figure 1), and Figure 6 for 
a step change of the voltage setpoint. The waveforms for 
both models show good compatibility. Models of voltage 
and current regulation systems, for various generators, 
are presented in publications [36-38]. 

In the next stage of testing, the analysis process was 
carried out in terms of the key characteristics and the 
effect of frequency variation on the main parameters and 
performance of an on-board power generation source, 
such as an AC generator, and an analysis of the effect 
of frequency variation on behaviour and performance of 
the generator was carried out (Figures 7-18).

programming environment and a  series of simulations 
were performed, out of which one of the most optimal 
solutions was chosen for the on-board electrical network 
of a more electric aircraft in accordance with the MEA 
concept [34-35]. 

3	 The results of simulation tests  
of the proposed architecture of the on-board 
power system according to the concept  
of MEA/AEA 

The correctness of the constructed model has 
been verified by comparing the simulation results to 
the mathematical model presented in the previous 
subsection. Analogical symmetrical disturbances were 

 
Figure 5 Waveforms of voltage components and power of an on-board aircraft power source  

for a coil load and a resistor in accordance with the concept of MEA
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 Figure 6 Waveforms of voltage and power components of an on-board  
aircraft power source for load of coil, resistor and capacitor 

 in accordance with the MEA concept 

From the below waveforms of Figures 7-12 (for 400 
Hz frequency) and Figures 13-18 (for 800 Hz frequency), 
respectively, it can be seen that the tested generator in 
the AAES system of an electrified aircraft, according 
to the MEA trend, during the single operation with 
a linear receiver R, for a rotor speed of 1000 rpm, gives 
off electrical power P = 20 kW at the phase-to-phase 
voltage VLL and current I = 5.1 A. It should be noted that 
such conditions would occur, among others, in the case of 
direct connection of the generator with operating avionic 
equipment of a modern aircraft. 

In many practical applications, the synchronous 
generator is connected to a  3-phase 12-pulse rectifier, 

which can be the case, for example, when using the 
generator to power the DC loads, charge batteries or 
when operating the generator with a  rigid network 
via a  frequency converter. It should be noted here that 
the 12-pulse rectifier is a  resistive load, however, non-
linear in nature, in turn, both the current and voltage 
at the output terminals of the generator operating 
with a  diode rectifier are significantly distorted, as 
can be observed in selected graphs (Figures 11-13  
and Figure 15). 

In addition, due to additional harmonics in the 
spatial-temporal distribution of induction in the gap 
and additional harmonics in the current, in a generator 
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Figure 7 Voltage waveforms of the 3-phase on-board aircraft power source according  
to the MEA concept 

Figure 8 Current waveforms of the 3-phase on-board aircraft power source according t 
o the MEA concept 

operating with a  rectifier there are additional losses 
in the magnetic circuit and increased losses in the 
windings, which results in significantly lower efficiency 

of the generator and higher temperature rises in the 
electric machine compared to operation on a  resistive 
linear load with the same input power.
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Figure 9 Current waveform of the 3-phase AC generator in the d–axis of rotor position 

Figure 10 Current waveform of the 3-phase AC generator in the q–axis of rotor position 
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Figure 11 Current waveform of the 3-phase AC generator in the d–q axis of rotor position 

Figure 12 Voltage waveform of the 3-phase generator in the d–q axis of rotor position 
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Figure 13 Current waveform of the 3-phase generator in the d–q axis of rotor position 

 
Figure 14 Current waveform of the 3-phase AC generator in the d–axis of rotor position
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Figure 15 Voltage waveform of the 3-phase AC generator in the d–q axis of rotor position 

Figure 16 Current waveform of the 3-phase AC generator in the q–axis of rotor position



C82 	 S E T L A K ,  K O W A L I K

C O M M U N I C A T I O N S    4 / 2 0 2 3 	 V O L U M E  2 5

 
Figure 17 Current waveforms of the 3-phase on-board aircraft power  

source according to the MEA concept 

Figure 18 Voltage waveforms of the 3-phase on-board aircraft power source according to the  
MEA concept 
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Figure 19 Scheme of the control system of a self-excited synchronous generator 

4	 The results of simulation studies of the 
control system 

For the purposes of the tests, the control systems 
of two different types of generators were programmed 
in such a way that the first generator on the switchgear 
rails is switched on via a 24-pulse generator converter. 
When the generator is switched on the converter buses, 
it has the priority of the leading generator, i.e., the 
amplitude and frequency of the voltage produced by it 
takes precedence and applies to the entire aircraft power 
grid. On the other hand, the control system, connected 
to the bidirectional converter of the second synchronous 
generator until it is switched on the rails, works in the 
so-called “island” manner. 

Operation in this mode involves the process of 
regulating the amplitude of the voltage and frequency 
of the mains converter of the synchronous generator to 
specific values that allow it to be synchronized with the 
voltage on the rails of the system. At the moment when 
the voltage and frequency of the mains converter of the 
generator to be connected, and the generator already 
connected to the rails, are equal, the synchronization 
system signals that the second generator is ready to 
be connected to the rails. After switching to parallel 
operation, it becomes impossible to maintain the regime 
of island operation, since in such an operating algorithm 
it is not possible to efficiently distribute active and 
reactive power between the operating generators. 

In the presented control system, information on 
the value of the rotational speed and the current 
rotor position angle comes from the measurement 
of sinusoidal voltages at the output of the generator 
(ua, ub, uc). By studying the transitions of the voltage 
values through zero, information about the frequency 
and speed of the generator as illustrated in Figure 
19 in Chapter 3. For this reason, there is no need for 
additional computational means in the form of software 
simulators or machine state observers. 

The operation of the power electronic system with 
a synchronous generator is briefly presented below. For 
a synchronous converter generator to be switched on and 
controlled, the capacitors of the intermediate circuit of 
the converter must be pre-charged. In turn, for this to be 
possible, a switch controlled by a sufficiently high value 
of the DC voltage UDC must turn on. 

In the system under consideration, the contactor 
turns on when the rotational speed of the synchronous 
generator reaches a  value of about 885 rpm.  
As the rotational speed of the generator increases, 
the DC voltage of the DC link, denoted as UDC, also 
increases. Through an appropriate control algorithm 
executed in the processor, it is possible to raise the DC 
voltage to about 690 V  from the moment the contactor 
that charges the capacitors of the intermediate circuit 
is switched on. It should be noted that an important 
advantage of the circuit in question is the absence of pre-
charging of capacitors from external sources. 
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Figure 20 Voltage waveform on the generator before switching on the control signal 

Figure 21 Current waveform on the generator before switching on the control signal 
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Figure 22 Voltage DC waveform at the input of the converter with control signal 

Figure 23 DC current waveform at converter input with control signal 
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Due to the fact that during the three-phase loads on 
a generator the value of the ratio Id/In = 0.1 depends on 
many variables, when connecting a load, it is difficult to 
predict at what values of currents in individual windings 
the required value of this ratio will be obtained. 

5	 Conclusions 

The developed model of the generator with the 
excitation and voltage regulation system makes it 
possible to conduct tests and analyses any asymmetrical 
states of the generator and excitation system (Figures 
1-4). This is a  new solution, previously not used in 
studies of excitation systems. 

In this respect, a  discrete model of the control 
system, with the real sampling time and full mapping 
of measurement systems, was applied. The developed 
model of the system, based on diodes, allows the mapping 
of real waveforms in excitation systems (Figures 5-6). 

The generator described in the article was made 
in the Matlab/Simulink programming environment, 
and simulation studies of the generator for various 
states of operation are currently underway. It should 
be noted that the preliminary test results indicate the 
correctness of the adopted solutions, both in terms of the 
obtained electrical parameters of the generator and its 
mechanical design.  

From the simulations carried out can be observed 
that changing the frequency of the generator results in 
minimizing the tapping torque, which is an unfavorable 
phenomenon that causes current pulsations when 
changing the rotor position, and thus interferes with its 
operation, which was successfully reduced to about 2.5 % 
of the rated torque. 

The preliminary results of the tests carried out in 
this article also indicate the correctness of the calculated 
power waveforms in the aircraft’s electrical network. The 
investigated efficiency of the generator, when operating 
with a  12-pulse rectifier and with a  generated power 
of 20 kW, is about 81 %. It should be noted that in 
the case of using the solution in the form of a 6-phase 
armature winding (2x3 phases), an additional increase 
in the rated power of the generator of about 3.4 % was 
obtained, and the power losses in the armature winding 
are reduced by the same amount. 

In turn, each of the three-phase windings eliminates 
the third harmonic in the line-to-line voltage, while the 
three-phase system, formed from the transformation of 
the 2x3-phase system, eliminates the fifth and seventh 
harmonics of the voltage. 

In addition, it should be noted that a  hybrid 
excitation generator, when operating alone, has the 
ability to smoothly stabilize the voltage with changes 
in load power. In addition, the alternator, when 
operating on the power grid, can be synchronized 
with the grid like any machine with electromagnetic 
excitation, and during the steady-state operation 

4.1 	Control of converter operation

Converters, transferring the energy from the 
intermediate circuit capacitors of the power grid 
converter, provide two modes of operation. In the case 
of a  single generator operation, the converter has the 
task of controlling and regulating the voltage amplitude 
and frequency. When there is a need to switch on and 
synchronize another generator for parallel operation, 
the algorithm changes. The frequency of the converter 
of the connected generator is automatically adjusted to 
equalize its value with the frequency of the generator (or 
generators) switched on the buses. 

The same happens with the amplitude of the output 
voltage, that is, when the synchronization conditions 
are met, the generator switch is turned on and the 
generator-converter system begins to work in parallel 
with other sources connected to the network. In the case 
of switching on, the algorithm controlling the operation 
of the converter changes under the influence of the signal 
informing about switching on the buses, and the system 
begins to work in the program implementing active and 
reactive power distribution. For the correct operation 
of the power distribution controllers, continuous 
information about the frequency of the network voltage 
is necessary. In the presented solution, a software-based 
PLL (Phase Locked Loop) circuit was used for frequency 
control. As a  result of the PLL algorithm, the signal 
processor obtains information about the frequency and 
phase angle of the voltage, which makes it possible to 
regulate the amplitude and phase shift values of the 
output voltage.

Figures 21-23 show that there are uneven loads in 
generators with the total active and non-active power, 
and thus also current, both in the states of dynamic 
load changes and in static states. It should be noted 
that from the above-mentioned waveforms it is not 
possible to determine small differences in the values 
of the AC voltage and current waveforms on the input 
side of the rectification system. The values of the 
current at the input of the rectification system (Figure 
23) are determined by the control program executed by 
a  specialized Matlab/Simulink software module in real 
time, in parallel operation of both aircraft generators. 
The generator carrying out the procedure of distributing 
the power for the various loads of the aircraft’s electrical 
network takes on a  predetermined value of the load, 
while the remainder (if any) is protected by the second 
generator. 

In this way, it is shown that the requirements of the 
current regulations for asymmetrical loads are so vague 
that by meeting the regulations on the permissible 
value of the ratio of the symmetrical component of the 
order opposite to the rated current, it is possible to 
force different current spreads in the windings of the 
generator. Those distributions cause the occurrence of 
different values of power losses in the windings, and 
thus different heating of the windings. 
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method of switching on the transformer made it possible 
to significantly simplify the system and allowed the 
replacement of electrical components by program code, 
which increased the reliability of the entire system. 
Further work will include studies of the stability of the 
presented systems under rapid load changes across the 
power range. 
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has the ability to continuously regulate the reactive 
power transferred to the grid. The excitation winding 
of the generator is characterized by the low copper 
mass, thus the power loss in the excitation winding  
is small. 

The proposed power electronic system worked stably 
and, what should be emphasized, was characterized by 
the high speed of operation and regulation, in the case 
of abrupt changes occurring in the circuit. The 15 kV 
quality of the voltage produced by the transformer on 
the converter side, measured with a  higher harmonic 
content tester, showed that the THD (Total Harmonic 
Distortion) averaged 2.3 % with a  value of 2.4 % of the 
input voltage. The output voltage, measured on the 
converter side, came from measurements with voltage 
transformers, that is, it was smoothed, which resulted 
in an improved voltage shape. 

The presented system allows free distribution of 
active and reactive power and long-term cooperation of 
electricity sources, such as electric generators of various 
types operating at variable speeds. The developed 
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